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Th1s invention relates to a novel yarn and to a m°th0d
of making this yarn.

The yarn in accordance with this invention compnses
a low twist, multi-filament, continuouns filament, textile
thread and an elastic thread twisted together, The multi-
filament thread is relatively unstretchable, and the elastic

thread is capable of being stretched and of contractmg

from the stretched condition. "

The multi-filament thread and the elastlc thread are so
arranged and proportioned in the composite yarn that at
an elongated condition of the elastic thread; preferably
a ply yarn formation is assumed by the multi-filament
thread and- the elastic thread; and that at a contracted
condition of the elastic thread, but at a generally linear
condition of the composite yarn, the continuous filament
thread is wrapped about the elastic thread in somewhat
loose wraps.

The yarn in accordance with this invention can be used
to produce novel textile fabrics by weaving, knitting, or
otherwise interlacing such yarns exclusively, or in con-
]UIlCtIOIl with more conventional yarns, to form the fab-
rics. For example, a fabric may be knitted exclusively
with the yarns of this invention; or a fabric. may be
woven using the yarns of this invention as weft; etc.

The preferred embodiments of this invention are elastic
yarns, in the sense that the term elastic' is understood
in the textile art.to refer to the elasticity posséssed by
a rubber core, or other elastic core, having a single textile
cover, as is disclosed in U.S. Letters Patent 2,024,155
and 2,024,156 to Foster, for example, or having a double
textile cover as disclosed in U.S. Letters Patent 1,822,847
to Adamson, for example. Consequently the preferred
embodiments of this invention can be used in applications
similar to those in which such elastic yarns are used, but
their use in such applications will achieve, generally, novel
texture and/or more economical fabrics permitted by the
instant yarn; the yarns of this invention can also be used
in additional applications to utilize their novel texture
properties.

At a contracted condition of the elastic thread but at
a generally linear condition of the composite yarn, the
continuous filament thread is wrapped about 'the elastic
thread in somewhat random size wraps that are larger
than the diameter of the elastic thread within the wraps,
and the individual filaments of the multl-ﬁ]ament thread
blossom out from their normal close parallel irrange-
ment. The yarn gives a pleasing texture to fabric. ‘The
type of texture depends upon the association of the elastic
thread and the multi-filament thread in the composite
yarn. In preferred embodiments having high texture, the
wraps of multi-filament thread are' substantially larger
than the elastic thread within the wraps at some- con-
tracted conditions, and in some such embodiments, the
multi-filament thread ‘may curl upon itself occasionally
and randomly to form crunodal loops through which the
elastic thread does not-pass. The composite yarn, in pre-
ferred embodiments, when relieved of all forces tending

to hold it linear is very kinky and lively and curls and.

kinks on itself unless it has been treated ‘to overcome
this condition.

In using the preferred embodiments of thls _invention,
a technique modified somewhat from that customarily

used in processing elastic yarns of the prior art is em- -

25 with an elastic thread, preferably untwisted, and at such
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ployed. The yarns in accordance with this invention are

- ,elongate_d during thie interlacing operation, as by ten-
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sioning . them; in the finished fabric, the elastic threads
contract, but generally to an unkinked condition of the
composite yarn. Thus the fabric producer should work
from a stretched condition of the novel yarn in design-
ing his fabric, which is contrary to practice used here-
tofore with conventional. elastic yarns.

Fabrics produced from preferred embodiments of the
yarn in accordance with this invention have soft hands,
the effect produced in fabrics by the use of such yarns is
similar to the effect produced by the use in fabrics of the
so-called “textiired” or “bulked” yarms, such as, for ex-
ample, those yarns which are produced by twisting a con-
tinuous filament thermoplastic yarn, heat setting the
twisted yarn amd detwisting the yarn, or by crimping a
continuous filament thermoplastic yarn, or by heat setting
a crimped continuous filament. thermopiastic yarn. Fur-
ther, the fabrics have moduli of elasticity and stretch char-
dcteristics  comparable to fabrics in which the tubber -
threads and covered rubber threads of the prior art have
been employed.

The yarn may be produced on conventional twisting
apparatus by a method in which an untwisted continuous
filament multi-filament thread is fed to the twisting point

rates, as will become apparent hereinafter, as to produce
the herein_disclosed yarn.
For a better understanding of the nature of this inven-

. tion, reference should be had to the following detailed

description of specific embodiments thereof, -when read
in conjunction with the accompanying drawmg formmg a
part hereof, wherein: )

~FIG. 1 is a schematic view of twisting apparatus that

- can be used to make the yarn in accordance with this
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? invention;

FIG. 2 is a somewhat schematic View of a length of
yard of one embodiment in its fully, or nearly fully,

. elongated condmon,

FIG. 3 is a somewhat schematlc view ‘of the yarn of
FIG. 2 in a contracted condition but in which the yarn

