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DESCRIPTION
Field of the Invention

[0001] The present invention relates to a bulkhead arrangement for a wind turbine blade.

Background of the Invention

[0002] Wind turbine blades are often provided with a bulkhead arranged at the root end of the 
blade. The bulkhead is generally used to provide a work platform for workers carrying out 
maintenance or repair on the blade, and to prevent internal debris and fluids such as water or 
oil from passing between the internal blade cavity and the wind turbine rotor hub and machine 
housing.

[0003] The bulkhead may be flexibly mounted to the internal wall of the wind turbine blade 
using a flexible mounting flange, an example of which can be seen in WO 2012/119934. 
Alternatively, the bulkhead may be rigidly mounted to the internal wall. A sealing member may 
be located around the periphery of the bulkhead, to ensure that the bulkhead is watertight.

[0004] One issue with such current wind turbine blade bulkhead arrangements is that cracks or 
faults may be observed in the mounting flanges and/or sealing members over time, thereby 
compromising the integrity of the bulkhead mounting and the effectiveness of the sealing 
properties of the bulkhead. It is thought that such faults are the result of centrifugal forces 
acting on the flanges and/or sealing members, blade deformations due to wind loads, and 
pressure differentials between opposed sides of the bulkhead.

[0005] Such cracks or faults must be repaired to ensure operational effectiveness of the wind 
turbine. The current approach to mitigating such problems is the construction of stronger 
mounting flanges and/or sealing members, resulting in an increase in blade costs and/or 
weight.

[0006] DE 10 2010 042530 A1 discloses a wind turbine blade provided with a root end 
bulkhead, wherein the bulkhead is provided with a plurality of access hatches. Accordingly, it is 
an object of the invention to provide a bulkhead system for a wind turbine blade having 
improved resistance to operational defects such as crack or fault formation in the bulkhead 
mounting flanges and/or sealing members.

Summary of the Invention

[0007] Accordingly, there is provided a wind turbine blade comprising:
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a sealed bulkhead provided in said wind turbine blade; and

at least one pressure relief conduit having a first open end located at a first side of said 
bulkhead and a second open end located at a second side of said bulkhead,

wherein said pressure relief conduit is operable to equalize the pressure difference between 
said first side and said second side of said bulkhead, wherein the pressure relief conduit is 
arranged adjacent said bulkhead and provided between said bulkhead and the blade body or 
outer blade shell of said wind turbine blade.

[0008] By providing a pressure relief conduit in fluid communication between either side of a 
blade bulkhead, the strain on the bulkhead, and in particular on the joint between the bulkhead 
and the body of the wind turbine blade, can be reduced by avoiding a pressure difference 
across the bulkhead.

[0009] It will be understood that the wind turbine blade comprises a blade body having an 
outer blade shell defining an internal blade cavity. It will be understood that the bulkhead may 
be provided within said blade cavity to divide an internal cavity of the wind turbine blade into 
separate portions. Furthermore, it will be understood that the bulkhead may preferably be 
provided at or on the root end of the wind turbine blade.

[0010] It will also be understood that the bulkhead may comprise at least one sealable access 
opening. Such a sealable access opening can be understood as an access hatch or door 
providing passage through said bulkhead, which is closed an sealed during normal use of the 
wind turbine blade, the access opening having a diameter suitable for the passage of a worker. 
The at least one sealable access opening is understood to be distinct from said at least one 
pressure relief conduit, where preferably the diameter of said pressure relief conduit is less 
than 10 centimetres.

[0011] According to the invention, at least one pressure relief conduit is arranged adjacent said 
bulkhead.

[0012] Said at least one pressure relief conduit is provided between said bulkhead and the 
blade body or outer blade shell of said wind turbine blade.

[0013] In an additional or alternative aspect of the invention, said bulkhead is secured to the 
blade body via a sealing flange provided about the periphery of said bulkhead, said sealing 
flange located between said bulkhead and said blade body, wherein said at least one pressure 
relief conduit extends through said sealing flange, adjacent to said bulkhead.

[0014] It will be understood that the sealing flange may comprise at least one flexible member 
arranged around the periphery of the bulkhead.
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[0015] In an alternative aspect, said at least one pressure relief conduit is provided in the 
blade body or outer blade shell of said wind turbine blade.

