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DESCRIPTION

BACKGROUND OF THE INVENTION

a. Field of the Invention

[0001] This invention relates to yaw braking systems used in wind turbines. In particular, the
Invention relates to a yaw braking system that employs multiple braking discs to reduce and
better distribute loads within the system.

b. Background Art

[0002] In a conventional horizontal axis wind turbine, a tower extends vertically from the
ground and a nacelle Is disposed on top of the tower. The nacelle houses and supports the
electricity generating components of the wind turbine including a rotor having a hub supported
on a shaft that rotates about a substantially horizontal axis and one or more blades extending

radially from the hub and a generator that generates electricity responsive to rotation of the
shaft.

[0003] The nacelle i1s configured to rotate relative to the tower about a substantially vertical or
yaw axis In order to orient the blades in the direction of the prevailing wind. Proper orientation
of the nacelle i1s iImportant to prevent uneven loads on the rotor and to maximize the efficiency
of the wind turbine. Rotation of the nacelle relative to the tower is controlled by a yaw system.
The yaw system may, for example, include a toothed ring that is fixed to the tower and a motor
activated gear fixed to the nacelle and in mesh with the toothed ring such that activation of the
motor results In rotation of the nacelle relative to the tower. Bearings may be interposed
between the tower and nacelle to facilitate rotation of the nacelle relative to the tower. The yaw
system further includes a brake disc that is fixed to the tower (e.g., as a part of the toothed
ring) or nacelle and a plurality of yaw brakes that can engage the brake disc when partially

applied to control and dampen movement of the nacelle about the yaw axis and when fully
applied to fix the rotational position of the nacelle relative to the tower.

[0004] The yaw brakes Iin a conventional yaw system experience significant loads both when
partially applied and fully applied. As a result, the brakes must be made from materials that are
relatively heavy and expensive. Further, as wind turbine sizes increase and the resulting loads
Increase, conventional yaw brakes are reaching the outer limits of the material strength of
known, commercially reasonable, materials that are used in brake calipers and in the bolts
used to connect the calipers to surrounding structure in the turbine. The Iincreasing loads In
larger wind turbines have also resulted in an increase In size of the brakes-an increase that is
consuming larger amounts of valuable space within the turbine. The large loads In
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conventional yaw systems also place significant demands on the actuating system for the
brakes (e.g., requiring significant hydraulic or pneumatic pressure or current draws) and cause
significant wear on friction materials and increasing failure rates in the brakes themselves
resulting Iin frequent maintenance and significant costs in terms of material, manpower and
downtime. Finally, conventional yaw brakes are a significant source of noise and vibration
within the turbine and are also significantly affected by noise and vibration from other elements
within the turbine.

[0005] The inventor herein has recognized a need for a yaw braking system for a wind turbine
that will reduce one or more of the above-identified deficiencies and/or provide improved
performance.

[0006] EP2306008 (A2) discloses a yaw bearing assembly having the pre-characterising
features of claim 1 below.

BRIEF SUMMARY OF THE INVENTION

[0007] This Invention relates to yaw braking systems In wind turbines. In particular, the
Invention relates to a yaw braking system that employs multiple braking discs to reduce and
better distribute loads within the system.

[0008] According to the present invention, there iIs provided a wind turbine having the features
of claim 1 below.

[0009] The yaw braking system of a wind turbine in accordance with the invention represents
an improvement as compared to conventional yaw braking systems. The use of multiple brake
discs Iincreases the friction area and reduces and distributes loads incurred during braking. As
a result, the yaw brakes acting on the discs can be made smaller thereby reducing space
requirements for the brakes. Further, the brakes can be made with conventional, and
commercially reasonable, materials. The reduction Iin loads also reduces the actuating forces
required to actuate the brake thereby reducing fluid pressure or current draws in the actuating
system and facilitating the use of electrical actuators that may have previously been
Impractical. The reduction in loads also results in reduced wear on friction materials within the
braking system and a reduction In failure rates for the brakes thereby reducing maintenance
and material, manpower, and downtime costs. The broader distribution of loads and the lower
surface pressures at the friction interfaces also reduces noise and vibration imparted by the
brakes into the turbine and from the turbine into the brakes. The system is also easily scalable
to Increase or decrease braking force by adding or reducing the number of discs.

[0010] The foregoing and other aspects, features, details, utilities, and advantages of the
present invention will be apparent from reading the following description and claims, and from
reviewing the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011]
Figure 1 1s a perspective view of a wind turbine.
Figure 2 Is a schematic view of a portion of the wind turbine of Figure 1.

Figure 3 Is a cross-sectional view of a wind turbine incorporating a yaw braking system In
accordance with one embodiment of the present teachings.

Figure 4 Is a cross-sectional view of a portion of the yaw braking system of Figure 3.

Figure 5 I1s a cross-sectional view of a portion of a yaw braking system Iin accordance with
another embodiment of the present teachings.

Figure 6 I1s a cross-sectional view of a portion of a yaw braking system in accordance with
another embodiment of the present teachings.

Figures 7 Is a perspective view of a portion of a yaw braking system In accordance with
another embodiment of the present teachings.

Figures 8-9 are perspective views of brake disc segments of the yaw braking system of Figure
/.

Figure 10 Is a perspective view of a yaw braking system In accordance with another
embodiment of the present teachings.

Figures 11-12 are perspective views of the mounting brackets of the yaw braking system of
Figure 10.

Figures 13-14 are perspective views of brake disc segments of the yaw braking system of
Figure 10

Figure 15 I1s a perspective view of the friction ring segment of the yaw braking system of Figure
10.

Figure 16 I1s a plan view of a yaw braking system In accordance with another embodiment of
the present teachings.

Figure 17 Is a cross-sectional view of a portion of the yaw braking system of Figure 16,
Figure 18 Is a perspective view of a portion of the yaw braking system of Figure 16.

Figure 19 Is a perspective view of a yaw brake of the yaw braking system of Figures 16.
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DETAILED DESCRIPTION OF THE INVENTION

[0012] Referring now to the drawings wherein like reference numerals are used to identify
iIdentical components In the various views, Figures 1-2 Illustrate a wind turbine 20 In
accordance with one embodiment of the present invention. Turbine 20 is provided to convert
wind energy to electrical energy. Turbine 20 comprises a horizontal axis wind turbine (HAWT).
Turbine 20 may Include a tower 22, a nacelle 24, a rotor 26, a gearbox 28, a generator 30, a
brake 32 and a yaw system 34.

[0013] Tower 22 provides structural support for turbine 20 and is provided to locate rotor 26 In
higher velocity winds further from the ground. In the Illustrated embodiment, tower 22
comprises a freestanding tower that Is supported by a foundation (not shown) and, In
particular, a cylindrical monopole tower. It should be understood, however, that tower 22 may
comprise other forms of freestanding towers such as a self-supporting lattice tower or towers
that have support elements such as guy wires or buttresses including guyed lattice towers or
tilt-up towers. Tower 22 may be made from rolled steel plates that are fastened together by
welds or other fasteners. Tower 22 may include Iinternal and external ladders and doors to
allow access to components of turbine 20 on top of tower 22 including in nacelle 24.

[0014] Nacelle 24 houses and supports the electricity generating components of turbine 20
and provides a means for orienting rotor 26 relative to prevailing winds. Referring to Figure 2,
nacelle 24 1s supported on tower 22 and is configured to rotate relative to tower 22 about a
vertical or yaw axis 36 extending longitudinally through tower 22.

