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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method and
apparatus for aligning discontinuous fibres in the manu-
facture of a fibre preform.

BACKGROUND OF THE INVENTION

[0002] Several techniques exist for the manufacture of
aligned discontinuous fibre composites, typically involv-
ing hydraulic, electrical, magnetic, or pneumatic means,
each technique having specific benefits relating to either
fibre type, fabrication time or orientation level.
[0003] Composites can achieve high specific strength
and stiffness through fibre alignment. Continuous fibre
reinforced composite has a high specific stiffness and
strength and yet is susceptible to brittle fracture due to
limited ductility. Aligned discontinuous short fibre com-
posites can also achieve high performance provided the
fibre aspect ratio is sufficiently high to give sufficient load
transfer capability. Complex structural shapes not easily
fabricated using continuous fibres can be produced. The
discontinuity of fibres provides scope to create a ductile
or pseudo-ductile response under loading by deforma-
tion and slip at fibre discontinuities. However, the degree
of ductile or pseudo-ductile response is limited by the
degree of fibre alignment.
[0004] A method and apparatus for aligning discontin-
uous fibers is described in US5888340. A feeder appa-
ratus is used to align the fibers in a horizontal plane for
feeding to the aligning apparatus providing an electrical
field to orient the fibers in one preselected direction. The
fibers can be of different lengths and a mixture of different
types to make composites with controlled microstructure
and properties. The composite materials can be in the
form of non-woven, discontinuous fiber reinforced ther-
moplastic stampable sheets with controlled fiber orien-
tation distribution.
[0005] US6066235 describes a wet lay process for
manufacture of highly-oriented fibrous mats having fibres
in the region of 10-60mm in length. A thickened solution
containing suspended fibres is introduced into the head-
box of a wetlay machine. The solution is applied to a
moving belt through which suction is applied inducing a
flow aligning the fibres along the stream line near the
moving belt.
[0006] US3617437 describes a wet processing meth-
od of manufacturing a composite material using a con-
verging flow to achieve a good degree of fibre alignment
in fibres of short length. The method described includes
the steps of dispersing fibres in a viscous liquid and pass-
ing the suspension through an orifice to at least partially
align the fibres. The partially aligned suspension is then
laid upon a surface moving relative to the orifice and with-
drawing the viscous liquid through a permeable surface
at a velocity such that fibre alignment is maintained.

[0007] The use of a high-viscous working fluid, such
as glycerine, limits manufacturing time and therefore cost
effectiveness. However, in the presently known methods,
any reduction in processing time tends to be at the ex-
pense of fibre alignment levels.
[0008] There is therefore a need for a discontinuous
fibre processing method capable of producing high per-
formance ductile composite materials which can be de-
formed without significant loss in performance and with-
out catastrophic failure having reducing manufacturing
time whilst simultaneously achieving a high level of fibre
alignment. Such materials provide greater reliability and
safety, together with reduced design and maintenance
requirements and longer service life.

SUMMARY OF THE INVENTION

[0009] A first aspect of the invention provides appara-
tus for aligning discontinuous fibres, the apparatus com-
prising an alignment surface; an opposed pair of channel
surfaces with a channel between them, wherein the chan-
nel has a moveable base between the opposed pair of
channel surfaces which supports the fibres as they move
along the channel; a drive motor for moving the base
relative to the channel surfaces to convey the fibres along
the channel; a nozzle oriented at an oblique angle to the
alignment surface; and a pump arranged to feed a liquid
containing discontinuous fibres to the nozzle, wherein
the nozzle is arranged such that in use it directs a jet of
liquid containing discontinuous fibres onto the alignment
surface so that the jet of liquid is deflected by the align-
ment surface into the channel, and wherein the apparatus
is further arranged such that in use the fibres move along
the channel after the jet has been deflected into the chan-
nel by the alignment surface. Typically the nozzle is ar-
ranged such that in use the jet of liquid meets the align-
ment surface at an oblique angle (which may be the same
as the oblique angle of the nozzle or it may be slightly
different).
[0010] A second aspect of the invention provides a
method of manufacturing a fibre preform with aligned dis-
continuous fibres, the method comprising: directing a jet
of liquid containing discontinuous fibres onto an align-
ment surface from a nozzle so that the jet meets the align-
ment surface at an oblique angle and is deflected by the
alignment surface into a channel between an opposed
pair of channel surfaces, wherein the fibres move along
the channel after the jet has been deflected into the chan-
nel by the alignment surface; and removing the liquid
from the fibres to provide the fibre preform, wherein at
least some of the fibres have a length greater than a
spacing between the channel surfaces.
[0011] The present invention provides an improved de-
gree of alignment compared with known methods of
aligning discontinuous fibres. Typically the alignment of
the fibres is achieved by three processes which operate
one after the other. Firstly the fibres become partially
aligned by the action of the nozzle as the jet is formed.
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Secondly the fibres become further aligned by the action
of the alignment surface on the jet. Thirdly the fibres be-
come further aligned by the action of the opposed pair
of channel surfaces as they move along the channel.
[0012] The invention is well suited to a liquid with a low
viscosity - for instance less than 100cps, less than 50cps,
or less than 10cps. This enables the process to run quick-
er than one with a high-viscous working fluid such as
glycerine. The liquid preferably comprises water, either
pure water or an aqueous solution.
[0013] Preferably the jet of liquid meets the alignment
surface at an average speed greater than 1.5 m/s, greater
than 1.6m/s or greater than 1.7m/s.
[0014] Preferably the jet of liquid meets the alignment
surface at an average speed less than 4m/s.
[0015] Preferably the jet of liquid meets the alignment
surface at an average speed greater than 1.5m/s and
less than 4m/s.
[0016] The apparatus comprises a pump arranged to
feed the liquid containing discontinuous fibres to the noz-
zle. Typically the pump is arranged to feed the liquid into
the nozzle at a sufficiently high rate to ensure that the jet
of liquid meets the alignment surface at an average speed
greater than 1.5 m/s, greater than 1.6m/s or greater than
1.7m/s.
[0017] Typically the pump is arranged to feed the liquid
into the nozzle at a sufficiently high rate to ensure that
the jet of liquid meets the alignment surface at an average
speed greater than 1.5 m/s and less than 4m/s.
[0018] The channel may have a non-uniform width, but
more preferably a spacing between the channel surfaces
(which defines the width of the channel) remains sub-
stantially constant along a length of the channel.
[0019] The nozzle is preferably inclined down at an an-
gle to the horizontal. This causes the jet to be deflected
down towards a base of the channel and thus ensures
that the jet is fully captured within the channel. The nozzle
is preferably inclined down at an acute angle to the hor-
izontal which is greater than 10° and less than 45°.
[0020] Typically the channel has a base between the
channel surfaces which extends lengthwise along a
channel axis and supports the fibres as they move along
the channel, and the nozzle is oriented at an oblique an-
gle to the channel axis.
[0021] The alignment surface may lie in a different
plane to both channel surfaces, but more preferably it is
coplanar with a respective one of the channel surfaces.
[0022] The alignment surface and the channel surfac-
es may be provided by three separate parts, but more
typically the apparatus comprises first and second plates,
wherein the first plate provides the alignment surface and
each plate provides a respective one of the channel sur-
faces.
[0023] The nozzle may be arranged such that in use it
directs the jet of liquid containing discontinuous fibres
over the second plate, or through a hole in the second
plate. This prevents the liquid from backflowing out of the
channel in the wrong direction. In one embodiment the

