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[57] ABSTRACT

Non-woven, bias laid fabrics, where the various fabric
layers are held together by external means, such as
stitching, and wherein, preferably, at least two of the
layers are formed at an angle of from 30° to 150° relative
to the long axis of the fabric, are formed by directing at
least two pluralities of yarns back and forth across the
width of the forming fabric, to be wrapped around or
mounted on a series of needles formed on a2 moving
conveyor, one conveyor being placed on either side and
moving in the direction of the long axis of the fabric.
Speed of movement of the yarns can be determined by
the speed of movement of the mechanism for the ma-
chine operated to hold the various fabric layers to-
gether; preferably said machine mechanism moves more
slowly near the ends of each cycle, so that yarn carriers
are similarly slowed at either end of the forming fabric
width, aiding in making successive courses of yarn lie
parallel to each other without the necessity for extra
equipment. In one embodiment of the invention, the
yarn carriers are provided with means to propel them in
a direction generally away from the bonding portion of
the machine to further assure the parallelism of succes-
sive courses of yarn. It is not necessary that the number
of needles correspond to the number of yarns.

18 Claims, 4 Drawing Sheets
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METHOD AND APPARATUS FOR PRODUCTION
OF BIAS FABRICS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention 1s directed to method and ap-
paratus for forming bias laid, non-woven fabrics
wherein, preferably, the yarns in at [feast] least two of
the [ paers] /ayers of fabric are [psid]} /aid at an angle
of from 30° to 150° to the long axis of the fabric. In such
fabrics, the yarns in the varnious layers are neither knit-
ted, nor woven, but are held together by stitching
through the layers, or by other external means, such as
adhesive bonding.

2. The Prior Art

The history of fabric formation is a long one. Most
fabrics are made by the now traditional processes of
knitting, weaving, etc., and sophisticated machinery has
been developed for automatically manufacturing fabrics
in accordance with these techniques.

For many modern usages, particularly in areas where
structural strength and integrity are required, fabrics
manufactured by the older techniques cannot be used.
Such uses include structural parts for high speed air-
planes where the fabric 1s to be impregnated with a
curable resin system.

In the modern usages referred to, the traditional knit-
ted or woven fabrics do not provide sufficient strength,
even when impregnated with a curable resin system,
following cure, to provide the necessary uniformity and
strength. Accordingly, non-woven fabrics have been
developed for such utilization.

The non-woven fabrics which have been developed
for these structural uses involve a series of layers which
are laid down, generally in a continuously formed fab-
ric, and with at least the final width of the fabric during
formation, the layers ultimately being held together by
stitching through the layers, knitting with a loose stitch
through the layers, or adhesively bonding threads of the
layers at crossing points. The composition of the stitch-
ing material or of the adhesive material is not of critical
importance, s0 long as the material has sufficient
strength to hold the various layers together up to the
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time of resin impregnation, since the final strength of 50

the part formed and the holding of the various yarns of

the fabric in their proper position is accomplished by
the cured resin.

The most desirable of the non-woven fabrics for
structural purposes has been found to be those with at
least two layers, the varns of which are at an angle of
approximately 45° to the long axis of the fabric direc-
tion, the two layers lying at 90° to each other. There can
be more than two layers of yarns, depending upon the
end use to which the fabric is to be put and either the
first two layers, or any successive layers, can be placed
at angles varying from 30° to 150° to the long axis of the
fabric. If desired, a series of warp threads, lying parallel
to the long axis of the fabric, a series of weft threads,
lying at approximately 90° to the long axis of the fabric,
or both, can be included. Once all of the fabric layers
have been placed, the fabric is held together for storage,
shipment, and uitimate impregnation, by one of the
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referenced methods, i.e., stitching, loose weave knit-
ting, or adhesive bonding.

Among patents showing the formation of similar,
types of fabric are Eaton, U.S. Pat. No. 3,607,563;
Smith, U.S. Pat. No. 3,765,893; and Campman et al,
U.S. Pat. No. 4,325,999,

The Campman et al patent particularly describes a
number of methods for forming bias laid, non-woven
fabrics, as generally referred to in the present patent
application. However, as will be observed from a re-
view of Campman et al, successive courses of each set
of yarns there are laid in a pattern such that each course
is angled at 90° to the previous course. For purposes of
this invention, a course is defined as the plurality of
yarns laid together in traversing the distance from one
side of the fabric being formed to the opposite side:
when the plurality of yarns reverses directions, and
returns from the second side to the first side, that 1s a
second course.