[0016] In such an embodiment, said at least one pressure relief conduit is provided as a tube 
or conduit embedded into the wall of the blade body, having first and second open ends 
located at opposed sides of said bulkhead. Such a tube or conduit may be arranged in the wall 
of the blade body during manufacture of the blade shell, e.g. during fibre lay-up of a shell for a 
wind turbine blade.

[0017] Preferably, said at least one pressure relief conduit comprises at least one liquid trap.

[0018] It will be understood that said at least one liquid trap may comprise a U-bend, a J-bend, 
or an S-bend trap in said conduit.

[0019] In one aspect of the invention said at least one conduit is provided in a curved 
arrangement, wherein at least one of said first or second ends extends back in the direction of 
the opposed second or first end of the conduit.

[0020] Such an arrangement acts to provide a simple liquid trap for the conduit, preventing the 
ease that moisture may enter the conduit.

[0021] Additionally or alternatively, said at least one liquid trap may comprise a filter material 
located within said conduit.

[0022] Said filter material may comprise a permeable sponge, a permeable membrane, or any 
suitable material arranged to allow the passage of gases and vapours through said conduit 
and to prevent the passage of fluids such as water, oil, etc., and/or debris such a dirt, dust, 
waste material, etc. through the conduit.

[0023] It will be understood that the at least one pressure relief conduit may be formed from a 
flexible tube. Additionally or alternatively, the at least one conduit may be formed from pre­
formed or moulded piping. The conduit may be formed from a C-shaped, S-shaped, U-shaped, 
or J-shaped piece of tubing or piping.

[0024] In a preferred aspect of the invention, there is provided a wind turbine blade having a 
blade body defining an internal cavity, the wind turbine blade comprising:

a bulkhead provided in said internal cavity; and

a bulkhead valve located at said bulkhead, the bulkhead valve extending from a first end 
located at a first side of said bulkhead and a second end located at a second side of said 
bulkhead,

wherein said bulkhead valve comprises a pressure relief conduit extending between said first 
end and said second end, said pressure relief conduit formed to have at least one liquid trap
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between said first end and said second end.

[0025] The valve acts to relieve pressure on either side of bulkhead, while the liquid trap 
prevents the passage or moisture and/or dirt or debris across the bulkhead. Preferably, the 
wind turbine blade comprises a blade root wherein said bulkhead is located at or on the blade 
root.

[0026] In a further aspect of the invention, said at least one pressure relief conduit is formed 
from a first pressure release tube having a first open end and a second closed end, and a 
second pressure release tube having a first open end and a second end,

wherein the first open end of said pressure relief conduit is formed by the first open end of said 
first pressure release tube,

wherein the second open end of said pressure relief conduit is formed by the first open end of 
said second pressure release tube, and

wherein said first and second pressure relief tubes are communicatively coupled via an outlet 
channel extending between said first and second pressure relief tubes,

wherein said outlet channel is arranged on said first pressure relief tube at a point between the 
first and second ends of said first pressure relief tube.

[0027] By spacing the outlet channel from the second closed end of the first pressure relief 
tube, a simple liquid trap is created between the first and second pressure relief tubes.

[0028] Preferably, said second pressure release tube comprises a second closed end opposed 
to said first open end, wherein said outlet channel is arranged on said second pressure relief 
tube at a point between the first and second ends of said second pressure relief tube.

[0029] Preferably, at least one of said first and second pressure relief tubes comprises a 
curved section to form at least one liquid trap between the respective first and second ends.

[0030] Preferably, at least one of said first and second pressure relief tubes comprises a J- 
shaped tube.

[0031] There is further provided a bulkhead for a wind turbine blade, the bulkhead having at 
least one pressure relief conduit having a first end located at a first side of said bulkhead and a 
second end located at a second side of said bulkhead, 
wherein said pressure relief conduit is operable to equalize the pressure difference between 
said first side and said second side of said bulkhead when the bulkhead is installed in or on a 
wind turbine blade.
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[0032] In an additional or alternative aspect, said at least one pressure relief conduit is 
provided adjacent the body of said bulkhead, preferably extending through a sealing flange 
provided about the periphery of said bulkhead.

