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(54) GENERATOR PREFERABLY OF A WIND TURBINE

(57) A generator of a wind turbine comprises a stator
(5) and a rotor (6). The stator comprises stacked first and
second lamination sheets (100, 200, 300) with different
through openings (315, 215, 316) radially extending be-

tween air gap and non air-gap side of the stator (5,, 5*)
enabling a low fluid flow resistance and a high cooling
surface resulting in a high cooling performance.
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Description

[0001] The invention relates to a generator preferably
of a wind turbine.
[0002] EP 2 670 026 A1 shows a stator stack for a
stator of a wind turbine generator. The stator stack com-
prises several lamination sheets. The first intermediate
lamination sheet comprises a first cut-out for forming a
cooling channel between the first lamination sheet and
the second lamination sheet such that a cooling fluid is
guidable through the cooling channel.
[0003] EP 2 600 495 A1 shows a stator stack for a
stator of a wind turbine generator. The stack comprises
a plurality of plates having main planar surfaces, the sur-
faces extending in a circumferential direction to a larger
extent than in a radial direction, wherein the plurality of
plates comprises at least a first plate having a first through
opening of a first shape, and a second plate having a
second through opening of a second shape different from
the first shape, wherein the plates are bounded at their
main surfaces to form the stack such that a cooling con-
duit is formed inside the stack by at least partial overlap
of the first through opening and the second through open-
ing, wherein cooling fluid is guidable within the cooling
conduit.
[0004] The increasing nominal power of modern wind
turbine generators leads to increased power losses and
in increased heat production.
Hence, it is the object of the invention to provide a gen-
erator with a high cooling performance.
[0005] The object is solved by the features of the in-
dependent claim.
[0006] Further embodiments and improvements of the
invention are listed in the dependent claims.
[0007] A generator preferably of a wind turbine com-
prising a generator with a stator and a rotor for producing
electrical power,

- the stator comprising stacked lamination sheets and
stator windings,

- the rotor comprising magnets and being rotatable in
circumferential direction,

- the magnets and the stator windings facing each oth-
er via an air gap extending in circumferential direc-
tion,
the stator or a stator segment of the stator comprising
first lamination sheets and second lamination sheets
being stacked on each other,

- the first lamination sheet comprising a first stator
tooth area extending in radial direction from a first
stator yoke area,

- the first stator tooth area comprising a closed first
through-opening extending in radial direction,

- the second lamination sheet comprising a second
stator tooth area extending in radial direction from a
second stator yoke area,

- the second stator tooth area comprising a second
through-opening extending in radial direction and

comprising an air gap sided opening and non-air gap
sided closed end at the stator tooth area,

- the second stator yoke area comprising a third
through-opening extending in radial direction and
comprising an non-air gap sided opening and an air
gap sided closed end, Wherein the first closed
through opening of the first lamination sheet overlaps
with the second through opening of the second lam-
ination sheet being located adjacent to the first lam-
ination sheet thus forming/building a first fluid con-
nection in axial direction. The first closed through-
opening of the first lamination sheet overlaps with
the third through opening of the second lamination
sheet being located adjacent to the first lamination
sheet forming/building a second fluid connection in
axial direction.

