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3,227,511 .
METHODS OF FORMING WOVEN
STRETCHABLE FABRICS
Norman L. Seitzer, Princeton, N.J., assignor to The Ken-
dall Cempany, Boston, Mass., a corporatlon of Massa-
chusetts
Original application Aug. 2, 1961, Ser. No. 128,810 now
Patent No. 3,145,132, dated Aug 18, 1964. Divided
and this apphcatlon May 3, 1963, Ser. No. 277,884
9 Claims. (Cl 8—116. 3)

This invention relates generally: to woven stretchable
fabrics which are particularly adapted to be treated with
a stabilizing material in the nature of an impregnation or
coating, with the resulting fabrics having many enhanced
and novel characteristics over prior art fabrics. - This ap-
plication is a divisional application of application Serial
Number 128,810 (now Patent No. 3,145,132), entitled
Woven Stretchable Fabrics and Methods of Forming the
Same, filed August 2, 1961.

There are two general types of stabilizing treatments
that are applicable to this invention. In the first, the
fabric is impregnated with a relatively minor amount of
material such as resinsor other fabric modifiers consisting
essentially of thermosetting resins and: cross-linking re-
actants to impart wrinkle-resistance, crease recoverability,
dimensional stability, and. quick- drymg propertles to tex-
tiles such as apparel fabrics.  Such finishes, in which the
outward physical appearance of ‘the fabric&s essentially
unaltered, have attained-considerable commercial success
as “wash and wear” finishes.

The second type of stabilizing treatment involves the
use of a relatively large amount of resin to coat or cover
the fabric, frequently obscuring the weave, so that the
fabric serves as a matrix or base for a coating of a gener-

ally elastomeric or thermoplastic resin. - Such applications -

are familiar -as upholstery material, luggage coverage,
and many other uses.

Prior art fabrics utilizing e1ther type of stabilizing treat-
ment suffer from at least two drawbacks.
application results in a decrease in ‘the tear strength of
the fabric and either application decreases the inherent
toughness of the fabric. In the case of “wash and wear”
type finishes, these drawbacks are -directly traceable to
the stabilization’ treatment immobilizing the yarns to a
large degree and reducing their natural resiliency, which
prevents the yarns from “giving” under certain stress con-
ditions, particularly large or exaggerated stresses. The
decrease in these qualities has the serious:consequence
of definitely limiting the field of utility of these two types
of treatment. The decreased tear strength and toughness
resulting from such treatment frequently necessitates the
use of a stronger initial base fabric than is really needed—
i.e., in order to meet a certain commercial standard of
tear strength and toughness after treatment, the hitherto
inevitable loss of a part of those valuable properties has
been compensated for by overdesigning the base fabric—
that is, by selecting a base fabric with tear strength-and
toughness substantially in excess of the tear strength and
toughness- expected after conventional treatment. This
is obviously-an undesirable; and uneconomical expedient.

In prior art {reatment of the first-type, for example
where a thermosetting resin -is used, the thermosetting
resin applied is generally of a non-extensible nature, and
it is applied to a woven fabric with very modest extensi-
bility, The application of a stress  to such a treated
fabric, therefore, means a decreased tear strength, as

well as lack -of recovery, because there is no provision.in’

the fabric for any appreciable degree-of coaction between
fabric yarns and resins.

Either type of -
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In prior art treatment of the second type, a thermo-
plastic coating is applied which is potentially capable of
considerably greater elongation than the elongation of
commercial base fabrics. Stress or deformation of such
coated fabrics results in the pulling or tearing away of
the elongatable coating from the yarns, with loss of prod-
uct utility.  Again, there is no provision in prior art woven
base fabrics for coaction between coating and base fabric,
so that coating and fabric can work together as a unitary
structure.

I am aware that efforts have been made to overcome
these objections by the use of stretchable base fabrics
such as knitted goods, or crepe weaves. However, knitted
fabrics are notoriously unstable, having a tendency to
stretch almost without restriction. For example, in fin-
ishing knitted goods, a pull on the fabric in the direction
of feed results in difficulty in controlling the stretch there-
of as well as causing a narrowing or “pull in” of the
width thereof. Therefore, the processing of suitable knit-
ted fabrics in: resin application is normally difficult or
impossible.. Thus, the problems attendant to controlling
the stretchability of knitted fabrics have limited the mar-
ket and use thereof. Furthermore, the fact that suitable .
knitted fabrics, per yard, are -generally more expensive
than woven fabrics has further contributed to the limited

-use thereof,  Crepe fabrics have likewise a definite insta-

bility, and additionally have a pebbled surface which de-
mands repeated coatings before a smooth finish is ob-
tained.

Moreover, in treatments of the first or “wash and wear”
type, no treatment can make the fabric appear otherwise
than as a knitted fabric or a crepe fabric, which limits
the: use of these materials. Furthermore, in the case of
knitied fabrics provided with thermoplastic coatings, the
surface of the coating does not normally attain the desired
smoothness, but continues to exhibit a somewhat rough-
ened or non-uniform -appearance.

