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ABSTRACT OF THE DISCLOSURE

Fabrics of this invention comprise three angularly dis-
placed sets of parallel courses of yarn, interwoven to
prevent slippage of at least one yarn course set along any
other yarn course set. The interweaving may be such as
to prevent slippage of all three yarn course sets. Each
yarn course may comprise one or more individual strands
of yarn. Fabrics woven in this manner are substantially
isotropic, ie. their strength and resistance to stretching
or shearing forces in a plane of the fabric is relatively
constant regardless of the direction of force application.

Introduction

This application is a continuation-in-part of applica-
tion Ser. No. 515,028, filed Dec. 20, 1965, now abandoned,
of common inventorship and assignment herewith.

The present invention relates to a triaxial woven fabric
having three sets of parallel yarn courses arranged at
angles to sach other. More particularly this invention
relates to friaxial woven fabrics having strength and
stiffness on the bias as well as in other directions.

Background of the invention

Conventional single ply woven fabrics are characterized
by the presence of a combination of two basic yarns in
the weave—the warp and the weft or filling. They have
maximum strength along the warp and along the filling
but have inherent weakness on the bias. This lack of
sufficient “shear strength” limits the usefulness of con-
ventional woven fabrics for many applications. Attempts
to overcome this problem have taken the direction of
adding plys of woven fabric together in such manner
that the bias direction in one ply is reinforced by an ad-
jacent ply oriented with its bias direction at an angle to
that of the other fabric. However, this requires an in-
crease in weight and bulk of the resultant fabric,

Triaxial fabrics have appeared in printed publications;
an example appears in the patent to Stewart No. 1,368,215
granted February 8, 192i. The Stewart fabric is com-
posed of two sets of diagonal warps arranged at two
different axes and doubled weft rows arranged along stiil
another axis, and is characterized by the fact that every
warp yarn of one set is laid over every warp yarn of
the other set. Further, each weft yarn is woven in the
same way as its companion. The product is considered to
be lacking in shear strength and transverse strength
(strength in a direction normal to the filling yarns) as
compared to the fabric according to this invention. This
is attributed, at least in part, to the fact that the yarns
arranged in one direction are four times as numerous as
in either of the other two directions. Also, the weave
is not such as to assure a positive interlock of yarns of
all three axes where they intersect.

Therefore, objects of this invention are to provide a
woven fabric which exhibits little or no structural weak-
ness on the bias, to provide a wide variety of triaxial
fabrics having an inmterlocking weave, fabrics having
controjlable characteristics, and to provide fabrics which
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are capable of being fabricated within a wide range of
designs and parameters of strength, density, porosity and
appearance.

Desirably, triaxial fabrics according to this invention
are isotropic. This means a fabric which has strength and
stiffness to resist stretching or shearing forces in the plane
of the fabric regardless of the direction of force applica-
tion. Normal fabrics, which are characteristically weak
in the bias direction, are lacking in isotropy. The term
“isotropy” applies also to a fabric’s ability to resist shear-
ing forces. It is an important feature of this invention,
accordingly, that the number of yarns in any direction is
not less than one-third of the number of yarns in any
other direction.

Isotropy in a fabric is a desirable characteristic for
many applications, such as curtains, blankets, mosquito
netting, thermal underwear, girdles, bathing suits,
sneakers, upholstery materials, inflatable space vehicles,
balloons, airplane fabrics, Radomes, fuel cells, life rafts,
parachutes, tire fabrics, gaskets, sails and reinforcing
fabric in plastics and the like, for example.

Detailed description of the invention

The jsotropic fabric produced by this invention is made
by weaving some or all of three yarn course sets together
in such a manner that the direction of each yarn in the
triaxial yarn system is arranged to form a predetermined
angle with each other yarn. Preferably, this angular rela-
tionship is about 60°. However, angles greater than
about 10°-15° and angles less than 90° produce useful
fabrics though they exhibit less isotropy.