[0008] The stator or the stator segment provides a high
cooling performance with a rather low pressure loss and
a huge cooling surface provided by the cooling ducts and
connections. Additionally, the magnetic flux in the lami-
nation sheets created by the stator windings is not weak-
ened significantly by the through openings. Additionally,
equally distributed small radial cooling channels provide
a smooth magnetic flux reducing the torque ripple of the
generator.
[0009] Optionally, the generator can also work as or
be an electrical motor.
[0010] Preferably, the closed first through-opening is
extending in radial direction into the first yoke area and
the air gap sided closed end of the third through-opening
ending at the second stator yoke area. Thus the mechan-
ical stability and magnetic flux cross section is increased.
[0011] Preferably, a first plurality of lamination sheets
being stacked adjacent to each other are of the type of
the first lamination sheet.
[0012] A second plurality of lamination sheets being
stacked adjacent to each other are of the type of the
second lamination sheet.
[0013] First and the second pluralities of lamination
sheets are located adjacent to each other alternating in
axial direction, wherein
the first through-openings, the second through openings
and the third through-openings of the stacked lamination
sheets forming first, second and third fluid (cooling) ducts
in radial direction,
the first fluid ducts and the second fluid ducts being con-
nected via the respective first fluid connections, and the
first fluid ducts and the third fluid ducts being connected
via the respective second fluid connections,
thus forming network of fluid ducts enabling the flow of
a cooling fluid between the air gap and the non air gap
side of the stator or the stator segment.
[0014] Preferably, the width of the first through-open-
ing and/ or the second through opening is between 1mm
and 20mm, more preferably between 2mm and 5mm.
[0015] Preferably, the heat produced in the stator teeth
by the currents of the stator windings will be transferred
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through the stacked lamination sheets to the cooling fluid
in a short distance thus avoiding thermal hot spots in the
stator teeth. As an example, the maximum distance dmax
between any point or location of the stator tooth area of
the stacked lamination sheets and the nearest (cooling)
fluid duct and/or a (cooling) fluid connection 321, 320 is
less than 10mm, more preferably less than 5mm, or more
preferably less than 3,5mm. The distance between any
point or location of the stator tooth area of the stacked
lamination sheets and the nearest (cooling) fluid duct
and/or a fluid connection in the inner of the stator teeth
area is less than the maximal distance in most points/lo-
cations of the stator teeth due to the disclosed air duct
design.
[0016] The maximum distance between any point of
the stacked lamination sheets and a (cooling) fluid duct
and/or a (cooling) fluid connection is less than 10mm,
more less than 5mm, more preferable less than 3,5mm.
[0017] Preferably, the first and second lamination
sheets are covered with a coating being electrically non
conductive to prevent eddy currents.
[0018] Preferably, wherein the walls of the first, second
and third through-openings are free of coating to increase
thermal conductivity and to ease the production of the
lamination sheets.
[0019] Preferably, the outer shape and dimensions of
the first and the second lamination sheets are essentially
identical.
[0020] Preferably, the width of the third through-open-
ing of the second lamination sheet increases in radial
and in non-air gap direction are forming a diffuser in order
to reduce the fluid flow resistance. Thus, a complex
shape e.g. a diffuser, can be manufactured in an easy
way by just cutting out the third through-opening into the
second lamination sheets.
[0021] Preferably, the first fluid ducts and the second
fluid ducts have a rectangular or preferably essentially a
quadratic cross section.
[0022] Preferably, the thickness of the lamination
sheets are between 0.1mm to 2mm.
[0023] Preferably, the nominal output power of the gen-
erator is more than 100KW (kilowatt), preferably more
than 1.5 MW (megawatt).
[0024] Preferably, the magnets are permanent
magnets , preferably of the type NdFeB.
[0025] Preferably, a third, through opening-free lami-
nation sheet terminating the stator or the stator segment
on one or both axial ends of the stator segment, wherein
optionally, the third lamination sheet comprises through
openings corresponding to area and the size of the first
and second fluid connections.
[0026] Preferably, the width of the first through-open-
ing and/or the width of the second through opening is
between 1mm and 20mm, more preferably between 2mm
and 5mm.
The resulting rather small through openings enable a
smooth magnetic flux in the stator teeth being created
by the stator windings.

[0027] Preferably, the ratio of the length of the first
through opening of the first lamination sheet in relation
