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Triaxial fabric of interlaced oblique yarns
Abstract

A triaxial textile fabric for use as a reinforcing textile fabric for a composite material wherein the
modulus of elasticity is made isotropic and which can be readily deformed into a three-dimensional
configuration without causing special changes in orientation angles and a process by which such a
textile fabric can be easily produced. The fabric comprises a large number of oblique yarns
extending in a radial direction from the center of the textile fabric, and a circumferential yarn woven
spirally in a circumferential direction between the oblique yarns. Each adjacent ones of the oblique
yarns are interlaced with each other and the circumferential yarn is woven between the thus
interlaced oblique yarns such that such interlacing may appear between each adjacent coils of the
spirally woven circumferential yarn. Such an interlacing step takes place after insertion of the
circumferential yarn and before an upward and downward movement of the alternate oblique yarns.
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Claims

What is claimed is:

1. A textile fabric for three-dimensional shaping comprising:

a plurality of oblique yarns extending in radial directions from a center of said textile fabric; and

a circumferential yarn woven spirally in a circumferential direction in said oblique yarns;

wherein each adjacent one of said oblique yarns are interlaced with each other and said
circumferential yarn is woven between the interlaced oblique yarns such that said interlacing occurs
between each adjacent spirally woven circumferential yarn to thereby form said textile fabric as a

triaxial textile fabric.

2. A textile fabric for three-dimensional shaping according to claim 1, wherein a deviation in yarn
density of said oblique yarns and said circumferential yarn is within the range of .+-.10 percent.
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3. A process for producing a textile fabric for three-dimensional shaping comprising the steps of:

first, moving alternate ones of a plurality of radially extending first oblique yarns which are
mounted to a center of a die in an upward direction and moving the remaining second alternate ones
of said oblique yarns in a downward direction to make an opening between the first and second
oblique yarns;

second, inserting a circumferential yarn into said opening;

third, moving the first oblique yarns in said downward direction and the second oblique yarns in
said upward direction to make a reverse opening between said first and second oblique yarns; and

fourth, inserting said circumferential yarn into said reverse opening;

wherein said steps are repeated sequentially to weave a fabric with said oblique yarns and said
circumferential yarn;

said process comprising the additional step of interlacing each adjacent one of said oblique yarns
with each other, said additional step occurring between said second and third steps and said fourth
and next first steps whereby said textile fabric thus woven is a triaxial textile fabric.

4. A process of producing a textile fabric for three-dimensional shaping, according to claim 3,
wherein the number of said oblique yarns is increased in proportion to the radius of the cloth being
woven so that the deviation in yarn density of said oblique yarns normally remains within a fixed
range and the ratio between a tensile force of said circumferential yarn and a tensile force of said
oblique yarns is increased in proportion to said radius so that the deviation in density of said
circumferential yarn remains within a fixed range.

Description

BACKGROUND OF THE INVENTION
1. Field of the Invention

This invention relates to a textile fabric for a three-dimensional shaping which is used principally as
a reinforcer of a composite material for a structure having a configuration of a shell body of
revolution or the like and also to a process of production of such a textile fabric.

2. Discussion of Background

In a composite material having reinforcing fiber orientation angles of O degree and 90 degrees, such
characteristics as a coefficient of thermal conductivity and a coefficient of thermal expansion are
represented by tensors of second order and the values of the characteristics are made isotropic, but
it is known that the modulus of elasticity which is represented by a tensor of fourth order exhibits a
remarkable anisotropy. It is theoretically determined that up to three axes of O degree and .+-.60
degrees are required in order to attain an isotropy in modulus of elasticity of a composite material.
While it is not always required that the characteristics be isotropic, it is preferable that an arbitrary
isotropy from a one directional reinforcer to an isotropic reinforcer can be realized in order to make
use of the advantage of a composite material t possible to design characteristics of the mater order
to realize the isotropy in modulus of elasticity, a triaxial flat plane fabric having orientation angles of
0 degree and .+-.60 degrees and an equipment for production of the same have been developed and
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sold by Barber Colman Co. (U.S. Pat. No. 4,040,451 and U.S. Pat. No. 4,105,052) in addition to
fabrics of a plain weave and a satin weave as reinforcers for a composite material for a structure.

Such a flat plane fabric is effective to produce a composite material of a configuration of a curved
plane plate having a curved flat surface or a developable surface. However, where it is to be used for
a general curved surface, it must be either distorted in orientation axes thereof or a reinforcing fabric
must be patched thereto. Accordingly, deterioration in characteristics of the flat plane fabric such as
strength, rigidity and accuracy in dimension cannot be avoided. Accordingly, it is desired to directly
produce, as a reinforcer for a composite material, a textile fabric having a texture which can be
readily deformed into a three-dimensional configuration without causing special changes in
three-dimensional configuration or orientation angles. However, while such textile fabrics have been
realized with some plain weaves and some knit textures, a triaxial textile fabric having orientation
angles of 0 degree and .+-.60 degrees wherein the modulus of elasticity can be made isotropic has
not yet been developed.

Conventionally, such measures are also taken that a suitable number of prepreg sheets each formed
by arranging reinforcing fibers in one direction and impregnating the reinforcing fibers with
uncured resin material are placed in layers with their orientations displaced by a required angle from
each other. However, if the textile fabric thus produced is applied to a curved plane body, then some
distortion will appear in orientation angles of the textile fabric, or in some cases, patching may be
required, similarly as in the case of the flat plane fabric which is used as a reinforcer described
hereinabove.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to provide a triaxial textile fabric for use as a
reinforcing textile fabric for a composite material wherein the modulus of elasticity is made
isotropic and which has such a texture as to allow the textile fabric to be readily deformed into a
three-dimensional configuration such as a configuration of a curved surface of a body of revolution
without causing special changes in orientation angles and to provide a process by which such an
improved textile fabric can be produced easily.

In order to attain the object, according to one aspect of the present invention, a textile fabric for
three-dimensional shaping comprises a large number of oblique yarns extending in radial directions
from the center of the textile fabric, and a circumferential yarn woven spirally in a circumferential
direction in the oblique yarns, whereby each adjacent ones of the oblique yarns are interlaced with
each other and the circumferential yarn is woven between the thus interlaced oblique yarns such that
such interlacing may appear between each adjacent spirally woven circumferential yarn thereby to
form the textile fabric as a triaxial textile fabric.

With the textile fabric, since the individual yarns are oriented in a mutually intersecting relationship
in triaxial directions, the isotropy of characteristics in a place can be attained. Accordingly, the
textile fabric is suitable for a member which received a multi-axial load thereon, and at the same
time, it is suitable as a reinforcing textile fabric for a composite material having such a texture as to
allow the textile fabric to be readily deformed into a three-dimensional configuration such as
configuration of a curved plane of a body of revolution without providing special variations to
orientation angles of the textile fabric.

Further, where the individual yarns of the textile fabric are woven in controlled tensions, disorder of
the orientation angles is minimized and the fluctuation in yarn density is also minimized.
Accordingly, the textile fabric can be utilized effectively as a member which is required to be small
in fluctuation of characteristics and be stabilized significantly in characteristics.