It is the essence of this invention that I have found
that it is possible to so design, produce, and finish a woven
base fabric as to enable it to coact with a stabilizing
treatment of either the first or second type, whereby the
defects of prior art fabrics are overcome. Not only do
the treated fabrics of my invention possess an enhanced
toughness' and tear strength over similarly treated prior
art woven fabrics, but they also show both an increased
degree of recovery of the-original state, and a definitely
increased speed of such recovery upon the release of ap-.
plied stress. This is particularly important in the apparel
field, where garments may be fashioned with the desirable
characteristics of -“wash and wear” properties combined
with an easy yield to and quick recovery from stretching,
bending, and deformation in general. These results, so
far as'T am aware, are not attainable in prior art fabrics.

It is a primary object of this invention to provide a
woven base fabric, having considerable stretchability, and’
which is particularly adapted to be impregnated or coated
with stabilizing materials of the types described, and
wherein the base- fabrics and stabilizing materials coact
and work together as a unitary structure to provide stabil-
ized stretchable fabrics of enhanced toughness and tear
strength, and wherein the fabrics exhibit both an increased
degree of recoverability, as:well as speed of recoverability
following any stretching thereof.

Itis a more specific object as one aspect of this inven-
tion, to provide woven “wash and wear” type fabrics
which, when being used in the normal dry state, have for
the first time the important dry state characteristics of a
wide range of stretchability, as well as enhanced tear
strength, - toughhness, and quick recoverability from
stretching, even at high elongation, to thus permit such
fabrics to be readily utilized in the apparel field, wherein
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these properties contribute materially to the comfort, wear-
ability, and life of the garment.

Briefly, the foregoing objects are accomplished by
suitably interweaving normally non-stretchable warp and
weft yarns formed of staple fibers, such as cotton, to
provide a woven fabric of the desired dimensions. This
woven fabric is then suitably treated, as by a strong con-
tracting and swelling agent, to reduce the dimensions of
the fabric in at least one direction while simultaneously
imparting crimp to the yarns in this direction, thus making
the fabric stretchable. The fabric is then treated with a
stabilizing material while in this contracted condition to
resiliently maintain the yarns in their crimped condition,
thus imparting quick recoverability to the fabric to return
the fabric to unstretched condition following any stretch-
ing thereof.

The type of stretchable base fabric with which the
present invention is primarily concerned is one in which
the mesh or distance between the interwoven yarns is
relatively small and the cover factor is at least eight or
more. Also, the yarns utilized are preferably made from
cellulosic and water-swellable fibers and of a nonstretch-
able nature, such as cotton, rayon, or blends or mixtures
thereof and are within the range of from 12/ to 50/1.
Further, the yarns which extend in the stretchable direc-
tion have a twist multiple within the range of from 3.5 to
7. The sum of warp and filling yarns per inch may vary
within the range of from 60 to 160 and the base fabric
may be stretched within the range of from 15 to 50 per-
cent, with a stretch of approximately 30 percent teing
preferred.

The term “non-stretchable” yarns, as used herein, is
directed to those yarns such as cotton and rayon which
are normally non-heat-shrinkable and which inherently
have little stretchability and to distinguish these yarns
from those yarns of a true stretchable nature, such as tex-
turized nylon stretchable yarns, rubber, or the like.

The term “wash and wear” finish or treatment, as used
herein, is to define those stabilizing materials consisting
essentially of thermosetting resins and/or cross-linking
reactants which impart the desired characteristics to the
fabric, with the outward physical appearance of the fabric
being essentially unaltered.

Some of the objects of the invention having been stated,
other objects will appear as the description proceeds, when
taken in connection with the accompanying drawings, in
which—

FIGURE 1 is a greatly enlarged isometric view of a
small portion of one type of woven fabric which may be
rendered stretchable and then have a “wash and wear
finish” applied, illustrating the appearance of the inter-
woven warp and weft yarns before the fabric is reduced
in size;

FIGURE 2 is an enlarged vertical sectional view taken
substantially along the line 2—2 in FIGURE 1 and iilus-
trating the spaced apart relationship of one group of yarns
and the manner in which the yarns of the other group are
sinously interwoven therewith;

FIGURE 3 is an isometric view of the fabric shown in
FIGURE 1 and illustrating its appearance after the dimen-
sions thereof have been reduced in one direction;

FIGURE 4 is an enlarged vertical sectional view taken
substantially along the line 4—4 in FIGURE 3 and illus-
trating the manner in which the yarns of one group are
drawn closer together and the sinuosity of the yarns in
the other group is increased;

FIGURE 5 is a view similar to FIGURE 4 with the
speckles on the yarns representing a relatively light-weight
stabilizing treatment of thermosetting material applied
thereto to resiliently maintain the fabric in the un-
stretched condition;

FIGURE 6 is a view similar to FIGURE 5 but showing
the relationship of the yarns when the thermosetting
treated fabric is stretched to substantially its outermost
limit;
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FIGURE 7 is a view similar to FIGURE 1 except show-
ing a modified form of woven fabric which may be
rendered stretchable and then coated with a relatively
heavy-weight film of thermoplastic resin, illustrating the
appearance of the interwoven warp and weft yarns before
the fabric is reduced in size;

