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of an automatic air bleed valve in a hydraulic braking system

(57) A hydraulic braking system, a wind generator
comprising the hydraulic braking system and use of an
automatic air bleed valve in a hydraulic braking system

is provided. The hydraulic system is for braking of a shaft
of the wind generator. The hydraulic circuit of the braking
system comprises an automatic air bleed valve.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a hydraulic braking sys-
tem for braking of a shaft of a wind generator. Further-
more, the invention relates to wind generator comprising
a hydraulic braking system for braking of a shaft, which
is coupled to a rotor hub. The invention also relates to
the use of an automatic air bleed valve in a hydraulic
braking system for braking of a shaft of a wind generator.

BACKGROUND

[0002] In hydraulic braking systems, which are used
irregularly or rarely, it is likely that small amounts of air
enter the hydraulic braking circuit. This is particularly true
for hydraulic braking systems, which are applied for brak-
ing of the shaft of a wind generator (also referred to as
a wind energy converter, a wind turbine or a wind power
plant). These braking systems are used when the rotor
of the wind generator has to be stopped completely. First-
ly, the rotation of the wind generator is slowed down by
pitching down the blades. Secondly, the braking system
is used to decelerate the remaining rotation, for example
during an emergency stop of the wind turbine.
[0003] In hydraulic braking systems, a negative fluidic
pressure of a liquid column of hydraulic fluid is applied
to allow brake pads to distance from a brake disc. This
negative fluidic pressure, however, sucks in small
amounts of air into the hydraulic circuit. This small
amount of air may cause a functional test of the braking
system, which is performed in regular intervals, to fail.
Error messages may occur indicating that the hydraulic
braking circuit may not be closed completely. To avoid
these error messages, the service team is urged to bleed
the hydraulic braking circuit of the braking system in reg-
ular intervals. This is typically performed manually and
causes considerable service expenses. This is particu-
larly true for braking systems in offshore wind generators.
In order to avoid these technical problems, a decentral-
ized hydraulic braking system may be applied. This, how-
ever, represents a costly solution.

SUMMARY

[0004] It is an object of the invention to provide an im-
proved hydraulic braking system, an improved wind gen-
erator comprising a hydraulic braking system and the im-
proved use of an automatic air bleed valve in a hydraulic
braking system.
[0005] In one aspect of the invention, a hydraulic brak-
ing system for braking of a shaft of a wind generator is
provided. A hydraulic braking circuit of the braking sys-
tem comprises an automatic air bleed valve. This auto-
matic air bleed valve is configured for bleeding the hy-
draulic circuit.
[0006] Traditionally, in the technical field of hydraulic

