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Abstract

Bundle of roving yarns, method of manufacturing a bundle of roving yarns and me-

thod for manufacturing a work piece

A method of manufacturing a bundle (5) of roving yarns (1) is described. The method
is wherein assembling a number of roving yarns (1) of longitudinal unidirectional
fibres and an additional component (2, 36) in a bundle (5). For example, at least one
resin distribution means (2) or a thermoplastic material (36) can be placed as the

additional companent (2, 36) in the bundle (5).

Figure 1
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e Claim
1.

A method of manufacturing a bundle (5) of roving yarns {1), wherein
assembling a number of roving yarns (1) of longitudinal unidirectional fibres

and an additional component (2, 36} in a bundle (5).

The method as claimed in claim 1, wherein placing at least one resin distribu-
tion means (2) or a thermoplastic material (36) as the additional component

{2, 36} in the bundle (5).

The method as claimed in claim 2, wherein placing at least one porous yarn
and/or fibrous yarn and/or permeable tube and/or resin flow channel as resin
distribution means (2} in the bundle (5) and/or placing at least one thermo-
plastic fibre and/or thermoplastic sheet as thermoplastic material (36) in the

bundle {5).

The method as claimed in any of the claims 1 to 3, wherein using glass fibres,

carbon fibres, basalt fibres, aramid fibres or natural fibres as roving yarns (1).

The method as claimed in any of the claims 1 to 4, wherein wrapping the bun-

dle of roving yarn (5) by a wrapping yarn (3).

The method as claimed in any of the claims 1 to 5, wherein using roving yarn
(1) comprising randomly oriented fibres or transverse fibres {(9) and/or using

wrapping yarn (3) comprising randomly oriented fibres or transverse fibres (9).

A bundle of roving yarn (5} comprising a number of roving yarns (1) of longitu-

dinal unidirectional fibres and an additional component (2, 36).

The bundle of roving yarn (5) as claimed in claim 7, wherein it comprises at
least one resin distribution means (2) or a thermoplastic material (36) as the
additional component.

The bundle of roving yarn (5) as claimed in claim 8, wherein it comprises at
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least one porous yarn and/or fibrous yarn and/or permeable tube and/or resin
flow channel as resin distribution means (2) and/or it comprises at least one

thermoplastic fibre and/or thermoplastic sheet as thermoplastic material (36).

10. The bundle of roving yarn (5) as claimed in any of the claims 7 to 9, wherein it

comprises at least one wrapping yarn (3).

11. The bundle of roving yarn (5) as claimed in any of the claims 7 to 10, wherein
the roving yarn (1) comprises randomly oriented fibres or transverse fibres (9)
and/or the wrapping yarn (3} comprises randomly oriented fibres or trans-

verse fibres (9).

12. A method for manufacturing a work piece by Vacuum Assisted Resin Transfer
Moulding, comprising the steps of placing at least one bundle ({5) of roving
yarn as claimed in any of the claims 7 to 11 in a mould (8} of a closed mould
system, applying vacuum to the closed mould system and injecting resin into a

mould cavity.

13. The method as claimed in claim 12, wherein compacting the at least one bun-

dle (5) of roving yarn by means of vacuum.

4. A method for manufacturing a work piece, comprising the steps of placing at
least one bundle (5) of Roving yarn as claimed in any of the claims 7 to 11
which comprises thermoplastic material in a mould (8) and consolidating by
initial heating and melting the thermoplastic material, followed by cooling the

material.

15. A work piece which is manufactured by a method as claimed in any of the
claims 12 to 14.
. th . a
Dated this 19" day of March, 2012 Wahoos 6 @holm J ~

M.P. Bhatnagar
Of Bhatnagar & Associates
Agent for the Applicant
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Description

®

Bundle of roving yarns, method of manufacturing a bundle of roving yarhs and me-

thod for manufacturing a work piece

The present invention is related to a method of manufacturing a bundle of roving
yarns, to a bundle of roving yarns and to the use of such bundles of roving yarns. It is
further related to a method for manufacturing a work piece, for example a wind tur-

bine rotor blade, and to a work piece.