to the length of the second through opening of the second
lamination sheet is between 2 and 5, preferably between
3 and 4. The resulting short length of the first through
opening leads to a high mechanical stability.
[0028] Preferably, the first fluid ducts and the second
fluid ducts have a rectangular or quadratic cross section.
[0029] Preferably, the lamination sheets are fixed
and/or embedded to each other by a resin.
[0030] Preferably, the first plurality of lamination
sheets comprises between one to eight first lamination
sheets, preferably between two to six, preferable be-
tween three to five first lamination sheets. The second
plurality of lamination sheets comprises between one to
eight second lamination sheets, preferably between two
to six, preferable between three to five second lamination
sheets,
wherein the number of first pluralities can differ in axial
direction,
wherein the number of second pluralities can differ in
axial direction. The first and/or second plurality of lami-
nation sheets comprising just one lamination sheet re-
quires attention during manufacturing as the resin fixing
the lamination sheets should not cover or close the small
fluid ducts. For reasons of simplification and understand-
ing, the expression "plurality of lamination sheets" also
encompasses the number "one lamination sheet" which
cannot be stacked to each other evidentially.
[0031] Preferably, the stator is segmented in circum-
ferential direction into a plurality of stator segments for
easier transporting and mounting of large stators.
[0032] Preferably, the area of the through-openings of
adjacent first and second lamination sheets are forming
the walls of the first and second fluid ducts extending
parallel to the plane spanned by the circumferential di-
rection and the radial direction, wherein the overlapping
area of the through-openings of adjacent first or adjacent
second lamination sheets are forming the walls of the
first and second fluid ducts) extending parallel to the
plane spanned by the axial direction and the radial direc-
tion.
[0033] Preferably, one or several third, through open-
ing-free lamination sheets are located between the first
and the second plurality of lamination sheets or between
two first lamination sheets or between two second lami-
nation sheets enabling a defined adaptation of the re-
spective cross sectional area of fluid ducts in axial direc-
tion or an adaptation of the number of the air ducts in
axial direction.
[0034] Preferably, the second lamination sheet or
sheets comprise a respective fourth closed through
opening(s) overlapping with the first through-opening of
an adjacent first lamination sheet thus forming/building
a third fluid connection in axial direction between two
adjacent first air ducts or two first through openings, the
respective fourth closed through opening preferably ex-
tending in radial direction. Thus, the air flow is more even-
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ly distributed to reduce thermal hot spots in the stator
tooth area as mentioned above.
[0035] Preferably, the width of the radial extending
through openings / fluid ducts are essentially equal re-
sulting in a equal cross sectional area of the radial fluid
ducts and a smooth fluid flow.
[0036] Preferably, the first radial extending through-
opening of the first lamination sheet is divided into a fifth
and a sixth closed radial extending through-opening at
the center area of the stator tooth area,wherein the sec-
ond lamination sheet comprises a fourth closed through
opening extending in radial direction and located at the
center area of the stator tooth area, wherein the two re-
spective endings of the fifth and a sixth through-opening
(overlap respectively with the two endings of the fourth
closed through opening to form respective fluid connec-
tions in axial direction). Thus, thermal hot spots are re-
duced due to more equal distribution of the cooling fluid
flow.
[0037] It has to be noted that embodiments of the in-
vention have been described with reference to different
subject matters. In particular, some embodiments have
been described with reference to method type claims
whereas other embodiments have been described with
reference to apparatus type claims. However, a person
skilled in the art will gather from the above and the fol-
lowing description that, unless otherwise notified, in ad-
dition to any combination of features belonging to one
type of subject matter also any combination between fea-
tures relating to different subject matters, in particular
between features of the method type claims and features
of the apparatus type claims is considered as to be dis-
closed with this document.
[0038] The aspects defined above and further aspects
of the present invention are apparent from the examples
of embodiment to be described hereinafter and are ex-
plained with reference to the examples of embodiment.
The invention will be described in more detail hereinafter
with reference to examples of embodiment but to which
the invention is not limited.