second plate has a main part with a first height, and a
fence part with a lower height than the main part. The
nozzle is arranged such that in use it directs the jet of
liquid containing discontinuous fibres over the fence part
of the second plate.
[0024] The first and second plates may be staggered
so that the first plate has a part which extends beyond
the second plate and provides the alignment surface.
[0025] The fibres may be moved along the channel on-
ly under the force of gravity and/or the force of the jet.
However more preferably the channel has a moveable
base between the opposed pair of channel surfaces
which supports the fibres as they move along the chan-
nel, and the apparatus further comprises a drive motor
for moving the base relative to the channel surfaces to
convey the fibres along the channel. A conveyor belt may
receive the fibres from the moving channel base. In this
case the conveyor belt may be moved at a faster speed
than the channel base so that the fibres stretch as they
transfer from the channel base to the conveyor belt.
[0026] The apparatus may be provided with a tank cou-
pled to the nozzle, the tank containing fibres dispersed
in a liquid, at least some of the fibres having a length
greater than a spacing between the channel surfaces.
[0027] Typically a spacing between the channel sur-
faces can be adjusted.
[0028] The apparatus may have means for removing
the liquid from the fibres, such as a vacuum device, either
as they move through the channel or after they have
moved through the channel. The channel may have a
permeable base between the opposed pair of channel
surfaces which supports the fibres as they move along
the channel, and the vacuum device is coupled to the
permeable base so that it removes the liquid from the
fibres in the channel through the permeable base as they
move along the channel. The permeable base is prefer-
ably permeable across a full width of the channel between
the opposed pair of channel surfaces so that the vacuum
device applies a vacuum across the full width of the chan-
nel.
[0029] An impregnation station may be provided for
impregnating the fibres with a matrix material to provide
an impregnated fibre preform. Alternatively the appara-
tus may produce a non-impregnated fibre preform.
[0030] The apparatus may be replicated with one or
more further alignment surfaces, nozzles, and opposed
channel surfaces; and an impregnation station for im-
pregnating the fibres from all of the channels with a matrix
material so that they are bound together in a single pre-
form. The fibres from the two or more of the channels
may have different material properties so the resultant
preform is a hybrid with two or more distinct strips with
different material properties.
[0031] The apparatus may have a fence which closes
an inlet of the channel. The fence may be inclined at an
acute angle to the opposed channel surfaces, or may run
at right angles to the opposed channel surfaces.
[0032] Typically the nozzle has an outlet width, and at
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least some of the fibres have a length greater than the
outlet width of the nozzle. The nozzle may have an elon-
gate shape, or it may be circular.
[0033] Typically the nozzle has a maximum outlet
width, and at least some of the fibres have a length great-
er than the maximum outlet width of the nozzle.
[0034] Typically the nozzle has a minimum outlet width,
and at least some of the fibres have a length greater than
the minimum outlet width of the nozzle.
[0035] The maximum outlet width of the nozzle is typ-
ically less than 3mm, less than 2mm, or less than
1mm.The minimum outlet width of the nozzle is typically
less than 3mm, less than 2mm, or less than 1mm.
[0036] Preferably the jet meets the alignment surface
at an acute angle to a line normal to the alignment sur-
face. This acute angle is typically greater than 10°. The
acute angle is typically less than 45°.
[0037] Preferably the nozzle is inclined at an acute an-
gle to a line normal to the alignment surface. This acute
angle is typically greater than 10°. The acute angle is
typically less than 45°.
[0038] Any of the desirable or optional features dis-
cussed herein in relation to first and subsequent aspects
of the invention can be applied to any aspect, either in-
dividually or in any combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Embodiments of the invention will now be de-
scribed with reference to the accompanying drawings, in
which:

Figure 1 shows an orientation head;

Figure 2a is a top view of the orientation head of
Figure 1;

Figure 2b is a side view of the orientation head of
Figure 1;

Figure 3 is a side view of an orientation head showing
alignment of the fibres in use;

Figure 4 shows an orientation head with three plates
and two nozzles;

Figure 5a is a top view of the orientation head of
Figure 4;

Figure 5b is a side view of the orientation head of
Figure 4;

Figure 6 is a schematic representation of a system
for manufacturing prepreg tape using the orientation
head of Figure 4;

Figure 7 shows a preform manufactured by the ori-
entation head of Figure 4;

Figure 8 shows apparatus for manufacturing a two-
part hybrid preform;

Figures 9 and 10 show two-part hybrid preforms
manufactured by the apparatus of Figure 8;

Figures 11 and 12 show an alternative orientation
head;

Figure 13 is a top view of part of the orientation head
of Figure 1 illustrating the problem of escaping back-
flow;

Figures 14 and 15 show an alternative orientation
head;

Figure 16 is a top view of part of the orientation head
of Figure 14 showing the prevention of escape of the
backflow;

Figures 17 and 18 show a further alternative orien-
tation head;

