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This invention relates to the art of forming
artificial filaments, and is particularly concerned
with improvements in the cold drawing of yarn,
i. e, a bundle of filaments, composed of syn-
thetic linear polymers,

Fiber-forming, synthetic linear polymers and
methods and means for preparing the same are
described in Wallace H. Carothers U. S. Patent
No. 2,071,250, and the conversion of these poly-
mers into fibers is disclosed in Wallace H. Car-
others U. S, Patent No. 2,071,251, An important
group of synthetic linear polymers, namely syn-
thetic linear polyamides, is described in Wallace
H. Carothers U. S. Patent Nos. 2,071,253 and
.2,130,948. ‘It is to be understood that the terms
“linear polymer,” “linear polyamide,”and the like
include not only linear polymers and linear poly-
amides produced by condensation polymerization,
but also those produced by methods which do
not invelve condensation.

Inasmuch as this invention is most particu-
larly concerned with improvements in the mak-
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ing of yarn from synthetic linear polyamides, the
descriptiori of the invention will be .largely di-

rected to synthetic linear polyamides, although
it will be understood that this will be illustrative
of the preferred form of the invention and is not
intended to exclude other fiber-forming polymers
except as indicated. ‘

Liriear ‘polymers can be fortned directly into
filaments from the molten state and the filaments
so formed are capable of being cold drawn, i. e.,
permanently elongated, in the solid state, under
the application of stress, into filaments and the
like, exhibiting, upon X-ray examination crystal-
lite orientation along the fiber axis. 'These cold
drawn and oriented -filamenis possess. certain
characteristics' not -possessed by the filaments
previous .to the cold drawing, which adapt them
to a wide range of utility in the textile fleld.
The greatest -utility is obtained when- the  fila-
ments are so produced .as to possess uniform
physical characteristics, which, in furn, can be
obtained only through uniform drawing of the
filaments. Inasmuch as the cold drawing of linear
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. polyamide - filaments may effect an increase in

length many times that of the undrawn filaments
and -a -decrease. in elongation to a small frac-
tion of that possessed by the undrawn filaments
(filaments . of  polyhexamethylene adipamide, a
linear polyamide obtainable from the reaction of
hexamethylene diamine and adipic acid, for ex-
ample, being capable of being cold drawn approxi-
mately 400% with an accompanying reduction in
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elongation from about 400% to about 20%), it is 55

most important that variations in physical char-
acteristics along the length of the filaments which
occur during cold drawing be maintained within
very small limits,

While it is important that the denier, elonga-
tion ang elasticity of the cold drawn filaments
be maintained as uniform as possible along the
length of the filaments, it is still more important
that the affinity of the filaments for dyestuffs be
maintained extremely uniform. Even when cold
drawing is so regulated that variations in denier,
elongation and elasticity can be tolerated, it may
still happen that variation in the dye affinity of
the filaments is highly objectionable. The affinity
of synthetic linear polyamide filaments for dye-
stufls decreases upon orientation, and the changes
in dye affinity are much more noticeable in small
ranges of variation than changes of the same
magnitude in many other physical characteris-
tics of the filaments. Differences in dye affinity
of synthetic linear polyamide threads arising
from non-uniform cold drawing in many cases
constitute a difference not only in shade, but

-even in color, and are not to be confused with
the small differences in appearance attributable

to changes in denier such as are experienced with
other textile yarns. Inasmuch as synthetic linear -
polyamide filaments are particularly adaptable
to the manufacture of fine, high quality fabrics
such as full-fashioned hosiery and pile fabrics,
it is highly desirable that the filaments exhibit
substantially no variation in dye affinity.

It has been discovered, in accordance with this
invention, that variations in the physical charac-

-teristics of cold-drawn linear polyamide filaments .

are caused.by cyclical movements or periodic
shiftings of the draw point.. The term “draw
point,” as it is used throughout the specification
and claims, is intended to designate that point
which is the center of the zone or section of yarn
within which the drawing takes place, the “draw
point” of the yarn, mathematically stated, being
that point at which the first derivative of the
denier, with respect to yarn length, is a maxi-
mum (the second derivative being equal to zero)..