[0033] In a further aspect of the invention, the wind turbine blade comprises a pressure relief 
conduit assembly, wherein the blade comprises at least one end cap provided at one of said 
first or second open ends of said at least one pressure relief conduit, said at least one end cap 
arranged to substantially seal said conduit at said first or second open end. Preferably, at least 
one ventilation hole is defined in a wall of said pressure relief conduit, further preferably 
wherein said at least one ventilation hole is provided adjacent said at least one end cap.

[0034] Preferably, said at least one cap comprises an end piece to substantially seal an open 
end of said conduit, said at least one end cap further comprising a collar depending from said 
end piece, said collar spaced from the wall of said pressure relief conduit, and acting to shield 
at least a portion of said at least one ventilation hole.

[0035] Preferably, said collar extends from a location adjacent an end of said pressure relief 
conduit to a location along the longitudinal length of said pressure relief conduit beyond the 
location of said at least one ventilation hole on said pressure relief conduit. Preferably, said 
collar extends in a direction substantially parallel to the wall of said pressure relief conduit.

[0036] Preferably, said collar extends in a direction flared away from the wall of said pressure 
relief conduit.

[0037] Preferably, said at least one end cap is arranged to be attached to said bulkhead or to 
an internal wall of said wind turbine blade.

[0038] Preferably, said at least one end cap comprises at least one bolt lug.

[0039] Preferably, said at least one end cap is arranged such that a gap is defined between an 
end of said collar and the attached bulkhead or internal wall of the wind turbine blade. 
Preferably, a first set of ventilation holes are defined in a wall of said pressure relief conduit at 
a location adjacent said first open end, and wherein a second set of ventilation holes are 
defined in a wall of said pressure relief conduit at a location adjacent said second open end.

[0040] Preferably, the wind turbine blade comprises a first end cap provided at said first open 
end of said pressure relief conduit and a second end cap provided at said second open end of 
said pressure relief conduit, wherein said first end cap acts to shield at least a portion of said 
first set of ventilation holes and wherein said second end cap acts to shield at least a portion of 
said second set of ventilation holes.

[0041] There is also provided a method of manufacturing a wind turbine blade, the method 
comprising the steps of:
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providing a wind turbine blade shell;

providing a bulkhead located on or in said wind turbine blade; and

providing at least one pressure relief conduit having conduit openings either side of said 
bulkhead, said pressure relief conduit arranged to equalise the pressure difference across said 
bulkhead, wherein the pressure relief conduit is arranged adjacent said bulkhead and provided 
between said bulkhead and the blade body or outer blade shell of said wind turbine blade.

[0042] In an additional or alternative aspect, said step of providing at least one pressure relief 
conduit comprises providing a conduit which is located adjacent said bulkhead, preferably 
extending through a sealant member or sealing flange provided around the periphery of said 
bulkhead between said bulkhead and said wind turbine blade shell. In a further additional or 
alternative aspect, the method comprises the step of:
embedding at least a portion of said pressure relief conduit in a wall of said wind turbine blade 
shell, prior to a step of installing said bulkhead in said wind turbine blade shell.

[0043] In one aspect, the step of providing a wind turbine blade shell comprises the steps of 
laying up a fibre-based composite in a mould and curing said fibre-based composite to form at 
least a portion of a wind turbine blade shell, wherein said step of embedding comprises 
incorporating at least a portion of said conduit in said blade wall during said laying up process, 
e.g. moulding the conduit into the blade wall during a fibre lay-up process in a blade mould. 
Preferably, the method comprises the steps of:

securing said pressure relief conduit to an internal surface of said wind turbine blade shell, 
preferably adhering said pressure relief conduit to said internal surface;

sealing said bulkhead in said wind turbine blade shell using a sealing flange about the 
periphery of said bulkhead, wherein said pressure relief conduit extends either side of said 
sealing flange.

[0044] It will be understood that any of the above described features may be combined and 
implemented in a single embodiment without departing from the scope of the invention.