Figure 19 is a top view of part of the orientation head
of Figure 17 showing the prevention of escape of the
backflow;

Figure 20 shows apparatus for manufacturing a
three-part hybrid preform;

Figures 21 and 22 show three-part hybrid preforms
manufactured by the apparatus of Figure 20;

Figure 23 is a side view of an orientation head with
an arbitrary number of orientation plates;

Figure 24 is a top view of the orientation head of
Figure 23;

Figure 25 shows alternative apparatus for manufac-
turing a three-part hybrid preform;

Figure 26 shows a hybrid preform manufactured by
the apparatus of Figure 25;

Figure 27 is an isometric view of an alternative ori-
entation head;

Figure 28 is an enlarged view A of one end of the
orientation head of Figure 27;

Figure 29 is an enlarged view B of the other end of
the orientation head of Figure 27;

Figure 30 shows a probability distribution of fibre an-
gle in a preform; and

Figure 31 shows a probability distribution of fibre an-
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gle in a prepreg composite tape.

DETAILED DESCRIPTION OF EMBODIMENT(S)

[0040] Referring to Figures 1-3, there is shown an ori-
entation head 1 for aligning discontinuous fibres. A noz-
zle 2 is oriented at an oblique angle to two parallel plates
4,5. The plates are staggered in the direction of flow (x
direction) so that the plate 5 has a protruding part 5a
extending beyond the plate 4 in the -x direction. The
plates 4,5 have the same length so that the plate 4 also
has a protruding part extending beyond the plate 5 in the
+x direction.
[0041] In use as shown in Figure 1, the nozzle 2 directs
a jet of liquid 2a onto the protruding part 5a of the plate
5 so that the jet is deflected into a channel 7 between the
plates as shown in Figures 2a and 2b. Note that as shown
in Figure 2a the jet 2a impacts the protruding part 5a of
the plate outside the channel 7 (just upstream of its inlet)
but optionally the nozzle may be repositioned and reori-
ented so that the jet 2a impacts the plate 5 inside the
channel 7.
[0042] The plates 4,5 are oriented vertically (parallel
to the zx plane) and spaced apart in the y direction by a
distance d1 labelled in Figure 2a. The opposed faces of
the plates 4,5 define the sides of the channel 7 so the
distance d1 defines the width of the channel 7. The plates
4,5 are parallel so the width d1 remains substantially con-
stant along the length of the channel. The channel also
has a base 7a between the plates 4,5 which extends
lengthwise along the channel axis and lies in the (hori-
zontal) xy plane.
[0043] The nozzle 2 is inclined with respect to the chan-
nel axis so that when viewed from above (as shown in
Figure 2a) the jet 2a meets the plate 5 at an acute angle
θ to the channel axis (or equivalently at an angle 90-θ to
a line normal to the face of the plate 5). The acute angle
θ is typically in the range of 70° to 90°, for example 80°,
so the minimum value of θ is 70°. Similarly the nozzle is
inclined down so that when viewed from the side (as
shown in Figure 2b) the jet 2a meets the plate 5 at an
acute angle φ to the vertical (z-direction) or equivalently
at an angle (90-φ) to the horizontal. The acute angle φ is
typically in the range of 45° to 90°, for example 60°, so
the minimum value of φ is 45°.
[0044] The outlet of the nozzle 2 is spaced apart from
the plates 5 and positioned at a height about 10mm above
the channel base 7a. Thus the liquid flies as an unsup-
ported jet 2a across an air gap before impacting with the
plate 5.
[0045] The jet 2a contains discontinuous fibres 10 in
suspension as shown in Figure 3 which are roughly
aligned with the flow direction of the jet. Note that in Figure
3 the first plate 4’ is modified compared with the plate 4
shown in Figure 1, being shorter than the second plate
5 in the z-direction. The jet 2a follows a trajectory 11 as
it impacts the plate 5. Depending on the speed and angle
of the jet this trajectory may be straight as shown or slight-