braking systems, automatic air bleed valves are not ap-
plied. However, it has been recognized that the reliability
of modern automatic air bleed valves is comparable to
the level of reliability of manual bleeding valves, which
are frequently used in hydraulic braking systems. The
invention overcomes a technical prejudice and integrates
an automatic air bleed valve in the hydraulic braking cir-
cuit of a hydraulic braking system. Manual bleeding of
the hydraulic braking system is no longer necessary. This
significantly reduces the operational costs. The hydraulic
braking system is particularly advantageous for braking
of a shaft of a wind generator. Shaft braking systems in
wind generators are not used very frequently. It is likely
that small amounts of air enter the hydraulic braking cir-
cuit. Unlike the prior art, no frequent bleeding of the hy-
draulic braking circuit is necessary. The hydraulic braking
system according to aspects of the invention is automat-
ically bled upon pressurization of the hydraulic fluid. In
particular for braking systems in offshore wind generators
this will significantly reduce the service expenses.
[0007] Advantageously, the hydraulic braking system
may comprise a hydraulic unit, which supplies a high
pressure part of the hydraulic braking circuit with a pres-
surized hydraulic fluid to operate at least one brake cal-
iper. In particular, the at least one brake caliper may co-
operate with a brake disc, which may be coupled to a
shaft of the wind generator. Furthermore, the automatic
air bleed valve may be integrated in the high pressure
part of the hydraulic braking circuit. Advantageously, a
central hydraulic braking system having reduced opera-
tional costs may be provided. A costly and elaborate de-
centralized braking system is not required.
[0008] Furthermore, according to another advanta-
geous aspect of the invention, the hydraulic unit and at
least one of the brake calipers are arranged at different
heights. Within the context of this specification, the terms
"higher" and "lower", "above" and "below" are used with
respect to the earth’s gravity field. In other words, a first
part, which is arranged above a second part, is located
at a greater geodetic height than the first part. In partic-
ular, at least one of the brake calipers is / are arranged
above the hydraulic unit. According to an advantageous
embodiment of the invention, a height difference between
the highest brake caliper and the hydraulic unit is greater
than 2 m, 3 m or 4 m. In particular, the height difference
may be greater than 4,5 m. A hydraulic fluid, which re-
sides in the vertical pipes of the hydraulic braking circuit,
causes a negative fluidic pressure at the higher brake
calipers. This negative fluidic pressure is due to the
weight of the hydraulic fluid. This is necessary to allow
the brake pads to retract from the brake disc and to allow
free rotation of the latter. However, due to this negative
fluidic pressure, it is likely that small amounts of air enter
the hydraulic braking circuit. This is, however, no longer
a technical problem because the air is bled from the hy-
draulic braking circuit via the automatic air bleed valve,
when the braking circuit is pressurized again. Advanta-
geously, even when the hydraulic braking system is op-
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erated irregularly or rarely, no regular service intervals
have to be scheduled.
[0009] According to an advantageous embodiment of
the invention, the automatic air bleed valve is arranged
at the highest brake caliper. In particular, the automatic
air bleed valve may be arranged at the highest section
of the hydraulic circuit. It may be expected that air, which
enters the hydraulic braking circuit, accumulates at a
highest point. Consequently, the automatic air bleed
valve, which is arranged at this point, is likely to bleed
the hydraulic circuit efficiently.
[0010] According to another advantageous aspect of
the invention, the hydraulic braking circuit provides a di-
rect and continuous fluidic connection between the hy-
draulic unit and the at least one brake caliper. In partic-
ular, the hydraulic braking circuit provides a fluidic con-
nection between the hydraulic unit and the brake caliper,
which does not comprise a check valve. This direct and
continuous fluidic connection may be in the high pressure
part of the hydraulic circuit. The fluidic connection be-
tween the hydraulic unit and the brake calipers is unin-
terruptible, in particular not by a check valve. The appli-
cation of a check valve may be a suitable measure to
reduce the negative hydraulic pressure at the higher
brake calipers. The check valves may hinder the hydrau-
lic fluid from flowing back inside the vertical sections of
the hydraulic braking circuit. However, if a check valve
is integrated for example in a supply pipe of a brake cal-
iper, this may cause a high residual pressure at the brake
caliper, even when the braking circuit is depressurized.
This residual fluidic pressure may be too high for a com-
plete retraction of the brake pads from the brake disc.
On the other hand, if the residual pressure is adjusted to
a small value, the negative fluidic pressure at the brake
caliper may still be too high to avoid entrance of air into
the hydraulic circuit. Advantageously, the hydraulic brak-
ing system according to aspects of the invention fully
dispenses with check valves and the technical problems
involved.
[0011] In an advantageous embodiment of the inven-
tion, the hydraulic braking system is configured to be ar-
ranged in a nacelle of a wind generator. The hydraulic
braking system comprises a single hydraulic unit and a
plurality of brake calipers cooperating with a brake disc,
which is coupled to a shaft of the wind generator. The
plurality of brake calipers is operated using the single
hydraulic unit to provide a central braking system for the
shaft. Since the maintenance and service costs for the
hydraulic braking system according to aspects of the in-
vention are very low, the system perfectly fits with the
requirements of hydraulic braking systems in offshore
wind generators.
[0012] According to an embodiment of the invention,
the hydraulic braking system comprises a plurality of au-
tomatic air bleed valves, wherein the automatic air bleed
valves are arranged above the hydraulic unit.
[0013] The braking circuit of the hydraulic braking sys-
tem may comprise a plurality of sections at which air is

