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(57) Abréegée/Abstract:

A method Is disclosed for producing a fibre reinforced composite by pultrusion having variable strength characteristics along its
length Including the steps of drawing through a pultrusion die (38) a series of reinforcing fibres (32) to form a pultruded fibre
composite product. The method Is characterided by incorporating in the reinforcing fibres (14) prior to the pultrusion step additional
fibres (20) to form modified fibres (32) having a characteristic such as tenacity or modulus different from that of the first saia
reinforcing fibres (14) in order to wary the strength characteristics of the final composite (42) substantially without altering the cross-
sectional area thereof. A curable or settable plastics material (40) Is applied around the fibres during the pultrusion step and which
IS cured, part-cured or allowed to set to form the finished composite (42).
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| (57) Abstract l

A method is disclosed for producing a fibre reinforced composite by pultrusion having variable strength characteristics along its
length including the steps of drawing through a pultrusion die (38) a series of reinforcing fibres (32) to form a pultruded fibre composite
product. The method is characterided by incorporating in the reinforcing fibres (14) prior to the pultrusion step additional fibres (20) to
form modified fibres (32) having a characteristic such as tenacity or modulus different from that of the first said reinforcing fibres (14)
in order to wary the strength characteristics of the final composite (42) substantially without altering the cross—sectional area thereof. A

curable or settable plastics material (40) is applied around the fibres during the pultrusion step and which is cured, part—cured or allowed
| to set to form the finished composite (42).
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Fibre Reinforced Composites and Method of Making Same

This invention relates to fibre reinforced composites, in particular those used in

high strength applications such as aircraft structures.

Tt is known to manufacture by pultrusion, composite structural members for use
as skin stringers for aircraft wing and fuselage skins, for example. Such pultruded
members are currently manufactured by drawing reinforcing fibres, such as carbon
fibres, through a die, applying liquid plastics matrix material to the fibres, and curing
or setting the whole to form a fibre reinforced composite structural member of the
required cross-sectional shape and of indefinite length. Patent US 5,439,215 discloses
a method for producing pultruded hockey sticks and similar products where the
hockey stick shaft varies in flex from the upper portion of the shaft to the lower
portion of the shaft by varymg the rate of feeding fibres through the pultrusion

machine.

There exists a requirement to provide structural members such as aircraft wing
or fuselage skin stringers with strength characteristics which vary along their length. It
is currently proposed to provide such a member with vanable cross-section in order to
achieve the variation in strength required. Unfortunately such changes in cross-
sectional shape for pultruded members are not easy to achieve. Currently variable
shape pultrusion dies are being investigated with a view to allowing changes in cross-
sectional shape of the structural member along its length. It will be appreciated that

such variable-cross-section dies will be somewhat complex and possibly difficult to

pfoduce. In addition their rehability and/or longevity may be limited.
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According to one aspect of the present invention,

H

there 1s provided a method of producing a fibre reinforced

composite by pultrusion having variable strength

characteristics along its length i1ncluding the

P

ﬁ
—

steps of

drawing through a pultrusion die a series of reinforcing

| S

"1ibres to form a

J

pultruded fibre composite product

characterised by incorporating in the reinforcing fibres

prior to the pultrusion step additional fibres

F

characteristic different from that of the said

having a

reinforcing

fibres in order to vary the strength characteristics of the

final product substantially without altering the cross-

sectional area thereof, a plastics matrix material being

applied around the fibres and allowed to solidify to form

the finished composite.

According to another aspect of the present

invention there 1s provided a method of producing a fibre

reinforced composite by pultrusion having strength

characteristics which vary along the length of

F

the

composite, the method 1including the steps of drawing through

a pultrusion die a series of reinforcing fibres to form a

pultruded fibre composite product characterised by

incorporating in the reinforcing fibres prior to the

pultrusion step additional flbres, which may have a

characteristic such as tenacity or modulus dif:

erent from

that of the said reinforcing fibres, in order to vary the

strength characteristics of the final product along the said

length substantially without altering
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the cross-sectional area therecf, a curable or settable

plastics matrix material being applied around the fibres and

solidified by being cured or allowed to set to form the

finished composite.

