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Abstract

Brake system, generator and wind turbilne

A brake system, especially for a generator (6), comprising a
rotor assembly (8), a stator assembly (7) and a rotatilion axis
(9) is disclosed. The rotor assembly (8) comprises an outer
portion (11) which 1s located radially outward of the stator
assembly (7). The outer portion (11) comprises a brake disc
(12), and the stator assembly (7) comprises at least one

P

frictional member (13) operatively configured for friction-

F

ally engaging at least a portion of the brake disc (12).

Figure 3
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Description

Brake system, generator and wind turbine

The invention relates to a brake system, especially for a
generator, a generator, especially a direct drive generator,

and a wind turbine.

In principle there are two main types of wind turbines in

F

view of the direct drive configuration of a wind turbine. The

L

first type of a wind turbine i1s the more classical type of a

wind turbine comprising a gearbox arranged between a mailn

shaft and a generator of the wind turbine. The second type of
a wind turbine 1s a gearless type, where the gearbox and the
conventional generator are substituted by a multipolar gen-
erator, a so called direct drive or directly driven genera-
tor. Such a direct drive generator can be made as a synchro-
nous generator with winded rotor or with permanent magnets
attached to the rotor, or i1t can be designed as an alterna-
tive type of a generator. One of the challenges with the di-
rect drive generator 1s the mechanical brake system. The
brake system needs to be located at the slowing rotating axis
as no gear box 1s used. The brake system needs to withstand a

large braking moment and large brake discs and callipers are

necessary.

The US 2005/230979 describes a wind turbine which minimizes
the size of the nacelle while providing adequate accessibil-
ity to components during maintenance operations. The wind
turbine comprises: a nacelle and a blade rotor hub adjacent
to said nacelle and a main shaft coupled to said hub and said
nacelle. The generator 1s coupled to said shaft between said
nacelle and said hub, wherein said generator includes genera-

tor rotor adjacent to said shaft, a stator positioned adja-

cent to and radially outward from said generator rotor; and a

brake coupled to said generator and sailid shaft where the

brake 1s positioned radially inward from said stator. The in-
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vention describes a solution that minimizes the brake system

as the system can be more or less integrated 1nto the genera-

tor. However, the proposed solution minimizes the size of the

construction and also restricts the size of the brake system
which 1s unwanted for a direct drive wind turbine where the
size of the callipers and the brake disc should be as big as
possible in order to withstand the high braking moments due

—

to the slow rotational speed of the rotor. The brake system

shown in US 2005/230979 also prevents passage though the gen-

erator and 1t 1s not possible to go into the hub from the na-
celle/generator. Furthermore, the invention relates to a gen-
erator with an i1nner rotor configuration and 1t not possible
to use the configuration for brake system with outer rotor

configuration.

In US 2009/0026771 Al a wind turbine comprising an electrical

generator that 1ncludes a rotor assembly is disclosed. The

wind turbine includes a frictional braking system for slow-

ing, stopping or keeping stopped the rotation of the wind ro-

tor and rotor assembly. In one implementation, the wind tur-
bine/generator set includes a generator that includes a sta-

tor assembly and a rotor assembly rotatable about a rota-

tional axis. The rotor assembly includes an active portion

and an active portion support supporting the active portion.
The wind turbine/generator set further includes a wind rotor
coupled to the rotor assembly, a generator support fixedly
supporting the stator assembly and rotatable supporting the
rotor assembly. Furthermore, the wind turbine/generator set
includes at least braking device fixed relative to the gen-

erator support. The braking device includes at least one

—

frictional member operatively configured for frictionally en-
gaging at least a portion of the active portion support. The
rotor assembly 1s generally located radially inward of the

stator assembly.

It 1s a first objective of the present invention to provide

an advantageous brake system. It is a second objective of the
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present invention to provide an advantageous generator and 1t

g—

is a third objective of the present invention to provide an

advantageous wind turbine.

