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This invention relates to thick and thin filamentary 
yarns, and to methods and apparatus for producing the 
Sae. 

Thick and thin staple fiber yarns are well known and 
widely employed in the textile industry for the production 
of novelty fabrics. Staple fiber yarns cannot, however, 
be readily employed for the weaving or knitting of sheer 
fabrics and in some instances do not have as high a 
strength to weight ratio as is desired. For these reasons, 
numerous efforts have been made to develop suitable 
procedures for the manufacture of thick and thin con 
tinuous filament yarns, but as yet no method has been 
developed which is satisfactory in all respects. 
The only method for producing a thick and thin con 

tinuous filament yarn which has achieved any degree of 
commercial success comprises varying the rate of extru 
sion during the original spinning operation so that the 
filaments in the extruded yarn have longitudinal fluctua 
tions in diameter. This procedure has several severe dis 
advantages. In the first place, use of the process is 
limited to the yarn manufacturer and cannot be readily 
performed by the yarn user. This means that the weaver 
or knitter must place his order for the specially extruded 
yarn long in advance of the time when the yarn is actual 
ly needed and that he cannot vary the length or charac 
ter of the slubs to suit his own taste and needs as they 
arise. A further disadvantage of this prior art process 
is that specially extruded yarns are generally expensive 
and this limits their use in the commercial manufacture 
of many fabrics. Still another disadvantage of the vari 
able rate extrusion process for the manufacture of thick 
and thin continuous filament yarns is that it is frequently 
impossible to obtain a slub differing sufficiently in size 
and texture from the thin portion of the yarn to result 
in the slub being as apparent as is desired in a finished 
fabric. This is because there is substantially no difference 
in the bulking characteristics of the thick and thin portions 
of the yarn and the difference in appearance must result 
entirely from the variations in diameter of the component 
filaments. 

It is an object of this invention to provide a versatile 
method for producing a thick and thin continuous fila 
ment yarn that can be practiced by the textile fabricator 
and that permits the fabricator to readily vary the length 
and nature of the slubs to suit his immediate needs and 
desires. 

It is another object of this invention to provide a thick 
and thin continuous filament yarn in which the slubs are 
of such nature that when the yarn is formed into cloth, 
the slubs are readily apparent regardless of the angle 
from which the surface of the cloth is viewed. The slubs 
in the novel yarns of this invention are due to an in 
creased localized tendency of the yarn to bulk rather 
than to increased diameters of the yarn filament, and since 
the highly bulked yarn segments have an entirely differ 
ent luster than the remainder of the yarn, a fabric woven 
of yarns according to this invention has an exceedingly 
novel and attractive appearance. 
According to this invention there is provided a multi 

filament yarn, formed from a heat-settable material, 
which has had imparted thereto a set tendency to twist 
with spaced lengths of the yarn being detwisted in op 
position to this tendency and having not more than about 
15 turns of twist per inch. The portions of the yarn 
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disposed between these spaced lengths remain in a rela 
tively highly twisted condition such that they contain at 
least about 20 turns of twist per inch and preferably such 
that there is at least about 20 turns or more of twist 
per inch differential between the spaced lengths of sub 
stantially completely detwisted yarn and the relatively 
highly twisted segments. The torque tendencies set into 
the yarn filaments cause them to form into loops, snarls 
and curls at the points where the yarn is substantially 
completely detwisted so that the yarn at these points 
is highly bulked, while the high twist in the yarn seg 
ments intermediate the detwisted portions retains the 
highly twisted segments in a compacted condition. This 
differential bulking is apparent to a very pronounced ex 
tent when the yarn is formed into fabric. 
Two generally similar but slightly different procedures 

for making the new yarns have also been discovered and 
it is intended that they constitute a part of the invention. 
The first and generally preferred procedure comprises 
imparting to the yarn a longitudinally uniform set tendency 
to twist and thereafter detwisting spaced lengths of the 
yarn to a much greater extent than the remaining portions 
of the yarn. An alternative procedure comprises twisting 
a multi-filament strand in such a manner that spaced 
lengths thereof are twisted to a less extent than segments 
of the yarn between the spaced lengths, setting the twist 
and thereafter uniformly detwisting to such an extent as 
to substantially untwist the spaced lengths of yarn pre 
viously containing only a low amount of twist so that the 
intermediate portions of the yarn remain in a highly 
twisted condition. It will be seen that by either procedure 
one obtains a yarn having alternating highly twisted por 
tions and substantially completely detwisted segments. 