In Campman et al, prior to the reversal of direction of
the yarns, so as to lay a second course, the yarns are
wrapped around a series of pins, the number of pins
corresponding to the number of yarns being laid. When
the plurality of yarns is returned to the first side of the
forming fabric, the yams are wrapped about a set of pins
formed on the conveyor on the first side, and, again,
direction reversed by 90° so as to be returned to the
second side for a fourth course. Campman et al do show
one embodiment in which the courses of yarns formed
by a single set of moving yarns are parallel to each
other. That is, essentially, shown in FIG. 10 of the
Campman et al patent, and the portion of the disclosure
relating to that figure. However, a relatively complex
mechanism is necessary to accomplish this parallelism
between courses, the complex mechanism including
two sets of pins on each side of the fabric being formed
to allow the second, or return course, to be parallel to
the first. None of the other automatic types of bias fab-
ric formation machinery known to applicant provide
even a mechanism of this complexity for forming paral-
lel courses.

The inability to provide parallel courses results, in
many instances, in a diminution of strength of the struc-
tural member being formed from these bias laid, non-
woven fabrics. Further, because there is a waste of yarn
due to the 90° return angle, which causes the second
course to partially overlie the first cource, the expense
of the bias laid, non-woven fabric is greater than it
would be if parallel courses were possible.

A method and apparatus which would provide for
the yarns in successive courses to be laid parallel to
those in previous courses, without the complicated
mechanisms of the prior art, would be extremely valu-
able. Similarly, method and apparatus which would

allow for the use, but spacing, of a number of yarns
greater than the number of pins formed on the traveling

conveyors would provide for greater flexibility in the
formation of bias laid, non-woven fabrics, and the pro-
duction, with relative ease, of fabrics tailored to particu-
lar structural uses, as dictated by the needs of those uses.
Still further, some overlapping of courses can be pro-
vided for, but that overlapping can be conirolled, again
for the needs of the structural item to be formed, and
not as dictated by the limitations of the method and
apparatus for forming the bias laid, non-woven fabric.
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BRIEF DESCRIPTION OF THE INVENTION

In accordance with the present invention, bias laid,
non-woven fabrics can be produced with all of the
yarns in a given layer parallel to each other, without the
use of complex machinery. Further, if desired, there can
be a slight, but controlled overlapping of the yarns in a
given layer employing a slightly different method of
operation of the equipment, and a slightly different
process. Still further, because of the manner in which
the equipment is formed, the number of yarns in a given
course need not correspond to the number of attach-
ment points on the conveyor in the same space.

While the disclosure of the present invention primar-
tly describes the use of a sewing machine to bind to-
gether the various layers of a bias laid, non-woven fab-
ric, it will be appreciated that other methods of bonding
the layers to each other can be employed, including
loose weave kmitting, adhesive application, etc.

In accordance with the present invention, the appara-
tus for stitching the various layers of the bias laid, non-
woven fabric together can be any of the machines pres-
ently employed in the textile industry for such a pur-
pose. For example, the machine presently sold by Liba
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Maschinenfabrik GmbH of West Germany under the 25

designation Copcentra-HS is suitable for formation of
fabrics in accordance with the present invention. Both
because this machine is known to the trade, and because
the present invention does not include, as novel subject
matter, the method of stitching the various layers to-
gether, this specification will not include a detailed
description of the sewing machine. The Liba Copcen-
tra-HS machine is provided, in its operative gearing,
with an oscillating crank mechanism. Because of the
inherent nature of the operation of such a crank, the
oscillating drive shaft controlled by the mechanism
moves more slowly before its direction is reversed. By
keying the movement of the yarn laying mechanism to
this oscillating drive shaft, movement of the yarn laying
mechanism is slowed at the end of each course, which
allows the conveyor mechanisms to move relatively
further forward than would otherwise be true, and aid
in gaining parallelism of the various courses. This will
be explained more fully in this specification.

30

335

In accordance with the present invention, a pair of 45

parallel conveyors is formed, the front supports of the
conveyors being at the head of a bonding mechamsm,
such as a Liba Copcentra-HS stitching machine. Each
conveyor carries a series of equidistantly spaced needles
which extend outwardly from the space between the
conveyors and are angled slightly toward the bonding
mechanism. The fabric to be formed is placed on these
conveyors and, more particularly, the individual yarns
are placed around or on the individual needles. In gen-
eral terms, each conveyor is comprised of an endless
chain to which are attached members on which the
individual needles are formed, the members, on the
operating portion of the conveyor belt, forming a con-
tinuous, moving bar. The drive mechanism for the con-
veyors is independent of the drive mechanism for the
yarn carriers, at least in the sense that the conveyors are
moved at a constant speed.