[0015] Rotor 26 converts straight-line wind forces into torque used to rotate a shaft 38 about a
substantially horizontal axis 40 (relative to earth ground). Rotor 26 includes a hub 42 coupled
to the shaft 38 and one or more blades 44 extending radially outward from the hub 42.

Straight-line winds cause blades 44--and therefore hub 42 and shaft 38--to rotate about axis
40.

[0016] Gearbox 28 is provided to translate the low speed, high torque rotation of shaft 38 into
a high speed, low torque rotation of a shaft 46 extending into generator 30. Gearbox 28 may
comprise, for example, a planetary gearbox, helical gearbox or worm gearbox. It should be
understood that gearbox 28 may be eliminated and generator 30 may be driven directly by
rotor 26 depending on the design of generator 30.

[0017] Generator 30 is provided to convert mechanical energy from the rotation of shaft 46
Into electrical energy. Generator 30 may comprise an asynchronous machine and may be
coupled to an electricity grid through conventional conductors.

[0018] Brake 32 Is provided to reduce or halt rotation of shaft 36 during, for example,
maintenance of turbine 20 or during periods with extremely strong winds to prevent damage to
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generator 30. Brake 32 may comprise a drum brake or a disc brake.

[0019] Yaw system 34 controls the rotational position of nacelle 24 relative to tower 22 in order
to locate rotor 26 relative to prevailing winds. Referring to Figures 2-3, yaw system 34 may
Include a yaw drive (not shown), a yaw bearing 48 and a yaw braking system 50 in accordance
with the present teachings.

[0020] The yaw drive Is provided to cause rotation of nacelle 24 relative to tower 22 about yaw
axis 36. The drive may be mounted on nacelle 24 and may Include a motor, such as an
alternating current motor, a gearbox configured to increase the output torque of the motor, and
a gear that 1s driven by the motor and that has gear teeth configured to mesh with teeth on a
toothed ring (not shown) affixed to tower 22. It should be understood that the relative positions
of the yaw drive and the toothed ring could be reversed such that the toothed ring is mounted
on nacelle 24 while the yaw drive 1s mounted on tower 22.

[0021] Yaw bearing 48 i1s provided to facilitate smooth motion of nacelle 24 relative to tower 22
and Is disposed between tower 22 and nacelle 24. Bearing 48 may comprise a roller bearing or
a gliding bearing. Referring to Figure 3, in one embodiment bearing 48 may comprise a roller
bearing having one race 52 fixed to tower 22 and another race 54 fixed to nacelle 24. In the
llustrated embodiment, the two races 52, 54 are radially aligned. It should be understood,
however, that the races could alternatively be aligned in the direction of axis 36.

[0022] Yaw braking system 50 is provided to control and dampen rotational movement of
nacelle 24 relative to tower 22 during rotation of nacelle 24. System 50 Is also provided to
maintain nacelle 24 in a fixed rotational position relative to tower 22 once nacelle 24 has
reached a desired position. Referring to Figures 3-4, one embodiment of system 50 may
Include two sets of mounting brackets 56, 58, two sets of brake discs 60, 62, friction rings 64,
and a plurality of yaw brakes 66.

[0023] Brackets 56 are provided to support brake discs 60 and yaw brakes 66. Brackets 56
may be made from conventional metals and metal alloys. Brackets 56 are configured to be
fixed to tower 22. Referring to Figure 4, in the illustrated embodiment, brackets 56 are fixed to
a radially inwardly extending flange 68 of tower 22. Tower 22 is typically divided into a plurality
of sections. Flanges 68 disposed at the end of each section may be used to join adjacent
sections. Flange 68 may be formed with the body of a section of tower 22 (i.e., such that flange
68 and the body of the section of tower 22 form a unitary (one-piece) structure) or may be a
separate structure that is joined to the section of tower 22. Brackets 56 may be fixed to flange
68 using conventional fasteners such as screws, bolts, welds or adhesives. Brackets 56 may
comprise flat rectangular plates having a plurality of fastener bores configured to receive
fasteners that extend through brackets 56 and Into flange 68. It should be understood,
however, that the shape of brackets 56 may vary. Brackets 56 are circumferentially spaced
from one another and may be connected to one another by a stiffening ring In some
embodiments.
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[0024] Brackets 58 are provided to support brake discs 62. Brackets 58 may likewise be made
from conventional metals and metal alloys. Brackets 58 are configured to be fixed to nacelle 24
and, referring to Figure 4, may be configured to depend from a bedframe 70 of nacelle 24.
Brackets 58 may be fixed to bedframe 70 using conventional fasteners such as screws, bolts,
welds or adhesives. Referring to Figures 3-4, in the illustrated embodiment, brackets 58 are
generally L-shaped In cross-section with a horizontally extending leg having a pair of fastener
bores configured to receive fasteners extending through brackets 58 and into bedframe 70 and
a vertically extending leg configured to support brake discs 62. It should be understood,
however, that the shape of brackets 58 may vary. Brackets 58 are circumferentially spaced
from one another and may be connected to one another by a stiffening ring In some
embodiments.

[0025] Brake discs 60 and 62 are provided to create friction to control or halt rotation of nacelle
24 relative to tower 22. Discs 60, 62 are annular in shape and are disposed about, and may be
centered about, yaw axis 36. Discs 60 are fixed to tower 22. In particular, discs 60 are
supported by brackets 56 and connected to brackets 56 at a radially outer edge. Discs 62 are
fixed to nacelle 24. In particular, discs 24 are supported by brackets 58 and are connected to
brackets 58 at a radially inner edge. Discs 60 and 62 are aligned with one another In a
direction extending parallel to yaw axis 36 and interleaved such that each disc 60 Is separated
from another disc 60 by a disc 62 and each disc 62 is separated from another disc 62 by a disc
60. The use of multiple brake discs establishes additional friction surfaces and significant
Increases In the area over which braking forces are applied. As a result, braking forces used to
brake nacelle 24 may be reduced and the forces may be distributed over a wider area. In
particular, the required brake clamping loads (C) are directly proportional to the braking torque
(T) and inversely proportional to the effective radius (rp) of the braking surface, the coefficient

of friction (ug) of the friction materials and the number (n) of friction faces:
T
Te * Uf * N
By increasing the number of friction faces (n), the less clamping force (C) Is required by the
brakes 66 (alternatively, or in addition, materials that have a lower coefficient of friction (uf) and

( =

therefore less expensive can be employed). The reduction and broader distribution of braking
forces has a number of significant benefits. The yaw brakes 66 experience a significant
reduction In loads during braking relative to conventional yaw brake systems. As a result, the
brakes 66 can be made from conventional materials yet still be used in large turbines. The
brakes 66 can also be made relatively small freeing up additional space within the turbine 20.
Further, fluid pressure or current draws used to actuate the brakes 66 can be reduced. The
reduction and distribution of braking forces also reduces the wear on friction linings 64 and the
fallure rate In brakes 66 thereby reducing maintenance and material, manpower, and
downtime costs. The broader distribution of loads and the lower surface pressures at the
friction interfaces also reduces noise and vibration imparted by the brakes 66 into the turbine
20 and from the turbine 20 into the brakes 66 and facilitates the use of noise dampening shims
or mounting structures that would otherwise be unable to handle conventional loads. The
braking system 50 s also easily scalable to increase or decrease braking force by adding or
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reducing the number of discs 60, 62.