Description of the Invention

[0045] Embodiments of the invention will now be described, by way of example only, with 
reference to the accompanying drawings, in which:

Fig. 1 shows a side plan view of a wind turbine according to an embodiment of the invention 
comprising a de-icing array;
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Fig. 2 shows the wind turbine of Fig. 1 when a wind turbine blade is pitched relative to the de­
icing array;

Fig. 3 shows a cross-sectional view of a first embodiment of a bulkhead assembly, not in itself 
covered by the invention;

Fig. 4 shows a cross-sectional view of a second embodiment of a bulkhead assembly, not in 
itself covered by the invention;

Fig. 5 shows a cross-sectional view of a third embodiment of a bulkhead assembly according 
to the invention;

Fig. 6 shows a cross-sectional view of a fourth embodiment of a bulkhead assembly according 
to the invention;

Fig. 7 shows a side plan view and a cross-sectional view of a pressure relief conduit assembly 
according to a further embodiment of the invention;

Fig. 8(a) shows a side plan view and a cross-sectional view of an end cap of the assembly of 
Fig. 7;

Fig. 8(b) shows an isometric perspective view of a tube ofthe assembly of Fig. 7;

Fig. 9 shows a top plan view, a side plan view, and a cross-sectional view of an end cap of a 
pressure relief conduit assembly according to a further embodiment ofthe invention; and

Fig. 10 shows an embodiment of a pressure relief conduit assembly in a winf turbine blade 
bulkhead according to an embodiment ofthe invention, incorporating the end cap of Fig. 9.

[0046] Fig. 1 illustrates a conventional modern upwind wind turbine according to the so-called 
"Danish concept" with a tower 4, a nacelle 6 and a rotor with a substantially horizontal rotor 
shaft. The rotor includes a hub 8 and three blades 10 extending radially from the hub 8, each 
having a blade root 16 nearest the hub and a blade tip 14 furthest from the hub 8. The rotor 
has a radius denoted R.

[0047] Fig. 2 shows a schematic view of a first embodiment of a wind turbine blade 10 which 
may be used according to an embodiment ofthe invention. The wind turbine blade 10 has the 
shape of a conventional wind turbine blade and comprises a root region 30 closest to the hub, 
a profiled or an airfoil region 34 furthest away from the hub and a transition region 32 between 
the root region 30 and the airfoil region 34. The blade 10 comprises a leading edge 18 facing 
the direction of rotation of the blade 10, when the blade is mounted on the hub, and a trailing 
edge 20 facing the opposite direction ofthe leading edge 18.

[0048] The airfoil region 34 (also called the profiled region) has an ideal or almost ideal blade 
shape with respect to generating lift, whereas the root region 30 due to structural 
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considerations has a substantially circular or elliptical cross-section, which for instance makes it 
easier and safer to mount the blade 10 to the hub. The diameter (or the chord) of the root 
region 30 is typically constant along the entire root area 30. The transition region 32 has a 
transitional profile 42 gradually changing from the circular or elliptical shape of the root region 
30 to the airfoil profile 50, as shown in Fig. 3, of the airfoil region 34. The chord length of the 
transition region 32 typically increases substantially linearly with increasing distance r from the 
hub.

[0049] The airfoil region 34 has an airfoil profile 50 with a chord extending between the leading 
edge 18 and the trailing edge 20 of the blade 10. The width of the chord decreases with 
increasing distance rfrom the hub.

[0050] It should be noted that the chords of different sections of the blade normally do not lie in 
a common plane, since the blade may be twisted and/or curved (i.e. pre-bent), thus providing 
the chord plane with a correspondingly twisted and/or curved course, this being most often the 
case in order to compensate for the local velocity of the blade being dependent on the radius 
from the hub.

[0051] Wind turbine blades are generally formed from fibre-reinforced plastics material, e.g. 
glass fibres and/or carbon fibres which are arranged in a mould and cured with a resin to form 
a solid structure, in this case a shell to form a wind turbine blade 10. Modern wind turbine 
blades can often be in excess of 30-40 metres in length, having blade root diameters of 
several metres.

[0052] The wind turbine further comprises a bulkhead 22 provided inside the shell ofthe wind 
turbine blade 10, which acts to seal the interior of the wind turbine blade 10. The bulkhead may 
be provided towards the root end 16 of the wind turbine blade 10, preferably within the inboard 
20% of the blade 10. It will be understood that the bulkhead 22 may be provided at the 
substantially circular opening defined at the root end 16, or may be spaced from the terminal 
point of the blade 10. The bulkhead 22 may be rigidly secured to the internal wall of the wind 
turbine blade shell 10, for example bolted or riveted, or the bulkhead 22 may be connected to 
the wind turbine blade shell 10 via a relatively flexible connection, e.g. a flexible flange member 
arranged around the periphery ofthe bulkhead, which is coupled to the internal wall ofthe shell 
of the wind turbine blade 10. The bulkhead 22 may comprise a number of access hatches or 
doors (not shown) to permit passage through the bulkhead 22. The bulkhead 22 is arranged to 
be substantially watertight during operation of the wind turbine, to prevent liquids or debris 
passing between the interior of the blade 10 and the general machine housing ofthe rotor hub 
8 and the nacelle 6.