Yarn carriers move back and forth between the mov-
ing conveyors. Each yarn carrier carries a plurality of
individual, equally spaced yarns. The yarn carriers are
caused to have downwardly beyond each conveyor
and, more particularly, beyond the needles formed on
the conveyors, so as to place the individual yarns
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around the needles, or to cause a needle to impale one of
the yarns. Thus, it will be recognized that the number of
yarns in a given linear dimension need not equal the
number of needles in the same linear dimension. When
the number of yarns in a given linear dimension is
greater than the number of needles in the same linear
dimension, some of the yarns will be impaled by the
needles, providing for a more uniform coverage. In this
way, the density of each layer can be controlled, as
desired.

The number of yarn carriers employed, and thus the
number of individual layers, is determined by the end
use of the bias laid, non-woven fabric being produced.
The angle at which the yarn carriers place the courses
of yarn on the moving conveyors is, likewise, deter-
mined by the end use to which the final fabric 1s to be
put. While for many uses, angles of 45° to the long axis
of the fabric, for each of two courses, is preferred, it will
be apparent that other angular settings can be employed
and that more than two layers can be placed on the
moving conveyors. Generally, the bias laid layers are at
angles of between 30° and 150° to the long axis of the
fabric. In addition to the bias laid layers, however, a
warp layer can be included in the fabric being formed,
the yarns in the warp layer being placed in the standard
manner essentially parallel to the moving conveyors.
Similarly, one of the yarn carriers can be so angled as to
place a weft layer onto the fabric being formed, the
angle of the weft layer being the standard, essentially
90°, to the long axis of the fabric.

As previously indicated, the two conveyors move at
a constant speed toward the bonding mechanism where
the fabric layer are bound together. The yarn carrying
means, while moving at a generally constant speed
across the fabric being laid, are slowed down in their
travel across the fabric at the end of each course. Be-
cause the movement of the yarn carrier is keyed to an
oscillating crank mechanism, and because that crank
mechanism slows down near the end of each stroke,
movement of the yarn carrying mechanism is also
slowed near the end of the stroke, which is keyed to
correspond with the end of the course. However, the
conveyors do not move rapidly enough relative to the
movement of the yarn carrier for each of the needles
which is surrounded by a yarn or which impales a yarn
in a given course to be moved clear of the yarns on the
yarn carrier prior to the yarn carrier beginning its re-
turn movement for the next course. As a consequence,
if no additional action is taken, the trailing needles from
the first course will again be surrounded by or will
again impale yarns as the yarn carrier begins its return
motion. If parallelsim in courses is desired, the yarn
carrier is fitted with a mechanism which causes tt to be
moved generally rearwardly at the end of the course,
the amount and timing of the rearward motion being
such that the conveyor will have moved forward a
distance calculated to cause the needles employed for
the second course to be those immediately behind the
needles employed for the first course, with no overlap.
In this way, the courses of fabric laid down as the fabric
is being formed can and will be parallel to each other.
Of course, the yarns in succeeding layers can be placed
over the first layer in exactly the same way, but at a
different angle, chosen according to the end use to
which the material so formed is to be put. Further, there
may be some overlapping in a given course, while still
maintaining parallelism, by proper control of the mech-
anism for moving the yarn carrier rearwardly.
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While for many utilizations the complete parallelism
of courses within a layer is desirable, for some utiliza-
tions, it has been found that extra strength in the final
product 1s obtained when the bias laid, non-woven fab-
ric has some angular overlap from one course to the
next. This, of course, is in addition to the overlap of
layer upon layer of bias laid fabrics. When a fabric of
this type 1s to be made, the means previously described
for forcing the yarn carrier in a direction away from the
sewing or bonding head is not employed. However,
because of the keying of the yarn carrier movement to
the oscillating crank mechanism, the 90° turns described
by Campman et al are not expenienced. Rather, the
group of yarns is returned in a direction generally the
same as that in which the prior course was laid, but with
a few of the conveyor needles being covered by yarns
from each course, so as to result in a slight overlapping
of yarns which are at small acute angle to each other
before contacting the opposite side of the moving fabric
in formation. Again, this is accomplished with the rela-
tively simply mechanism of the present invention and,
agamn, any number of layers can be employed, including
the 0° warp and 90° weft layers, in addition to the bias-
laid layers. In this configuration, as well, some of the
yarns will be wrapped around the needles on the side
conveyors, while other yarns will be impaled by the
needles. The reasons are the same as for the fully paral-
lel course fabric configuration. With the fabric in the
configuration just described, additional density can be
achieved without the necessity for further lavers of
yarm.