It is an object of this invention to prodace uni-
formly cold-drawn yarns and filaments.

It is another object of this invention to ob-
tain uniformly cold-drawn synthetic linear poly-
mer yarns and filaments.

It is a more specific object of this invention to
obtain uniformly cold-drawn - synthetic linear
polyamide yarns and filaments.

It is a still further object of this invention
to obtain oriented synthetic linear polyamide



yarns having a uniform dye afiinity along the
length thereof. - .

It is another object of this invention to pro-
vide a suitable process and apparatus for con-
tinuously and uniformly cold drawing synthetic
linear polyamide yarns whereby to obtain oriented
yarns which have a suitable dye afiinity along
the length thereof.

Other objects of this invention will appear
hereinafter.

The.details of the invention will be more clearly

apparent by reference to the following descrip-
tion when taken in connection with the accom-
panying illustrations, in which:
-~Jigure 1 is a greatly enlarged diagrammatic
elevational view showing the manner in which
& fllament cold draws upon the application of
a suitable tension,

Figure 2 is a diagrammatic side elevational
view showing an apparatus for the cold drawing
of linear polymer yarns and filaments, improved
in accordance with the present invention.

Figure 3 is a diagrammatic front elevational

view of a section of the apparatus shown in Fig~
ure 2 of the drawings. -
Figure 4 is a diagrammatic side elevational

view of another modification of an improved ap- °

paratus for the cold drawing of synthetic linear
polymer yarns and filaments. -

Figure 5 is a diagrammatic front elevational
view of a part of the apparatus shown in Figure 4
of the drawings.

The objects of the invention are accomplished,
in general, by cold drawing a bundle of continuous
filaments of synthetic linear polymer, e. g. syn-
thetic linear polyamide, which filaments are ca-
pable of being permanently elongated to at least
150% of their original length, under such condi-
tions that the draw point of the filaments is
maintained within a zone of ! inch along that
portion of the thread which is in contact with
the surface of the element or member upon
which the drawing down or “necking” of the
filament or yarn occurs.

By way of illustrating the mechanism of draw-
ing, reference may be had to Figure 1 wherein
it is seen that the actual drawing occurs within
& very small portion of the filament or yarn
being drawn."

Referring to Figure 1 of the drawings, when
yarns or filaments of synthetic linear polymers
are cold drawn, the yarn (5 is fed to a positively
driven feed roll I5 at a certain speed and is with-
drawn at a greater speed, the actual drawing or
“necking” of the thread occurring within a very
small portion of the thread. The transition of
an undrawn filament to a drawn filament is iltus-
trated on a greatly enlarged scale, in Figure 1,
C and D representing the limits of the zone with-
in which the drawing of the filament takes place,
the center of this zone, designated as E, being
termed the draw point. Although Figure 1 repre-
sents a greatly magnified view of the drawing of
a single filament, it will be understood that a
yam composed of a number of filaments will
exhibit the same behavior as a single filament.

Synthetic linear polyamide yarn has, in the
past, been cold drawn by passing several wraps
of the yarn about a slowly rotating roll and then
passing several wraps of the yarn about a rapid-
ly rotating roll, the ‘differential peripheral speed
of the rolls determining the amount of drawing.
According to this method of operation, yarn is
produced having periodic variations in orienta-
tion, accompanied by variations in degrees of
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- dye affinity. As stated above, these variations

10

15

20

25

30

40

45

50

60

.- 65

70

(£

are due to a perlodic shifting of the draw point.

The disadvantages of prior. methods of cold
drawing linear polyamide filaments and yarn are
overcome by following the principle of the pres-
ent invention, and the following discussion will
describe various ways of applying the principle
of this invention.

Cold drawing by restricting the draw point to a
Azxed zone of limited extent

(a) Figures 2 and 5 illustrate the cold drawing
of synthetic linear polyamide filaments and yarn
by controlling the drawing to prevent the draw
point from shifting beyond a narrow, fixed zone
along the length of the filaments or yarn being
drawn. It has been found by experience that if -
the draw point is maintained within a zone not
in excess of 1% inch along the length of the
thread, substantial elimination of variations in
physical characteristics of the filaments and yarn
will be effected.