Figure 1 shows a principle partial view of a wind tur-
bine generator;

Figure 2 shows a principle cut-view along line II-II of
the wind turbine generator shown in fig. 1;

Figure 3 shows a 3D view of a lamination sheet as
part of the stator of figure 2 or figure 7

Figure 4 shows a 3D view of an enlarged part of the
lamination sheet of figure 3

Figure 5 shows another embodiment of the lamina-
tion sheet of figure 3 with a 3 D view of an
enlarged part of the the stator of figure 3

Figure 6 shows another embodiment of the lamina-
tion sheet of figure 3 with a 3 D view of an
enlarged part of the the stator of figure 3

Figure 7 shows an enlarged part of a lamination stator
segment comprising stacked lamination
sheets disclosed in figures 4 and 5

[0039] The illustration in the drawing is schematic. It is
noted that in different figures, identical elements or fea-
tures are provided with the same reference signs. In order
to avoid unnecessary repetitions elements or features
which have already been elucidated with respect to a
previously described embodiment are not elucidated
again at a later position of the description.
[0040] Fig. 1 shows a principle cut partial view of a
wind turbine 1. The wind turbine 1 is a direct-drive wind
turbine ready to be used for onshore or offshore applica-
tions and comprises a rotatable rotor hub 2 having a
number of rotor blades 3 attached thereto. The rotor hub
2 is adapted to transfer rotational movements to a rotor
4. The rotor 4 is rotatably supported relative to a stator
5 and comprises permanent magnets 11 mounted on its
inner surface and facing the stator 5. Therefore, the rotor
6 is supported on a respective bearing unit 7 disposed
on a non-rotatable hollow shaft 8, whereby the stator 5
is supported on a stator frame 9. The stator frame 9 is
directly supported on the central hollow shaft 8 which is
extending in a 90° rounded angle and being connected
to a vertical wind turbine tower 20.
[0041] An air-gap 10 extends between the stator 5 and
the permanent magnets of the rotor 4 in axial direction
404. The radial dimensions of the air-gap 10 are ca. 6
mm. Both stator 5 and rotor 4 build the power generating
unit, i. e. generator 12 of the wind turbine 1. The generator
12 has an "outer rotor 4 - inner stator 5" configuration.
The centre axis of the generator 12 is denoted as A. On
the non-drive-end of the rotor 4, a rotor brake disc 22 is
mounted. On the drive-end, the rotor 4 is connected to
the hub 2.
[0042] One or several fans 600 located at the stator 5
or at the nacelle 21 operate to create a cooling fluid flow
in the generator to provide a pressure difference between
the openings 317, 318 (Fig. 7) of the cooling ducts 315,
316 of the stator segment 5’.
[0043] As is discernible from fig. 2 showing a principle
cut-view along line II-II in fig. 1, the stator 5 is circumfer-
entially segmented, i. e. comprises circumferentially dis-
posed, ring-segment-like shaped stator segments 5’. The
rotor 4 holds a number of permanent magnets 11 on their
stator facing side. The stator segments 5’ each hold a
number of stator windings 22 (shown in fig. 1). The ad-
jacent stator segments 5’ are fixed to each other and are
fixed to the stator frame 9 or to a stator plate 90 on each
axial end of the stator 5.
[0044] Fig. 3 illustrates a 3D view of a lamination sheet
100, which may be stacked to form a stator arrangement
as the stator segment 5’ of the generator 12 in Fig. 1 or
a part of the stack arrangement according to figure 7.
The lamination sheets 100 do not disclose through open-
ings as cooling means which shown in the next figures.
[0045] The lamination sheet 100 illustrated in Fig. 3
forms a 60° sector of a circle and extends in circumfer-
ential direction 101 and also extends in radial direction
103. The thickness T of the plate 100 being measured
perpendicular to the circumferential direction 101 and al-
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so perpendicular to the radial direction 103 may be be-
tween 0.1 and 2mm, preferably between 0.5 and 0.8 mm,
for example.
[0046] The first plate further comprises plural protru-
sions 111 which upon stacking plural lamination sheets
100 on top of each other form plural teeth 111 of the
stator segment 5’. Stator slots 113 will be formed between
the teeth 111 upon stacking plural lamination sheets 100
on top of each other. The plural protrusions 111 and stator
slots 113 are extending in radial direction from the base
part 114 of the lamination sheet 100 forming the stator
yoke 114.
[0047] Stator windings 22 (shown in fig 1) are located
in the stator slots 113 between the stator teeth 111.
[0048] Fig. 4 illustrates a 3D view of an enlarged part
P1 of the lamination sheet 100 of Fig. 3 (later also called
third lamination sheet) comprising a stator tooth 111 ex-
tending in radial direction 103 from a stator yoke 114
which extends in circumferential direction 101. The stator
tooth 111 is based on the stator yoke 114. The stator
tooth 111 is surrounded by stator slots 113 on both sides.
A stator wedge 112 is located at the top of the stator tooth
111.
[0049] Fig. 5 illustrates another embodiment of the
lamination sheet 100 of figure 3 showing an enlarged
part P2 of the lamination sheet 100 resulting in a first
lamination sheet 200. The first lamination sheet 200 com-
prises a stator tooth 211, also called first stator tooth area
211, extending in radial direction 203 and is surrounded
by stator slots 213 on both sides. The first lamination
sheet 200 further comprises a first stator yoke area 214
as base of the stator tooth 211. The stator yoke area 214
extends in circumferential direction 201. A stator wedge
212 is located at the air gap-sided top of the stator tooth
211.
[0050] The first stator tooth area 211 and the first stator
yoke area 214 of the first lamination sheet 200 comprise
a central, closed first through-opening 215 extending in
radial direction 203 with a through-opening length L2 and
a through-opening width W2 and a preferably rounded
first through-opening ending area E1 located at the radial
outer area (direction of arrow 203, air gap side) and a
preferably rounded second through-opening ending area
E2 located radial inner area (opposite direction of arrow
203, non-air gap side).
[0051] Fig. 6 illustrates another embodiment the lam-
ination sheet 100 of figure 3 showing an enlarged part
P3 of the lamination sheet 100 resulting in a second lam-
ination sheet 300. The second lamination sheet 300 com-
prises a stator tooth area 311 extending in radial direction
303 from a stator yoke area 314 which is the base of the
stator tooth 311 and which extends in circumferential di-
rection 301. The stator tooth 311 is surrounded by stator
slots 313 on both sides. A stator wedge 312 is located
at the air gap-sided top of the stator tooth 311.
[0052] The stator tooth area 311 comprises a second
through-opening 315 with a through-opening length L3
and a through-opening width W3 extending in radial di-