Thus, the present invention provides for the forma-
tion of bias laid fabrics where all of the yarns in a given
layer are parallel to each other, or some portion of the
yarns are at a slight, acute angle to the yarns in the

preceding and following courses. The parallelism in a
given layer is achieved without complex machinery.
Further, because the number of yarns need not equal the
number of needles over a given linear dimension,
greater density and uniformity are provided. Use can be
made of the mechanism of the bonding portion of the
apparatus to control the laying of the yarns so as to
achieve these advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings

FIG. 1 1s a plan view of one preferred form of bias
fabric in accordance with the present invention;

FIG. 2 is a plan view of a second form of bias fabric
in accordance with the present invention; |

FIG. 3 is an end view of a machine for stitching the
bias laid fabric employed in accordance with the pres-
ent invention;

FIG. 4 15 a plan view of an oscillating crank mecha-
nism employed in the stitching portion of the device
shown in FIG. 3;

FIG. 5 i1s a representational view of a portion of the
drive mechanisin connection between the oscillating
crank mechanism of FIG. 4 and the yarn guide em-
ployed in accordance with the present invention;

FIG. 6 is a perspective view, partly representational,
showing the mechanism for placing the bias laid yarns
on the conveyors;

FIG. 7 is a plan view of the yarn carrier employed In
accordance with the present invention, and means for
moving it from its normal travel path;
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FIG. 8 is a perspective view of the cam mechanism
for depressing the position of the yarn guide at the end
of each course;

FIG. BA is a sectional view along the line 8A—8A of
FIG. §;

FIG. 9 is a perspective view of the overall fabnic
forming mechanism in accordance with the present
invention; and

FIG. 10 is a perspective view of a single needle block,
in accordance with the present invention, positioned on
the chain conveyor.

DETAILED DESCRIPTION OF THE
INVENTION

In FIG. 1, a bias laid fabric 10 formed from two lay-
ers of yarn, the layers intersecting each other at approx-
imately a 90° angle, and all of the yarns in a given layer
being parallel, is illustrated. The arrow A illustrates the
direction of travel of the fabric in formation on machin-
ery and in accordance with a method to be described
below. As shown, one course of yarns C is laid in a
direction, generally from left to right, as shown in the
drawing. At the termination on the right hand side, the
yarns are hooked around or onto needles on a conveyor,
as will be described later, and the direction of the yarn
carrier is reversed to go, generally, from right to left.
Because of the coordination between the moving con-
veyors and the yarn carrier, the yarns in the second
course C' are laid down parallel to the yarns in the first
course C. The solid lines 11 in FIG. 1 represent yarns
Iaid down in the same layer as those in courses C and C,
but prior to the laying of courses C and C'. For illustra-
tional purposes, the dotted lines 12 in FIG. 1 represent
a layer laid on top of the solid line yarns in the first
layer, the yarns 12 having been laid over the yarns 11, in
the same manner and, as can be seen, parallel to each
other, but at an angle of approximately 90° to the yarns
11.

The fabric 20 of FIG. 2 shows a second embodiment
of bias laid fabric in accordance with the present inven-
tion. As can be seen from the following description, the
yarns in a given layer in accordance with this embodi-
ment are not parallel to each other, but are laid down so
that there is a partial overlap of a second course over a
first course, the yarns in a succeeding course being at an
acute angle to the yarns in the previous course. As
illustrated, the yarns in a first course A are laid in a
generally left to right direction. When the yarn carrier
carrying the yarns A reaches the right hand side, it is
depressed to wrap the yarns around or impale them on
the needles on the conveyors. When the yarn carrier
returns to the left hand side, the conveyor has not
moved a distance sufficicent to clear all of the yarns in
the course A. As a consequence, some of the yarns in
the course A’, the following course, overlap some of the
varns in the course A, to provide the slight overlap
described, the yarns in course A’ being at an acute angle
relative to the yarns in course A. Similarly when the
yarn carrier has completed its traverse to the right, and
has been depressed to wrap the individual yarns around
or impale them on the needles of the right hand con-
veyor, the conveyor will not have moved a sufficient
distance to totally clear all of the yarns from course A’,
so that the following course, which is not illustrated,
will slightly overlap the rearward yarns in course A"

Other solid line yarns 21 illustrated in FIG. 2 repre-
sent yarns of the same layer as courses A and A’ which
were previously laid, while for illustrational purposes,
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the dotted lines 22 represent yarns laid subsequent to
laying of the yarns in the layer including courses A and
A’, to form a second layer. This second layer is placed
in the same manner as courses A and A’, but overlying
that layer, so that, again, there is a slight overlapping of
the yarns in the second layer.

