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This invention relates to a process for preparing elastic 
fabrics. More particularly, it relates to a process for pre 
paring elastic fabrics which exhibit a high degree of 
elasticity at relatively low levels of power or retractive 
force. 

Until recently, elastic fabrics available to the textile in 
dustry have been relatively heavy and bulky. The use 
of Such fabrics has been generally confined to garments 
where the benefits accruing to the wearer were those of 
high restraining power rather than attractive aesthetics. 
Recently, with the advent of spandex fibers, which can 
be spun in fine deniers, bulk and weight of elastic fabrics 
have been reduced. The spandex fibers are particularly 
desirable for use in foundation garments and surgical 
hosiery but, due to their high degree of restraining power, 
incorporation of these fibers in textile fabrics such as 
Suitings, dresswear, men's hosiery, and other textile 
goods has been somewhat limited. Economic factors have 
also restricted the use of spandex fibers since these fibers 
are, in general, more expensive than the inelastic fibers. 

it is, therefore, an object of this invention to provide 
a process for preparing elastic fabrics which have a high 
degree of elasticity at relatively low levels of retractive 
force. It is another object of this invention to provide a 
process for preparing such fabrics which utilizes a mini 
mum quantity of the more expensive spandex fiber yet 
provides aesthetically desirable fabrics which have de 
sirable elastic properties. 

In general, the objects of this invention are achieved by 
a process which comprises stretching an elastic yarn con 
taining spandex filaments a predetermined amount, heat 
Setting the elastic yarn in its extended condition, plying 
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40 the heat-set elastic yarn with an inelastic yarn while main- . 
taining the heat-set elastic yarn in a fully extended condi 
tion, and thereafter incorporating the plied yarn in a fabric 
while maintaining the plied yarn in its fully extended 
state. After preparation of the fabric, the heat-set elas 
tic component is relaxed. Surprisingly, a fabric having a 
Smooth surface with excellent stitch definition is obtained 
by this process. This is in contrast to the pebbly, un 
even effect which would be expected to result due to the 
inelastic yarn buckling about the elastic component. Not 
only are the fabrics more aesthetically desirable than . 
those heretofore produced, but also by maintaining the 
elastic component in its extended condition and plying the 
elastic component with a yarn comprised entirely of 
inelastic fibers the quantity of the expensive elastic fiber 
required is substantially reduced. Thus, fabrics made 
according to this invention possess both economic and 
aesthetic advantages. 
A preferred process is set forth in the form of a flow 

sheet in the accompanying drawing. Each of the steps 
will be explained in detail in the discussion which follows. 

In practicing the present invention, the elastic yarn 
which contains the spandex filaments may be prepared 
from a variety of fibers which may be combined in a 
number of different forms. The inelastic fibers may be 
either natural or synthetic fibers, e.g., cotton, wool, silk, 
polyesters, polyamides, acrylic fibers, polyhydrocarbon 
fibers, cellulose derivatives, or blends of two or more in 
elastic fibers. The elastic fibers are those of the spandex 
type, preferably those prepared from segmented poly 
urethanes as described in U.S. Patents 2,929,800, 
2,929,801, 2,929,802, 2,929,804, 2,953,839, 2,957,852, 
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2 
and 3,097,192. These spandex fibers when in filament form 
have elongations greater than 150%, tensile recovery of 
90%, and a stress decay of less than about 20%. 
The preferred form of elastic yarn is a composite core 

Spun yarn made by combining a continuous filament elas 
tic yarn with one or more rovings of inelastic staple fibers. 
These yarns may be prepared as described in U.S. Patents 
2,024,156, 3,017,740, and 2,038,295. Alternatively, the 
elastic yarn may be comprised of a blend of inelastic 
fibers and spandex fibers such as is disclosed in U.S. 
3,007,227. In addition, helically wrapped yarn in which 
an inelastic fiber covering is wrapped about a continuous 
spandex filament core may also be used. 
The inelastic yarn which is plied with the elastic yarn 

is prepared entirely from inelastic fibers of the types 
previously described. This yarn may be in continuous 
filament or spun-yarn form, depending on the charac 
teristics desired in the final fabric. A combination of con 
tinuous filaments and staple fibers may also be used. 

In carrying out the steps of the process of this inven 
tion, the elastic yarn is first stretched a predetermined 
amount. As a general rule, it is preferred that the elastic 
element be stretched an amount approaching but not 
exceeding its elastic limit. While maintaining the elastic 
yarn in its extended condition, it is heat-set by follow 
ing the teachings of Canadian Patent 621,569. The teach 
ing of this patent is incorporated herein by reference. The 
heat-setting treatment should be of a relatively mild order 
such that the elastic component in the yarn is stabilized or 
heat-set temporarily in its elongated condition. The treat 
ment should not be so severe as to permanently stabilize 
the elastic component. Mild heat-setting treatments, e.g., 
treatment in boiling water or steam at 10 pounds per 
square inch, initially stabilize the elastic component but 
permit retraction of from 30% to 60% when the final 
fabric is relaxed to "unlock' the elastic component. Those 
skilled in the art can readily select heat-setting conditions 
which will provide a desired balance of elasticity and 
power in the final fabric. In addition to boiling the 
fabric to unlock the elastic component and impart elas 
ticity to the finished fabric, various fabric finishing proc 
esses such as scouring and dyeing may be used. 