It has been previously suggested that yarns be differ 
entially twisted for the purpose of producing fabrics with 
novel surface effects. Such yarns are, however, generally 
suitable only for producing variable crepe effects and it 
is not possible to produce a satisfactory thick and thin 
yarn by a simple differential twist procedure. A first 
reason why this is true is that if one attempts to limit 
the high twist to only a short segment of the yarn, such 
as would be necessary in making a slubbed yarn, the 
twist tends to equalize during weaving so that substantially 
no surface effect at all is obtained. Another reason 
why a simple differential twist procedure is not satis 
factory for producing a thick and thin yarn is that little 
or no differential bulking can be achieved by this pro 
cedure. 

It is a surprising feature of this invention that there is 
substantially no tendency for twist in the yarn to equalize 
in winding and weaving operations conducted with the 
yarn after its manufacture. This is apparently because 
the filaments in the detwisted segments of the yarn respond 
individually to the torque set into the yarn and form 
into loops, curls and snarls. This serves to partially relax 
the stresses in the yarn so that there is a reduced tendency 
for the yarn, at the points where it is untwisted, to return 
to a highly twisted condition. At the same time, the 
formation of the filaments into loops, snarls, and the like 
results in the detwisted segments of the yarn becoming 
highly bulked and the bulked nature of the detwisted 
segments also serves to prevent twist from passing into 
these segments of the yarn as a result of twist equaliza 
tion. 

it is a feature of the new process that it can be em 
ployed with multi-filament yarns formed from any heat 
settable material and illustrative examples of filamentary 
yarns which can be suitably employed in the new process 
include yarns made from nylon, polyester materials such 
as glycol terephthalate, and acrylic materials such as 
polymers of acrylonitrile or co-polymers of acrylonitrile 
with other polymerizable monomers. Nylon yarns are 
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preferred since cold flow in these yarns is negligible and 
since they are capable of taking an excellent set. 
new process can be employed with almost any size of 
yarn and denier per filament may vary within wide limits. 
For example, the total denier of the yarn may vary from 
about 20 denier or less to about 200 denier or more and 
the denier per filament may vary about 1 to. 20. As a 
general rule, each end of the yarn to be processed should 
be composed of at least about 5 to 7 filaments and yarns 
composed of at least about 10 to 15 filaments are generally 
preferTed. This is because the degree of bulking in the 
detwisted segments increases with an increase in the num 
ber offiiaments in the yarn. 
The first twisting operation is preferably performed 

on an up-twister and according to a preferred procedure, 
the yarn is initially twisted in a uniform manasr io at 
least about 30 and preferably to about 60 to 1GO turns 
per irich. The greater the amount of twist inserted into 
the yarn at this point, the greater is the bulking effect 
obtaiaed in spaced segments of the yarn when they are 
subsequently detwisted. According to an alternative pro 
cedure, the amount of twist inserted in the original twist 
ing operation is varied, for example by momentarily 
stopping or reducing the rate of rotation of the take-up 
package, so that spaced lengths of the yarn are twisted 
to a lesser extent than the remaining portions of the 
yarn. However, even the portions of the ya'il con 
taining the smaller amount of twist should be highly 
twisted, or in other words should contain at least about 
30 turns of twist per inch and should preferably co 
tain at least about 40 to 60 turns per inch of twist. 
The twist differential between the highly twisted and the 
lesser twisted portions of the yarn should be at least 
about 20 to 30 turns. 
The heat setting operation to set the original twist 

into the yarn can be conducted in a conventional man 
ner, for example, with super heated steam. As a gen 
eral rule, one should employ a heat-setting temperature 
of at least about 230 F. and temperatures of from about 
240 F. to 280° F. are generally preferred. The time 
required for an adequate set is generally only 10 to 20 
iminutes although the yarn can be retained at a heat-set 
ting temperature for longer periods of time if desired. 
The detwisting operation is also preferably performed 

on an up-twister machine. If the original twisting op 
eration was uniform in nature, the detwisting opera 
tion must be irregular to provide the sections of yarn 
of lower and higher twist. This can readily be achieved 
by periodically varying the rate of take-up. If the orig 
inal twisting operation was irregular in nature, the de 
twisting operation can be conducted in a uniform man 
ner since the yarn is already provided with sections of 
lower and higher twist. The detwisting operation should 
be conducted to an extent such that spaced lengths of the 
yarn have not more than about 15 and preferably not 
more than about 10 turns per inch of twist so that these 
portions of the yarn are free to bulk to a near maximum 
extent. As a general rule the smaller the amount of 
twist in these portions of the yarn, the greater is the slub 
effect obtained. The remaining portions of the yarn 
should contain at least about 20 turns of twist to hold 
the yarn in a highly compacted condition at points in 
termediate the substantially completely detwisted seg 
ments, and for best results there should be about 20 
and preferably at least about 40 turns of twist per inch 
differential between the substantially completely detwisted 
segments and the more highly twisted portions of the 
yaril. 
The invention will now be described with reference to 

the accompanying drawings in which: 
FIGURE 1 is a schematic view in perspective of one 