Fibre reinforced plastic composites are used in a variety of technical products such
as cars, wind turbine blades, storage tanks etc. Most products 6f big size, such as
wind turbine blades are manufactured by placing woven glass fabric, delivered on
rolls, into one or more moulds. In the common resin injection process known as Va-
cuum Assisted Resin Transfer Moulding (VARTM), the moulds are closed, and va-
cuum is applied to the closed mould system. A resin, such as polyester, epoxy, vinyl
ester or other, is then injected into the mould cavity, thus filling the space between
the fibres in the laminates. In load bearing structures, a unidirectional glass fabric is
often used. The glass fibre rovings in the fabric may be stitched together using yarns
of polyester or similar material. In a long structure, such as a wind turbine blade, it is
advantageous to use multiple layers of unidirectional fibre materials. The weaving

process is costly, and often doubles the price of the fibre material.

For achieving high strength, an increased number of unidirectional fibre layers are
typically placed in the mould. This requires much labour force, and leads to high cost

of the final product.

It is a first objective of the present invention to provide an advantageous method of
manufacturing a bundle of roving yarns. It is a second objective of the present inven-
tion to provide an advantageous bundle of roving yarn. It is a third objective of the

present invention to provide an improved method for manufacturing a work piece by



vacuum assisted resin transfer moulding. it is a forth objective of the present inven-

tion to provide a further method for manufacturing a work piece.

The first objective is solved by a method for manufacturing a bundle of roving yarns
as claimed in claim 1. The second objective is solved by a bundle of roving yarns as
claimed in claim 7. The third objective is solved by a method for manufacturing a
work piece as claimed in claim 12. The forth objective is solved by a method for
manufacturing a work piece as claimed in claim 14. The fifth objective of the present
invention is solved by a work piece as claimed in claim 15. The depending claims de-

fine further developments of the present invention.

The inventive method of manufacturing a bundle of roving yarns is characterized in
assembling a number of roving yarns of longitudinal unidirectional fibres and an ad-
ditional component in the bundle. The longitudinal unidirectional fibres may, for
example, be reinforced fibres. Preferably, at least 10, advantageously 10 to 100, rov-

ing yarns are assembled in a bundle. Roving yarns contain thousands of single fibres.

By means of the inventive method the fibre yarn can be supplied directly into the
mould, or a machinery in the vicinity of the mould can be employed for assembling
the roving yarns into bundles, that can be placed in the mould in a simple and fast
way. Hence, the manufacturing of bundles of roving yarns simplifies the placing of
unidirectional fibre material in a mould, for example for manufacturing a wind tur-

bine biade. The bundles can easily be placed in the mould, for example by a robot.

Providing and using longitudinal unidirectional fibres assembled in bundles of 10 to
100 or more roving yarns has the advantage that they can replace woven fabrics,
which are typically more expensive than the described bundles of roving yarns. The
inventive method of manufacturing bundles of roving yarns provides a cost reducing

material which can be used for manufacturing work pieces.

Advantageously, at least one resin distribution means or a thermoplastic material



can be placed as additional component in the bundle. Generally, the additional com-
ponent can be placed in the centre of the bundie. The resin distribution means may
for example be a flow enhancing means or a resin transport means, which accom-
modates the resin flow for the impregnation of the fibres in the surrounding rovings.
The resin distribution means or flow enhancing means or a resin transport means
may have a higher permeability for liquid resin flow than the longitudinal unidirec-

tional fibres.

In the context of the inventive method of manufacturing a bundle of roving yarns at
least one porous yarn and/or at least one fibrous yarn and/or at least one permeable
tube and/or at least one resin flow channel can be placed as resin distribution means
in the bundle. The additional component can advantageously be placed in the middle
or in the centre of the roving bundle. The centrally located additional component
serves as a fast resin transport channel, in order to reach a fast impregnation of the
roving fibres. By means of vacuum and capillary forces the resin can migrate from
the centre to the surrounding rovings. As a porous yarn is placed in the centre, there
are equal distances to the outmost fibres of the bundle. Instead of a porous yarn, a

permeable tube of plastic, paper, or other material could be used.

The resin flow channel in the centre of the roving bundle can be constructed in a way
that allows the resin to be drained from the channel by means of capillary forces
from the roving area. Either the empty channel space can then be a porous struc-
ture, resembling a sandwich foam material, or the channel can be made collapsible.
The collapse can for example be initiated by elevated temperatures, a higher vacuum

level or other controlied physical changes.

Moreover, at least one thermoplastic fibre and/or at least one thermoplastic sheet
can be placed in the bundle as thermoplastic material. The use of thermoplastic ma-
terial provides the possibility of thermosetting the bundle, for example in the con-

text of a process for manufacturing a work piece.



Generally, glass fibres, carbon fibres, basalt fibres, aramid fibres or natural fibres, for

example natural fibres from wood or plants, can be used as roving yarns.