The inventive brake system comprises a rotor assembly, a stator

assembly and a rotation axis. The rotor assembly comprises an

outer portion which 1s located rédially outward of the stator

assembly. The outer portion comprises a brake disc. The stator

assembly comprises at least one frictional member. The

'-

frictional member is operatively configured for frictionally

engaging at least a portion of the brake disc. The inventive

brake system may especially be used for a generator.

The i1nventive brake system has the advantage, that the brake

—
pos—

disc can be mounted on a cylindrical support structure of an

outer rotor. In this case the possible large diameter of the

machine can be fully used in order to use a brake disc with

P

largest possible diameter. This increases the efficiency of the

brake. Moreover, a bigger brake disc and bigger brake callipers

can be used which provides a larger effective contact surface.

(—

A large effective contact surface 1s necessary 1n order to

maintaln the rotor 1n a parking position, for example. A further
advantage 1s that more heat can be absorbed and distributed in a

large brake disc compared with smaller brake discs.

pr—
e

Generaliy, the 1nventilive brake system can be part of a direct

drive generator or 1t can be connected to a direct drive

generator. The generator may have an outer rotor configuration.
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Advantageously the brake disc extends radially inward from

the outer portion of the rotor assembly to the rotation axis.

In this case the inventive brake system can be used for a di-
rect drive generator. Furthermore, the i1nventive brake system
may be part of a direct drive wind turbine with an outer ro-

tor configuration.

Moreover, the rotor assembly may comprise a flange. The brake

disc may be fastened to the flange. For example, the flange

may comprise a number of holes, preferably bolt holes. The

holes may be radially spaced. Preferably the brake disc 1is

fastened to the flange by bolts or screws.

The brake system may be part of a wind turbine with a hub. In

ﬁ
—

thlis case the brake system, especially the rotor assembly of

the brake system, may comprise a near end which faces the hub

and a far end which 1s located opposite to the hub. Prefera-

bly the flange, to which the brake disc is fastened, may be
located at the fast end of the rotor assembly, which means

opposite of the hub.

The 1nventive brake system may comprise a rotor support. In
this case the brake disc may be fastened to a flange of the

rotor support, for example by bolts or screws.

The stator assembly may comprise a stationary shaft. The at

least one frictional member may be connected to the station-

ary shatft. The stator assembly may comprise a bed frame of a

wind turbine. The at least one frictional member may be con-
nected to the bed frame of the wind turbine. The stator as-
sembly may comprise a stator support structure. The at least
one frictional member may be connected to the stator support

structure. For example, the at least one frictional member,

for example at least one brake calliper, may be directly

mounted to the stationary shaft or the bed frame of a wind

turbine or a stator support structure.
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Preferably the at least one frictional member may extend ra-
dially outward regarding the rotation axis. For example, the

at least one frictional member may extend radilally outward

from the stator support structure or from the stationary

shaft or from the bed frame of a wind turbine.

Especially, the frictional member may comprise at least one

brake calliper. Preferably the frictional member comprises at
least one brake calliper on each side of the brake disc,

preferably in order to enclose the brake disc. Advantageously

the at least one frictional member comprises at least one

brake calliper system. The at least one calliper system may

comprise at least to brake callipers located on each side of

the brake disc opposite to each other. For example, the brake

calliper system may comprise at least one calliper bracket.

The calliper bracket may be used for mounting the callipers

and/or the brake calliper system to another component of the

brake system, for example for mounting to the stationary

shaft. Each brake calliper system may be connected to a cal-

liper bracket.

Advantageously the brake calliper system may be designed such

that 1t i1s aligned to the brake disc 1n axial direction in

such a way that no bending moment, especially no axial bend-

1ng moment, 1S experlenced at a fixation point of the brake

calliper system. For example, the brake calliper system may

be aligned to the brake disc in axlial direction or it may be

configured in such a way that no bending moment or substan-

ti1ally no bending moment 1s experienced at a fixation point

of the brake calliper system to the calliper brackets.