FIGURE 8 is an enlarged vertical sectional view taken
substantially along the line 8—8 in FIGURE 7 and illus-
trating the spaced apart relationship of one group of yarns:
and the manner in which the yarns of the other group are:
sinuously interwoven therewith;

FIGURE 9 is a view similar to FIGURE 7, but illus-
trating its appearance after the dimensions thercof have:
been reduced in cne direction;

FIGURE 10 is an enlarged vertical sectional view taken
substantially along the line 16—10 in FIGURE 9 and.
illustrating the manner in which the yarns of one group
are drawn closer together and the sinuosity of the yarns
in the other group is increased;

FIGURE 11 is a view similar to FIGURE 10 and illus-
trating a relatively heavy coating or film of thermoplastic
resin such as vinyl applied to one face of the fabric and
the coating acting to resiliently maintain the fabric in
unstretched condition; and

FIGURE 12 is a view similar to FIGURE 11, but show-
ing the relationship of the yarns when the fabric is
stretched to substantially its outermost limit.

Stretchable woven fabrics of varying constructions may
be produced in accordance with the present invention,
with the desired end uses of the fabrics determining the
size and manner in which the yarns are interwoven. Gen-
erally, the fabric is woven with a somewhat open-mesh to
provide sufficient space for at least one group of yarns
to be moved closer together to effect a reduction of the
dimension of the fabric in this direction. However, the
yarns do not have to be spaced so far apart that the fabric
appears to be open mesh when viewed with the unaided
eye. The openness of the weave should be sufficient,
however, to prevent an undue crowding together of the
varns as the fabric is contracted, thereby preventing
buckling, wrinkling or the like of the type which is char-
acteristic of crepe fabrics.

While the amount of stretchability of the fabric will
in large part be controlled by the yarn spacing and the
ability of at least one of the groups of yarns to contract,
the yarn size, the number of yarns per inch and the weave
of the fabric also exert an influence on the stretchability
thereof. The woven stretchable fabric of the present in-
vention is not substantially increased in thickness by the
contraction thereof and has no visible crinkles or wrinkles
so that the resulting fabric may have a “wash and wear”
finish applied thereto or be coated with thermoplastic
type resins by any of the known methods.

The stretchable “wash and wear” fabrics may be used
to make stretchable fitted sheets for beds and cribs, mat-
tress ticking, shirts, dresses, uniforms, pajamas, shorts,
or heavier clothing, such as blue jeans and the like and
outerwear, such as raincoats, jackets and the like. The
stretchable fabrics which are coated with thermoplastic
material may be used as household and automotive uphol-
stery material, waterproof articles of clothing, shoes,
luggage, wall coverings, boat covers, girdles, brassieres,
and the like wherever recoverability and conformability
are desired.

A general description of the preferred method of pro-
ducing the stretchable “wash and wear” type fabric and
the coated type fabric will be given first, and then specific
examples will be set forth. It is believed that with the
general description and specific examples, those skilled in
the art will be able to readily adapt the teachings of the
present invention to a wide range of stretchable fabrics
without departing from the spirit of the invention.

In forming the base fabric, groups of warp and filling
yarns may be interwoven in a plain weave, a sateen weave
or any other desired weave as long as the spacing between
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the yarns is sufficient to allow the fabric to be reduced in
at least one dimension. following the weaving operation.
‘After the fabric is woven, its dimension is reduced in at
least one direction by any suitable means, such as'by wet-
ting the fabric in the presence of a strong swelling and
contracting agent, such as caustic soda, to contract the
fabric and impart increased sinuosity and crimp to. the
yarns. Also, the fabric' may be reduced by mechanical
means in which at least one group of the yarns is moved
closer together to impart crimp to the yarns running in
the opposite direction.

While the fabric is in at least partially reduced or con-
tracted condition, the desired stabilizing material is ap-
plied thereto to resiliently maintain the fabric in its.con=
tracted condition. The thus treated fabric:may then be
stretched or elongated, in the direction in which it has
previously been contracted, within the range of from 15
to 50 percent, with the stabilizing material serving: to
quickly return the fabric to its contracted relaxed:condi:
tion more quickly following the release of stresses thereon.

There are a number of different: types of “wash and
wear” finishes available ‘which may be utilized to re:
siliently maintain the stretchable fabric in its relaxed
contracted condition and the type of finish used wiil de-
pend, to a large degree; upon the end use of the stretch:
able fabric. These “wash and. wear” finishes, as stated
earlier, consist essentially of thermosetting resins and/or
crosslinking reactants and’ are normally applied to the
fabric by impregnation without essentially . altering the
outward physical appearance of the fabric. : Suitable
thermosetting resins for this-purpose are triazone,: urea
formaldehyde, melamine ‘formaldehyde, etc. - Examples
of -suitable .cross-linking reactants are epichlorohydrin,
formaldehyde, and divinyl sulfone.

For obtaining a relatively heavy coating on the fabric,
resins such as a thermoplastic type vinyl or polyurethane
may be applied to one face of the fabric ‘to provide a
stretchable water repellant or  impervious imaterial. in
which the base fabric provides a stretchable carrier or
support for the relatively heavy coating.