After the heat-setting treatment, the elastic yarn is 
then plied with the inelastic yarn. Because of the relative 
mildness of the heat-setting conditions employed, the 
elastic yarn may not be entirely stable but may have a 
tendency to retract although to a lesser extent than before 

Therefore, it is important to the success 
ful practice of this invention that the elastic yarn be main 
tained at maximum extension while it is being plied with 
the inelastic yarn. Alternatively, the elastic yarn and the 
inelastic yarn may be plied before the heat-setting treat 
ment. After plying, the yarns can then be heat-treated to 
stabilize the elastic component. This procedure is not 
preferred for some yarns since the inelastic yarn will be 
subjected to the heat-setting process which may possibly 
produce an undesirable effect on the aesthetic character 
istics of the inelastic yarn. 

After plying the heat-set elastic yarn and the inelastic 
yarn, the plied yarn is incorporated in the fabric by 
weaving, knitting, or other fabric-forming operations. In 
order to avoid non-uniformities in the finished fabric, it 
is necessary that the plied yarn be under sufficient tension 
to maintain the elastic component at maximum extension. 
Since the elastic component is at least semi-stabilized and 
its elasticity at least partially immobilized, problems as 
sociated with tension control and uniformity of yarn feed 
are minimized. 
In the following examples, yarn power, which is a 

measure of the resistance to stretch of the yarn expressed 
in grams per denier of the elastic component only, is 
measured at Specified selected points based on the ex 
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ended length of the yarn. In determining sock power, a 
ooped specimen four inches wide is cut from the leg of a 
;ock and is cycled three times between zero and 7.5 inches 
ising a constant rate of extension tensile tester, i.e., an 
instron tester. Power is measured at an extension of 5 
nches on the first cycle recovery curve. It is reported 
n pounds per inch, i.e., the ratio of the load required 
o hold the looped specimen at a 5-inch extension divided 
by the width of the specimen in inches. The 5-inch ex 
tension point is considered to be representative of the pow 
er exerted by the sock on the leg of a person. - 

Example I 
This example illustrates the preparation of men's socks 

by the process of the present invention. 
A 70-denier (7.78 tex.) spandex yarn is prepared as 

described in U.S. 3,039,895. A commercially available 
acrylic tow, the individual filaments of which have a 
denier of 3 (0.33 tex.), is reduced to staple fibers on a 
Turbo Stapler as described in U.S. 2,748,426. The acrylic 
fibers are then completely relaxed in an autoclave by 
alternating cycles of steam and vacuum, and the relaxed 
fibers are used to prepare a roving, all according to con 
ventional practice. The continuous filament spandex 
yarn and the roving of acrylic fibers are then combined 
to form a core-spun composite elastic yarn by the proce 
dure described in U.S. 3,038,295. In this operation, the 
spandex yarn under an extension of 4X is fed to the front 
rolls of a conventional spinning frame, where it is con 
bined with the roving of acrylic fibers to produce a com 
posite yarn equivalent to As w.c. (49.2 tex.) with a twist 
of 5.4 tp.i."Z.' By weight, the composition of the com 
posite yarn is 95.6% acrylic fiber and 4.4% spandex yarn. 
The elastic yarn is then rewound from the spinning bob 
bins onto solid dye tubes under sufficient tension to main 
tain the extension of the elastic core element and is then 
heat-set in an autoclave with a cycle of 10 minutes of 
vacuum, 30 minutes of steam at 240 F. (10 p.s. i.), and 
10 minutes of vacuum. A roving of the acrylic fibers 
is spun by conventional procedures to provides a A6 w.c. 
(55.3 tex.) yarn with a twist of 5.4 tp.i. "Z.” The heat 
set composite elastic yarn A and the inelastic yarn B are 
then plied with a twist of 3.0 tp.i. “S” to form a plied 
yarn C. During the plying step the elastic yarn is main 
tained in its fully extended condition. Power values 
determined for the yarns are set forth in Table 1, which 
follows: 

TABLE 

Power of yarn in grams/ 
denier elastomer at 
indicated percent of ex 
tended yarn length 

60% 75% 90% 

Yarn A, 1118-w.c. composite elastic yarn; 
Before heat-setting------------------------ 0.155 0.243 0. 519 
After heat-setting------------------------- 0.03 0.052 0.151. 

