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FIG. 1

(57) Abstract: The polyurethane material is prepared from a polyol, butanediol, and an isocyanate. The protective cover (1) is adap -
ted to be attached along at least a part of a longitudi- nal edge (3) of the wind turbine blade by adhesion of an inside (4) of the pro -
tective cover to a surface (5) of the longitudinal edge of the wind turbine blade. The protective cover is elongated in a longitudinal
direction (D) and has an at least substantially U- formed cross-section. The protective cover includes a central cover section extend -
ing in the longitudinal direction and two peripheral cover sections extending in the longitu- dinal direction at either side of the cent -
ral cover section, respectively. The central cov- er section has a minimum thickness of at least 1 millimetre, and each peripheral cov-
er section has a thickness decreasing from a maximum thickness of at least 1 millimetre to a minimum thickness of less than 1/2 mil -
limetre.
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POLYURETHANE MATERIAL, PROCESS FOR PREPARING SUCH MATERIAL
AND PROTECTIVE COVER FOR WIND TURBINE BLADE

The present invention relates to a preformed protective cover for a wind turbine

blade, the preformed protective cover being made of a polyurethane material.

The polyurethane material is characterised by being prepared from a polyol,

butanediol, and an isocyanate.

In an embodiment, the isocyanate is an optionally modified diphenyimethane

4 4'-diisocyanate.
In an embodiment, the butanediol is 1,4-butanediol.

In an embodiment, the polyurethane material comprises an UV stabilisator and/or

colour pigment(s).

The present invention further relates to a process for preparing a polyurethane,
characterised by

a) mixing a polyol and butanediol,

b) tempering and degassing the mixture according to a),

c) tempering and degassing an isocyanate,

d) pumping the degassed mixture according to b) and the degasses isocyanate
according to ¢) through a mixing head into a mould,

e) curing in the mould, and

f) demoulding the cured item.

The present invention further relates to a process for preparing a protective cover for
a wind turbine blade, characterised by

a) mixing a polyol and butanediol,

b) tempering and degassing the mixture according to a),

c¢) tempering and degassing an isocyanate,

d) pumping the degassed mixture according to b) and the degasses isocyanate
according to c) through a mixing head into a mould,

e) curing in the mould, and

CA 2966685 2018-11-23
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f) demoulding the cured item.

In an embodiment, in the polyurethane material or the process, the tempering

according to b) and/or ¢) is carried out at a temperature from 30°C to 50°

CA 2966685 2018-11-23
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In an embodiment, in the polyurethane material or the process, the tempering accord-

ing to b) and/or¢) is carried out at a temperature about 40°C.

In an embodiment, the-mould in step d) is preheated.

In ‘an embodimerit, the mould in step d) is preheated 1o a temperature from 90°C to
120°C.

In an embodiment, the mould in step d)is preheated to-a temperature about 100°C.

In an embodiment, wherein the curing in step &) is carried out at a temperature from
90°C 1o 120°C.

in an embodiment, the curing in step &) is carried out'at a temperature of about 100°C.

In an embodiment, the curing in step e) is carried out for about 15 minutes.

In an embodiment, the process comprises a further step;
g) post-curing.

In an embodiment, the post-curing in step g) takes place in about 12 hours at a tem-
perature of about 100°C:

in an embodiment, in the polyurethane material or the process, the polyol, butanediol,
and isocyanate are used in a ratio by weight polyol:butanedioliisocyanate of 100:(3 to
5):(30 to 35).

In an embodiment, in the polyurethane material or the process, the polyol, butanediol,
and isocyanate are wsed in a ratio by weight polyol:butanedictisocyanate of
100:4:32.3.

In an embodiment, in the polyurethane material or the process, the polyol comprises

an UV stabilisator and/or colour pigment(s).

AMENDED SHEET

152 160/LOIMF ~amended specification (clean version) —30/11-2016

PCT/IB 2015/058 674 - 30.11.2016
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In an embodiment; in the polyurethane material or the process, the polyol is Bayflex®
08 380-A-59A.

in an embodiment, in the polyurethane material or the process, the isocyanate is
DESMODUR® PF.

In an embodiment, in the polyurethane material or the process, butanediol is 1,4~

butanediol.

The present invention furthermore relates to a preformed protective cover for a wind

turbine blade:

EP 0 037 987 AZ (Messerschmitt-Bolkow-Blohm Gesellschaft) discloses a nose cover
and a rear end cover for wings, rotor blades, etc.

WO 2004/076852 A2 (Vestas Wind Systems A/S8) describes a front-edge cover that is
preformed to fit a wind turbine blade and subsequently adhered to the blade.

WO 2010/122157 A1l (Hempel A/S) discloses a specific chemical composition of a
polyurethane coating.

US 2013/045105 A1 discloses a turbine blade for a wind turbine includes a leading
edge, a trailing edge and a recess located within the leading edge. The blade further
includes a protective layer having an inner side and outer side, the inner side is sized
and orientated to locate within the recess to facilitate withstanding impact forces ap-

plied by an object.

However, according to priorart methods, it-has been difficult to obtain good results.