ly curved. The protruding part 5a of the plate which de-
flects the jet provides an alignment surface which imparts
a momentum change on the fibres 10 tending to align
them with the plane of the alignment surface on impact.
[0046] On impact the jet 2a is deflected to follow a path
2b towards the opposed plate 4 as shown in Figures 2a
and 2b which guides them along the channel. Most (or
all) of the fibres have a length greater than the width d1
of the channel 7 so that they become further aligned with
the flow direction along the length of the channel as
shown in Figure 3. Preferably the width d1 is at least 1/3
shorter than the average fibre length. The average fibre
length typically lies within the range of 0.1mm to 5mm.
The total range of fibre lengths within the jet is quite tightly
grouped around the average, typically varying by about
610% from the average.
[0047] Referring to Figures 2b and 3, the channel base
7a is formed by a conveyor belt 12 of permeable material
which is slidably mounted on a water suction plate 13
with a vacuum chamber 14 and vacuum port 15 coupled
to a vacuum device (not shown in Figure 2b). The con-
veyor belt 12 supports the oriented fibres 10 while the
liquid is removed through it by the action of the vacuum.
[0048] Referring to Figures 4 and 5, there is shown an
orientation head 1’ which is identical to the orientation
head 1 except that is has an additional nozzle 3 which
directs a jet 3 a onto a projecting part 6a of a third plate
6 spaced from the plate 5 by a distance d2. The jet 3a is
deflected at 3b towards the plate 5 along a channel 8
with a base 8a between the plates 5,6. The conveyor belt
12’, suction plate 13’ and vacuum chamber 14’ are wid-
ened compared with items 12-14 to accommodate the
double width. Each channel 7,8 outputs a respective strip
7b,8b of aligned fibres as shown in Figure 4 which merge
together to form an aligned preform.
[0049] The orientation head 1’ shown in Figure 4 is
used in a system shown in Figure 6. The system includes
a water trap tank 20 supplying a tank 21 with water. The
fibres are fed into the tank 21 via a fibre inlet 22. The tank
21, containing a mix of fibres 10 dispersed in water 23,
is coupled to the nozzles 2,3 via a water pump 24. The
action of the pump 24 causes the fibre/water mixture to
accelerate as it passes through the outlet of the nozzle,
this acceleration having an alignment effect on the fibres
which tends to roughly align them in the direction of flow
of the jet. Each nozzle 2,3 has an inwardly tapering con-
ical shape terminating in a circular outlet with a diameter
less than the fibre length. The jet from the nozzle is a
continuous stream as shown in Figure 4 rather than a
spray. The rate of flow from the pump 24 is arranged to
feed the liquid into the nozzle at a sufficiently high rate
to ensure that the jet of liquid meets the alignment surface
at an average speed (i.e., an average taken across the
width of the jet) which is greater than 1.5 m/s. In the case
of a circular nozzle with a nozzle width (diameter) of 2mm,
then an average jet speed of 1.8m/s can be used. In the
case of a circular nozzle with a nozzle width (diameter)
of 1mm or less, then an average jet speed between
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1.5m/s and 4m/s has been found to work well. Preferably
the jet has small-scale turbulent flow so as not to induce
too much drag force on the parallel plates.
[0050] The vacuum port 15’ is coupled to a vacuum
device 25 via a vacuum line 26 which passes through
the water trap tank 20 so that the water in the vacuum
line 26 is returned to the water trap tank.
[0051] The aligned fibre preform output from the chan-
nels 7,8 on the conveyor belt 12’ is transferred to a drying
and impregnation station 30. The conveyor belt 12’ is
driven at a velocity V1 by a motor 27 with variable speed.
The station 30 comprises a conveyor belt 31 which re-
ceives the preform from the conveyor belt 12 and is also
driven by a motor 28 with a variable speed at a velocity
V2 which is greater than V1. These motors 27,28 for the
conveyor belts 12’, 31 are controlled individually and an
encoder can be used to give feedback to the motors. This
difference in velocity stretches the fibres and provides a
further alignment effect. The fibres on the belt 31 are
heated by a heater 32 to dry them, and then a resin film
33 is fed from a roll 34 into contact with the heated fibres,
melting and impregnating the preform to form pre-im-
pregnated (prepreg) composite tape 36 which is wound
onto a roll 35.
[0052] Figure 7 shows a preform 40 manufactured by
the system of Figure 6. The preform contains carbon fi-
bres 41 randomly mixed with glass fibres 42.
[0053] Figure 8 shows an alternative apparatus for use
with the orientation head 1’ in manufacturing a two-part
hybrid preform of the kind shown in Figures 9 and 10.
The apparatus of Figure 8 has a first tank 46 containing
fibres 47 suspended in liquid 48, and a second tank 49
containing fibres 50 suspended in liquid 51. Liquid from
each tank is fed to the orientation head 1’ via a respective
pump 52,53. The preform has one half containing fibres
from the first tank 46 and another half containing fibres
from the second tank 49. Thus by selection of the fibre
and liquid in the tanks the two half strips 7b,8b of the
preform can have different properties. Thus for example
in the preform 54 of Figure 9 one half contains carbon
fibres 55 and the other half contains glass fibres 56; and
in the preform 60 of Figure 10 one half contains fibres 61
suspended in water and the other half contains fibres 62
suspended in a dilute sizing solution.
[0054] The hybrid preforms of Figures 7, 9 and 10 are
designed to obtain pseudo-ductility or ductility by the frac-
ture control of the composites. The critical fibre length
(lc) of carbon/epoxy composites is determined by eqn.
(1): 

 where df is the diameter of the fibres, σf is the tensile
strength of the fibres and τi is the shear strength or the
shear yield stress of the interface or the frictional shear
stress at the interface. Fibres which are shorter than the