Plied Yarn C, 1/18-w.c. heat-set composite 
elastic yarn Aff 116-w.c. non-heat-set yarn 
B of acrylic fibers.-------------------------- 0,012 0.053 0, 155 

After plying, yarn C is wound onto cones and waxed 
in a conventional manner and then fed one end to each 
feed of an 84-needle Komet knitting machine. Men's 
socks are knit in a 2 x 2 rib stitch. The socks are dyed 
and dried. The power of the finished socks is 0.05 lbs./in. 
The finished socks are smooth and uniform in texture and 
are free from streaks and unevenness. The power of 0.05 
lb./in. is in the desired range for men's socks. 

Example II 
This example illustrates the preparation of elastic fabric 

by a prior art process. 
A 70-denier (7.78 tex.) spandex yarn is prepared as 

described in U.S. 3,039,895. A commercially available 
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4. 
acrylic tow, the individual filaments of which have a denier 
of 3 (0.33 tex.), is reduced to staple fibers on a Turbo 
Stapler as described in U.S. 2,748,426. The acrylic fibers 
are then completely relaxed in an autoclave by alternat 
ing cycles of steam and vacuum and the relaxed fibers 
are used to prepare a roving, all according to conventional 
practice. The continuous filament spandex yarn and the 
roving of acrylic fibers are then combined to form a core 
spun composite elastic yarn by the procedure described 
in U.S. 3,038,295. In this operation, the spandex yarn 
under extension of 4X is fed to the front rolls of a con 
ventional spinning frame, where it is combined with the 
roving of acrylic fibers to produce a composite yarn 
equivalent to As w.c. (49.2 tex.) with a twist of 5.4 
t.p.i. “Z.' By weight, the composition of the composite 
yarn is 95.6% acrylic fiber and 4.4% spandex yarn. 
The yarn is then rewound from the spinning bobbins to 
cones under sufficient tension to maintain the extension of 
the spandex core. The yarn is waxed in a conventional 
manner in the course of rewinding. Two ends of this 
yarn are supplied to each feed of an 84-needle Komet 
knitting machine and knit as men's hose in a 2 x 2 rib 
stitch. In the relaxted condition after knitting, the length 
of the socks is 10.3 in. from the top of the leg to the 
heel gore and 10.7 in. from the toe to the heel gore. 
The socks are then given a boil-off for 2 hours in a deter 
gent bath to simulate commercial dyeing and dried in a 
tumble dryer for 45 minutes at 180° F. After this treat 
ment, the lengths in the relaxed condition as above are 
5.2 in. for the leg and 5.9 in. for the foot. These socks 
are commercially unacceptable for two reasons. First, 
although their length in the stretched condition (18 in. in 
the leg and 19 in, in the foot) is acceptable for wear, 
their small size in the relaxed condition makes them un 
presentable on a store counter. Second, the excessive 
power of the socks causes them to be uncomfortably 
binding on the foot of the wearer. The power of these 
socks by the test previously described is 0.23 lb./in. 

Example III 
This example illustrates the ineffectiveness of a pre 

boarding treatment in providing acceptable elastic prop 
erties in men's socks. 

Additional socks are knit following the procedure of 
Example II. To provide a commercially acceptable re 
laxed length, the socks are given a pre-boarding treat 
ment in an autoclave in the same manner as commonly 
used for women's hoisery and men's hose made from in 
elastic fibers such as nylon. It is found that a pre-board 
ing treatment in excess of 5 minutes at 240 F. (10 
p.s. i. steam) is necessary to achieve dimensional stability. 
This procedure does not provide a satisfactory solution 
because (a) the excessive pre-boarding time is economical 
ly unacceptable for commercial operations, (b) the high 
temperature and long exposure time have an adverse 
effect on the acrylic fibers and consequently on the tactile 
aesthetics of the finished socks, and (c) the power of 
the socks (0.18 lb./in, by the test previously described) 
S eXCeSSWe. 

Example IV 
This example illustrates the preparation of men's socks 

by a process which omits the heat-setting step. 
The starting materials and procedures of Example II 

are used to prepare a composite elastic yarn A equivalent 
to 44 w.c. (26.0 tex.) with a twist of 9.5 tipi. “Z.” By 
weight, this yarn is 92.5% acrylic fiber and 7.5% spandex 
fiber. The same roving of acrylic fiber is used to pre 
pare conventionally a totally inelastic yarn B of 34 wic. 
(29.6 tex.) with a twist of 9.5 t.p.i. "Z.' Yarn A under 
maximum extension is plied with yarn B with a ply twist 
of 5.5 tipi. "S." The plied yarn C is 96.5% acrylic 
fiber and 3.5% Spandex fiber, by weight. One end of 
plied yarn C is supplied to each feed of a 132-needle 
Komet knitting machine. By conventional procedures, 
Socks are knit, dyed, and dried on hosiery frames or 
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boards. The finished socks have an undesirable high 
power of 0.17 lb./in. 