Preferably, the bundle of roving yarns can be wrapped by a wrapping yarn. The
wrapping yarn can be coiled around the bundle. Preferably, the wrapping yarn is an
elastic yarn. Using an elastic yarn allows the bundle to change its round shape when
placed in a mould, so that all bundles fit with no air voids between the bundles. Fur-
thermore, the bundles can be stored on a bobbin and than used later, or the bundles
can be transferred directly from a winding machine to a mould. Alternatively, yarns

that are not elastic can also be foreseen.

The used roving yarn and/or the used wrapping yarn may comprise randomly
oriented fibres or transverse fibres. The randomiy oriented fibres or transverse fibres
may for example be milled fibres, short fibres or long fibres. They can be placed on
the outside of the bundie or in the outmost layer of the roving or can be included in
the bundle or attached to the bundle. The use of randomly oriented fibres or longi-
tudinal fibres enhances the shear strength of a laminate to be created by means of
the inventive bundles. Another purpose of these randomly oriented fibres is to im-
prove the crack resistance in these unidirectional fibre laminates. Randomly oriented
short or long fibres can also be integrated in or placed on the resin yarn that holds

the roving bundle together.

The inventive bundle of roving yarn comprises a number of roving yarns of longitu-
dinal unidirectional fibres and an additional component. Generally, the inventive
bundle of roving yarn can be manufactured by the previously described method and
has the advantages which are previously mentioned. For example, the inventive
bundle of roving yarn may comprise at least one resin distribution means or a ther-
moplastic material as the additional component. Moreover, it may comprise at least
one porous yarn and/or fibrous yarn and/or permeable tube and/or resin flow chan-
nel as resin distribution means. Furthermore, it may comprise at least one thermop-

lastic fibre and/or thermoplastic sheet as thermoplastic material.



Preferably, the bundle of roving yarn comprises at least one wrapping yarn, which

can be coiled around a bundle.

Furthermore, the roving yarn may comprise randomly oriented fibres or transverse

fibres. The wrapping yarn may also comprise randomly oriented fibres or transverse

fibres.

Regarding further properties and advantages of the inventive bundles of roving yarn

it is referred to the previously described inventive method.

The inventive method for manufacturing a work piece by vacuum assisted resin
transfer moulding comprises the steps of placing at least one bundle of roving yarn
as previously described in a mould of a closed mould system, applying vacuum to the
closed mould system and injecting resin into a mould cavity. The work piece may, for
example, be a wind turbine rotor blade. The bundles of roving yarn can advanta-
geously be transferred directly from a winding machine into the mould. Generally,
the bundles can be placed in the mould by means of a robot. After placing the bun-
dles in the mould, the at least one bundle of roving yarn or the number of roving

yarn bundles can be compacted. This can be performed by means of vacuum.

An alternative inventive method for manufacturing a work piece comprises the steps
of placing at least one previously described bundle of roving yarn which comprises
thermoplastic material in a mould and thermosetting the thermoplastic material.
The thermosetting is performed by consolidating the material by initial heating and
meiting the thermoplastic material, followed by cooling the material In order to melt
the thermoplastic material, the thermoplastic fibres mixed with reinforcement fibres
can be heated, to for example 200°C. Then, the liquid thermoplastic material can
flow in between the reinforced fibres, for example under vacuum. When cooled and
solidified, the work piece is finished. This method provides a cheap and easily per-

formable method for manufacturing a longitudinal unidirectional fibre material.



The inventive work piece is manufactured by one of the previously described me-
thods. The inventive work piece has the advantage, that it can be manufactured at
comparably low costs since expensive woven fibre material can be replaced by bun-

dles of roving yarn.

The present invention including all previously described methods and devices has
the advantage that a fast production rate can be obtained with bundles instead of
single roving laid in the mould. Moreover, an improved linear fibre orientation is
obtained as no stitching yarns are creating waviness or resin rich pockets. Further-
more, a faster impregnation of the fibres can be done, due to a proper combination
of vacuum channels and capillary forces. By use of the present invention laminates

with extremely high stiffness (E-Modulus) can be fabricated.

Further features, properties and advantages of the present invention will become
clear from the following description of embodiments in conduction with the compa-
nying drawings. The described features are advantageous separate or in any combi-

nation with each other.

Elements of the different figures and embodiment which correspond to each other

are designated with the same reference numeral.

Figure 1 schematically shows the inventive method for manufacturing a bundle

of roving yarns.