One object of the présent invention is to provide an improved preformed protective

cover for a wind turbine blade,

in view of this object, the preformed protective cover is made of a made of a polyure-
thane material prepared from a polyol, butanedicl, and an isocyanate, the preformed
protective cover is adapted to be attached along at least a part of a longitudinal edge

of the wind turbine blade by adhesion of an inside of the preformed protective cover to

AMENDED SHEET

152160/ OMIF —amended specification (Clean version) —30/11-2016

PCT/IB 2015/058 674 - 30.11.2016
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a surface of the longitudinal edge of the wind turbine blade, the preformed protective
cover is elongated in o longitudinal direction and hias an at least substantially U-formed
cross-section, the preformed protective cover includes a central cover section extend-
ing in the longitudinal direction and two peripheral cover sections extending in the lon-
gitudinal direction at either side of the central cover section, respectively, the central
cover section has a minimum thickness of at least 1 millimetre, and each peripheral
cover section has a thickness decreasing from a maximum: thickness of at least 1 mil-

limetre to a minimum thickness of less than 1/2 millimetre.

Advantageous embodiments of the preformed protective cover are described below.

In an embodiment, the maximum thickness of each peripheral cover section corre-
sponds to the minimum thickness of the central cover section.

In an embodiment, the minimum thickness of the central cover section is at least 2
millimetres, preferably at least 3 millimetres, more preferred at least 4 millimetres and
most preferred approximately 5 milimetres.

In an embodiment; the thickness of the central cover section is at least substantially
constant from side to side of the central cover section.

In an embodiment, the minimum thickness of each peripheral cover section is less
than 1/3 millimetre, preferably less than 1/5 millimetres, more preferred less than 1/7
millimetres and most preferred approximately 1/10 millimetres.

In an embodiment, each peripheral cover section has a thickness decreasing at least

substantially constantly from its maximum thickness to its minimum thickness.

In an embodiment, the width of each peripheral cover section is at least 3 per cent,
preferably at least 7 per cent, more preferred at least 12 per cent and most preferred

at least 15 per cent of the total width of the preformed protective cover.

I an embodiment, the total width of the preformed protective cover is-at least 30 mil-
limetres, preferably at least 50 millimetres, more preferred at least 100 millmetres and
most preferred approximately 150 to 250 millimetres.

AMENDED SHEET

1521 BO/L0/F - amended specification: (¢ean versiony~ 300112016

PCT/IB 2015/058 674 - 30.11.2016
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In an embodiment, the total width of the preformed protective cover increases in the lon-

gitudinal direction.

In an embodiment, the inside of the preformed protective cover is provided with a number
of protrusions having a height of between 1/2 and 2 millimetres, preferably approximately

1 millimetre.

In an embodiment, the preformed protective cover has a symmetry axis extending in the
longitudinal direction, and wherein the inside of the preformed protective cover at either
side of the symmetry axis is provided with a number of spaced elongated

protrusions extending with an oblique angle in relation to the longitudinal direction.

In one aspect, the present invention provides a preformed protective cover for a wind

‘turbine blade, wherein the preformed protective cover is made of a polyurethane material

prepared from a polyol, a butanediol, and an isocyanate, wherein the preformed protec-
tive cover is adapted to be attached along at least a part of a longitudinal edge of the
wind turbine blade by adhesion of an inside of the preformed protective cover to a sur-
face of the longitudinal edge of the wind turbine blade, wherein the preformed protective
cover is elongated in a longitudinal direction and has an at least substantiaily U-formed
cross-section, wherein the preformed protective cover includes a central cover section
extending in the longitudinal direction and two peripheral cover sections extending in the
longitudinal direction at either side of the central cover section, respectively, wherein the
central cover section has a minimum thickness of at least 1 millimetre, wherein each pe-
ripheral cover section has a thickness decreasing from a maximum thickness of at least 1

millimetre to a minimum thickness of less than 1/2 millimetre.

The invention further relates to a wind turbine blade including a preformed protective
cover as described herein, wherein the preformed protective cover is attached along at
least a part of a longitudinal edge of the wind turbine blade by adhesion to a
surface of the longitudinal edge of the wind turbine blade.

In an embodiment, the wind turbine blade includes a first blade shell and a second blade
shell joined together to form a wind turbine blade along a first longitudinal joint at a lead

CA 2966685 2020-04-07
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ing edge of the wind turbine blade and along a second longitudinal joint at a trailing edge
of the wind turbine blade, and wherein the preformed protective cover is attached at least
approximately symmetrical about the first or second longitudinal joint, and preferably
about the first longitudinal joint.

In another aspect, the present disclosure provides a method of providing a wind turbine
blade with a preformed protective cover as described herein, whereby the preformed pro-
tective cover is prepared by: a) mixing a polyol and butanediol, b) tempering and degas-
sing the mixture according to a), ¢) tempering and degassing an isocyanate, d) pumping
the degassed mixture according to b) and the degasses isocyanate according to c)
through a mixing head into a mould, e) curing in the mould, and f) demoulding the cured
item, whereby the preformed protective cover is attached along at least a part of a longi-
tudinal edge of the wind turbine blade by adhesion of the inside of the preformed protec-
tive cover to a surface of the longitudinal edge of the wind turbine blade, whereby the
adhesion is performed by:
¢ providing an adhesive on the inside of the preformed protective cover,
e pressing the inside of the preformed protective cover against the surface of the
longitudinal edge of the wind turbine blade, and
e removing excess adhesive leaking between each peripheral cover section and the
surface of the longitudinal edge of the wind turbine blade.