- is held clongated. enough to prevent it from curling upon
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itself, and )
FIG. 4 is a somewhat schematic view of a Iength of
the yarn of FIG. 2 contracted further than in FIG. 3.
Referring first to. FIG. 1 of the drawing, apparatus
similar to parts of a conventional twisting frame used to
cover rubber thread is shown. A multi-filament rela-
tively unstretchable thread 10 is led from a package 11
to the nip of rotating rolls 12, 13. Elastic thread 14 is
led from a supply spool 15, which is driven by a rotating

« drum 16 rilnning against the elastic thread on the spool
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15, to the nip of rolls 12, 13. Between spool 15 and rolls
12, 13, elastic thread 14 is elongated. :

From the nip of rolls 12, 13, threads 14 and 10 pass.
to a pigtail guide 17 thence through a traveller 19 on

. ring 20 to a bobbin 21 on rotating spindle 22. - Between
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the nip of rolls 12, 13 and bobbin 21, the threads 14
and 10 -are twisted together to form composite yarn 23.

‘Referring next to FIG. 2, the condition of com‘posite
yarn 23 (fully, or nearly fully elongated) as it .is°

" wound on bobbin 21 is.illustrated, somewhat schemati--
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cally. - Threads 14 and 10 are twisted together in a ply
yarn formation,: i.e., ‘neither thread is wrapped as a
cover about the other as a core but rather both follow
generally smnlar paths “about each other. The pitch

..of what might be termed the “ply helix” of thread 10, or
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of thread 14 (since they follow generally similar paths)
is relatively long, i.e. the number of turns of ply twist per
unit length of threads 10 and 14 in the new yarn, if com-
pared to the single cover elastic yarns of the prior art,
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is relatively low. However there must be a minimum
number of coils per unit length of the multi-filament
thread to achieve the desired texture. There must be
at least 5 turns of ply twist per inch of the multi-filament
thread 10 to achieve this texture, and preferably there are
at least 10 turns of ply twist per inch of multi-filament
thread 10 so the multi-filament thread 10 generally lies
along a somewhat helical path about the elastomeric
thread 14 at a contracted condition of yarn 23.

In FIG. 3 one embodiment of composite yarn 23 is
illustrated, somewhat schematically, at a contracted con-
dition, yet one at which yarn 23 is still elongated a large
fraction of its total elongation. FIG. 3 might be con-
sidered to represent one embodiment of this invention
which has been allowed to contract to about one-half
of the length at which the measurements given in Table
I appearing hereinafter were made. The multi-filament
thread 10 in this condition of yarn 23 when thread 14 is
contracted, is wrapped loosely about thread 14 with a
large number of the individual wraps or coils being sub-
stantially larger in diameter than the part of thread 14
within these wraps. The size of the individual wraps is
not uniform throughout the length of the yarn; for ex-
ample in FIG.-3 which was prepared from a specimen
of yarn, alternate wraps, as at 53, lie relatively closely
adjacent thread 14 while intermediate wraps 54 are very
much larger than thread 14. In general the thread 18
is wrapped about thread 14 in a bulky or fluffy, some-
what helix-like, fashion with the individual wraps or
coils averaging substantially larger -in- diameter than
thread 14. '

This excess of the multi-filament thread 10 may be
expressed in terms of the ratio of the average length (X)
of multi-filament thread 10 per coil, to the theoretical

length (Y) of a coil of a helix having a diameter equal

to the average diameter of the elastomeric thread 14.
Y is calculated using the well-known formula for the
length of a helix coil

(0 C=V/(2nM)*+N*®

" wherein M is the radius of the helix and N is the pitch
of the helix. The formula for Y based on Formula I is

(I1) Y=\ (2rR)2+h?

This theoretical coil length may be calculated for any
given -condition of the composite yarn if at one condi-
tion the number of wraps, the length of multi-filament
thread, and the length of relaxed elastomeric thread, per
unit length of composite yarn, and the average diameter
of the relaxed elastomeric thread are known. The value
“h” is the length: of relaxed eclastomeric thread (ex-
pressed .in inches) per unit length of yarn divided by
the number of turns of ply twist of the elastomeric thread
with the multi-filament thread in that unit length. The
value “R” is the size (i.e. the nominal radius) of the
relaxed elastomeric thread (expressed. in inches).

To produce any given ‘yarn in accordance with this
invention, the multi-filament thread 10 and the elas-
tomeric thread 14 should be combined in such a way that
when Y is calculated, as in Equation II, relative to the
relaxed elastomeric thréad 14, the ratio X/Y is at least
1.4 and preferably is less than 2.5 (when X is expressed
ininches).