Example V 
This example illustrates the preparation of men's socks 

from heat-set but unplied elastic yarns and inelastic 
yarns. - 

The yarns of Example IV are used in this example. 
Composite elastic yarn A is heat-set according to the pro 
cedure of Example I, except that the steam cycle is for 
20 minutes rather than 30 minutes. Samples of heat-set 
yarn A and non-heat-set yarn B are boiled-off for 30 
minutes in a relaxed condition with a consequent retrac 
tion of 45% for heat-set composite elastic yarn A and 
3% for non-heat-set inelastic yarn B. One end of each 
yarn, is supplied to each feed of the 132-needle Komet 
knitting machine of Example TV. Socks are knit, dyed, 
and dried as in Example IV. The finished socks have 
an unacceptably streaky and uneven texture and ap 
pearance because of the large difference in retraction of 
the elastic and inelastic yarns in dyeing and finishing. 

Example VI 
This example illustrates the preparation of elastic fabric 

by the process of the present invention. 
The yarns of Example IV are used in this example. 

Yarn A is heat-set as in Example V. The heat-set com 
posite elastic yarn A and the inelastic yarn B are plied 
with a twist of 5.5 tip.i. “S”. The plied yarn C is 96.5% 
acrylic fiber and 3.5% spandex fiber by weight. In the 
plying operation, the composite elastic yarn A is under 
sufficient tension to maintain the elastic core element at 
maximum extension. One end of the plied yarn C is 
supplied to each feed of the 132-needle Komet knitting 
machine of Example IV. Dyeing and finishing of socks 
is the same as for Example IV. The finished socks of 
this example are entirely smooth and uniform in texture 
and appearance and have additional aesthetic advantages 
of softness and bulk as compared with the socks of Ex 
ample IV. These socks illustrate the surprising aspect 
of this invention, namely, the freedom from streaks, un 
evenness or other surface distortion despite the fifteen 
fold difference in retraction of the two plies of the plied 
yarn in the course of dyeing and finishing of the socks. 
This highly desirable result is entirely unexpected in 
view of the fact that the textile industry has for many 
years made widespread use of differential retraction speci 
fically to produce irregular surface effects in fabrics. 
An acceptable power level of 0.07 lb./in. is achieved in 
the socks of this example with a relatively economical 
use of 3.5% spandex yarn. 

Example VII 
This example illustrates the preparation of elastic fabric 

using spandex staple fiber but omits the heat-setting and 
the plying steps of this invention. 
A spendex tow with an individual filament denier of 

6 (0.67 tex.), prepared as described in U.S. 3,077,006, 
is combined with a commercially available acrylic tow 
with an individual filament denier of 3 (0.33 tex.) ac 
cording to the procedure of U.S. 3,077,006 to prepare a 
sliver blend of inelastic and elastic staple fibers. Addi 
tional totally inelastic slivers are prepared by conventional 
procedures from the same acrylic tow. In conventional 
worsted processing, the two kinds of sliver are combined 
to produce a A8 w.c. (49.2 tex.) yarn with a twist of 
5.4 tp.i. “Z”. The composition of the yarn is 96% acrylic 
fiber and 4% spandex fiber. This composition is selected 
from previous experience to insure uniform distribution 
of the elastic staple fibers in the yarn and to avoid non 
uniform stretch in the yarn caused by "dead spots' con 
taining no elastic staple fibers. Two ends of this yarn are 
plied with a twist of 3.5 t.p.i. “S”. One end of the plied 
yarn is supplied to each feed of an 84-needle Komet ma 
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6 
is recognized from other work that the spandex fiber con 
tent of 4% will provide execessive power in the finished 
socks unless this excessive power is destroyed. A con 
ventional pre-boarding operation is used. It is found 
that times in excess of 5 minutes at 240 F. (10 p.s.i. 
steam) are required to provide dimensional stability at a 
relatively high power level (0.14 lb./in.). The socks 
exhibit undesirably harsh aesthetics due to the effect of 
the heat-setting treatment on the acrylic fibers. 