Of course, it will be understood that when any yarn is
woven over and under another, yarn curvatures are
created as the yarn follows its tortuous path in the fabric,
Such curvatures do allow limited stretching of the fabric
by straightening out the curve, but the fabric is never-
theless “isotropic” within the definition of the word as
intended herein.

In the weaves of the present invention, at least one and
often all of the yarn courses are woven such that the yarn
course is blocked from slippage along other yarn courses
angularly displaced therefrom by locking intersections of
the angularly displaced yarn courses. An intersecting-
locking yarn course which passes over a second inter-
section-locking yarn course passes under the locked yarn
course and wice versa. Such intersections alternate on
either side of the locked course throughout its length.
Because prevention of slippage of yarn courses in the plane
of the fabric depends on the contiguity of the locked
strand to the cross over point of the locking intersecting
strands, the resistance of the fabric generally to slippage
or distortion upon the application of shear forces depends
on some degree of snugness between the locked and
the locking yarn courses. Obviously this may vary de-
pending on the characteristics desired in the finished
product. Generally however, they will be relatively snugly
compacted in order to take advantage of the locked inter-
sections throughout the weave.

Such intersections also require that the materials used
b somewhat pliable and bendable or flaccid so that the
locked yarn course can be contiguous with the locking
yarn courses near their cross over point. Typical of the
yarns which may be used for this purpose are cotton, wool,
nylon, rayon and some of the more advanced yarns, such
as “Thorpel” graphite fiber made by the Union Carbide
Corporation.

Referring now to the drawings, wherein distinguishing
markings have been applied to yarns for convenience of
illustration and differentiation:

FIG. 1 is a face view of a simple triaxial fabric accord-
ing to this invention;
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FIGS. 2-12 and 14-15 are face views of numerous
variants of this invention; and

FIG. 13 is a reverse view of the variant shown in
FIG. 12.

In making reference to the yarns shown in all the
drawings, the yarn depicted in solid black will be referred
to as the woof or “z” yarn, the cross-hatched yarn as weft

r “y” yarn and the stippled yarn as warp or “x” yarn.
It will be understood, however, that depending upon the
weaving technique, one or more yarns could be warp
and one or more yarns filling.

The fabric shown in FIG. 1 is an illustration of a rela-
tively simple woven isotropic fabric. In this fabric it is
preferable (but not necessary) that yarns of the same
diameter be chosen. The number 10 designates pores or
open spaces in the fabric. Different yarn sizes could be
used on each of the three axes of the fabric and the yarns
may be packed more closely or more loosely than shown,
depending upon the characteristics sought in the final
fabric.

In FIG. 1 the distance between adjacent horizontal warp
yarns x—x is roughly twice the diameter of the yarn, as
is the distance between adjacent yarns y—y and z—z.
The x yarn courses are woven over the y yarn courses
and under the z yarn courses, the y yarn courses are
woven over the z yarn courses and under the x yarn
courses, and the z yarn courses are woven over x and
under y. The resulting isotropic fabric has a density (mass
per unit of area) of about one-half of that of a conven-~
tional biaxial loomed fabric having the same warp and
woof composition; and a porosity of approximately 334 %
in the same area, about 66%4 % of the projected area being
occupied by yarn. But porosity is present in this form,
regardiess of the sizes of the three yarns or how tightly
they are packed.

It is a characteristic of the weave appearing in FIG. 1
that at approximately this density and porosity all yarns
are compacted snugly at each intersection of the yarns
such that the possibility of slippages between adjacent
yarns is minimized and an inherently stable configuration
is achieved.

In the fabric variation illustrated in FIGURE 2, it will
be observed that, for convenience of fabric design, two
“x” yarn strands are shown in a tight, side-by-side ar-
rangement. Throughout the disclosure of this specifica-
tion, I refer to a “yarn course” as meaning one yarn
strand or a plurality of yarn strands which are tightly
laid or twisted together so that they contact each other
along substantially their entire length and function as a
unit in the finished fabric. This is to be distinguished
sharply from two parallel, spaced-apart yarn strands.

