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This invention relates to an improved process
for winding thread, yarn, or the like, More spe-
cifically, it relates to the direct precision winding
on.to cores of thread from packages that can be
5 unwound only under widely varying tensions. The
invention has particular applicability to the direct
precision winding on to cores of rayon yarn from
bucket cakes or similar packages which have been
subjected to liquid treatment in a substantially
unsupported state, as for example, without the
“use of a rigid internal support.

In the precision winding of thread on to a core,
it is necessary to have, at all times, a substantial
minimum tension on the thread, usually from 10
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of the thread, so that an evenly wound, uniformly
dense package may be obtained. There is also
a maximum winding tension that must not be
exceeded if thread free from “shiners” is to be
produced. A “shiner” in a thread is evidenced
‘by a luster which is higher than that present in
the adjacent sections of the thread, and is formed
by stretching the thread beyond its elastic limit.
Threads containing shiners are unsatisfactory for
use as the weft or filling yarn in the production
of certain types. of fabrics, since the shiners will
be clearly visible in the finished product. -

" In the winding of thread from bucket cakes of
rayon and similar processed packages, it has been
found that there is a very considerable fluctua-
tion in tension imparted to the thread as it is be-
ing drawn from "the proeessed package because
of deformation of the package arising from: the
liquid processing and drying procedures to which
the package has beén exposed. Even though the
actual magnitude of the tensions necessary to
draw the thread from the cake or package may be
small, the wide fluctuations in tension are very
undesirable because the tensions may be increased
several-fold later in the winding operation.
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The two cone winding devices now on the

open market are provided with either a conven-
tional washboard type or finger type tensioning
device. Both these devices were found to be en-
tirely unsuitable under the above-mentioned con-
ditions, in view of their large angular contact
with the thread. As an example, when winding
cones from bucket cakes on one of these standard
devices, the angular contact of the thread on the
washboard device is approximately 260°, and the
angular contact of the thread with other guides,
over which it must pass in its travel from the
cake to the windup package, is 240°, making a
total of approximately 500°. The tension im-
parted to the thread by such a washboard ten-
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to 30 grams, or more, depending on the denier.

(C1. 242—145)

sioning device or finger tensioning device is due
.to angular snubbing; that is,-the tension is de-
veloped by causing the thread to deviate from a
straight line by mterposmg surfaces over which
it must slide. - 5

‘When a bucket cake of thread is rewound into
a cone oh such & machine, the tension on the
thread at the cone is the product of the tension
required to remove the thread from the cake and
a factor which varies exponentially with the an-
gularity of the snubbing in accordance with the
following formula: T:1=T2(e®") in which T: is
the tension on the thread after it leaves the last
element of the tensioning or guiding devices; Ta
is the tension on the thread after it is drawn from
the cake and as it approaches the first element of
the tensioning or guiding devices; e 1s the base
of natural logarithms; the constant K is the co-
efficient.of friction of the thread on the surfaces
over which the thread is being drawn (approxi-
mately 0.35 for viscose rayon on porcelain or steel
for the range of speeds generally used); and r is
the total snubbing angularity of the thread in
radians as determined by adding together all the
arcs of contact of the thread with the snubbing
surfaces. ’

Since the tension necessary to draw the thread
from bucket cakes of rayon, or the like varies
from ahout 2 grams to 10 or 15 grams, or at times
very much more, it will be readily apparent that
the use of a washboard tensioning device which,
in tombination with the necessary directional
guides, offers a total snubbing angularity in the
neighborhood of 500°, will at times produce an
extremely high tension on the thread at the point
where it is being wound., For example, applying
these data in the formula given above, we find
that a change in tension from 2 grams to 10
grams at the cake will cause a change in tension,
at the point where the thread is being wound,
from 42 grams to about 210 grams. Since.the-
application of this high tension is of extremely
short duration (about 0.02. of a second), the
thread is not broken but is -stretched beyond its
elastic limit over a short length and a shiner is
produced in the thread. Obviously, if the pull
were still greater, or were of a longer duration,
the thread would be broken.