By "tenacity" is meant tensile strength per unit

area of fibre. 1In this way a higher tenacity fibre may have

a reduced cross sectional area compared with a lower
tenacity fibre. By "modulus" is meant Young's modulus for

the fibre concerned.

Preferably, the additional fibres are either

p—

spliced between discrete lengths of the reinforcing fibres,

or interlaced or otherwise distributed amongst continuous

sald reinforcing fibres.

The fibres may be pre-impregnated with the

plastics material before being drawn through the pultrusion

die. If the fibres are not pre-impregnated then a plastics

material may be introduced amongst the fibres as they are
drawn through the die. Where the plastics material 1is
curable, the pultrusion die may be heated to effect curing

or part curing of the plastics material.

The fibres may be in the form of i1ndividual

strands, or may form woven and/or non-woven webs.

According to another aspect the invention provides
a pultruded elongate fibre reinforced composite structural
member of substantially constant cross-section comprilising a

P

series of reinforcing fibres extending along the length

thereof and set in solidified plastics matrix material

wherein additional fibres having a characteristic different

from the reinforcing fibres are incorporated 1n the
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reinforcing fibres to vary the strength characteristics ot

the structural member along its length.

A method in accordance with the invention will now
be described by way of example, and with reference to the

accompanying drawings in which:

Figure 1 is a diagrammatic view of an apparatus for splicing

fibres for use in a method in accordance with the invention;

Figure 2a is an alternative enlarged diagrammatic view of

box A in Figure 1;

Figure 2b is an enlarged diagrammatic view of box A 1n

Figure 1; and

Figure 3 is a diagrammatic view of a pultrusion apparatus

L

for producing a fibre reinforced composite 1n accordance

with the invention.
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Figure 1 shows an apparatus for splicing fibres and comprises a substantially
horizontal work bench 10, a source roll 12 of reinforcing fibres 14 and a product

receiving roll 16.

Reinforcing fibres 14 are drawn off the source roll 12, across the work bench

10 and wound onto the product receiving roll 16.

Additional fibres 20 are provided which can either be spliced between lengths
26, 28 of the reinforcing fibres (Figure 2a) to provide an area 18 having a
characteristic such as tenacity or modulus different from that of the fibres 14, or can

be interlaced or otherwise distributed amongst the reinforcing fibres 14 (Figure 2b).

When the additional fibres 20, are spliced into the reinforcing fibres 14 as
shown in Figure 2a, the ends of the fibres may either be knotted together or air blown
so that the fibres become matted together to form a joint 22. It should be noted that

the joint 22 so formed primarily allows continuity of the pultrusion process.

It should be further noted that it is preferable for the introduction of a change 1n fibre
type to be phased over the predetermined area or areas 18. By phasing the
introduction of the additional fibres, stress on individual joints between the fibres 1s

spread over a greater area thus minimising stress concentration.

In Figure 2a it will be noted that the phased introduction leads to the additional fibres

20 meeting the reinforcing fibres 14 on an oblique plane 24 although 1t will be

understood that other suitable phased introduction, e.g. a zig-zag, could be used.

The product receiving roll 16 1s then transferred to a pultruding apparatus 30 as
shown in Figure 3. The pultruding apparatus 30 includes supports (not shown) for a
number of product receiving rolls 16. In the present example, four rolls 16 are carried
by the supports. The modified fibres, indicated at 32, are drawn from the rolls 16 and

aligned through guide vanes 34 and 36 so as to position them in a predetermined

pattern.
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The modified fibres 32 are then pulled through a pultrusion die 38. Resin 40
from a supply 41 is injected amongst the fibres 32 as they are drawn through the die
38 to produce a fibre reinforced composite 42 of substantially constant cross-sectional
area. The fibre reinforced composite 42 is part drawn out through the die 38 by

reciprocating caterpillar pullers 44.