likely to accumulate. A respective one of these sections
is arranged relatively higher when compared to parts of
the braking circuit, which are adjacent to this section. An
automatic air bleed valve may be arranged at a respective
one of theses sections of the braking circuit.
[0014] In another embodiment of the invention, the hy-
draulic braking system comprises a braking circuit, which
is a multiple braking circuit. For example, the braking
circuit may be a dual braking circuit. The multiple braking
circuit may comprise at least a first braking circuit and a
second braking circuit. A respective one of the braking
circuits comprises at least one brake caliper and an au-
tomatic air bleed valve.
[0015] Furthermore, the hydraulic braking system is a
disk braking system, according to another embodiment
of the invention. The system has a plurality of brake cal-
ipers, which cooperate with the brake disk. The brake
calipers may be equally spaced around the brake disk,
wherein brake calipers of the first braking circuit and the
second braking circuit may be arranged opposite to each
other with respect the braking disk.
[0016] According to another aspect of the invention, a
wind generator, in particular an offshore wind generator,
comprising a hydraulic braking system for braking of a
shaft, which is coupled to a rotor hub, is provided. A hy-
draulic braking circuit of the braking system comprises
an automatic air bleed valve.
[0017] Furthermore, the wind generator may be con-
figured to have a hydraulic braking system, which com-
prises a plurality of brake calipers cooperating with a
brake disc, which is coupled to the shaft. In particular,
the brake calipers may be equally spaced around the
brake disk. The plurality of brake calipers is operated by
a single hydraulic unit to provide an economic central
braking system of the shaft.
[0018] In particular, the hydraulic unit and at least one
of the break calipers are arranged at different heights.
According to an advantageous embodiment of the inven-
tion, the at least one brake caliper is arranged above the
hydraulic unit and the automatic air bleed valve may be
arranged at this highest brake caliper. In particular, a
height difference between a highest brake caliper and
the hydraulic unit may be greater than 2 m, 3 m or 4 m
and in particular greater than 4,5 m. In particular, the
hydraulic braking system comprises a plurality of rake
calipers and the highest brake caliper has a height dif-
ference with respect to the hydraulic units, which is great-
er than 2 m, 3 m or 4 m, in particular greater than 4,5 m.
[0019] According to another advantageous aspect of
the invention, the wind generator is configured to have a
hydraulic braking system applying a hydraulic braking
circuit, which has a direct and continuous fluidic connec-
tion between the hydraulic unit and the brake calipers.
In particular, the hydraulic braking circuit may provide a
fluidic connection between the hydraulic unit and the
brake calipers, which does not comprise a manual check
valve.
[0020] The hydraulic system of the wind generator may
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comprise a plurality of automatic air bleed valves, which
are arranged above the hydraulic unit.
[0021] In another embodiment of the invention, the
wind generator comprises a braking circuit, which is a
multiple braking circuit. This multiple braking circuit com-
prises at least a first braking circuit and a second braking
circuit. A respective one of the braking circuits comprises
at least one brake caliper and an automatic air bleed
valve.
[0022] The wind generator may further have a hydrau-
lic braking system, which is a disk braking system com-
prising a plurality of brake calipers. These cooperate wit
the brake disk and are equally spaced around the brake
disk. The brake calipers of the first braking circuit and
the brake calipers of the second braking circuit may be
arranged opposite to each other with respect to the brak-
ing disk.
[0023] Same or similar advantages, which have been
mentioned with respect to the hydraulic braking system,
apply to the wind generator according to aspects of the
invention in a same or similar way and are therefore not
repeated.
[0024] According to still another aspect of the inven-
tion, the use of an automatic air bleed valve in a hydraulic
braking system is provided. In particular, the hydraulic
braking system may be configured for braking of a shaft
of a wind generator. The automatic air bleed valve is in-
tegrated in a hydraulic braking circuit of the braking sys-
tem for bleeding the hydraulic circuit. Again, the use of
the automatic air bleed valve involves same or similar
advantages, which have been already mentioned with
respect to the hydraulic braking system according to as-
pects of the invention.

BRIEF DESCRIPTION OF DRAWINGS

[0025] Further aspects and features of the invention
ensue from the following description of the preferred em-
bodiments of the invention with reference to the accom-
panying drawings, wherein

FIG.1 is a simplified perspective view of a wind gen-
erator according to an embodiment of the invention
and

FIG. 2 is a simplified side view showing a machine
housing of the wind generator, wherein a hydraulic
braking system according an embodiment of the in-
vention is integrated in the machine housing.

FIGs. 3 to 5 are further simplified views showing fur-
ther hydraulic braking systems according to embod-
iments of the invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODI-
MENTS