The washboard or finger type tensioner is quite
satisfactory for use where the thread can be de-
livered at a substantially constant tension, as for
instance in winding from a spool or bobbin. It is
impossible, however, to wind from a bucket cake
or other thread package that has been subjected

"to liquid treatment and drying in a substantially 55
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- knitted fabric.

2

unéupported state, without encountering tugs and
jerks. Wrinkles and other disturbances of the
thread windings occur most frequently in the

1,000 yards forming or adjacent the inner wall,

herein referred to as the innermost portion, of
the cake, and here it is common to find numerous
plucks or tugs that amount to 5, 10, ot even 15

grams, or more, tensiori in pulling the thread

from the eake.

In spite of these bad wrinkles and other dis-
turbances in processed bucket cakes of rayon,
such cakes have been directly precision wound
on machines equipped with the washboard or
finger type tensioners. A cone of yarn so pre-
pared is well formed but, obviously, it is full of
shiners and can be used only in a limited way,
such as for instance to produce knit goods where
the shiners will not show up because of the fabric
structure, even if they were not completely
eliminated in the boil-off treatment of the
To produce rayon yarn free of
objectionable shiners, that is satisfactory for use
in producing woven fabrics of all kinds, it has
been necessary heretofore to wind bucket cakes
into skeins, process in that form, and then back-
wind the thread at low speed on to spools. This
process is, of course, costly. :

It is, therefore, an object of this invention to
provide a method for directly precision winding
a yarn or thread from a package necessitating
a pull of greatly varying tension, without im-
parting an objectionable number of shiners to
the thread. .

Another object of this invention is to provide
& thread tensioning and guiding arrangement for
precision winding machines that will not impart
an excessive tension to a thread being unwound
from a package that has been liquid processed
and dried without any rigid internal support.

A still further object of this invention is to
provide a thread tensioning and guiding arrange-
ment for precision winding machines that will
greatly reduce the percentage fluctuation in ten-
sion at the windup core as compared with the
percentage fluctuation in tension at the cake.

Other objects of the invention will appear
hereinafter.

The objects of this invention may bé accom-
plished, in general, by passing the thread from
the cake to the windup device through a tension-
ing system composed of an additive tension ele-

‘'ment and one or more directional guides which

will impart a shubbing tension to the thread,
the total snubbing angularity of the latter being
maintained at such a low value as to substantially
prevent the combined tension imparted by all
of the tensioning elements from exceeding the
elastic limit of tHe thread under the loading con-

‘ditions encountered.

The present invention will be readily under-

stood by reference to the following detailed de--

scription taken in connection with the accom-
panying diagrammatic illustration showing the
path of the thread through the tensioning and
guiding devices between the cake and the wind-
up package.

Referring to the illustration, reference numeral
5 designates a bucket cake of purified and dried
thread composed of artificial filaments. The
thread 7T is. drawn from the cake upwardly
through a guide 9, making an angle therewith of
about 25°, and through a pinching tension device
t1, without any substantial change in direction.
From the tensioning device 11, the thread is
passed over a guide 13, taking an angular change
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in direction of about 30°. The thread then
passes over the conventional bale wire 15 and
traverse guide 11, and is wound on the conical
core 19 which is securely positioned on the driven
spindle 28. The thread, as shown, takes an
angular change in direction of about 30° in pass-
ing over the bale wire and traverse guide, making
a total snubbing angularity of the thread be-
tween the cake and the windup core of about
85°. Assuming that the pinching ténsion device
adds 30 grams and that the tension on the thread
as 1t is drawn from the cake (T:) varies from 2

to 10 grams, in accordance with the process of the’

present invention the tension on the thread after
1t leaves the traverse guide and approaches the
windup package (T1) will vary from about 46.9
grams to about 60.4 grams. On the other hand,
assuming that a washboard tensioning device or
a finger tensloning device and other guiding ele-
ments were used in accordance with the processes
of the prior art, which impart an angular change