In testing both types of. treated fabrics produced in
accordance ‘with the present invention, it has been:gen-
erally found that the amount the fabric recovers after
elongation, particularly high elongatlon, is increased.
Also, when the stretchable fabric is provided with a
“wash and wear” finish of the first type, the tear strength
is unexpectedly higher ‘than the tear strength: of .a sims-
ilarly treated non-stretchable fabric.  Furthermore, when
the stretchable fabric is treated ‘with ‘a “wash and wear”
finish or coated with thermoplastic material, the “snap-
back” or rate of recoverability of the fabric is greater than
the rate of recoverability of the untreated fabric.

The yarns which extend in the non-stretchable direction
of the fabric are preferably formed of twisted staple
fibers which are generally given a normal amount of twist,
and the yarns which extend in the stretchable direction
of the fabric may be twisted with a twist multiple of from
3.5 to 7, which is calculated in the usual manner by divid-
ing the square root of the yarn size into the turns per inch
of the yarn. Since the amount of twist in the yarns will
affect, to some extent, the surface smoothness of the
stretchable fabric, it is preferred that the yarns which
extend in the stretchable direction have a twist multiple
no greater than seven to avoid the obtaining of crepe
yarns which result in a pebbled surface on. the fabric.

In order to more. clearly illustrate the invention, the
following examples disclose ‘specific. stretchable. fabrics
which have been given: both types of stabilizing treat-
means. Also, the results of varjous. tests conducted on
these fabrics are set forth in the examples. It is to be
understood that the following examples are merely given
as illustratiofis which may be fellowed to .produce cet-
tain types of woven stretchable fabrics-and that other
types of stretchable fabrics may.be produced by varying
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6
the comstructions thereof or the type of stabilizing ma-
terials applied, as desired. ‘

WASH AND WEAR

Referring to FIGURES 1 through 6, there is shown a
woven fabric of the type which is suitably treated with a
thermosetting resin or cross-linking reactant after it has
been woven and then rendered stretchable in one direc-
tion. - In weaving the fabric shown in FIGURES 1 and 2,
a plain ‘weave is utilized to interweave the warp yarus,
indicated. at 10,.and the filling or weft yarns, indicated
at-11.. The warp yarns 10 are formed. of cotton staple
fibers which are processed. to produce a yarn having a
cotton count size of 31.5/1 and a normal twist multiple
of 4.2. In weaving the grey fabric shown in FIGURE 1,
92 warp yarns per inch are utilized and the fabric is
woven S50 inches wide.

The: filling yarns 11 are formed of cotton staple ﬁbers
which are. processed to produce a yarn having a cotfon
count size of 30/1 and a twist multiple of 6.5. The grey
fabric shown in FIGURE 1 contains 60 filling yarns
per inch. The cover factor of this grey fabric is cal-
culated in the usual manner by dividing the square root
of the yarn size into the number of yarns per inch in
the fabric. = Thus, the warpwise cover factor is 16.7 and
the fillingwise cover factor is 10.9. :

The grey fabric shown in FIGURE 1 is then subjected
to a causticizing, scouring and bleaching process which
results in a fillingwise contraction and reduction of the
fabric to produce a stretchable fabric such as that illus-
trated” in FIGURE 3. Furthermore, the caustic treat-
ment ‘causes the yarns to shorten, thereby increasing
the twist or turns per inch. It will be noted as shown
in FIGURES 3 and 4 that the sinuosity of the filling yarns
11 has been increased to thus impart considerable crimp
to the yarns. - Also, the causticizing process has cauced
the filling yarns to draw the warp yarns 19 closer to-
gether. The processed fabric has 105 warp yarns per
inch and 58 filling yarns per inch with a warpwise cover
factor of 18.9 and a fillingwise cover factor of 10.6.

The process for causticizing, scouring and bleaching
the fabric is preferably continuous with the fabric being
pulled forward warpwise to apply tension thereto, while
bemg untensioned or relaxed fillingwise, which further
aids in increasing the sinuosity of the filling yarns. The
process includes subjecting the grey fabric to an open-
width saturation of from 100 to 110 pick-up per cent
based on dry weight of the fabric in a sodium hydroxxde
(NaOH) concentration of 26° Tw. at a temperature of
from 95 to 105 degrees F. The fabric is then steamed in
a T tube for 30 minutes at a temperature of from 200 to
220 degrees F., washed and then continuously subjected
to the convent1onal scouring and bleaching process. The
causticized, scoured and bleached fabric.is finished 43
inches wide and is stretchable in a fillingwise direction.

The stretchable fabric (FIGURES 3 and 4) is then fur-
ther treated by applying blueing and optical brighteners,
drying, padding on a low-chlorine-retentive triazone type
thermosetting resin containing approximately eight per-
cent active resin in the bath, appropriate metal salt cat-
alysts, softeners and hand-builders, 68 percent of which
are picked up at 85 degrees F¥. The thermosetting resin
treated fabric is then dried on a tenter frame at 275 de-
grees F., calendered and heat-cured at 325 degrees F.
for 90 seconds, and wound into suitable bolts or rolls
with a fabric width of 44%% inches.

Tests have been conducted on the causticized, scoured
and bleached stretchable fabric before the resin finish is
applied thereto and tests have also been conducted on the
resin finished fabric.

