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ABSTRACT: A woven fabric of relatively inextensible materi 
als wherein the warp threads lie substantially straight and in a 
common plane, and the ?ll threads traverse a sinusoidal path 
alternating above and below the warp threads is produced by 
placing the ?ll thread in the warp shed at a ?xed angle of 
inclination to the warp threads so that the length of ?ll is sub 
stantially greater than the width of warp. 
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FABRIC AND METHOD FOR WEAVING 

BACKGROUND OF THE INVENTION 

This invention relates to a method for weaving fabrics, and 
more particularly to a method for weaving highly inextensible 
materials into fabrics having a straight warp and curvilinear 
fill. 
Recent developments in the ?eld of high strength, tempera 

ture resistant materials have included the use of inorganic 
refractory ?bers such as boron, boron nitride, boron carbide, 
silicon, silicon carbide, alumina, alumina-silica, carbon, glass, 
and quartz to fabricate reinforced composite structures having 
outstanding stiffness and strength-to-weight ratios. These inor 
ganic refractory ?bers are characterized by high strength and 
modulus, brittleness, limited ?exibility, and by essentially zero 
elongation as de?ned by the term inextensible. 

Although many of these refractory ?bers are presently 
available only in short lengths or as whiskers, efforts are being 
made to produce the materials in continuous ?lament form. 
Continuous ?lament boron formed by the vapor deposition of 
boron on a ?ne wire tungsten substrate is now commercially 
available. 

High-strength reinforced structures are generally fabricated 
either by ?lament winding or by sheet layup. In ?lament wind 
ing, strands of reinforcement are oriented directly onto sur 
faces which control their form. In sheet layup, the strands are 
?rst formed into sheets, and the sheets are laid up and 
laminated to provide the desired form and orientation. While 
these methods are useful, composites made by these processes 
do not possess the cross-reinforcement provided by a woven 
structure. For this reason, it is desirable to prepare woven 
fabrics of the inextensible materials as reinforcement for com 
posite structures. 
Although the art of weaving is ancient, the inextensible and 

brittle nature of the inorganic refractory ?bers precludes their 
processing on conventional weaving equipment. We have 
found that when attempting to weave two relatively inextensi 
ble materials such as continuous ?lament boron warp and a 
continuous ?lament ?ber glass ?ll, the boron ?laments are 
broken with great frequency due to the high stresses occurring 
at the point of weaving as a result of the inextensibility of the 
warp and ?ll yarns. In order to prevent the formation of high 
stresses and breakage of the boron ?laments, it was necessary 
to introduce some slack into the ?ll yarn and thereby relieve 
the tension between the warp and ?ll material. 

SUMMARY OF THE INVENTION 

It has been discovered that by laying the ?ll yarn obliquely 
through the warp shed at a controlled angle of inclination to 
the direction of the warp, it is possible to precisely control the ~ 
length of the ?lling yarn when the yarn is relocated normal to 
the warp by the action of the beaters. The resulting fabric is 
characterized by having straight warp yarns lying in a single 
plane. with the ?lling yarn describing a sinusoidal pattern 
when viewed in cross section as it passes alternately over and 
under the straight warp yarns. 
The warp yarns employed in the practice of this invention 

are commonly the inorganic refractory ?bers which are brit 
tle, highly inextensible and of limited ?exibility, while the ?ll 
yarns are commonly ?berglass which although highly inexten 
sible, is nevertheless very ?exible. 

It is therefore an object of this invention to produce a woven 
fabric of highly inextensible materials. 

It is a further object of this invention to provide a method 
for controlling the ?lling length during weaving in order to 
provide slack in the ?ll yarn and relieve tension in the fabric. 
Other objects and advantages of the invention will become 

apparent when the following detailed description is read in 
conjunction with the drawings. 
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2 
DESCRIPTION OF THE DRAWING 

FIG. I is a representation illustrating the relationship 
between the warp and ?ll yarns during the shedding operation. 

FIG. 2 shows a section of the uniform fabric produced in ac 
cordance with this invention. 

FIG. 3 shows a cross section of this fabric in the warp 
direction. 

FIG. 4 shows a section of the high tension fabric produced 
in accordance with the weaving processes of the prior art. 
FIG. 5 shows a cross section of this fabric in the warp 
direction. . 