Referring to Figures 2 and 5, the undrawn
yarn (i is passed from package i1 through a
tensioning device (8, around a positively driven
feed roller 21, a very slight tension being im-
parted by tensioning device 19 in order to permit
an even wrap around roller 21, The yarn is then .
passed about separating roller 23 and back
around feed roller 21 a number of times (the
last yarn wrap being around roller 2 alone, as
shown). Separating roller 23 serves to prevent
successive windings of yarn from wrapping over
each other. The yarn is then passed about a
non-rotatable snubbing pin 24, and the yarn 1s
then passed around positively driven drawing
roller 21 which rotates at a greater peripheral
speed than roller 21. The thread is passed sev-
eral times around roller 27 and its adjoining sep-
arating roller 25 (the last wrap being around
roller 271 alone, as shown). The yarn is then
passed through guide 29 and traverse guide 31
on to bobbin 33. The yarn is passed about rollers
21 and 23, and also around rollers 25 and 21, a
sufficient number of times to prevent undesirable
slippage of the yarn on the rollers.

The snubbing pin 24 has a diameter up to %
inch, and preferably has a diameter of from %
inch to % inch. The yarn is passed about this
snubbing pin one or several turns so that the
tension developed in the yarn by its passage
around the pin will preferably be at least one
half the tension required in the drawing ‘opera-
tion. It is preferred that the snubbing pin be
mounted with a slight downward tilt, as shown
in Figure 3, so that successive turns of the yarn
about the snubbing pin will remain separated.

By the use of the drawing apparatus of Fig-
ures 2 and 3, it is found that the draw point of
the yarn is located on the surface of the snub-
bing pin and that comparatively little shifting of
the draw point occurs. Any shifting of the draw
point is maintained within an arc of ¥ inch on
the surface of the snubbing pin.

Cold drawing accompanied by slow displacement
of the zone in which drawing occurs

Although it is preferred that the draw point be
localized within a fixed zone, it has been found
that sustained, or comparatively long movements
of this zone can be tolerated in yarn intended
for use in high grade fabric such as hosiery if the
speed of movement of the zone does not exceed
2% of the linear velocity of the undrawn yarn.,
It is understood however that in this form of the
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invention the movement of the draw point is
conflned to a zone of Y inch, e. g., on the sur-
face of the snubbing pin 24.

By the term “sustained shift” is meant a shift-
ing of the zone in the same direction for a length
of time during which a substantial amount of
yarn is drawn, e, g., 3 inches to 6 inches of drawn
yarn. Motion of the zone may be accomplished
by moving the snubbing pin (of Figures 2 and 3)
or other form of tension device, according to any
type of motion, e. g., rectilinear, circular, ellipti-
cal or reciprocal motion. If the speed of move-
ment of the snubbing pin or other tension device
does not exceed 2% of the linear speed of the
undrawn yarn, and the movement of the draw
point on the surface of the drawing member is
limited to & % inch zone, the irregularities in
dye affinity, denier and other physical charac-
teristics are minor and are not objectionable.

That form of the invention which involves slow
movement of the tension device on which draw-
-ing oecurs is illustrated in Figures 4 and 5, which
show an apparatus similar to that shown in
Figures 2 and 3 (like numerals designating similar
parts) with the exception that the snubbing pin
24 is slowly shifted or reciprocated according to
the manner indicated by the dotted lines shown
in those figures. Any desired mechanism can
be used for effecting the shifting of pin 24, it
being only necessary that the rate at which the
snubbing pin is shifted does not exceed 2% of
the linear velocity of the yarn prior to being
drawn. This form of the invention has the ad-
vantage that the snubbing pin 24 can be shifted
in such a way as to prevent wear on any par-
ticular portion of the pin as would occur in the
form of device shown in Figures 2 and 3 wherein
a stationary snubbing pin is used.

In the form of device shown in Figures 4 and 5,
it is preferred that the diameter of the snub-
bing pin have the dimensions specified in the
form shown in Figures 2 and 3.