[0026] Friction rings 64 are provided to increase friction between discs 60, 62. Rings 64 may
be made from conventional friction materials. Rings are annular in shape and are disposed
between each pair of discs 60, 62. In accordance with one aspect of the present teachings,
rings 64 may not be bonded to either of discs 60, 62 and Iinstead may rest loosely between
discs 60, 62 thereby eliminating the costs associate with bonding rings 64 to a backing plate or
other support structure as in conventional yaw brakes. The large size of discs 60, 62 and rings
64, the relatively slow rotation of nacelle 24 about axis, the tight tolerances between discs 60,
62 and rings 64 and the location of brackets 56, 58 on either radial side of rings 64 combine to
make It unlikely that rings 64 will become displaced.

[0027] Yaw brakes 66 urge discs 60, 62 and rings 64 towards one another to create friction
and thereby brake rotation of nacelle 24. Brakes 66 are configured for movement between a
partially applied position in which the brakes 66 apply a braking force used to control and
dampen movement of nacelle 24 about axis 36 as nacelle 24 rotates about axis 36 and a fully
applied position in which the brakes 66 apply a greater braking force used to fix the rotational
position of nacelle 24 relative to tower 22. Brakes 66 are circumferentially spaced from one
another. In accordance with one aspect of the disclosed systems, brakes 66 may be
configured to apply different levels of braking force to the discs 60, 62 and rings 64 such that
the braking force applied by one brake 66 when In the partially applied position differs from the
braking force applied by another brake 66 when In the partially applied position and/or the
braking force applied by one brake 66 when in the fully applied position differs from the braking
force applied by another brake 66 when In the fully applied position. Variation in the braking
force by each actuator can, for example, be used to remove glazing from the brake discs 60,
62. Each brake 66 of braking system 50 includes a caliper body 72 and an actuator 74.

[0028] Caliper body 72 provides a means for mounting brake 66 to tower 22 and a means for
supporting and orienting actuator 74. Caliper body 72 also provides a reaction surface
opposing the force generated by actuator 74 in order to compress brake discs 60, 62 and rings
64 upon application of the brake 66. Referring to Figure 4, body 72 includes a spacer plate 76
and opposed jaws 78, 80. Plate 76 1s configured for coupling to bracket 56 and tower 22 and
the length of plate 76 defines the spacing between jaws 78, 80 which In turn is defined by the
number of desired friction surfaces which in turn is defined by the desired braking torque. Jaws
/8, 80 extend from either longitudinal end of plate 76 in a radially inward direction relative to
yaw axis 36. Jaws /8, 80 are disposed on opposite sides of the set of brake discs 60, 62 and
friction rings 64 such that, for any given pair of discs 60, 62, jaw 78 Is disposed on one side of
disc 60 opposite disc 62 and jaw 80 Is disposed on one side of disc 62 opposite disc 60. Each
jaw 78, 80 may support a force transfer plate 82, 84, respectively, for transfer of active and
reactive brake forces to discs 60, 62 and rings 64. Jaw 78 may further support an actuator
base plate 86 for locating the actuator 74 between jaw 78 and the force transfer plate 82.

[0029] Actuator 74 Is provided to apply and control a braking force to discs 60, 62 and rings
64. Actuator 74 is supported on jaw 78 and is configured for movement away from jaw 78 and
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towards discs 60, 62 and rings 64 in a direction parallel to yaw axis 36 as actuator 74 moves
from a partially applied position to a fully applied position. In accordance with one aspect of the
present teachings, actuator 74 may assume a plurality of forms. Actuator 74 may comprise a
hydraulically driven or pneumatically driven actuator in which movement of piston towards and
away from discs 60, 62 and rings 64 is controlled by hydraulic or pneumatic pressure. For
actuators of this type, caliper body 72 may define one or more fluid passageways for delivery
of fluid to, and removal of fluid from, the actuator and may define a fluid connection
connectable to a source of fluid. Actuator 74 may alternatively comprise an electrically driven
actuator in which a solenoid causes linear movement of a rod towards and away from discs 60,
62 and rings 64. In yet another embodiment, actuator 74 may comprise a pair of members
having mating threads or cam surfaces such that rotation of one member relative to the other
(e.g., by imparting torque to one member through an electric motor driven belt or chain
surrounding surfaces or teeth on the member) causes linear movement of the member
towards and away from discs 60, 62 and rings 64. Because the yaw braking systems disclosed
herein Incur reduced loads, and better distribute those loads, actuator 74 may assume a
variety of forms that previously were difficult to implement in yaw braking systems. Further, the
actuators 74 operate with lower energy demands in terms of fluid pressure and/or current
draws.

[0030] Referring now to Figure 5, another embodiment of a yaw braking system 88 for turbine
20 1s lllustrated. System 88 Is similar to system 50, but mounts the yaw brakes on nacelle 24 as
opposed to tower 22. System 88 Is again provided to control and dampen rotational movement
of nacelle 24 relative to tower 22 during rotation of nacelle 24 and to maintain nacelle 24 in a
fixed rotational position relative to tower 22 once nacelle 24 has reached a desired position.
System 88 may again include two sets of mounting brackets 90, 92, two sets of brake discs 94,
96, friction rings 98, and a plurality of yaw brakes 100.

[0031] Brackets 90 are provided to support brake discs 94. Brackets 90 may be made from
conventional metals and metal alloys. Brackets 90 are configured to be fixed to tower 22.
Brackets 90 may again be fixed to a radially inwardly extending flange 68 of tower 22. Brackets
90 may be fixed to flange 68 using conventional fasteners such as screws, bolts, welds or
adhesives. Brackets 90 may be substantially T-shaped In cross-section with a radially
extending leg and an axially extending leg relative to yaw axis 36. It should be understood,
however, that the shape of brackets 90 may vary. The radially extending leg may be coupled at
one longitudinal end to flange 68 and may define a reaction surface at an opposite longitudinal
end opposing the force generated by the actuator of brake 100 In order compress brake discs
94, 96 and friction rings 98 upon application of the brake 100. The axially extending leg Is
configured to support brake discs 94 such that discs 94 are axially aligned and spaced from
one another. Brackets 90 are circumferentially spaced from one another and may be
connected to one another by a stiffening ring in some embodiments.

[0032] Brackets 92 are provided to support brake discs 96 and yaw brakes 100. Brackets 92
may be made from conventional metals and metal alloys. Brackets 92 are configured to be
fixed to nacelle 24 and may be configured to depend from a bedframe 70 of nacelle 24.



DK/EP 3412907 T3

Brackets 92 may be fixed to bedframe 70 using conventional fasteners such as screws, bolts,
welds or adhesives. In the illustrated embodiment brackets 92 are generally L-shaped in cross-
section with a radially extending leg configured to support brake 100 and an axially extending
leg configured to support brake discs 96 and for fixing bracket 92 to nacelle 24. It should be
understood, however, that the shape of brackets 92 may vary. Brackets 92 are
circumferentially spaced from one another and may be connected to one another by a
stiffening ring In some embodiments.