Where the additional fibres 20 are distributed amongst the reinforcing fibres 14
as in Figure 2b there is a reduction in the ratio of fibre 32 to resin 40 content of the

final composite 42 compared to the composition in which the fibres are spliced as

shown 1n Figure 2a.

The fibres 32 may also be pre-impregnated with resin before drawing them
through the pultrusion die 38. That may alleviate, or avoid altogether, the need to

inject resin 40 amongst the fibres 32 as they are pulled through the die 38.

The fibres 32 may be in the form of a fabric, which may be woven and/or non-

WOVCI].

[f the resin is curable, the pultrusion die 38 may be heated to effect curing or

part curing of the resin.

In the present example, the plastics matrix material used is a resin, although 1t

may also be any adhesive/matrix system.

The length of the predetermined area 18 along the fibres 14 can be selected as

required.

The above methods enable the production of a fibre reinforced composite

having variable strength characteristics along its length without alteration of the cross-

sectional area of the pultruded composite.
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CLAIMS:
1. A method of producing a fibre reinforced composite

by pultrusion having variable strength characteristics along

its length including the steps of drawing through a

F

pultrusion die a series of reinforcing fibres to form a

pultruded fibre composite product characterised Dby

incorporating in the reinforcing fibres prior to the

pultrusion step additional fibres having a characteristic

different from that of the said reinforcing fibres in order

to vary the strength characteristics of the final product

substantially without altering the cross-sectional area

r—

thereof, a plastics matrix material being applied around the

!

fibres and allowed to solidify to form the finished

composite.

2 . A method according to claim 1 in which the said

*
p—

characteristic is selected from the group consisting o:

fibre tenacity and fibre modulus.

3. A method according to claim 1 or 2 in which the
additional fibres are spliced between discrete lengths of

the reinforcing fibres.

4 . A method according to claim 1 or 2 in which the

additional fibres are interlaced amongst continuous said

reinforcing fibres.

-

5. A method according to any one of claims 1 to 4 1in

which the plastics matrix material is applied to the fibres,

within the die.

6 . A method according to any one of claims 1 to 4 1n

which the fibres are pre-impregnated with a plastics matrix

material before being drawn through the die.



10

15

20

25

CA 02362235 2006-10-24

26158-139
6

7. A method according to any one of claims 1 to 6 1n

which the fibres are in the form of a woven web.

8. A method according to any one of claims 1 to 6 1n

which the fibres are in the form of a non-woven web.

9. A pultruded elongate fibre reinforced composite
structural member of substantially constant cross-section
comprising a series of reinforcing fibres extending along
the length thereof and set i1n solidified plastics matrix

material wherein additional fibres having a characteristic

different from the reinforcing fibres are incorporated 1in
the reinforcing fibres to vary the strength characteristics

of the structural member along its length.

10. A structural member as 1n claim 9 in which the

B

said characteristic is selected from the group consisting of

fibre tenacity and fibre modulus.

11. A structural member as 1n claim 9 or 10 1n which

the additional fibres are spliced between discrete lengths

of the reinforcing fibres.

12. A structural member as in claim 9 or 10 in which
the additional fibres are i1nterlaced among continuous

reinforcing fibres.

pr——
prver

13. A structural member as in any one of claims 9

to 12 in which the additional fibres are in the form of a

woven web.

14 . A structural member as in any one of claims 9

P
—

to 12 1n which the additional fibres are 1n the form o:

Nnon-woven wep.

15. A structural member as 1n any one of claims 9

to 14 comprising an ailrcraft stringer.
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16. An aircraft aerofoil i1ncorporating a structural

member as 1n any one of claims 9 to 15.

FETHERSTONHAUGH & CO.
PATENT AGENTS
OTTAWA, CANADA
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