The following example illustrates a specific
method for cold-drawing synthetic linear polymer
yarns whereby to obtain yarns which have been
cold-drawn with such uniformity as to exhibit
improved. uniformity of physical characteristics,

and particularly to exhibit substantially uniform-

dyeing affinity along the length of the yarn.
Example

A 150-denier, 15-filament, 4-turn Z twist, un-
oriented polyhexamethylene adipamide yarn is
cold drawn on apparatus of the type illustrated
in Figures 4 and 5 of the drawings.

The pin 28, preferably made of agate, is %
inch in diameter and 1% inches long, and is
rigidly fixed between rolls 21 and 21. The pin 24
*'is mounted as shown, so as to divert the yarn
away from a line tangential both to rolls 21 and
21, with the outer end of the pin inclined down-
wardly from the horizontal so that the yarn com-
ing from the feed roll 21 will make an angle with
the axis of the pin of approximately 100°.. The
yarn passing from the feed roll 2f is wrapped
about the snubbing pin two turns and is then
passed to the draw roll 27 and thence to the
wind-up mechanism as previously described.
Feed roil 21, of the same diameter as draw roll
21, is positively driven at a speed of 12.5 R. P. M.
and draw roll 21 is positively driven at a speed
of 50 R.P. M.

The denier of consecutive 9 cm. lengths of the
yarn so drawn is determined and it is found
that the denier of these consecutive sections does
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not deviate from the average by more than %
denier. This drawn yarn is knit into a fabric
and dyed as previously described. In this case
the fabric is of very uniform appearance.

While the invention has been described spe-
cifically in terms of a snubbing pin, it is obvious
that use may be made of any means which local-
izes the draw point within the desired limits.
Various known tension devices placed in rela-
tion to the other parts of the drawing set-up
as described in the invention may be substituted
for the snubbing pin; for example, instead of
pins, sheets or plates shaped to present a suit-
able curved surface convex to the yarn being
drawn may be used with advantage. The inter-
posed tension device will preferably impart to
the yarn or filament a tension of at least 50%
of the total tension required to cold draw the
said yarn or filament in order to localize the
draw point at the tension device. As indicated
above, the preferred species of snubbing pin is
an agate pin % inch in diameter and having a
moderately smooth surface. However, smooth
pins of other materials having a diameter up to
1, inch will also prove satisfactory, e. g., stain-
less steel, chromium plated steel, Isolantite,
alsimag, illium, porecelain, Bakelite, methyl meth-
acrylate resin, etc. If the diameter greatly ex-
ceeds ¥, inch, the length over which tension is
applied becomes increasingly greater. Similarly,
the snubbing pin may be rotated in a direction
opposite to the direction of travel of the yarn
since it is the snubbing, sliding action which is
desired.. In general, agate pins are- preferred
since surfaces having the desired degree of
smoothness can be obtained more readily and
the yarn is not as likely to become damaged. For
example, when shubbing pins of Isolantite or
illium are used, the yarn tends to break much
more frequently during the operation. The
resistance of agate pins to abrasion by the pas-
sage of the yarn is very remarkable. Using them,
yarn has been drawn at a rate of 50 feet per
miinute for periods up to several months with-
out showing any apparent wear of the pin as ob-
served by a low power microscope. Likewise, the
use of snubbing pins and other tension devices
showed that there was no greater tendency to
form broken filaments than without them.

Instead of using feed and draw rollers, e. g.,
rollers 2f and 21, of the same diameter operated
at different rotational speeds to effect drawing of
the yarn, these rollers may be of different di-
ameters so long as the peripheral speeds of the
rollers are sufficiently different to give the proper
drawing ratio. In this latter form of drawing de-
vice, the feed and drawing rollers may be keyed
to the same shaft, in axial alignment, and rotate
at the same rotational speed, the drawing ratio
being controlled by the relative diameters of the
rollers. Where the rollers-are on the same shaft,
the separating rollers, e. g., rollers: 23 and 25, can
be disposed - above the rollers with which they
cooperate, the yarn being led from feed roller
about a pin according to. this invention, to roller
21. : :

The inventicn is not limited to the use of feed
and/or draw rolls of the f{ype shown in the
figures ‘since their sole function is to feed the
undrawn or partially drawn yarn and fto draw
away the drawn yarn at a uniform rate. The
use of any conventional mechanism for accom-
plishing these functions when. used in accord-
ance with this invention falls within its scope.