- in direction to the path of the thread to the

extent of about 500°, a variation of from 2 to 10
grams in the tension at the cake will result in a
variation in tension at the windup device of from
about 42 to about 210 grams. Consequently, an
increase of 400% in tension at the cake will, in
the first case, produce an increase in tension at
the core of about 29%, and, in the second case,
an increase in tension at the core of about 400%.
Since the yield point, or elastic limit, of 150
denier regenerated cellulose thread with a load
duration of 0.02 of a second is about 130 grams,
it will be seen that a tension at the core of 210
grams, as above mentioned, will produce a shiner

“in the thread. It is preferred that the snubbing

angularity be maintained sufficiently low, and a
sufficient portion of the total tension be obtained
by means of a device that applies tension addi-
tively, so that the percentage variation of tension
at the windup core will not exceed one fourth
of the percentage variation. of tension at the
cake.

Although it is not necessary to reduce the

snubbing angularity of the thread to 85° as in,

the illustration, it is necessary 'to reduce the
angularity to such an extent that the instan-
taneous tension peaks at the core will, in general,
remain below 130 grams on 150 denier thread

.and proportionally lower for lighter denier yarn.

Upon determining the variations in tension on
the thread as it is unwound from the bucket
cakes, the maximum permissible snubbing angu-
larity of the thread to maintain the tension
on the thread at the core below the elastic limit
can be determined readily by means of the equa-
tion mentioned hereinbefore.

As described above, it is necessary, in accord-
ance with the present invention, to reduce the
total angular snubbing, to provide a tensioning
device which will impart an additive tension, and
to have a minimum tension of from 10 to 30
grams on the thread at all times in order to
wind an acceptable precision-wound package.

When employing a winding spindle which is
driven. at a constant angular speed, the linear
speed of the thread will increase several-fold
from the beginning to the end of the winding op-
eration. It is, therefore, also necessary to de-
crease the tension on the thread as the package
builds up to prevent bulging of the thread at the
ends of the cone package. In winding a 150
denier viscose rayon thread, the starting tension
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"cone builds up the tension is progressively re-

duced until at the end of the winding operation
the tension becomes about 27 grams.. -

In accordance with the preferred procedure of
the present invention, a pinch tensioning device
of the type disclosed in the copending patent ap-

- plication, Serial No. 209,653, filed May 24, 1938,

by Arthur E. Guenther is used, which adds & pre-
determined amount of tension, irrespective of the
tension already on the thread as it approaches
the device. This pinch tensioning device may be
adjusted to any desirable starting tension, de-
pending upon the density of the package to be
wound and the thread denier, and may be re-
duced to any desired amount as the winding of
a package is completed. Any other tensioning
device which will impart to the thread an addi-
tive tension, as distinguished from an exponen-
tially varying tension as produced by an angular
snubbing type of tensioning device, may be used.

As I have previously indicated, the innermost
1000 yards of yarn in a liquid processed and dried

- bucket cake cause considerable difficulty in un-
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winding because of displaced threads, wrinkles,
and the like. If there is a bad wrinkle on the
inside of a cake caused by the shrinking and
buckling of the cake on itself during drying, there
is apt to be a pluck or tug every time a course
of yarn is removed from that portion of the cake,
that is, at intervals of about 15 inches of thread a
tug will occur that will raise the tension on the
thread momentarily as it is drawn from the cake
from 2 to 5, 10, 15, or more grams. Winding at
@ speed of 400 yards per minute, which is about
240 inches per second, a tug or pluck may occur
10 or 15 times a second, and these plucks are
sufficiently severe to require, with the prior art
winding arrangements, a tension at the core of
300 grams or more to release the thread from the
cake. As a result, this frequent recurrence of
excessive tension causes an exceedingly large
number of shiners in the thread. This is not a
hypothetical or theoretical condition without
basis in actual practice. Certain classes of woven
goods produced from yarn wound under the con-
ditions such as to give the tension fluctuation
mentioned are very definitely full of shiners and
of little or no commercial value.