[0053] The wind turbine further comprises a pressure relief conduit, which is located at, on, or 
in said bulkhead 22, and which acts to relieve the pressure difference which may be 
experienced across the bulkhead 22. By providing such a conduit, the pressure difference 
across the bulkhead 22, between a first side facing the interior ofthe wind turbine blade 10 and 
a second side facing outwards from the root end 16 of the blade 10, can be allowed to 
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equalise. Accordingly, any damage or cracking to the bulkhead 22 itself and/or to any mounting 
or sealing means used in the wind turbine due to the existence of a pressure difference across 
the bulkhead 22 can be prevented.

[0054] With reference to Fig. 3, a cross-sectional view of a section of a bulkhead assembly is 
shown. The bulkhead 22 comprises a first side 22a and a second side 22b. A throughgoing 
bore 24 is provided in the bulkhead 22 extending through the body of the bulkhead 22, 
between the first and second sides 22a,22b. A pressure relief conduit 26 is provided at said 
bore 24, the conduit having a first open end 26a located at the first side 22a of said bulkhead 
22, and a second open end 26b located at the second side 22b of said bulkhead 22. The 
conduit 26 provides for gaseous communication between the first and second sides 22a,22b of 
the bulkhead 22, such that the pressure across the bulkhead 22 may be equalised.

[0055] In Fig. 3, the open ends 26a,26b of the conduit 26 stand proud of the surface of the 
body of the bulkhead 22, but is will be understood that the ends 26a,26b of the conduit 26 may 
alternatively be provided flush with the surface ofthe bulkhead 22.

[0056] The pressure relief conduit 26 may further comprise a filter medium. The arrangement 
of Fig. 3 comprises a mesh or sponge 28 located in the conduit 26, which is arranged to 
prevent the passage of debris through the conduit 26.

[0057] In a further aspect of the invention, the pressure relief conduit may comprise at least 
one liquid trap located between the first and second open ends ofthe conduit.

[0058] A further embodiment of a bulkhead assembly is shown in Fig. 4. In this embodiment, 
the pressure relief conduit is a shaped piece of tubing 126 which extends through bore 24 of 
the bulkhead 22, wherein the conduit 126 comprises a first liquid trap in the form of a U-bend 
130a in the tubing, the first liquid trap located towards the first open end 126a ofthe conduit 
126, the conduit 126 further comprising a second liquid trap in the form of a U-bend 130b in 
the tubing, the second liquid trap located towards the second open end 126b of the conduit 
126.

[0059] The presence ofthe liquid traps 130a,130b towards the ends 126a,126b ofthe conduit 
126 acts to restrict the entrance of liquids into the conduit 126, where liquids may pass from 
the interior of the wind turbine blade 10 to the machine housing of the wind turbine.

[0060] It will be understood that the at least one pressure relief conduit may be formed from a 
flexible tube, or a section of pre-formed or moulded piping. It will be understood that the liquid 
trap may be formed by any suitable shaping ofthe tubing forming the conduit, e.g. a C-shaped, 
S-shaped, U-shaped, or J-shaped piece of tubing or piping.

[0061] The invention is illustrated in Fig. 5, where a shaped pressure relief conduit 226 similar 
to that shown in the embodiment of Fig. 4 is arranged adjacent a bulkhead 22, and does not 
extend through the bulkhead 22. In this embodiment, the edge ofthe bulkhead 22 is received 
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within a sealing flange 32. The sealing flange 32 extends about the periphery of the bulkhead 
22, and is secured to the internal surface of the wall 34 of the shell of the wind turbine blade 
10.

[0062] The pressure relief conduit 226 is arranged to extend through the sealing flange 32, 
such that the first and second open ends 226a,226b of the conduit 226 are located at first and 
second sides 22a,22b ofthe bulkhead 22 respectively.