According to another aspect of the present invention, a process of producing a textile fabric for
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three-dimensional shaping comprises a first step of moving first alternate ones of a large number of
oblique yarns which extend in radial directions from the center upwardly and the remaining second
alternate ones of the oblique yarns downwardly to make an opening between the first and second
oblique yarns; a second step of inserting a circumferential yarn into the opening; a third step of
moving the first oblique yarns downwardly and the second oblique yarns upwardly to make a
reverse opening between the first and second oblique yarns; and a fourth step of inserting the
circumferential yarn into the reverse opening are repeated sequentially to weave a fabric with the
oblique yarns and the circumferential yarn. The process comprises an additional step of interlacing
each adjacent ones of the oblique yarns with each other, the additional step being inserted between
the second and third steps and also between the fourth and next first steps, whereby the textile
fabric thus woven is a triaxial textile fabric.

According to the process, a triaxial textile fabric having such characteristics as described above can
be produced readily.

The above and other objects, features and advantages of the present invention will become apparent
from the following description and the appended claims, taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic representation illustrating construction of a triaxial textile fabric according
to the present invention;

FIG. 2 is a front elevational view of an apparatus for weaving the triaxial textile fabric shown in
FIG. 1 as a three-dimensional fabric of a configuration of a shell body of revolution;

FIGS. 3(a) to 3(f) are diagrammatic representations illustrating a principle of interlacing of oblique
yarns;

FIG. 4 is a diagrammatic representation illustrating an arrangement of spindle chucks in the
apparatus shown in FIG. 2 and a starting order of weaving operation of the spindle chucks;

FIGS. 5 and 6 are diagrams illustrating characteristics of a composite material consisting of
conventional flat plane fabrics and another composite material consisting of the triaxial textile fabric
according to the present invention; and

FIG. 7 is a diagrammatic representation illustrating a three-dimensional fabric having such
characteristics as shown by dotted lines or broken lines in FIGS. 5 and 6.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring first to FIG. 1, there is shown in diagrammatic representation a triaxial textile fabric for
three-dimensional shaping according to the present invention. The triaxial textile fabric shown is
used as a reinforcer for a composite material having a three-dimensional configuration such as a
shell body of revolution. The triaxial textile fabric is normally made of carbon fibers or glass fibers,
but it may otherwise be made of some other various fibers if necessary.

The texture of the triaxial textile fabric is composed of a large number of oblique yarns 1 which
extend in radial directions from a central portion of the triaxial textile fabric and each adjacent left
and right ones of which are interlaced with each other, and a circumferential yarn 2 which is woven
in a circumferential direction in the oblique yarns 1 at each location where adjacent ones of the
oblique yarns 1 are interlaced with each other. Thus, the triaxial textile fabric has such a texture that
the circumferential yarn 2 is woven spirally into the oblique yarns 1. The intersecting angle of the
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oblique yarns 1 can be made a stabilized angle within the range of 60.+-.30 degrees by a weaving
process which will be hereinafter described in detail.

The oblique yarns 1 increase in number substantially in proportion to the radius of a fabric being
woven so that the deviation in density of yarns in each increment of the radius of the woven fabric
may remain within a predetermined range, and preferably in order that the deviation in yarn density
of the oblique yarns ma be normally kept within the range of .+-.10 percent, an oblique yarn 1 is
added successively in proportion to an increase of the radius of the fabric being woven. Meanwhile,
the circumferential yarn 2 is woven spirally into the oblique yarns 1 such that it may present a
similar yarn density and a similar deviation in yarn density in the radius increment to those of the
oblique yarns. The triaxial textile fabric for a composite material is woven in this manner.

While the triaxial textile fabric can be woven in a shaped configuration such as a configuration of a
shell body of revolution in advance, it may otherwise be woven as a flat plane fabric and then
shaped into a three-dimensional configuration such as a configuration of a shell body of revolution
when it is incorporated into a composite material. Particularly, since the triaxial textile fabric is
woven with the oblique yarns and the circumferential yarn, even if it is shaped into a
three-dimensional configuration such as a configuration of a shell body of revolution when it is
incorporated into a composite material, no specially significant variation will be caused in the yarn
density in the radius increment of the same.

Referring now to FIG. 2, there is shown an apparatus for weaving the triaxial textile fabric
described above as a three-dimensional fabric of a configuration of a shell body of revolution. The
triaxial textile fabric producing apparatus includes a machine frame 10, and a die 11 provided at the
center of the machine frame 10 for defining a configuration of a three-dimensional fabric to be
woven. The die 11 is moved up and down by means of a lifting shaft 13 which is driven to move up
and down by a motor 12.

Oblique yarns 1 are secured at one ends thereof to the center of the die 11 through for example, a
stretching weight, see FIG. 1 and column 3, lines 52-60, of U.S. Pat. No. 4,938,270, the subject
matter of which is incorporated by reference, and each connected at the other end thereof to shuttle
14 under a fixed tension exerted by a resilient member such as a rubber member or a spring
through any means known to one having ordinary skill in the textile art, see for example, the
above-mentioned U.S. Pat. No. 4,938,270, the subject matter of which is incorporated by reference,
and a triaxial textile fabric is woven with such oblique yarns along a configuration of a surface of
the die 11 by operation which will be hereinafter described.

The shuttles 14 mounted at the other ends of the oblique yarns 1 are each grasped alternately by a
pair of upper and lower spindle chucks 16 and 17. See for example, FIG. 10 of the
above-mentioned U.S. Pat. No. 4,938,270. The upper spindle chucks 16 are mounted along an
outer periphery of an upper table 19 which is driven to move up and down by a motor 18 provided
on the machine frame 10. The upper table 19 is rotated by a rotationally driving motor 21 mounted
on a motor mount 20 which is driven to move up and down together with the upper table 19.
Meanwhile, the lower spindle chucks 17 are mounted along an outer periphery of a lower table 23
in a corresponding relationship to the upper spindle chucks 16. The lower table 23 is rotated by
another rotational driving motor 25 mounted on a motor mount 24 which is in turn fixedly mounted
on the machine frame 10. The individual spindle chucks 16 and 17 are controlled to open or close
by a sequencer (not shown) (see for example, FIG. 10 of U.S. Pat. No. 4,938,270), and by
downward movement of the upper table 19 and opening and closing movement of the spindle
chucks 16 and 17, the shuttles connected to the oblique yarns 1 can be transferred from the upper
spindle chucks 16 to the lower spindle chucks 17 or vice versa. Meanwhile, the rotationally driving
motors 21 and 25 are controlled by the aforementioned sequencer to move the corresponding
positions of the spindle chucks 16 and 17 in a predetermined order in circumferential directions to
achieve interlacing of the oblique yarns in accordance with the principle of braiding.
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Meanwhile, the circumferential yarn 2 is carried in a wound condition on a bobbin 27 held on a
holder 30 at an end of an arm 29 which is turned around the lifting shaft 13 of the die 11 by a
motor 28. Accordingly, if an end of the circumferential yarn 2 is positioned between the alternately
upwardly and downwardly positioned oblique yarns 1 and the motor 28 is rotated to turn the
bobbin 27 around the die 11, the circumferential yarn 2 is inserted into an opening between the
oblique yarns. The holder 30 has a tension adjusting mechanism provided therein for permitting
adjustment of a tension to be applied to the circumferential yarn 2 led out from the bobbin 27. The
tension adjusting mechanism is well known to those in the textile art and an example is illustrated in
FIG. 1 of the U.S. Pat. No. 4,938,270. As the tension adjusting mechanism, such a mechanism that
includes a member for transmitting a power may be suitably employed. For example, the
mechanism may be of a type which utilizes friction, wherein the frictional force between friction
members is adjusted in response to an electric signal from the outside, whereby the tensile force of
the circumferential yarn 2 is adjusted. As the electric signal, a signal which increases in proportion
to the radial distance from the cloth center or fell may be provided in accordance with detected
results of the position of the fell of cloth and turning speed of the holder 30. The detecting
mechanism being well known to those in the textile art.

