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Title of the invention
A method and apparatus for making a fiber sheet by

spreading out tows

Background of the invention
The invention relates to making uniform fiber sheet

by spreading out tows, such sheets being used in
particular for making the reinforcement of composite
material parts.

In order to make unidirectional fiber sheets of
relatively large width, it is well known to spread out a
plurality of yarns or tows and to juxtapose the spread-
out yarns or tows. Spreading out can be performed by
passing over curved bars (or "banana" bars) or by passing
through an air spreader.

Unidirectional sheets made in that way can be
superposed 1n different directions and bonded to one
another, for example by needling, in order to form
multidirectional sheets. They may also be bonded, e.g.
likewlse by needling, with other types of fiber fabric,
1n particular woven cloth, so as to constitute complex or
laminated fiber fabrics that are essentially two-
directional.

In order to reduce the costs of making fiber sheets,
and 1n particular when the fibers are carbon fibers, it
1s desirable to use as raw material the thick varns or
tows that are commercially available and of price per
unit weight that is significantly lower than that of
thinner vyarns.

Nevertheless, the Applicant has found that it is
more difficult to make uniform sheets by spreading thick
yarns or tows and juxtaposing the spread yarns or tows
than when using thinner yarns. Discontinuities (overlaps
or gaps) are difficult to avoid at the junctions between

spread-out yarns or tows.
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Obijects and summary of the i1nvention

An object of the invention is to remedy that
drawback and for this purpose the invention provides a
method of making a uniform fiber sheet by spreading and
juxtaposing yvarns or tows, 1n which method, after the
varns or tows have been pre-spread and placed side by
side substantially in a common plane, their surface is
swept by at least one jet of air moved transversely
relative to the longitudinal direction of the yarns or
tows 1n such a manner as to obtain a substantially
unidirectional sheet that 1s uniform.

Advantageously, the jet of air is displaced back and
forth from one side to the other of the set of yarns or
tows placed side by side, while they are being displaced
in a longitudinal direction.

Preferably, the jet of air is directed substantially
perpendicularly to the plane of the yvarns or tows.

The method of the i1nvention confers uniformity to
the unidirectional sheet by causing the filaments
constituting the yarns or tows to vibrate by sweeping
them with the jet of air. Additional spreading of the
vyarns or tows may be performed during this sweeping
operation.

The sheet 1s preferably maintained, and least
temporarily, i1n the state in which it is to be found
after 1t has been swept by the jet of air. This is
advantageously achieved by passing over a roller, which
at least in its portion that comes into contact with the
sheet, 1s made of a material that presents a coefficient
of friction that opposes sliding of the filaments that
might lead to the sheet narrowing or to discontinuities.
By way of example, such a material may be rubber or foam.

The invention also provides an installation enabling
the method to be implemented, the installation being of
the type comprising at least one device for pre-spreading
yvarns or tows, and means for driving the vyvarns or tows

side by side downstream from the pre-spreading device.
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According to the invention, the installation further
comprises at least one device for sweeping by means of a
jet of air, the device being placed beside a path of the
varns or tows downstream from the pre-spreading device, a
duct for feeding the sweeping device with air under
pressure, and a drive member for driving the sweeping

device transversely relative to said path.

Brief description of the drawings

The invention will be better understood on reading
the following description given by way of non-limiting
indication and with reference to the accompanying
drawings, in which:

Figure 1 is a highly diagrammatic view of an
embodiment of an installation in accordance with the
invention;

Figure 2 is a side elevation view on a larger
scale of the device in the Figure 1 installation for
sweeping by means of an air jet;

Figufe 3 is an elevation view in plane III-III of
Figure 2;

Figure 4 is a fragmentary view showing a variant
embodiment of the Figure 1 installation; and

Figure 5 is a fragmentary view showing another

variant of the Figure 1 installation.

Detailed description of embodiments
In the installation of Figures 1 to 3, a plurality

of tows 10 drawn from spools 12 are opened and pre-spread
by passing over curved bars 14. In the example shown,
each tow 10 passes over a succession of bars 1l4a, 14Db,
l4c, coming into contact with generator lines of the bars
on their convex sides.