In testing the stretchable fabric shown in FIGURES 3
and 4, prior to its being subjected to a resin treatment, it
has been found that it will stretch 30 percent in a filling-
wise direction at break. Also; it will recover a relatively
low percentage of the amount stretched, patticularly when
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elongated or stretched near its upper limit. Thus, the
amount of stretch recovery of the causticized, scoured and
bleached fabric is relatively low.
The following chart indicates the percentages of stretch
of the base fabric when various forces are applied in a
fillingwise direction:

STRETCH IN RESPONSE TO FORCE

Force, Ib./in.: Percent stretch

U 19.7
10 e 22.9
15 24.9
20 26.9

The stretch recovery of the causticized, scoured and
bleached fabric has been caleculated by stretching fabirc
strips in a fillingwise direction, new ones each time, to
various distances ranging from 10 to 90 percent of their
total elongation at break, relaxing the strip for two min-
utes and then determining the percentage of stretch recov-
ered during this period. This test was conducted on an
Instron Tester with the C cell set at 20 pound load, the
cross head speed being 5’'/minute, the chart speed being

10”/minute. The following chart gives the results found:
Streteh Recovery
Inches Percent of Inches re- Percent of
per 5’ stretch covered streteh re-
covered

.15 3.0 L 135 90.0
.45 9.0 365 81.1
.75 15.0 500 66. 6
1.05 21.0 .415 44,3
1.35 27.0 . 360 26.8

In testing the stretchable thermosetting resin finished
fabric (FIGURES 5 and 6), it has been found that it will
stretch 24 percent in a fillingwise direction at break, and
that it will recover a relatively high percentage of the
amount stretched. For example, the following chart in-
dicates the percentage of stretch of the fabric when vari-
ous forces are applied in a fillingwise direction:

STRETCH IN RESPONSE TO FORCE

Force, 1b./in, Percent stretch

OO U 16.8
10 e 19.3
1S 21.2
20 23.0

The results of the stretch recovery test of the stretch-
able resin finished fabric are listed in the chart below:

Stretch Recovery
Inches Percent of Inches re- Percent of
per 5 streteh covered stretch re-
covered

.36 7.2 .36 100.0

.60 12.0 . 545 91.1

.72 14,4 . 600 85.7

.84 16.8 . 650 74.2

1.08 21.6 . 690 63.1

A comparison of the stretch recovery characteristics of
the stretchable rcsin finished fabric with those of the
stretchable fabric before the resin finish is applied thereto
reveals that the resin finished fabric quickly recovers a
greater percent. Also, the percentage of filling stretch
at break (30 compared to 24 percent) is not greatly re-
duced, and the ability to stretch in response to given forces
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is not substantially reduced by the resin finish, particularly
when the higher forces are applied.

The filling toughness of the resin finished stretchable
fabric has also been determined by multiplying the filling-
wise tensile strength (26.9 1bs.) by the percent of filling
stretch at break (24), and then dividing this product by
two. This calculation results in a filling toughness of 323
in the resin finished stretchable fabric.

The filling toughness of a standard prior art resin
treated non-stretchable “wash and wear” type broadcloth
fabric having the same construction as the stretchable
resin treated fabric of the present invention has been de-
termined to be 172 based on a fillingwise tensile strength
of 30.8 and a filling stretch at break of 11.2.

In comparing the filling toughness figures, it is apparcnt
that the stretchable “wash and wear™ fabric of the present
invention has almost twice as much toughness. This con-
tributes materially to increasing the life and wearability of
the fabric,

The tear strength of the aforementioned prior art “wash
and wear” fabric has been found to be 3.03 lbs. in a warp-
wise direction and 1.53 Ibs. in a fillingwise direction. The
tear strength of the resin treated stretchable fabric of the
present invention is 3.42 1bs. in a warpwise direction and
2.59 1bs, in a fillingwise direction. It should be noted
that the tear strength in both directions has been consider-
ably increased, with the fillingwise tear strength exhibiting
a 70 percent increase.

Modulus of elasticity tests have also been conducted on
these two fabrics. The prior art “wash and wear” fabric
had a modulus of 4.48 as compared to 2.96 for the stretch-
able fabric of this invention. The substantiaily lower
modulus figure of the instant invention is thus indicative
of a much greater compliance of the fabric to yielding
under stress conditions.

Although the conventional “wash and wear” fabric and
the stretchable “wash and wear” fabric of the present in-
vention have substantially the same appearance to the eye,
the fabric of the present invention is much more desirable
because of its ability to readily stretch and yield, its abil-
ity to recover quickly, its markedly increased tear strength
and its greatly enhanced filling toughness.

COATED FABRIC

Referring to FIGURES 7 through 12, there is shown a
woven fabric of the type which is adapted to be coated
with a thermoplastic resin after it has been rendered
stretchable in one direction. In weaving the fabric shown
in FIGURES 7 and 8, a special type of open weave is
utilized to interweave the warp yarns indicated at 20, and
the filling yarns, indicated at 21. The weave pattern is
shown in the following draft form diagram, in which the
horizontal rows of squares represent picks of filiing yarns
21 and the vertical rows represent the manipulation of
warp yarns 20.