‘The value of Y in any given construction obviously

will vary somewhat as the composite yarn is stretched or
permitted to contract, The value of X however will re-
main constant for any given construction regardless of
its condition of stretch, If a unit length Ly of relaxed
elastomeric thread 14 occupies at a stretched condition
of the yarn a length Ly, and if
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then the radius R; of the elastomeric thread at L, equals

aw) Ri=RVA
and
) =
Then Y at this condition is ‘
——
(VD) =\/ A@rR) +75

Thus the value Y, for any given construction, varies
with the ratio A (percent stretch), and the ratio X/Y
similarly varies.. By differentiating the materia] with-
in the radical in Equation VI and equating to zero
the maximum ratio of X/Y for any given comstruction
can be found. The maximum ratio of X/Y occurs at
that condition of stretch, i.c., at that value of A, when
Y; (Equation VI) is 2 minimum, and is attained when

| 2%
A= \/ @Ry
By substituting the value of A from Equation VII in
Equatxon VI, the minimum value of Y, may be obtained
for any given construction.

The specific embodiments of this invention disclosed
in the following Table I have maximum ratios in the
range of 1.73 to 2.18, and in.one type of yarn in ac-
cordance with this invention, this maximum ratio of
X/Y will be at least 1.7 and preferably less than 3.0.

When composite yarn 23 contracts, the individual
filaments of the multi-filament thread 10 in the individual
convolutions and bends: along the length of thread 10
separate from their normally close parallel arrangement,
i.e., multi-filament thread 10 “blossoms” as can be seen
at wraps.53 and 54.

In FIG. 4, the composite yarn 23 is shown relaxed
still more than in FIG. 3. As will be seen, more of the.
wraps have buckled farther away from thread 14, and an
occasional and random c¢runodal loop, as at 51, has
formed in thread 10 through which thread 14 does not
pass.
~ The thread 10 is a continuous filament, multi-filament
low twist yarn. Silk, and most of the man-made fibers,
such ‘as nylon (polyamide fiber); acetate; wiscose
(rayon); Dacron (an oriented super polyester); etc. are
available in continuous filament form. The thread 16
is ‘also a multi-filament yarn, and by this is meant it has
a sufficient number of filaments, generally 7 or more,
to blossom out and give texture to the composite yarn
at the individual convolutions of thread 16 upon con-
traction of the elastic thread 14. The man-made fibers
such as those mentioned above are generally produced
in multi-filament form, e.g., the nylon yarns which have
been used in the rubber cored elastic yarns of the prior
art are available with from 7 to 68 filaments per thread.

(ViL)

- The multi-filament threads which are useful as covers for
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the rubber cored elastic yarns-of the prior art, i.e. those
having from 7 to about 76 filaments, and from 20 to 210
denier are those suited for use in this invention.

The thread 10 is also a low twist thread, and by low
twist is meant that it does not have any twist that would
prevent the desired separation of the filaments, or blos-
soming, of the thread as described hereinabove upon con-
traction of thread 14; of course, a- multi-filament thread
which is completely: devoid of twist would be satisfac-

_tory. But generally, the yarns of the man-made fibers
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are sold today having a.so-called producer’s twist of
from 0.5 to 2.5 turns per inch, and it has been found
this twist does not interfere w1th the desired blossoming;
therefore it is now preferred that these yarns be used.
Undoubtedly a slightly greater twist, up to about 5 turns
per inch, would not interfere unduly with the blossom-
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ing of the strand, and would be a low twist strand suit-"

able for use in accordance with this invention.

Gen- -

erally above 5 turns per inch twist does interfere with -

the desired blossoming, and threads having this much
twist are not suifable in general for this invention. In
considering the twist in the multi-filament thread, the
twist imparted by twisting the thread 10 and thread 14
together is disregarded, for relative to the axis of the
thread 10 as it lies in its helix-like formation about
thread 14, thread 16 is not twisted, although if thread 10
were pulled into a straight line by a force exerted on its
ends it would be found tc have the number of twist im-
parted by twisting together threads 1§ and 14.

Of course the continuous filament thread 10 should
be free of material which prevents the desired blossom-
ing upon contraction of the elastic thread 14 as by ad-
hering the individual filaments {o each other.

The elastic thread 14 is an elastomer thread capable
of being stretched to several times its relaxed length and
of contracting forcibly upon release of stress. Natural
or synthetic rubber thread is used; a polyurethane elas-
tomer thread is an especially desirable synthetic rubber
thread for some embodiments because of its good abra-
sion resistance and its other properties as will be ex-
plained more fully hereinafter. Conventional rubber
threads suitable for use as the thread 14 are of course
well-known to the elastic yarn art; the sometimes pre-
ferred polyurethane elastomer threads to date are less
well-known to the elastic yarn art but suitable polyure-
thane elastomer threads are known. One example of a
suitable polyurethane elastomer thread is disclosed in
copending United States application of Kohrn et al., Se-
rial No. 622,370, filed November 15, 1956, now aban-
doned, refiled as Serial No. 756,420, on Aungust 21, 1958,
now United States Patent 2,953,839.

Elastomer threads are manufactured capable of stretch-
ing to at least five times their original length and up to
600% to 800%, i.e. to 7 to 9 times their original lengths,
under tension without breaking. Heretofore they have
generally been manufactured as monofilament -threads
having average diameters of from .016 to .005 inch.