The invention furthermore relates to a method of providing a wind turbine blade with a
preformed protective cover as described above. The preformed protective cover is at-
tached along at least a part of a longitudinal edge of the wind turbine blade by
adhesion of the inside of the preformed protective cover to a surface of the
longitudinal edge of the wind turbine blade, whereby the adhesion is performed by:
« providing an adhesive, such as a two component polyurethane adhesive, on the
inside of the preformed protective cover,
¢ pressing the inside of the preformed protective cover against the surface of the
longitudinal edge of the wind turbine blade, and removing excess adhesive leak-
ing between each peripheral cover section and the surface of the longitudinal
edge of the wind turbine blade.

Date Regue/Date Received 2020-09-09
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Advaritageous smbodiments of the method are described below.

In an embodiment, the adhesive is provided as string of adhesive on the inside of the
preformed protective cover at least substantially along a longitudinal symmetry axis of
the preformed proteclive cover.

In an-embodiment, the preformed protective cover is produced by the following steps:

# providing a male form part having a geometry resembling or at least substan-
tially matching the outer geometry of the at least part of the longitudinal edge of
the wind turbine blade,

s providing a female form part having a geometry malching the male form part,
but being slightly larger,

¢ closing the male form part against the female form part thereby forming-a form
cavity,

e pouring the adhesive into the form cavity, and

» opening the form cavity by separating the male form part from the female form

part and ejecting the moulded preformed protective cover.

In an embaodimant, the wind turbine blade is provided with the preformed protective
cover as a repair operation, whereby an area of said surface of the longitudinal edge
of the wind turbine blade corresponding to the preformed protective cover is machined,
such as by grinding or milling, before attachment of the preformed protective cover.

In an embodiment, the wind furbine blade is provided with the preformed protective

cover when the wind turbine blade is still mounted on a wind turbine.

In an embodiment, the preformed protective cover as described above is made of a
polymer material in the form of a polyurethane material as defined or as prepared in
any one of the above embodimenits.

[n an embodiment, a wind furbine blade includes said preformed protective cover
made of a polymer material in the form of a polyurethane material as defined in or as
prepared in any one of the above embodiments.

AMENDED SHEET

152160/L.0/MF — amended specification (clean version) < 30/11-2018

PCT/IB 2015/058 674 - 30.11.2016 |
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In an embodiment of a method of providing a wind turbine blade with a preformed pro-
tective cover, said preformed protective cover is made of a polymer material in the
form of a polyurethane material as defined in or as prepared in any one of the above
embodiments.

A second invention furthermore relates to ‘a method of making a wind turbine blade
component incorporating an integrated lightning protection enhancement, leading
edge protection, aerodynamic enhancement and de-ice system, the method compris-
€s!

providing the over moulding of a one piece novel polyurethane material fo the
blade tip region, the said material completely covering the outer surface of the blade
leading edge, the said material covering the interface between the blade shell laminate
and the solid metal tip lightning receptor; the integration of a novel polyurethane die-
lectric and aerodynamic fence at the interface between the blade shell laminate and
the solid metal tip lightning receptor; further aerodynamic fences integrated at opti-
mised positions chord-wise on the blade; integration of a novel composite heating lay-
erto the leading edge of the blade; and integration of a lighthing receptor component

for the protection of the said de-ice layer.

In an-embodiment of the second invention, the novel polyurethane material is a polyu-

rethane material as defined in or as prepared in any one of the above embodiments.
Technical field of the second invention

The present invention relates to an integrated system as part of a wind turbine blade
structure and associated fabrication processes for improving the resilience of wind
turbine blades to all or a subset of lightning strikes, leading edge environmental ero-
sion, aerodynamic enhancement and blade icing. The invention also extends to the
specific composition and properties of the associated materials used in the said sys-
tem in-addition to the application and fabrication process.

Background of the second invention
Wind turbines are operated in extreme environmental conditions where the wind tur-
bine blades in particular are vulnerable to leading edge erosion, lightning strike and

icing.

AMENDED SHEET

152160/LOMAF —amended specification (¢lean version) = 30M11-2015

PCT/IB 2015/058 674 - 30.11.2016
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A lightning strike event has the potential to cause physical damage to the turbing blade
structure. Leading edge erosion has the possibility to cause physical damage to the
leading edge of the blade. Blade icing causes the wind turbine to be shut down for
extended periods.

Accordingly, in recent years much effort has been made by wind turbine manufactur-
ers to improve the robustness of wind turbine blades so that they are able to operate
effectively in the environment in order to avoid damage to the blade and the cost as-

sociated with turbine down-time during blade repair/replacement.

In general, lightning protection systems for wind turbine blades are known, so to are
methods: for improving the robustness of the leading edge to erosion, and various sys-
tems exist for de-icing the blade. However, the protection requirements for the current
discrete protection systems are often mutually exclusive and at this time there is no
known protection system that can protect @ wind turbine blade against the effects of
lightning, leading edge erosion and de-icing simultaneously.

It is against this context that the second invention has been devised.

Summary of the second invention

In a first aspect, the second invention comprising: providing the over moulding of a one
piece novel polyurethane material to the blade tip region; the said material completely
covering the outer surface of the blade leading edge; the said material covering the
interface between the blade shell laminate -and the solid ‘metal tip lightning receptor;
the integration of a novel polyurethane dielectric and agrodynamic fence at the inter-
face between the blade shell laminate and the solid metal tip lightning receptor; further
aerodynamic fences integrated at oplimised positions chord-wise on the blade; inte-
gration of a novel composite heating later to the leading edge of the blade; integration

of a lightning receptor component for the protection of the said de-ice layer.