An overview of the placement of the bias laid yarns in
accordance with the present invention is shown in FIG.
9. Two endless conveyors 30 and 31 are shown, respec-
tively, on the left and nght hand sides. These conveyors
30 and 31, which are of the same length, are driven at
the same speed by forward pulleys 32 and 33 and are
suspended on rearward pulleys 34 and 35. Forward
pulleys 32 and 33 are connected by axial member 36,
while rearward pulleys 34 and 35 are connected by axial
member 37. Each conveyor includes a plurality of
blocks 40, better illustrated in FIG. 10, which are car-
ried on the conveyor means, such as endless chain 41.
Formed onto, or from, each block are a series of sharp
needles 42 which, as illustrated by angle C are directed
slightly forwardly relative to the direction of travel of
the upper portion of each conveyor, along the long axis
of the fabric being formed.

Formed across, but slightly above, the conveyors 30
and 31 are a plurality of guide arms 50, 51. Two such
arms are illustrated for laying of two layers of yarn, but
it will be appreciated that additional guide arms and
complete yarn laying assemblies can be provided, de-
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A more detailed view of the yarn carrier 53 of the
present invention, in a desired embodiment in accor-
dance with the present invention, is illustrated in FIG.
7. The guide 50 has slidably mounted to it the mounting
member 52 and, through that mounting member is
placed the guide pin 71. The yarn carrier 33, as tllus-
trated in FIG. 7, is slidably mounted within the pin 71
and is attached, at one end, to a tension spring 80, for a
purpose to be described. As illustrated, the device also
includes a pneumatic cylinder 81, attached to a source
of air or other gas under pressure 82. The pneumatic
cylinder 81 is also connected with the hollow pin 71 by
connection 83. When it is desired to move the yarn
carrier 83 rearwardly, to the position shown as 53A 1n
FIG. 7, this being in a direction shown by arrow D 1n
FI1G. 9, air or other high pressure gas is caused to flow
by air cylinder 81 into the hollow pin 71 where it acts to
force yarn carrier 53 to the position 53A. When the air
pressure is relieved, tension spring 80 causes the yarn
carrier to return to the position 53. It will be appreci-
ated that the application of air or other high pressure
gas is timed to coincide with the positioning of the yarn
carrier 53 at a position outside either the conveyor 30 or
the conveyor 31, the purpose being to delay the place-

25 ment of yarns 54 on the return movement of yarn car-

pending upon the number of layers of yarn to be incor- 10

porated into the bias laid fabric. Moving along each of

the guide arms is a member 52 to which is attached a
varn carrier 53, each yarn carrier being employed for
laying a plurality of yarns 54.

A more complete illustration of the feeding of the
yarns to the yarn carrnier 53, along with the yarns sup-
plied is given in FIG. §. A yarn storage unit or creel 60
supports a plurality of spools or bobbins 61 from which
the yarn to be made into the fabric is drawn. An individ-
ual spool or bobbin feeds a single yarn 54 to a yarn

guide 62 and, from the yarn guide 62, the plurality of

yarns 54 is led to the varn carrier §3, from which it is
placed on the moving fabric being formed. The yarn
guide and yarn carrier act to provide for uniform ten-
sion in the yarns 54 being laid, and to provide accurate
spacing between individual yarns 54.

The guide members 50 and 51, are provided with a
generally horizontal slot 70, best illustrated in FIG. 8. A
guide pin 71, formed or attached into the portion of the
yarn catrier 53 which is adjacent the guide 50 or §1
rides in this generally horizontal slot 70, as shown in
FIGS. 8 and 8A. At either end of the guides 50 and 51,
at a point beyond each of the conveyors 30 and 31, the
generally horizontal slot is formed with a gradual curve
72, downwardly, so formed as to cause the yarn carrier
53 to move downwardly, and to carry the individual
varns 54 to a point below the individual needles 42 on
the bars 40. As the varn carrier 53 reverses direction, to
travel to the opposite side of the yarn forming mecha-
nism, it moves upwardly along the cam slot 72, causing
the individual yarns to be placed around the needies as
tllustrated, for example, by varns 73 in FIG. 10, or to be
impaled on the needles, as illustrated by yarns 74 in
FIG. 10. In this manner, the individual yarns are held in
their desired position at the end of a course, and proper
tension is applied to the yarns forming the next course
as the yarn carrier 53 makes a return pass across the
fabric forming mechanism.
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rier 53 until the conveyor 30 or conveyor 31 has moved
to a point that the needles 42 to be contacted by the
yvarns 54 are those immediately beyond the needles on
which the yarns of previous course have been wrapped
around or impaled on. Similarly, the release of air pres-
sure is timed to allow the yarn carner 53 to assume the
position 53 shown in FIG. 7 on the return traverse of
the yarn carrier across the fabric forming mechanism.
Obviously, the pneumatic system can be replaced by
other mechanisms, such as a solenoid, to accomplish the
same purpose.