[0026] FIG. 1 is a simplified perspective view of a wind

generator 2. By way of an example only, the wind gen-
erator is an offshore wind generator 2. It comprises a
rotor hub 4 carrying the rotor blades 6, wherein the rotor
hub 4 is coupled to a main shaft of the wind generator 2.
A supporting structure 8 carries a nacelle (not visible)
and is supported by an underwater foundation in the sea
10.
[0027] In FIG. 2, there is a simplified side view showing
a machine housing 12, which is typically arranged in the
nacelle of the wind generator 2. A braking disc 14 is cou-
pled to the main shaft (not shown). The rotation of the
rotor hub 4, which is coupled to this main shaft, is decel-
erated by pitching down the rotor blades 6 to their feath-
ering position first. The brake disc 14 is applied when the
wind generator 2 has to be stopped completely, for ex-
ample during an emergency shut down. For decelerating
the rotation of the main shaft, the brake disc 14 cooper-
ates with brake calipers 16. As it is known from disc
brakes, the brake calipers 16 are configured to push
brake pads against the brake disc 14 for deceleration
thereof.
[0028] The brake calipers 16 together with the brake
disc 14 form part of a hydraulic braking system, which
further comprises a hydraulic unit 18. The hydraulic unit
18 may comprise a hydraulic pump, which supplies a
high pressure part 20 of a hydraulic circuit with a pres-
surized hydraulic fluid, for example with hydraulic oil. The
hydraulic fluid is returned to the hydraulic unit 18 via re-
turn pipes 22, which represent a further part of the hy-
draulic braking circuit. A single hydraulic unit 18 supplies
a plurality of brake calipers 16, which means the hydraulic
braking system is a central braking system. Each brake
caliper 16 is coupled to the pressurized part 20 and to
the return pipes 22 of the hydraulic circuit.
[0029] In wind generators 2, the hydraulic braking sys-
tem is used very rarely. However, during the long down-
time, it cannot be avoided that small amounts of air enter
the hydraulic braking circuit, in particular at the brake
calipers 16. As a traditional countermeasure to this, the
hydraulic circuit is bled in regular service intervals. The
hydraulic system according to the embodiment of the in-
vention, however, comprises an automatic air bleed valve
24 for bleeding of the system. By way of an example only,
the automatic air bleed valve 24 is integrated in the pres-
surized part 20 of the hydraulic braking circuit. When the
hydraulic braking circuit is pressurized again, the accu-
mulate air escapes from the hydraulic braking circuit via
the automatic air bleed valve 24.
[0030] Automatic air bleed valves 24 and their working
principle are commonly known. It is based on the differ-
ence in behavior of gases and liquids under pressure
because of their dependence on viscosity. Typically, an
automatic air bleed valve 24 comprises a piston, which
is housed in a bore of a body with a defined clearance
between the two parts. This causes the opening and clos-
ing of the automatic air bleed valve 24 on start up or shut
down of the system. When the pressure of the hydraulic
fluid rises, accumulated air in the hydraulic braking circuit
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escapes until the liquid column of the hydraulic fluid
reaches the piston of the automatic air bleed valve 24.
The pressure of the hydraulic fluid lifts the piston against
an upper high pressure seal, securely closing the air vent.
A retraction spring and the special piston design, which
is known for air bleed valves, prevent any intake of air,
when the pressure of the hydraulic fluid decreases or
even reaches a partial vacuum, i.e. a negative fluidic
pressure.
[0031] Traditionally, automatic air bleed valves 24 are
not applied in braking systems. However, this turned out
to be a technical prejudice. Automatic air bleed valves
24 are suitable for hydraulic braking systems because
the reliability of modern air bleed valves 24 is comparably
high as the reliability of manual bleeding valves, which
are frequently used in hydraulic braking systems.
[0032] In the hydraulic braking system of FIG. 2, the
brake calipers 16 are arranged above the hydraulic unit
18. A height difference H between the highest brake cal-
iper 26 and the hydraulic unit 18 may be greater than 2
m, 3 m or 4 m. According to the embodiment of FIG. 2,
the height difference H is approximately 4,5 m. When the
hydraulic unit 18 is switched off and the pressurized part
20 of the hydraulic circuit is de-pressurized, a weight of
the vertical fluid column causes a negative hydraulic
pressure at the highest brake caliper 26. This negative
hydraulic pressure is necessary to allow the brake pads
of the brake calipers 16 to retract from the brake disc 14.
However, this partial vacuum causes small amounts of
air to enter the hydraulic braking circuit. These are, how-
ever, bled from the circuit via the air bleed valve 24.
[0033] According to the embodiment of FIG. 2, the au-
tomatic air bleed valve 24 is arranged at the highest brake
caliper 26. Generally, the automatic air bleed valve 24
may be arranged at an arbitrary position in the hydraulic
braking circuit. It may be advantageous that the air bleed
valve 24 be arranged at a position of the system at which
air accumulates. Typically, this may be one of the highest
parts of the hydraulic circuit.
[0034] Furthermore, the hydraulic braking circuit is
configured to have a direct and continuous fluidic con-
nection between the hydraulic unit 18 and the brake cal-
ipers 16. In particular, the hydraulic braking circuit does
not comprise any check valves. Check valves may be
suitable to reduce the negative pressure of the liquid col-
umn of the hydraulic fluid. However, this limits the neg-
ative pressure at the higher brake calipers 16. The partial
vacuum may not be sufficient for complete retraction of
the brake pads from the brake disc 14.
[0035] The hydraulic braking system is configured to
be arranged in a nacelle of the wind generator 2. The
use of the automatic air bleed valve 24 is advantageous
in that the braking system causes reduced maintenance
costs due to its automatic bleeding functionality.
[0036] FIGs. 3 to 5 are simplified views showing further
embodiments of the hydraulic braking system. The brak-
ing circuit is a multiple braking circuit, in particular a dual
braking circuit. In FIG. 3, the brake calipers 30, shown