Moreover, the 1nventive brake system may comprise a rotor
lock system. Preferably, the rotor lock system is integrated
in the brake system. Preferably, the rotor lock system com-
prises an automatic actuator. For example, the rotor lock

system may comprise an 1nterlock, a snap-in lock, a block, an
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P

arrest or a barricade, preferably a number of the afore men-

tioned components.

The rotor lock system can be realised such that the brake

disc comprises a number of recesses, preferably in the inner

surface of the brake disc, for example radially and/or sym-

metrically spaced. The stator assembly may comprise at least

one piston, preferably a number of pistons. Preferably, the

plston/pistons is/are located such that it/they are prepared
to engage with the recess/recesses. For example, the pistons
or the piston are/is prepared to engage with the correspond-
1ng recesses 1n the brake disc in order to lock the rotor in

a parking position.

Preferably, the lock system may comprise an automatic actua-

tor. The automatic actuator can advantageously be configured
for pushing the pistons or the piston into the corresponding

recesses. The actuator may comprise hydraulic or electrical

means, for example a hydraulic cylinder. In this case the

plistons can be pushed into the corresponding recesses of the

brake disc by hydraulic or electrical means. This way, it is

possible to lock the rotor in an automated manner.

Furthermore, the brake disc may comprise a number of radial

segments. If the brake disc is divided into radial segments

1t 1s possible to exchange a large brake disc in an easy way.

The inventive generator comprises an inventive brake system
as previously described. The inventive generator has the same

advantages as the inventive brake system.

Generally, the generator may have an air gap, which is lo-
cated between stator elements and rotor elements of the gen-

erator. The rotor elements contain permanent magnets for ex-

ample, while the stator elements contain stacked laminate

plates, which support at least one winding of the stator

coil.
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F
p—

The ailr gap should be relatively small to ensure a high effi-

B

ciency of the generator. Thus the alr gap should stay in a

r—
p—

range of only a few millimeters. For generators, like direct

5 drive or directly driven generators, this is very difficult

0

due to their size. Direct drive generators show a diameter of

several meters.

Rotor elements and stator elements are typically arranged op-

10 posite to each other, thus the air gap has to ensure that
they do not come into contact while the generator is at op-

eration. Thus the alr gap should be very small to ensure the

efficiency of the generator on the one hand while a certain

wldth of the air gap is needed to prevent mechanical damages.
15

Especially for a direct drive generator it is difficult to
keep the air gap 1in a range of only a few millimeters. This
requlres therefore very rigid, massive and heavy support
structures for the stator elements and for the rotor ele-

20 ments.

The air gap of a generator can be determined by tolerances of

P

the permanent magnets, which are part of the rotor, by toler-

ances of the stacked laminate-plates, which are part of the
25 stator, and/or by tolerances of the coil-windings, which are
part of the stator-coil. Also other elements of the generator

contribute to the dimensions of the air gap. The air gap may

R—

pe designed in a way that the elements of the rotor and of
the stator do not get in contact, while the rotor rotates

30 around 1ts dedicated rotational axis.

The 1nventive generator may comprise a rotor and a stator.
Advantageously, the distance in radial direction (radial dis-
tance) between the brake disc and the frictional member is

35 less than the distance in radial direction (radial dlstance)

between the rotor and the stator. The frictional member can

be the brake calliper or the brake calliper system or part of
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the brake calliper system, for instance a bracket. For exam-

ple, the radial distance between the brake disc and the fric-
tional member can be between 1lmm and 5 mm, preferably between

2 mm and 4 mm. The radial distance between the rotor and the

stator can be between 4 mm and 10 mm, preferably between 5 mm

and /7 mm.

Tf the radial distance between the brake disc and the fric-
tional member is less than the radial distance between the

rotor and the stator, the brake disc would hit the frictional

member, for example the bracket of the brake calliper system,
before the stator hits the rotor. This prevents damages tO
the generator and increases the safety of the system. The ra-

dial distance between rotor and stator i1is also called air

gap. The generator may be part of a direct drive wind turbine
with a unilateral bearing. The generator may comprises an un-
supported end, which is the opposite end of where the bearing
is located. By means of the inventive generator the air gap
at the unsupported end can be maintalned within the narrow

tolerances.