form of apparatus suitable for manufacturing the yarns 
of the invention; 
FIGURE 2 is an enlarged front plan view, partially 
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4. 
in Section, of a portion of the apparatus schematically il 
lustrated in FIGURE 1: 
FIGURE 3 is a fragmentary plan view of a novel 

yarn according to this invention. 
With reference to FIGURES 1 and 2 in greater de 

tail, there is illustrated a conventional up-twister spin 
dle it journaled in a twister frame, not illustrated, and 
provided with a whorl portion 12. Conventional means 
are provided for rapidly rotating the spindle 30 and 
may, for example, comprise a belt i4 running about a 
plurality of pulleys, one of which is illustrated at 16, and 
contacting the whorl portion 12 of spindle 10. 

Carried by spindle 10 is a conventional spool or bob 
bin 18 containing a supply of yarn 20 and journaled 
about the upper extremity of spindle 6 immediately 
above the upper head of bobbin 18 is flyer 22 which may 
be conventional in form. The flyer 22 operates in a 
well known manner to guide an end of yarn 23 from 
bobbin 8 to an apex guide 24 positioned on the ex 
tended axis of rotation of the spindle 10. 
The reference numeral 26 designates a conventional 

takeup spool which may be driven by any suitable means, 
for example, by means of a surface contact roll 28. 
Roll 28 is illustrated as being driven from pulley 16 
through a slip clutch, generally indicated by the refer 
ence numeral 30, or through an electromagnetic clutch, 
generally indicated by the reference numeral 32. Both 
slip clutch 30 and electromagnetic clutch 32, which may, 
in each instance, be of conventional design, are carried 
by a single shaft 34 and are driven from a single shaft 
36. The slip clutch 30 is driven by means of a first 
gear 38, carried by shaft 36, a chain 40, and a gear 42 
carried by the driving element 43 of the clutch 30, while 
the electromagnetic clutch 32 is driven by means of a 
gear 44, carried by shaft 36, a chain 46, and a gear 48 
carried by the driving, element 49 of the electromag 
netic clutch. The shaft 36 is illustrated as being driven 
through bevel gears 50 and 51 and a shaft 52 but may 
be driven in timed relationship to the spindle 10 by any 
suitable means. 
The driving element 43 of slip clutch 38 is journaled 

for free rotation about shaft 34 by means of antifriction 
bearings such as ball bearings 54 (FIGURE 2) and the 
riving element 49 of electromagnetic clutch 32 is like 

wise journaled for free rotation about shaft 34 by means 
of antifriction bearings, one of which is shown at 56. 
The driven element of slip clutch 30, indicated by the 
reference numeral 58, and the driven element of elec 
tromagnetic clutch 32, indicated by the reference nu 
meral 60, are, in each instance, keyed to shaft 34 and 
rotate in fixed relationship therewith. The gear 42 is 
relatively large as compared to gear 38, so that when 
the electromagnetic clutch 32 is disengaged, the shaft 34 
is driven at a relatively low speed through slip clutch 
30. The gear 48 is relatively small as compared to gear 
44 so that when the electromagnetic clutch 32 is engaged, 
it overpowers slip clutch 30 and the shaft 34 is rotated 
at a relatively high rate of speed. The shaft 34 drives 
roll 28 by means of gears 62, 63, and 64 and a shaft 
65, so that the yarn take-up rate is proportional to the 
rate of rotation of shaft 34. 
The reference numeral 66 generally indicates a source 

of electrical impulses which is here schematically illus 
trated as comprising a conventional phonograph record 
player. The record player 66 is provided with a record 
68 transcribed with a series of high frequency signal in 
pulses which are preferably of constant duration but 
which may suitably be either of random or patterned 
occurrence. The transcribed signals on record 68 are 
used to produce a high frequency alternating electric 
current by means of play-back head 70 and the electric 
current is transmitted through leads 71 and 72 to a con 
ventional amplifier schematiclly illustrated at 74. The 
amplified signal is fed through leads 75 and 76 to an 
electromagnetic relay 78 which controls a flow of direct 
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current from any suitable source, not illustrated, to clutch 
32 through a pair of leads 79 and 80. A selector switch 
82 is preferably provided so that activation of relay 78 
can either interrupt or initiate the flow of direct current 
to clutch 32 and thereby deactivate or activate clutch 32 
as desired. 
The reference numeral 84 generally indicates a pair of 

nip rolls which are here illustrated as being freely rotat 
able but which may be driven in timed relationship to the 
roll 28 if desired. The rolls 84 serve to prevent the twist 
inserted in yarn end 23 by spindle 10 from running along 
the yarn to the take-up package 26, when short length 
slubs are desired, and result in a more effective localiza 
tion of the twist in the differentially twisted portions of 
the yarn. Means, not illustrated, are preferably provided 
for changing the position of rolls 84 relative to the take 
up roll 26 and for removing the rolls 74 from operative 
position when long slubs are desired. 