X
X X X
X
X X X
X
X X X
X
X X x

The warp yarns 20 are formed of cotton staple fibers
which are processed to produce a yarn having a cotton
count of 22/1 and a norinal twist multiple of 4.2. In
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weaving the grey fabric shown in FIGURES 7 and 8, 80
warp yarns per inch are utilized and. the fabric is woven
76 inches wide. The filling yarns 21 are formed of cotton
staple fibérs which are processed to produce a yarn hav-
ing a cotton count size of 30/1 and a twist multiple of 6.5,
with the fabric having 60 filling yarns per inch.” The cover
factor is 17 in the warpwise direction and 10.9 in the
fillingwise direction.

The grey fabric shown in FIGURES 7 and 8 is then
subjected to a continuous causticizing and bleaching proc-
ess similar to that previously described, which resiilts in a
fillingwise' reduction of the .fabric to render the fabric
stretchable fillingwise, as illustrated in' FIGURES'9 and

.10, The fabric is finished 57%2 ‘inches wide with 2.01
running yards per ‘pound. . The fabric contains 100 warp
yarns per inch and 64 filling yarns per inch, with a warp-~
wise cover factor of 21.3 and a fillingwise cover factor
of 11.7. -

The stretchable fabric is then given a.thermoplastic
coating of vinyl resin on one face. thereof (FIGURES 11
and 12) which reduces the running yards per pound of the
fabric to 0.52. The coating, indicated at C, is then cured

- or dried and the stretchable coated fabric is wound into
suitable bolts or rolls.

In testing the stretchable fabric prior to being coated, it
has been found that it will stretch 39.6 percent in a filling-
wise direction at break, stretches varying amounts in re-
sponse to various amounts of force being applied thereto,
and will quickly recover only a relatively low pertentage
of the amount stretched, particularly when elongated or
stretched near its upper limit.

The following chart is representative of the percentages
of stretch of the uncoated fabric when various forces-are
applied in a fillingwise direction:

STRETCH IN RESPONSE TO FORCE

Force 1b./in. Percent stretcﬁ

. J O S SO S I S 21.0
10 254
15 e L 28.0
20 L 30.1

The stretch tecovery of the uncoated fabric has been
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calculated in a similar manner as previously explained. -

The following chart gives the results found:
Stretch Recovery
Inches Percent of Inches re- Percent .of
per 5 stretch covered stretch re-
covered
.20 4.0 1100 £50.0
.62 12. 4 . 484 75.0
1.03° 20.6 745 745
1.24 24.8 . 695 57.3
1.44 28.8 . 780 53.7
1.65 33.0 . 590 35.9
1.85 37.0 310 16.9

In testing the stretchable vinyl coated fabric. (FIG-
URES 11 and 12), it has'been found that it has increased
stretch (44 percent) as compared to the uncoated fabric
(39.6 percent), and that it will quickly recover a relatively
high percentage of the amounts stretched. For example,
the following chart indicates the percentage of stretch of
the fabric when various forces are applied:in a fillingwise
direction:

STRETCH IN RESPONSE TO.FORCE

Force Ib./in. Percent stretch
e e e e e e e 11.1
10 e e 20.7
15 e e e 28.2
20 e L L 33.5
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The results of the stretch recovery test of the stretch-
able vinyl coated fabric are listed in the chart below:

Stretch Recovery
Inches Percent of Inches re- Percent of
per 5 stretch covered stretch re-
covered

.22 4.4 . 165 72.5

.66 13.2 . 676 88.5

1.10 22.0 . 866 79.3

1.54 30.8 1. 160 74.3

1,98 39.6 1.415 71.2

‘A .comparison of the stretch recovery characteristics of
the stretchable vinyl coated fabric with those of the
stretchable uncoated fabric reveals that the vinyl coated
fabric quickly recovers a much greater percentage. Also,
the filling stretch at break is greater after the vinyl coating
is applied (44 compared to 39.6) and the ability to stretch
in response to given forces is not substantially reduced,
particularly when the higher forces are applied.

The filling toughness of the vinyl coated stretchable
fabric has also been determined by multiplying the filling-
wise tensile strength (78) by the percent of filling stretch
at break (44) and then dividing the product by 2. This
calculation results in a filling toughness of 1716 in the
coated stretchable fabric.

The uncoated stretchable fabric has a fillingwise tensile
strength of 32.4, and the percent of filling stretch at break
i5 39.6.  Thus, the filling toughness of this uncoated fabric
is 642. Comparing this figure with the toughness (1716)
of the coated fabric, it is apparent that the coated fabric
has almost triple the toughness thereof.

In summation, it is apparent that the woven fabrics of
this invention exhibit not only an ability to readily stretch
and yield under stresses, but after being treated with a
coating or “wash and wear” finish have an enhanced
toughness and tear strength over prior art woven fabrics.
Furthermore, these treated fabrics have an increased de-
gree of recovery or “snap back,” even at high elongation,
and an increased speed of such recovery upon the release
of applied stress.

It is evident that these fabric characteristics have been
obtained in a most economical manner which contributes
materially to the earlier enumerated varied uses thereof:

In the drawings and specification there have been set
forth preferred embodiments of the invention and, al-

" though specific terms are employed, they are used in a

genieric and descriptive sense only and not for purposes
of limitation, the scope of the invention being defined in
the claims.