The pre-spread tows 10 are placed side by side on a
roller 16 from which they follow a substantially vertical

downward path.
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Along this path, the set 18 of tows 10 placed side
by side is exposed to sweeping by means of a Jet of air
in a direction extending transversely relative to the
travel direction D of the tows. The sweeping direction
is advantageously perpendicular to the direction D, 1.e.
in this case substantially horizontal. In addition, the
sweeping direction is substantially parallel to the plane
P formed by the set of tows 10.

The sweeping is produced by means of an air ejection
nozzle 22 carried by a support 24. The support 1is fixed
to the end of the rod 25 of an actuator 26 and 1t 1is
guided in its horizontal displacement by means of
stationary horizontal rods 28 (visible only in Figures 2
and 3) extending parallel to the plane P and on which the
support 24 is engaged. A flexible hose 30 brings air
under pressure to the nozzle 22.

By way of example, the actuator 26 is a pneumatic
actuator. It is controlled in such a manner as to impart
reciprocating linear motion in translation to the nozzle
22 from one side of the set 18 of tows 10 to the other.

Other guides could be used for moving the nozzle in
reciprocating horizontal motion. For example, the
support 22 could be secured to an endless belt passing
over a drive roller and a return roller at the ends of
the stroke of the nozzle 22, the drive roller being
coupled to a motor that is driven alternately in one
direction and then in the other.

After sweeping by means of the jet of air, a uniform
sheet 20 is obtained. This passes over at least one
roller 32 which, at least in its portion that comes 1nto
contact with the sheet, is made out of a material
presenting friction characteristics such as to oppose any
lateral sliding of the filaments 1n order to conserve
both the width of the sheet and its uniformity, at least
on a temporary basis, until subsequent fixing. By way of
example, this material is a rubber or a foam of plastics

material. Adhesion between the roller 32 and the
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filaments of the sheet must nevertheless remain limited
so as to avoid the roller 32 entraining filaments away
from the sheet.

On its path between the roller 16 and the roller 32,
the sheet 20 is free. The tension in the sheet can be
defined merely by the sheet being drawn downstream from
the roller 32 against the weight of the individual spools
12.

As shown diagrammatically in Figure 2, the jet of
air produced by the nozzle 22 deforms the sheet 20 sO
that it departs a little from the plane P. This
deformation is accompanied by the filaments constituting
the tows by vibrating over the free path of the sheet
between the rollers 16 and 32, thus encouraging these
filaments to take up a substantially uniform distribution
over the width of the sheet, 1in combination with the
lateral displacement of the nozzle 22.

A uniform and substantially unidirectional sheet 20
is obtained, even when the pre-spread tows 10 are not
placed initially so as to be exactly adjacent to one
another in the set 18. Figure 1 shows the pre-spread
tows 10 leaving gaps 11 between the tows on the roller
16. It is the sweeping by means of the jet of air that
finishes off the spreading out of the tows. The sweeping
may also be used to widen the sheet 20 relative to the
total width of the set 18.

Naturally, the sweeping of the sheet 20 by the jet
of air continues to be effective in making the sheet
uniform even when care is taken to ensure that the tows
10 are placed on the roller 16 without any gaps between
them.

The passage over the roller 32 contributes to
keeping the filaments of the sheet in their relative
positions, and thus to maintain the uniform distribution
of the sheet. -

After passing over the roller 32, the sheet 20 can

be taken to a web-forming station 36 fed with a
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unidirectional sheet 40 which is secured continuously to
the steadily traveling sheet 20 so as to obtain a three-
directional sheet 42. The various layers making up the
sheet 42 may be bonded together by light needling in a
needling station 44, and the resulting sheet may be
stored on a take-up roller 46. Such building up of a
multidirectional sheet by superposing unidirectional
sheets 1n different directions and needling them together
1is well known.

It need not be necessary for the tows 10 to be pre-
spread or pre-opened prior to being made uniform and
being spread out by being swept by a jet of air, however
such pre-spreading or pre-opening 1is usually preferable
in order to separate the filaments of the tows from one
another, since they can be stuck together to a greater or
lesser extent due to oiling.