rection 303. The second through-opening 315 comprises
an opening 317 to its air gap-sided end and a closed end
area E4 at the opposite end of the second through-open-
ing 315 in radial direction 303.
[0053] The ratio of the width W5 of the first stator tooth
area 311 in relation to the through-opening width W3 of
the second through opening 315 is between 5 and 20,
preferably between 8 and 14.
[0054] The width W2 of the first through-opening 215
(Fig. 5)and/ or the width W3 of the second through open-
ing 315 is between 1mm and 20mm, more preferably
between 2mm and 5mm.
[0055] The ratio of the length L2 of the first through
opening 215 of the first lamination sheet 200 in relation
to the length L3 of the second through opening 315 of
the second lamination sheet 300 is between 2 and 5,
preferably between 3 and 4.
[0056] The stator yoke area 314 of the second lamina-
tion sheet 300 comprises a second through-opening 316
extending in radial direction 303 with a through-opening
length L2 and a through-opening width W2. The second
through-opening 316 comprises an opening 318 to its
shaft side / non-air gap end, also called inner stator end.
Furthermore, the second through-opening 316 compris-
es a closed end area E3 at the opposite end of the first
through-opening 315 in radial direction 303.
[0057] Preferably, the second through-opening’s width
W6 increases constantly in radial, non-air gap direction
303 (or opposite-direction of arrow 202, radial direction
to the shaft 8) to form an fluid diffuser 316 shown in figure
7, easily produced by just cutting the respective through-
opening 315.
[0058] The outer shape and dimensions of the first and
the second lamination sheets 200, 300 are essentially
the same.
[0059] The first lamination sheet 200 (Fig. 5) repre-
sents a 60° annular segment which together with the sec-
ond plate 300 (Fig. 6) may form a stack 500 (Fig. 7) upon
laminating a plurality of these plates 200, 300, in order
to form a stator segment 5’ spanning an angle interval of
60°. The axial direction 105, 404 is indicated by the arrow
105 in fig. 1 and the arrow 404 in figure 7.
[0060] Fig. 7 illustrates an exploded assembly drawing
of an enlarged part P1, P2, P3 of the lamination (stacked)
stator segment 500, 5’ (Fig. 2) comprising the lamination
sheets 100, 200, 300 of figures 4, 5 and 6.
[0061] The stator segment 500, 5’ comprises the stack-
ing of five first lamination sheets 200 on top of each other.
Furthermore, five second lamination sheets 300 are
stacked on top of the plural first lamination sheets 200
followed stacking one or more first lamination sheets 200
onto the plural second lamination sheets 300.
[0062] Thus, a five of first lamination sheets 200 are
stacked adjacent to each other. Five of second lamination
sheets 300 are stacked adjacent to each other. The five
first lamination sheets 200 and the five second and sec-
ond lamination sheets 300 are located adjacent to each
other in an alternating way in axial direction 404.
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[0063] The first closed through opening 215 of the first
lamination sheet 200 overlaps with the second through
opening 315 of the second lamination sheet 300 being
located adjacent to the first lamination sheet 200 thus
forming/building a first fluid connection 320, E1, E4 in
axial direction 404.
[0064] The first closed through-opening 215 of the first
lamination sheet 200 overlaps with the third through
opening 316 of the second lamination sheet 300 being
located adjacent to the first lamination sheet 200 forming
a second fluid connection 321, E2, E3 in axial direction
404.
[0065] The first through-openings 215, the second
through openings 315 and the third through-openings
316 of the respective stacked and adjacent first and sec-
ond lamination sheets 200, 300 form first, second and
third fluid (cooling) ducts 215, 315, 316 extending in radial
direction 103, 203, 303.
The first fluid ducts 215 and the second fluid ducts 315
are connected via the respective first fluid connections
320, E1, E4. The first fluid ducts 215 and the third fluid
ducts 316 being connected via the respective second
fluid connections 321, E2, E3, thus forming network of
fluid ducts 215, 315, 316, 320, 321 enabling the flow of
a cooling fluid between the air gap 10 and the non air
gap side of the stator 5 or the stator segment 5’.
[0066] The non-overlapping area of the through-open-
ings 215, 315, 316 of adjacent first and second lamination
sheets 200, 300 form the walls of the first and second
fluid ducts 215, 315 extending parallel to the plane
spanned by the circumferential direction 101, 201, 301
and the radial direction 203, 303.
The overlapping area of the through-openings 215, 315,
316 of adjacent first or adjacent second lamination sheets
200, 300 form the walls of the first and second fluid ducts
215, 315 extending parallel to the plane spanned by the
axial direction 105, 404 and the radial direction 203, 303.
[0067] As an example, the maximum distance dmax
between any point or location of the stator tooth area
111, 211, 311 of the stacked lamination sheets 100, 200,
300 and the nearest (cooling) fluid duct 215, 315, 316
and/or a (cooling) fluid connection 321, 320 is less than
10mm, more preferably less than 5mm, or more prefer-
ably less than 3,5mm is shown as the axial distance be-
tween two adjacent through-openings 215. The distance
between any point or location of the stator tooth area
111, 211, 311 of the stacked lamination sheets 100, 200,
300 and the nearest (cooling) fluid duct 215, 315, 316
and/or a (cooling) fluid connection 321, 320 in the inner
of the stator teeth area 111, 211, 311 is less than the
maximal distance in most points/locations of the stator
teeth 111, 211, 311 due to the disclosed air duct design.
Thus, the negative influence of thermal hot spots in the
stator tooth area will be decreased.
[0068] A third, through opening-free lamination sheet
100 of figure 4 terminate the stator segment 500, 5’ on
one or both axial ends of the stator segment 500, 5’.
Optionally, the third lamination sheet 100 comprises