I claim:

1. ‘A method of making a woven stretchable fabric
having the characteristics, in the dry state, of substantial
stretchability and recoverability comprising the steps of
interweaving groups of non-stretchable twisted warp and
filling yarns formed of staple fibers to form a woven
fabric of predetermined dimensions which has ‘a cover
factor of at least eight in both warp and filling directions,
treafing the fabric to reduce the dimensions in at least
one direction corresponding with the woven direction of
one group of yarns and to simultaneously crimp the yarns
of this group with the reduced fabric being free of
wrinkles and the like, the twist multiple of the yarns of
this one group being within the range of 3.5 to.7, with

_the twist of the yarns of said one group and the inter-

weaving thereof relative to the yarns in the other group
pérmitting sufficient reduction of the fabric and sufficient
crimping of the yarns of the one group during said treat-
ing to impart stretchability to the reduced fabric so that
it will stretch within the range of 15 to 50 percent in the
direction of the crimped yarns and appreciably recover
therefrom, and subjecting the fabric in unstretched con-
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dition to a suitable stabilizing material with the outward
physical appearance of the fabric being unajtered thereby,
said stabilizing material serving to normally prevent fur-
ther reduction of the dimensions of the fabric while per-
mitting the fabric to be stretchied within the above-recited
range of stretchability, the stabilizing material resiliently
maintaining the fabric in non-stretched condition and
serving substantially to enhance the speed and amount of
recovery of the fabric to non-stretched condition upon
the release of any force imparting stretch thereto.

2. A method of making a woven stretchable fabric
having the characteristics, in the dry state, of substantial
stretchability and recoverability comprising the steps of
interweaving groups of cellulosic water swellable twisted
warp and filling yarns formed of staple fibers to form a
woven fabric of predetermined dimensions which has a
cover factor of at least eight in both warp and {illing
directions, treating the fabric with a caustic soda solution
to reduce the dimensions in at least one direction cor-
responding with the woven direction of one group of yarns
and to simultaneously crimp the yarns of this group with
the reduced fabric being free of wringles and the like,
the twist multiple of the yarns of this one group being
within the range of 3.5 to 7, with the twist of the yarns of
said one group and the interweaving thereof relative
to the yarns in the other group permitting sufficient re-
duction of the fabric and sufficient crimping of the yarns
of the one group during said treating to impart stretch-
abiiity to the reduced fabric so that it will stretch within
the range of 15 to 50 percent in the direction of the
crimped yarns and appreciably recover therefrom, and
applying to the fabric while in unstretched condition a
stabilizing material selected from the group consisting
of thermosetting resins and cross-linking reactants for
normaily preventing further reduction of the dimensions
of the fabric while permitting the fabric to be stretched
within the above-recited range of stretchability, the
stabilizing material resiliently maintaining the fabric in
non-stretched condition and serving substantially to en-
hance the speed and amount of recovery of the fabric
from a stretched condition.

3. A method of making a woven streichable fabric
having the characteristics, in the dry state, of substantial
stretchability and recoverability comprising the steps of
interweaving groups of cellulosic water swellable and
shrinkable twisted warp and filling yarns formed of staple
fibers to form a woven fabric of predetermined dimen-
sions which has a cover factor of at least eight in both
warp and filling directions, treating the fabric with a
caustic soda solution to reduce the dimensions in at least
the filling direction and to simultaneously crimp the
filling yarns in a plane perpeadicular to the face of the
fabric, the filling yarns having a twist multiple within the
range of 3.5 to 7, with the twist of the filling yarns and
the interweaving thereof relative to the warp yarns per-
mitting sufficient reduction of the fabric and sufficient
crimping of the filling yarns during said treating to pro-
vide stretchability to the reduced fabric so that it will
stretch within the range of 15 to 50 percent in the filling
direction and appreciably recover therefrom, and subject-
ing the fabric in unstretched condition to a suitable
stabilizing material with the outward physical appearance
of the fabric being unaltered thereby, said stabilizing ma-
terial serving to normally prevent further reduction of
the dimensions of the fabric while permitting the fabric
to be stretched within the above-recited range of stretch-
ability, the stabilizing material resiliently maintaining the
fabric in non-stretched condition and serving substantially
to enhance the speed and amount of recovery of the
fabric to non-stretched condition upon the release of
any force imparting stretch thereto.

4. A method of modifying a woven essentially cel-
lulosic fabric to impart dry state characteristics of sub-
stantial stretchability and recoverability thereto, said
fabric having groups of warp and filling yarns interwoven
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with each other and providing a cover factor of at least
eight in both warp and filling directions and the twist
multiple of one of the groups of yarns being within the
range of 3.5 to 7, said method comprising the steps of
treating the fabric to reduce the dimensions in at least
one direction corresponding with the woven direction of
said one group of yarns and to simultaneously crimp the
yarns of this group to impart stretch to the fabric within
the range of 15 to 50 percent in the direction of the
crimped yarns, and thereafter subjecting the fabric while
said one group of yarns is in unstretched crimped condi-
tion to a stabilizing trecatment without essentially altering
the outward appearance of the fabric and to normally
prevent further reduction of the dimensions of the fabric
while still allowing the fabric to be stretched within its
above-recited range of stretchability, the fabric, when in
dry state, being resiliently maintained in non-stretched
condition by the stabilizing material and having the speed
and amount of recovery from a stretched condition sub-
stantially enhanced thereby.