On the other hand, by winding from cakes of
exactly the same type, produced and processed in
an identical manner, and using a winding ar-
rangement in accordance with the present inven-
tion, it hag been found that the same most criti-
cal portion of the cake, that is, the innermost
1000 yards, can be wound with practically ne
tension peaks, measured between the bale wire
and the next preceding tensioning or guiding de-
vice, greater than about 85 grams. Since the
snubbing angularity above the bale wire, as shown
in the present illusfration, is but 30°, the in-
creased tension on the yarn passing therearound
is only about 20% based on the criginal tension
peak of 85 grams, which means that the tension
at the core very seldom exceeds about 100 grams,
and this is substantially below the elastic limit of
150 denier viscose rayon yarn when the load
duration is 0.02 second or thereabouts.

While the invention' has been described in
terms of very low snubbing angularity, it should
be understood that under normal operating con-
ditions the snubbing angularity may be consider-
ably more than 85°. For instance, in a well op-
erated plant, bucket cakes are produced contain-
ing very few disturbances which cause plucks
that necessitate a pull of more than 10 grams to

3

remove the yarn from the cake. The yleld point,

-or elastic limit, of 150 denier viscose rayon tex-

tile yarn, when the load duration is 0.02 of & sec-
ond, is about 130 grams. When in accardance
with this invention a pinch tensioning device
such as referred to above is used in the set-up
and adjusted to contribute 20 grams of additive
tension on 150 denier viscose rayon textile yarn
the maximum permissible snubbing angularity
may be as much as 390°. - ‘

This is assuming that all the angular snubbing
takes place before the additive tension is applied,
and generally this is not the case. .If half the
total angular snubbing takes place before the
additive tension is applied, and the balance

10

afterwards, the maximum permissible snubbing .

angularity will be about 330°. If all ‘the angular
snubbing occurs after the application of the ad-
ditive tension, the maximum permissible snub-

bing angularity will be only about, 240°, In prac- 2

tice, from 10% to 50% of the total angular snub-
bing will occur before the additive tension is ap-
plied, which means the total snubbing angularity
that can be tolerated in winding 150 denier vis-
cose rayon textile yarn will be between about 250°
and 330° when the additive tension amounts to
20 grams. If the amount of additive tension is
less, the permissible snubbing angularity will be
somewhat greater, :

It is, of course, obvious that the total tension
that can be imposed on a thread of less than 150
denier is correspondingly lower. - Thus, in the
case of 100 denier viscose rayon textile yvarn
which has a yield point of the order of 80 to 85
grams, when an additive tensioning device is used

applying approximstely 15 grams tension, the’

total snubbing angularity should not exceed about
250° when the angular snubbing is evenly divided
on each side of the additive tensioning device. If
only 10% of the angular snubbing occurs before
the pinch tensioning device, the total snubbing
angularity should be no greater than about 210°.
So, too, with 75 denier viscose rayon textile yarn,
the yield point being in the neighborhood of 65
grams, the total snubbing angularity, when used
in combination with an additive tensioning device
that applies 15 grams tension, should not exceed
about 200° when the angular snubbing.is dis-
tributed evenly on both sides of the additive ten-
sioning device and should not exceed about 160°
when only 10% of the angular snubbing is ap-
plied prior to the additive tension. As a general
rule, a tension peal, arising when winding viscose
rayon textile thread from bucket cakes which
have been subjected to liquid treatment without a
rigid internal support, should not exceed about
0.85 gram per denier. The winding of thread
having a denier in excess of 200 usually does not
involve the objectionable production of shiners
and, therefore, the use of winding apparatus im-
parting low snubbing angularity is not essential.
" Obviously, if the winding of viscose rayon tex-
tile yarn of different deniers (for example, from
75 denier to 200 denier) is to be carried out on
the same winding equipment, the total snub-
bing angularity should not exceed about 200° in
order to prevent the production of shiners in the
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low denier yarn. As above pointed out, however, .