[0063] Such a bulkhead assembly can be formed by providing a bore in the sealing flange 32, 
or by applying the sealing flange 32 around the conduit 226. In one aspect, the conduit 126 
may be adhered to the internal surface of the blade wall 34 before installation of the sealing 
flange 32 and the bulkhead 22.

[0064] One ofthe advantages of this embodiment is that a bore does not have to be defined or 
formed in the body of the bulkhead 22. Accordingly, the structural integrity ofthe bulkhead 22 
can be preserved.

[0065] In a further aspect of the invention not shown, the conduit 226 may be embedded in the 
blade wall 34, having first and second open ends 226a,226b defined in the blade wall 34 at 
either side of the bulkhead 22. For such a case, a channel may be defined in the blade wall 34 
to receive the conduit 226. Alternatively, the conduit 226 may be formed within or incorporated 
into the blade wall 34 as part of the manufacturing process, e.g. the conduit 226 moulded into 
the blade wall 34 during a fibre lay-up process in a blade mould.

[0066] A further embodiment of the invention is shown in Fig. 6, where the pressure relief 
conduit 326 is formed from a first tube 36 and a second tube 38 in fluid communication with 
each other. The first tube 36 comprises a first open end 36a and a second closed end 36b, 
and the second tube 38 comprises a first open end 38a and a second closed end 38b. The first 
and second tubes 36,38 are substantially J-shaped tubes, wherein a liquid trap is formed in 
each tube by the shaping of the tubes 36,38, the liquid traps located towards the first open 
ends 36a,38a ofthe respective tubes 36,38.

[0067] The tubes 36,38 are arranged such that the first open end 36a of the first tube 36 is 
located at the first side 22a of the bulkhead 22, and the second open end 38a of the second 
tube 38 is located at the second side 22b ofthe bulkhead 22. In the embodiment shown in Fig. 
6, a filter medium 40 comprising a mesh or sponge is provided in the first tube 36, and the 
second tube 38 extends through the body ofthe bulkhead 22, but it will be understood that any 
suitable arrangement ofthe components ofthe bulkhead assembly may be used.

[0068] The first and second tubes 36,38 are positioned adjacent one another, and are 
communicatively coupled via an outlet channel 42 defined in the body ofthe tubes 36,38. The 
outlet channel 42 is located on the first and second tubes at a point between the first ends 
36a,38a and second ends 36b,38b of the respective first and second tubes 36,38. By spacing 
the outlet channel from the closed ends of the tubes, further liquid traps are created between
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the first and second pressure relief tubes.

[0069] A further embodiment of a pressure relief conduit assembly 400 for use in a wind 
turbine blade is indicated in Figs. 6 and 7.

[0070] The pressure relief conduit assembly 400 comprises an open-ended tube 402. A 
plurality of ventilation holes are defined in the wall of the tube 402. A first set of ventilation 
holes 404a are defined near a first end 402a of the tube 402, with a second set of ventilation 
holes 404b defined near an opposed second end 402b of the tube 402.

[0071] It will be understood the tube 402 may be positioned to extend through a wind turbine 
blade bulkhead, or may be positioned to the side of a bulkhead having said first and second 
ends 402a,402b arranged on either side of the bulkhead, similar to the constructions shown in 
the previous embodiments. The tube 402 acts to equalise pressure across the bulkhead in the 
blade, providing a pressure release channel between either side of the bulkhead.

[0072] The pressure relief conduit assembly 400 further comprises a pair of end caps 406,408, 
fitted to respective first and second ends 402a,402b of the tube 402. The end caps 406,408 
comprise an end surface 406a,408a having respective collars 406b,408b depending 
therefrom.

[0073] The caps 406,408 are arranged such that the end surfaces 406a,408a substantially 
close the respective open ends 402a,402b of the tube 402. The collars 406b,408b extend from 
the respective ends 402a,402b of the tube 402, to a location along the longitudinal length of 
the tube 402 beyond the location of the respective first and second sets of ventilation holes 
404a,404b. In this regard, the collars 406b,408b act as a cover or shield over the exposed 
ventilation holes 404a,404b defined in the external wall of the tube 402.

[0074] The collars 406b,408b are spaced from the external surface of the tube 402, such that 
a gap is preserved between the collars 406b,408b and the openings of the ventilation holes 
404a,404b. Accordingly, the arrangement of the collars 406b,408b and the ventilation holes 
404a,404b in the tube wall acts to impede ingress of dirt and debris into the interior of the tube 
402.