FI1G. 3 illustrates one of the means for holding to-
gether the yarns which have been laid to form the bias
laid, non-woven fabric in accordance with the present
invention. Illustrated are a stitching machine 91, which
may be the Liba-Copcentra-HS previously referred to,
as well as the blocks 40 formed on conveyors 30 and 31
as they pass over rearward pulleys 34 and 35. Also
illustrated is guide arm 51 with member 52. The for-
ward pulleys 32 and 33 are not visible, since, in addition
to being in front of the pulleys 34 and 35, they are actu-
ally on the side of machine 91 opposite that of the fig-
ure, the side illustrated being that toward which the
conveyors 30 and 31 move, as illustrated in FIG. 9. The
stitching machine 91 has a machine compartment 92
within which is located an oscillating crank mechanism
93, as illustrated in FIG. 4. It is not believed necessary
to describe the specific parts of the oscillator crank
mechanism as they are, essentially, standard for such a
mechanism. As is known, at either end of a cycle of
operation, as illustrated by the upper limit or lower limit
of the crank member 94, the oscillating drive shaft is
moving more slowly than in the center of the oscilla-
tion. By appropriate gearing, this oscillating drive shaft
is keyed to the yarn carrier drive mechanisms and the
reversal of the oscillating drive shaft is made to coincide
with the extreme position of the travel of yarn carriers
53. The oscillating drive shaft 95 is illustrated, for exam-
ple, in FIG. 4. The specific type of connection, such as
by gearing, drive belt, etc., is not believed important to
the present invention. Rather, connecting gear boxes
100, pulleys 101, and drive belts 102 are illustrated in
FIG. § as examples of a means of connecting and keying
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the oscillating drive shaft 95 shown in FIG. 4 to the
yarn carrier 33 so that the yarns $4 are moved at the
proper time and at the proper speed.

In accordance with the present invention, in order to
form a bias laid, non-woven fabric employing the appa-
ratus of the present invention, a series of spools or bob-
bins 61 of a yarn selected based upon the end use to
which the fabric is to be put are placed upon a creel 60.
It will be apparent that the denier of the varn is also
based upon the end use to which the fabric is to be put
and, within very broad limits, the process of the present
invention is not affected by the denier of the yarn. Fur-
ther, different layers of the fabric can be formed from
different yarn compositions, again depending upon the
end use to which the fabric is to be put. Thus, it will be
appreciated that neither the composition nor the exact
size of the yarn are a factor of the present invention.

Yarns from individual bobbins or spools 61 are fed
through openings in the yarn guide 62, one yarn per
opening. These yarns are then fed through individual
openings in the yarn carrier 533. The only place that
spacing is important is in the yarn carrier 53 and the
spacing, in that apparatus, along with the spacing of the
needles 42 determines the density of the fabric being
formed. Generally, there are from 1 to 60 or more yarns
per linear inch of the fabric being formed. In a preferred
embodiment, in accordance with the present invention,
there are 16 needles 42 per linear inch, but there are 20
openings per linear inch of fabric in the yarn carrier 53.

It will be appreciated that the spacing of the yarn in the 30

openings in yarn carrier 83 are not the same as the num-
ber of yarns to be laid per linear inch of fabric, in view
of the angling of the yarn carrier 53 relative to the long
axis of the fabric being formed. The needles 42 are
generally angled at approximately 5° to 45° to the for-
ward direction of the bar.

It will thus be appreciated that in this preferred em-
bodiment there are fewer needles than yarns. Because of
this, while some of the yarns will be wrapped around

needles 42 and, indeed, in a few cases more than one 40

yarn may wrap around the same needle, some of the
yarns will be impaled by the needle, as illustrated by 74
in FIG. 10. Because of the systems of the prior art
where the varns were carried to the needles and fed
over the needles by a tube, this system of the present
invention was basically impossible in the prior art. In
fact, the impaling of a few of the yarns on the needles,
and the utilization of a number of yarns greater than the
number of needles per linear inch provides for more
uniform coverage and for the ability to form different
densities of fabric, particularly the density in a particu-
lar layer.