[0033] Brake discs 94, 96, and friction rings 98 may be substantially similar to discs 60, 62 and
rings 64, respectively, described above. Discs 94 are fixed to tower 22. In particular, discs 94
are supported by brackets 90 and are connected to brackets 90 at a radially outer edge. Discs
96 are fixed to nacelle 24. In particular, discs 96 are supported by brackets 92 and are
connected to brackets 92 at a radially inner edge. Discs 94 and 96 are again aligned with one
another in a direction extending parallel to yaw axis 36 and interleaved such that each disc 94
IS separated from another disc 94 by a disc 96 and each disc 96 Is separated from another
disc 96 by a disc 94. Rings 98 are disposed between each pair of discs 94, 96. In accordance
with one aspect of the present teachings, rings 98 may again not be bonded to either of discs
94, 96 and instead may rest loosely between discs 94, 96.

[0034] Yaw brakes 100 urge discs 94, 96 and rings 98 towards one another to create friction
and thereby brake rotation of nacelle 24. Brakes 100 are again configured for movement
between a partially applied position in which the brakes 100 apply a braking force used to
control and dampen movement of nacelle 24 about axis 36 as nacelle 24 rotates about axis 36
and a fully applied position in which the brakes 100 apply a greater braking force used to fix
the rotational position of nacelle 24 relative to tower 22. In accordance with one aspect of the
disclosed systems, brakes 100 may again be configured to apply different levels of braking
force to the discs 94, 96 and rings 98 such that the braking force applied by one brake 100
when In the partially applied position differs from the braking force applied by another brake
100 when In the partially applied position and/or the braking force applied by one brake 100
when In the fully applied position differs from the braking force applied by another brake 100
when In the fully applied position. Each brake 100 of braking system 88 includes an actuator
102. Actuator 102 may be similar to actuator 74 described above. In the Illustrated
embodiment, brake 100 does not Include a separate caliper body because the radially
extending legs of brackets 90, 92 act as a caliper body defining opposed jaws that provide a
means for supporting and orienting actuator 102 and provides a reaction surface opposing the
force generated by actuator 102 In order compress brake discs 94, 96 and rings 98 upon
application of the brake 100. These jaws may again each support a force transfer plate (not
shown) for transfer of active and reactive brake forces to discs 94, 96 and rings 98 and an
actuator base plate 104 for locating the actuator 102.

[0035] Referring now to Figure 6, another embodiment of a yaw braking system 106 for
turbine 20 is lllustrated. System 106 1s similar to systems 50, 88, but is configured for mounting
to races 52, 54 of yaw bearing 48. In this manner, system 106 Is able to take advantage of
existing mounting surfaces and mechanisms between the yaw bearing 48 and the tower flange
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68 and nacelle bedframe 70 and is not dependent on finding a dedicated mounting surface on
the flange 68 or bedframe 70. System 106 is again provided to control and dampen rotational
movement of nacelle 24 relative to tower 22 during rotation of nacelle 24 and to maintain
nacelle 24 in a fixed rotational position relative to tower 22 once nacelle 24 has reached a
desired position. System 106 may again include two sets of mounting brackets 108, 110, two
sets of brake discs 112, 114, friction rings 116, and a plurality of yaw brakes 118.

[0036] Brackets 108 are provided to support brake discs 112. Brackets 108 maybe made from
conventional metals and metal alloys. Brackets 108 are configured to be fixed to tower 22
through outer race 52 of yaw bearing 48 which Is itself fixed to tower 22. Brackets 108 may be
fixed to race 52 using conventional fasteners such as screws, bolts, welds or adhesives.
Brackets 108 may be substantially L-shaped in cross-section with a radially extending leg and
an axially extending leg relative to yaw axis 36. It should be understood, however, that the
shape of brackets 108 may vary. The radially extending leg may be coupled to race 52. The
axially extending leg is configured to support brake discs 112 such that discs are axially aligned
and spaced from one another. Brackets 108 are circumferentially spaced from one another
and may be connected to one another by a stiffening ring in some embodiments.

[0037] Brackets 110 are provided to support brake discs 114 and yaw brakes 118. Brackets
110 may be made from conventional metals and metal alloys. Brackets 110 are configured to
be fixed to nacelle 24 through inner race 54 of yaw bearing 48 which it itself fixed to nacelle 24.
Brackets 110 may be fixed to race 54 using conventional fasteners such as screws, bolts,
welds or adhesives. Brackets 110 may be substantially L-shaped in cross-section with a radially
extending leg and an axially extending leg relative to yaw axis 36. It should be understood,
however, that the shape of brackets 110 may vary. The radially extending leg may be coupled
to race 54 and be configured to support brake 118. The axially extending leg may be
configured to support brake discs 114 such that discs 114 are axially aligned and spaced from
one another. Brackets 110 are circumferentially spaced from one another and may be
connected to one another by a stiffening ring in some embodiments.

[0038] Brake discs 112, 114 and friction rings 116 may be substantially similar to discs 60, 62
and rings 64, respectively, described above. Discs 112 are fixed to tower 22. In particular, discs
112 are supported by brackets 108 and are connected to brackets 108 at a radially outer edge.
Discs 14are fixed to nacelle 24. In particular, discs 114 are supported by brackets 110 and are
connected to brackets 110 at a radially inner edge. Discs 112 and 114 are again aligned with
one another in a direction extending parallel to yaw axis 36 and interleaved such that each disc
112 I1s separated from another disc 112 by a disc 114 and each disc 114 Is separated from
another disc 114 by a disc 112. Rings 116 are disposed between each pair of discs 112, 114. In
accordance with one aspect of the present teachings, rings 116 may again not be bonded to
either of discs 112, 114 and instead may rest loosely between discs 112, 114.

[0039] Yaw brakes 118 urge discs 112, 114 and rings 116 towards one another to create
friction and thereby brake rotation of nacelle 24. Brakes 118 are again configured for
movement between a partially applied position in which the brakes 118 apply a braking force
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used to control and dampen movement of nacelle 24 about axis 36 as nacelle 24 rotates about
axis 36 and a fully applied position in which the brakes 118 apply a greater braking force used
to fix the rotational position of nacelle 24 relative to tower 22. In accordance with one aspect of
the disclosed systems, brakes 118 may again be configured to apply different levels of braking
force to the discs 112, 114, and rings 116 such that the braking force applied by one brake 118
when In the partially applied position differs from the braking force applied by another brake
118 when In the partially applied position and/or the braking force applied by one brake 118
when In the fully applied position differs from the braking force applied by another brake 118
when In the fully applied position. Brakes 118 are circumferentially spaced from one another.
Each brake 118 of braking system 106 includes a caliper body 120 and an actuator 122.

[0040] Caliper body 120 provides a means for mounting brake 118 to nacelle 24 and a means
for supporting and orienting actuator 122. Caliper body 120 also provides a reaction surface
opposing the force generated by actuator 122 in order compress brake discs 112, 114, and
rings 116 upon application of the brake 118. Body 120 includes a spacer plate 122 and
opposed jaws 124, 126. Plate 122 is configured for coupling to bracket 110 and nacelle 24 and
the length of plate 122 defines the spacing between jaws 124, 126. Jaws 124, 126 extend from
either longitudinal end of plate 122 in a radially outward direction relative to yaw axis 36. Jaws
124, 126 are disposed on opposite sides of the set of brake discs 112, 114 and friction rings
116 such that, for any given pair of discs 112, 114, jaw 124 is disposed on one side of disc 112
opposite disc 114 and jaw 126 Is disposed on one side of disc 114 opposite disc 112. Each jaw
124, 126 may support a force transfer plate (not shown) for transfer of action and reaction
brake forces to discs 112, 114 and rings 116. Jaw 126 may further support an actuator base
plate (not shown) for locating the actuator 122 between jaw 126 and the force transfer plate.