Figure 2 schematically shows an inventive bundie of roving yarns in a sectional
view.
Figure 3 schematically shows an assembly of a number of inventive bundles of

roving yarns in a sectional view.

Figure 4 schematically shows the assembly of figure 3 after applying vacuum.



Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

Figure 14

schematically shows a coiled inventive bundle of roving yarns.

schematically shows the placement of inventive roving bundles in a

mould.

schematically shows a further variant of a wrapped roving bundle in a

sectional view.

schematically shows the wrapped roving bundle of figure 7 in a side

view.

schematically shows the wrapped roving bundle of figure 7 in a pers-

pective view.

schematically shows an inventive wrapped bundle in a perspective

view.
schematically shows only the wrapping yarn of figure 10.

schematically shows an inventive bundle of rovings in a sectional

view,

schematically shows a further variant of an inventive bundle of rovings

in sectional view.

schematically shows another variant of an inventive bundle of rovings

in sectional view.

A first embodiment of the present invention will now be described with reference to

figures 1 to 6. Figure 1 schematically shows the inventive method for manufacturing

a bundle of roving yarns. A number of roving yarns 1 and a central resin flow yarn 2

are assembled in a bundle of rovings 5 by means of a winding apparatus 4. An addi-



tional wrapping yarn 3 is circumferentially winded about the bundle of rovings 5 by

means of the winding apparatus 4.

The roving yarn 1 may comprise glass fibre, carbon fibre, basalt fibre, aramid fibre or
nature fibre, for example from wood or plants. The roving yarn 1 comprises longitu-
dinal unidirectional reinforced fibres. The bundle 5 preferably comprises at least 10,
advantageously 10 to 100 roving yarns 1. The wrapping yarn 3 may advantageously
be an elastic yarn. This allows the bundle 5 to change its round shape when placed in
a mold, so that all bundles 5 fit with no air voids between the bundles. Yarns 3 that

are not elastic can although be foreseen.

The centrally placed flow yarn 2 may for example be a porous or fibrous yarn. It is
preferably placed in a middle of the roving bundle 5. The central yarn serves as a fast
resin transport channel, in order to reach a fast impregnation of the roving fibres 1.
By means of vacuum and capillary forces the resin will migrate from the centre to
the surrounding roving. As the porous yarn is placed in the centre, there are equal
distances to the outmost fibres 1 of the bundles 5. Instead of a porous yarn, a per-

meable tube of plastic, paper, or other material can be used.

Figure 2 schematically shows an inventive bundle of roving yarns in a sectional view.
The bundle 5 has a round shape. The resin transport yarn or tube 2 is located in the
center of the bundle 5 and is surrounded by a number of unidirectional roving yarns

1.

Figure 3 schematically shows an assembly of a number of inventive bundles of roving
yarns 5, for example in a mouid for manufacturing a work piece like a wind turbine
rotor blade. Figure 3 shows the bundles 5 in a sectional view. Between the bundles 5

which are touching each other, air voids 7 are occurring.

Figure 4 schematically shows the assembly of figure 3 after applying vacuum during a
process of vacuum applied present transfer molding. In Figure 4 the roving bundles 5

are compacted by applying vacuum, for example in a closed mould system. The air



voids 7 between the bundles 5 are no longer present.

Figure 5 schematically shows a coiled inventive bundle of roving yarns. After manu-
facturing a bundle of roving yarns 5 by means of a winding apparatus 4 as previously
described in conjunction with figure 1, the wrapped bundle of roving 5 is coiled. The
coiled bundle is designated by reference numeral 6. A coiling of the inventive bundle

of roving yarns 5 is especially possible, if an elastic wrapping yarn 3 is used.

Figure 6 schematically shows the placement of inventive roving bundles 5 in a mould
8. In figure 6 a mould 8 for manufacturing a wind turbine rotor blade is shown. A
number of wrapped roving bundles 5, as previously described, are assembled in the
mould. Preferably, the wrapped roving bundles 5 are assembled in longitudinal di-

rection or parallel to the span direction of the wind turbine rotor blade.

A further variant of the inventive wrapped roving bundle will now be described with
reference to figures 7 to 9. Figure 7 schematically shows a wrapped roving bundle 15
in a sectional view. Figure 8 schematically shows the wrapped roving bundle 15 in a
side view and figure 9 schematically shows the wrapped roving bundle 15 in a pers-

pective view.