The inventive wind turbine comprises an inventive brake sys-
tem and/or an inventive generator as previously described.
The inventive wind turbine has the same advantageous as the
inventive brake system and/or an inventive generator. Pref-
erably the inventive wind turbine may be a direct drive wind
turbine. Moreover, the inventive wind turbine may comprilise an

outer rotor configuration.

The inventive wind turbine may comprise a nacelle, a hub and
a generator. The generator may be located 1nside the nacelle
or between the nacelle and the hub. The brake system may be

connected to the generator and/or to the hub. For example,

the brake system may be an 1ntegrated part of the generator

and/or an integrated part of the hub.
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The generator may comprises a near side facing the hub and a far
side opposite to the hub. Preferably the brake system and/or the

lock system may be located at the far side opposite to the hub.

Since the inventive brake system may be more or less an integrated

part of the generator it does not take up extra space'inside the

nacelle. Moreover, entrance through the generator, especially

through the stator, is possible, which is a great advantage;'This
provides easy access to the hub. Moreover, easy access to the parts
of the brake system, especially 1f the brake system 1s located at
the far side of the generator opposite to thg hub, is provided. This

allows for easler malntenance and sérvice.

According to one aspect of the present invention, there 1is provided
a brake éystem, comprising a rotor assembly, a stator assembly

and a rotation axis, wherein the rotor assembly comprises an

outer pOrtion which 1s located radially outward of the stator
assembly, the outer portion comprises a brake disc, and the

stator assembly comprises at least one frictional member

operatively configured for frictionally engaging at least a

portion of the brake disc, wherein the brake disc comprises a

number of radial segments.

According to another aspect of the present invention, there is

provided a wind turbine generator comprising: a horizontal axis of

rotation; a stator assembly; a rotor assembly which comprises an

outer portion located radially outward of the stator assembly and
rotatable about the horizontal axis of rotation; a brake disc
extending radially inward from the outer portion of the rotor
assembly towards the axis of rotation, the brake disc comprises a
plurality of radial segments; the stator assembly comprises a
frictional member, which is operatively configured for

frictionally engaging at least a portion of the brake disc, the
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frictional member comprises a brake caliper system, the caliper

system comprises at least two brake calipers which are located on
cach side of the brake disc opposite to each other; and a radial

distance between the brake disc and the frictional member is less
than an alr gap formed between the rotor and the stator, wherein

the brake caliper system is aligned to the braké disc sO that no

bending moment is experienced at a fixation point of the brake

caliper system.

Further features, properties and advantages of the present i1invention

will become clear from the following description of an embodiment 1in
conjunction with the accompanying drawings. All features are

advantageous alone or in compbination with each other.
Figure 1 schematically shows a wind turbine.

Figure 2 ' schematically shows part of an inventive generator

with an inventive brake system in a sectional view.

Figure 3 schematically shows a front view of an inventive

brake system.

Figure 4 schematically shows part of the i1nventive brake

system 1n a sectional view along'IV~IV of Figure 3.

Flgure 5 schematically shows part of the rotor lock system

of the inventive brake system in a sectional view

along V-V,
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Figure 6 schematically shows the rotor lock system of

Figure 5 in a locked position.

F

Figure 7 schematically shows part of an inventive wind

turbine.

An embodiment of the present invention will now be described

with reference to Figures 1 to 7. Figure 1 schematically
shows a wind turbine 1. The wind turbine 1 comprises a tower

2, a nacelle 3 and a hub 4. The nacelle 3 1s located on top

S

of the tower 2. The hub 4 comprises a number of wind turbine

blades 5. The hub 4 1s mounted to the nacelle 3. Moreover,

the hub 4 1s pivot-mounted such that it is able to rotate

about a rotation axis 9. A generator 6 is located inside the
nacelle 3. The wind turbine 1 is a direct drive wind turbine.
The generator 6 comprises a near side 19 facing the hub 4 and

a far side 20 opposite to the hub 4.