With the textile fabric producing apparatus having such a construction as described above, in
preparation for weaving, a large number of oblique yarns 1 are secured at one ends thereof to the
center of the die 11 and connected at the other ends thereof to the shuttles 14 by way of the resilient
members with the tensile forces of the oblique yarns 1 kept substantially fixed, and the individual
shuttles 14 are alternately held by the upper and lower spindle chucks 16 and 17.

While the oblique yarns 1 are held in an alternately upwardly and downwardly separated condition
by the shuttles 14, the arm 29 is turned by the motor 28 to turn the bobbin 27 around the die 11.
During such turning motion of the bobbin 27, the circumferential yarn 2 having the one end held at
the center of the die 11 is inserted into the opening between the alternately upwardly and
downwardly separated circumferential yarns 1. Subsequently, the shuttles 14 must be transferred
between the upper and lower spindle chucks 16 and 17. Such transfer, however, is carried out while
the upper and lower spindle chucks 16 and 17 are moved in the opposite circumferential directions
by the upper and lower rotationally driving motors 21 and 25, respectively, in such a manner as
described below in order to achieve interlacing between each pair of adjacent ones of the oblique
yarns 1. A transferring operation itself is performed by driving the motor 18 to move down the
upper table 19, transferring the shuttles 14 from the upper spindle chucks 16 to the lower spindle
chucks 17 or vice versa, and returning the upper table 19 to its initial position.

FIGS. 3(a) to 3(f) illustrate the principle of formation of such interlacing as described above, and in
FIGS. 3(a) to 3(f), eleven upper and eleven lower spindle chucks 16 and 17 are illustratively shown
by circle marks. In particular, those circles in which symbols A, B, . . . are encircled and shadowed
circles represent those spindle chucks which hold shuttles 14 thereon, and blank circles represent
those spindle chucks which do not hold shuttles 14 thereon.

Upon weaving, at first those shuttles 14 which are held on the lower spindle chucks 17 in an initial
condition shown in FIG. 3(a) are shifted by a distance equal to twice the pitch of the spindle chucks
17 in one circumferential direction to reach such a condition as shown in FIG. 3(b). Subsequently,
all the shuttles 14 are transferred between the upper and lower spindle chucks 16 and 17 as shown
in FIG. 3(c), and then the circumferential yarn 2 (FIGS. 3(c) and 3(e)) is inserted into the opening
chucks 16 are shifted by a distance equal to four times the pitch of the spindle chucks 16 in the
opposite circumferential direction as shown in FIG. 3(d), and then the circumferential yarn 2 is
inserted into the opening between the oblique yarns 1 whereafter the oblique yarns 1 are transferred
between the upper and lower spindle chucks 16 and 17 as shown in FIG. 3(e). After then, the lower
spindle chucks 17 are shifted by a distance equal to twice the pitch of the spindle chucks 17 in the
one circumferential direction as shown in FIG. 3(f) to restore the initial stage shown in FIG. 3(a).
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By such a sequence of operations as described just above, an oblique yarn 1, for example, denoted
by A is turned around another oblique yarn 1 denoted by B, and a further oblique yarn 1 denoted at
C is turned around the oblique yarn 1 denoted by B. In this manner, each adjacent ones of the
oblique yarns 1 are successively interlaced with each other.

Control of the orientation angle .theta. of the oblique yarns 1 is effected by displacement of
interlaced points of the oblique yarns 1 in radial directions by a tensile force of the circumferential
yarn 2, and the angle is determined by a balance in tensile force between the circumferential yarn
and the oblique yarns. According to test weaving conducted with a total of 50 oblique yarns, a
triaxial textile fabric of an orientation construction of 90 degree and .+-.60 degrees was obtained
where the radial distance from the cloth center or fell was 100 mm, the tensile force of the
circumferential yarn 1200 grams, and the tensile force of the oblique yarns 150 grams. Meanwhile,
if the tensile force of the circumferential yarn is raised while the tensile force of the oblique yarns is
kept constant at 150 grams, then the included angle .delta. between two adjacent oblique yarns
increases, but on the contrary if the tensile force of the circumferential yarn is reduced, then the
included angle .delta. decreases. For example, the angle .delta. was .delta.=78 degrees where the
tensile force of the circumferential yarn was 2,000 grams, and the angle .delta. was .delta.=47
degrees where the tensile force was 600 grams.

The triaxial textile fabric produced in this manner is shaped into a configuration conforming to
various configurations of the surface of the die 11 by upward and downward movement of the fell
of cloth caused by upward and downward movement of the die 11 driven by the motor 12 and by
the tensile force of the circumferential yarn 2.

Meanwhile, the yarn densities of the oblique yarns 1 and the circumferential yarn 2 are set by
controlling addition of oblique yarns 1 in accordance with the radius of the fell of cloth as well as a
resistance against turning motion of the bobbin 27 to adjust the tensile force of the circumferential
yarn 2.

To this end, the oblique yarns 1 are prepared in advance by a number required at an outer periphery
of a textile fabric to be woven, and the shuttles 14 for the required number of oblique yarns 1 are
mounted on the spindle chucks 16 and 17. It is to be noted here that the shuttles 14 are caused to
operate for weaving only by a number which increases in proportion to the radius of the fell of cloth
while the remaining shuttles 14 are held fixed on the upper chucks 16. Indeed it is possible to leave
shuttles 14 for unnecessary oblique yarns on the lower chucks 17, but the unnecessary oblique
yarns 1 will have a bad influence on the configuration of a three-dimensional fabric to be woven.
Accordingly, the shuttles 14 for such unnecessary oblique yarns 1 are preferably held fixed on the
upper chucks 16.

While, in the process of weaving, the number of those spindle chucks which are to perform weaving
operation is increased in proportion to the radial distance from the cloth center of fell, the radial
distance from the cloth center or fell may be detected in accordance with the number of inserting
operations of the circumferential yarn 2 or by means of a detector for detecting the position of the
fell of cloth. The number of operative ones of the spindle chucks may thus be increased in
accordance with the thus detected radial distance from the cloth center or fell. It is to be noted that
there is no necessity of successively changing control of all of the spindle chucks each time the
number of operative ones of the chucks is to be increased.