Example VIII 
This example illustrates the preparation of fabric by 

the process of the present invention. 
The A8 w.c. (49.2 tex.) composite elastic yarn of 

Example VII (yarn A) is wound at full extension on dye 
tubes and heat-set in an autoclave for 15 minutes at 228 
F. (5 p.s. i.). The heat-set yarn is then plied with the As 
w.c. (55.3 tex.) inelasic yarn of acrylic fibers of Example 
I (yarn B) under sufficient tension to maintain the com 
posite elastic yarn at the extension at which it was heat 
set. The twist of the plied yarn is 3.0 tp.i. “S.” One end 
of the plied yarn C is supplied to each feed of an 84 
needle Komet knitting machine and socks are knit, dyed, 
and boarded in a conventional manner. Finished socks 
have a power of 0.05 lb./in. and excellent visual and 
tactile aesthetics. Thus, elastic spun yarns can be pre 
pared with a content of elastic staple fibers sufficiently 
high to insure uniform stretch and uniform distribution, 
then, by practice of this invention, the elastic fiber con 
tent can be diluted to economical levels by plying with 
a yarn of inelastic fibers. At the same time, suitably low 
power levels can be achieved by heat-setting of the elastic 
spun yarn and the economic penalty minimized because 
of the relatively low percentage of elastic fiber in the 
final plied yarn. . 

Example IX 
In this example the heat-setting step is omitted. 
Following the procedure of Example II, a core-spun 

composite elastic yarn is made with a core of 70-denier 
(7.78 tex.) spandex yarn and a sheath of commercially 
available acrylic staple fibers with a filament denier of 
1.5 (0.17 tex.). The spandex core is under an extension 
of 4x at the time of covering by the sheath fibers. The 
composite yarn is equivalent to 30/1 cc. (19.7 tex.) and 
has a twist of 17 tipi. "Z.” An inelastic yarn of the 
same count and twist is made from a blend of 80% of the 
same acrylic staple fiber and 20% cotton. These two yarns 
are Woven as alternate picks in a plain-weave fabric with 
a loom construction of 90 x 54. The warp yarn is 40/1 
cc. (14.8 tex.) with a twist of 22 tp.i. “Z,” made from 
the same 80/20-acrylic fiber/cotton blend as the inelastic 
filling yarn. After conventional dyeing and finishing, the 
fabric has a ridged, puckered appearance similar to a seer 
Sucker fabric, illustrating one of the surface effects com 
monly obtained when yarns having a substantial difference 
in retraction characteristics are woven in the same fabric. 
The alternate picks of composite elastic yarn impart to 
the fabric a high degree of elasticity in the filling direction 
and a power level excessive for the uses to which a plain 
woven fabric of this construction would ordinarily be put. 

Example X 
This example illustrates the preparation of elastic fabric 

by the process of the present invention. 
The starting materials and procedures of Example IX 

are used to make a core-spun composite elastic yarn 
(yarn A) equivalent to 60/1 cc. (9.84 tex.) with a twist 
of 25 tip.i. "Z.” This yarn is wound on dye tubes and 
heat-set by the procedure of Example I with a steam cycle 
of 20 minutes at 240 F. (10 p.s. i. steam). The 80/20. 
acrylic fiber/cotton blend of Example IX is likewise spun 
to 60/1 cc. (9.84 tex.) with a twist of 27 tipi. “S” (yarn 
B). The heat-set composite elastic yarn A and the in 
elastic yarn B are plied to form a 60/2 cc. yarn C with a chine for knitting of socks in a conventional manner. It 75 twist of 16 tipi. “Z.” In the plying operation, yarn A is 
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hder sufficient tension to maintain the elastic core at 
e extension at which it was heat-set. The plied yarn C 
woven as every pick in the warp of Example IX to 
orm a plain-weave fabric with a loom construction of 

8 
that, although the socks are stabilized against shrinkage, 
they retain adequate elasticity to meet commercial re 
quirements for ease of donning and doffing. 

) x 54. After conventional dyeing and finishing, the is Example XVI 
bric is free of puckers, ridges or other surface distor- hi le ill h f levels that 
ons, despite the fact that each pick contains both elastic This E. e1) "AE t E. of power S : 
nd inelastic elements with different degrees of retraction can be in ed it. arying i riffinishing Aspi Prince E.E.E.E.E. he elastic element in every pick, the levels of power nd elasticity for this fabric are less than for the fabric 10 used to make a core-spun composite elastic yarn. A gy. 
f Example IX, and are suitable for imparting a mild IE SoC y, (44.3 tex.) with a tWiSt 6 tipi. “Z. 
egree s elasticity to a conventional plain-woven fabric G. ise (G.S. SiiWiEi. 
pr its characteristic uses, inelastic acrylic fibers. The composite elastic yarn. A 

Examples XI-XV is wound on dye tubes and heat-set in an autoclave at 
These examples illustrate the reduced power levels 240° F (10 p.si. Steam) by the general procedure of 
nd the dimensional stability imparted to finished fabrics Example, I for the times indicated in Table, 3, which fol. y the practice of this invention. Various yarns are pre- lows. The heat-set composite elastic yarn A is then plied 
ared, in general, by the same procedures and from the with, an inelastic yarn, B of acrylic fibers of 1/16 Wc. 
ame starting materials as in Example I, with variations (55.3 E. with twist 2.6 6. f T t; the s indicated in Table 2, which follows. ply yarn C is 3.5 tip.i. "S.” One end of the plied yarn 
In Example XI the composite elastic yarn is not heat- C is supplied to each feed of an 84-needle Komet knitting 

e Exit 't pying R g yarn. SR and s EEE, first ". cer in Examples 9 9 , all XV, the composite ventional manner. power o CKS S./11. 
lastic yarns are heat-set at 240 F. (10 p.s. i. steam) for 25 determined by the test previously described, is recorded 
he time indicated in Table 2. in Table 3. 