Figure 2 schematilically shows part of a generator 6 with an
outer rotor configuration in a sectional view. The generator
o comprises a stator assembly 7 and a rotor assembly 8. The
stator assembly /7 comprises a stationary shaft 10 which is
located close to the rotation axis 9. The rotor assembly 8

comprises an outer rotor portion 11 which is located radially

outward of the stator assembly 7. The rotor assembly 8 fur-

ther comprises a brake disc 12. The brake disc 12 may be part

F

of the outer rotor portion 11 or it may be connected to the

outer rotor portion 11. The brake disc 12 extends radially
inward from the outer portion 11 to the rotation axis 9. The
outer portion 11 of the rotor assembly 8 and the brake disc

12 are pivot-mounted about the rotation axis 9.

The stator assembly 7 further comprises a frictional member,

in the present embodiment a brake calliper system 13. The

brake callliper system 13 is operatively configured for fric-

tlonally engaging at least a portion of the brake disc 12.
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The brake calliper system 13 extends radially outward from

the stationary shaft 10 to the brake disc 12. The brake cal-

liper system 13 comprises at least one brake calllper on each

side of the brake disc 12 in order to enclose the brake disc
12.

The radial distance 22 between the brake disc 12 and the

brake calliper system 13 is less than the radial distance 23

(air gap) between the outer rotor portion 11 and the stator

assembly 7. Advantageously, radial distance 22 1s between 1

mm and 5 mm, preferably between 2 mm and 4 mm. Preferably,
the air gap 23 has a width between 4 mm and 10 mm, advanta-

geously between 5 mm and /7 mm.

Figure 3 schematically shows a front view of the inventive

brake system of the generator 6. Elements which correspond to

elements of the previously described Figures are designated

with the same reference numerals and will not be described

again in detail. The brake disc 12 comprises an 1nner surface

P

21. The inner surface 21 of the brake disc 12 comprises a

number of recesses 15. Preferably the recesses 15 are ra-

dially and/or symmetrically spaced 1n the inner surface Z1.

Generally, the brake disc 12 can be divided 1nto radial seg-
ments 12a, 12b and 12c. The brake disc 12 can also be divided
into any other number of radial segments. This makes 1t pos-

sible to exchange a large brake disc 12 easily.

The brake system further comprises a number of central
mounted flanges 14, 1n the present embodiment three central
mounted flanges 14. The flanges 14 are mounted to the sta-

tionary shaft 10. The flanges 14 are staggered about an angle

of 120° regarding the circumference of the stationary shaft

gt

10. Alternatively any other number of the flanges 14 1s pos-

sible. Preferably the flanges 14 are arranged around the cilr-

-

cumference of the stationary shaft 10 such that adjacent

flanges have an equal distance to each other.
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The brake system comprises at least one rotor lock system 17.

The rotor lock system 1/ comprises at least one piston 16.

The piston 1s located inside the flange 14 or is located in-

side of a lock casing. The lock casing can be connected to

the flange 14. Alternatively, the brake system can comprise

separate flanges for housing the pistons or for being con-

o

nected with at least one lock casing of the rotor lock system

1/ and separate flanges 14 being connected with the brake

system, especlally the brake calliper system 13.

The pilistons 16 are located such that they are prepared to en-
gage with the recesses 15 1n the inner surface 21 of the

brake disc 12. Preferably, the rotor lock system 17 comprises

an automatic actuator. The automatic actuator may be config-

ured for actuating the rotor lock. Especially, the rotor lock

system 17 may comprilise an automatic actuator for pushing the

pistons 16 into the corresponding recesses 15. Preferably the

actuator comprises hydraulic or electrical means, for in-

stance a hydraulic cylinder. Instead of recesses also holes

P

can be present 1n the brake disc 12 and instead of pistons

also pins may be used.