The aerodynamic and dielectric fence components could be pre-cast using the novel
pelyurethane material with optimised mechanical, environmental and electrical proper-

ties in the precise geometry dictated by the turbine blade outer geometry.

AMENDED SHEET

152160/L0/M4F — amended spacification {clean version) —30/11-2016
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The de-ice heating layer and associated lightning protection layer can be applied to a

preformed polyurethane substrate.

Then, the preformed components of the system are loaded into the novel associated
automated tooling developed as part of this invention. The tooling is so designed to
fabricate the protection system onto the turbine blade in either a one stage or two
stage process depending on whether all or a subset of the elements of the system are

employed.

The automated tooling is- then located and clamped around the tip end of the wind tur-
bine blade in question. This operation shall be performed as part of the finish operation
in-a blade factory or on an existing biade that has been removed from the wind furbine
for maintenance.

The automated tooling then fabricates the complete protection system onto the wind
turbine blade and remains in place until the process has completed and the protection
system is fully cured and bonded to the blade shell. No further finish operations are
required unless the end user requires the system to be painted as part of the normal

blade paint process.

When the protection system requires the inclusion of the de-ice sub-system, the asso-
ciated power and control sub-system shall be installed in the wind turbine blade prior
{o the aforementioned blade finish-operation.

The diglectric / asrodynamic fence at the interface between the blade shell laminate
and solid metal tip lightning receptor has three novel functions; Firstly, the material
forms an envircnmental protection layer covering the leading edge interface between
the solid metal tip lightning receptor and the blade laminate in order to protect the said
interface from erosion due to rain and other particulates experienced during normal
operation. Secondly, the dielectric fence, which is positioned over the interface and
runs cherd-wise adjacent to the solid metal tip receptor, with a vertical extent at a de-
fined angle o the blade surface prevents the lightning strike arc root from attaching to
a position on the said solid metal tip receptor that would normally cause localized heat
damage to the blade shell laminate, thus improving the robustness of the protection
system. Third, the vertical extent of the fence with novel geomelry reduces the blade
drag by partially recovering the tip vortex energy, thus improving efficiency.

AMENDED SHEET

152180/LO/MIF — amended speciication {clean version)~ 30/11-2016

PCT/IB 2015/058 674 - 30.11.2016
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The novel polyurethane material positioned completely around the leading edge of the
wind turbine blade and comprising the absolute outer surface of the said blade pro-

tects the blade from leading edge erosion.

The de-ice heating layer is sifuated directly below the leading edge protection layer at
the leading edge of the blade and extends towards the windward and.leeward sides of
the said blade. The heating layer comprises a novel thin layer carbon composite and
polyurethane material, which can be heated by either direct ohmic heating or indirect
radio frequency radiation depending on which specific technology shall be deployed. If
the ohmic heating method is employed then the power transfer system and associated
lightning protection guard band is integrated into the polyurethane substrate and posi-
tioned in such a way that the lighting protection prevents damage to the heating sys-
tem during a lightning event. The said heating layer increases in temperature during
operation and provides a rapid uniform surface temperature increase at the leading
edge of the blade either preventing the formation of ice or melting and shedding al-

ready formed ice depending on he strategy of the control system employed.

The system is fabricated to the blade using an automated moulding process to ensure
robust adherence to the blade sfructure without the need for additional adhesive and

manual process.
It will be appreciated that preferred and/or optional features of the first aspect of the
second invention may be combined with the other aspects of the invention, and vice

versa.

The invention will now be explained in more detail below by means of examples of

embodiments with reference to the very schematic drawing, in which

Fig. 1 illustrates a cross-section through a wind turbine blade and a preformed protec-

tive caver before attachment fo the wind turbine blade,

Fig. 2 ilustrates on a larger scale a cross-section through the preformed protective

cover of Fig. 1, and

Fig. 3 ilustrates the preformed protective cover of Fig. 1 seen from its inside.

AMENDED SHEET

152960/LOMF ~ amerded specification (clean version) ~ 3041 1-2016
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Fig. 1 shows a preformed protective cover 1 for a wind turbine blade 2, wherein the
preformed protective cover 1 is'made of a polymer material, such as a polyether based
polyurethane. The preformed protective cover 1 is adapted to be attached along at
least a part of a longitudinal edge 3 of the wind turbine blade 2 by adhesion of an in-
side 4 of the preformed protective cover 1 to a surface 5 of the longitudinal edge 3 of
the wind turbine blade 2. The preformed protective cover 1 is elongated in a longitudi-
nal direction D and has an at least substantially U-formed cross-section. The pre-
formed protective cover 1 includes a central cover section 6 extending in the longitudi-
nal direction D and two peripheral cover sections 7 extending in the longitudinal direc-
fion at either side of the central cover section 6, respectively. The central cover section
6 has a minimum thickness of at least 1 millimetre, and gach peripheral cover section
7 has a thickness decreasing from a maximum thickness: of at least 1 millimetre to a

minimum thickness of less than 1/2 millimetre.

The particular form of the peripheral cover sections 7 provides for a good transition
from the central cover section of the preformed protective cover 1 to the surface of the
wind furbine blade 2. A good transition without edges is of great importance in order to
avoid fhat the wind-will destroy the materials. A sealing material (sealer) may be ap-
plied in a possible groove between an edge of the peripheral cover sections 7 and the
surface of the wind turbine blade 2'in order to even further improve the fransition.