Figure 4 shows a variant embodiment in which the
pre-spreading of the tows 10 is performed by being passed
over a slit tube.

In the example shown, the tows 10 are initially
separated into two groups. Every other tow passes over a
first tube 50 upstream from the roller 16, while the
other tows pass over a second tube 52, likewise upstream
from the roller 16. .

Fach tube 50, 52 is provided with slits 50a, 52a
formed through the tube wall and extending over a limited
length parallel to the axis of the tube.

The slits may be made by laser cutting.

The tubes 50, 52 are closed at one end and they are
fed at their opposite end with air under pressure by
means of pipes 54, 656.

Each tow 10 passes over a slit 50a, 52a, with the
tubes 50, 52 extending perpendicularly to the paths
followed by the tows 10. '

The jet of air issuing through each slit causes the

facing tow to be spread out.
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It is possible to cause the tows to pass over a
common slit tube, but the slits and consequently the pre-
spread tows must be spaced far enough apart to ensure
that the jet of air for spreading out one tow does not
interfere with the spreading out of an adjacent tow.

Figure 5 shows another variant embodiment in which
the sheet 20, after passing between the rollers 32 and 34
is superposed on a fiber fabric 60 that 1is fed
separately, e.g. a strip of woven cloth. The complex
structure 62 formed by the sheet 20 and the cloth 60 1is
wound onto a mandrel 64 so as to form an annular
cylindrical fiber preform. The fiber layers superposed
on the mandrel 64 may be bonded together by means of
needling using a needle board 66 extending along a
generator line of the mandrel and driven with
reciprocating motion in a radial direction.

The invention is remarkable in that 1t uses means
which are simple and inexpensive to build up a uniform
sheet from a plurality of spread tows. The method 1s
preferably implemented using thick tows. For example,
uniform unidirectional sheets of carbon fibers have been
successfully obtained of width lying in the range
30 centimeters (cm) to 50 cm using 48 K carbon tows (1.e.
tows having 48,000 filaments) sold under the reference
"Panex 35-48K" by the US supplier "ZOLTEK".
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CLAIMS

1/ A method of making a fiber sheet by spreading and
juxtaposing yarns or tows, the method being characterized
in that after the yarns or tows have been pre-spread and
placed side by side substantially in a common plane,
their surface is swept by at least one jet of air moved
transversely relative to the longitudinal direction of
the yarns or tows in such a manner as to obtain a

substantially unidirectional sheet that is uniform.

2/ A method according to claim 1, characterized 1in that
the jet of air is displaced back and forth from one side
to the other of the set of yarns or tows placed side by
side, while they are being displaced 1n a longitudinal

direction.

3/ A method according to claim 1 or claim 2,
characterized in that the jet of air is directed
substantially perpendicularly to the plane of the yarns

Or tows.

4/ A method according to any one of claims 1 to 3,
characterized in that additional spreading of the yarns

or tows is achieved by the sweeping by the jet of air.

5/ A method according to any one of claims 1 to 4,
characterized in that after being swept by the jet of
air, the resulting sheet passes over a roller which, at
least in its portion that comes into contact with the
sheet, is made of a material presenting a coefficient of
friction that opposes sliding of the filaments making up

the sheet so as to maintain it in a spread-out form.

6/ An installation for making a fiber sheet, the
installation comprising at least one device for pre-
spreading yarns or tows, and means for driving the yarns

or tows side by side downstream from the pre-spreading
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device, the installation being characterized in that 1it
further comprises at least one device for sweepiling by
means of a jet of air, the device being placed beside a
path of the yarns or tows downstream from the pre-
spreading device, a duct for feeding the nozzle device
with air under pressure, and a drive member for driving

the sweeping device transversely relative to said path.

7/ An installation according to claim 6, characterized 1n
that the pre-spreading device comprises at least one tube
with at least one slit formed in a direction that 1s
substantially longitudinal in the wall of the tube, and

means for feeding the tube with air under pressure.

8/ An installation according to claim 6 or claim 7,
characterized in that it further comprises, downstream
from the sweeping device, at least one roller placed on
the path of the sheet and constituted, at least in 1its
portion in contact with the sheet, by a material selected

from a foam and a rubber.
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