-

Instead of the described rotor lock system 17 comprising a

number of pistons 16 also a lock system comprising an inter-
lock, a snap-in lock, a block, an arrest, a barricade or a

simllar means may be used.

Figure 4 schematically shows part of the inventive brake sys-

tem 1n a sectional view along IV-IV of Figure 3. In Figure 4

two brake callipers 13A and 13B are located each on one side

H

of the brake disc 12 opposite to each other. The two brake

callipers 13A and 13B are connected to the central mounted

flange 14. The flange 14 is connected to the stationary shaft
10. In Figure 4 the brake disc is integrated part of the
outer rotor portion 11. Alternatively, the brake disc 12 may

be a separate element which is mounted to the outer rotor
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portion 11. For example, the brake disc 12 can be fastened to

ﬁ
p—

a flange of a rotor support, for instance by bolts or screws.

The actuation force for actuating the brake callipers 13A and

13B is designated by an error 18. When the brake callipers

13A and 13B are actuated, they frictionally engage a portion
of the brake disc 12.

The wind turbine 1 may comprise a bed frame or a support

structure of the stator. In this case the brake calliper sys-

F

tem 13 can be mounted directly to the bed frame of the wind

turbine 1 or to the support structure of the stator.

P

Figures 5 and 6 schematically show part of the inventive

brake system 1n a sectional view along V-V of Figure 3. In
the present embodiment the rotor lock system 17 is inteqgrated
into the brake system. Figure 5 schematically shows the rotor

lock system in an unlocked state. Figure 6 shows the rotor

lock system in a locked state. In Figure 5 the piston 16 is

F

completely located inside of the flange 14 or inside of an-

g—

other component of the rotor lock system 17, for example a

lock casing. In Figure 6 the piston 16 is pushed into a cor-

responding recess 15 of the brake disc 12. In this position

the rotor 1s locked 1n a parking position. The piston 16 can

F

be pushed i1nto the corresponding recess 15 of the brake disc

12 by hydraulic or electrical means.

Preferably the inventive brake system is located at the far

side 20 of the generator 6 opposite to the hub 4. This allows
for an easy access to the brake system and the integrated ro-
tor lock system, especially for maintenance and service. Al-

ternatively, the inventive brake system may be located at the

hub. For example, the inventive brake system may directly be

connected to the hub.

o

Figure 7 schematically shows part of an inventive wind tur-

bine 301. It comprises a typical and well known "one-bearing"
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arrangement. A wind turbine 301 comprises a direct drive gen-

erator 302, which 1s arranged on the upwind side of a tower
303 of the wind turbine 301.

5 A tower flange 304 1s arranged on the top of the tower 303. A
bedplate 305 1s attached to the tower flange 304. The wind

turbine 401 comprises a yaw system - not shown here - which

1s used to turn the bedplate 305 of the wind turbine 301

around the axis 300.

10

The wind turbine 301 comprises a stationary shaft 306, while

the shaft 3060 has a centre axis 200. The rear side of the

R

stationary shaft 306 is attached to a retaining arrangement

307. On the front side of the stationary shaft 306 a stator
15 arrangement 308 of the direct drive generator 302 is ar-

ranged. The stator arrangement 308 comprises a stator support

structure 309 and a lamination stack 310. The lamination

stack 310 supports windings 311.

20 The stator support structure 309 comprises two support ele-

P

ments 312 for a two side support of the lamination stack 310.

The support elements 312 are ring-shaped. They are attached
to the outside of the stationary shaft 306. A hollow cylin-

drical support element 313 is attached to the outer ends of
25 the ring-shaped support elements 312. The hollow cylindrical

support element 313 carries the ring-shaped lamination stack
310 and the windings 311.

A rotor arrangement 314 1s arranged around the stator ar-

30 rangement 308. The rotor arrangement 314 comprises a front
endplate 315 and a cylinder element 317. The front endplate
315 1s ring-shaped, while the cylinder element 317 is hollow.