through openings (not shown) corresponding to area and
the size of the first and second fluid connections 320, E1,
E4; 321, E2, E3.
[0069] Optionally, one or several third through open-
ing-less lamination sheets 100 are located between the
first and the second lamination sheets 200, 300 or lacated
between two first or two second lamination sheets 200,
300 in a more or less regularly sequence. In figure 7, two
adjacent third lamination sheets 100 are located between
first lamination sheets 100.
[0070] The first, second and third lamination sheets
200, 300, 100 are covered with an electrically non-con-
ductive coating 241 in order to prevent eddy currents
during generator operation. The walls parallel to the
plane spanned by the radial direction 103, 203, 303 and
the axial direction 105, 404 of the first, second and third
through-openings 215, 315, 316 are covered with the
same type of electrically non-conductive coating 242 to
prevent corrosion at the wall or are optionally are free of
coating to increase thermal conduction.
[0071] Optionally, the second lamination sheets 300
comprise a respective fourth closed through opening 319
overlapping with the first through-openings 215 of first
lamination sheets 200 adjacent to each side of the sec-
ond lamination sheets 300 thus forming/building a third
fluid connection 319, E5 in axial direction 404 between
two adjacent first air ducts 215 or two first through open-
ings 215. The fourth closed through opening 319 extends
in radial direction 103, 203, 303.
[0072] At the openings 317 of the second through
opening 315 of the second plates 300, the cooling fluid
enters the stator segment 5’ and at the openings 318 of
the third through opening 316 of the second plates 300,
the heated cooling fluid exits the stator segment 5’, or
vice versa.
[0073] Summarized, the stator segment 5’ of fig. 7 pro-
vides a high cooling performance with a rather low pres-
sure loss and a huge cooling surface provided by the
cooling ducts and connections 215, 315, 316, 320, 321.
Additionally, the magnetic flux in the lamination sheets
200, 300 created by the stator windings 22 is not weak-
ened significantly by the through openings 215, 315, 316.
[0074] Fig. 8 illustrates a fourth lamination sheet 400
being a modification of the first lamination sheet 200 of
figure 5 with an alternation of the first closed through
opening 215 being divided into two closed through open-
ings 217 and 218 comprising the respective width W2
extending in radial direction 203. The first through open-
ing 215 is separated into two through openings 217, 218
at the center area 150 of the stator tooth area 211 result-
ing in a fifth and a sixth through opening 217, 218.
The fifth through opening 217 comprises a preferably
rounded second through-opening ending area E2 (as
through opening 215 in figure 5) located stator yoke area
sided and a preferably rounded third through-opening
ending area E6 located at the center area 150.
The sixth through opening 218 comprises a preferably
rounded second through-opening ending area E1 (as
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through opening 215 in figure 5) located air gap sided
and a preferably rounded fourth through-opening ending
area E7 located at the at the center area 150.
[0075] Figure 9 illustrates a fifth lamination sheet 700
being a modification of the second lamination sheet 300
of figure 6 with an additional fourth closed through open-
ing 319 comprising a width W10 and extending in radial
direction 303 and located at the center area 150 of the
stator tooth area 311.
[0076] The fourth through opening 319 comprises a
preferably rounded fifth through-opening ending area E9
located air gap sided at the fourth through-opening end-
ing area E7 of the fourth lamination sheet 400 (Fig. 8)
[0077] The fourth through opening 319 comprises a
preferably rounded sixth through-opening ending area
E9 located stator yoke area sided at the third through-
opening ending area E6 of the fourth lamination sheet
400 (Fig. 8).
[0078] The fourth closed through opening 319 of the
fifth lamination sheet 700 overlaps with the fifth closed
through opening 217 of the fourth lamination sheet 400
adjacent to the fifth lamination sheet 700 thus form-
ing/building a fourth fluid connection E6, E8 in axial di-
rection 404.
[0079] The fourth closed through opening 319 of the
fifth lamination sheet 700 overlaps with the sixth closed
through opening 218 of the fourth lamination sheet 400
adjacent to the fifth lamination sheet 700 thus form-
ing/building a fifth fluid connection E7, E9 in axial direc-
tion 404.
[0080] The fourth through openings 319, the fifth
through openings 217 and a sixth through openings 218,
the second through openings 315 and the third through
openings 316 of the respective stacked and adjacent
fourth and fifth second lamination sheets 400, 700 form
fluid (cooling) ducts 319, 217, 218, 315, 316 extending
in radial direction 103, 203, 303 and comprising essen-
tially the same width W2, W10, W3 (except for the diffuser
316, starting with the same width W6 at the area E3 and
then extending). This leads to an equal or similar cross
sectional area of the air ducts 319, 217, 218, 315 and a
smooth fluid flow.
[0081] The fluid ducts 218 of the sixth through open-
ings 218 and the fluid ducts 319 of the fourth through
openings 319 are connected via the respective fluid con-
nections E7, E9.
The fluid ducts 217 of the fifth through openings 217 and
the fluid ducts 319 of the fourth through openings 319
are connected via the respective fluid connections E6,
E8.
[0082] The combination of the fourth and fifth lamina-
tion sheets 400, 700 according to figure 8 and 9 provide
in comparison to the first and second lamination sheets
200, 300 according to figure 5 and 6 additional and more
distributed radial air ducts 218,217, 319 more equally
distributing the cooling fluid in the stator 500 reducing
thermal hot spots.
[0083] The cooling fluid is be preferably gaseous me-