In FIG. 2 each yarn course x intersects each yarn course
z at an angle of 60° and passes under all z yarns; each x
yarn course intersects each y yarn course at an angle of
60° and passes over all y yarns, and each z yarn course
passes (also at an angle of 60°) over one y yarn and
under one y yarn. Each z yarn is over x. As shown, each
X yarn course comprises a pair of adjacent parallel yarn
strands which increases the denmsity of the fabric fo ap-
proximately 75% and reduces the porosity to about
12.5%. While in some cases the fabric may have excellent
quality and porosity characteristics without this pairing,
it is often preferred to provide paired strands as one of
the yarn courses in an essentially straight longitudinal
configuration, as illustrated in FIGURE 2. Here again,
the yarn intersections are anchored, giving an inherently
stable configuration.

In weaves such as that shown in FIGURE 2, some
yarn courses such as those in the x direction in FIGURE
2 are uncrimped, i.e. they remain over all y courses and
under all z courses throughout the weave. To preciude
the possibility of such uncrimped yarm courses sliding
horizontally (as illustrated) through the fabric, selected
yarn courses in the uncrimped yarn course direction, dis-
posed at intervals in the fabric, may be interwoven with
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4
one or both of the non-parallel yara courses. In FIGURE
2, one pair of yarn courses x! is interwoven with the z
yarn courses in just such a manner.

The triaxial fabric of FIG. 3 has essentially no porosity
and has a density of approximately 100%. It is charac-
teristic of this fabric (as well as others heretofore de-
scribed) that this fabric has anchored intersections and
that there is substantially no slippage between yarns at
their intersections. The yarn axes intersect at an angle
of 60°. Each x yarn course passes under all z yarn
courses; each x yarn course passes OVer Ofne y yarn course
and under one y yarn course; and each z yarn course
passes over one y yarn course and under one y yarn course.

With respect to the fabric shown in FIGURE 3, as
well as several others described herein, it may be noted
that two of the parallel sets of yarn courses, x and z in
FIGURE 3, are not interwoven with one another. Thus
throughout the fabric shown in FIGURE 3 x yarn courses
are under z yarn courses. Fabrics of this type are im-
portant because this characteristic facilitates the weaving
process and simplifies the mechanics of the looms required
to weave such fabrics.

Referring now to FIGURE 4, the fabric there shown
is characterized by its lack of porosity and nearly 100%
density. Here again, the intersections are anchored. Each
x yarn course passes under one and over one z yarn
course; each x yarn course also passes over one and
under one y yarn. In addition, each z yarn course passes
under one and over one y yarn course. Specifically, in
the FIGURE 4 fabric, each x yarn course passes alter-
natingly over and under z and also alternatingly over
and under y, each y yarn course passes alternatingly over
and under x, and alternatingly over and under z, and
each z yarn course passes alternatingly over and under x
and alternatingly over and under y.

Certain modifications in the composition of the yarn
axes illustrated in FIGURE 1 were made, resulting in
the highly porous weave shown in FIGURE 5. In FIG-
URE 5 the x and z yarn courses contain only one yarn
each while the y yarn axis contains two yarns y! and 2.
Yarns y? are “floating” yarns, remaining over all x yarns
and under all z yarns. Within the framework of this modi-
fication, the relationships for the FIG. 1 fabric still hold
true; FIG. 5 fabric is the equivalent of FIG. 1 with an
extra y yarn. In FIG. S, specifically the y yarn courses
are in pairs y! and »2, and y! is under all x and over all
z, while y2 is over all x and under all z, each z yarn course
is alternately over and under y! and 2 and is over all x,
and each x yarn course is alternately over and under y!
and y2, and is under all z.

Similarly, the modification appearing in FIG. 6 shows
another decorative fabric which is within the scope of
this invention. Here the z yarn axis contains two yarns
both arranged over one y yarn and under the adjacent y
yarn, over the x yarns; the x yarns are over one y yarn
and under the adjacent y yarn. Specifically, the x yarn
courses are in pairs x! and x2, x! being under all z and
alternatingly over and under all y, x2 being under all z
and, in opposite phase to x1 alternatingly over and under
all y, the y yarn courses are in pairs y* and y2, 32 being
under all z and alternatingly, in opposite phase to y?,
over and under x, and the z yarn courses are over all x
and alternatingly over and under y.