The cylinder element 317 comprises a plurality of permanent

35> magnets 318, which are mounted on the inside of the hollow

cylinder element 317. The permanent magnets 318 are arranged

opposite to the lamination stack 310 and the supported wind-
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ings. An air gap 319 with a width of approximately 6 mm 1s
located between the permanent magnets 318 and the lamination
stack 310. Preferably, the air gap 319 has a width between 4
mm and 10 mm, advantageously between 5 mm and 7 mm. A brake
disc 12 1s connected to the cylinder element 317 of the ro-
tor. A brake calliper system 13 1s connected to the station-
ary shaft 306. The radial distance 22 between the brake cal-
liper system 13 and the brake disc 12 1s less than the air
gap 319. Advantageously, radial distance 22 is between 1 mm

and 5 mm, preferably between 2 mm and 4 mm.

The front endplate 315 1s arranged on the stationary shaft

306 via a bearing 320. The bearing 320 is capable to trans-

form axial loads in both directions of the centre axis A. An

appropriate bearing 1is disclosed in DE 201 16 649 Ul for ex-
ample.

The stationary part 321 of the bearing 320 is attached to the
stationary shaft 306. The rotating part 322 of the bearing

320 1s connected to a mounting ring 323. The front endplate
315 as well as the hub 324 are attached to the mounting ring

323. The hub 324 comprises mounting devices 325 for wind tur-

bine rotor blades - not shown here.

The air gap 319 shown here is uniform to achieve a constant
distance between the elements of the rotor and the elements

of the stator. The one bearing design is very attractive due

to 1ts easy design.
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CLAIMS:

1. A brake system, comprising a rotor assembly, a stator

assembly and a rotation axis,

wherein the rotor assembly comprises an outer portion
which 1s located radially outward of the stator assembly, the

outer portion comprises a brake disc, and the stator assembly

comprises at least one frictional member operatively configured

for frictionally engaging at least a portion of the brake disc,

wherein

the brake disc comprises a number of radial segments.

2. The brake system as claimed 1in claim 1,

wherein the brake disc extends radially i1nward from

the outer portion of the rotor assembly to the rotation axis.

3. The brake system as claimed in claim 1 or 2,

wherein the rotor assembly comprises a flange and the

brake disc i1s fastened to the ftlange.

4. The brake system according to any one of claims 1 to

wherein the stator assembly comprises a stationary
shaft or a bed frame of a wind turbine or a stator support
structure and the at least one frictional member 1s connected

to the stationary shaft or to the bed frame or to the stator

support structure.
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5. The brake system according to any one of claims 1 tO

wherelin the at least one frictional member extends

radially outward regarding the rotation axis.

0. The brake system according to any one of claims 2 to

wherein the frictional member comprises at least one

pbrake calliper.

7. The brake system according to any one of claims 1 to

wherein the at least one frictional member comprises

at least one brake calliper system, which comprises at least

two brake callipers located on each side of the brake disc

opposite to each other.
o The brake system as claimed in claim 7,

wherein the at least one brake calliper system 1s

aligned to the brake disc in axial direction 1n such a way that
nc bending moment is experienced at a fixation point of the

brake calliper system.

9. The brake system according to any one of claims 1 to

wherein the brake system comprises a rotor lock

systemn.

10. The brake system as claimed 1n claim 9,
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wherein the brake disc comprises a number of recesses

and the stator assembly comprises at least one piston which 1is

located such that 1t 1s prepared to engage with the recesses.
11. The brake system as claimed 1n claim 10,

wherein the lock system comprises an automatic

actuator for pushing the piston into the corresponding recess.

12. A generator comprising a brake system according to

any one of claims 1 to 11.
13. The generator as claimed 1n claim 12,

whereln the generator comprises a rotor and a stator

and the radial distance between the brake disc and the
frictional member is less than the radial distance between the

rotor and the stator.

14. The generator as claimed in claim 12 or claim 13,

wherein the generator comprises a near side facing a

hub and a far side opposite to the hub and the brake system

and/or the lock system are located at the far side.

