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(57) Abstract: The invention relates to a wind turbine blade (5) comprising at least two wind turbine blade sections (12, 13) that

include one or more strengthening structures (6, 6a, 6b), the ends (14, 15) of said strengthening structures being connected in a

& connection joint . The ends include corresponding connection surfaces, the one or more relevant dimensions of said surfaces being
& larger than the dimensions of the transverse surfaces of the strengthening structures at said ends. The one or more relevant dimensions
of said connection joint are larger than that of the adjacent strengthening structure. The invention also relates to a wind turbine blade
in which the at least two wind turbine blade sections include a number of substantially oblong carbon fiber strips and strips of one
or further materials such as wood or glass fiber. The invention further relates to a wind turbine blade section, an assembly plant for
assembling wind turbine blade sections (12, 13) and to a method and use of such wind turbine blades .
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Wind turbine blades made of two separate sections and
method of assembly

Background of the invention

The invention relates to wind turbine blades, a wind turbine section, method and use

hereof.

Description of the Related Art

Wind turbine blades are very important components in a modern wind turbine and
are highly important in defining the energy production and the lifespan of the wind
turbine. However, the increasing size of modern wind turbines has also resulted in
still longer and heavier wind turbine blades. The transport of the blades from the
place of production to the place of erecting the wind turbine is thus a matter that
requires a lot of consideration e.g. in choosing the right routes in relation to the
characteristics of the blade such as the length, height and weight of the blade.
Further, the transport requires more and more specialized equipment in handling the

wind turbine blades.

Consequently, transport of wind turbine blades adds challenges and costs to the

process of erecting wind turbines.

The prior art includes a number of solutions in making wind turbine blades easier to

transport to the place of erecting a wind turbine.

US patent no. US-A 4,474,536 discloses for example the manufacture of wind
turbine blades in which each blade comprises two sections. The sections are
individually shipped to the place of erecting the wind turbine and assembled to wind
turbine blades. The blade surfaces at the section areas to be jointed comprise a

number of corresponding slots. The sections are assembled by entering wood block

CONFIRMATION COPY
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splices and adhesive means into the slots. The corresponding slots and wood block

splices comprise a diamond shape and the splices may thus close the slots.

A problem with the prior art and especially with the above-mentioned US patent is
the low strength and rigidity that restricts the use in connection with most modern

wind turbine blades.

An object of the invention is to establish a wind turbine blade technique without the
above-mentioned disadvantages. Further, it is an object to establish a technique
which is advantageous in connection with large wind turbine blades and especially in

connection with the forces they face during normal use.

The invention

The invention relates to a wind turbine blade comprising

at least two wind turbine blade sections that include one or more strengthening
structures, the ends of said strengthening structures being connected in a connection
joint,

wherein said ends include corresponding connection surfaces, the one or more
relevant dimensions of said surfaces being larger than the dimensions of the

transverse surfaces of the strengthening structures at said ends, and

wherein one or more of said relevant dimensions of said connection joint is enlarged

in relation to the adjacent strengthening structure.

A wind turbine blade is hereby established without the above-mentioned

disadvantages.
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The enlarged corresponding connection surfaces at the connection joint between the
strengthening structures is advantageous as the hold between the surfaces is
increased significantly. By the very large corresponding connection surfaces in
relation to the transverse surface of the blade it is possible to reestablish the strength
of the wind turbine blade. Consequently, it is ensured that the wind turbine blade and
the connection joint may sustain the forces of normal use as well as during extreme

situations such as extreme meteorological situations.

Further, the larger corresponding connection surfaces ensure that the adhering means
connects the surfaces in a more advantageous and stronger manner in comparison to
connection of transverse surfaces. The connection of the corresponding connection
surfaces will experience sideway forces trying to slide the surfaces from each other
wherein the connection of transverse surfaces will experience perpendicular forces
trying to pull the surfaces directly apart. Adhering means are always much stronger
in relation to sideway forces and connection joint will thus sustain more forces

without breaking.

Even further, a resulting enlargement in the surface of the wind turbine blade goes
against teaching within the technical area. The fully smooth surface of a wind turbine
blade has up to now been considered a necessity. However, the size of the wind
turbine blade diminishes the aerodynamic results of the enlargement. The advantages
in transporting the blade further compensate for the aerodynamic results of the

enlargement.

The phrase "strengthening structure” is generally to be understood as any structure in
or inside the wind turbine blade which carries a substantial part of the forces from the

wind energy.

The phrase “transverse surfaces of the strengthening structures” is generally to be
understood as the surface which would arise if the wind turbine blade was cut in two

by a perpendicular cut in relation to the longitudinal direction of the blade. The
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surface is seen as the substantially smallest surface that may be established by

dividing the wind turbine blade at a given position.

The term "adjacent" is generally to be understood as the closest position from the
connection joint in which the wind turbine blade and/or the internal strengthening
structure have resumed its normal shape. Consequently, the relation between the
transverse connection joint and the adjacent strengthening structure may be seen as
comparable dimensions e.g. adjacent length (thickness) values on the same

longitudinal line of the wind turbine blade.

In an aspect of the invention the ends of said strengthening structures of the blade
sections are shaped as a number of corresponding or partly corresponding dentated

ends. Hereby it is possible to create a connection joint with a much higher tensile

- strength as the longitudinal forces of the blade is transferred to longer, larger and no-

perpendicular connections of the sections.

In another aspect of the invention, the teeth of said dentated ends are shaped as
triangles such as right-angled and/or equilateral triangles, four-sided teeth such as
rectangles, round shapes or more free-hand shapes as well as combination of
different shapes e.g. a combination of a rectangular shape and a triangular shape at
the tip or a combination of different triangular shapes. Hereby it is possible to
establish corresponding dentated ends with large surfaces which at same time are

easy to manufacture and connect.

In a further aspect of the invention, the sides of the teeth comprise a pie shape such
as rounded or wedge shaped teeth e.g. in order to establish corners in a strengthening
structure. The teeth will require less precision in manufacturing, be cost-efficient and

still allow large connection surfaces to be established.

In a further aspect of the invention, said dentated ends partly corresponding to each

other and the cavities are filled with one or more intermediate connection means e.g.
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triangular or diamond shaped blocks. Hereby, it is possible to diminish the length (or
connection area) of the teeth of the dentated ends as the intermediate connection
means establish some of the necessary length. If the intermediate connection means
for example are of the same length as the dentated ends they will together be
comparable in strength to ends (without the means) of the double length. As the
manufacturing and connection complexity increase with the length of the ends it is
possible to create an advantageous connection joint by combining the dentated ends
with the intermediate connection means. Further, the enlarged connection joint allow
the dentated ends to be diminished even more without increasing the manufacturing

and connection complexity.

In an even further aspect of the invention, adhering means, such as a two-component
epoxy adhesive, adheres the corresponding dentated ends and/or said one or more
intermediate connection means to each other. The use of adhering means on the large
corresponding surfaces is especially advantageous in comparison to “limited”

connections e.g. use of bolts or the like.

In further aspects of the invention, said one or more relevant dimensions of said
connection surfaces, transverse surfaces, connection joint and adjacent strengthening
structure may be area, length or thickness values and is larger than that of the

adjacent strengthening structure in direction of the root of the wind turbine blade.