Through a driving means the yarn carriers are moved
back and forth across the long axis of the fabric being
formed. Either the bonding mechanism contains a driv-
ing means, such as an oscillating crank mechanism,
which causes the speed of the yarn carrier to be reduced
near the end of its travel, or such an oscillating crank
mechanism is provided, separate and apart from the
bonding unit, in order to accomplish the same results. In
addition to being slowed down by this mechanism at
either end of its travel, it is necessary to cause the yarn
carrier to drop down below the level of the needles 42,
when the carrier has passed beyond those needles and
the associated conveyor. This dropping down is re-
quired in order to allow the yarns to be wrapped around
the needles, or to be impaled by them. This is accom-
plished by mounting the yarn carrier on a guide pin
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which travels in a horizontal slot in a guide arm, that
slot being angled downwardly beyond the conveyor, soO
as to cam the yarn carrier downwardly, and move the
yarns below the horizontal level of the needles. On the
return stroke, the yarn carrier moves upwardly, com-
pleting the operation of wrapping the yarns around the
needles, or impaling them, and then returns across the
fabric being formed.

When it is desired, because of the end use of the fabric
being formed, the courses of yarns, i.e., the yarns laid in
successive passes back and forth by given yarn carner,
are made parallel. In part, this parallel laying of the
yarns is accomplished by the manner in which the yarn
carriers are keyed to the oscillating crank of the bond-
ing unit, or to the separate oscillating crank unit, when
compared with the speed at which the conveyors 30
and 31 are driven. However, generally, the relative
speeds are such that all of the needles on which yarn has
been wound or impaled by a given pass of the yarn
carrier have not moved forward and out of the way of
the yarn carrier. To allow additional relative motion of
the conveyor compared with the yarn carrier, the yarn
carrier can be provided with a mechanism, such as a
pneumatic cylinder, which moves the yarn carrier gen-
erally rearwardly, or in a direction generally opposite
that of the direction in which the conveyor 1s moving.
This movement is so timed that the conveyor is allowed
to move forwardly a distance sufficient that when the
yarn carrier 83 returns to its regular path of travel dur-
ing its return pass across the mechanism, the needles
around which it wraps the yarn or impales the yarn are
those immediately following those needles acted upon
in the immediately preceding course or pass.

In this way, the yvarns laid down in each layer are all
parallel to each other, as illustrated in FIG. 1.

As the fabric which has been laid reaches the forward
part of the conveyors 30 and 31, it passes through the
bonding mechanism representationally illustrated at 91.
As indicated, this bonding mechanism can be a Liba
Copcentra-HS unit which will provide stitching
through the various layers which have been put down
on the apparatus, and in accordance with the method
just described. The number of rows of stitching need
only be sufficient to allow the fabric so formed to be
held together and stored, prior to being employed in its
ultimate use.

As indicated, the fabric formed in accordance with
the present process is generally used in the formation of
structural parts, as in airplanes, and in such a use is
wrapped around a mold, or laid into a particular posi-
tion, after which, or prior to, being impregnated with a
resin. When the fabric is fully in place and impregnated,
the resin is cured to complete formation of the part.

While the description of the present invention has
involved a stitching of the various fabric layers to-
gether, it will be appreciated that other methods for
holding the non-woven fabric in place can be employed.
For example, a loose knitting operation, as is known in
the art can be employed. Further, a light resin spray can
be applied to bond the fibers at their crossing points.
Again, the material which is employed for this bonding,
or the materials used, are not of critical importance, as
the ultimate strength of the bias laid non-woven fabric
comes from the resin which is finally used for impregna-
tion and which is cured with the fabric in place. If the
bonding mechanism used for the fabric does not have a
device, such as the oscillating crank of the Liba Cop-
centra-HS, then such a mechanism must be indepen-
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dently provided for driving of the yarn carriers in order
to provide for their reduced speed of motion near the
ends of the travel paths.

No mention has yet been made in this specification of
the loops which are obviously formed, either by the
yarns wrapping around the various needles or by being
impaled on them. As is apparent, these loops are at the
extremities of the width of the fabric being formed.
After stitching or other methods of bonding, so that the
fabric 1s generally held together, the loops can be cut
away by any known mechanism. Once the other bond-
iIng means have been put into place, the loops, which
had served only the function of holding the fabric in
place up until that time, are no longer required.

The various steps and equipment just described for
formation of a bias laid, non-woven fabric where all of
the yarns in a particular layer are parallel to each other
apply, with essentially one exception, to the formation
of a fabric where all of the yarns in a given layer are not
parallel, but where there 1s a minor overlap of such
yvarns, the yarns in one course forming a minor acute
angle with those of the prior course. In general, that
acute angle is from about 2° to 20° and is employed
when the end use for the fabric requires such an over-
lap. Generally, the referenced mechanism for moving
the yarn carrier rearwardly is not empioyed when the
fabric is to take this form, such as is 1llustrated in FIG.
2. This minor overlap 1s achieved by using some per-
centage of the needles from a previous course on the
return course, the number of needles being generally no
more than about 50% of those in the previous course in
an overlap relationship. This small overlap, rather than,
for example, the complete overlap and reversal shown
in Campman et al, is accomplished because of the slow-
ing of the yarn carriers at the ends of their path of travel
in each course.