when winding thread having a denier of 150, the
total snubbing angularity on the thread may be
as high as 330° or thereabouts, depending on the

70

amount of additive tension applied, without im- .

parting an excessive number of shiners to the

thread. As a general rule, it has been found that
the maximum allowable snubbing angularity in

75
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degrees can be calculated for the winding of
thread of any denier and with the application of
any amount of additive tension, by a formula de-
" rived from the exponential equation hereinbefore
8 mentioned. In the case of viscose rayon textile
yarn, the maximum allowable tension peak which
can be tolerated without producing a shiner is
about 0.85 gram per denier and thus, when the
value of T is 10 grams and the coeflicient of fric-

10 tion K is'0.35, the formula obtained is:

C 0.85d
4 =a+375 logu 10(antilog 0.0027a)'+z]

where A is the total permissible snubbing angu-
156 larity in degrees, a. is the snubbing angularity
in degrees between the cake and the additive
tensioning device, d is the denier of the thread
being wound, and z is the amount of additive

“ tension, in grams, to be applied.
20 The formula given above is applicable to the
precision winding of normal viscose rayon textile
yarn which has an elastic limit of abou:. 0.85
gram per denier under the conditions of loading
encountered and which requires ignorably few
tension pulls in excess of 10 grams for removal
of the yarn from the cake. For winding this or
other types of yarms, having different charac-
" teristics, however, the broader equation that fol-
lows may be used advantageously in calculating
the maximum permissible snubbing angularity:

a=a+Z 10 [ I ]
=45 1980 | T lantilog 0.0076aK) +z

wherein H is the elastic limit of the yarn, ex-
pressed in grams, under the conditions of loading
encountered, T: is the tension pull, in grams, re-
quired to remove the yarn from the cake, K is the
coefficient of kinetic friction of the yarn on the
surfaces over which the yarn is drawn, and the
other variables are the same as in the preceding
specific formula. In using this formula, the value
of T2 is chosen sufficiently high to include all
‘except inordinately high tension pulls which, be-
cause of their infrequency, can be ignored for
. 4B practical purposes.

The formula

40

0.85d ]
10(antilog 0.0027a) 4=

80 is derived from the formula Ti=Ta(eEr) in the
following manner:

Starting with the formula T1=T2(e£Xr) which

formula relates to a device having only snubbing

55 tension
Ti=tension on thread as it leaves last element

of the tensioning. and guiding devices
T2=tension on thread as it approaches first ele-
ment of the tensioning and guiding devices
e=base of natural logarithms
K=coefficient of friction (0.35 for viscose rayon)
r= total snubbing angularity in radians.

Then
65 T1
2

In logarithmic form:

A =a+375 logy

60

==eKr

T
log, 77w =Kr
70 T,

Converting to logarithms to base {0 and sub-

stituting for K and r:

T 0352

23logT 57

75
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Where a=total snubbing angularity in degrees -

2.3X57
0.35

The total permissible snubbing angularity in a
tension device employing both snubbing tension
and additive tension is A=a:4-as when a; is the
angularity in degrees before an additive tension
device and az is the angularity in degrees after
the additive tension. Since

a =375 log %

Ty

Q=—car logm T =375 l()gxo CZI:

e, =375 log %’-
v

and
ag= 375 log _g'_’a_

Tx =tension on thread approaching additive ten-
sion device
Ty=tension on thread at cake
Tz=tension on thread at wind-up cone
=tension on thread just above additive tension
device

If H Is maximum allowable tension thread will
stand without producing shiner:

as =375 log TE

a; =375 log 1—,%—_-
(z=the additive tension transmitted by the ad-
ditive tension device)
Substituting for as in formula A=ai+a:

A =a,+375 log (T—H_EC )

If maximum pluck at cake=10
a1 =375 log -IT—(;

and

~10[ antitoz 21
T,= lo[antllog 375]
T:=10 (antilog 0.0027a:)
Then

—_ B H
4 =a,+375 log [10 {antilog 0.0027a)) +x]
.85d can be substituted for H for viscose rayon.