critical length cannot be broken by stressing the compos-
ite. On the other hand, fibre breakage occurs and leads
to the whole composite’s rupture rather than slip between
the fibres and the matrix when the fibre is longer than the
critical fibre length.
[0055] Carbon/epoxy composites have typically high
modulus, but low failure strain (around 1.5% in continu-
ous fibre reinforced composites) and glass/epoxy com-
posites have relatively low modulus but high failure strain
(over 2% in continuous fibre reinforced composites). In
the case of continuous fibre reinforced composites, a hy-
brid composite with glass and carbon fibres shows pseu-
do-ductility provided the glass fibres can hold out the ap-
plied stress after all carbon fibres fail. The same symptom
can be expected in the case of the aligned short fibre
composites shown in Figures 7, 9 and 10. Furthermore,
the manufacturing process allows finer hybridization of
the carbon/glass fibres.
[0056] In the case of Figure 10 the dilute sizing solution
containing the fibres 62 increases the surface interface
characteristics of the fibres 62 compared with the fibres
61 contained in pure water. Thus the fibres 61 may have
better fibre pull-out properties than the fibres 62. Using
pure water as a working fluid, it can be assumed there
is no sizing material on the fibre. On the other hand, a
working fluid with a small amount of sizing materials (such
as waterborne epoxy, silane coupling agent etc.) can im-
prove the interface properties (the shear yield stress of
the interface) between the fibre and matrix, which means
that it is possible to control the critical fibre length of the
composite.
[0057] Figures 11 and 12 show an orientation head 70
which is similar to the orientation head 1’ but with orien-
tation plates 71-73 having different lengths so they all
terminate at the same x position at the outlet of the chan-
nels.
[0058] A potential backflow problem with the orienta-
tion head 1 is shown in Figure 13. The majority of the
liquid from jet 2a flows along the channel but part of it
may provide a backflow 2c which runs along the base
and flows out of the channel inlet. The orientation head
80 of Figures 14-16 solves this problem by providing the
first two plates with fences 81,82 extending in the -x di-
rection. The fences 81,82 have a lower height than the
plates so that the jets 2a,3a can pass over the top of
them. The fences 81,82 prevent the backflow 2c from
escaping the channels in the -y direction. Another solu-
tion to the backflow problem is shown in Figures 17-19.
In this case an inclined fence 85 closes the channels at
their inlet end and prevents the backflow 2c from escap-
ing the channel in the -x direction as well as the -y direc-
tion.
[0059] Figure 20 shows an alternative system includ-
ing an orientation head 90 for manufacturing a three-part
hybrid preform of the kind shown in Figures 21 and 22.
Note that the head 90 has four plates and three chan-
nels/nozzles in contrast to the head 1’ which has only
three plates and two channels/nozzles. A first tank 91
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contains fibres 92 suspended in liquid 93, and a second
tank 94 contains fibres 95 suspended in liquid 96. Liquid
from tank 91 is fed to a nozzle 97 via a first water pump
98, and liquid from tank 94 is fed to two nozzles 100,101
via a second water pump 102. Each nozzle directs a jet
into a respective channel between a pair of orientation
plates. The preform has a central tow containing fibres
from the first tank 91, and two outer tows each containing
fibres from the second tank 94. Thus by selection of the
fibre and liquid in the tanks the tows can have different
properties. Thus for example the preform 110 of Figure
21 has an inner tow with carbon fibres 111 and outer
tows containing glass fibres 112; and in the preform 120
of Figure 22 the central tow contains short fibres 121 with
a low average length L and the outer tows contain long
fibres 122 with an average length which is greater than L.
[0060] The orientation head can have any number of
orientation plates. By way of example Figures 23 and 24
show an orientation head with two sets of three orienta-
tion plates, and an arbitrary number of additional plates
between the two sets. The y position of each plate can
be adjusted so that the channel width d1, d2 between
each adjacent pair of opposed surfaces can be adjusted
as required for different fibre lengths.
[0061] The two faces of each plate are parallel planes,
and the lower edge of each plate lies transverse to these
parallel planes. As shown in Figure 23 there is a small
gap between this lower edge of each plate and the con-
veyor belt 12" to enable the conveyor belt 12" to be
moved. When several preform strips (for instance the
strips 7b,8b shown in Figure 4) merge together after ex-
iting the channels 7,8, a small gap will be present be-
tween them if the plate 5 between the channels 7,8 is
thick. The thickness of the plate 5 must be sufficiently
high to ensure that it has sufficient bending stiffness to
withstand the momentum of the jet 2a.
[0062] A way of adapting the lower edge of the plate 5
to minimise the gap between the strips 7b,8b whilst main-
taining the plate’s bending stiffness is shown in the en-
larged part of Figure 23. The lower part of the plate 5 is
shown with two alternative shapes. On the left-hand side
the plate is shown with inwardly tapered planar faces
132, 133 terminating at a planar lower edge 134. On the
right-hand side the plate is shown with inwardly tapered
planar faces 135, 136 terminating at a curved lower edge
137. Thus the width of the plate at its lower edge 134,137
(which governs the size of the gap between the strips
7b,8b) is smaller than the average thickness of the plate
(which governs its bending stiffness).
[0063] Figure 25 shows an alternative system for feed-
ing the orientation head 90 to produce a three-part hybrid
preform of the kind shown in Figure 26. Liquid from tank
91 is fed either to nozzle 97 via the first water pump 98
or to the two nozzles 100,101 via the second water pump
102, depending on the position of a switch 141. Similarly,
liquid from tank 94 is fed either to nozzle 97 via the first
water pump 98 or to the two nozzles 100,101 via the
second water pump 102, depending on the position of a

switch 142. The preform has a central tow containing
fibres from the first pump 98, and two outer tows each
containing fibres from the second pump 102. Thus by
selection of the fibre and liquid in the tanks, and the po-
sitions of the switches 141, 142, different parts of the
preform can have different properties. Thus for example
the preform of Figure 26 has a left section 145 and a right
section 146. The left section 145 has an inner tow with
glass fibres 150 and outer tows containing carbon fibres
151, and the right section 146 has an inner tow with car-
bon fibres 152 and outer tows containing glass fibres 153.
[0064] Figures 27-29 show an orientation head 160 ac-
cording to a further embodiment of the invention. The
head 160 has eleven plates which are mounted at each
end in a slot in a bracket 161,162 as shown in detail in
Figure 28. The spacing between the plates can be ad-
justed by selecting the slots in the brackets 161,162
which are used to mount the plates. Each plate has a
decreasing number of holes through which a jet 2a,3a
can be directed to impact the adjacent plate as shown in
Figure 29. Thus the first plate has ten holes 163 as shown
in Figure 27, the next plate has nine holes 164, the next
plate has eight holes and so on. The eleventh plate has
no holes.
[0065] Figure 30 is a graph showing a spread of fibre
angles in a preform manufactured by one of the orienta-
tion heads described above. About 80% of the fibre an-
gles are in the range of +/-3°. Figure 31 shows a spread
of fibre angles in a composite tape manufactured by one
of the systems described above. About 65% of the fibre
angles are in the range of +/-3° and about 90% are in the
range of +/-7°.
[0066] Composite tape manufactured according to the
present invention with 3mm carbon fibres at a volume
fraction between 40% and 55% have been shown to have
a relatively high tensile modulus (between 80 and 120
GPa), tensile strength (800-1600 MPa) and %strain at
break (1-1.4%).
[0067] The method described above provides a con-
tinuous and low cost process with fast fabrication times.
The method is not limited to a particular type of fibre,
although lengths in the range of 0.1mm to 5mm are typ-
ical, and provides a high alignment level (over 50% of
the fibre angles being in the range of +/-3°). The method
is suited for using recycled fibres and can be used to
produce hybrid preforms.
[0068] Although the invention has been described
above with reference to one or more preferred embodi-
ments, it will be appreciated that various changes or mod-
ifications may be made without departing from the scope
of the invention as defined in the appended claims.

Claims

1. Apparatus for aligning discontinuous fibres, the ap-
paratus comprising an alignment surface (5a); and
an opposed pair of channel surfaces (4,5) with a
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channel (7) between them;
characterised in that the channel has a moveable
base (7a) between the opposed pair of channel sur-
faces which supports the fibres (10) as they move
along the channel, the apparatus further comprising
a drive motor (27) for moving the base relative to the
channel surfaces to convey the fibres along the
channel; a nozzle (2) oriented at an oblique angle to
the alignment surface; and a pump (24) arranged to
feed a liquid containing discontinuous fibres (10) to
the nozzle, wherein the nozzle is arranged such that
in use it directs a jet of liquid (2a) containing discon-
tinuous fibres onto the alignment surface so that the
jet of liquid is deflected by the alignment surface into
the channel, and wherein the apparatus is further
arranged such that in use the fibres move along the
channel after the jet has been deflected into the
channel by the alignment surface.