FIG. 6 depicts one possible arrangement of the apparatus to 
accomplish the method of the instant invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring now in detail to the drawings, there is shown in 
FIG. I a critical angle, (I), existing between the orientation of a 
warp l0 and ?ll yarn 11 during the ?lling operation and before 
the beating action. In the drawing, a given length of ?ll yarn 
AC exceeds the width of warp AB by an amount equal to 

1 

B (cos ¢_1) 
The optimum value of angle (I) is determined by a number of 
factors, such as the diameter of the warp threads, the diameter 
of the ?ll yarn, and the closeness of the weave. If angle (I) is too 
large, the ?ll yarn will lie slack and the fabric will lack dimen 
sional stability. Ideally, the angle 11> adjusted experimentally 
for the particular fabric being woven by laying the ?ll yarn 11 
at some predetermined angle to the longitudinal axis of the 
warp so that the ?ll yarns lie snuggly about the warp but do not 
impart any signi?cant degree of stress or tension to the warp. 
As a practical matter, angle 4’ will generally be between 30° 
and 60°, whereby the length of ?ll yarn exceeds the linear 
width of the warp by 15 to 100 percent. 
When angle ‘b is at an optimum value, the warp 10 of the 

woven fabric lie straight and parallel in a common plane as 
shown in FIG. 2, and the ?ll yarn 11 passes snuggly over and 
under alternate warp without de?ecting the warp as depicted 
in FIG. 3. In contrast, FIGS. 4 and 5 show corresponding views 
of a typical fabric wherein failure to provide excess length of 
?ll yarn 11 has resulted in de?ection of the warp l0 and im 
parted high stresses to the fabric. 

In the practice of this invention, provision must be made to 
provide slack in the ?ll yarn during the beating step in order to 
assure that the ?ll yarn is moved along the warp yarns with no 
lateral displacement. Referring to FIG. 1, the ?ll yarn I1 is 
placed between a warp shed along line AC. After beating, the 
?ll is relocated along line AB, and point C is superimposed on 
point B. 
One possible apparatus and method which may be success 

fully employed in the practice of this invention to control the 
angle <9 and provide the necessary slack in the ?ll yarn is de 
picted schematically in FIG. 6. The sequence of the weaving 
operation is as follows: (1) I-Ieddles 12 open to form a warp 
shed l4 (2) A shuttle 15 is passed through the warp shed 14 
from position 6. (3) Fill yarn 11 is carried by the shuttle l5 
and laid along path AEG. Rod 17 connected to the weaving 
apparatus at point E is a moveable guide rod which is posi 
tioned to control angle (b, , the rod 17 being stationary during 
the weaving operation. (4) A strip rod 13 slidably attached on 
the weaving apparatus and provided with means (not shown) 
for moving said rod 17 within a predetermined path from a 
position F to a position F’, thereby stripping additional ?ll 
yarn from the shuttle l5 and imparting considerable slack in 
the ?ll yarn ll. (5) The heddles 12 close the warp shed 14 and 
beater I6 slides the ?ll yarn 11 down the warp to a position 
corresponding to AB. (6) The heater I6 returns to its original 
position, and the process is repeated in the opposite side 
where guide rod 18 and strip rod 19 corresponding to rods 17 
and 13, respectively, await to engage the ?ll yarn. 
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The above mechanism can be used with good results, but 
any mechanical arrangement to provide the functions of rods 
17 and 13 can be substituted with equal success. The instant 
invention is therefore not limited to any particular mechanical 
arrangement, but rather to the novel method involved in the 
practice thereof as de?ned in the following claims. 
We claim: 
1. A method for weaving a fabric of essentially inextensible 

materials, said fabric being characterized by having a straight 
parallel warp and having a ?ll yarn traversing a sinusoidal path 
alternating above and below said warp, said method compris 
ing the repeating steps of : 

a. forming a shed in the warp, 
b. laying a ?ll yarn through the shed at an angle to the lon 

gitudinal axis of the warp of between 30° and 60°, 
whereby the length of ?ll yarn exceeds the linear width of 
the warp by 15 to 100 percent, 

c. inducing slack into the ?ll yarn through stripping addi 
tional ?ll yarn from a shuttle while maintaining the angle 
between the fill yarn and the warp constant, and 
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d. slideably moving the ?ll yarn in a direction parallel to the 
warp until the longitudinal axis of the ?ll yarn is at sub 
stantially right angles to the longitudinal axis of the warp. 

2. The method of claim 1 wherein the warp is inextensible 
?lamentary material comprised of a tungsten core with a 
sheath selected from the group consisting of boron, boron car 
bide, and titanium diboride. 

3. The method of claim 1 wherein the warp is highly inex 
tensible inorganic refractory fibers selected from the group 
consisting of boron, boron nitride, boron carbide, alumina, 
alumina-silica, silica, and silicon carbide. 

4. The method of claim 2 wherein the ?ll yarn is comprised 
of continuous glass ?bers. 

5. A highly inextensible woven fabric comprising a warp of 
straight and parallel inorganic refractory ?bers selected from 
the groups consisting of boron, boron carbide and titanium 
diboride and a fill of continuous glass ?bers describing a 
sinusoidal path alternately above and below the warp ?bers. 
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