An exemplary weaving process will be described in the following wherein a total of 300 spindle
chucks are arranged in three rows each including 100 spindle chucks arranged in an equidistantly
spaced relationship along a circle and the number of operative ones of the spindles is increased at
12 stages. In this instance, since the spindle chucks are divided into upper and lower ones at 12
stages, they may be controlled in a total of 24 systems.
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FIG. 4 illustrates only 30 spindle chucks which are one tenth of the total of 300 spindle chucks
described above. The same sequence as the sequence shown in FIG. 4 is provided successively and
repetitively on the opposite left and right sides of the sequence shown to complete the spindle
chucks on the entire circle defined by the 100 spindle chucks as explained above. While in FIG. 4
the spindle chucks are shown arranged in three rows for convenience, the principle applies similarly
to a modified arrangement wherein the spindle chucks are arranged in an equidistantly spaced
relationship in a horizontal row. A large number of circles in FIG. 4 denote spindle chucks, and
numerical numbers in the circles represent an order of insertion. In particular, at an initial stage,
only those spindle chucks denoted by O are caused to operate so that only oblique yarns connected
to those shuttles on the operative spindle chucks make a weaving movement. Then at a subsequent
next stage, two spindle chucks denoted by 1 are additionally put into weaving operation. After then,
those spindle chucks denoted by 2, 3, 4, . . . are additionally put into weaving operation
successively. In this manner, the number of operative ones of the spindle chucks is increased at 12
stages.

In order to simplify control of operation of the spindle chucks, it is necessary to cause, when the
number of oblique yarns is to be increased, a pair of spindle chucks to start weaving operation as
seen in FIG. 4. In particular, since each adjacent ones of the oblique yarns have different orientation
angles, insertion of an even number of spindle chucks is required in order to increase the number of
oblique yarns without disturbing the cycle of the oblique yarns. It is to be noted that, even if an even
number of oblique yarns are increased, the distances between adjacent oblique yarns is
automatically equalized upon insertion of the circumferential yarn and no significant partial
variation will be caused in yarn density.

While the yarn density of the oblique yarns is determined at starting of weaving operation of the
spindle chucks as described hereinabove, the tensile force of the circumferential yarn may be
increased in proportion to the radial distance from the cloth center or fell in order to make the yarn
density of the circumferential yarn uniform. Or more commonly, it has been experimentally
confirmed that the ratio between the tensile force of the oblique yarns and the tensile force of the
circumferential yarn should be increased in proportion to the radial distance from the cloth center or
fell. From the results of an experiment wherein the tensile force of the circumferential yarn was
increased at 12 stages together with increase of the number of operative ones of the spindle chucks,
it was found out that the fluctuation in yarn density can be restricted to .+-.7 percent at the greatest
with respect to an aimed value.

If the fluctuation in yarn density of the oblique yarns and the circumferential yarn is restricted
within .+-.10 percent in this manner, a textile fabric can be obtained which is made significantly
uniform in density and also in appearance. This is very effective to improvement of characteristics
of a textile fabric particularly of a three-dimensional curved plane also as can be understood from
the following description made with reference to FIGS. 5 and 6.

FIGS. 5 and 6 show variations of coefficients of thermal expansion and moduli of elasticity of a
composite material consisting of a triaxial textile fabric produced in accordance with the process of
the present invention described hereinabove and having a configuration of a three-dimensional
curved plane provided by part of a spherical plane and having an orientation angle from the center
(refer to FIG. 7) and another composite material which is produced by placing flat plane textile
fabrics of a plain weave in layers with orientations thereof displaced by an angle of 45 degrees from
each other and then shaping the thus layered flat plane textile fabrics. It has been assumed, in
evaluation, that cross points do not move relative to each other and only orientation angles vary in
the case of the textile fabrics of a plain weave while in the case of the triaxial curved plane fabric of
the embodiment described above the orientations of the oblique and circumferential yarns are not
varied and only the deviation in yarn density in the radius increment make a factor of a dispersion in
characteristics, and the average fiber content Vf is 50 percent in both cases. In FIGS. 5 and 6,
curves .alpha..sub.L, .alpha..sub.T and E.sub.L, E.sub.T indicate coefficients of thermal expansion
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and moduli of elasticity in the directions of a line of longitude and a parallel line of latitude where
the flat plane fabrics are used, and dotted lines and broken lines indicate variations where increase
of oblique yarns is made for each inserting operation and for each three inserting operations,
respectively, of a circumferential yarn in the case of the triaxial curved plane textile fabric. The
variations shown are results of evaluation on lines of longitude on which they present maximum
values.

As can be apparently seen from FIGS. 5 and 6, the composite material which is produced using the
three-dimensional fabric of the embodiment described above is superior in characteristics of the
coefficient of thermal expansion and the modulus of elasticity to the conventional composite
material where the orientation angle .theta. is greater than 30 degrees.

For example, in the case of an antenna reflector consisting of part of a spherical plane, a composite
material is required wherein the modulus of elasticity is isotropic in a plane and the coefficient of
thermal expansion is low and besides the dispersion of the characteristics is small because it is
required to have a high configuration maintaining property against an external disturbance and a
high structural stability against heat. However, if such a curved plane three-dimensional fabric as
described above is employed as a reinforcer for a composite material, such requirements as
described above which cannot readily be attained by a conventional composite material can be
attained readily by the composite material.

It is to be noted that while the configuration of a three-dimensional fabric produced on the textile
fabric producing apparatus shown in FIG. 2 is part of a spherical plane, if the configuration of the
die shown in FIG. 2 is suitably selected, then three-dimensional fabrics of configurations of various
shell bodies of revolution such as a cone, a parabola and a cylinder can be produced. While in such
weaving as described above no beating is required if the tensile force of a circumferential yarn is
adjusted suitably, beating may be additionally effected. Such beating could assure production of a
three-dimensional fabric wherein the yarn density is controlled with a higher degree of accuracy, or
partial beating would permit production of a three-dimensional fabric which has a configuration of a
little deformed shell body of revolution.

According to the present invention described in detail above, a triaxial textile fabric can be obtained
readily. Besides, since it is possible to control orientation angles of yarns and make the yarn density
in the radius increment uniform, if the triaxial textile fabric is used as a reinforcer for a composite
material, the composite material thus obtained will have no isotropy in a plane in regard to a
modulus of elasticity and a coefficient of thermal expansion. Accordingly, the triaxial textile fabric
makes it possible to obtain a composite material which is superior in structural stability against heat
and in stability in dimension and has a high rigidity.

Having now fully described the invention, it will be apparent to one of ordinary skill in the art that
many changes and modifications can be made thereto without departing from the spirit and scope of
the invention as set forth herein.
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[57) ABSTRACT

A triaxial textile fabric for use as a reinforcing textile
fabric for a composite material wherein the modulus of
elasticity is made isotropic and which can be readily
deformed into a three-dimensional configuration with-
out causing special changes in orientation angles and a
process by which such a textile fabric can be easily
produced. The fabric comprises a large number of
oblique yarns extending in a radial direction from the
center of the textile fabric, and a circumferential yarn
woven spirally in a circumferential direction between
the oblique yarns. Each adjacent ones of the oblique
yarns are interlaced with each other and the circumfer-
ential yarn is woven between the thus interlaced oblique
yarns such that such interlacing may appear between
each adjacent coils of the spirally woven circumferen-
tial yarn. Such an interlacing step takes place after inser-
tion of the circumferential yarn and before an upward
and downward movement of the alternate oblique
yarns.