[0041] Actuator 122 I1s provided to apply and control a braking force to discs 114, 116 and rings
118. Actuator 122 is supported on jaw 126 and is configured for movement away from jaw 126
and towards discs 114, 116 and rings 118 In a direction parallel to yaw axis 36 as actuator 122
moves from a partially applied position to a fully applied position. Actuator 122 may be
substantially similar to actuator 74 described above.

[0042] Referring now to Figures 7-9, a portion of another embodiment of a yaw braking system
128 for turbine 20 Is illustrated. In accordance with one aspect of the present teachings, yaw
system 129 may be divided into a plurality of separate circumferential sections 130 to facilitate
ease of manufacture, transport and maintenance. Each circumferential section 130 may be
separately coupled to tower 22 and nacelle 24 (either to flange 68 of tower 22 and bedframe
70 of nacelle 24 or through races 52, 54 of yaw bearing 48). Each section 130 Includes
mounting brackets 132, 134, two sets of brake disc segments 136, 138, friction ring segments
139, and one or more yaw brakes 140.

[0043] Brackets 132, 134 are provided to support brake discs 136, 138, respectively. One of
brackets 132, 134 (bracket 134 In the lillustrated embodiment) Is also configured to support
yaw brakes 140. Brackets 132, 134 may be made from conventional metals and metal alloys.
Brackets 132 are configured to be fixed to tower 22 (by connection to flange 68 or outer race



DK/EP 3412907 T3

52 of yaw bearing 48) while brackets 134 are configured to be fixed to nacelle 24 (by
connection to bedframe 70 of nacelle 24 or Inner race 54 of yaw bearing 48) using
conventional fasteners such as screws, bolts, welds or adhesives. Brackets 132, 134 may be
curved with the circumferential length of the curve being determined by the number of sections
130 forming system 128. Brackets 132, 134 define a plurality of notches 142 configured to
receive corresponding teeth or projections 144, 146 on brake disc segments 136, 138 and
friction ring segments 139.

[0044] Brake disc segments 136, 138 and friction ring segments 139 may form brake discs
and friction rings that are substantially similar to discs 60, 62 and rings 64, respectively,
described above upon assembly of system 128. Disc segments 136 are fixed to tower 22. In
particular, disc segments 136 are supported by brackets 132 and are connected to brackets
132 at a radially outer edge where projections 144 extending radially outwardly from disc
segments 136 extend into corresponding notches in bracket 132. Disc segments 138 are fixed
to nacelle 24. In particular, disc segments 138 are supported by brackets 134 and are
connected to brackets 134 at a radially inner edge where projections 146 extending radially
iInwardly from disc segments 138 extend into corresponding notches 142 in bracket 146. Upon
assembly of system 128, disc segments 136 and 138 are again aligned with one another in a
direction extending parallel to yaw axis 36 and interleaved such that each disc segment 136 Is
separated from another disc segment 136 by a disc segment 138 and each disc segment 138
IS separated from another disc segment 138 by a disc segment 136. Friction ring segments
139 are disposed between each pair of disc segments 136, 138. In accordance with one
aspect of the present teachings, ring segments 139 may again not be bonded to either of disc
segments 136, 138 and instead may rest loosely between disc segments 136, 138.

[0045] Yaw brakes 140 urge disc segments 136, 138 and ring segments 139 towards one
another to create friction and thereby brake rotation of nacelle 24. Brakes 140 are again
configured for movement between a partially applied position in which the brakes 140 apply a
braking force used to control and dampen movement of nacelle 24 about axis 36 as nacelle 24
rotates about axis 36 and a fully applied position in which the brakes 140 apply a greater
braking force used to fix the rotational position of nacelle 24 relative to tower 22. In accordance
with one aspect of the disclosed systems, brakes 140 may again be configured to apply
different levels of braking force to the disc segments 136, 138 and ring segments 139 such
that the braking force applied by one brake 140 when In the partially applied position differs
from the braking force applied by another brake 140 when In the partially applied position
and/or the braking force applied by one brake 140 when In the fully applied position differs
from the braking force applied by another brake 140 when In the fully applied position. Brakes
140 are circumferentially spaced from one another. Each brake 140 of braking system 128
Includes a caliper body 148 and an actuator 150.

[0046] Caliper body 148 provides a means for mounting brake 140 to nacelle 24 and a means
for supporting and orienting actuator 150. Caliper body 148 also provides a reaction surface
opposing the force generated by actuator 150 In order compress brake disc segments 136,
138 and the ring segments upon application of the brake 140. Body 148 Iincludes a spacer
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plate 152 and opposed jaws 154, 156. Plate 152 1s configured for coupling to bracket 134 and
nacelle 24 and the length of plate 152 defines the spacing between jaws 154, 156. Jaws 154,
156 extend from either longitudinal end of plate 152 in a radially outward direction relative to
yaw axis 36. Jaws 154, 156 are disposed on opposite sides of the set of brake disc segments
136, 138 and ring segments such that, for any given pair of disc segments 136, 138, jaw 154 Is
disposed on one side of disc segment 136 opposite disc segment 138 and jaw 156 Is disposed
on one side of disc segment 138opposite disc segment 136. Each jaw 154, 156 may support a
force transfer plate (not shown) for transfer of action and reaction brake forces to disc
segments 136, 138 and the ring segments. Jaw 156 may further support an actuator base
plate (not shown) for locating the actuator 150 between jaw 156 and the force transfer plate.

[0047] Actuator 150 i1s provided to apply and control a braking force to disc segments 136, 138
and the ring segments. Actuator 150 is supported on jaw 156 and is configured for movement
away from jaw 156 and towards disc segments 136, 138 and the ring segments in a direction
parallel to yaw axis 36 as actuator 150 moves from a partially applied position to a fully applied
position. Actuator 150 may be substantially similar to actuator 74 described above.

[0048] Referring now to Figures 10-15, another embodiment of a yaw braking system 158 for
turbine 20 is illustrated. Like system 128, yaw braking system 158 may be divided into a
plurality of separate circumferential sections 160 that may be separately coupled to tower 22
and nacelle 24 (either to flange 68 of tower 22 and bedframe 70 of nacelle 24 or through races
52, 54 of yaw bearing 48). Unlike system 128, each section 160 of yaw braking system 158
Includes mounting brackets that are substantially straight and brake disc and friction ring
segments having a straight edge to facilitate easier manufacture of the brackets and a
reduction In costs for system 158. The large diameter of system 158 enables the use of
sections 160 that form a polygonal shape approximating a circular, rounded structure. Each
section 160 of system 158 again includes mounting brackets 162, 164, two sets of brake disc
segments 166, 168, friction ring segments 170, and one or more yaw brakes 172.