dium, e.g. air or carbon dioxide (CO2).

Claims

1. Generator preferably of a wind turbine (1) comprising
a generator (12) with a stator (5’) and a rotor (4) for
producing electrical power,

- the stator (5, 5’) comprising stacked lamination
sheets (100, 200, 300) and stator windings (22),
- the rotor (4) comprising magnets (11) and be-
ing rotatable in circumferential direction (101,
201, 301),
- the magnets (11) and the stator windings (22)
facing each other via an air gap (10) extending
in circumferential direction (101, 201, 301),
the stator (5, 5’) or a stator segment (5’) of the
stator (5) comprising first lamination sheets
(200) and second lamination sheets (300) being
stacked on each other,
- the first lamination sheet (200) comprising a
first stator tooth area (211) extending in radial
direction (213) from a first stator yoke area (214);
- the first stator tooth area (211) comprising a
closed first through-opening (215) extending in
radial direction (103, 203, 303),

- the second lamination sheet (300) com-
prising a second stator tooth area (311) ex-
tending in radial direction (313) from a sec-
ond stator yoke area (314),
- the second stator tooth area (311) com-
prising a second through-opening (315) ex-
tending in radial direction (313) and com-
prising an air gap (10) sided opening (317)
and non-air gap sided closed end (E4) at
the stator tooth area (311),
- the second stator yoke area (314) com-
prising a third through-opening (316) ex-
tending in radial direction (313) and com-
prising an non-air gap (10) sided opening
(318) and an air gap (10) sided closed end
(E3),
wherein
the first closed through opening (215) of the
first lamination sheet (200) overlaps with the
second through opening (315) of the sec-
ond lamination sheet (300) being located
adjacent to the first lamination sheet (200)
thus forming/building a first fluid connection
(320, E1, E4) in axial direction (404, 105),
the first closed through-opening (215) of the
first lamination sheet (200) overlaps with the
third through opening (316) of the second
lamination sheet (300) being located adja-
cent to the first lamination sheet (200) form-
ing/building a second fluid connection (321,
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E2, E3) in axial direction (404, 105).

2. Generator according to claim 1, wherein
the closed first through-opening (215) extending in
radial direction (103, 203, 303) into the first yoke area
(214) and the air gap (10) sided closed end (E3) of
the third through-opening (316) ending at the second
stator yoke area (315).

3. Generator according to claim 1 or 2, wherein
a first plurality of lamination sheets (200) being
stacked adjacent to each other are first lamination
sheets (200),
a second plurality of lamination sheets (300) being
stacked adjacent to each other are second lamina-
tion sheets (300), wherein first and the second plu-
ralities of lamination sheets (200, 300) being located
adjacent to each other alternating in axial direction
(404), wherein
the first through-openings (215), the second through
openings (315) and the third through-openings (316)
of the stacked lamination sheets (200, 300) forming
first, second and third fluid (cooling) ducts (215, 315,
316) in radial direction (103, 203, 303),
the first fluid ducts (215) and the second fluid ducts
(315) being connected via the respective first fluid
connections (320, E1, E4), and
the first fluid ducts (215) and the third fluid ducts (316)
being connected via the respective second fluid con-
nections (321),
thus forming network of fluid ducts (215, 315, 316,
320, 321) enabling the flow of a cooling fluid between
the air gap (10) and the non air gap side of the stator
(5) or the stator segment (5’).

4. Generator according to one of the previous claims,
wherein wherein the width (W2) of the first through-
opening (315) and/ or the width (W3) of the second
through opening (315) is between 1mm and 20mm,
more preferably between 2mm and 5mm.

5. Generator according to one of the previous claims,
wherein the first and second lamination sheets (200,
300) are covered with a coating being electrically
non conductive (to prevent eddy currents),
wherein the walls of the first, second and third
through-openings are free of coating.

6. Generator according to one of the previous claims,
wherein the outer shape and dimensions of the first
and the second lamination sheets (200, 300) are es-
sentially identical.