on the left, are a part of the first braking circuit. The brak-
ing calipers 32 are a part of the second braking circuit.
Due to simplification of the drawings, the brake calipers
are connected via a single pipe, which represents the
high pressure supply pipe and the return pipe as well.
The brake calipers 16 are equally spaced around the
brake disk 14. Both braking circuits may be supplied us-
ing a same and single hydraulic unit 18. The first braking
circuit and the second braking circuit are each provided
with an automatic air bleed valve 24.
[0037] In FIGs. 4 and 5, there are further simplified
views showing embodiments of the hydraulic braking
system. The brake calipers 30 of the first braking circuit
are arranged to be opposite to each other with respect
to the brake disk 14. Similarly, the brake calipers 32 of
the second braking circuit are arranged to be opposite
to each other with respect to the brake disk 14. The may
be arranged opposite with respect to the center of the
brake disk 14. The brake calipers 16 in the hydraulic brak-
ing system shown in FIG.5 are similarly arranged. Ac-
cording to the embodiment of FIG. 4, the automatic air
bleed valves 24 are arranged at the highest brake caliper
14 of the first and second braking circuit, respectively.
The hydraulic braking circuits shown in FIG.5 have sec-
tions, which are arranged relatively higher when com-
pared to parts of the braking circuit, which are adjacent
to these sections. The automatic air bleed valves 24 are
arranged at threse highest points or sections of the brak-
ing circuits for bleeding air, which is likely to accumulate
at this highest points of the hydraulic circuit. Similar to
the hydraulic braking system in FIG. 3, the first and sec-
ond braking circuit may be supplied using a single hy-
draulic unit 18. According to other embodiments of the
invention, two separate hydraulic units 14 may be applied
for supplying the first and second braking circuit, respec-
tively (not shown). This aspect advantageously applies
to all embodiments shown in FIGs. 3 to 5.
[0038] Although the invention has been described
hereinabove with reference to specific embodiments, it
is not limited to these embodiments and no doubt further
alternatives will occur to the skilled person that lie within
the scope of the invention as claimed.

Claims

1. A hydraulic braking system for braking of a shaft of
a wind generator, characterized in that a hydraulic
braking circuit of the braking system comprises at
least one automatic air bleed valve.

2. The hydraulic braking system according to claim 1,
comprising a hydraulic unit, which supplies a high
pressure part of the hydraulic braking circuit with a
pressurized hydraulic fluid to operate at least one
brake caliper, wherein the automatic air bleed valve
is integrated in the high pressure part of the hydraulic
braking circuit.

7 8 



EP 2 778 396 A1

6

5

10

15

20

25

30

35

40

45

50

55

3. The hydraulic braking system according claim 2,
wherein the hydraulic unit and the at least one of the
brake caliper are arranged at different heights.

4. The hydraulic braking system according to claims 2
or 3, wherein the at least one brake caliper is ar-
ranged above the hydraulic unit.

5. The hydraulic braking system according to anyone
of claims 2 to 4, comprising a plurality of brake cal-
ipers, wherein a height difference between a highest
brake caliper and the hydraulic unit is greater than
2 m, 3 m or 4 m and in particular greater than 4,5 m.

6. The hydraulic braking system according to claim 5,
wherein the automatic air bleed valve is arranged at
the highest brake caliper.

7. The hydraulic braking system according to anyone
of claims 2 to 6, comprising a plurality of automatic
air bleed valves, wherein the automatic air bleed
valves are arranged above the hydraulic unit.