5. A method of modifying a woven essentially cel-
Iulosic fabric to impart dry state characteristics of sub-
stantial stretchability and recoverability thereto, said
fabric having groups of warp and filling yarns interwoven
with each other and providing a cover factor of at least
eight in both warp and filling directions and the twist
multiple of one of the groups of yarns being within the
range of 3.5 to 7, said method comprising the steps of
treating the fabric to reduce the dimensions in at least
one direction corresponding with the woven direction of
said one group of yarns and to simultaneously crimp the
yarns of this group to impart stretch to the fabric within
the range of 15 to 50 percent in the direction of the
crimped yaras, bleaching the thus treated fabric, and
thereafter subjecting the fabric while said one group of
varns is in unstretched crimped condition to a stabilizing
treatment without essentially aitering the outward appear-
ance of the fabric and to normally prevent further reduc-
tion of the dimensions of the fabric while still allowing
the fabric to be stretched within its above-recited range
of stretchability, the fabric, when in dry state, being
resiliently maintained in non-stretched condition by the
stabilizing material and having the speed and amount of
recovery from a stretched condition substantially en-
hanced thereby.

6. A method of modifying a woven essentially cotton
fabric to impart dry state characteristics of substantial
stretchability and recoverability thereto, said fabric having
groups of warp and filling yarns interwoven with each
other and providing a cover factor of at least eight in
both warp and filling directions and the twist multiple
of the group of filling yarns being within the range of
3.5 to 7, said method comprising the steps of treating
the fabric with a caustic soda solution while applying
warpwise tension to the fabric and substantially no ten-
sion fillingwise to reduce the dimensions of the fabric in
the fillingwise direction and to simultaneously crimp the
filling yarns to impart stretch to the fabric within the
range of 15 to 50 percent in the direction of the crimped
filling yarns, and thereafter subjecting the fabric while
said group of filiing yarns is in unstretched crimped con-
dition to a stabilizing treaiment without essentially alter-
ing the outward appearance of the fabric and to normally
prevent further reduction of the dimensions of the fabric
while still allowing the fabric to be stretched within its
above-recited range of stretchability, the fabric, when in
dry state, being resiliently maintained in non-stretched
condition by the stabilizing material and having the speed
and amount of recovery from a stretched condition sub-
stantially enhanced thereby.

7. A method of modifying a woven essentially cotton
fabric to impart dry state characteristics of substantial
stretchability and recoverability thereto, said fabric having
groups of warp and filling yarns interwoven with each
other and providing a cover factor of at least eight in
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both warp and filling directions and the twist ‘multiple
of one of the groups of yarns being within the range of
3.5 to 7, said method comprising the steps of -treating
the fabric with a caustic soda solution to reduce-the
dimensions in at least one direction corresponding with
the woven direction of said one group of yarns and to
simultaneously crimp the yarns: of this: group-to- impart
stretch to the fabric within. the range of 15.to 50 percent
in the diréction of the crimped yarns; and thereafter sub-
jecting “the fabric while said one group :-of yarns is in
unstretched crimped condition to a stabilizing treatment
withot essentially altering the outward appearance of the
fabric' and to normally prevent: further reduction of the
dimensions of the fabric while still allowing the fabric
to be stretched within its.above-recited range of stretch-
ability, ‘the fabric, when in dry state, being resiliently
maintained in non-stretched condition by the stabilizing
material and having the speed and amount of recovery
from g stretched condition substantially enhanced thereby.

8. A method according to claim 7 wherein the dimen-
sions of the fabric are reduced in a fillingwise direction

and the’ stretchability imparted to the fabric is approxi-
mately 30 percent in the fillingwise direction.

9. A method of modifying a woven essentially cel-
lulosic fabric to impart dry state characteristics of sub-
stantial . stretchability and recoverability thereto, said
fabric having groups of warp and filling yarns interwoven
with each other and providing a cover factor of at least
eight in both warp and filling directions and the twist
multiple of one of the groups of yarns being within the
range of 3.5 to 7, said method comprising the steps of
treating the fabric with a caustic soda solution to reduce
the dimensions in at least one direction corresponding
with the woven direction of said one group of yarns and
to simultaneously crimp the yarns of this group to im-
part stretch to the fabric of at least 24 percent at breaking
elongation in the direction of the crimped yarns, and
thereafter subjecting the fabric while said one group of
yarns is'in unstretched crimped condition to a stabilizing
treatment to resiliently maintain the fabric in non-
stretched condition without essentially altering the out-
ward appearance of the fabric and to normally prevent
further reduction of the dimensions of the fabric while
still allowing the fabric to be: stretched and providing a
two minute recovery of enhanced speed and amount and
of at least about 75 percent of its elongation when the
fabric has been elongated to about one-half of its break-
ing elongation.
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