7. Generator according to one of the previous claims,
wherein the width (W6) of the third through-opening
(316) increases in radial and in non-air gap (10) di-
rection (303, 203) forming a diffuser (316).

8. Generator according to one of the previous claims,
wherein wherein the first fluid ducts (215) and the
second fluid ducts (315) having a rectangular or
quadratic cross section.

9. Generator according to one of the previous claims,
wherein the thickness (T) of the lamination sheets
(100, 200, 300) being between 0.1mm to 2mm.

10. Generator according to one of the previous claims,
wherein the nominal output power of the generator
is more than 100KW (kilowatt), preferably more than
1.5 MW (megawatt).

11. Generator according to one of the previous claims,
wherein the magnets (11) being permanent magnets
(11), preferably of the type NdFeB.

12. Generator according to one of the previous claims,
wherein a third, through opening-free lamination
sheet (100) terminating the stator (5) or the stator
segment (5’) on one or both axial ends of the stator
segment (5’), wherein optionally, the third lamination
sheet (100) comprises through openings corre-
sponding to area and the size of the first and second
fluid connections (320, E1, E4; 321, E2, E3).

13. Generator according to one of the previous claims,
wherein the maximum distance (dmax) between any
point of the stator tooth area (111, 211, 311) of the
stacked lamination sheets (100, 200, 300) and the
nearest (cooling) fluid duct (215, 315, 316) and/or
(cooling) fluid connection (321, 320) is less than
10mm, more preferably less than 5mm, or more pref-
erably less than 3,5mm.

14. Generator according to one of the previous claims,
wherein the ratio of the length (L2) of the first through
opening (215) of the first lamination sheet (200) in
relation to the length (L3) of the second through
opening (315) of the second lamination sheet (300)
is between 2 and 5, preferably between 3 and 4.

15. Generator according to one of the previous claims,
wherein the stator (5) is segmented in circumferential
direction (101, 201, 301) into a plurality of stator seg-
ments (5’).

16. Generator according to one of the previous claims,
wherein the non-overlapping area of the through-
openings (215, 315, 316) of adjacent first and second
lamination sheets (200, 300) forming the walls of the
first and second fluid ducts (215, 315) extending par-
allel to the plane spanned by the circumferential di-
rection (101, 201, 301) and the radial direction (203,
303), wherein
the overlapping area of the through-openings (215,
315, 316) of adjacent first or adjacent second lami-
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nation sheets (200, 300) forming the walls of the first
and second fluid ducts (215, 315) extending parallel
to the plane spanned by the axial direction (105, 404)
and the radial direction (203, 303).

17. Generator according to one of the previous claims,
wherein the lamination sheets (100, 200, 300) are
fixed and/or embedded to each other by via a resin
(900).

18. Generator according to one of the previous claims,
wherein the first plurality of lamination sheets (200)
comprises between one to eight first lamination
sheets (200), preferably between two to six, prefer-
able between three to five first lamination sheets
(200),
wherein the second plurality of lamination sheets
(300) comprises between one to eight second lam-
ination sheets (300), preferably between two to six,
preferable between three to five second lamination
sheets (300),
wherein the number of first pluralities (200) can differ
in axial direction (105, 404),
wherein the number of second pluralities (300) can
differ in axial direction (105, 404).

19. Generator according to one of the previous claims,
wherein one or several third, through opening-free
lamination sheets (100) are located between the first
and the second plurality (200, 300) of lamination
sheets (200, 300) or between two first lamination
sheets (200) or between two second lamination
sheets (300).

20. Generator according to one of the previous claims,
wherein the second lamination sheet or sheets (300)
comprise a respective fourth closed through opening
(319) overlapping with the first through-opening
(215) of an adjacent first lamination sheet (200) thus
forming/building a third fluid connection (319, E5) in
axial direction (404, 105) between two adjacent first
air ducts (215) or two first through openings (215),
the respective fourth closed through opening (319)
preferably extending in radial direction (103, 203,
303).

21. Generator according to one of the previous claims,
wherein the width (W) of the radial extending through
openings () are essentially equal.

22. Generator according to one of the previous claims,
wherein the first radial extending through-opening
(215) of the first lamination sheet (200, 400) is divid-
ed into a fifth and a sixth closed radial extending
through-opening (217, 218) at the center area (150)
of the stator tooth area (211), wherein
the second lamination sheet (300, 700) comprises a
fourth closed through opening (319) extending in ra-

dial direction (303) and located at the center area
(150) of the stator tooth area (311),
wherein the two respective endings (E6, E7) of the
fifth and a sixth through-opening (217, 218) overlap
respectively with the two endings (E8, E9) of the
fourth closed through opening (319) to form respec-
tive fluid connections (E7, E9, E6, E8) in axial direc-
tion (404).
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