The stability, i.e. resistance to slippage, in weaves having
some “floating” yarn courses, such as y2 in FIGURES 5§
_and 6, may be enhanced by either regularly or periodically
interweaving a locking strand at intervals in the fabric.
In FIGURE 5, for example, an additional yarn course x2
is interwoven over all z yarns instead of under all z yarns
to control slippage of “floating” yarn course y2.

FIG. 7 shows another isotropic fabric variation having
no porosity and a density of 150% because of yarn over-
lay. In this fabric the yarn axes are again at 60° for the
preferred isotropy. The x yarn is characterized by passing
under two over one z yarn and under one and over two y
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yarns. Further, each z yarn passes under two and over one
¥ yarn.

In the FIG. 7 form, the x yarn course passes under two
z and over one z, and under one y and over two y, the y
yarn course passes over one x and under two x, and over
two z and under one z, and the z yarn course passes under
two y and over one y, and under one x and over two x.
The resulting fabric is extremely strong, making it ideally
suited for use in demanding applications as for sails and
the like.

FIG. 8 shows a fabric having great porosity, where a
yarn course x and another yarn course x!, x2 are provided
alternately, The x yarn course passes over all z and under
all y, x* is alternately under y and over z, x2 is alternately
over y and under z, the y yarn course passes over all x
and over x! and under x2 and is under two z and over one
z. The z yarn course passes under all x, under x! and over
x2, and over two y and under one y. This weave, again,
exhibits the intersection-locking feature which is con-
sidered important and advantageous.

FIG. 9 represents a low-density, closely woven fabric
according to this invention. Because of close packing,
porosity is substantially zero, yet all filaments are securely
anchored in position. There are no sets of parallel filaments
which are not stabilized by crossing filaments, as there
would be in a two-way weave closely packed in one direc-
tion and loosely packed, for density reduction, in the other
direction.

Specifically in FIG. 9, two x yarn courses x! and x2 are
provided; x! is under all z and over all y while x2 is over
z and under y, v is under x! and over x2, and under z, and
z is over x! and under x2, and over y. The density is 83.3%
of a closely woven two-way weave, and the maximum stiff-
ness in the x direction is 200% more than in the y and z
directions. Of course, other densities can be attained by
variations in the weaving pattern. The embodiment shown

-in FIG. 9 is especially useful because it has a density below
100% of a closely woven two-way fabric and achieves this
without porosity or loss of the important anchored-fila-
ment feature.

FIG. 10 represents a twill fabric according to this inven-
tion wherein one element of the weave is completely con-
cealed. This weave has the characteristic of anchored
intersections, as heretofore discussed, and has zero poros-
ity. The x yarns in the weave are under all z yarns and
over all y. The z yarns are over all x, and are over three y
and under one y. The y yarns are under all x, and are over
one z and under three z. This yarn has a density of approxi-
mately 125% of closely woven two-way weave, and has a
minimum stiffness in the x direction (50% less than in the
y and z directions). Again, this example is representative
only since other densities and directional stiffness ratios
are readily accessible by variations in the weaving pattern
while maintaining complete coverage of one of the three
weaving elements.

In FIGURE 11 is shown a weave variant differing from
that shown in FIGURE 1 by the omission of selected yarn
courses.

Specifically, the FIGURE 11 weave is made in the same
way as the FIGURE 1 weave but every third yarn course
in each of the three yarn course directions is omitted.
The result is a high porosity fabric comprising a multi-
plicity of paraliel pairs of yarn courses in each of three
yarn course directions, the distance between the two yarns
courses of each pair being approximately twice the diam-
eter of the yarn courses. In this fabric, like that of FIG-
URE 1, all of the x yarn courses are woven over all of the
y yarn courses and under the z yarn courses, the y yarn
courses are woven over the z yarn courses and under the x
yarn courses, and the z yarn courses are woven over x
and under y.