TABLE 2 

Bxample-------------------------------------- XI XI XII XV XV 

Elastic Composite Yarn A: 
Denier of Spandex core--------------- - - 70 70 70 70 40 
Draft of core when covered.---------------- 4X 4X 4X 4X 3.5X 
Equivalent yarn count: W. 1/20 1/20 1120 1/34 1/3 

44.3 44.3 44.3 26.0 26, 0 
Twistt.p.i."Z'--------------------------- 6 6 6 9.5 9.5 
Composition by weight, percent Acrylic 
staple-------- --- 95.6 95, 6 95.6 92.5 95. 

Spandex core. 4.4 4.4 4.4 7.5 4.9 
Duration of he 

(10 p.s.l.. Steam)-------------------------- None 20 30 20 10 
nelastic Yarn B: 

Yarn count: 1/16 1/16 1/16 1130 1/30 
55.3 55.3 55.3 29, 6 29. 6 

6 6 6 9.5 9.5 
Plly Yarn C: 

Twist, t.p.h. "S'--------------------------- 3,5 3.5 3.5 5.5 5.5 
Composition by weight, percent Acrylic 
staple------------------------------------ 98 98 98 96.5 97.8 

Spandex core------------------------------ 2 2 2 3.5 2.2 
Yarn Power, in grams per denier at indicated 
percent of extended yarn length: 
Yarn. A before heat-setting: 

60%----------------------------------- 0,169 0.169 0.169 0,197 0,161. 0,271 0,271 0.271 0,329 0.250 
0.64 0.820 0.489 

0.05 - 0,037 0.056 
0.05 0.088 0.08 

%------------------------------------------ 0,135 0,27 0.248 
Knitting to Socks, Komet machine, needles--- 84 84 84 132 132 
Relaxed Length of Leg (Top to Heel Gore), - 
I). 

Initial------------------------------------- 10.3 12.0 12, 6 12.3 2.5 
After boi-off for 

1 min---------------------------------- 6.5 9.0 9.9 9.5 8.8 6.0 9.0 102 8, 5 9.3 
5.9 8.7 90 8.7 9.0 
5, 9 8.5 0.0 8,3 8.9 
5.9 8.8 9.5 8, 4 8.6 
5.9 8, 2 8.8 8.0 8.3 
5.8 8.0 8.7 8.0 8.2 
5.9 8, 2 8.6 8.0 8.2 

stretched Length of Leg (Top to Heel Gore), 
ll. 
Initial------------------------------------- 21.5 22 22.5 22 22 
After boil-off for 300 min.------------------- 18 20 20.2 19.5 19 

The reduction in power of the plied yarn as a conse- TABLE 3 
quence of the combination of heat-setting and plying w 
is evident from the table. Since all socks were knit in to Dualifiting of Power of socks 
the same construction on the knitting machine, the di- i steam) min lbs./i s 
mensional stability imparted by heat-setting of yarn A p.S.1. s S.A1. 
is indicated by the measurements for the length of the sock 0 ------------------------------------- 0.130 
in the relaxed condition both immediately after knitting 10 ------------------------------------ 0.055 
and after the indicated times of boil-off. The measure- 75 20 ------------------------------------ 0.045 

30 ------------------------------------ 0,040 ments of length of the socks in the stretched state show 
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Example XVI shows control of power level by manipu 

lation of only one variable, namely, time of exposure 
to a given heat-setting temperature. However, it is ap 
parent from Canadian Patent 621,569 and from the dis 

O 
fore being combined with a roving of inelastic fibers to 
form a core-spun composite elastic yarn, and the core 
spun yarn may then be mildly heat-set. 

(c) Yarn Z may be subjected to varying stretch then cussion hereinbefore that the power level of the finished 5 mildly heat-set before plying. 
fabric or garment is directly dependent on the elimina- (d) Final plied yarns, incorporating one or more ele 
tion of part of the available power of the spandex ele- ments that have already been subjected to varying stretch, 
ment of composite yarn A. This reduction is governed illustrated by but not limited to the yarns of Examples 
by a number of factors, including (a) the extent to which XVII to XXII, may be mildly heat-set. 
the spandex component is diluted by the inelastic com- 10 In all of these applications, a mild heat-setting treat 
ponent of yarn A and by the inelastic fibers of yarn B, ment will stabilize the varying stretch characteristics of 
(b) the extension at which composite yarn. A was heat- the yarn involved and will make it easier to handle the 
Set, (c) temperature of heat-setting, (d) duration of variable-stretch yarn in such operations as plying, knit 
heat-setting, and (e) nature of the heat-setting medium, ting and weaving. As taught by the present invention, 
e.g., hot water, hot air, steam under pressure, or various l? heat-setting will tend to reduce the power of the finished 
chemical agents at various temperatures. It is to be fabrics. Obviously, by the same mechanism, it will re 
understood that all of these factors may be varied in the duce to some extent the novelty effect in the yarns and 
practice of the present invention as necessary to achieve fabrics. By proper manipulation of the amount of vary 
the desired properties in the final fabric or garment. ing stretch and the other governing factors previously dis 