From the above it will be clear that althiougsh
A is expressed in terms of @; and r In the
formulae, the formulae also take into considera-
tion az (the snubbking angularity, in degrees, after
the additive tension device). The second term of
the equation, namely,

.85d
875 log [10 (antilog 0.00272)) +z]
is really a2 in terms of a1, £ and the denier of the
thread.

In the practice of this invention the coefficient
of kinetic friction rather than the coefficient of
static friction is the useful figure. The coefficient
of kinetic friction, K, of yarns on guide surfaces
of metal, porcelain, etc., can be determined by
means of the method described by Sellars, Textile
World, December 1934, page 78. The value of
K will vary depending on the type of yarn, the
type of finish applied to the yarn, the type of
guide surface and the speed at which the yarn
passes over the gulde surfaces. It is necessary

10

25

30

[*)
[

40

45

65

60

85

70

76



10

"l

- 20

‘ 2,223,923
then to measure the value of K under ‘conditlons

approximating those of the winding operation
under consideration. In the winding of & cone

or tube of yarn, the linear speed of the thread

will increase as the package builds up unless pro-
vision is made to maintain the linear speed con-
stant. Thus it may be necessary to select an
average value for K over the range of speeds in-
volved. In the case of viscose rayon textile yarn
a value of K=0.35 has been found satisfactory
for the purposes of this invention, as hereinbefore
mentioned. _ ‘

The yield point or elastic limit of the thread
or yarn is the load point beyond which the thread
or yarn retains its elongation permanently. When
loads below the elastic limit are applied, the
thread or yarn will elongate but when the load
is removed, it will regain its original length. The
elastic limit will differ in different types of yarn
and even in the same yarn the elastic limit will
be higher, when the load duration is very short,
than it will be when the load is sustained. The
elastic limit is usually measured under loading

" conditions of long duration as compered to the
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load duration encountered in the precision wind-
ing of yarns according to the present invention
which is normally of the order of .02 second. It
has been found that if the elastic limit, as meas-
ured by the conventional methods, as for exam-
ple, by the method described by Hunter, Rayon
Textile Monthly, November and December, 1936,

is increased by about 20%, a value useful in the -

practice of this invention will be obtained. The
value of ‘H, as used in this specification and
claims is estimated in accordange with this pro-
cedure to represent the elastic limit of the yarn
under the conditions of loading encountered,
Since it is obvious also that the values of
elastic limit and coefficient of friction will be
somewhat dependent on humidity conditions en-
countered, it should be understood that these will
be determined, for each particular yarn, under

-conditions approximating those of the ‘actual
.winding operations in which the preseni inven-

tion will be practiced.

Although this invention has been described in
its application to the precision winding of viscose
rayon textile yarn from processed bucket cakes,
it is not so limited, but is applicable to the pre-

cision winding of any textile yarn from packages
necessitating a pull of greatly varying tension

where excessive tension peaks may cause shiner
formation. Obviously, the invention is of pri-
mary importance in the precision winding of
yvarn for use in the making of woven fabrics
where more than an occasional shiner will not
be tolerated.

Since it is obvious that many changes and
modifications can be made in the above described
procedure without departing from the nature and
spirit of the invention, it is to be understood that
such obvious changes and modifications are in-

- tended to be included within the scope of the

(]

claims.