The wrapped roving bundle 15 comprises unidirectional roving 1, a central resin flow
channel 2 and a number of transverse fibres 9. For example, only on the outside of
the bundle 15 or in the outmost layers of roving 1 the transverse or randomly
oriented fibres 9 are present. The transverse or randomly oriented fibres 9 may, for
example, milled fibres, short fibres or long fibres. They can be included or attached
to the bundle 15, in order to enhance the shear strength of the laminate to be
created. Another purpose of these randomly oriented fibres 9 can be to improve

crack resistance in these unidirectional fibre laminates.

A variant which can be applied to all embodiments of the present invention will now
be described with reference to figures 10 and 11. Randomly oriented short or long

fibres can be integrated in or placed on the wrapping yarn 3 that holds the roving
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bundle 5 or 15 together. This is schematically shown in figure 10 and figure 11. Fig-
ure 10 schematically shows an inventive wrapped bundle 25 in a perspective view.

Figure 11 schematically shows only the wrapping yarn 3 of figure 10.

The bundle 25 may have the properties of the bundle 5, which was previously de-
scribed in figure 1 and 2 or may have the properties of the bundle 15, which was
previously described with reference to figure 7 to 9. The bundle 25 in figure 10 com-
prises a wrapping yarn 3 which comprises transverse or randomly oriented fibres 9.
The transverse or randomly oriented fibres 9, which may for example be milled fi-
bres, short fibres or long fibres, enhance the shear strength of a laminate to be
created. Moreover, the transverse or randomly oriented fibres 9 can improve the

crack resistance system of the created fibres laminate.

A further embodiment of the present invention will now be describes with reference
to figure 12 to 14. Figure 12 schematically shows an inventive bundle of rovings 35 in
a sectional view. The bundle comprises a number of roving yarns 1 and a thermop-

lastic fibre 36. The thermoplastic fibre 36 is located in the center of bundle 35.

Figure 13 schematically shows a further variant of an inventive bundle of rovings 45
in sectional view. The bundle 45 comprises a number of roving yarn 1 and a number
of thermoplastic fibres 36. In the bundle 35 the thermoplastic fibres 36 are randomly

placed between the roving yarns 1.

Figure 14 schematically shows another variant of an inventive bundle of rovings 55 in
sectional view. The bundle of rovings 55 comprises a number of roving yarns 1, a
number of thermoplastic fibres 36 and a resin transport yarn 2. The resin transport
yarn 2 or resin distribution means 2 is placed in the center of the bundle 55. The re-
sin distribution means 2 may have the properties as previously described. The ther-

moplastic fibres 36 are randomly placed between the roving yarns 1.

The inventive method for manufacturing a bundle of roving yarns can also be used
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for a mixture of reinforced fibres 1 and thermoplastic fibres 36, thermoplastic
sheets, or thermoplastic materials in general as, for example, shown in figures 12 to
14. For manufacturing a work piece, for example a wind turbine rotor blade, the in-
ventive bundles 35, 45 and 55, as shown in figures 12 to 14, can be placed in a
mould. The thermoplastic fibre material 36, mixed with reinforced fibre material 1,
can then be melted and cured. In order to melt the thermoplastic material, the
thermoplastic fibres mixed with reinforcement fibres can be heated, to for example
200°C. Then, the liquid thermoplastic material can flow in between the reinforced
fibres, for example under vacuum. When cooled and solidified, the work piece is fi-

nished.

Additionally to thermosetting the material, liquid resin may be infused into the fibre

filled mold cavity of a closed mould system.

All previously described bundles of roving 5, 15, 25, 35, 45 and 55 can be used for
manufacturing a work piece, for example a wind turbine rotor blade, by means of
Vacuum Assisted Resin Transfer Moulding (VARTM). In this context fibre material, for
example a number of unidirectional fibre layers and/or a number of inventive bun-
dles of roving 5, 15, 25, 35, 45 and 55, are placed in a mould shell. A mould core can
be placed onto the fibre material. Then the mouid can be closed and vacuum can be
applied to the closed mould cavity. Then, resin, such as polyester resin, epoxy resin,
vinyl ester or other resin, can be injected into the mould cavity, filing the space be-

tween the fibres in the laminate.

Alternatively or additionally, thermoplastic material can be mixed with the fibre rein-
forced material or can be placed between fibre layers. In this case, the thermoplastic
material can be heated and melted. Then, the mixture between thermoplastic fibres
and reinforced fibre material is consolidated by initial heating and melting the ther-
moplastic material, followed by the solidification by cooling the material. Then, the
mixture between thermoplastic fibres and reinforcement fibre material is forming a

rigid composite material.
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