4 Claims, 5§ Drawing Sheets
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TRIAXIAL FABRIC OF INTERLACED OBLIQUE
YARNS

This application is a continuation of applicatidn Ser.
No. 07/278,210, filed on Nov. 30, 1988, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a textile fabric for a three-di-
mensional shaping which is used principally as a rein-
forcer of a composite material for a structure having a
configuration of a shell body of revolution or the like
and also to a process of production of such a textile
fabric.

2. Discussion of Background

In a composite material having reinforcing fiber ori-
entation angles of 0 degree and 90 degrees, such charac-
teristics as a coefficient of thermal conductivity and a
coefficient of thermal expansion are represented by
tensors of second order and the values of the character-
istics are made isotropic, but it is known that the modu-
lus of elasticity which is represented by a tensor of
fourth order exhibits a remarkable anisotropy. It is theo-
retically determined that up to three axes of 0 degree
and =60 degrees are required in order to attain an isot-
ropy in modulus of elasticity of a- composite material.
While it is not always required that the characteristics
be isotropic, it is preferable that an arbitrary isotropy
from a one directional reinforcer to an isotropic rein-
forcer can be realized in order to make use of the advan-
tage of a composite material t possible to design charac-
teristics of the mater order to realize the isotropy in
modulus of elasticity, a triaxial flat plane fabric having
orientation angles of 0 degree and +60 degrees and an
equipment for production of the same have been devel-
oped and sold by Barber Colman Co. (U.S. Pat. No.
4,040,451 and U.S. Pat. No. 4,105,052) in addition to
fabrics of a plain weave and a satin weave as reinforcers
for a composite material for a structure.

Such a flat plane fabric is effective to produce a com-
posite material of a configuration of -a curved plane
plate having a curved flat surface or a developable
surface. However, where it is to be used for a general
curved surface, it must be either distorted in orientation
axes thereof or a reinforcing fabric must be patched
thereto. Accordingly, deterioration in characteristics of
the flat plane fabric such as strength, rigidity and accu-
racy in dimension cannot be avoided. Accordingly, it is
desired to directly produce, as a reinforcer for a com-
posite material, a textile fabric having a texture which
can be readily deformed into a three-dimensional con-
figuration without causing special changes in three-di-
mensional configuration or orientation angles. How-
ever, while such textile fabrics have been realized with
some plain weaves and some knit textures, a triaxial
textile fabric having orientation angles of 0 degree and
+60 degrees wherein the modulus of elasticity can be
made isotropic has not yet been developed.

Conventionally, such measures are also taken that a
suitable number of prepreg sheets each formed by ar-
ranging reinforcing fibers in one direction and impreg-
nating the reinforcing fibers with uncured resin material
are placed in layers with their orientations displaced by
a required angle from each other. However, if the tex-
tile fabric thus produced is applied to a curved plane
body, then some distortion will appear in orientation
angles of the textile fabric, or in some cases, patching
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may be required, similarly as in the case of the flat plane
fabric which is used as a reinforcer described herein-
above.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a triaxial textile fabric for use as a reinforcing .
textile fabric for a composite material wherein the mod-
ulus of elasticity is made isotropic and which has such a
texture as to allow the textile fabric to be readily de-
formed into a three-dimensional configuration such as a
configuration of a curved surface of a body of revolu-
tion without causing special changes in orientation an-
gles and to provide a process by which such an im-
proved textile fabric can be produced easily.

In order to attain the object, according to one aspect
of the present invention, a textile fabric for three-dimen-
sional shaping comprises a large number of oblique
yarns extending in radial directions from the center of
the textile fabric, and a circumferential yarn woven
spirally in a circumferential direction in the oblique
yarns, whereby each adjacent ones of the oblique yarns
are interlaced with each other and the circumferential
yarn is woven between the thus interlaced oblique yarns
such that such interlacing may appear between each
adjacent spirally woven circumferential yarn thereby to
form the textile fabric as a triaxial textile fabric.

With the textile fabric, since the individual yarns are
oriented in a mutually intersecting relationship in triax-
ial directions, the isotropy of characteristics in a place
can be attained. Accordingly, the textile fabric is suit-
able for a member which received a multi-axial load
thereon, and at the same time, it is suitable as a reinforc-
ing textile fabric for a composite material having such a
texture as to allow the textile fabric to be readily de-
formed into a three-dimensional configuration such as
configuration of a curved plane of a body of revolution
without providing special variations to orientation an-
gles of the textile fabric.

Further, where the individual yarns of the textile
fabric are woven in controlled tensions, disorder of the
orientation angles is minimized and the fluctuation in
yarn density is also minimized. Accordingly, the textile
fabric can be utilized effectively as a member which is
required to be small in fluctuation of characteristics and
be stabilized significantly in characteristics.

According to another aspect of the present invention,
a process of producing a textile fabric for three-dimen-
sional shaping comprises a first step of moving first
alternate ones of a large number of oblique yarns which
extend in radial directions from the center upwardly
and the remaining second alternate ones of the oblique
yarns downwardly to make an opening between the
first and second oblique yarns; a second step of inserting
a circumferential yarn into the opening; a third step of
moving the first oblique yarns downwardly and the
second oblique yarns upwardly to make a reverse open-
ing between the first and second oblique yarns; and a
fourth step of inserting the circumferential yarn into the
reverse opening are repeated sequentially to weave a
fabric with the oblique yarns and the circumferential
yarn. The process comprises an additional step of inter-
lacing each adjacent ones of the oblique yarns with each
other, the additional step being inserted between the
second and third steps and also between the fourth and
next first steps, whereby the textile fabric thus woven is
a triaxial textile fabric.
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According to the process, a triaxial textile fabric
having such characteristics as described above can be
produced readily.

The above and other objects, features and advantages
of the present invention will become apparent from the
following description and the appended claims, taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic representation illustrating
construction of a triaxial textile fabric according to the
present invention;

FIG. 2 is a front elevational view of an apparatus for
weaving the triaxial textile fabric shown in FIG. 1 as a
three-dimensional fabric of a configuration of a shell
body of revolution;

FIGS. 3(a) to 3(f) are diagrammatic representations
illustrating a principle of interlacing of oblique yarns;

FIG. 4 is a diagrammatic representation illustrating
an arrangement of spindle chucks in the apparatus
shown in FIG. 2 and a starting order of weaving opera-
tion of the spindle chucks;

FIGS. § and 6 are diagrams illustrating characteris-
tics of a composite material consisting of conventional
flat plane fabrics and another composite material con-
sisting of the triaxial textile fabric according to the
present invention; and

FIG. 7 is a diagrammatic representation illustrating a
three-dimensional fabric having such characteristics as
shown by dotted lines or broken lines in FIGS. § and 6.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring first to FIG. 1, there is shown in diagram-
matic representation a triaxial textile fabric for three-di-
mensional shaping according to the present invention.
The triaxial textile fabric shown is used as a reinforcer
for a composite material having a three-dimensional
configuration such as a shell body of revolution. The
triaxial textile fabric is normally made of carbon fibers
or glass fibers, but it may otherwise be made of some
other various fibers if necessary. ’

The texture of the triaxial textile fabric is composed
of a large number of oblique yarns 1 which extend in
radial directions from a central portion of the triaxial
textile fabric and each adjacent left and right ones of
which are interlaced with each other, and a circumfer-
ential yarn 2 which is woven in a circumferential direc-
tion in the oblique yarns 1 at each location where adja-
cent ones of the oblique yarns 1 are interlaced with each
other. Thus, the triaxial textile fabric has such a texture
that the circumferential yarn 2 is woven spirally into the
oblique yarns 1. The intersecting angle of the oblique
yarns 1 can be made a stabilized angle within the range
of 60230 degrees by a weaving process which will be
hereinafter described in detail.