I claim:

1. In a process for the direct precision winding
of viscose rayon yarn from bucket cakes thereof
which have been purified and dried in a .sub-
stantially unsupported state, and necessitating a
pull fluctuating from normal up to aboutt 10
grams for the removal of the yarn therefrom,
the step which comprises passing the yarn from
the cake to the winding core with the application
of an additive tension and with a total snubbing

5

angularity, in degrees, not in excess of that cor- -

responding to the formula,

0.85d

\ A =a+375log [lo(antilog 0.0027a)-+:v;|
in Which A designates the total permissible snub-
bing angularity in degrees, a designates the snub-
bing angularity in degrees between the package
being unwound and the point of application of
said additive tension and is sufficiently low that
the quantity in the brackets of said formula is
not less than unity, d designates the denier of
the yarn, and x designates the additive tension
in grams.

2. In a process for the direct precision winding
of viscose rayon yarn from bucket cakes thereof
which have been purified and dried in a substan-
tially unsupported state and necessitating a pull
fluctuating from normal up to about 10 grams
for the removal of the yarn therefrom, the step
which comprises passing .the yarn from the cake
to the winding core with the application of a

10
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predetermined minimum additive {ension and

with & total snubbing angularity, in degrees, not
in excess of that corresponding to the formuls,

X . 0.85d
4 =a+375 log [IO(antllog 0.0027a) +x]

in wh1ch A desxgnates the total permissible snub-

“bing angularity in degrees, @ designates the snub-

bing angularity, in degrees between the package
being unwound and the point of application of
said additive tension and is sufficiently low that
the quantity in the brackets of said formulsa is
not less than unity, d designates the denier of the
varn, and z designates the additive tension, in
grams. .

3. In a process for the direct precision winding
of viscose rayon yarn from bucket cakes thereof
which have been purified and dried in a substan-
tially unsupported state and necessitating a pull
fluctuating from normal up to about 10 grams
for the removal of the yarn therefrom, the step
which comprises passing the yarn from the cake
to the winding core with the application of a
minimum additive tension of 10 grams and with
a total snubbing angularity, in degrees, not in
excess of that corresponding to the formula,

0.85d
| A=a+375log [10(ant110g 0.0027a) +x]

in which A designates the total permissible snub-
bing angularity in degrees, a designates the snub-
bing angularity in degrees between the package
being unwound and the point of application of
said additive tension’ and is sufficiently low that
the quantity in the brackets of said formula is
not less than unity, d designates the denier of the
yarn, and z designates the additive tension in
grams. .

4. In a process for the direct precision winding
of viscose rayon yarn from bucket cakes thereof
which have been purified and dried in a substan-
tially unsupported state, necessitating a pull of
fluctuating tension for the removal of the yarn
therefrom, the step which comprises passing the
yarn from.the cake to the windup core with the
application of such additive tension and through
a snubbing tensioning system having such low
total snubbing angularity that the percentage
variation of tension on the yarn at the windup
core is not in excess of one-fourth of the per-
centage variation of tension on the yarn at the
cake whereby shiner formation in the yarn is
reduced,
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5. In a process for the direct precision winding

of viscose rayon yarn from bucket cakes thereof
‘which have been purified and dried in a substan-
tially unsupported state, necessitating a pull of

§ fuctuating tension for the removal of the yarn
therefirom, the step which comprises passing the
yarn from the cake to the windup core with the
application of such additive tension and through

a snubbing tensioning system having such low

10 total snubbing angwlarity that a transmitted ten--

sion of 10 grams on the yarn at the cake will not
necessitate a pull of more than 0.85 gram per
denier on the yarn at the windup core whereby
shiner formation in the yarn is reduced.