[0049] Brackets 162, 164 are provided to support brake discs 166, 168, respectively. One of
brackets 162, 164 (bracket 164 In the illustrated embodiment) is also configured to support
yaw brakes 172. Brackets 162, 164 may be made from conventional metals and metal alloys.
Brackets 162 are configured to be fixed to tower 22 (by connection to flange 68 or outer race
52 of yaw bearing 48) while brackets 164 are configured to be fixed to nacelle 24 (by
connection to bedframe 70 of nacelle 24 or inner race 54 of yaw bearing 48) using
conventional fasteners such as screws, bolts, welds or adhesives. Brackets 162, 164 are
straight with the length being determined by the number of sections 160 forming system 158.
In particular, bracket 162has at least a radially outer planar surface while bracket 164 has at
least a radially inner planar surface such that brackets 162, 164 form a polygonal shape about
axis 36 upon assembly. Referring to Figure 11, bracket 162 Is substantially L-shaped In cross-
section with a radially outwardly extending leg and an axially extending leg relative to yaw axis
36. The radially extending leg iIs configured for attachment to tower 22. The axially extending
leg defines a plurality of notches 174 configured to receive corresponding projections 1/6 on
brake disc segments 166 (Figure 13). Referring to Figure 12, bracket 164 is substantially C-
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shaped In cross-section with a pair of axially spaced radially outwardly extending legs and an
axially extending body relative to yaw axis 36. One of the radially extending legs I1s configured
for attachment to nacelle 24. The other radially extending leg Is configured with the axially
extending body to support brakes 172. The axially extending body also defines a plurality of
notches 178 configured to receive corresponding projections 180 on brake disc segments 166
(Figure 14).

[0050] Referring to Figures 13-15, brake disc segments 166, 168 and friction ring segments
170 may form brake discs and friction rings that are substantially similar to discs 60, 62 and
rings 64, respectively, described above upon assembly of system 158. Disc segments 166 are
fixed to tower 22. In particular, disc segments 166 are supported by brackets 162 and are
connected to brackets 162 at a radially outer edge where projections 176 extending radially
outwardly from disc segments 166 extend into corresponding notches 174 in bracket 162. Disc
segments 168 are fixed to nacelle 24. In particular, disc segments 168 are supported by
brackets 164 and are connected to brackets 164 at a radially inner edge where projections 180
extending radially inwardly from disc segments 168 extend into corresponding notches 178 In
bracket 164. Upon assembly of system 158, disc segments 166, 168 are again aligned with
one another in a direction extending parallel to yaw axis 36 and interleaved such that each disc
segment 166 1s separated from another disc segment 166 by a disc segment 168 and each
disc segment 168 Is separated from another disc segment 168 by a disc segment 166. Friction
ring segments 170 are disposed between each pair of disc segments 166, 168. In accordance
with one aspect of the present teachings, ring segments 1/0 may again not be bonded to
either of discs 166, 168 and instead may rest loosely between disc segments 166, 168.

[0051] Referring again to Figure 10, yaw brakes 1/2 urge disc segments 166, 168 and ring
segments 170 towards one another to create friction and thereby brake rotation of nacelle 24.
Brakes 172 are again configured for movement between a partially applied position in which
the brakes 172 apply a braking force used to control and dampen movement of nacelle 24
about axis 36 as nacelle 24 rotates about axis 36 and a fully applied position in which the
brakes 172 apply a greater braking force used to fix the rotational position of nacelle 24
relative to tower 22. In accordance with one aspect of the disclosed systems, brakes 172 may
again be configured to apply different levels of braking force to the discs 166, 168 and rings
170 such that the braking force applied by one brake 172 when In the partially applied position
differs from the braking force applied by another brake 172 when in the partially applied
position and/or the braking force applied by one brake 172 when In the fully applied position
differs from the braking force applied by another brake 172 when In the fully applied position.
Brakes 172 are circumferentially spaced from one another. Each brake 172 of braking system
158 Includes a caliper body and an actuator which may be similar to caliper body 148 and
actuator 150 Iin brake 140 describe above.

[0052] Referring now to Figure 16-19, another embodiment of a yaw braking system 182 for
turbine 20 is illustrated. System 182 differs from the prior systems described herein in that
system 182 orients the brake discs and friction rings vertically such that they are aligned in a
radial direction relative to yaw axis 36 and the braking force is applied in a radial direction
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relative to axis 36. This arrangement provides numerous additional benefits. The arrangement
facilitates the use of straight mounting brackets that are less costly to make and easier to
mount within the turbine. The arrangement reduces the height of the yaw system making it
easy to locate the system above or below yaw bearing 48. The system 182 Is easier to
reinforce and Is easily scalable. Actuation of the system 182 i1s also simpler and less expensive
as exemplified by the actuator described below used with system 182. The friction rings are
better contained and can therefore be held loosely between the brake discs without bonding to
the brake discs reducing costs. Referring to Figure 16, system 182 may again be divided into a
plurality of separate circumferential sections 184 that may be separately coupled to tower 22
and nacelle 24 (either to flange 68 of tower 22 and bedframe 70 of nacelle 24 or through races
52, 54 of yaw bearing 48). Referring to Figure 17-18, each section 184 of system 182 again
Includes mounting brackets 186, 188 two sets of brake disc segments 190, 192 and friction
ring segments 194. In some embodiments, each section 184 may further include brakes similar
to any of brakes 66, 100, 118, 140 or 172 described hereinabove. In the Illustrated
embodiment, however, system 182 employs a single brake 196 that acts on each section 184
of system 182.

[0053] Brackets 186, 188 are provided to support brake discs 190, 192, respectively. Brackets
186, 188 may be made from conventional metals and metal alloys. Brackets 186 are
configured to be fixed to tower 22 (by connection to flange 68 or outer race 52 of yaw bearing
48 as shown In Figure 17) while brackets 168 are configured to be fixed to nacelle 24 (by
connection to bedframe 70 of nacelle 24 or inner race 54 of yaw bearing 48 as shown In Figure
17) using conventional fasteners such as screws, bolts, welds or adhesives. Referring to
Figure 18, the radially inner and outer edges of brackets 186, 188 are curved In the illustrated
embodiment with the length being determined by the number of sections 184 forming system
182. It should be understood, however, that radially inner and outer edges of brackets 186,
188 may alternatively be formed with straight edges and planar surfaces in a manner similar to
system 158 described above. Brackets 186, 188 are substantially flat in the illustrated
embodiment and form annular structures when assembled into system 182. Each bracket 186,
188 may define a plurality of fastener bores configured to receive fasteners (not shown) used
to couple brackets 186, 188 to tower 22 and nacelle 24. Each bracket 186, 188 may further
define a plurality of notches 198, 200 configured to receive corresponding projections (not
shown) on brake disc segments 190, 192.