It has been discovered that when polyurethane elas-
tomer threads are used for the elastic thread 14, the
composite yarn can be heated to alter its properties.
For example, if a composite yarn including a polyure-
thane thread as the elastic member is heated at 300° F.
for a period of time up to 10 minutes while the thread
is held in the elongated condition shown in FIG. 3, it
loses much of its tendency to curl and kink on itself
which tendency may be undesirable. Further, after such
treatment, the composite yarn will not thereafter readily
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6
contract to a length less than the length of the com-
posite yarn at the time of treatment. It will be obvious
that this heat treatment can be effected either before or
after the yarn is interlaced into fabric. - - Cmes

Although if desired for some applications, the elastic
thread 14 could be pre-twisted in a way similar to that
in which the rubber core is pre-twisted in making a sin-
gle cover elastic yarn known heretofore, it is preferred
that the elastic thread not be pre-twisted; the use of un-
twisted elastic threads affords great economies in manu-
facturing the preferred embodiments of this invention.

It is preferred that the multi-filament thread 10 and
the contractible thread 14 be so proportioned in a given
length of composite yarn 23 that the composite yarn has
what is called an “even break,” i.e. both threads 10 and
14 reach their breaking point at nearly the same elon-
gation of yarn 23. For some applications, it may be de-
sirable to vary the proportions of multi-filament thread
10 and elastic thread 14 somewhat, for example it may
be found desirable to increase slightly the length of ¢las-
tic thread 14, so that near the breaking point the multi-
filament thread 10 will take a slightly larger part of the
breaking load.

The novel yarn of this invention uniquely combines
several ‘properties desired in the textile art. It partakes
of the texture characteristics' of the so-called textured
yarns. such as the bulked yarns, and it partakes of the
modulus characteristics of the single or double covered
elastomer threads. It resembles the single cover elas-
tomer threads known heretofore in that an elastomer
thread is associated with a non-stretchable thread. Tt
differs from the single cover elastic thread in its texture,
its use of a low twist continuous filament thread; the un-
balance of the preferred embodiments in the yarn’s un-
treated condition, and the loose and somewhat irregular
association of the multi-filament thread with the elas-
tomer thread which contributes t6 the novel texture of
the varn of this invention.

The following specific examples -of yarn further illus-
trate this invention. In considering the data in the fol-
lowing table, it is to be noted that the data were com-
piled from measurements on yard lengths or less, or .on
a fraction of a pound of the composite yarn, and con-
sequently any slight error in measurement thereof may
have been multiplied in the figures given in the tables, and
the figures given represent, where appropriate [e.g. items
1(d), 1(e), 2(c), 3(a), 3(d)1, averages of at least three
readings. Nevertheless, the data are accurate within the
tolerances recognized in the elastic yarn trade, and it is
such averaged data which is used in this' specification
and the appended claims to identify this invention.

Table 1
Examples A B C D B r G I 1
1. Elastomer thread:
(a) Material (single llament) - . oo aemomm el ae O] O] (L ¢ ¢ [6)] ® ©® [ORE
(b) Size (diameter relaxed) (2R), inch. ... - - 8.0 3,01 3.01 3.01 .01 2,01 |4.0133 | 5.0067 4.01
(¢} Pre-twist (turns per inch of relaxed thread).......- None | None | None | None | None | None | None | None | 81,662
(d) Inches relaxed thread per yard composite yarn 10__ - 6.1 6.2 6.8 6.9 7.5 8.2 7.4 7.1 "11.2
(e) Twist per yard of stretched elastomer thread 10 _.______ P 559 707 569 729 967 | 1,894 507 1,168 - 529
(f) Inchesrelaxed thread per yard composite yarn when ratio X/Y is
8 MAXIMIIN - ool acaman . 10.2 11.8 10.7 12,6 15.3 20.2 12,7 13.9| . 19.2
2. Multi-filament thread: .
(a) Material..._. . , e eeemieenee e o lololololol ol olo
(b) Twist (turns per inch before twisting with elastomer thread)..... .67 .52 .67 .52 .BZ .57 .52 N/ .52
(¢) Inches multi-filament thread per yard of composite yarn 10.___..__ .. 38.2 39.4 38.0 39.5 42.0 45.0 40.8 41.6 47.2
3. Composite yarn: : .
(a) Yards per pound 1. e mmmm— el ace e 20,743 | 20,712 | 19,800 | 20,330 | 19,302 | 16,840 | 9,566 | 53,220 | 15,120
(b) Percent elastomer thread (by weight).._ - 3 3 30 30 31 33 28 46 46
(¢) Percent multi-filament thread (by weight) - - cooomomoemeooo 70 69 70 70 69 67| . 72 54 54
(d) Twist of elastomer thread with multi-filament thread per yard of -
COmDOSite Farm 10 oo meee 596 729 607 763 080 | 1,423 566 | 1,300 1,133
(e) Average length of multi-filament thread coil in inches (X) [Item
3(d) divided by Item 2(c)] -----| 0848 | L0541 |- .0626 | .0518 | .0420 | .0316 | .0721 | .0320 L0417
(f) Length ininches of 1 coil of a helix with diameter of 2R, and pitch . .
equal to Ttem 1(d) divided by Item 3(d) (Y, based on elastomer
thread completely relaxed) - - oo omo ol L0330 1 .032677 .0333 1 .0327 | .0323 1 .0319 | . .0438 |- .0218 .0329
(g) Ratio X/Y (based on elastomer thread completely relaxed) [Liem
3(e) divided by Item 3(f)]--cocoamvanaaaas . 1.96 1.66 1.88 158 1.47 1.27