The oblique yarns 1 increase in number substantially
in proportion to the radius of a fabric being woven so
that the deviation in density of yarns in each increment
of the radius of the woven fabric may remain within a
predetermined range, and preferably in order that the
deviation in yarn density of the oblique yarns ma be
normally kept within the range of +10 percent, an
oblique yarn 1 is added successively in proportion to an
increase of the radius of the fabric being woven. Mean-
while, the circumferential yarn 2 is woven spirally into
the oblique yarns 1 such that it may present a similar
yarn density and a similar deviation in yarn density in
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the radius increment to those of the oblique yarns. The
triaxial textile fabric for a composite material is woven
in this manner.

While the triaxial textile fabric can be woven in a
shaped configuration such as a configuration of a shell
body of revolution in advance, it may otherwise be
woven as a flat plane fabric and then shaped into a
three-dimensional configuration such as a configuration
of a shell body of revolution when it is incorporated
into a composite material. Particularly, since the triaxial
textile fabric is woven with the oblique yarns and the
circumferential yarn, even if it is shaped into a three-di-
mensional configuration such as a configuration of a
shell body of revolution when it is incorporated into a
composite material, no specially significant variation
will be caused in the yarn density in the radius incre-
ment of the same.

Referring now to FIG. 2, there is shown an apparatus
for weaving the triaxial textile fabric described above as
a three-dimensional fabric of a configuration of a shell
body of revolution. The triaxial textile fabric producing
apparatus includes a machine frame 10, and a die 11
provided at the center of the machine frame 10 for
defining a configuration of a three-dimensional fabric to
be woven. The die 11 is moved up and down by means
of a lifting shaft 13 which is driven to move up and
down by a motor 12.

Oblique yarns 1 are secured at one ends thereof to the
center of the die 11 through for example, a stretching
weight, see FIG. 1 and column 3, lines 52-60, of U.S.
Pat. No. 4,938,270, the subject matter of which is incor--
porated by reference, and each connected at the other
end thereof to shuttle 14 under a fixed tension exerted
by a resilient member such as a rubber member or a
spring through any means known to one having ordi-
nary skill in the textile art, see for example, the above-
mentioned U.S. Pat. No. 4,938,270, the subject matter of
which is incorporated by reference, and a triaxial textile
fabric is woven with such oblique yarns along a config-
uration of a surface of the die 11 by operation which
will be hereinafter described. :

The shuttles 14 mounted at the other ends of the
oblique yarns 1 are each grasped alternately by a pair of
upper and lower spindle chucks 16 and 17. See for ex-
ample, FIG. 10 of the above-mentioned U.S. Pat. No.
4,938,270. The upper spindle chucks 16 are mounted
along an outer periphery of an upper table 19 which is
driven to move up and down by a motor 18 provided on
the machine frame 10. The upper table 19 is rotated by
a rotationally driving motor 21 mounted on a motor
mount 20 which is driven to move up and down to-
gether with the upper table 19. Meanwhile, the lower
spindle chucks 17 are mounted along an outer periphery
of a lower table 23 in a corresponding relationship to
the upper spindle chucks 16. The lower table 23 is ro-
tated by another rotational driving motor 25 mounted
on a motor mount 24 which is in turn fixedly mounted
on the machine frame 10. The individual spindle chucks
16 and 17 are controlled to open or close by a sequenc-
er (not shown) (see for example, FIG. 10 of U.S. Pat.
No. 4,938,270), and by downward movement of the
upper table 19 and opening and closing movement of
the spindle chucks 16 and 17, the shuttles connected to
the oblique yarns 1 can be transferred from the upper
spindle chucks 16 to the lower spindle chucks 17 or vice
versa. Meanwhile, the rotationally driving motors 21
and 25 are controlled by the aforementioned sequencer
to move the corresponding positions of the spindle
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chucks 16 and 17 in a predetermined order in circumfer-
ential directions to achieve interlacing of the oblique
yarns in accordance with the principle of braiding.

Meanwhile, the circumferential yarn 2 is carried in a
wound condition on a bobbin 27 held on a holder 30 at
an end of an arm 29 which is turned around the lifting
shaft 13 of the die 11 by a motor 28. Accordingly, if an
end of the circumferential yarn 2 is positioned between
the alternately upwardly and downwardly positioned
oblique yarns 1 and the motor 28 is rotated to turn the
bobbin 27 around the die 11, the circumferential yarn 2
is inserted into an opening between the oblique yarns.
The holder 30 has a tension adjusting mechanism pro-
vided therein for permitting adjustment of a tension to
be applied to the circumferential yarn 2 led out from the
bobbin 27. The tension adjusting mechanism is well
known to those in the textile art and an example is illus-
trated in FIG. 1 of the U.S. Pat. No. 4,938,270. As the
tension adjusting mechanism, such a mechanism that
includes a member for transmitting a power may be
suitably employed. For example, the mechanism may be
of a type which utilizes friction, wherein the frictional
force between friction members is adjusted in response
to an electric signal from the outside, whereby the ten-
sile force of the circumferential yarn 2 is adjusted. As
the electric signal, a signal which increases in propor-
tion to the radial distance from the cloth center or fell
may be provided in accordance with detected results of
the position of the fell of cloth and turning speed of the
holder 30. The detecting mechanism being well known
to those in the textile art.

With the textile fabric producing apparatus having
such a construction as described above, in preparation
for weaving, a large number of oblique yarns 1 are
secured at one ends thereof to the center of the die 11
and connected at the other ends thereof to the shuttles
14 by way of the resilient members with the tensile
forces of the oblique yarns 1 kept substantially fixed,
and the individual shuttles 14 are alternately held by the
upper and lower spindle chucks 16 and 17.

While the oblique yarns 1 are held in an alternately
upwardly and downwardly separated condition by the
shuttles 14, the arm 29 is turned by the motor 28 to turn
the bobbin 27 around the die 11. During such turning
motion of the bobbin 27, the circumferential yarn 2
* having the one end held at the center of the die 11 is
inserted into the opening between the alternately up-
wardly and downwardly separated circumferential
yarns 1. Subsequently, the shuttles 14 must be trans-
ferred between the upper and lower spindle chucks 16
and 17. Such transfer, however, is carried out while the
upper and lower spindle chucks 16 and 17 are moved in
the opposite circumferential directions by the upper and
lower rotationally driving motors 21 and 25, respec-
tively, in such a manner as described below in order to
achieve interlacing between each pair of adjacent ones
of the oblique yarns 1. A transferring operation itself is
performed by driving the motor 18 to move down the
upper table 19, transferring the shuttles 14 from the
upper spindle chucks 16 to the lower spindle chucks 17
or vice versa, and returning the upper table 19 to its
initial position.