[0054] Brake disc segments 190, 192 are provided to create friction to control or halt rotation
of nacelle 24 relative to tower 22. Upon assembly of system 182, segments 190, 192 may form
essentially annular brake discs that are disposed about, and may be centered about, yaw axis
36. In accordance with the disclosed embodiment, segments 190, 192 are oriented vertically
and are radially aligned relative to yaw axis 36. The radius of each brake disc segment and the
diameter of each fully disc will therefore increase moving radially outwardly from axis 36 such
that the circumferential length of disc segments 190, 192 varies and increases moving radially
outward relative to axis 36. The use of disc segments 190, 192 allows for a change In
circumference of each disc as wear occurs. Referring to Figure 17, In the Illustrated
embodiment segments 190, 192 are also radially aligned with yaw bearing 48. Disc segments
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190 are fixed to tower 22. In particular, disc segments 190 are supported by brackets 186 and
are connected to brackets 186 at one axial end. Disc segments 192 are fixed to nacelle 24. In
particular, disc segments 192 are supported by brackets 188 and are connected to brackets
188 at one axial end. Disc segments 190 and 192 are aligned with one another in a direction
extending radially relative to yaw axis 36 and are interleaved such that each disc segment 190
IS separated from another disc segment 190 by a disc segment 192 and each disc segment
192 Is separated from another disc segment 192 by a disc segment 190. Again, the use of
multiple brake discs establishes additional friction surfaces and significant increases in the area
over which braking forces are applied. As a result, braking forces used to brake nacelle 24 may
be reduced and the forces may be distributed over a wider area. The reduction and broader
distribution of braking forces again has a number of significant benefits. The yaw brake 196 or
brakes experience a significant reduction in loads during braking relative to conventional yaw
brake systems. As a result, the brakes 196 can be made from conventional materials yet still
be used In large turbines. The brakes can also be made relatively small freeing up additional
space within the turbines. Further, fluid pressure or current draws used to actuate the brakes
can be reduced. The reduction and distribution of braking forces also reduces the wear on
friction rings 194 and the failure rate in the brakes 196 thereby reducing maintenance and
material, manpower, and downtime costs. The broader distribution of loads and the lower
surface pressures at the friction interfaces also reduces noise and vibration imparted by the
brakes 196 Iinto the turbine 20 and from the turbine 20 into the brakes 196 and facilitates the
use of noise dampening shims or mounting structures that would otherwise be unable to
handle conventional loads. The braking system 182 is also easily scalable to increase or
decrease braking force by adding or reducing the number of discs 190, 192.

[0055] Friction ring segments 194 are provided to create friction between disc segments 190,
192. Ring segments 194 may be made from conventional friction materials. Ring segments
194 are disposed between each pair of disc segments 190, 192 and form an annular friction
ring upon assembly of system 182. In accordance with one aspect of the present teachings,
ring segments 194 may not be bonded to either of disc segments 190, 192 and instead may
rest loosely between disc segments 190, 192 thereby eliminating the costs associate with
bonding ring segments 194 to a backing plate or other support structure as in conventional
yaw brakes. The large size of disc segments 190, 192 and ring segments 194, the relatively
slow rotation of nacelle 24 about axis 36, and the tight tolerances between disc segments 190,
192 and ring segments 194 makes it unlikely that ring segments 194 will become displaced.
Further, ring segments 194 are surrounded by brackets 186, 188 In an axial direction and
adjacent disc segments 190, 192 in a radial direction thereby further preventing movement of
ring segments 194.

[0056] Yaw brake 196 i1s urges disc segments 190, 192 and ring segments 194 towards one
another to create friction and thereby brake rotation of nacelle 24. Brake 196 Is again
configured for movement between a partially applied position in which the brake 196 applies a
braking force used to control and dampen movement of nacelle 24 about axis 36 as nacelle 24
rotates about axis 36 and a fully applied position in which the brake 196 applies a greater
braking force used to fix the rotational position of nacelle 24 relative to tower 22. Referring to
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Figure 19, brake 196 includes a ring 202 and an actuator 204.

[0057] Ring 202 provides means for transferring a braking force to disc segments 190, 192
and ring segments 194. Ring 202 may be made from conventional metals and metal alloys.
Referring to Figure 17, ring 202 may be pi-shaped in cross-section with an axially extending
leg and a pair of parallel, radially inwardly extending legs. The axially extending leg Is
configured to act against disc segments 190, 192 and ring segments 194. In some
embodiments, the axially extending leg may Iinclude a friction material bonded to radially outer
surface of the leg. The radially extending legs are configured to support actuator 204. Ring 202
IS annular in shape and is disposed about, and may be centered about, yaw axis 36. Ring 202
IS disposed radially inwardly of the brake discs formed by disc segments 190, 192. A reaction
ring 206 may be disposed radially outwardly of the brake discs to clamp disc segments 190,
192 and ring segments 194 upon actuation of brake 196. The reaction ring 206 may be
collapsible to reduce the diameter of ring 206 and change the diameter of system 182 to adjust
for wear. Referring again to Figure 19, ring 202 may be divided into multiple segments that are
coupled to one another. Further, ring 202 is split and uncoupled at one location to define a pair
of circumferential ends 208, 210.

[0058] Actuator 204 i1s configured to change the diameter of ring 202 in order to move the
brake 196 between a partially applied and fully applied position. In particular, actuator 204 is
configured to expand ring 202 to move brake 196 from the partially applied position to the fully
applied position. Although the illustrated embodiment locates the brake actuator 204 radially
iInwardly of the brake discs formed by segments 190, 192, it should be understood that the
orientation of ring 202 and actuator 204 could be reversed such that ring 202 and actuator 204
are disposed radially outwardly of the discs formed by segments 190, 192 and the actuator
204 1s configured to compress the ring 202 to move the brake 196 from the partially applied
position to the fully applied position. Actuator 204 includes a pair of scissor arms 212, 214 and
mean, such as piston assembly 216, for moving the ends of the scissor arms 212, 214 away
from one another to expand ring 202. Scissor arms 212, 214 are disposed about a common
pivot axis and may be coupled to one another by a pin (not shown) centered on the pivot axis.
One longitudinal end of each arm 212, 214 is coupled to a corresponding circumferential end
208, 210 of ring 202. The other longitudinal end of each arm 212, 214 is coupled to opposite
ends of piston assembly 216. Piston assembly 216 includes a rod 218 disposed within, and
movable relative to, a fluid cylinder 220. Increasing the fluid pressure within cylinder 220 forces
rod 218 further outward from cylinder 220 and causes the ends of scissor arms 212, 214 to
move away from one another to expand ring 202. Although a particular means for expanding
ring 202 has been shown, it should be understood that other fluid (hydraulic or pneumatic) and
electromagnetic actuation systems could be employed including, for example, an electric motor
driven linear actuator that move scissor arms 212, 214. In another embodiment, a tubular, ring
shaped fluid bladder may be disposed against the radially inner side of ring 202 and inflated to
expand ring 202.

[0059] While the Invention has been shown and described with reference to one or more
particular embodiments thereof, it will be understood by those of skill in the art that various
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changes and modifications can be made without departing from the scope of the claims below.
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PATENTKRAV
1. Vindturbine (20) der omfatter:

et tarn (22),

en nacelle (24) der er understattet pa tarnet (22) og konfigureret til at ro-

5 tere i forhold til tarnet (22) omkring en giringsakse (36);

en ferste bremseskive (60 eller 94 eller 112 eller 136 eller 166 eller 190)

der er fastgjort til tarnet (22) og anbragt omkring giringsaksen (36),
kendetegnet ved:

en anden bremseskive (62 eller 96 eller 114 eller 138 eller 168 eller 192)
10 der er fastgjort til nacellen (24) og anbragt omkring giringsaksen (36),
hvilken anden bremseskive (62 eller 96 eller 114 eller 138 eller 168 eller