See footnotes at end of table.

1331 .90 | 165
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Table I—Continued
Examples A B C D E b0 G H I
(h) Length in inches of 1 coil of helix having same diameter as the
elastomer thread when composite yarn is relaxed to condition
1(f); and having a pitch equal to Item 1(f) divided by Item 3(d)
[Y minimum]__ L0297 . 0279 . 0308 .0285 L0270 . 0245 . 0390 L0185 . 0204
() Ratio X/Y, maximum [Item 3(e) divided by Item 3(h)}---ocaaee 2.18 1.93 2.04 1.82 1. 59 1.29 1.85 1.73 1.42

1 Natural rubber.
3100’s. 4 75's.
¢ Calculated.

71 end 140 denier, 68 filament nylon.

In the foregoing table, Examples A, B, C, D, G and
H are yarns in accordance with this invention. Yarn 1
is a single cover elastic yarn produced in accordance
with the teachings of the prior art, for example the co-
pending application of Wang, Serial No. 645,721, filed
March 13, 1957 but having a somewhat uneven cover,
which is included herein for purposes of comparison to
help lilustrate the nature of the yarns of this invention.
Yarns E and F are experimental yarns not in accord-
ance with this invention which were made and are in-
cluded for purposes of comparison to illustrate the na-
ture of this invention.

Bach of the elastomer threads of the foregoing ex-
amples is capable of stretching from 600 to 800%. It
should be noted that although the elastomer thread in
Examples A-F, G and H was not twisted prior to the
production of the elastic yarn, the twists of elastomer
thread per yard of composite yarn differ from the twists
of the elastomer thread with the muiti-filament thread
per yard of composite yarn. Theoretically these twists
should be the same; the difference is accounted for by
the fact that the measurements were made by disassem-
bling and de-twisting the elements of the composite yarn.
When the elastomer thread seemed to be completely un-
twisted, in fact it retained some smalil percentage of the
twist because of the “set” of the elastomer thread.

Example A is one now preferred high texture embodi-
ment of the invention. Example B differs from Ex-
ample A in that although it has approximately the same
length of elastomer thread, it differs in that it has a
somewhat greater amount of twist between the elastomer
thread and the multi-filament thread. The addition of
ply twist reduces somewhat the texture effect; in the
tables this. is reflected somewhat in items 3(e), 3(g) and
3(3).

Example C differs from A in that although they both
have approximately the same amount of ply twist, Ex-
ample C has a somewhat longer elastomer thread than
does Example A. Yarn C has a somewhat decreased
texture from Example A; in the tables this is reflected
somewhat in items 3(e), 3(g) and 3(i/). What may not
be apparent from the tables is that the ratio of the length
of multi-filament thread [item 2(c)] to the length of the
clastomer thread [item 1(d)] is slightly greater in Ex-
ample C than in Example A. This produces a some-
times desired result in that the yarn of Example C, as it
nears the breaking elongation, will tend to take a larger
portion of the breaking load on the multi-filament strand
than would Example A.

A comparison of Examples C and D shows that al-
though they both have approximately the same length of
elastomer thread, Example D has substantially greater ply
twist than does Example C. In Examples E and F the
ply twist has been increased substantially and progres-
sively over construction D. Examples C, D, E and F
were all made with approximately the same component
feeds to the plying point but the twist was increased pro-
gressively for the several examples; Examples E and F
illustrate the result of passing the bounds of this inven-
tion; they do not possess the advantages of this invention.
~ Example G is a heavier varn than Examples A-D and
H. Example H is a fine, i.e. small, yarn as will be ap-
parent from item 3(a). Items 3(g) and 3(i{) show Ex-

2 Polyurethane rubber.
5 150’s, nominal.
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8 9 ends 140 denier, 68 filament nylon.
¢ 1 end 40 denier, 13 filament nylon. . X
1 Measurements based on fully elongated conditions of composite yarn

ample H falls near the lower limits within the range of
this invention. The texture of yarn H is not as pro-
nounced as, for example, yarn A. Yarn H, however, is
economical to produce, and, when woven into cloth, pro-
duces a cloth of excellent quality.