In an even further aspect of the invention, the length 1 of one of said teeth in an

enlarged connection joint is given by

.62 dcarban 'h] b — 1OOOh} b = 501’1_1_
hy2 10-h, -2 h,

b

Tepoxy

in which the 4, is the adjacent height of the strengthening structure and 4 is the
enlarged height of said tooth at the same width b, said height 4, being between 2 and
10 and preferably between 3 to 6 times the size of /; such as 3 times. Hereby, is
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achieved a preferable length of the teeth. Too many short teeth are impractical due to
the cross-sectional area of the cutting tool and too long teeth will cause slenderness
and it will be difficult to control vibrations or deflection during the manufacture

process.

In an aspect of the invention, the number of teeth in the dentated ends is between 25
and 200 per meter of strengthening structure such as circa 100 per meter i.e. b per
tooth circa 10 millimeters. The optimal number of teeth is the largest number of teeth
(and thus connection area) per meter that still may be advantageously and easily

manufactured.

In a further aspect of the invention, said one or more strengthening structures

comprise an internal beam strengthening structure, an internal strengthening structure

‘at the trailing edge and/or an internal strengthening structure of a surface shell

structure including a plurality of oblong strips imbedded in the blade surface such as
carbon, wood and/or glass fiber strips. Hereby are advantageous embodiments of the
invention achieved, as stronger and lighter wind turbine blades may be established
with the choices in strengthening structure and material and consequently the blades

become even easier to transport.

In an even further aspect of the invention, the enlargement of said connection joint is
symmetrical in relation to the adjacent strengthening structure such as a symmetrical
in- and outwardly expansion in relation to the course of the adjacent strengthening
structure. Hereby it is possible to achieve a connection joint which may transfer
longitudinal forces without creating torsional or turning forces in the connection

joint.

The invention also relates to a wind turbine blade comprising
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at least two wind turbine blade sections that include one or more strengthening
structures with a number of substantially oblong carbon fiber strips and strips of one

or further materials such as wood or glass fiber,

wherein the ends of said strengthening structures being connected in a connection

joint, and

wherein said ends include corresponding connection surfaces, one or more relevant
dimensions of said surfaces being larger than the dimensions of the transverse

surfaces of the strengthening structures at said ends.

A wind turbine blade is hereby established without the above-mentioned

disadvantages.

The use of strips of carbon fibers in wind turbine blade sections and consequently
separating and connecting the carbon fibers again goes against teaching within the
technical area. However, the establishing of larger corresponding connection surfaces
at the connection joint between the strengthening structures increases the tensile
strength significantly. Hereby it is ensured that the wind turbine blade and the
connection joint may sustain the forces of normal use as well as during extreme

situations such as extreme meteorological situations.

Further, the larger corresponding connection surfaces ensure that the adhering means
connects the surfaces in a more advantageous and stronger manner in comparison to
a connection of transverse surfaces. The connection of the corresponding connection
surfaces will experience sideway forces trying to slide the surfaces from each other
wherein the connection of transverse surfaces will experience perpendicular forces
trying to pull the surfaces directly apart. Adhering means are always much stronger
in relation to sideway forces and connection joint will thus sustain more forces

without breaking.



WO 2006/002621 PCT/DK2004/000467

10

15

20

25

8

In aspects of the invention, the carbon fibers of said substantially oblong carbon fiber
strips in each wind turbine blade section are unbroken. Further, the corresponding
ends of said carbon fiber strips are connected and the corresponding ends of said
strips of one or further materials are connected in the connection joint. The unbroken
nature of the carbon strips in each section is chosen in order to use the full strength of
the material and the corresponding strips reestablish the full strength of the

connected strips by the enlarged corresponding surfaces in the connection joint.

In aspects of the invention, the corresponding ends of said carbon fiber strips are
connected and the corresponding ends of said strips of one or further materials are
connected in the connection joint and the ends of said strengthening structures of the
blade sections are shaped as a number of corresponding or partly corresponding

dentated ends.

In aspects of the invention, the teeth of said dentated ends are shaped as triangles
such as right-angled and equilateral triangles, four-sided teeth such as rectangles,
round or more free-hand shapes as well as combination of different shapes e.g. a
combination of a rectangular shape and a triangular shape at the tip or a combination
of different triangular shapes and the sides of the teeth comprise a pie shape such as
rounded or wedge shaped teeth e.g. in order to establish corners in a strengthening

structure.

In another aspect of the invention, the length of one of said teeth in a connection joint

is given by
75 Fearbon ‘b _ 10005 _ 50-b
T 2 10-2

epoxy

in which the height of the connection joint and the adjacent height of the

strengthening structure are the same or substantially the same. The relation between



WO 2006/002621 PCT/DK2004/000467

10

15

20

25

30

9

length and width of the teeth establishes the necessary strength in the connection

joint.

In further aspect of the invention, the number of teeth in the dentated ends is between
25 and 200 per meter of blade surface such as circa 100 per meter i.e. b per tooth
circa 10 millimeters. The relationship ensures that the necessary strength is present in
the connection joint in relation to the general strength of the wind turbine blade in
which a lower value will create a less robust connection and a higher value will

increase the manufacturing costs significantly.

In an aspect of the invention, said dentated ends partly corresponding to each other
and the cavities are filled with one or more intermediate connection means e.g.
triangular or diamond shaped blocks. The use of blocks, such as blocks in a carbon
material, allows the necessary corresponding surfaces in the connection joint to be
established.

In a further aspect of the invention, adhering means, such as two-component epoxy
adhesive, adheres the corresponding dentated ends and/or said one or more
intermediate connection means to each other. Hereby is an advantageous

embodiment of the invention achieved.

In an even further aspect of the invention, said connection joint is enlarged in relation
to the adjacent strengthening structure. Hereby, it is possible to establish a very
strong connection by combining the use of carbon fiber strips with an enlarged

connection joint i.e. combining strength with larger surfaces.

The invention also relates to a wind turbine blade section to be used in a wind turbine

blade, said blade section comprising

a strengthening structure with an end including a connection surface for connection

to another blade section,
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one or more relevant dimensions of said surface being larger than the dimensions of

the transverse surfaces of the strengthening structures at said end, and

wherein said structure end includes a connection surface applied with connection

means concealed behind a removable cover.

Modern wind turbine blades may easily exceed a length of 40 meters and thus
normally require very long manufacturing halls. By manufacture each wind turbine
blade in individual sections it is possible to reduce the dimensions of the
manufacturing plant. Further, the transportation of the blade is enhanced
considerably in the manufacturing plant as well as the transporting to the place of

erecting the wind turbine by using blade sections.

The connection surface of the wind turbine blade may be provided with the necessary
connection means and the concealing cover at the manufacturing plant. Hereby it is
possible to control the circumstances under which the connection means is applied
and concealed, and thus ensure that the optimal environment is present during the

process.

In an aspect of the invention, said connection means is adhering means such as two-
component epoxy adhesive which is concealed behind air tight plastic layers of a
removable cover. Hereby, it may be ensured that the connection means is contained
in a protected environment until the blade section reaches the place of erecting the

wind turbine.

In another aspect of the invention, the connection joint is covered with a cover
surface such as a few layers of glass fiber. The cover may serve as a reestablishment
of the aerodynamic profile for the blade surface at the connection joint as well as

protect the connection joint.
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The invention also relates to an assembly plant for wind turbine blade sections, said

plant comprising

means in order to position the wind turbine blade sections in relation to each other

such in order to create a connection joint between the sections,

enclosure for at least enclosing the connection joint of the wind turbine blade

sections, and
means for controlling one or more environmental values within the enclosure.