FIGS. 3(a) to 3(/) illustrate the principle of formation
of such interlacing as described above, and in FIGS.
3(a) to 3(f), eleven upper and eleven lower spindle
chucks 16 and 17 are illustratively shown by circle
marks. In particular, those circles in which symbols A,
B, . . . are encircled and shadowed circles represent
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those spindle chucks which hold shuttles 14 thereon,
and blank circles represent those spmdle chucks Wthh

. do not hold shuttles 14 thereon.

Upon weaving, at first those shuttles 14 which are
held on the lower spindle chucks 17 in an initial condi-
tion shown in FIG. 3(a) are shifted by a distance equal
to twice the pitch of the spindle chucks 17 in one cir-
cumferential direction to reach such a condition as
shown in FIG. 3(b). Subsequently, all the shuttles 14 are
transferred between the upper and lower spindle chucks
16 and 17 as shown in FIG. 3(¢), and then the circumfer-
ential yarn 2 (FIGS. 3(c) and 3(e)) is inserted into the
opening chucks 16 are shifted by a distance equal to
four times the pitch of the spindle chucks 16 in the
opposite circumferential direction as shown in FIG.
3(d), and then the circumferential yarn 2 is inserted into
the opening between the oblique yarns 1 whereafter the
oblique yarns 1 are transferred between the upper and
lower spindle chucks 16 and 17 as shown in FIG. 3(e).
After then, the lower spindle chucks 17 are shifted by a
distance equal to twice the pitch of the spindle chucks
17 in the one circumferential direction as shown in FIG.
3(P) to restore the initial stage shown in FIG. 3(q). By
such a sequence of operations as described just above,
an oblique yarn 1, for example, denoted by A is turned
around another oblique yarn 1 denoted by B, and a
further oblique yarn 1 denoted at C is turned around the
oblique yarn 1 denoted by B. In this manner, each adja-
cent ones of the oblique yarns 1 are successively inter-
laced with each other.

Control of the orientation angle 6 of the oblique yarns
1 is effected by displacement of interlaced points of the
oblique yarns 1 in radial directions by a tensile force of
the circumferential yarn 2, and the angle is determined
by a balance in tensile force between the circumferential
yarn and the oblique yarns. According to test weaving
conducted with a total of 50 oblique yarns, a triaxial
textile fabric of an orientation construction of 90 degree
and *60 degrees was obtained where the radial dis-
tance from the cloth center or fell was 100 mm, the
tensile force of the circumferential yarn 1200 grams,
and the tensile force of the oblique yarns 150 grams.
Meanwhile, if the tensile force of the circumferential
yarn is raised while the tensile force of the oblique yarns
is kept constant at 150 grams, then the included angle &
between two adjacent oblique yarns increases, but on
the contrary if the tensile force of the circumferential
yarn is reduced, then the included angle & decreases.
For example, the angle 8 was §=78 degrees where the
tensile force of the circumferential yarn was 2,000
grams, and the angle 8 was §=47 degrees where the
tensile force was 600 grams.

The triaxial textile fabric produced in this manner is
shaped into a configuration conforming to various con-
figurations of the surface of the die 11 by upward and
downward movement of the fell of cloth caused by
upward and downward movement of the die 11 driven
by the motor 12 and by the tensile force of the circum-
ferential yarn 2.

Meanwhile, the yarn densities of the oblique yarns 1
and the circumferential yarn 2 are set by controlling
addition of oblique yarns 1 in accordance with the ra-
dius of the fell of cloth as well as a resistance against
turning motion of the bobbin 27 to adjust the tensile
force of the circumferential yarn 2.

To this end, the oblique yarns 1 are prepared in ad-
vance by a number required at an outer periphery of a
textile fabric to be woven, and the shuttles 14 for the
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required number of oblique yarns 1 are mounted on the
spindle chucks 16 and 17. It is to be noted here that the
shuttles 14 are caused to operate for weaving only by a
number which increases in proportion to the radius of
the fell of cloth while the remaining shuttles 14 are held
fixed on the upper chucks 16. Indeed it is possible to
leave shuttles 14 for unnecessary oblique yarns on the
lower chucks 17, but the unnecessary oblique yarns 1
will have a bad influence on the configuration of a
three-dimensional fabric to be woven. Accordingly, the
shutties 14 for such unnecessary oblique yarns 1 are
preferably held fixed on the upper chucks 16.

While, in the process of weaving, the number of those
spindle chucks which are to perform weaving operation
is increased in proportion to the radial distance from the
cloth center of fell, the radial distance from the cloth
center or fell may be detected in accordance with the
number of inserting operations of the circumferential
yarn 2 or by means of a detector for detecting the posi-
tion of the fell of cloth. The number of operative ones of
the spindle chucks may thus be increased in accordance
with the thus detected radial distance from the cloth
center or fell. It is to be noted that there is no necessity
of successively changing control of all of the spindle
chucks each time the number of operative ones of the
chucks is to be increased.

An exemplary weaving process will be described in
the following wherein a total of 300 spindle chucks are
arranged in three rows each including 100 spindle
chucks arranged in an equidistantly spaced relationship
along a circle and the number of operative ones of the
spindles is increased at 12 stages. In this instance, since
the spindle chucks are divided into upper and lower
ones at 12 stages, they may be controlled in a total of 24
systems.

FIG. 4 illustrates only 30 spindle chucks which are
one tenth of the total of 300 spindle chucks described
above. The same sequence as the sequence shown in
FIG. 4 is provided successively and repetitively on the
opposite left and right sides of the sequence shown to
complete the spindle chucks on the entire circle defined
by the 100 spindle chucks as explained above. While in
FIG. 4 the spindle chucks are shown arranged in three
rows for convenience, the principle applies similarly to
a modified arrangement wherein the spindle chucks are
arranged in an equidistantly spaced relationship in a
horizontal row. A large number of circles in FIG. 4
denote spindle chucks, and numerical numbers in the
circles represent an order of insertion. In particular, at
an initial stage, only those spindle chucks denoted by 0
are caused to operate so that only oblique yarns con-
nected to those shuttles on the operative spindle chucks
make a weaving movement. Then at a subsequent next
stage, two spindle chucks denoted by 1 are additionally
put into weaving operation. After then, those spindle
chucks denoted by 2, 3, 4, . . . are additionally put into
weaving operation successively. In this manner, the
number of operative ones of the spindle chucks is in-
creased at 12 stages.

In order to simplify control of operation of the spin-
dle chucks, it is necessary to cause, when the number of
obligue yarns is to be increased, a pair of spindle chucks
to start weaving operation as seen in FIG. 4. In particu-
lar, since each adjacent ones of the oblique yarns have
different orientation angles, insertion of an even number
of spindle chucks is required in order to increase the
number of oblique yarns without disturbing the cycle of
the oblique yarns. It is to be noted that, even if an even
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number of oblique yarns are increased, the distances
between adjacent oblique yarns is automatically equal-
ized upon insertion of the circumferential yarn and no
significant partial variation will be caused in yarn den-
sity.