Examples A, B, C, D, G and H, although differing
from each other all exhibit satisfactory texture. Examples
E and F exhibit no texture. A comparison of items 3(g)
and 3(i) for the several examples shows that when the
ratio of X/Y based on the elastomer thread completely
relaxed falls below approximately 1.4 the yarn of this
invention is not achieved. When the ratio of X/Y based
on the elastomer thread completely relaxed is above ap-
proximately 2.50 the association of the elastomer thread
and the multi-filament thread is such that the yarn of this
invention is not achieved. In producing the yarn by the
method illustrated in FIG. 1 of the drawing, care should
therefore be taken that the multi-filament thread 19 and
the elastomer thread 14 are so combined that, based on
the elastomer thread completely relaxed, the ratio of
X/Y is in the range of from approximately 1.40 to ap-
proximately 2.50.

By comparing item 3(i) for the several examples, it will
be noted that when the ratio of X/Y, maximum, is be-
neath approximately 1.7 the textured yarn in accordance
with this invention is not achieved. When this ratio is
above approximately 3.0 the association of the elastomer
thread and the multi-filament thread is such that the tex-
tured yarn of this invention is not achieved. Accordingly,
when combining the elastomer thread and the multi-
filament thread to achieve this invention, care should be
taken that the maximum ratio of X/Y does not fall be-
neath approximately 1.7 nor above approximately -3.0.

A comparison of Examples A, B, C, D, G and H with
Example I will show that in the yarns in accordance with
this invention there is an excess of multi-filament strand
per coil Titem 3(e)] over that needed to produce a well
covered single cover elastic yarn of the prior art. The
yarns of this invention are characterized by this excess
of multi-filament thread in which the multi-filament thread
in a contracted condition of the elastomeric thread is dis-
posed in somewhat loose coils about the elastomeric
thread. There must be enough of these coils to distribute
the multi-filament thread about the elastomeric thread
relatively evenly along its length; there must be at least
five coils per inch of length of multi-filament thread and
generally there will be at least ten coils per inch of multi-
filament thread.

Having thus described my invention, what I claim and
desire to protect by Létters Patent is:

1. Yarn comprising a low-twist multi-filament, con-
tinuous filament thread and an elastic thread twisted to-
gether, said elastic thread being capable of elongating
and of contracting from this elongating condition, said
multi-filament thread and said elastic thread being so
arranged and proportioned that at' a contracted condi-
tion of the elastic thread the multi-filament thread is
wrapped about the elastic thread in loose wraps with the
average diameter of the wraps being substantially larger
than the diameter of the portion of the elastic thread
within the wraps, said multi-filament thread being held
about said elastic thread solely by the intertwist of the
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elastic thread and thread in said arrangement and pro-
portion therewith.

2. Elastic yarn, comprising a low-twist multi-filament,
continuous filament thread and an elastic thread twisted
together, said elastic thread being capable of elongating
at least 100% and of contracting from this elongated con-
dition, said multi-filament thread and said elastic thread
being so arranged and proportioned that at an elongated
condition of the elastic thread the elastic thread and the
multi-filament thread are arranged in a tight ply forma-
tion, and that at a coniracted condition of the elastic
thread the multi-filament thread is wrapped about the
elastic thread in loose wraps with the average diameter
of wraps being substantially larger than the diameter of
the portion of the elastic thread within the wraps, said
multi-filament thread being held about said elastic thread
solely by the intertwist of an elastic thread and thread
in said arrangement and proportion therewith, and the
individual filaments of the multi-filament thread being
blossomed out from their normal close parallel arrange-
ment at said contracted condition.

3. Yarn comprising a low-twist, multi-filament, con-
tinwous filament thread and an elastic thread twisted to-
gether, said elastic thread being capable of elongating at
least 100% and of contracting from this elongated con-
dition, said multi-filament thread and said elastic thread
being so arranged and proportioned that the ratio of X/Y
is at least 1.7, wherein X equals the length of inches of,
multi-filament thread per unit length of yarn divided by
the number of turns of ply twist of the multi-filament

thread with the elastic thread in said unit length of yarn,’

and

h2
=-‘/(27rR)2A+;1—2

in which R equals the radius in inches of the elastic thread
relaxed, 7 equals the length in inches of relaxed elastic
thread in said unit length of yarn divided by the number
of ply twists of the muiti-filament thread with the elastic
thread in said unit length of yarn, and A is the ratio of
the relaxed length in inches of the segment of elastic
thread in said unit length to the segment’s new length in
‘inches at the stretched condition of the yarn at which Y
is a minimum, said multi-filament thread being held about
said elastic thread solely by the intertwist of the: elastic
thread and thread in said arrangement and proportion
therewith, and the individual filaments of the multi-fila-
ment thread being blossomed out from their normal close
paraliel arrangement at a contracted condition of the
elastic thread.