15 6. In a process for the direct precision winding
of viscose Tayon yarn from bucket cakes thereof
which have been purifled and dried in g substan-

tially unsupported state, necessitating a pull of .

fluctuating tension for the removal of the yarn
therefrom, the step which comprises passing the
yarn from the cake to the windup core with the
application of such additive tension and through
a, snubbing tensioning system having such low
total snubbing angularity that the minimum ten-
sion on the yarn at the windup core is 10 grams
and the maximum tension is below the elastic
limit of the yarn under the conditions of loading
encountered.

7. In & process for the direct precision winding
of viscose rayon yarn from bucket cakes thereof
which have been purified and dried in a substan-
tially unsupported state, necessitating a pull of
fluctuating fension for the removal of the yarn
_ therefrom, the siep which comprises passing the
35 yarn from the cake to the windup core with the

application of such additive tension and through

g snubbing tensioning system having such low

- total snubbing angularity that the minimum ten-

sion on the yarn at the windup core is 10 grams

40 and the maximum tiension is below the elastic

limit of the yarn for pulls up to 20 grams at the

cake for the removal of yarn therefrom.

8. In a process for the direct precision wind-

ing of viscose rayon yarn from bucket cakes

45 thereof which have been purified and dried in a

substantially unsupported state, necessitating a

pull fluctuating up to about 10 grams for the

removal of the yarn therefrom, the step which

comprises passing the yarn from the cake to the

50 windup core with the application of an additive

tension and with a fotal snubking angularity in

degrees, not in excess of that corresponding to
the formula, '
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132 H . :
A=atglog [10(antilog 0.0076aE) +x]
in which A designates the total permissible
snubbing angularity in degrees, a designates the
snubbing angularity in degrees between the
60 package being unwound and the point of appli-
cation of said additive tension and is sufficiently

55

2,228,923

low that the quantity in the brackets of said
formulg is not less than unity, H designates the
elastic limit of the yarn in grams under the
conditions of loading encountered, K designates
the coefficient of kinetic friction of the yarn on
the surfaces over which it is drawn, and z desig-
nates the additive tension in grams.

9. In g process for the direct precision wind-
ing of viscose rayon yarn from bucket cakes
thereof which have been purified and dried in a
substantially unsupported state, necessitating a
pull fluctuating up to about 10 grams for the re-
moval of the yarn therefrom, the step which
comprises passing the yarun from the cake to the
windup core with the application of a predeter-
mined minimum additive tension and with a
total snubbing angularity in degrees, not in ex-
cess of that corresponding to the formula,

e+ 210 H
~9TK "°8 | 10(antilog 0.0076aK) t=
in which A designates the tota] permissible snub-

bing angularity in degrees, a¢ designates the.

snubbing sngularity in degrees between the
package being unwound and the point of appli-
cation of said additive tension and is sufficiently
low that the guantity in the brackets of said
formula is not less than unity, H designates the

“elastic limit of the yarn in grams under the

conditions of lcading encountered, K designates
the coefficient of kinetic fricticn of the yarn on
the surfaces over which it is drawn, and z desig-
nates the additive tension in grams.

10. In a process for the direct precision wind-
ing of viscose rayon yarn from bucket cakes
thereof which have been purified and dried in a
substantially unsupported state, necessitating a
pull fluctuating up to about 10 grams for the
removal of the yarn therefrom, the step which
comprises passing the yarn from the cake to the
windup core with the application of a minimum
additive tension of 10 grams and with a total
snubbing angularity in degrees, not in excess of
that corresponding to the formula,

1182, [ H
=a K 98 | T0(antilog 0.0076aK) +=

in which A designates the total permissible
snubbing angularity in degrees, a designates the
snubbing angularity in degrees between the
package being unwound and the point of appli-
cation of said additive tension and is sufficiently
low that the quantity in the brackets of said
formula is not less than unity, H designates the
elastic limit of the yarn in grams under the
conditions of leading encountered, X designates
the coefficient of kinetic friction of the yarn on
the surfaces over which it is drawn, and x desig-
nates the additive tension in grams.

LESTER S. SINNESS.
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