Although  the invention has- been described
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particularly in terms of continuous filament yarn,
it is also applicable to the drawing of staple
length fllaments and yarn containing the same
where great uniformity in the extent of drawing
is desired. Furthermore, although the invention
has been described in terms of the orientation
of yarn composed of synthetic linear polymers,
and particularly synthetic linear polyamides, it is
particularly applicable to the cold drawing of
yarn composed of any material which is capable
of being permanently elongated to at least 1509
of its original length. For convenience the in-
vention has been described in terms of the draw-
ing of undrawn yarn, but it is understood that it
is equally applicable to the drawing of partially
drawn yarn, it being only necessary that the
yarn be capable of being drawn at least 1509.
It may in many instances be desirable to effect
the drawing in two or more stages. Similarly,
while the invention has been described particu-
larly for the purpose of obtaining dye uniformity,
it is obvious that it is of great value for obtain-
ing improvements in the uniformity of properties
other than dye affinity. :

Since it is obvious that many changes and
modifications of the above described details can
be made without departing from the nature and
spirit of the invention, it is to be understood that
the invention is not to be limited except as set
forth in the appended claims.

I claim:

1. A process for cold-drawing yarn capable of
being permanently elongated at lezst 150 which
- comprises feeding the yarn at a uniform rate,
snubbing the yarn around a pin not greater than
%2 inch in diameter and thereby, localizing, in the
yarn in contact with said pin, at least 50% of the
tension required to draw said yarn and drawing
said yarn away at a predetermined rate sufficient-
ly in excess of the rate of feeding to accomplish
the desired drawing.

2. The process which comprises cold-drawing a
cold-drawable yarn, which is subject to necking
in & draw-point and shifting of the draw-point
as a result of a cold-drawing tension applied

thereto, by subjecting the yarn to a cold-drawing -

tension between two spaced tensioning members,
and fixing the said draw-point to a given zone
between said spaced tensioning members by pass-
ing the yarn over a convex snubbing surface
which has sufficient snubbing contact with the
yarn to localize, in the yarn in contact with said
surface, at least 50% of the tension required to
draw said yarn.

3. The process which comprises cold-drawing a
cold-drawable yarn, which is subject to necking
in a draw-point and shifting of the draw-point
as a result of a cold-drawing tension applied
thereto, by subjecting the yarn to a cold-drawing
tension between two spaced tensioning members,
and fixing the said draw-point to a zone not in
excess of !z inch between said spaced points by
passing the yarn over a convex snubbing surface
which has sufficient snubbing contact with the
yarn to localize, in the yarn in contact with said
surface, at least 50% of the tension required to
draw said yarn, said convex snubbing surface
having a sufficiently small radius of curvature to
maintain said draw-point within a zone of %
inch on said surface.

4. The process which comprises cold-drawing a
cold-drawable synthetic linear polymer yarn,
which is subject to necking in a draw-point and
shifting of the draw-point as a result of a cold-
drawing tension applied thereto, by subjecting
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the yarn to a cold-drawing tension between two
spaced tensioning members, and fixing the said
draw-point to a zone not in excess of 1% inch
between said spaced points by passing the yarn
over a convex snubbing surface which has suffi-
cient snubbing contact with the yarn to localize,
in the yarn in contact with said surface, at least
50% of the tension required to draw said yarn,
said convex snubbing surface having a sufficiently
small radius of curvature to maintain said draw-
point within a zone of 1, inch on said surface.

5. The process which comprises cold-drawing a
cold-drawable synthetic linear polyamide yarn,
which is subject to necking in a draw-point and
shifting of the draw-point as a result of a cold-
drawing tension applied thereto, by subjecting
the yarn to a cold-drawing tension between two
spaced tensioning members, and fixing the said
draw-point to a zone not in excess of Y% inch
between said spaced points by passing the yarn
over a convex snubbing surface which has suffi-
cient snubbing contact with the yarn to localize,
in the yarn in contact with said surface, at least
50% of the tension required to draw said yarn,
said convex snubbing surface having a sufficiently
small radius of curvature to maintain said draw-
point within a zone of % inch on said surface.