The distance between parallel pairs of yarn courses
shown in FI1G. 11 is 2.5 times that beiween the two yarn
courses of the yarn course pairs. Stable open weaves of
even greater porosity may be produced by expanding this
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interpair spacings so that it is more than the infer-pair
spacing shown. For example, if the inter-pair spacing is
four times the intra-pair spacing, the fabric is character-
ized by even higher porosity and lower density (on the
order of 20% ). All of these high porosity weaves may be
used as scrim or decorative fabrics, or for other applica-
tions in which stable, open woven fabrics are required.

In FIGURE 12 is shown a non-porous, high density,
triaxial fabric with locked intersections construction which
may be more easily manufactured than some of those
heretofore described. This manufacturability results be-
cause of the presence therein of uncrimped yarn courses
appearing on opposite faces of the fabric. More specifically
there is shown a fabric in which the x yarn courses, each
comprising a pair of parallel, adjacent strands, are disposed
under all z! yarn courses and over all z2 yarn courses, All
¥ yarn courses are disposed over all z! yarn courses, under
all z2 yarn courses and alternatingly over and under suc-
cessive x yarn courses. It will be noted by reference to
FIGURE 12 and to FIGURE 13, which shows the reverse
side of the fabric shown in FIGURE 13, that the z! yarn
courses are visible only on one side of the fabric and the 72
yarn courses are visible only on the other side of the
fabric. Because both of the z yarn courses form locked
intersections blocking slippage of x and y yarn courses
throughout the weave, part or all of either of the z yarn
courses may be omitted for decorative effect or to obtain
particular mechanical characteristics without impairing the
stability of the weave.

For some applications, such as composite material rein-
forcement, isotropic fabrics having relatively long lengths
or “floats” of unwoven materials are desirable. Embodi-
ments of the present invention having such characteristics
are seen in FIGURES 14 and 15.

In FIGURE 14, there is shown a fabric in which a first
set of parallel yarn courses y are disposed throughout the
fabric over those of a second set z. A third set x alternate-
ly passes under a plurality of consecutive intersecting z and
y yarn courses and over a succeeding plurality of con-
secutive intersecting z and y yarn courses. In the weave of
FIGURE 14, in which each of the pluralities of consecu-
tive intersecting z and y yarn courses comprises three
such intersections, only half of the z yarn courses are
locked, i.e. blocked from slippage along intersecting yarn
courses by locked intersection construction as described
previously, whereas, as shown, all x and y yam courses
are locked. ,

While a less than completely stabilized fabric, such as
that shown in FIGURE 14, is relatively easily woven and
may have particular utility for some applications, a need
is foreseen for triaxial isotropic weaves with long floats of
unwoven material and locked intersection construction
throughout. A weave of the latter type, with all yarn
courses blocked from slippage along other yarn courses is
seen in FIGURE 15.

The weave shown in FIGURE 15 is characterized as
follows: all y yarn courses are disposed over all z yarn
courses; each x yarn course follows a sequential path as
follows, (1) under y, over z (2) over y and z (3) over
y and z (4) under y, over z (5) under y and z (6) over y
and z (7) over y and z (8) under y and z and (9) under
¥, over z; and each y yarn course follows a sequential path,
with respect to x yarn courses, as follows (1) over two
x (2) under two x (3) over three x and (4) under iwo x.

Since the number of parameters governing the isotropic
fabrics according to this invention is greater than the
conventional biaxiai fabric, the number of variations in
fabric properties both physical and decorative or orna-
mental is vastly increased over those possible with con-
ventional fabrics. For example, each yarn axis may con-
tain various thread compositions having varying proper-
ties and sizes. By adjustment of these variables, a wide
variety of predetermined characteristics may be designed
into the resultant isotropic fabrics.