Examples XVII-XXII 20 cussed herein, any desired balance can be achieved be 
These examples illustrate the application of the present tween fabric power and novel surface effects. 

invention in combination with other techniques for the In addition to the improvements already discussed, 
production of novelty elastic yarns. The yarns used in other advantages are obtainable with the heat-set/ply 
these examples are as follows: 25 technology of the present invention. By the use of ply 
Yarn X-The 70-denier (7.78 tex.) spandex yarn of yarns wherein only one ply is elastic in character desir 

Example I. able improvements in the final fabric can be achieved by 
Yarn Y-A A50 w.c. (44.3 tex.) yarn with a twist of Selection of proper direction of twist both in the compo 

6 tip.i. "Z,” made from a blend of the acrylic fiber of nent singles yarns and in the ply yarn. When the elas 
Example I with wool. By weight, the yarn is 70% 30 tic component is a core-spun yarn, selection of proper 
acrylic fiber and 30% wool. The yarn is spun by con- direction of twist will improve the extent to which the 
ventional procedures on the worsted system. elastic element is covered by the inelastic ply. When the 
Yarn Z-A core-spun composite elastic yarn, made elastic component is a blend of elastic and inelastic staple 

as in Example I, from the spandex yarn of Example, I fibers, selection of the proper direction of twist will assist 
and the roving of 70/30 acrylic fiber/wool used in make 35 in locking the elastic staple fibers into the total yarn 
ing Yarn, Y. The composite yarn is equivalent to 40 structure and will thereby minimize the likelihood of 
w.c. (44.3 tex.) and has a twist of 6 tip.i. "Z. illing and oth desirable fabri f f 
These three yarns are combined in various ways on pilling and other undesirable fabric surface e ects. For 

a conventional twister. In each instance, the tension example, in preparing a yarn of the following twist com 
(hence, the stretch) of one or more of the yarns is varied 40 bination: 
during plying, as indicated more fully in Table 4, which 
follows, to produce a series of novelty yarns. For in 
stance, the stretch of elastic yarns X and Z is varied Single Twist Ply Twist 
from zero to 400% or greater. The apparatus for and Direction Direction 
manner of varying the stretch are not critical or limited; 45 
numerous devices and procedures known in the art may En: 5. } s” be used for this purpose. The variables employed and 
the yarns produced are outlined in Table 4. 

TABLE 4 

Example.--------------------------- XVI XVIII XIX XX XXI XXII 

SEES"::::::::::::,Y,Z.3, y, z:x,y,z.5., Z.E.Y. &, z. 
Stretch varied during plying for.-- X--------- X, Z.----- X and Z. Both.----- Both.----- Both. 

1 In unison and individually. 

These yarns are woven individually as filling in a 
warp of yarn Y. It is esential to maintain the plied 
yarns under full tension until they are woven, in order 
to preserve their varied stretch characteristics. After 
finishing the fabrics display novelty surface effects de 
pendent in each case on the particular composition and 
variable stretch characteristics of the filling yarn. The 
power level of all fabrics is high. 

It will be apparent that the heat-set/ply procedure of 
the present invention can be used in various ways to facil 
itate the production of novelty elastic yarns and fabrics 
by the general manner just outlined. Among such appli 
cations are the following: 

(a) Yarn X alone may be subjected to varying stretch 
then mildly heat-set before plying. 

(b) Yarn X may be subjected to vraying stretch be 

60 

65 

70 

75 

it would be expected that the elastic yarn ply would 
tend to bury itself within the inelastic yarn ply to a 
much greater extent than if the twist in both component 
yarns was in the "Z" direction. Further, in plying such 
a yarn, the twist in the elastic yarn will increase while 
the twist in the inelastic yarn will decrease proportion 
ally to the number of turns in the plied yarn. In this 
way, the elastic yarn will be more effectively covered be 
cause of higher twist and coring, while a desirably high 
bulk and softness of hand in the plied yarn will be main 
tained because of the low twist in the inelastic yarn ply. 
for dyed fabrics, an additional benefit of this procedure is 
that exact matching of shades dyed on the elastic and 
inelastic fibers is less critical because of the more effec 
tive cover of the elastic fibers and the reduced likelihood 
of their appearing on the surface of the fabric. 
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It will be apparent from the foregoing discussion and 
Xamples that a number of alternative procedures may be 
ollowed in preparing the elastic component for use in 
he present invention. In addition to those procedures 
lready mentioned, a continuous spandex filament may be 
leat-set by drafting the filament and winding it up on a 
bobbin or dye tube and then placing the bobbin or dye 
ube in an autoclave or oven. The heat-set filament may 
hen be used as the core in preparing a composite elestic 
tarn by procedures described previously herein. 
This invention can be employed wherever it is desired 