The maximum thickness of each peripheral cover section 7 may correspond {o the
minimum thickness of the central cover section. The minimum thickness of the central
cover section may be at least 2 milimetres, preferably-at least 3 millimetres, more pre-

ferred at least 4 millimetres and most preferred approximately 5 millimetres.

The thickness of the central cover section 6 may be at least substantially constant

from side to side of the central cover section.

The minimum thickness of each petipheral cover section 7 may be less than 1/3 milli-
metre, preferably less than 1/5 millimetres, more preferred less than 1/7 millimetres

and most preferred approximately 1/10 millimetres.

Each peripheral cover section 7 may have a thickness decreasing at least substantially
constantly from its maximum thickness to its minimum thickness.
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The width of each peripheral cover section 7 may be at least 3 per cent, preferably at
least 7 per cent, more preferred at least 12 per cent and most preferred at least 15 per
cent of the total width of the preformed protective cover.

The total width of the preformed protective cover 1 may be at least 30 millimetres,
preferably at least 50 millimetres, more preferred at least 100 millimetres and most

preferred approximately 150 to 250 millimetres.

The total width of the preformed protective cover 1 may increase in the longitudinal

direction as illustrated in Fig. 3.

The inside of the preformed protective cover 1 may be provided with a number of not
shown protrusions having a height of between 1/2 and 2 millimetres, preferably ap-
proximately 1 millimetre. Such not shown protrusions may have the function of ensur-
ing an appropriate layer thickness of adhesive between the preformed protective cover
1 and the surface of the wind turbine blade 2.

The preformed protective cover may have a symmetry axis 8 extending in the longitu-
dinal direction D. The inside of the preformed protective cover 1 at either side of the
symimetry axis may be provided with a number of not shown spaced elongated protru-
sions extending with an oblique-angle in relation to the longitudinal direction. Such not
shown protrusions may in addition fo the above-mentioned function have the function
of leading the adhesive appropriately from the area around the symmetry axis 8 to the

area of the peripheral cover sections 7.

As seen in Fig. 1, the preformed protective cover 1 is adapted to be attached along at
least a part of the Jongitudinal edge 3 of the wind turbine blade 2 by adhesion to the
stirface 5 of the longitudinal edge of the wind turbine blade.

The wind turbine blade 2 may include a first blade shell 9 and a second blade shell 10
joined together to form 2 wind turbine blade along a first longitudinal joint 11 at a lead-
ing edge 13 of the wind turbine blade and along a second longitudinal joint 12 at a
trailing edge 14 of the wind turbine blade. The preformed protective cover 1 may be
aftached at least approximately symmetrical about the first or second longitudinal joint
11,12, and preferably about the first longitudinal joint 11.
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According to a method of providing a wind turbine blade with a preformed protective
cover according to the invention, the preformed protective cover 1 is attached along at
least a part of a longitudinal edge 3 of the wind turbine blade 2 by adhesion of the in-
side 4 of the preformed protective cover to a surface 5 of the longitudinal edge of the
wind turbine blade. The adhesion is performed by the following steps:
e providing an adhesive, such as a two component polyurethane adhesive, on
the inside 4 of the preformed protective cover 1,
e pressing the inside 4 of the preformed protective cover1 against the surface 5
of the longitudinal edge 3 of the wind turbine blade 2, arid
e removing excess adhesive leaking between each peripheral cover section. 7
and-the surface 5 of the longitudinal edge 3 of the wind turbine blade 2.

The inside 4 of the preformed protective cover 1 may be pressed against the surface 5
of the longitudinal edge 3 of the wind turbine blade 2 by means of a special tool. For
instance, a tools may have a form corresponding to the outside of the preformed pro-
tective cover 1 and may be slid along the outside of the preformed protective cover in
order to make the preformed protective cover fit as good as possible onto the wind

turbine blade.

The adhesive may be provided as string of adhesive on the inside 5 of the preformed
protective cover 1 at least substantially along the longitudinal symmetry axis 8 of the
preformed protective cover 1. By subsequently positioning the protective cover 1 on
the wind turbine blade 2 and pressing on the protective cover 1 substantially along the
longitudinal symmetry axis 8, the adhesive may be pressed in the direction of the pe-

ripheral cover sections 7 and thereby be suitably distributed.

The preformed protective coverl may be produced by the following steps:

e providing a not'shown male form part having a geometry resembling or at least
substantially matching the outer geometry of the at least part of the longitudinal
edge 3 of the wind turbine blade 2,

e providing a not shown female form part having a geometry matching the male
form part, but being slightly larger, '

e closing the male form part against the female form part thereby forming a form
cavity,

s pouring the adhesive into the form cavity, and
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e opening the form cavity by separating the male form part from the female form

part and gjecting the moulded preformed protective cover 1.

The wind turbine blade 2 may be provided with the preformed protective cover 1 as a
repair operation, whereby an-area of said surface 5 of the longitudinal edge 3 of the
wind turbine blade 2 corresponding to the preformed protective -cover 1 is machined,

such as by grinding or milling, before attachment of the preformed protective cover 1.

The wind turbine blade 2 may be provided with the preformed protective cover 1 when

the wind turbine blade 2 is still mounted on a wind turbine,

Thereby, according to the invention, a damaged wind turbine blade 2 may be repairad
in an advantageous way.

The polyurethane material is prepared from a polyol, butanediol, and an isocyanate.
The isocyanate may be an optionally modified diphenyimethane 4, 4'-diisocyanate. The
butanediol may be 1,4-butanediol. The polyurethane material may comprise an UV
stabilisator and/or colour pigment(s).