While in this specification and in the claims reference
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is made to “yarn courses passing alternately,” it is not
intended to be limited unless otherwise specified, to a
one-by-one alternation or to an alternation involving any
specific numbers, since it will be apparent that various
alternations whether regular or irregular may be substi-
tuted for those specifically shown in the drawings as ex-
amples of fabrics constructed in accordance with this in-
vention. It is to be emphasized that the specific fabrics
that have been selected for illustration in the drawings are
illustrative only and are not intended to limit the scope
of the invention as set forth in the appended claims.

Although the fabric according to this invention has
been described with reference to specific embodiments
thereof, it will be readily apparent that these disclosures
are exemplary and that the invention is capable of varia-
tions in producing a wide variety of unique fabrics, all
within the spirit and scope of the invention as defined in
the appended claims.

The following is claimed:

1. A triaxial pliable fabric comprising three sets of
parallel woven yarn courses x, y and z, each set having
an axis disposed at an acute angle with each other axis,
the number of yarns in each set being more than one-
third of the number of yarns in each other set, the yarn
course of at least one of said sets, the locked yarn course,
being woven with respect to each of the other two sets,
the locking yarn courses, in a manner to provide an
interlock among the respective yarn courses, said inter-
lock being constructed and arranged to prevent sliding of
the locked yarn course along the locking yarn courses at
the intersections thereof and being formed of spaced-
apart snugly compacted yarn intersections which resist
yarn course displacement of the locked yarn course in
opposed directions.

2. The fabric defined in claim 1 wherein each x yarn
course is over y and under z, each y is under x and
alternating over and under z, and each z yarn is alter-
natingly over and under y and over x.

3. The fabric defined in claim 1 wherein each x yarn
course passes under all z yarn courses, and alternatingly
over and under y, each y yarn course passes alternatingly
over and under x, and alternatingly over and under z,
and each z yarn course passes alternatingly over and
under y and over x.

4. The fabric defined in claim 1 wherein each x yarn
course passes alternating over and under z and also
alternatingly over and under y, each y yarn course passes
alternatingly over and under ¥, and alternatingly over and
under z, and each z yarn course passes alternatingly over
and under x and alternatingly over and under y, and
wherein each yarn course is a yarn pair where each yarn
of the pair alternates with the other.

5, The fabric defined in claim 1 wherein the y yarn
courses are in pairs y! and 2, and y! is under all x and
over all z, while y% is over all x and under all z, each
z yarn course is alternately over and under y! and y? and
is over all x, and each x yarn course is alternately over
and under y! and y2, and is under all z.

6. The fabric defined in claim 1 wherein the x yarn
courses are in pairs x! and x2, x! being under all z and
alternatingly over and under all y, x2 being under all
z and, in opposite phase to x1, alternatingly over and
under all y, the y yarn courses are in pairs y! and y?
y! being over all z and alternatingly over and under
x, y2 being under all z and alternatingly, in opposite phase
to y1, over and under x, and the z yarn courses are over
all x and alternatingly over and under y.

7. The fabric defined in claim 1 wherein all of the
courses are intermingled such that at some points on the
fabric a thickness of all three yarn courses is presented.

8. The fabric defined in claim 1 wherein the x yarn
course passes under two z and over one z, and under one
y and over two y, the y yarn course passes over one
x and under two x, and over two z and under one z, and

10

15

20

25

30

35

40

45

50

55

60

65

70

75

8

the z yarn course passes under two y and over one y,
and under one x and over two x, the fabric having a
density of over 100% of the density of a closely woven
two-way fabric composed of identical yarns.

9. The fabric defined in claim 1 wherein x is provided
in alternate, different yarn courses, the first course com-
prising x which is over all z and under ali y, the second
course comprising alternating pairs x!, x2 each alternat-
ingly over and under y and z but x1, x2 being out of
phase with each other, y is over x, over x! and under
x2, and is over one z and under two z, and z is under
x, under x! and over x2, and is over two y and under
one y, the fabric having a porosity of at least about
3315 9% and all yarn courses being locked against rela-
tive motion.