15. A wind turbine comprising a brake system according to

any one of claims 1 to 11 and/or a generator as claimed in any

one of claims 12 to 14.

16. The wind turbine as claimed in claim 15,

wherein the wind turbine comprises a generator and/or
a hub and the brake system 1s connected to the generator and/or

to the hub.

CA 2722501 2018-02-14
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17. A wind turbine generator comprising:

a horizontal axis of rotation:

a stator assembly;

a rotor assembly which comprises an outer portion
located radially outward of the stator assembly and rotatable

about the horizontal axis of rotation;

a brake disc extending radially 1nward from the outer

portion of the rotor assembly towards the axls of rotation, the

-

brake disc comprises a plurality of radial segments;

the stator assembly comprises a frictional member,

which 1s operatively configured for frictionally engaging at

least a portion of the brake disc, the frictional member

comprises a brake caliper system, the caliper system comprises

at least two brake calipers which are located on each side of

the brake disc opposite to each other; and

a radial distance between the brake disc and the

frictional member 1is less than an air gap formed between the

rotor and the stator,

wherein the brake caliper system 1s aligned to the
brake disc so that no bending moment 1s experienced at a

fixation point of the brake caliper system.

18. The wind turbine generator as claimed in claim 17,

wherein the rotor assembly comprises a flange and the brake

disc 1s tastened to the flange.
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19. The wind turbine generator as claimed 1n claim 17,

wherein the stator assembly comprises a stationary shaft with a

center line of a longitudinal portion of the stationary shaft

at the axis of rotation, and wherein the frictional member 1is

connected to the stationary shaft.

20. The wind turbine generator as claimed 1n claim 17,
wherelin the stator assembly comprises a bed frame of a wind
turbine and the frictional member 1s connected to the bed

frame.

21. The wind turbine generator as claimed in claim 17,
wherein the stator assembly comprises a stator support

structure and the frictional member 1s connected to the stator

support structure.

22 . The wind turbine generator as claimed 1n claim 17,
wherein the at least two brake calipers extend radially outward
regarding the axis or rotation such that a frictional part of
each of the at least two brake callpers 1s perpendicular to the

axls of rotation.

23. The wind turbine generator as claimed 1n claim 17,

wherelin the brake system comprises a rotor lock system.

24 . The wind turbine generator as claimed in claim 23,
wherein the brake disc comprises a plurality of recesses and
wherein the stator assembly comprises a pilston for engaging

p—

with one of the plurality of recesses.

25. The wind turbine generator as claimed 1in claim 24,
wherein the lock system comprises an automatilc actuator for

pushing the piston i1nto one of the plurallity of recesses.

CA 2722501 2017-11-14
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26. A wind turbine comprising:
a hub; and

a wind turblne generator as claimed in claim 17, the
wind turbine generator having a near side facing the hub and

having a far side opposite to the hub, the generator includes a

front endplate at the near side, wherein the brake disc and the

prake caliper system are located at the far side.

27, The wind turbine generator as claimed in claim 17,
whereln the radial distance between the brake disc and the

frictional member 1s between 1 mm and 5 mm.

283. The wind turbine generator as claimed in claim 17,
whereilin the radial distance between the brake disc and the

frictional member 1s between 2 mm and 4 mm.

29. The wind turbine generator as claimed in claim 17,

wherein the air gap formed between the rotor and the stator is

between

4 mm and 10 mm.

30. The wind turbine generator as claimed in claim 17,

wherein the air gap formed between the rotor and the stator is

between 5 mm and 7 mm.

31. The wind turbine generator as claimed in claim 17,

wherein a flange is connected to a stationary shaft and extends

radially from the stationary shaft.

32. The wind turbiline generator as claimed in claim 24,

wherein each of the plurality of recesses extend radially into

CA 2722501 2017-11-14
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the brake disc and the piston engages in a radial direction

with one of the plurality of recesses.

33. The wind turbine generator as claimed 1n claim 24,
wherein each of the plurality of recesses are spaced

symmetrically around the brake disc.

CA 2722501 2017-11-14
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