6. The process which comprises cold-drawing a
cold-drawable yarn, which is subject to necking
in a draw-point and shifting of the draw-point
as a result of a cold-drawing tension applied
thereto, by subjecting the yarn to a cold-drawing
tension between two spaced tensioning members,
contacting the yarn, between said members, with
a snubbing pin having sufficient snubbing contact
with the yarn to localize, in the yarn in contact
with said pin, at least 50% of the tension re-
quired to draw said yarn, said pin having a suffi-
ciently small diameter tc maintain said draw-
point within a zone of %, inch on the surface of
said pin. :

7. The process which comprises cold-drawing a
cold-drawable synthetic - linear polymer yarn,
which is subject to necking in a draw-point and
shifting of the draw-point as a result of a cold-
drawing tension applied thereto by subjecting the
yarn to a cold-drawing tension between two
spaced tensioning members, contacting the yarn,
between said members, with a snubbing pin hav-
ing sufficient snubbing contact with the yarn to
localize, in the yarn in contact with said pin, at
least 50% of the tension required to draw said
yarn, said pin having a sufficiently small di-
ameter to maintain said draw-point within a zone
of % inch on the surface of said pin.

8. The process which comprises cold-drawing a
cold-drawable synthetic linear polyamide yarn,
which is subject to necking in a draw-point and
shifting of the draw-point as a result of a cold-
drawing tension applied thereto, by subjecting
the yarn to a cold-drawing tension between two
spaced tensioning members, contacting the yarn,
between said members, with a snubbing pin hav-
ing sufficient snubbing contact with the yarn to
localize, in the yarn in contact with said pin, at
least 50% of the tension required to draw said
yarn, said pin having a sufficiently small diameter
to maintain said draw-point within a zone of 1
inch on the surface of said pin.

9. The process which comprises cold-drawing a
cold-drawable synthetic linear polyamide yarn,
which is subject to necking in a draw-point and
shifting of the draw-point as a result of a cold-
drawing tension applied thereto, by subjecting
the yarn to a cold-drawing tension between two
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spaced tensioning members, and maintaining any
shifting of the draw-point to a rate of speed not
in excess of 2% of the linear speed of the un-
drawn yarn by passing the yarn over a convex
snubbing surface which has sufficient snubbing

contact with the yarn to localize, in the yarn in-

contact with said surface, at least 50% of the
tension required to draw said yarn, and moving
said surface, between said tensioning members,
at a speed not to exceed 2% of the linear speed
of the undrawn yarn.

10. The process which comprises cold-drawing
a cold-drawable synthetic linear polyamide yarn,
which is subject to necking in a draw-point and
shifting of the draw-point as a result of a cold-
drawing tension applied thereto, by subjecting the
yarn to a cold-drawing tension between two spaced
tensioning members, contacting the yarn, between
said members, with a convex snubbing surface
having a sufficient snubbing contact with the
yarn to localize, in the yarn in contact with said
surface, at least 50% of the tension required to
draw said yarn, said convex snubbing surface
having a sufficiently small radius of curvature to
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maintain said draw-point within a zone of 1% inch
on said surface, and moving said surface, be-
tween said tensioning members, at a speed not to
exceed 2% of the linear speed of the undrawn
yarn.

11. Apparatus for cold-drawing yarn which
comprises a pair of cooperating yarn tensioning
rolls, and a snubbing pin between szid rolls, said
snubbing pin positioned obliquely to the path of
the yarn between the tensioning rolls, whereby to
prevent contact between successive turns of yarn
about said pin.

12, Apparatus for cold-drawing yarn which
comprises a pair of cooperating yarn tensioning
rolls, and a snubbing pin between said rolls, and
means for moving said pin to different positions
between said rolls.

13. Apparatus for cold-drawing yarn which
comprises a pair of cooperating yarn tensioning
rolls, and a snubbing pin between said rolls, and
means for continuously moving said pin to dif-
ferent positions between said rolls.

DALE FRIEND BABCOCK.
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