2. The apparatus of claim 1 wherein a spacing (d1) be-
tween the channel surfaces (4,5) remains substan-
tially constant along a length of the channel.

3. The apparatus of claim 1 or 2 wherein the nozzle (2)
is inclined down at an angle to the horizontal.

4. The apparatus of any preceding claim wherein the
base (7a) extends lengthwise along a channel axis,
and the nozzle (2) is oriented at an oblique angle to
the channel axis.

5. The apparatus of any preceding claim comprising
first and second plates (4,5), wherein the first plate
provides the alignment surface (5a) and each plate
provides a respective one of the channel surfaces.

6. The apparatus of claim 5 wherein the nozzle is ar-
ranged such that in use it directs the jet of liquid (2a)
containing discontinuous fibres (10) onto the align-
ment surface (5a) through a hole (163) in the second
plate (4).

7. The apparatus of any preceding claim further com-
prising a conveyor belt (30) for receiving the fibres
(10) from the channel base (7a); and a drive system
(28) for moving the conveyor belt at a faster speed
than the channel base so that the fibres stretch as
they transfer from the channel base to the conveyor
belt.

8. The apparatus of any preceding claim further com-
prising a tank (21) coupled to the nozzle (2), the tank
containing fibres (10) dispersed in a liquid, at least
some of the fibres having a length greater than a
spacing (d1) between the channel surfaces (4,5).

9. The apparatus of any preceding claim further com-
prising means for removing the liquid from the fibres

(10), either as they move through the channel (7) or
after they have moved through the channel.

10. The apparatus of any preceding claim further com-
prising an impregnation station (30) for impregnating
the fibres (10) with a matrix material (33).

11. The apparatus of any preceding claim further com-
prising a second alignment surface (6a); a second
nozzle (3) oriented at an oblique angle to the second
alignment surface; and a second opposed pair of
channel surfaces (5,6) with a second channel (8) be-
tween them, wherein the apparatus is arranged such
that in use the second nozzle directs a second jet of
liquid (3a) containing discontinuous fibres (10) onto
the second alignment surface so that the second jet
of liquid is deflected by the second alignment surface
into the second channel, and the fibres then move
along the channel; and an impregnation station (30)
for impregnating the fibres from the first and second
channels (7,8) with a matrix material (33) so that they
are bound together in a single piece.

12. A method of manufacturing a fibre preform (40) with
aligned discontinuous fibres (10), the method com-
prising: directing a jet of liquid (2a) containing dis-
continuous fibres onto an alignment surface (5a)
from a nozzle (2) so that the jet meets the alignment
surface at an oblique angle and is deflected by the
alignment surface into a channel (7) between an op-
posed pair of channel surfaces (4,5), wherein the
fibres move along the channel after the jet has been
deflected into the channel by the alignment surface;
and removing the liquid from the fibres to provide the
fibre preform, wherein at least some of the fibres
have a length greater than a spacing (d1) between
the channel surfaces.

13. The method of claim 12 wherein the nozzle (2) has
an outlet width, and at least some of the fibres have
a length greater than the outlet width of the nozzle.

14. The method of claim 12 or 13 further comprising:
directing a second jet of liquid (3a) containing dis-
continuous fibres (10) onto a second alignment sur-
face (6a) from a second nozzle (3) so that the second
jet meets the second alignment surface at an oblique
angle and is deflected by the second alignment sur-
face into a second channel (8) between a second
opposed pair of channel surfaces (5,6), wherein the
fibres move along the second channel after the sec-
ond jet has been deflected into the second channel
by the second alignment surface; and removing the
liquid from the fibres to provide the fibre preform (40),
wherein at least some of the fibres have a length
greater than a spacing (d2) between the channel sur-
faces, and impregnating the fibres from the first and
second channels (7,8) with a matrix material (33) so
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that they are bound together in a single preform.

15. The method of claim 14 wherein the fibres (10) from
the first channel (7) are different from the fibres from
the second channel (8).

Patentansprüche

1. Vorrichtung zum Ausrichten diskontinuierlicher Fa-
sern, wobei die Vorrichtung eine Ausrichtungsfläche
(5a) und ein sich einander gegenüberliegendes Paar
Kanalflächen (4, 5) mit einem dazwischen ausgebil-
deten Kanal (7) aufweist;
dadurch gekennzeichnet, dass
der Kanal zwischen dem sich einander gegenüber-
liegenden Paar Kanalflächen eine bewegliche Basis
(7a) aufweist, die die Fasern (10) trägt, während sie
sich entlang des Kanals bewegen, wobei die Vor-
richtung ferner einen Antriebsmotor (27) zum Bewe-
gen der Basis relativ zu den Kanalflächen zum
Transportieren der Fasern entlang des Kanals auf-
weist;
eine Düse (2) unter einem schrägen Winkel zur Aus-
richtungsfläche ausgerichtet ist; und
eine Pumpe (24) derart angeordnet ist, dass der Dü-
se eine diskontinuierliche Fasern (10) enthaltende
Flüssigkeit zugeführt wird, wobei die Düse derart an-
geordnet ist, dass sie im Betrieb einen diskontinu-
ierliche Fasern enthaltenden Flüssigkeitsstrahl (2a)
auf die Ausrichtungsfläche lenkt, so dass der Flüs-
sigkeitsstrahl durch die Ausrichtungsfläche in den
Kanal abgelenkt wird,
wobei die Vorrichtung ferner dazu geeignet ist, die
Fasern im Betrieb entlang des Kanals zu bewegen,
nachdem der Strahl durch die Ausrichtungsfläche in
den Kanal abgelenkt worden ist.

2. Vorrichtung nach Anspruch 1, wobei ein Abstand
(d1) zwischen den Kanalflächen (4,5) entlang der
Länge des Kanals im Wesentlichen konstant bleibt.

3. Vorrichtung nach Anspruch 1 oder 2, wobei die Düse
(2) unter einem Winkel zur Horizontalen nach unten
geneigt ist.

4. Vorrichtung nach einem der vorangehenden An-
sprüche, wobei die Basis (7a) sich entlang einer Ka-
nalachse längsweise erstreckt und die Düse (2) un-
ter einem schrägen Winkel zur Kanalachse ausge-
richtet ist.