4. Yarn in accordance with claim 3 wherein said
elastic thread is an elastomeric thread, and wherein there
are at least 10 turns of ply twist of the multi-filament
thread with the elastomeric thread per inch of multi-
filament thread.

5. Yarn in accordance with claim 4 wherein the ratio
of X/Y is not above approximately 3.0.

6. Yarn in accordance with claim 5 wherein the diam-
eter of said elastomeric. thread is from about .016” to
about .005”, said multi-filament thread has from approxi-
mately 7 to 70 filaments twisted together with not more
than about 2.5 turns per inch and wherein the multi-
filament thread is from approximately 20 to 210 denier.

7. Yarn in accordance with claim 5 wherein the multi-
filament thread is nylon.

8. Yarn in accordance with claim 5 wherein said
elastomeric thread is.a polyurcthane elastomer.
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9. Yarn having at least 100% stretch comprising a

low-twist, multi-filament, continucus filament thread and
a rubber thread twisted together, said rubber thread be-
ing capable of elongating and of contracting from this
elongated condition, said multi-filament thread and said
rubber thread being so arranged and proportioned that
the ratio of X/Y is at least 1.4, wherein X equals the
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length in inches of multi-filament thread per unit length
of yarn divided by the number of turns of ply twist of
the muiti-filament thread with the rubber thread in sa1d
unit length, and
=V (2xR)?-+-h2

in which R equals the radius in inches of the rubber
thread relaxed, & equals the length in inches of relaxed
rubber thread in said unit length of yarn divided by
the number of turns of ply twist of the multi-filament
thread with the rubber thread in said unit length of yarn,.
said yarn at a contracted condition of the rubber thread
having the multi-filament thread wrapped about the
rubber thread and the individual filaments of the multi-
filament thread blossomed out from their normal close
parallel arrangement, and said multi-filament thread be-
ing held about said rubber thread solely by the intertwist
of the rubber thread and thread in said arrangement and
proportion therewith,

10. Yarn in accordance with claim 9 wherein the
rubber thread and the multi-filament thread are twisted
together with an average of at least 10 turns per inch
length of multi-filament thread.

11. Yarn in accordance with claim 10 wherein the
ratio X/Y is not above approximately 2.50.

12, Yarn in accordance with claim 11 wherein the
rubber thread is from approximately .016” to .005" in
diameter, and said multi-filament thread has from about
7 to 70 filaments and wherein said multi-filament thread
has not more than about 2.5 turns per inch.

13, Yarn in accordance with claim 11 wherein said
multi-filament thread is nylon.

14. Yarn in accordance with claim 11 wherein said
rubber thread is a  polyurethane rubber.

15. Yarn composed of a low-twist, multi-filament, con-
tinnous filament thread and a rubber thread twisted to-
gether, said rubber thread being capable of elongating
and of contracting from this elongated condition,. said
multi-filament thread and said elastic thread being so
arranged and proportioned that the ratio of X/Y; is at
least 1.7 when X equals the length in inches of the multi-
filament thread per unit length of yarn divided by the
number of turns of ply twist of the multi-filament thread
with the rubber thread in said unit length and when

72
Y1=‘/(21rR)2A+;1—2-

in which R equals the radius in inches of the rubber
thread relaxed, k equals the length in inches of relaxed
rubber thread in said unit length divided by the num-
ber of turns of ply twist of the multi-filament thread
with the rubber thread in said unit length and A is the
ratio of the relaxed length in inches of the segment of
rubber thread in said unit length to the segment’s new
length in inches-at the- stretched condition of the yarn
at which Y; is a minimum, and wherem the ratio X/Y
is at least 1.4 when

=V(27R)2-}-h?

said yarn at a contracted condition of the rubber thread
having the multi-filament thread wrapped about the
rubber thread and the individual filaments of the multi-
filament thread ‘blossomed out from thelr normal close
parallel arrangement.

16. Yarn in accordance with claim 15 wherein the
multi-filament thread and the rubber thread are twisted
together with at least ten turns per inch of multi-fila-
ment thread.

17. Yarn in accordance with claim 16 wherein the

ratio X/Y; is not above about 3.0 and wherein the ratio ~ -

X/Y is not above about 2.5.

18. Yarn in accordance with claim 17 wherein the
diameter of the relaxed rubber thread is between .016”
to .005”, said multi-filament thread has been about 7
and 70 filaments and said multi-filament thread is twisted
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together with not more than about 2.5 turns per inch.

19. Yarn in accordance with claim 18 wherein said
multi-filament thread is nylon. -

20. Yarn in accordance with claim 17 wherein said
rubber thread is a polyurethane rubber.

21. A method of producing yarn which comprises
advancing a continuous filament, multi-filament thread
having less than five turns twist per inch and advancing
a stretched elastomeric thread toward a twisting point,
twisting said elastomeric thread togsther with each other
thread in the yarn in such proportions that the ratio of
X/Y of the yarn produced is at least 1.4 wherein X
equals the length in inches the other thread per unit
length of yarn produced divided by a number of turns
of ply twist of the other thread with the elastomeric
thread in said unit length and

Y=+/(2rR)2+h?

in which R equals the radius in inches of the relaxed
elastomeric thread and h equals the length in inches of
the relaxed elastomeric thread in said unit length divided
by the number of turns of ply twist of the other thread
with the elastomeric thread in said unit length.