o produce woven, knitted and non-woven fabrics having 
relatively high degree of elasticity and a relatively low 

evel of power. Examples of such uses are universal 
itting apparel (socks, polo shirts, underwear, bathing 
suits, gloves, elastic cuffs, sweaters, waistbands, suits, 
:oats, dresses, skirts, action sportswear, leotard-type outer 
Wear, and accessories such as tapes, webbings, and other 
woven, non-woven, or knit apparel fabrics), household 
products (form-fitting upholstery, slipcovers, sheets, car 
pets, mattress coverings, and narrow tapes and webbings 
for a wide variety of uses), industrial products (transpor 
tation upholstery, woven and non-woven felts, tapes and 
webbings for varied applications), and medical products 
(surgical bandages, Supports, elastic dressings, surgical 
stockings, and splint tapes). In addition, high stretch, 
moderate recovery fabrics can be made suitable for use 
in Outer apparel (sweaters, knit jersey, and woven, knit, 
or non-woven suitings and dress goods), household items 
(rugs, carpets and upholstery), and industrial products 
(woven, non-woven, and knit compression or impact-bear 
ing structures). Illustrations of various specific products 
are shoe laces, shoe liner fabric, shoe upper fabrics, house 
slippers, skin diving suits, snow suits, ski pants, football 
pants, slacks, flannels, sport shirts, bulky knit sweaters, 
blankets, Swimming pool covers, toupee bases, belts, sus 
penders, garters, watch bands, ropes, elastic sewing thread, 
shock cords, bookcover jackets, bookbinding cloth, syn 
thetic paper, elastomer-coated fabrics, and super-dense 
felts, such as papermakers' felts. 

Fabrics made by this invention may be given the cus 
tomary finishing treatments where necessary or desired, 
such as Scouring, Washing, drying, pressing, dyeing, and 
softening. 
As many widely different embodiments of this inven 

tion may be made without departing from the spirit and 
Scope thereof, it is to be understood that this invention 
is not to be limited to the specific embodiments thereof 
except as defined in the appended claims. 

... I claim: 
1. A process for preparing elastic fabrics which com 

prises: 
(a) stretching an elastic yarn containing spandex 

filaments a predetermined amount approaching but 
not exceeding the elastic limit of said elastic yarn; 

(b) temporarily heat-setting under mild heat-setting 
conditions to initially stabilize the elastic component 
but permit retraction of from 30% to 60% when 
the final fabric is subsequently heat-relaxed, said 
elastic yarn in its extended condition; 
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(c) plying said heat-set elastic yarn with an inelastic 
yarn while maintaining said elastic yarn in a fully 
extended condition; 

(d) incorporating said plied yarn in a fabric while 
maintaining said plied yarn in its fully extended 
state; and 

(e) heat-relaxing said fabric to permit said elastic yarn 
to Contract. 

2. The process of claim 1 wherein said spandex fila 
ments are continuous filaments and said heat-setting is 
carried out in steam. - 

3. The process of claim 1 wherein said elastic yarn is 
comprised of a blend of inelastic and spandex staple 
fibers and said heat-setting is carried out in steam. 

4. A process for preparing elastic fabrics which com 
prises: 

(a) stretching an elastic yarn containing spandex fila 
ments a predetermined amount approaching but not 
exceeding the elastic limit of said elastic yarn; 

(b) plying said elastic yarn with an inelastic yarn 
while maintaining said elastic yarn in its extended 
condition; (c) temporarily heat-setting under mild heat-setting 
conditions to initially stabilize the elastic component 
but permit retraction of from 30% to 60% when the 
final fabric is subsequently heat-relaxed, said plied 
yarn to heat-set said elastic yarn in its extended con 
dition; . 

(d) incorporating said plied yarn in a fabric while 
maintaining said plied yarn in its fully extended 
state; and 

(e) heat-relaxing said fabric to permit said elastic yarn 
to contract. 

5. The process of claim 4 wherein said spandex fila 
ments are continuous filaments and said heat-setting is 
carried out in steam. 

6. The process of claim 4 wherein said elastic yarn is 
comprised of a blend of inelastic and spandex staple fibers 
and said heat-setting is carried out in steam. 
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