The protective cover for a wind turbine blade may be prepared by

- a) mixing a polyol and butanediol,

b) tempering and degassing the mixture according to a),

¢) tempering and degassing an isocyanate,

d) pumping the degassed mixture according to b) and the degasses isocyanate ac-
cording to ¢} through a mixing head into-a mould,

e) curing inthe mould, and

f) demoulding the cured item.

The tempering according to b) and/or ¢) may be carried out at a temperature from
30°C to 50°C. The tempering according to b) and/or ¢) may be carried out at a tem-
perature about 40°C. The mould in step d) may be preheated. The mould in step d)
may be preheated to a temperature from 90°C to 120°C. The mould in step d) may be
preheated to a temperature about 100°C. The curing in step e) may be carried out at a
temperature from 90°C to 120°C. The curing in step ) may be carried out at a tem-
perature of about 100°C. The curing in step e) may be carried out for about 15
minutes. The process may comprise a further step: .g) post-curing. The post-curing in
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step g) may take place in about 12 hours at a temperature of about 100°C. The polyu-
rethane material or the process, the polyol, butaniediol, and isocyanate may be used
in-a ratio by weight polyol:butanediol:isocyanate of 100:(3 to 5):(30 to 35). The polyol,
butanediol, and isocyanate may be used in a ratio by weight polyolbutane-
diokisocyanate of 100:4:32.3. The polyol comprises an UV stabilisator and/or colour
pigmerit(s). The polyol may be Bayflex® 0OS 380-A-59A. The isocyanate may be
DESMODUR® PF. Butanediol may be 1,4-butanediol.

Comparative examples:

To elucidate the Rain Erosion (RE) durability of the polyurethane material according to
the present invention, the durability of the material has been compared to other prod-

ucts.

Annex A illustrates the result of a so-called rain erosion test performed on a sample
part of a protective cover for a wind turbine blade made of the polyurethane material
according to the present invention. The test has been performed according to ASTM
G73-10.

Annex A-1 illustrates the sample part on a larger scale, before start of the test.

Annex A-2 illustrates the sample part at nine different stages of the test. "UV” indicates
the number of hours the sample part has been exposed ta UV light. “RE” indicates the
number of hours the sample part has been exposed to the simulated rain erosion.
Annex A-3 illustrates the sample part at the end of the test. The sample part has been
exposed fo UV light for 573 tours and has been exposed to the simulated rain erosion

for40 hours. Itis seen that no erosion is visible.

Annex B illustrates the result of a rain erosion test performed on a samiple part of a
protective cover for-a wind turbine blade (Blade ho. 1); said protective cover not:-being
made of the polyurethane material :according to the present invention. The test has
been performed according to ASTM G73-10.

Annex B-3illustrates the sample part before start of the test.

Annex B-4 illustrates the sample part when it has been exposed to the simulated rain
erosion for 0.5 hours. It is seen that no erosion is visible.

Annex B-5 illustrates the sample part when it has been exposed to the simulated rain
erosion for 1 hour. It is seen that severe erosion is visible.

Annex B-8 illustrates the sample part when it has been exposed to the simulated rain

erosion for 5.0 hours. It is seen that severe erosion is visible.
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Annex B-7 illustrates the sample part-when it has been exposed to the simulated rain

erosion for 11.5 hours at the end of the test. It is seen that severe erosion is visible.

Annex C illustrates the result of a rain erosion fest performed on a sample part of a
protective cover for a wind turbine blade (Blade no. 2); said protective cover not being
made of the polyurethane material according to the present invention. The test has
been performed according to ASTM G73-10.

Annex C-2 illustrates.the sample part before start of the test.

Annex C-3 illustrates the sample part when it has been éxposed to the simulated rain
erosion for 5.0 hours, It is seen that severe erosion is visible.

Annex C-4 illustrates the sample part when it has been expesed to the simulated rain
erosion for 10.0 hours. It is seen that severe-erosion is visible.

Annex C-5 illustrates the sample part when it has been exposed to the simulated rain

erosion for 271.0 hours at the end of the test. It is seen that severe erosion is visible,

Arnex D illustrates the result of a rain erosion {est performed on a sample part of a
protective cover for a wind turbine blade (Blade no. 3); said protective cover not being
made of the polyurethane material according to the present invention. The test hag
heen performed according to ASTM G73-10.

Annex D-2 illustrates the samiple part before start of the test.

Annex D-3 lllustrates the sample part when it has been exposed to the simulated rain
erosion for 0.5 hours. It is seen that severe erosion is visible.

Annex D-4 illustrates the sample part when it has been exposed to the simulated rain
erosion for 1.5 hours. It is seen that severe erosion is visible.

Annex D-5 illustrates the sample part when it has been exposed to the simulated rain

erosion for 3.5 hours at'the end of the test, It is seen that severe erosion is visible.

Annex E-1 illustrates respective speeds during the tests performed.

Annex E-2 illusfrates respective temperatures during the tests performed.