The assembly plant is advantageous as it may establish the necessary surroundings in
order to connect the wind turbine blade sections at the place of erecting the wind
turbines or at a nearby place e.g. at a local plant. The necessary means are all such
that they may be transported to the place with one or a few trucks and subsequently

be dismantled and moved to a new place.

In an aspect of the invention, said means for controlling one or more environmental
values include a heat supply and humidity control, sensors e.g. temperature and
humidity sensors and control means for controlling the adhesive process. By
controlling the temperature and humidity it is possible to enhance or accelerate the

bonding process and thus create a stronger adhesive connection between the sections.

In an aspect of the invention, said means to position the wind turbine blade sections
include actuators for moving at least one section in a vertical and horizontal plane in
relation to another section, position measuring means such as a transmitter and
receiver positioned on a wind blade section, respectively as well as transmitter and
receiver means and control means. The use of actuators in each end of the sections is
advantageous as the sections must be aligned perfectly before they are forced against
each other in order to establish a strong connection. The transmitter is preferably a

laser beam in order to enhance the precision of the section positioning process.
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In an aspect of the invention, said enclosure is a tent tightly enclosing the connection
joint in relation to temperature and/or humidity. The use of a tent is advantageous as
it establish the necessary enclosure around the connection joint. Further, it is cost

efficient and compact during transport.

The invention also relates to a method of assembling wind turbine blade sections to
wind turbine blades in a place different from the manufacturing place of said wind
turbine blade sections, said method comprising the steps of:

creating at least one connection surface in one end of a strengthening structure of
each section ready for connection where said surface is larger than the transverse

surface of the structure,

positioning the wind turbine blade sections in relation to each other with elevation

means such as actuators,

connecting the wind turbine blade sections at said at least one connection surface by

using connection means,

where at least one environmental value of the connection area is controlled during

the assembling.

Figures

The invention will be described in the following with reference to the figures in
which

fig. 1 illustrates a large modern wind turbine,
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figs. 2a and 2b

figs. 3a and 3b

figs. 4a to 4c

fig. 5

fig. 6a

fig. 6b

fig. 6¢

figs. 7a and 7b
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illustrate a wind turbine blade including an internal beam
structure and an enlarged cross sectional view of the blade

showing embedded carbon fibers,

illustrate a wind turbine blade made in strips of different
material and an enlarged cross sectional view of the blade

showing the position of strips,

illustrate a wind turbine blade as two blade sections with
corresponding dentated beam ends wherein the blade may

be one of the illustrated in figs. 2a to 3b,

illustrates a cross sectional and perspective view through
an internal beam of a wind turbine at a joint between

blade sections,

illustrates a cross sectional view through sections of a
wind turbine including an internal strengthening beam

seen from a blade edge,

illustrates a view of sections of a wind turbine including
an internal beam according to the invention seen from

above the surface of the blade,

illustrates schematically a wind turbine blade including

enlargement seen from the blade tip,

illustrate the sizes of dentated beam ends in the joint of

the blade sections and the sizes of a set of teeth,
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fig. 7c

figs. 8a to 8c

figs. 9a to 9¢

figs. 9d and 9e

figs. 10ato 10c

figs. 11ato 1lc

fig. 12

figs. 13a and 13b
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illustrates the sizes and relationship between a normal cut

and a dentated beam end,

illustrate different embodiment of the corresponding
dentated beam ends or surface shell structures in an

internal strengthening structure of a wind turbine blade,

illustrate further embodiments of the corresponding
dentated beam ends or surface shell structures in an

internal strengthening structure of a wind turbine blade,

illustrate even further embodiments of the corresponding
dentated beam ends or surface shell structures in an

internal strengthening structure of a wind turbine blade,

illustrate embodiments of the corresponding dentated
beam ends or surface shell structures in an internal

strengthening structure of a wind turbine blade,

illustrate some steps in an assembly method for the

sections of the wind turbine blade,

illustrates a single tooth of the dentated beam ends or the
surface shell structures in an internal strengthening
structure of a wind turbine blade as well as an enlarged

cross sectional view of the tooth, and

illustrate an embodiment of an on-site unit for positioning
and assembling a wind turbine blade sections and

controlling the conditions during the assembly.
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Detailed description

Figure 1 illustrates a modern wind turbine 1 with a tower 2 and a wind turbine
nacelle 3 positioned on top of the tower. The blades 5 of the wind turbine rotor are
connected to the nacelle through the low speed shaft which extends out of the nacelle

front.

As illustrated in the figure, wind over a certain level will activate the rotor and allow
it to rotate in a perpendicular direction to the wind. The rotation movement is
converted to electric power which usually is supplied to the transmission grid as will

be known by skilled persons within the area.

Figs. 2a and 2b illustrate a wind turbine blade with an internal strengthening

structure 6 and an enlarged cross sectional view of the blade.

Fig. 2a illustrates schematically how the internal strengthening structure 6 includes
an internal beam structure which is directed from the root of the wind turbine blade 5
toward the tip of the blade. The beam structure is connected directly to the root
flange in which the flange establishes the further connection from the blade to the
hub and the rest of the wind turbine 1. The beam structure gives strength to the wind
turbine blade; stretches the surface shell structure 7 of the wind turbine blade and

transfers the surface forces to the rest of the wind turbine.

Fig. 2b illustrates a cross sectional view of the wind turbine blade and the internal
beam structure of fig. 2a in which the beam structure comprises a substantially four-

sided shape.

The figure further illustrates schematically that the structure of the embodiment is
made in a standard glass fiber material 9 being reinforced with carbon fibers 8. The
carbon fibers are illustrated as a number of single fibers embedded into the glass

fiber material e.g. woven into the glass fiber layers or positioned alongside the layers
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before applying resin material. The carbon fibers are positioned and extend unbroken
in the glass fiber material from end to end of the internal beam structure in order to

create a light and high strength wind turbine blade.

The internal strengthening structure 6 may include further strengthening structures
e.g. at the trailing (illustrated schematically in fig. 4a) or leading edges in which the
separate structures may be embedded in the surface material e.g. as a plate or a
similar shaped means at each edge side. Even further internal strengthening
structures may be established inside the wind turbine blade if necessary e.g. one or
more pultruded carbon and/or glass fiber plates or bars positioned on the inside of the

blade surface.

It shall be emphasized that the internal strengthening structure may comprise a
number of different shapes besides the illustrated four-sided shape such as one or
more I beams, U shaped beams or honeycomb structures. Further, the internal
strengthening structure may comprise combinations of two or more of the different
shapes. The different possibilities in shapes of the internal strengthening structure

will be well known to the skilled person within the art.

Figs. 3a and 3b illustrate a further embodiment of a wind turbine blade and an

enlarged cross sectional view of the blade.

Fig. 3a illustrates the wind turbine blade 5 including the surface shell structure 7 but

without an internal beam structure as such.

Fig. 3b including the enlarged cross sectional view further illustrates the internal
structure of the surface shell structure 7. The internal structure establishes the
necessary internal strengthening structure 6 of the wind turbine blade 5. The view
especially illustrates how a number of strips, made in different materials and
positioned alongside each other, establish a wind turbine blade. The optimal strip

material properties may be obtained by combining different types of strips, such as
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unbroken strips of carbon fibres 10 and wooden or glass fiber strips 11. The strips are
jointed by suitable methods, e.g. by injection of resin or by vacuum infusion of resin

between the strips.

The surface shell structure including the strips may also be combined with one or
more pultruded carbon and/or glass fiber plates or bars positioned on the inside of the

blade surface.