[0075] In the embodiment of Figs. 7 and 8, the first and second caps 406,408 are substantially 
identical. In a further embodiment, shown in Figs. 9 and 10, the pressure relief conduit 
assembly 400 comprises a third cap design, indicated at 410.

[0076] In this embodiment, the second end cap 408 is replaced by a third end cap 410. The 
third cap 410 comprises an end section 410a arranged to substantially seal the second open 
end 402b of the tube 402, the third cap 410 further comprising a flared or umbrella-shaped 
collar 410b depending from said end section 410a. As with the embodiment of Figs. 7 and 8, 
the flared collar 410b is arranged to extend along the length of the tube 402 from the second 
end 402b beyond the location of the second set of ventilation holes 404b.
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[0077] The third cap 410 further comprises at least one lug 412 to receive a bolt or other 
suitable securing device, the at least one lug 412 located at the free end of the flared collar 
410b. With reference to Fig. 10, the at least one lug 412 can be used to secure the third cap 
410 to the surface 22a of a blade bulkhead 22, using a fastening device such as a bolt or 
screw (not shown). Additionally or alternatively, it will be understood that the third cap 410 may 
be arranged to secure the pressure relief conduit assembly to a surface of a blade wall.

[0078] As can be seen in Fig. 9, the at least one lug 412 is arranged to project from the free 
end of the flared collar 410b, such that when the third cap 410 is secured to the surface of the 
bulkhead as shown in Fig. 10, a gap 414 is defined between the bulkhead surface 22a and the 
free end of the flared collar 410b. This embodiment allows for the pressure relief conduit 
assembly to be relatively easily secured to the general blade structure. While the third cap 410 
shown in Figs. 9 and 10 comprises four separate lugs 412, it will be understood that any 
number of and arrangement of lugs may be used. Additionally or alternatively, the third cap 
410 may be secured to a bulkhead or to a blade wall using an adhesive or other suitable 
securing method.

[0079] It will be understood that the end caps 406,408,410 may be fitted to the ends of the 
tube 402 using any suitable method, e.g. a press fitting or snap fitting arrangement, or the use 
of a suitable attachment device such as a bolt, screw, staple, etc. or an adhesive. Furthermore, 
while the tube and end caps shown have a substantially circular cross-sectional profile, it will 
be understood that the elements of the pressure relief conduit may have other cross-sectional 
shapes, e.g. square, rectangular, etc.

[0080] Such a construction of a pressure relief conduit allows for relatively easy manufacture 
and assembly of the conduit for use in a wind turbine blade.

[0081] The invention provides a pressure relief conduit for a wind turbine blade bulkhead 
assembly, having conduit openings at either side of the bulkhead, such that the pressure 
difference can be equalised across the bulkhead, preventing faults or cracks in the bulkhead 
assembly due to pressure differences. Liquid traps and/or filter media can be accommodated 
in the conduit to prevent the passage of liquids or other matter across the bulkhead.

[0082] The invention is not limited to the embodiment described herein, and may be modified 
or adapted without departing from the scope of the present invention.
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KRAV

1. En vindmøllevinge omfattende:
et forseglet skot (22) tilvejebragt i vindmøllevingen; og
i det mindste en trykudligningskanal (226) med en første åben ende (226a) placeret ved en 

første side af skottet og en anden åben ende (226b) placeret ved en anden side af skottet,
hvor nævnte trykudligningskanal (226) er indrettet til at udligne trykforskellen mellem den 

første side (22a) og den anden side (22b) af skottet, kendetegnet ved, at
den i det mindste ene trykudligningskanal (226) er placeret ved siden af skottet og 

tilvejebragt mellem skottet og vingelegemet eller det ydre vingeskal af vindmøllevingen.

2. Vindmøllevingen ifølge et hvilket som helst af kravene 1, kendetegnet ved, at skottet er fastgjort 
til vingelegemet via en tætningsflange tilvejebragt omkring omkredsen af skottet, hvor 
tætningsflangen er placeret mellem skottet og vingelegemet, hvor den i det mindste en 
trykudligningskanal strækker sig gennem tætningsflangen ved siden af skottet.

3. Vindmøllevingen ifølge et hvilket som helst af de foregående krav, hvor den i det mindst ene 
trykudligningskanal omfatter i det mindste en væskeopfanger.