22.' A method in accordance with claim 21 wherein
said elastomeric thread and said multi-filament thread are
twisted together with at least ten turns per inch length
of multi-filament thread.

23. A method in accordance with claim 22 wherein
said elastomeric thread and said multi-filament thread
are plied together with a slightly greater breaking length
of multi-filament thread than of the elastomeric thread.

24, Yarn comprising a low-twist strand formed of a
multiplicity of fibers so arranged that the individual fibers
therein are free to separate or blossom, and a rubber
thread, said low-twist strand and said rubber thread
being so associated that at least one thereof follows a
sinuous path- about the other, said rubber thread being
capable of elongating and of contracting from this elon-
gated condition, each strand in said yarn except said
rubber thread being so arranged and proportioned with
said rubber thread that the tratio of X/Y is at least 1.4,
wherein X equals the length in inches of the strand
per unit length of yarn divided by the number of turns
of twist of the strand with the rubber thread in said
unit length, and

Y=/ (2rR) 212

in which R equals the radius in inches of the rubber
thread relaxed, & equals the length in inches of relaxed
rubber thread in said unit length of yarn divided by the
number of turns of twist of the strand with the rubber
thread in said unit length of yarn, said yarn at a con-
tracted condition of the rubber thread having each strand
in said yarn except said rubber thread wrapped: about
the rubber thread and the individual fibers of the low-
twist strand blossomed out, and means preventing the
ready disassociation of said fibers from the rubber thread.

25. A method which includes tensioning and holding
substantially straight a yarn comprising a low-twist, multi-
filament, continuous filament thread and a polyurethane
rubber thread twisted together with at least ten turns per
inch of multi-filament thread, said rubber thread being
capable of elongating and of contracting from this elon-
gated condition, said -multi-filament thread and said
rubber thread being so arranged and proportioned that
the ratio of X/Y; is at least 1.7 and not above about 3.0
when X equals the length in inches of the multi-filament
thread per unit length of yarn divided by the number
of turns of ply twist of the multi-filament thread with
the rubber thread in said unit length and when

7e
Y1=r\/(2rR)2A+Z§
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in which R equals the radius in inches of the rubber
thread relaxed, /i equals the length in inches of relaxed
rubber thread in said unit length divided by the num-
ber of turns of ply twist of the multi-filament thread
with the rubber thread in said unit length and A is
the ratio of the relaxed length in inches of the segment
of rubber thread in said unit length to the segment’s new
length in inches at the stretched condition of the yarn
at which Y; is a minimum, and wherein the ratio X/Y
is at least 1.4 and not above about 2.5 when

Y=/ (2xR)2+-1?

said yarn at a contracted condition of the rubber thread
having the multi-filament thread wrapped about the
rubber thread and the individual filaments of the multi-
filament thread blossomed cut from. their normal close
parallel arrangement, and while tensioning and holding
the yarn substantially straight heating the yarn until it
no longer evidences a tendency to contract substantially
from the length at which it is heated upon release of the
yarn,

26. A method of producing fabric which includes pro-
viding a yarn comprising a low-twist, multi-filament, con-
tinnous filament thread and a rubber thread twisted to-
gether with at least ten turns per inch of multi-filament
thread, said rubber thread being capable of elongating
and of contracting from this elongated condition, said
multi-filament thread and said rubber thread being so
arranged and proportioned that the ratio of X/Y; is at
least 1.7 and not above about 3.0 when X equals the
length in inches of the multi-filament thread per unit
length of yarn divided by the number of turns of ply twist
of the multi-filament thread with the rubber thread in said
unit length and when

7E
Y1 =\/(27rR)2A+ T

in which R equals the radius in inches of the rubber
thread relaxed, k& equals the length in inches of relaxed

rubber thread in said unit length divided by the num-.

ber of turns of ply twist of the multi-filament thread with
the rubber thread in said unit length and A is the ratio
of the relaxed length in inches of the segment of rubber
thread in said unit length to the segment’s new length in
inches at the stretched condition of the yarn at which Yy
is a minimum, and wherein the ratio X/Y is at least 1.4
and not above about 2.5 when

Y=+/(2nR)2+-h?

said yarn at a contracted condition of the rubber thread
having the multi-filament thread wrapped about the rub-
ber thread and the individual filaments of the multi-fila-
ment thread blossomed out from their normal close paral-
lel arrangement, siretching said yarn to a length in which
the unit length of the yarn is stretched to a length that
is less than the maximum stretched length of said.umit
length by a factor'not greater than 4, and while the yarn
is so stretched interlacing it in a fabric.
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