Consequently, the different types of strips and the resin form the surface 7 of the
wind turbine blade 5. The strips and the resin establish at the same time an internal
strengthening structure that is comparable in strength with the internal strengthening

structure of the wind turbine blade illustrated in figs. 2a and 2b.

Further, it shall be emphasised that the internal beam structure of a wind turbine
blade as illustrated in figs. 2a and 2b may also be manufactured with the use of strips
e.g. instead of using embedded carbon fibers or instead of using glass fiber material

alone.

Finally, the wind turbine blades may be manufactured with a combination of
strengthening structures such as an internal beam structure and an internal
strengthening structure in the surface shell structure. However, the I-beam of fig. 3b
illustrates a supporting (non-strengthening) structure that controls movements of the

surface shell structure.

Figs. 2a to 3b illustrate a normal profile of a wind turbine blade as it will be known
by the skilled person e.g. the course and shape of the internal beam and/or the blade
surface from root to tip. Further, the figures illustrate the two standard types of
internal strengthening structure in a wind turbine blade i.e. a structure inside the

interior defined by the blade surface or a structure inside the blade surface.
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Figs. 4a to 4c¢ illustrate the wind turbine blades of fig. 2a or 3a as two separate blade

sections with corresponding dentated beam ends according to the present invention.

Fig. 4a illustrates how the wind turbine blade of fig. 2a has been manufactured as
two blade sections 12, 13 of a similar length or size. The sections comprise two
internal beam ends 14, 15 that project out beyond the surface shell structure 7 of the
blade sections. The beam ends 14, 15 are worked to form dentated beam ends 16a,

17a of a particular shape such as a number of triangular teeth or finger joints.

The figure also illustrates that the dentated beam ends 16a, 17a are supplemented
with another set of dentated beam ends 16b, 17b projecting from the inner of the
blade in proximity of the trailing edge. The latter set is illustrated with a fewer
number of teeth than the first dentated beam ends 16a, 17a but otherwise similar in

construction and shape.

The figure further illustrates that the two sections 12, 13 with the internal beam ends
14, 15 face each other and correspond in such a way that they may be seamlessly
introduced into each other. By introducing the sections into each other is established

a complete wind turbine blade 5.

The beam ends are preferably worked after the surface shell structure 7 of the blade
sections has been positioned and fastened around the beam. The work process may
include a high pressure water cutting machine/robot that cuts the teeth or fingers in
the beam ends projecting out beyond the surface of the blade sections. The
machine/robot may in one embodiment cut the teeth or fingers from above and down
and thus creates vertically and/or horizontal orientated teeth or fingers when the wind
turbine blade is positioned with side surfaces facing up/down and/or side/side. In this
position the beam ends may be introduced into each other and subsequently only
move in an up/down direction until the sections are rigidly fastened e.g. by adhering

the surfaces of the teeth or fingers to each other.
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Fig. 4b illustrates how a wind turbine blade without an internal beam structure e.g. of
fig. 3a manufactured as two sections 12, 13 of a similar length or size. Each section
comprises a dentated beam end 16¢, 17¢ positioned and projecting out from the end
of the section. As illustrated in the figure with dotted lines the dentated beam ends
are only extended a limited distance into the inner of the wind turbine blade sections
12, 13 as sorts of short sections of an internal beam structure inside the internal
strengthening structure of the surface shell structure 7. The dentated beam ends 16c,
17¢ substantially correspond in shape and are connected to the inner surfaces of the

wind turbine blade e.g. by use of adhering means.

The figure also illustrates that the dentated beam ends 16¢c, 17c are supplemented
with another set of dentated beam ends 16d, 17d projecting from the inner of the
blade in proximity of the trailing edge. The latter set is illustrated with a fewer
number of teeth than the first dentated beam ends 16¢, 17¢ but otherwise similar in

construction and shape.

The figure further illustrates that the two sections 12, 13 with the two sets of dentated
beam ends 16¢c, 17¢, 16d, 17d face each other and correspond in such a way that they

may be seamlessly introduced into each other.

The two sections of the wind turbine blade may be manufactured by using four blade
shell halves in which the pre-manufactured sets of dentated beam ends 16¢, 17¢, 16d,
17d are positioned on the inner surface of two shell halves before the two other shell
halves are positioned above and fastened to the first two shell halves. The pre-
manufactured set of dentated beam ends may also be established as four identical end
halves in which each halves is fastened to a shell halves and consequently meet when

the shell halves are fastened to each other.

By using and positioning pre-manufactured set of dentated beam ends in the surface
shell structure 7 it is possible to extend the teeth into the hollow space of the wind

turbine blade.
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Further, the projecting ends may be worked after the shells of the blade sections have

been fastened to each other as further explained above.

Fig. 4b may also (slightly modified) be seen as the connection between two ends of a
surface shell structure 7 such as illustrated in fig. 3a and 3b in which the dentated
teeth are established in the surface shell structure e.g. in all of the corresponding

surfaces or in parts of the surfaces at the connection.

Fig. 4c illustrates an internal strengthening structure with two corresponding dentated
ends comprising a number of teeths e.g. two ends of an in internal beam (such as
illustrated in figs. 4a and 4b) or two ends of a surface shell structure (such as

illustrated in fig. 3a and 3b).

Fig. 5 illustrates a cross sectional and perspective view through a preferred
embodiment of an internal beam 6a of a wind turbine blade. The view is established
in proximity of an enlarged connection joint 22 between two sections of a wind
turbine blade without the blade surface illustrated. The two sections are connected at
corresponding dentated beam ends 14, 15 with the use of a number of teeth entered
into each other in a seamless connection. The surface of the teeth comprises adhesive
means and the connection joint is enlarged in order to create a connection joint with

an even larger connection surface than without the enlargement.

The perspective view illustrates the relationship between the normal outer length or
thickness W, of the strengthening structure 6a and the enlarged length or thickness
X in which both values are measured on the same longitudinal measuring line m.
The line m may be defined by the peak values of the enlarged length or thickness X
at the connection joint and the normal outer length or thickness W,. The W, value is
measured next to the start of the enlargement at the course of the normal wind
turbine blade e.g. less than a meter from the connection of the connection joint 22 in

direction of the root of the wind turbine blade at a transverse line n. The line n
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illustrates the separation between the course of the normal wind turbine blade and the
enlargement i.e. a transverse line on opposite side of the enlargement indicating the
beginning and end of the enlargement. Further, the figure illustrates the normal inner
length or thickness W; of the strengthening structure 6a e.g. at the line n.

The view further illustrates how the enlarged connection joint 22 expands in
horizontal (toward the blade edges — further illustrated in figs. 6b and 6¢) as well as
vertical directions (toward the blade surface - and the center as further illustrated in
fig. 6a). However, the enlarged connection joint 22 may also expand in just one
direction e.g. in the horizontal direction toward the blade surfaces and/or toward the

center of the blade.

Fig. 5 finally illustrates two corresponding teeth shown with a wedge shape as part of
a corner in the beam structure in which the wedge shape may be seen as an
alternative to sharp or rounded teeth of the ends (as illustrated with the pie shaped

pieces next to each other in the one upper corner of the beam).

Fig. 6a further illustrates the principle of fig. 5 in which the sections of an internal
beam 6a in a wind turbine are connected in an enlarged connection joint 22. The
enlargement is illustrated in the vertical direction between the lines n and seen from
the edge of the wind turbine blade toward the side of the strengthening structure 6a.
The enlargement is further illustrated as growing symmetrically in relation to the
normal course of the blade in the area between the two lines n i.e. the enlargement

expands symmetrically into the interior of the blade as well as outwardly.