4. Vindmøllevingen ifølge et hvilket som helst af de foregående krav, hvor den i det mindste ene 
trykudligningskanal er dannet af et første trykudligningsrør med en første åben ende og en anden 
lukket ende, og et andet trykudligningsrør med en første åben ende og en anden ende,

hvor den første åbne ende af trykudligningskanalen er dannet af den første åbne ende af 
det første trykudligningsrør,

hvor den anden åbne ende af trykudligningskanalen er dannet af den første åbne ende af 
det andet trykudløsningsrør, og

hvor det første og det andet trykaflastningsrør er kommunikativt koblet til hinanden via en 
udløbskanal, der strækker sig mellem det første og det andet trykaflastningsrør,

hvor udløbskanalen er anbragt på det første trykudligningsrør i et punkt mellem den første 
og den anden ende af det første trykudligningsrør.

5. Vindmøllevingen ifølge et hvilket som helst af de foregående krav, hvor vindmøllevingen omfatter 
en trykudligningskanalsamling, hvor vingen omfatter i det mindste en endehætte tilvejebragt ved en 
af den første eller den anden åbne ende af den i det mindste ene trykudligningskanal, hvor den i det 
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mindste ene endehætte er indrettet til i det væsentlige at forsegle kanalen ved den første eller den 
anden åbne ende.

6. Vindmøllevingen ifølge krav 5, hvor i det mindste et ventilationshul er tilvejebragt i en væg i 
trykudligningskanalen, fortrinsvis hvor det i det mindst ene ventilationshul er tilvejebragt ved siden 
af den i det mindste ene endehætte.

7. Vindmøllevingen ifølge krav 6, hvor den i det mindste ene hætte omfatter et endestykke til i det 
væsentlige at forsegle en åben ende af kanalen, hvor den i det mindste ene endehætte yderligere 
omfatter en krave afhængig fra endestykket, hvor kraven er anbragt i afstand fra væggen i nævnte 
trykudligningskanal og fungerer til at afskærme i det mindste en del af det i det mindste ene 
ventilationshul.

8. Vindmøllevingen ifølge et hvilket som helst af kravene 5-7, hvor den i det mindste ene endehætte 
er indrettet til at være fastgjort til skottet eller til en indvendig væg i vindmøllevingen.

9. Vindmøllevingen ifølge et hvilket som helst af kravene 5-8, hvor et første sæt ventilationshuller er 
formet i en væg i trykudligningskanalen ved et sted ved siden af den første åbne ende, og hvor et 
andet sæt ventilationshuller er formet i en væg i trykudligningskanalen ved et sted ved siden af den 
anden åbne ende.

10. Et vindenergianlæg omfattende i det mindste en vindmøllevinge ifølge et hvilket som helst af 
kravene 1-9.

11. Fremgangsmåde til fremstilling af en vindmøllevinge ifølge et hvilket som helst af kravene 1-9, 
hvor fremgangsmåden omfatter trinnene til:

tilvejebringelse af en vindmøllevingeskal (34);
tilvejebringelse af et skot placeret på eller i vindmøllevingen (10); og
tilvejebringelse af i det mindste en trykudligningskanal (226) havende kanalåbninger (226a, 

226b) ved hver side af skottet, hvor trykudligningskanalen er indrettet til at udligne trykforskellen 
over skottet, hvor det i den mindste ene trykudligningskanal (226) er placeret ved siden af skottet 
og tilvejebragt mellem skottet (22) og vingelegement (34) eller ydre vingeskal af vindmøllevingen.

12. Fremgangsmåden ifølge krav 11, hvor nævnte trin til tilvejebringelse af i det mindste en 
trykudligningskanal omfatter tilvejebringelse af en kanal, der er placeret ved siden af skottet og
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strækker sig gennem et tætningslegeme eller en tætningsflange tilvejebragt omkring omkredsen af 
skottet mellem skottet og vindmøllevingeskallen.

13. Fremgangsmåden ifølge et hvilket som helst af kravene 11-12, hvor fremgangsmåden omfatter
5 trinnet til:

indlejring af i det mindste en del aftrykudligningskanalen i en væg af vindmøllevingeskallen, 
før et trin til installation af skottet i vindmøllevingeskallen.
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