It is therefore seen that the durability of the polyurethane material according to the

present invention is significantly higher than the other tested materials.
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____ SUBJECTINFORMATION [ TEST SPECIFICATIONS

Test reference no Duration [h]
Tested by: Steffen Koed VYroot [m/s]
Specimen: A Veenter [m/s]
Start weight: [g] 337,676 Vtip: [m/s]

End weight: [g] 329,200 Rain: [mmih]
Alignment: [g] 1 Droplet size [mm]
Test position: i Temperature: [c]
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____ SUBJECTINFORMATION [ TEST SPECIFICATIONS

Test reference no Duration [h]
Tested by: Steffen Koed VYroot [m/s]
Specimen: M Veenter [m/s]
Start weight: [g] 333,142 Vtip: [m/s]

End weight: [g] 330,074 Rain: [mm/h]
Alignment: [g] 5 Droplet size [mm]
Test position: 2 Temperature: [c]
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INFORMATION

Test reference no:

Tested by:

Specimen:

Start weight: [¢]

End weight: [g]

Alignment: [g]

s

Test position:

NN

Steffen Koed
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g T
N e e
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Veenter [m/s]
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CLAIMS

1. A preformed protective cover for a wind turbine blade, wherein the preformed
protective cover is made of a polyurethane material prepared from a polyol, a
butanediol, and an isocyanate, wherein the preformed protective cover is adapted to
be attached along at least a part of a longitudinal edge of the wind turbine blade by
adhesion of an inside of the preformed protective cover to a surface of the
longitudinal edge of the wind turbine blade, wherein the preformed protective cover is
elongated in a longitudinal direction and has an at least substantially U-formed
cross-section, wherein the preformed protective cover includes a central cover
section extending in the longitudinal direction and two peripheral cover sections
extending in the longitudinal direction at either side of the central cover section,
respectively, wherein the central cover section has a minimum thickness of at least 1
millimetre, wherein each peripheral cover section has a thickness decreasing from a
maximum thickness of at least 1 millimetre to a minimum thickness of less than

1/2 millimetre.

2. The preformed protective cover according to claim 1, wherein the maximum
thickness of each peripheral cover section corresponds to the minimum thickness of

the central cover section.

3. The preformed protective cover according to claim 1 or 2, wherein the minimum

thickness of the central cover section is at least 2 millimetres.

4. The preformed protective cover according to claim 1 or 2, wherein the minimum

thickness of the central cover section is at least 3 millimetres.

5. The preformed protective cover according to claim 1 or 2, wherein the minimum

thickness of the central cover section is at least 4 millimetres.

6. The preformed protective cover according to claim 1 or 2, wherein the minimum
thickness of the central cover section is at least 5 millimetres or

approximately 5 millimetres.
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7. The preformed protective cover according to any one of claims 1 to 6, wherein the
thickness of the central cover section is at least substantially constant from side to

side of the central cover section.

8. The preformed protective cover according to any one of claims 1 to 7, wherein the

minimum thickness of each peripheral cover section is less than 1/3 millimetres.

9. The preformed protective cover according to any one of claims 1 to 7, wherein the

minimum thickness of each peripheral cover section is less than 1/5 millimetres.

10. The preformed protective cover according to any one of claims 1 to 7, wherein the

minimum thickness of each peripheral cover section is less than 1/7 millimetres.

11. The preformed protective cover according to any one of claims 1 to 10, wherein
the minimum thickness of each peripheral cover section is approximately

1/10 millimetres.

12. The preformed protective cover according to any one of claims 1 to 11, wherein
each peripheral cover section has a thickness decreasing at least substantially

constantly from the maximum thickness thereof to the minimum thickness thereof.

13. The preformed protective cover according to any one of claims 1 to 12, wherein
the width of each peripheral cover section is at least 3 per cent of the total width of

the preformed protective cover.

14. The preformed protective cover according to any one of claims 1 to 12, wherein
the width of each peripheral cover section is at least 7 per cent of the total width of

the preformed protective cover.

15. The preformed protective cover according to any one of claims 1 to 12, wherein
the width of each peripheral cover section is at least 12 per cent of the total width of

the preformed protective cover.
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16. The preformed protective cover according to any one of claims 1 to 12, wherein
the width of each peripheral cover section is at least 15 per cent of the total width of

the preformed protective cover.

17. The preformed protective cover according to any one of claims 1 to 16, wherein

the total width of the preformed protective cover is at least 30 millimetres.

18. The preformed protective cover according to any one of claims 1 to 16, wherein

the total width of the preformed protective cover is at least 50 millimetres.

19. The preformed protective cover according to any one of claims 1 to 16, wherein

the total width of the preformed protective cover is at least 100 millimetres.

20. The preformed protective cover according to any one of claims 1 to 19, wherein
the total width of the preformed protective cover is approximately 150 to

approximately 250 millimetres.

21. The preformed protective cover according to any one of claims 1 to 20, wherein
the total width of the preformed protective cover increases in the longitudinal

direction.

22. The preformed protective cover according to any one of claims 1 to 21, wherein
the inside of the preformed protective cover is provided with a number of protrusions

having a height of from 1/2 to 2 millimetres.

23. The preformed protective cover according to any one of claims 1 to 22, wherein
the inside of the preformed protective cover is provided with a number of protrusions

having a height of approximately 1 millimetre.

24. The preformed protective cover according to any one of claims 1 to 23, wherein
the preformed protective cover has a symmetry axis extending in the longitudinal
direction, and wherein the inside of the preformed protective cover at either side of
the symmetry axis is provided with a number of spaced elongated protrusions

extending with an oblique angle in relation to the longitudinal direction.
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25. The preformed protective cover according to any one of claims 1 to 24, wherein
the isocyanate is an optionally modified diphenylmethane 4,4'-diisocyanate.

26. The preformed protective cover according to any one of claims 1 to 25, wherein

the polyurethane comprises an UV stabilisator and/or one or more colour pigments.