While the invention has been illustrated and de-
scribed 1n accordance with particular embodiments, it
will be apparent to those skilled in the art that variations
are possible within the spint and scope of the invention.
Accordingly, the invention is not to be considered as
limited except as set forth in the appended claims.

I claim:

1. A method for forming a bias-laid, non-woven fab-
ric employing a pair of movable, parallel conveyors,
said conveyors lying parallel to the long axis of the
fabric being formed, and at the extremities of the short
axis, each of said conveyors being provided with a
series of needles, said needles being aimed away from
the fabric being formed, comprising:

a. providing at least two yarns carriers which lay a
plurality of yarns, the yarns from each carrier lying
parallel to each other, from a first conveyor to a
second conveyor and, subsequently, from said sec-
ond conveyor to said first conveyor, the yarns
from the second carnier lying at a predetermined
angle to those from the first carrier;

b. providing means to [horizontally] vertically de-
press said yarn carrier at a point outside of each
said conveyor whereby to wrap said yarns about
said needles or impale said yarns on said needles:

¢. providing a first driving means for said conveyors:
and

d. providing a second driving means for said yarn
carriers, said second driving means providing for a
reduction in the speed of movement of said yarn
carriers at the extremities of travel.

2. The method of claim 1 wherein a bonding means 15

provided for holding together the various layers of
fabrics placed on said conveyors.
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3. The method of of claim 2 wherein said bonding
mechanism is a stitching machine.

4. The method of claim 2 wherein means are provided
to remove the portions of the yarns which have been
wrapped around or impaled on the needles of said con-
veyor mechanisms, following said bonding.

5. The method of claim 2 wherein the bonding means
provides at least said second driving means.

6. The method of claim 1 wherein the needles are
angled toward the direction of travel of said conveyor.

7. The method of claim 1 wherein, at each extremity
of travel, beyond said conveyor, said yarn carrier is
caused to move rearwardly, generally opposite the di-
rection of travel of said conveyor.

8. The method of claim 1 wherein the number of
yarns per linear dimension laid by said yarn carrier is
greater than the number of needles for the same linear
dimension formed on said conveyor.

9. An apparatus for forming a bias-laid non-woven
fabric including:

a. a pair of parallel conveyors, said conveyors being
parallel to the long axis of a bias-laid non-woven
fabric to be formed, and lying at the extremities of
the short axis of said fabric, said conveyors being
provided with a plurality of equally spaced nee-
dles, said needles facing away from said fabric to be
formed:

. at least two yarn carriers, each said carrier having
a plurality of openings, each said opening being
provided so as to accommodate a single yarn to be
laid in the traversing of said yarn carrter from one
conveyor to the other conveyor, the mounting for
said yarn carrier providing for travel of said yarn
carrier to a point beyond the needles formed on
said conveyors:

c. first means to drive said conveyor mechanisms;

d. second means to drive said varn carriers, said sec-
ond driving means reducing the rate of travel of
said yarn carrier at the extremity of travel; and

e. means for bonding the formed, bias-laid, non-
woven fabric.

10. The apparatus of claim 9 wherein said second
driving means is a portion of the mechanism of said
bonding means.

11. The apparatus of claim 9 wherein said bonding
means is a stitching machine.

12. [The} 7he apparatus of claim 9 wherein said
mounting means for said yarn carrier includes a guide
pin formed on said yarn carrier and a slot formed in a
guide arm extending across said conveyors.

13. The apparatus of claim 12 wherein said slot is
angled downwardly at the extremities, beyond said
conveyors, whereby said yarn carriers are depressed
below the level of said needles at said extremities.

14. The apparatus of claim 9 wherein said needles are
angled in the direction of travel of said conveyors.

15. The apparatus of claim 9 wherein the number of
openings per linear dimension in said yarn carrier is
greater than the number of needles per linear dimension
on each conveyor.

16. The apparatus of claim 9 wherein each yarn car-
rier is mounted on a guide means, and is adapted for
movement between two positions, one adjacent said
guide means, and one spaced from said guide means,
and said movement being in a direction opposite the
direction of travel of said conveyors.

17. The apparatus of claim 16 wherein means are
provided to move said yarn carrier from said first posi-
tion to said second position.

18. The apparatus of claim 17 wherein said means is a

pneumatic cylinder.
£ ®* = = »
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