While the yarn density of the oblique yarns is deter-
mined at starting of weaving operation of the spindle
chucks as described hereinabove, the tensile force of the
circumferential yarn may be increased in proportion to
the radial distance from the cloth center or fell in order
to make the yarn density of the circumferential yarn
uniform. Or more commonly, it has been experimen-
tally confirmed that the ratio between the tensile force
of the oblique yarns and the tensile force of the circum-
ferential yarn should be increased in proportion to the
radial distance from the cloth center or fell. From the
results of an experiment wherein the tensile force of the
circumferential yarn was increased at 12 stages together
with increase of the number of operative ones of the
spindle chucks, it was found out that the fluctuation in
yarn density can be restricted to ==7 percent at the
greatest with respect to an aimed value.

If the fluctuation in yarn density of the oblique yarns
and the circumferential yarn is restricted within %10
percent in this manner, a textile fabric can be obtained
which is made significantly uniform in density and also
in appearance. This is very effective to improvement of
characteristics of a textile fabric particularly of a three-
dimensional curved plane also as can be understood
from the following description made with reference to
FIGS. S5 and 6.

_FIGS. 5 and 6 show variations of coefficients of ther-
mal expansion and moduli of elasticity of a composite
material consisting of a triaxial textile fabric produced
in accordance with the process of the present invention
described hereinabove and having a configuration of a
three-dimensional curved plane provided by part of a
spherical plane and having an orientation angle from
the center (refer to FIG. 7) and another composite
material which is produced by placing flat plane textile
fabrics of a plain weave in layers with orientations
thereof displaced by an angle of 45 degrees from each
other and then shaping the thus layered flat plane textile
fabrics. It has been assumed, in evaluation, that cross
points do not move relative to each other and only
orientation angles vary in the case of the textile fabrics
of a plain weave while in the case of the triaxial curved
plane fabric of the embodiment described above the
orientations of the oblique and circumferential yarns are
not varied and only the deviation in yarn density in the
radius increment make a factor of a dispersion in char-
acteristics, and the average fiber content Vf is 50 per-
cent in both cases. In FIGS. 5 and 6, curves az, arand
E;, Erindicate coefficients of thermal expansion and
moduli of elasticity in the directions of a line of longi-
tude and a parallel line of latitude where the flat plane
fabrics are used, and dotted lines and broken lines indi-
cate variations where increase of oblique yarns is made
for each inserting operation and for each three inserting
operations, respectively, of a circumferential yarn in the
case of the triaxial curved plane textile fabric. The vari-
ations shown are results of evaluation on lines of longi-
tude on which they present maximum values.

As can be apparently seen from FIGS. 5 and 6, the
composite material which is produced using the three-
dimensional fabric of the embodiment described above
is superior in characteristics of the coefficient of ther-
mal expansion and the modulus of elasticity to the con-
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ventional composite material where the orientation
angle 8 is greater than 30 degrees.

For example, in the case of an antenna reflector con-
sisting of part of a spherical plane, 2 composite material
is required wherein the modulus of elasticity is isotropic
in a plane and the coefficient of thermal expansion is
low and besides the dispersion of the characteristics is
small because it is required to have a high configuration
maintaining property against an external disturbance
and a high structural stability against heat. However, if
such a curved plane three-dimensional fabric as de-
scribed above is employed as a reinforcer for a compos-
ite material, such requirements as described above
which cannot readily be attained by a conventional
composite material can be attained readily by the com-
posite material.

It is to be noted that while the configuration of a
three-dimensional fabric produced on the textile fabric
producing apparatus shown in FIG. 2 is part of a spheri-
cal plane, if the configuration of the die shown in FIG.
2 is suitably selected, then three-dimensional fabrics of
configurations of various shell bodies of revolution such
as a cone, a parabola and a cylinder can be produced.
While in such weaving as described above no beating is
required if the tensile force of a circumferential yarn is
adjusted suitably, beating may be additionally effected.
Such beating could assure production of a three-dimen-
sional fabric wherein the yarn density is controlled with
a higher degree of accuracy, or partial beating would
permit production of a three-dimensional fabric which
has a configuration of a little deformed shell body of
revolution. ‘

According to the present invention described in de-
tail above, a triaxial textile fabric can be obtained
readily. Besides, since it is possible to control orienta-
tion angles of yarns and make the yarn density in the
radius increment uniform, if the triaxial textile fabric is
used as a reinforcer for a composite material, the com-
posite material thus obtained will have no isotropy in a
plane in regard to a modulus of elasticity and a coeffici-
ent of thermal expansion. Accordingly, the triaxial tex-
tile fabric makes it possible to obtain a composite mate-
rial which is superior in structural stability against heat
and in stability in dimension and has a high rigidity.

Having now fully described the invention, it will be
apparent to one of ordinary skill in the art that many
changes and modifications can be made thereto without
departing from the spirit and scope of the invention as
set forth herein.

What is claimed is:
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1. A textile fabric for three-dimensional shaping com-
prising:

a plurality of oblique yarns extending in radial direc-

tions from a center of said textile fabric; and

a circumferential yarn woven spirally in a circumfer-

ential direction in said oblique yarns;
wherein each adjacent one of said oblique yarns are
interlaced with each other and said circumferential
yarn is woven between the interlaced oblique yarns
such that said interlacing occurs between each
adjacent spirally woven circumferential yarn to
thereby form said textile fabric as a triaxial textile
fabric.
2. A textile fabric for three-dimensional shaping ac-
cording to claim 1, wherein a deviation in yarn density
of said oblique yarns and said circumferential yarn is
within the range of =10 percent.
3. A process for producing a textile fabric for three-
dimensional shaping comprising the steps of:
first, moving alternate ones of a plurality of radially
extending first oblique yarns which are mounted to
a center of a die in an upward direction and moving
the remaining second alternate ones of said oblique
yarns in a downward direction to make an opening
between the first and second oblique yarns;

second, inserting a circumferential yarn into said
opening; ;
third, moving the first oblique yarns in said down-
ward direction and the second oblique yarns in said
upward direction to make a reverse opening be-
tween said first and second oblique yarns; and

fourth, inserting said circumferential yarn into said
Teverse opening;

wherein said steps are repeated sequentially to weave
a fabric with said oblique yarns and said circumfer-
ential yarn;

said process comprising the additional step of inter-

lacing each adjacent one of said oblique yarns with
each other, said additional step occurring between
said second and third steps and said fourth and next
first steps whereby said textile fabric thus woven is
a triaxial textile fabric.

4. A process of producing a textile fabric for three-di-
mensional shaping, according to claim 3, wherein the
number of said oblique yarns is increased in proportion
to the radius of the cloth being woven so that the devia-
tion in yarn density of said oblique yarns normally re-
mains within a fixed range and the ratio between a ten-
sile force of said circumferential yarn and a tensile force
of said oblique yarns is increased in proportion to said
radius so that the deviation in density of said circumfer-

ential yarn remains within a fixed range.
* * * % *
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