5. Vorrichtung nach einem der vorangehenden An-
sprüche, mit einer ersten und einer zweiten Platte
(4,5), wobei die erste Platte die Ausrichtungsflächen
(5a) bereitstellt und jede Platte eine jeweilige der Ka-
nalflächen bereitstellt.

6. Vorrichtung nach Anspruch 5, wobei die Düse derart
angeordnet ist, dass sie im Betrieb den diskontinu-
ierliche Fasern (10) enthaltenden Flüssigkeitsstrahl
(2a) über ein Loch (163) in der zweiten Platte (4) auf
die Ausrichtungsfläche (5a) richtet.

7. Vorrichtung nach einem der vorangehenden An-
sprüche, ferner mit einem Förderband (30) zum Auf-
nehmen der Fasern (10) von der Kanalbasis (7a),
und mit einem Antriebssystem (28) zum Bewegen
des Förderbandes mit einer Geschwindigkeit, die
höher ist als diejenige der Kanalbasis, so dass die
Fasern bei ihrem Übergang von der Kanalbasis auf
das Förderband gestreckt werden.

8. Vorrichtung nach einem der vorangehenden An-
sprüche, ferner mit einem mit der Düse (2) verbun-
denen Behälter (21), wobei der Behälter in einer
Flüssigkeit dispergierte Fasern (10) enthält, wobei
mindestens einige der Fasern eine Länge haben, die
größer ist als ein Abstand (d1) zwischen den Kanal-
flächen (4, 5).

9. Vorrichtung nach einem der vorangehenden An-
sprüche, ferner mit einer Einrichtung zum Entziehen
von Flüssigkeit von den Fasern (10), entweder wäh-
rend sie sich durch den Kanal (7) bewegen oder
nachdem sie sich durch den Kanal bewegt haben.

10. Vorrichtung nach einem der vorangehenden An-
sprüche, ferner mit einer Imprägnierstation (30) zum
Imprägnieren der Fasern (10) mit einem Matrixmat-
rial (33).

11. Vorrichtung nach einem der vorangehenden An-
sprüche, ferner mit einer zweiten Ausrichtungsfläche
(6a), einer zweiten Düse (3), die unter einem schrä-
gen Winkel zur zweiten Ausrichtungsfläche ausge-
richtet ist, und einem einander gegenüberliegenden
Paar Kanalflächen (5,6) mit einem dazwischen ge-
bildeten zweiten Kanal (8), wobei die Vorrichtung da-
für eingerichtet ist, dass im Betrieb die zweite Düse
einen diskontinuierliche Fasern (10) enthaltenden
zweiten Flüssigkeitsstrahl (3a) auf die zweite Aus-
richtungsfläche richtet, so dass der zweite Flüssig-
keitsstrahl durch die zweite Ausrichtungsfläche in
den zweiten Kanal abgelenkt wird, und wobei die
Fasern sich dann entlang des Kanals bewegen; und
mit einer Imprägnierstation (30) zum Imprägnieren
der vom ersten und vom zweiten Kanal (7,8) erhal-
tenen Fasern mit einem Matrixmaterial (33), so dass
sie zu einem einzigen Stück miteinander verbunden
werden.

12. Verfahren zum Herstellen einer Faservorform (40)
mit ausgerichteten diskontinuierlichen Fasern (10),
wobei das Verfahren die Schritte aufweist:
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Richten eines diskontinuierliche Fasern enthal-
tenden Flüssigkeitsstrahls (2a) auf eine Ausrich-
tungsfläche (5a) von einer Düse (2), so dass der
Strahl unter einem schrägen Winkel auf die Aus-
richtungsfläche auftrifft und durch die Ausrich-
tungsfläche in einen Kanal (7) zwischen einem
einander gegenüberliegenden Paar Kanalflä-
chen (4,5) abgelenkt wird, wobei die Fasern sich
entlang des Kanals bewegen, nachdem der
Strahl durch die Ausrichtungsfläche in den Ka-
nal abgelenkt worden ist; und
Entziehen von Flüssigkeit von den Fasern zum
Bereitstellen der Faservorform, wobei mindes-
tens einige der Fasern eine Länge haben, die
größer ist als der Abstand (d1) zwischen den
Kanalflächen.

13. Verfahren nach Anspruch 12, wobei die Düse (2)
eine Auslassweite hat, und wobei mindestens einige
der Fasern eine Länge haben, die größer ist als die
Auslassweite der Düse.

14. Verfahren nach Anspruch 12 oder 13, ferner mit den
Schritten:

Richten eines diskontinuierliche Fasern (10)
enthaltenden zweiten Flüssigkeitsstrahls (3a)
auf eine zweite Ausrichtungsfläche (6a) von ei-
ner zweiten Düse (3), so dass der zweite Strahl
unter einem schrägen Winkel auf die zweite
Ausrichtungsfläche auftrifft und durch die zweite
Ausrichtungsfläche in einen zwischen einem
einander gegenüberliegenden zweiten Paar Ka-
nalflächen (5,6) gebildeten zweiten Kanal (8)
abgelenkt wird, wobei die Fasern sich entlang
des zweiten Kanals bewegen, nachdem der
zweite Strahl durch die zweite Ausrichtungsflä-
che in den zweiten Kanal abgelenkt worden ist;
und
Entziehen von Flüssigkeit von den Fasern zum
Bereitstellen der Faservorform (40), wobei min-
destens einige der Fasern eine Länge haben,
die größer ist als ein Abstand (d2) zwischen den
Kanalflächen; und
Imprägnieren der vom ersten und vom zweiten
Kanal (7,8) erhaltenen Fasern mit einem Matrix-
material (33), so dass sie in einer einzelnen Vor-
form miteinander verbunden sind.

15. Verfahren nach Anspruch 14, wobei die vom ersten
Kanal (7) erhaltenen Fasern (10) sich von den vom
zweiten Kanal (8) erhaltenen Fasern unterscheiden.