8. The hydraulic braking system according to claim 7,
wherein the braking circuit comprises a plurality of
sections, wherein a respective of these sections is
arranged relatively higher when compared to parts
of the braking circuit, which are adjacent to the sec-
tion, and air is likely to accumulate in the section of
the braking circuit, wherein an automatic air bleed
valve is arranged at a respective one of these sec-
tions of the braking circuit.

9. The hydraulic braking system according to claim 7
or 8, wherein the braking circuit is a multiple braking
circuit comprising at least a first braking circuit and
a second braking circuit, wherein a respective one
of the braking circuits comprises at least one brake
caliper and an automatic air bleed valve.

10. The hydraulic braking system according to claim 9,
wherein the hydraulic braking system is a disk brak-
ing system having a plurality of brake calipers, which
cooperate with the braking disk, wherein the brake
calipers are equally spaced around the braking disk,
and wherein brake calipers of the first braking circuit
and the second braking circuit are arranged to be
opposite to each other with respect the braking disk.

11. The hydraulic braking system according to anyone
of claims 2 to 10, wherein the hydraulic braking circuit
provides a direct and continuous fluidic connection
between the hydraulic unit and the at least one brake
caliper, in particular, the hydraulic braking circuit pro-
vides a fluidic connection between the hydraulic unit
and the at least one brake caliper, which does not
comprise a manual check valve.

12. The hydraulic braking system according to anyone
of the preceding claims, wherein the hydraulic brak-
ing system is configured to be arranged in a nacelle
of a wind generator, and wherein the hydraulic brak-
ing system comprises a single hydraulic unit and a
plurality of brake calipers cooperating with a brake
disk, which is coupled to a shaft of the wind gener-
ator, wherein the plurality of brake calipers is oper-
ated using the single hydraulic unit to provide a cen-
tral braking system of the shaft.

13. A wind generator comprising a hydraulic braking sys-
tem for braking of a shaft, which is coupled to a rotor
hub, characterized by a hydraulic braking circuit of
the braking system, which comprises an automatic
air bleed valve.

14. The wind generator according to claim 13, having a
hydraulic braking system comprising a plurality of
brake calipers cooperating with a brake disk, which
is coupled to the shaft, wherein the plurality of brake
calipers is operated using a single hydraulic unit to
provide a central braking system of the shaft.

15. The wind generator according to claim 14, wherein
the plurality of brake calipers is equally spaced
around the brake disk.

16. The wind generator according to claim 14 or 15,
wherein the hydraulic unit and the at least one brake
caliper are arranged at different heights, in particular,
the at least one brake caliper is arranged above the
hydraulic unit.

17. The wind generator according to claim 16, compris-
ing a plurality of brake calipers, wherein the auto-
matic air bleed valve is arranged at the highest brake
caliper and, in particular, a height difference between
the highest brake caliper and the hydraulic unit is
greater than 2 m, 3 m or 4 m and in particular greater
than 4,5 m.

18. The wind generator according to anyone of claims
14 to 17, comprising a plurality of automatic air bleed
valves, which are arranged above the hydraulic unit.

19. The wind generator according to claim 18, wherein
the braking circuit is a multiple braking circuit com-
prising at least a first braking circuit and a second
braking circuit, wherein a respective one of the brak-
ing circuits comprises at least one brake caliper and
an automatic air bleed valve.

20. The wind generator according to claim 19, wherein
the hydraulic braking system is a disk braking system
having a plurality of brake calipers, which cooperate
with the braking disk, wherein the brake calipers are
equally spaced around the braking disk, wherein the
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brake calipers of the first braking circuit and the brake
calipers of the second braking circuit are arranged
to be opposite to each other with respect to the brak-
ing disk.

21. The wind generator according to anyone of claims
14 to 22, wherein the hydraulic braking circuit pro-
vides a direct and continuous fluidic connection be-
tween the hydraulic unit and the at least one brake
caliper, in particular, the hydraulic braking circuit pro-
vides a fluidic connection between the hydraulic unit
and the at least one bake caliper, which does not
comprise a manual check valve.

22. Use of an automatic air bleed valve in a hydraulic
braking system for braking of a shaft of a wind gen-
erator, wherein the automatic air bleed valve is inte-
grated in a hydraulic braking circuit of the braking
system for bleeding the hydraulic circuit.

11 12 



EP 2 778 396 A1

8



EP 2 778 396 A1

9



EP 2 778 396 A1

10



EP 2 778 396 A1

11

5

10

15

20

25

30

35

40

45

50

55



EP 2 778 396 A1

12

5

10

15

20

25

30

35

40

45

50

55


	bibliography
	abstract
	description
	claims
	drawings
	search report