The internal beam 6a of the internal strengthening structure is covered with a surface
shell structure 7 and hereby is created a preferred embodiment of a wind turbine
blade according to the invention. The wind turbine blade will appear with the surface
of a normal blade but with a transverse enlargement or a border across the blade

surface e.g. from edge to edge at the connection joint.
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The enlargement of the beam creates a number of different sizes such as:

X the length of the transverse surface of the enlarged connection joint 22 in the
strengthening structure (e.g. the beam of figs. 2a and 2b or the surface shell structure
7 of figs. 3a and 3b) in relation to the length W, of the general transverse surface of
the strengthening structure in proximity of X;. The lengths are measured at the peak
of the enlargement e.g. at the highest point of the blade in the connection joint in
which the highest point usually will be at the center of the connection joint. The
length W, is measured just before the enlargement starts e.g. at the line n in direction
of the root 34 of the wind turbine blade. The width of the blade is substantially the
same at the positions for W, and X; and thus the relation between the surface areas
are reflected in the relation between X; and W, (X; being significantly larger in
connection with the enlarged connection joint 22). The surface lengths W, and X
may be seen as relevant surface values if the structure was transversely cut over in a

cut establishing the smallest possible cut surface at the connection joint 22.

W, the outer distance of the strengthening structure at the adjacent normal course of

the wind turbine blade in relation to the enlargement.

Wi the inner distance of the strengthening structure. The inner distance may continue
the normal course through the enlargement or be diminished in order to create even
further surface area for the connection. The distances are measured longitudinally on
a line meeting the peak of the enlargement e.g. at the highest point of the blade in the

connection joint.

Fig. 6b illustrates sections of a wind turbine blade 5 according to the invention. The
blade including an internal strengthening structure 6a is seen from above the surface
of the blade.

The enlargement 22 is illustrated as a first enlargement 22a above the strengthening

structure 6a and second enlargements 22b continuing from the first enlargement 22a
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to the front and trailing edges of the blade 7. The second enlargements may have the
same height of the first enlargement or be reduced toward the edges of the blade (as
very schematically illustrated in the X — X view of fig. 6¢) and thus form a
continuous border from edge to edge. The first enlargement 22a may also be the only
enlargement and thus be a sort of island raised on the central part of the surface 7 at a

part of the blade 5.

Fig. 6¢ illustrates schematically a wind turbine blade including an enlargement seen
from the blade tip. As seen the enlargement forms a continuous border from edge to
edge in which a cover of the enlargement may be used in order to improve the
aerodynamic profile for the blade at the enlarged joint connection 22 (as further
illustrated in figs. 11b and 11c).

Figs. 6b and 6¢ also illustrate the course of the lines m and n seen from the different

positions.

Figs. 7a and 7b illustrate in more details the sizes of an internal strengthening
structure 6 such as dentated beam ends and teeth of the connection joint in a wind
turbine blade. The many teeth have a connection surface with a total length L. which
is significantly longer than the length of the transverse surface (the length W, or X))
of the internal strengthening structure. The upper or lower teeth are illustrated as
thicker than the other teeth in order to indicate the possible forms at the four corners
(as further illustrated in fig. 5).

Further, fig. 7a illustrates another embodiment in which the enlarged connection joint
22 is established with two teeth units connected to the normal strengthening structure
6 (the connections established at the dotted lines n). The units are fixed to the ends of
the normal strengthening structure as units for supplementary mounting at or just
after the manufacturing process at the manufacturing plant e.g. by using long

surfaces and adhering means as described above and below.
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Fig. 7c illustrates the relationship between an end of a beam and an example of a
dentated beam end to be bonded in a connection joint. The two ends are illustrated
with the same width by, by. The heights hy, h, of the ends may be the same or for
example hy larger than h; and thus create an enlargement at the joint. The height hy
may for example be at least 2 times as large as the normal height h; for the wind

turbine blade such as 3 times as large.

The bonded joint is carbon fibre bonded with epoxy in which the tensile strength of
carbon is ¢ carbon ~ 1000 MPa. The strength of a carbon section can be expressed as

O-carban' hl ' b .

The shear strength of an epoxy adhesive is 7 ~10 MPa . The strength of the

epoxy

bonded section can be expressed as 7,5, -2¢.

epoxy
1. If the strength of the carbon strips < the strength of the joint (for b=b;=b>):

o ST,y 20

carbon epoxy

0> O-carbon'hl = 1OOO'h] = 50&
2 10:h,-2  hy

Tepoxy

ie. hy=h,=0250b, b=10mm then

the tooth length I = £=50-10= 500 mm (very slender tooth)

2.If hy>h; =£<50-b (for b=b;=by):

e.g. h,=3-h and b=10mm then
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the tooth length 1= £>

50:;10 =167 mm (a more preferable size).

3.If hy>>h; =£<50-b (for b=b;=by):
e.g. h,=6-h and b=10mm then

the tooth length 1= £> 50-10

= 83 mm (a preferable size).

As stated, the number of teeth is preferably circa 100 per meter (b per tooth = 10
millimeters) of the joint connection e.g. the normal connection (4, = h;) or the
enlarged connection (h, > h;). However, the number of teeth may be chosen freely
between 25 and 200 per meter e.g. by changing the relation between the heights in

order to achieve a preferred length of the teeth.

Figs. 8a to 8c illustrate different embodiment of the corresponding dentated beam

ends or surface shell structure ends in an internal strengthening structure of a wind

“turbine blade (e.g. a blade of fig. 2a, 2b or 3a, 3b). The embodiments all illustrates

the connection of two wind turbine blade sections in which each section comprises
sets of unbroken wood or glass fiber 11 and carbon strips 10. The strips of wood or
glass fiber 11 are connected in the connection joint by using different embodiments
of long surfaces and adhering means e.g. in a normal sized or an enlarged connection

joint.

Fig. 8a illustrates the connections between at least three sets of wood or glass fiber
strips 11. The connections are established by corresponding strip ends shaped as
right-angled triangles each forming a rectangular connection of a similar thickness as
the rest of the strip. The strips of carbon 10 end freely with no corresponding

connection surfaces.
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Fig. 8b also illustrates the connections between at least three sets of wood or glass
fiber strips 11. The strips come in two shapes: Right-angled and equilateral triangles
in which the different strip types together form a rectangular connection between the

strips. The strips of carbon 10 end freely with no corresponding connection surfaces.

Fig. 8c illustrates the connections of fig. 8b in which the connections between at least
three sets of wood or glass fiber strips 11 are established with the use of intermediate
connection means 19. The intermediate connection means 19 are diamond shaped
and close the cavities between the strips with the same surface area but less teeth
length in relation to the previous figure. The strips of carbon 10 end freely with no

corresponding connection surfaces.

Figs. 9a to 9c illustrate further embodiments of the corresponding dentated beam
ends or surface shell structures in an internal strengthening structure of a wind
turbine blade. The corresponding surfaces of the embodiments are adhered to each

other by adhering means.

Fig. 9a illustrates the connection between two strips of wood or glass fiber 11 in
which one strip ends in a triangular shape and the other in a corresponding fork

shape.

The figure further illustrates three different embodiments of the connection between
carbon strips wherein each connection is different in shape and last two involve the

use of intermediate connection means 19.

The upper connection (1.) between two carbon strips is established by corresponding
strip ends shaped as right-angled triangles forming a rectangular connection of a

similar thickness as the other parts of the strips.