Revendications

1. Appareil d’alignement de fibres discontinues, l’ap-
pareil comprenant une surface d’alignement (5a) ;

et une paire opposée de surfaces de canal (4, 5)
avec un canal (7) entre elles ;
caractérisé en ce que le canal comporte une base
mobile (7a) entre la paire opposée de surfaces de
canal qui supporte les fibres (10) lorsqu’elles se dé-
placent le long du canal, l’appareil comprenant en
outre un moteur d’entraînement (27) pour déplacer
la base par rapport aux surfaces de canal afin de
transporter les fibres le long du canal ; une buse (2)
orientée à un angle oblique avec la surface
d’alignement ; et une pompe (24) agencée pour ap-
porter un liquide contenant des fibres discontinues
(10) à la buse, dans lequel la buse est agencée de
sorte qu’en utilisation elle dirige un jet de liquide (2a)
contenant des fibres discontinues sur la surface d’ali-
gnement afin que le jet de liquide soit dévié par la
surface d’alignement dans le canal, et dans lequel
l’appareil est en outre agencé de sorte qu’en utilisa-
tion les fibres se déplacent le long du canal après
que le jet a été dévié dans le canal par la surface
d’alignement.

2. Appareil selon la revendication 1, dans lequel un es-
pacement (d1) entre les surfaces de canal (4, 5) reste
sensiblement constant le long d’une longueur du ca-
nal.

3. Appareil selon la revendication 1 ou 2, dans lequel
la buse (2) est inclinée vers le bas à un angle avec
l’horizontale.

4. Appareil selon une quelconque revendication précé-
dente, dans lequel la base (7a) s’étend dans le sens
de la longueur le long d’un axe de canal, et la buse
(2) est orientée à un angle oblique avec l’axe de ca-
nal.

5. Appareil selon une quelconque revendication précé-
dente, comprenant des première et seconde pla-
ques (4, 5), dans lequel la première plaque fournit
la surface d’alignement (5a) et chaque plaque fournit
l’une respective des surfaces de canal.

6. Appareil selon la revendication 5, dans lequel la buse
est agencée de sorte qu’en utilisation elle dirige le
jet de liquide (2a) contenant des fibres discontinues
(10) sur la surface d’alignement (5a) à travers un
trou (163) ménagé dans la seconde plaque (4).

7. Appareil selon une quelconque revendication précé-
dente, comprenant en outre une courroie transpor-
teuse (30) pour recevoir les fibres (10) en provenan-
ce de la base de canal (7a) ; et un système d’entraî-
nement (28) pour déplacer la courroie transporteuse
à une vitesse plus rapide que la base de canal de
sorte que les fibres s’étirent lorsqu’elles se déplacent
de la base de canal à la courroie transporteuse.
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8. Appareil selon une quelconque revendication précé-
dente, comprenant en outre une cuve (21) couplée
à la buse (2), la cuve contenant des fibres (10) dis-
persées dans un liquide, au moins certaines des fi-
bres présentant une longueur supérieure à un espa-
cement (d1) entre les surfaces de canal (4, 5).

9. Appareil selon une quelconque revendication précé-
dente, comprenant en outre un moyen d’élimination
du liquide des fibres (10), soit lorsqu’elles se dépla-
cent à travers le canal (7) soit après qu’elles se sont
déplacées à travers le canal.

10. Appareil selon une quelconque revendication précé-
dente, comprenant en outre une station d’imprégna-
tion (30) pour imprégner les fibres (10) d’un matériau
de matrice (33).

11. Appareil selon une quelconque revendication précé-
dente, comprenant en outre une seconde surface
d’alignement (6a) ; une seconde buse (3) orientée à
un angle oblique avec la seconde surface
d’alignement ; et une seconde paire opposée de sur-
faces de canal (5, 6) avec un second canal (8) entre
elles, dans lequel l’appareil est agencé de sorte
qu’en utilisation, la seconde buse dirige un second
jet de liquide (3a) contenant des fibres discontinues
(10) sur la seconde surface d’alignement afin que le
second jet de liquide soit dévié par la seconde sur-
face d’alignement dans le second canal, et les fibres
se déplacent alors le long du canal ; et une station
d’imprégnation (30) pour imprégner les fibres des
premier et second canaux (7, 8) d’un matériau de
matrice (33) de sorte qu’elles soient liées ensemble
en une seule pièce.

12. Procédé de fabrication d’une préforme de fibre (40)
avec des fibres discontinues alignées (10), le procé-
dé comprenant : la direction d’un jet de liquide (2a)
contenant des fibres discontinues sur une surface
d’alignement (5a) depuis une buse (2) de sorte que
le jet rencontre la surface d’alignement à un angle
oblique et soit dévié par la surface d’alignement dans
un canal (7) entre une paire opposée de surfaces de
canal (4, 5), dans lequel les fibres se déplacent le
long du canal après que le jet a été dévié dans le
canal par la surface d’alignement ; et l’élimination du
liquide des fibres pour fournir la préforme de fibre,
dans lequel au moins certaines des fibres présentent
une longueur supérieure à un espacement (d1) entre
les surfaces de canal.

13. Procédé selon la revendication 12, dans lequel la
buse (2) présente une largeur de sortie, et au moins
certaines des fibres présentent une longueur supé-
rieure à la largeur de sortie de la buse.

14. Procédé selon la revendication 12 ou 13, compre-

nant en outre : la direction d’un second jet de liquide
(3a) contenant des fibres discontinues (10) sur une
seconde surface d’alignement (6a) depuis une se-
conde buse (3) de sorte que le second jet rencontre
la seconde surface d’alignement à un angle oblique
et soit dévié par la seconde surface d’alignement
dans un second canal (8) entre une seconde paire
opposée de surfaces de canal (5, 6), dans lequel les
fibres se déplacent le long du second canal après
que le second jet a été dévié dans le second canal
par la seconde surface d’alignement ; et l’élimination
du liquide des fibres pour fournir la préforme de fibre
(40), dans lequel au moins certaines des fibres pré-
sentent une longueur supérieure à un espacement
(d2) entre les surfaces de canal, et l’imprégnation
des fibres des premier et second canaux (7, 8) d’un
matériau de matrice (33) de sorte qu’elles soient
liées ensemble en une seule préforme.

15. Procédé selon la revendication 14, dans lequel les
fibres (10) du premier canal (7) sont différentes des
fibres du second canal (8).
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