192 ) er pa linje med den farste bremseskive (60 eller 94 eller 112 eller
136 eller 166 eller 190); og

en ferste giringsbremse (66 eller 100 eller 118 eller 140 eller 172 eller
15 196) der er konfigureret til at bevaege sig mellem en ferste position, hvor
den farste giringsbremse (66 eller 100 eller 118 eller 140 eller 172 eller
196) anvender en ferste bremsekraft pa den ferste og den anden brem-
seskive (60, 62 eller 94, 96 eller 112, 114 eller 136, 138 eller 166, 168 el-
ler 190, 192), og en anden position, hvor den farste giringsbremse (66 el-
20 ler 100 eller 118 eller 140 eller 172 eller 196) anvender en anden brem-
sekraft pa den farste og den anden bremseskive (60, 62 eller 94, 96 eller

112, 114 eller 136, 138 eller 166, 168 eller 190, 192), hvilken anden

bremsekraft er starre end den farste bremsekraft.
2. Vindturbinen (20) ifelge krav 1 der yderligere omfatter:

25 en ferste holder (56 eller 90 eller 132 eller 162) der understatter den far-
ste bremseskive (60 eller 94 eller 136 eller 166) og er fastgjort til en radi-

alt indadgaende flange (68) i tarnet (22); og
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2

en anden holder (58 eller 92 eller 134 eller 164) der understatter den an-
den bremseskive (62 eller 96 eller 138 eller 168) og er fastgjort til en le-

jeramme (/70) 1 nacellen (24).

3. Vindturbinen (20) ifelge krav 2, hvor hver af den ferste og anden holder (132,
134 af 162, 164) er opdelt | et antal separate perifere sektioner, hvilken farste
og anden holder (132, 134 eller 162, 164) har radialt indre og ydre plane over-
flader, saledes at den farste holder (132 eller 162) og den anden holder (162,

164) danner en polygonal form omkring giringsaksen (36).

4. Vindturbine (20) ifalge et hvilket som helst af kravene 1-3, hvor hver af den
ferste og anden bremseskive (60, 62 eller 94, 96 eller 112, 114 eller 136, 138

eller 166, 168 eller 190, 192) er opdelt | et antal separate perifere sektioner.

5. Vindturbine (20) ifalge krav 1-4 der yderligere omfatter en tredje bremseskive
(60 eller 94 eller 112 eller 136 eller 166 eller 190), som er fastgjort til tarnet (22)
og anbragt omkring giringsaksen (36) pa en modsat side af den anden bremse-
skive (62 eller 96 eller 114 eller 138 eller 168 eller 192) | forhold til den ferste
pbremseskive (60 eller 94 eller 112 eller 136 eller 166 eller 190).

6. Vindturbine ifalge krav 1-4 der yderligere omfatter en tredje bremseskive (62
eller 96 eller 114 eller 138 eller 168 eller 192), som er fastgjort til nacellen (24)
og anbragt omkring giringsaksen (36) pa en modsat side af den farste bremse-
skive (60 eller 94 eller 112 eller 136 eller 166 eller 190) 1| forhold til den anden
bremseskive (62 eller 96 eller 114 eller 138 eller 168 eller 192).

7. Vindturbine (20) ifelge et hvilket som helst af kravene 1-6 der yderligere om-
fatter et giringsleje (48), som er anbragt mellem tarnet (22) og nacellen (24),
hvor den farste bremseskive (112 eller 190) understeattes af en farste labering
(52) af giringslejet (48), der er fastgjort til tarnet (22), og den anden bremseski-
ve (114 eller 192) understottes af en anden labering (54) af giringslejet (48), der

er fastgjort til nacellen (24).
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8. Vindturbine (20) ifelge et hvilket som helst af kravene 1-7 der yderligere om-
fatter en friktionsring (64 eller 98 eller 116 eller 170 eller 194), som er anbragt
mellem den ferste og anden bremseskive (60, 62 eller 94, 96 eller 112, 114) el-
ler 136, 138 eller 166, 168 eller 190, 192), hvilken friktionsring (64 eller 98 eller
116 eller 170 eller 194) Ikke er bundet til den farste bremseskive (60 eller 94 el-
ler 112 eller 136 eller 166 eller 190) og Ikke er bundet til den anden bremseski-
ve (62 eller 96 eller 114 eller 138 eller 168 eller 192).

9. Vindturbine (20) ifelge et hvilket som helst af kravene 1-8 der yderligere om-
fatter en anden giringsbremse, der er anbragt perifert (66 eller 100 eller 118 el-
ler 140 eller 1/72) fra den ferste giringsbremse (66 eller 100 eller 118 eller 140
eller 172), og som er konfigureret til at bevaege sig mellem en ferste position, |
hvilken den anden giringsbremse (66 eller 100 eller 118 eller 140 eller 1/2) an-
vender en ferste bremsekraft pa den ferste og anden bremseskive (60, 62 eller
94 96 eller 112, 114 eller 136 , 138 eller 166, 168), 0g en anden position, |1 hvil-
ken den anden giringsbremse (66 eller 100 eller 118 eller 140 eller 172) anven-
der en anden bremsekraft pa den farste og anden bremseskive (60, 62 eller 94,

96 eller 112 114 eller 136, 138 eller 166, 168), hvilken anden bremsekraft er

starre end den farste bremsekraft.

10. Vindturbinen (20) ifalge krav 9, hvor den mindst ene af den ferste og anden
bremsekraft der anvendes af den farste giringsbremse (66 eller 100 eller 118
eller 140 eller 172), adskiller sig fra en tilsvarende en af den ferste og anden

bremsekraft, som anvendes af den anden giringsbremse (66 eller 100 eller 118
eller 140 eller 172).

11. Vindturbine (20) ifalge et hvilket som helst af kravene 1-10, hvor den farste
0g anden bremseskive (60, 62 eller 94, 96 eller 112, 114 eller 136, 138 eller
166, 168) er pa linje i retningen af giringsaksen (36) og den farste giringsbrem-
se (66 eller 100 eller 118 eller 140 eller 172) anvender bremsekraften 1 en ret-

ning parallelt med giringsaksen.
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12. Vindturbine (20) ifelge krav 1-10, hvor den farste og anden bremseskive
(190, 192) er radialt pa linje i forhold til giringsaksen (36), og den farste girings-
bremse (196) anvender bremsekraften 1 en radial retning 1 forhold til giringsak-
sen (30).

13. Vindturbinen (20) ifelge krav 12, hvor den ferste giringsbremse omfatter:

en ring der er anbragt radialt udad fra den ferste og anden bremseskive;

09

en aktuator der er konfigureret til at komprimere ringen, nar den farste gi-

10 ringsbremse beveeger sig fra den ferste position til den anden position.

14. Vindturbinen (20) ifalge krav 12, hvor den farste giringsbremse (196) omfat-

ter:

en ring (202) der er anbragt radialt indad fra den ferste og anden brem-
seskive (190, 192); og

15 en aktuator (204) der er konfigureret til at udvide ringen (202), nar den
ferste giringsbremse (196) beveeges fra den farste position til den anden

position.
15. Vindturbinen (20) ifelge krav 14, hvor aktuatoren (204) omfatter:

en farste saksearm (212) der har en farste ende, som er koblet til en far-

20 ste perifer ende (208) af ringen (202);

en anden saksearm (214) der har en farste ende, som er koblet til en

anden periferi ende (210) af ringen (202); og

midler (216) der er forbundet med den anden ende af den ferste og an-
den saksearm (212, 214), til at beveege den anden ende af den farste og

25 anden saksearm (212, 214) veek fra hinanden for at udvide ringen (202).
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