The center connection (2.) between two carbon strips is established by strip ends

shaped as right-angled triangles meeting tip to tip. The cavity between them is
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closed with a triangular intermediate connection means 19 in which the triangles and
the means establish corresponding surfaces to be used in the adhering and connection
of the carbon strips. The connection comprises the same surface area as the previous

figure (1.) but with lesser teeth length.

The lower connection (3.) between two carbon strips is established by strip ends
shaped as triangles meeting tip to tip (anything but right-angled tips). The two
cavities (on opposite side of the tips) are closed with two triangular intermediate
connection means 19 in which the triangles and the means establish corresponding

surfaces to be used in the adhering and connection of the carbon strips 10.

Fig. 9b illustrates the connection between two strips of wood or glass fiber 11 in
which the two strip ends are in a similar shape. The shape comprises different
triangles in which the degree of inclination is changed in a point of discontinuity
whereby sections of the triangles meet and two cavities (on opposite side of the met
sections) are closed with two triangular intermediate connection means 19 in which
the triangles and the means establish corresponding surfaces to be used in the

adhering and connection of the wood or glass fiber 11 strips.

Fig. 9c¢ illustrates the connection between two strips of wood or glass fiber 11 in
which one strip ends in a triangular shape and the other in a corresponding fork

shape.

The connection between two carbon strips is established by strip ends in
corresponding two- and three-pronged forks. The two forks form an enlarged
connection in relation to the rest of the carbon strips. The size of the connection
between the two strips of wood or glass fiber 11 is diminished in order to create the

necessary space for continuous seamless connections between different typed strips.

It shall be emphasized that each dentated beam or surface shell structure end in an

internal strengthening structure may be altered e.g. in length, position or number of
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teeth as long as the corresponding end or end and intermediate connection means
also are altered. Further, the different embodiments of the ends and intermediate
connection means may be used in connection with any type of strips e.g. wood, glass

fiber or carbon fiber strips.

Figs. 9d to 9e illustrate even further embodiments of the corresponding dentated
beam ends or surface shell structures in an internal strengthening structure of a wind

turbine blade.

Fig. 9d illustrates the connection between two strips of wood or glass fiber 11 in
which one strip ends in a triangular shape and the other in a corresponding fork
shape. The figure also illustrates the connection between two carbon strips 10 which
is established by the strips meet end to end and two intermediate connection means
19 are lashed on opposite sides of the ends tying them together. The surfaces
interconnecting the first and second strip, respectively, with the two intermediate
connection means. 19 correspond in size to the surface of the much longer connection

between carbon strips ends of e.g. fig. 9a.

The connection between the two strips of wood or glass fiber 11 is illustrated as
diminished in relation to the normal length or thickness of the strips in order to meet

the slightly enlarged carbon strip connection.

Fig. 9e illustrates the connection between two strips of wood or glass fiber 11 in
which one strip ends in a triangular shape and the other in a corresponding fork
shape. The figure also illustrates the connection between two carbon strips 10 which
is established by strip ends meet and are connected by one intermediate connection

means 19 lashed on one side of the carbon strips 10.

Figs. 10a to 10c further illustrate some of the possible connections between strips

such as carbon and wooden strips.
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The connection of fig. 10a corresponds largely to the connection between carbon
strips in fig. 9d with two intermediate connection means 19 corresponding to the
shape of the strips ends as well as stretching to overlap some of the regular strip
surfacé. The two intermediate connection means 19 are illustrated as rather freely

shaped means corresponding to the end surfaces of the strips.

Fig. 10b illustrates the two intermediate connection means 19 as triangles positioned
on the opposite side of the strips 10/11 and closing the connection between the two

ends of the strips in which the ends correspond to each other.

Fig. 10c illustrates the intermediate connection means as two different sets of
connection means 19a, 19b positioned one set after the next. The one set 19b is
positioned between the strip ends and the other sets 19a on opposite sides of the one

set 19b at the strips 10/11.

Figs. 11a to 11c illustrate some steps in an assembly method for the sections of the

wind turbine blade.

The transporting of the wind turbine blades from the manufacturing site to the place
of erecting the wind turbine is performed as sections. The sections are transported by
truck in which the transportation may be performed as a more standard transport due
to the reduced length and weight of the load in comparison to the wind turbine blade

in one piece.

Usually, the two sections of a wind turbine blade may be positioned side by side on
one truck. However, the maximum load limits of standard trucks may be one of the
parameters that determine the number of sections that a wind turbine blade is divided
into and how many sections which are positioned on each truck. Each blade may for
example be manufactured in three or more sections instead of two as described in the

embodiments exemplify the present invention and each section may also be



WO 2006/002621 PCT/DK2004/000467

10

15

20

25

30

30

positioned on a separate truck. The sections may further be transported in one or

more containers e.g. connected standard containers on train or sea transport.

Fig. 11a illustrates the sections of the wind turbine blade 5 as they arrive at the place
of erecting the wind turbine. The sections are forced against each other in such a way
that the dentated beam ends form a seamlessly connection. The connection includes
adhesive means on the surfaces of the beam ends, creating a fixed connection joint

21 or enlarged connection joint 22 between the blade sections.

Fig. 11b illusﬁates the blade sections after adhesive means has hardened and the
fixed joint connection thus has been established. The open distance between the
sections above the connection joint 21/22 is closed tightly with a cover surface 20
e.g. a few layers of glass fiber. This cover also serves as a reestablishment of the

aerodynamic profile for the blade at the connection joint.

Fig. 11c illustrates the wind turbine blade with the connection joint being ready for
mounting on the wind turbine after the cover surface has been painted in order to

blend in with the rest of the wind turbine blade.

Fig. 12 illustrates a single tooth 18 of the dentated beam ends or surface shell
structures in an internal strengthening structure of a wind turbine blade as well as an

enlarged cross sectional view of the tooth.

The shape of the tooth is illustrated as a substantially triangular shape but the teeth
may comprise any form that ensures long corresponding surfaces at the connection
joint between the sections of the wind turbine blade. The teeth of the connection joint
may e.g. comprise rectangular, corresponding round or more free-hand shapes as
well as triangular shapes with rounded tips in order to facilitate the manufacture
process. Further, the shape of the teeth may be a combination of different shapes e.g.
rectangular at the sides and triangular in the center of the beam end or the surface

shell structure.
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The enlarged cross sectional view schematically illustrates the tooth 18 ready to be
transported. After the manufacturing process of the teeth at the manufacturing plant
the surface of the teeth is covered with adhesive means 23 in a controlled
environment in order to prepare the adhesive means optimally for later use. The
adhesive means is subsequently confined by a protection layer 24 e.g. an airtight
layer of plastic. The layer is easily removed at the place of the assembly of the wind
turbine blade sections into wind turbine blades. e.g. with the use of latent cure or hot

melt technology.

Figs. 13a and 13b illustrate an embodiment of an on-site unit for positioning and
assembling a wind turbine blade sections and controlling the conditions during the

assembly.

Fig. 13a illustrates schematically an embodiment of an on-site unit for positioning

and assembling a wind turbine blade 5.

The on-site unit includes a number of hydraulic or electric actuators a-d connected to
the ends of the sections of the wind turbine blade. The sections are positioned in a
distance from each other in order to move freely up and down. With the actuators
and the actuator control means 28 it is possible to control the position of the sections
in relation to each other and the ground 25. The position of the sections 12, 13 may
be performed with a very high precision as the sections are provide with level
measuring means in the form of a laser transmitter and receiver 26a, 26b with

corresponding transmitter and receiver control means 27a, 27b.