27. The preformed protective cover according to any one of claims 1 to 26, wherein
the polyol, butanediol, and isocyanate are used in a ratio by weight
polyol:butanediol:isocyanate of 100:(3 to 5):(30 to 35).

28. The preformed protective cover according to any one of claims 1 to 27, wherein
the polyol, butanediol, and isocyanate are used in a ratio by weight

polyol:butanediol:isocyanate of 100:4:32.3.

29. The preformed protective cover according to any one of claims 1 to 28, wherein

the polyol comprises an UV stabilisator and/or one or more colour pigments.

30. The preformed protective cover according to any one of claims 1 to 29, wherein

the butanediol is 1,4-butanediol.

31. A wind turbine blade including a preformed protective cover according to any one
of claims 1 to 30, wherein the preformed protective cover is attached along at least a
part of a longitudinal edge of the wind turbine blade by adhesion to a surface of the

longitudinal edge of the wind turbine blade.

32. The wind turbine blade according to claim 31, wherein the wind turbine blade
includes a first blade shell and a second blade shell joined together to form a wind
turbine blade along a first longitudinal joint at a leading edge of the wind turbine blade
and along a second longitudinal joint at a trailing edge of the wind turbine blade, and
wherein the preformed protective cover is attached at least approximately

symmetrical about the first or second longitudinal joint.

33. The wind turbine blade according to claim 32, wherein the preformed protective

cover is attached at least approximately symmetrical about the first longitudinal joint.
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34. A method of providing a wind turbine blade with a preformed protective cover
according to any one of claims 1 to 30, whereby the preformed protective cover is
prepared by:
a) mixing a polyol and butanediol,
b) tempering and degassing the mixture according to a),
c¢) tempering and degassing an isocyanate,
d) pumping the degassed mixture according to b) and the degasses isocyanate
according to c¢) through a mixing head into a mould,
e) curing in the mould, and
f) demoulding the cured item,
whereby the preformed protective cover is attached along at least a part of a
longitudinal edge of the wind turbine blade by adhesion of the inside of the preformed
protective cover to a surface of the longitudinal edge of the wind turbine blade,
whereby the adhesion is performed by:

o providing an adhesive on the inside of the preformed protective cover,

e pressing the inside of the preformed protective cover against the surface of the

longitudinal edge of the wind turbine blade, and
e removing excess adhesive leaking between each peripheral cover section and

the surface of the longitudinal edge of the wind turbine blade.

35. The method according to claim 34, wherein the adhesive is a two component

polyurethane adhesive.

36. The method according to claim 34 or 35, whereby the adhesive is provided as
string of adhesive on the inside of the preformed protective cover at least

substantially along a longitudinal symmetry axis of the preformed protective cover.

37. The method according to any one of claims 34 to 36, whereby the preformed
protective cover is produced by:
e providing a male form part having a geometry resembling or at least
substantially matching the outer geometry of the at least part of the

longitudinal edge of the wind turbine blade,
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¢ providing a female form part having a geometry matching the male form part,
but being slightly larger,

¢ closing the male form part against the female form part thereby forming a form
cavity,

e pouring the adhesive into the form cavity, and

e opening the form cavity by separating the male form part from the female form

part and ejecting the moulded preformed protective cover.

38. The method according to any one of claims 34 to 37, whereby the wind turbine
blade is provided with the preformed protective cover as a repair operation, whereby
an area of said surface of the longitudinal edge of the wind turbine blade
corresponding to the preformed protective cover is machined before attachment of

the preformed protective cover.

39. The method according to claim 38, whereby the preformed protective cover is

machined by grinding or milling.

40. The method according to any one of claims 34 to 39, whereby the wind turbine
blade is provided with the preformed protective cover when the wind turbine blade is

still mounted on a wind turbine.

41. The method according to any one of claims 34 to 40, whereby the tempering

according to b) and/or c) is carried out at a temperature from 30°C to 50°C.

42. The method according to any one of claims 34 to 41, whereby the tempering

according to b) and/or c) is carried out at a temperature about 40°C.

43. The method according to any one of claims 34 to 42, whereby the mould in d) is

preheated.

44. The method according to claim 43, whereby the mould in d) is preheated to a

temperature from 90°C to 120°C.
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45. The method according to claim 44, whereby the mould in d) is preheated to a
temperature about 100°C.

46. The method according to any one of claims 34 to 45, whereby the curing in e) is

carried out at a temperature from 90°C to 120°C.

47. The method according to claim 46, whereby the curing in e) is carried out at a

temperature of about 100°C.

48. The method according to any one of claims 34 to 47, whereby the curing in e) is

carried out for about 15 minutes.
49. The method according to any one of claims 34 to 48, further comprising:
g) post-curing.

50. The method according to claim 49, whereby the post-curing in g) takes place in

about 12 hours at a temperature of about 100°C.

51. The method according to any one of claims 34 to 50, whereby the polyal,
butanediol, and isocyanate are used in a ratio by weight polyol:butanediol:isocyanate
of 100:3 to 5:30 to 35.

52. The method according to any one of claims 34 to 51, whereby the polyal,
butanediol, and isocyanate are used in a ratio by weight polyol:butanediol:isocyanate
of 100:4:32.3.

53. The method according to any one of claims 34 to 52, whereby the polyol

comprises an UV stabilisator and/or one or more colour pigments.

54. The method according to any one of claims 34 to 53, whereby the butanediol is
1,4-butanediol.
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