16. The fabric defined in claim 1 wherein two x yarn
courses x! and x2 are provided; x! is under all z and over
all y while x2 is over z and under y, y is under x! and
over x2, and under z, and z is over x! and under x?, and
over y, such fabric being substantially free of gaps in-
herently provided by the weave and having a density of
less than 100%.

11. The fabric defined in claim 1 wherein the x yarn
course is over all y and under all z, the ¥ yarn course
is under x, and over one z and under three z, and the
z yarn course is over all x, and over three y and under cne
y, the x yarn course being completely concealed within
the y and z yarn courses.

12. The triaxial fabric of claim 1, wherein the spaced-
apart yarn intersections of said interlock are comprised
of a locking yarn course which crosses over a second
locking yarn course and then under a locked yarn course,
and said second locking yarn course crosses over said
locked yarn course, said cross over of said locking yarn
courses being contiguous with the locked yarn course.

13. The triaxial fabric of claim 1, wherein substan-
tially all of said yarn courses in all three of said sets
are woven with said remaining sets to form interlocks,
as described, which prevent each of the three of said
sets of parallel woven yarn courses from sliding along
yarn courses angularly displaced therefrom,

14. The fabric defined in claim 1 wherein said fabric
is essentially nonporous.

15. The fabric defined in claim 1 wherein two of said
parallel yarn course sets are not interwoven with one
another.

16. The triaxial fabric of claim 1, wherein at least
one of said sets of parallel yarn courses, an uncrimped
yarn course set, remains, throughout most of the fabric,
over one of said angularly displaced sets and under the
other of said angularly displaced sets, said uncrimped
yarn course set having, at intervals in the fabric, a lim-
ited number of yarn courses interwoven with said angu-
larly displaced sets of yarn courses such that it is not
always over one of said sets and always under the other
of said sets.

17. The triaxial fabric of claim 1, wherein one set of
parallel yarn courses, a floating yarn course, is not
blocked from slippage along yarn courses angularly dis-
placed therefrom by locking intersections formed of said
angularly displaced yarn courses, and incorporated at
intervals in said weave, a yarn course angularly dis-
placed from said floating yarn courses, so interwoven
with said floating yarn courses and the other angularly
displaced yarn courses as to inhibit slippage of said
floating yarn courses.

18. The triaxial fabric of claim 1, including paired
parallel yarn courses z! and z2 in the z direction wherein
all x yarn courses are disposed under 2ll z! yarn courses
and over all z2 yarn courses and all y yarn courses are
disposed over all z! yarn courses, under all z2 yarn courses
and alternatingly over and under successive x yarn
courses

19. The triaxial fabric of claim 1 wherein y yarn
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courses are disposed over z yarn courses and x yarn
courses alternately pass under a plurality of consecutive
intersecting y and z yarn courses and over a succeeding
plurality of consecutive intersecting y and z yarn courses.

20. The triaxial fabric of claim 1 wherein all y yarn
courses are disposed over all z yarn courses; each x yarn
follows a sequential path as follows: (1) under y, over
z (2) over y and z (3) over y and z (4) under y, over
z (5) under y and z (6) over y and z (7) over y and z
(8) under y and z and (9) under y, over z; and each
¥ yarn course follows a sequential path, with respect to
X yarn courses, as follows (1) over two x (2) under two
x (3) over three x and (4) under two x.

21. The triaxial fabric defined in claim 1 wherein the
X yarn courses are woven under z yarn courses and over
¥ yarn courses, and the z yarn courses are woven over x
and under y yarn courses.

22. The triaxial fabric defined in claim 21 wherein said
yarn courses are of about equal diameter and are equally
spaced from neighboring parallel yarn courses, the dis-
tance between said neighboring parallel yarn courses being
about twice the diameter of said yarn courses.

23. The triaxial fabric defined in claim 21 wherein

10
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said yarn courses are of about equal diameter and form
pairs of parallel spaced apart yarn courses, the distance
between members of said pairs being twice the yarn
course diameter.
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