The control means 27a, 27b, 28 of the actuators and the laser are connected to a
control means 29 which controls the actuators to lift the sections to a position in
which the laser receiver 26b sees the laser transmitter 26a. The wind turbine blade
sections are perfectly aligned when the position is reached and the sections are thus

ready to be forced against each other until they are seamlessly introduced into each
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other. The introduction may for example include the corresponding dentated beam
ends (as illustrated on the figure) or dentated ends of the surface shell structures in an
internal strengthening structure of a wind turbine blade. The introduction of the
sections may be performed with one or more actuators forcing the sections
horizontally against each other e.g. actuators forcing at the root and tip of the wind
turbine blade toward the connection joint. The introduction is preferably performed
quickly after the removal of the air tight protection cover from the dentated ends and

thus the exposing of the adhering means on the connection surfaces.

Fig. 13b further illustrates the on-site unit of fig. 13a in which the unit includes
means for controlling the environmental conditions during connection of the wind

turbine blade sections.

The unit includes a housing 33 such as a tent that separate the space at the joint
connection of the sections 12, 13 from the exterior. The housing ensures that the
conditions in the space may be controlled e.g. the temperature and humidity in the
space. In order to survey the space conditions it comprises a number of sensors 31
e.g. temperature and humidity sensors. The sensors are connected to the control
means 30 which controls heat supply 32 and/or humidity control to the housing as a

result of the sensor measurements.

With the confined and controlled environment inside the housing it is possible to
ensure an optimal adhesive connection between the corresponding dentated beam
ends or surface shell structures in an internal strengthening structure of a wind

turbine blade 5 e.g. a stronger and/or faster joint connection between the sections.

The invention has been exemplified above with reference to specific examples of the
wind turbine sections including dentated ends. However, it should be understood that
the invention is not limited to the particular examples described above but may be

altered e.g. in size, shape, number of teethes and choice of materials. Further, it
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should be understood that wind turbine blade may be designed in a multitude of

varieties within the scope of the invention as specified in the claims.
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Wind turbine

Wind turbine tower

Wind turbine nacelle

Wind turbine hub

Wind turbine blade

Internal strengthening structure

Internal beam strengthening structure

Internal strengthening structure at the trailing edge
Surface shell structure of a wind turbine blade
Carbon fiber laminate

Glass fiber biax laminate

Carbon fiber strips

Wood or glass fiber strips

First section of a wind turbine blade

Second section of a wind turbine blade
Corresponding dentated beam ends

Corresponding dentated beam ends

Corresponding dentated trailing edge ends
Corresponding dentated beam end units
Corresponding dentated trailing edge end units
Tooth of the dentated beam ends

Intermediate connection means

Cover surface

Joint connection of the wind turbine blade sections
Enlarged joint connection

Connection means e.g. an adhesive material
Protection cover or layer

Ground level at the place of erecting the wind turbine

Transmitter and receiver for measuring relative positions
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Transmitter and receiver means for measuring signals

Actuator means

Control means for controlling the adhesive process

Control means for controlling the assembly process

Sensors e.g. temperature and humidity sensors

Heat supply

Enclosure enclosing the joint connection of the wind turbine
blade sections

Wind blade root

Wind blade tip

Actuators

Longitudinal measuring line

Transverse line between the enlarged connection joint and the
adjacent normal blade

Length of the teeth of a dentated beam end

Connection surface of the strengthening structure

Transverse length of an enlarged joint in the strengthening
structure e.g. the largest length of the enlarged joint

Inner distance of the strengthening structure e.g. transverse
length of the strengthening structure in proximity of the enlarged
joint such as at the line n

Outer distance of the strengthening structure e.g. transverse
length of the strengthening structure in proximity of the enlarged

joint such as at the line n
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Claims

. Wind turbine blade (5) comprising

at least two wind turbine blade sections (12, 13) that include one or more
strengthening structures (6, 6a, 6b), the ends (14, 15) of said strengthening

structures being connected in a connection joint (22),

wherein said ends include corresponding connection surfaces, the one or more
relevant dimensions of said surfaces being larger than the dimensions of the

transverse surfaces of the strengthening structures at said ends, and

wherein one or more of said relevant dimensions of said connection joint (22) is

enlarged in relation to the adjacent strengthening structure (6, 6a, 6b).

. Wind turbine blade according to claim 1 wherein the ends (14, 15) of said

strengthening structures (6, 6a, 6b) of the blade sections (12, 13) are shaped as a

number of corresponding or partly corresponding dentated ends (14, 15).

. Wind turbine blade according to claim 2 wherein the teeth of said dentated ends

(14, 15) are shaped as triangles (18) such as right-angled and/or equilateral
triangles, four-sided teeth such as rectangles, round shapes or more free-hand
shapes as well as combination of different shapes e.g. a combination of a
rectangular shape and a triangular shape at the tip or a combination of different

triangular shapes.

. Wind turbine blade according to claim 2 or 3 wherein the sides of the teeth

comprise a pie shape such as rounded or wedge shaped teeth e.g. in order to

establish corners in a strengthening structure.
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. Wind turbine blade according to any of claims 2 to 4 wherein said dentated ends

(14, 15) partly corresponding to each other and the cavities are filled with one or
more intermediate connection means (19, 19a, 19b) e.g. triangular or diamond

shaped blocks.

. Wind turbine blade according to any of claims 2 to 5 wherein adhering means,

such as a two-component epoxy adhesive, adheres the corresponding dentated
ends (14, 15) and/or said one or more intermediate connection means (19, 19a,
19b) to each other.

. Wind turbine blade according to any of claims 1 to 6 wherein said one or more

relevant dimensions of said connection surfaces, transverse surfaces, connection
joint (22) and adjacent strengthening structure may be area, length or thickness

values.

. Wind turbine blade according to any of claims 1 to 7 wherein said one or more

relevant dimensions of said connection joint (22) is larger than that of the
adjacent strengthening structure in direction of the root (34) of the wind turbine
blade.

. Wind turbine blade according to any of claims 2 to 8 wherein the length 1 of one

of said teeth in an enlarged connection joint is given by

b _1000h-b _ o hy
h2 10,2k

> o'carbon b

Tepoxy

in which the /; is the adjacent height of the strengthening structure and 4; is the
enlarged height of said tooth at the same width b, said height /, being between 2

and 10 and preferably between 3 to 6 times the size of 4; such as 3 times.
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10. Wind turbine blade according to any of claims 2 to 9 wherein the number of teeth

11.

in the dentated ends (12, 13) is between 25 and 200 per meter of strengthening

structure such as circa 100 per meter i.e. b per tooth circa 10 millimeters.

Wind turbine blade according to any of claims 1 to 10 wherein said one or more

- strengthening structures (6, 6a, 6b, 10, 11) comprise an internal beam

strengthening structure (6a), an internal strengthening structure at the trailing
edge (6b) and/or an internal strengthening structure of a surface shell structure
(7) including a plurality of oblong strips imbedded in the blade surface such as
carbon (10), wood and/or glass fiber strips (11).

12. Wind turbine blade according to any of claims 1 to 11 wherein the enlargement

13.

of said connection joint (22) is symmetrical in relation to the adjacent
strengthening structure such as a symmetrical in- and outwardly expansion in

relation to the course of the adjacent strengthening structure.

Wind turbine blade comprising

at least two wind turbine blade sections that include one or more strengthening
structures (6, 6a, 6b) with a number of substantially oblong carbon fiber strips

(10) and strips (11) of one or further materials such as wood or glass fiber,

wherein the ends (14, 15) of said strengthening structures being connected in a

connection joint (21, 22), and

wherein said ends include corresponding connection surfaces, one or more
relevant dimensions of said surfaces being larger than the dimensions of the

transverse surfaces of the strengthening structures at said ends.
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Wind turbine blade according to claim 13 wherein the carbon fibers of said
substantially oblong carbon fiber strips (10) in each wind turbine blade section

are unbroken.

Wind turbine blade according to claim 13 or 14 wherein the corresponding ends
of said carbon fiber strips (10) are connected and the corresponding ends of said
strips (11) of one or further materials are connected in the connection joint (21,
22).

Wind turbine blade according to any of claims 13 to 15 wherein the ends (14, 15)
of said strengthening structures (6, 6a, 6b) of the blade sections (12, 13) are
shaped as a number of corresponding or partly corresponding dentated ends (14,
15).

Wind turbine blade according to claim 16 wherein the teeth of said dentated ends
(14, 15) are shaped as triangles (18) such as right-angled and equilateral
triangles, four-sided teeth such as rectangles, round or more free-hand shapes as
well as combination of different shapes e.g. a combination of a rectangular shape

and a triangular shape at the tip or a combination of different triangular shapes.

Wind turbine blade according to claim 17 wherein the sides of the teeth comprise
a pie shape such as rounded or wedge shaped teeth e.g. in order to establish

corners in a strengthening structure.

Wind turbine blade according to claim 17 or 18 wherein the length of one of said

teeth in an connection joint (21) is given by

b 1000-b

EZ o-carbon ) - 50 . b
2 10-2

T

epoxy
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in which the height of the connection joint (21) and the adjacent height of the

strengthening structure are the same or substantially the same.

Wind turbine blade according to claim 17 to 19 wherein the number of teeth in
the dentated ends (12, 13) is between 25 and 200 per meter of blade surface such

as circa 100 per meter i.e. b per tooth circa 10 millimeters.

Wind turbine blade according to claim 16 to 20 wherein said dentated ends (14,
15) partly corresponding to each other and the cavities are filled with one or more
intermediate connection means (19, 19a, 19b) e.g. triangular or diamond shaped
blocks.

Wind turbine blade according to any of claims 16 to 21 wherein adhering means,
such as two-component epoxy adhesive, adheres the corresponding dentated ends
(14, 15) and/or said one or more intermediate connection means (19, 19a, 19b) to

each other.

Wind turbine blade according to any of claims 13 to 22 wherein said one or more
strengthening structures (6, 6a, 6b, 10, 11) comprise an internal beam
strengthening structure (6a), an internal strengthening structure at the trailing
edge (6b) and/or an internal strengthening structure of a surface shell structure
(7) including a plurality of oblong strips imbedded in the blade surface such as
carbon (10), wood and/or glass fiber strips (11).

Wind turbine blade according to any of claims 13 to 23 wherein said connection
joint (22) is enlarged in relation to the adjacent strengthening structure (6, 6a, 6b,
10, 11).

Wind turbine blade according to claim 24 wherein the length 1 of one of said

teeth in the enlarged connection joint (22) is given by
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gzacarbo)z'}ﬁ'b — lOOOhl b = Soﬁ'b
B2 10-hy2 h,

Tepoxy

in which the %; is the adjacent height of the strengthening structure and /; is the
enlarged height of said tooth at the same width b, said height %, being between 2

and 10 and preferably between 3 to 6 times the size of 4; such as 3 times.

Wind turbine blade according to claim 24 or 25 wherein said one or more
relevant dimensions of said connection joint (22) is larger than that of the
adjacent strengthening structure in direction of the root (34) of the wind turbine
blade.

Wind turbine blade according to claim 24 to 26 wherein the enlargement of said
connection joint (22) is symmetrical in relation to the adjacent strengthening
structure such as a symmetrical in- and outwardly expansion in relation to the

course of the adjacent strengthening structure.

Wind turbine blade according to any of claims 13 to 27 wherein said one or more
relevant dimensions of said connection surfaces, transverse surfaces, said
connection joint (21, 22) and adjacent strengthening structure being area, length

or thickness values.

Wind turbine blade according to any of claims 1 to 28 wherein the connection

joint is covered with a cover surface (20) such as a few layers of glass fiber.

Wind turbine blade section (12, 13) to be used in a wind turbine blade according

to at least one of the claims 1 to 29, said blade section comprising

a strengthening structure (6, 6a, 6b) with an end (14, 15) including a connection

surface for connection to another blade section (12, 13),
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one or more relevant dimensions of said surface being larger than the dimensions

of the transverse surfaces of the strengthening structures at said end, and

wherein said structure end (14, 15) includes a connection surface applied with

connection means (23) concealed behind a removable cover (24).

Wind turbine blade section (12, 13) according to claim 30 wherein said
connection means (23) is adhering means, such as two-component epoxy
adhesive, which is concealed behind air tight plastic layers of a removable cover

(24) e.g. with the use of latent cure or hot melt technology.

Assembly plant for assembling wind turbine blade sections (12, 13) to a wind

turbine blade according to any of claims 1 to 29, said plant comprising

means in order to position the wind turbine blade sections in relation to each

other such in order to create a connection joint (21, 22) between the sections,

enclosure (33) for at least enclosing the connection joint (21, 22) of the wind

turbine blade sections (12, 13), and

means (29, 32) for controlling one or more environmental values within the

enclosure (33).

Assembly plant according to claim 32, wherein said means (29, 32) for
controlling one or more environmental values include a heat supply and humidity
control (32), sensors (31) e.g. temperature and humidity sensors and control

means for controlling the adhesive process (29).

Assembly plant according to claim 32 or 33, wherein said means to position the
wind turbine blade sections include actuators (a-d) for moving at least one

section in a vertical and horizontal plane in relation to another section, position
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measuring means such as a transmitter and receiver (26a, 26b) positioned on a
wind blade section, respectively as well as transmitter and receiver means (27a,
27b) and control means (30).

Assembly plant according to any of claims 32 to 34, wherein said enclosure (33)
is a tent tightly enclosing the connection joint in relation to temperature and/or

humidity.

Method of assembling wind turbine blade sections to wind turbine blades in a
place different from the manufacturing place of said wind turbine blade sections,

said method comprising the steps of:

* creating at least one connection surface in one end of a strengthening structure of

37.

38.

each section ready for connection where one or more dimensions of said surface

are larger than the transverse surface of the structure,

positioning the wind turbine blade sections in relation to each other with

elevation means such as actuators,

connecting the wind turbine blade sections at said at least one connection surface

by using connection means,

where at least one environmental value of the connection area is controlled

during the assembling.

Method according to claim 36, where the environmental values for temperature

and humidity is controlled in an enclosed space.

Method according to claim 36 or 37, where the wind turbine blade sections are
connected with adhesive means, said means being exposed by removing a

removable cover before the connection.
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39. Method according to claim 36 to 38, where the surfaces of said sections are

bonded using adhering means such as two-component epoxy adhesive.

40. Method according to claim 36 to 39, where the connection joint is closed with a

cover surface such as a few layers of glass fiber.

41. Use of a wind turbine blade according to any of claims 1 to 29 in connection with

the erection of large modern wind turbines.

42. Use for a method of assembling sections of a wind turbine blade according to

claims 36 to 40 in connection with the erection of large modern wind turbines.
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