In operation, an end of yarn from package 18 is thread 
ed through flyer 22, guide 24 and passed between rolls 
84 to take-up package 26. If it is desired that the yarn 
be uniformly twisted, amplifier 74 is simply disconnected 
and selector switch 82 is set to prevent a flow of current 
to clutch 32. The take-up spool 26 is then driven at all 
times through slip clutch 30. If it is desired that the 
yarn be intermittently twisted, amplifier 74 is energized, 
record player 66 is placed in operation, and selector 
switch 82 is set so that relay 78 intermittently supplies 
direct current to clutch 32. When the clutch 32 is sup 
plied with a flow of direct current, the clutch becomes 
engaged, the rate of rotation of shaft 34 increases and the 
yarn end 23 between rolls 84 and flyer 22 is twisted to a 
less exent than would be the case if take-up roll 26 were 
being rotated at its normal rate. 

According to the preferred procedure outlined above, 
the first twisting operation is preferably conducted with 
record player 66 inoperative and with clutch 32 disen 
gaged. A gear ratio is then selected to provide for a rate 
of rotation of roll 28 relative to the rate of rotation of 
spindle 10 such that from about, for example, 50 to 100 
turns per inch of twist are inserted into the yarn end 23. 
When the supply of yarn originally on spool 18 is uni 
formly twisted and collected on spool 26, the twisted yarn 
is heat-set and the spool of heat-set yarn is placed upon 
the spindle 10. The direction of rotation of spindle 10 
is then reversed, the record player 66 is placed in opera 
tion and selector switch 82 is preferably set so that the 
flow of direct current to clutch 32 is interrupted when a 
signal is produced by the play-back head 79 and so that 
clutch 32 is normally engaged. Gears 44 and 48 are 
selected of such size that when clutch 32 is engaged, the 
rate of take-up is such that the yarn end 23 is only par 
tially detwisted. For example, the ratio of the rate of 
rotation of spindle 10 to the rate of rotation of roll 28 
can suitably be such that only about 5 to 15 turns per inch 
of twist are removed from the yarn when the take-up de 
vice is in normal operation with clutch 32 engaged. Gears 
38 and 42 are selected of such size that when clutch 32 
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is disengaged, a length of the yarn end 23, corresponding 
to the length of the slub desired, is substantially complete 
ly detwisted. The length of the detwisted segments is 
controlled by the length of the signal fed to relay 78 and 
can be varied by the use of records having, relative to 
each other, signal impulses of different durations or more 
satisfactorily by the use of a conventional electronic time 
delay-relay mechanism to vary the duration of the control 
impulses. 

In some instances slubs of a length equal to only the 
distance from flyer 22 to spool 26, or even less, may be 
desired. Subs of a length equal to the distance from 
flyer 22 to spool 26 can readily be formed by moving 
rolls 84 to an inoperative position and removing chain 
40 so that the take-up of yarn stops when clutch 32 is 
de-energized. Shorter length slubs can be formed by re 
moving chain 40 and spacing rolls 84 from flyer 22 a 
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6 
distance equal to the length of the slub desired. It will 
be understood that in such instances, the length of the 
signal impulse fed to relay 73 and the rate of rotation of 
spindle 10 must be so correlated that a length of the 
yarn, equal to the length of the slub desired, is substan 
tially completely detwisted. 

According to the alternative procedure outlined above, 
the first twisting operation is conducted with record player 
66 and amplifier 74 in full operation and preferably with 
the selector switch 82 set so that clutch 32 is normally 
disengaged and so that the clutch becomes engaged when 
a signal is being received by relay 78. Gears are selected 
such that from about, for example, 50 to 100 turns per 
inch of twist are inserted into the yarn when clutch 32 is 
disengaged and such that about 20 to 70 turns per inch 
of twist are inserted when clutch 32 is engaged. When 
the yarn from spool 8 has been twisted and collected 
upon spool 26, the twist in the yarn is heat-set as above 
and the heat-set yarn is placed on spindle 10. The direc 
tion of rotation of the spindle is then reversed and the 
record player is disconnected so that the clutch 32 re 
mains continuously engaged or disengaged as desired de 
pending upon the position of selector switch 82. A gear 
ratio is then selected which results in the portions of the 
yarn which received the lower degree of twist in the 
original twisting operation being substantially completely 
detwisted but leaves sufficient twist in the more highly 
twisted portions of the yarn to prevent bulking thereof. 
With specific reference to FIGURE 3 of the drawings, 

there is illustrated a short length of yarn approximately 
as it would appear when prepared by either one of the 
above two procedures. It will be seen that at 86, where 
the yarn is substantially completely detwisted, the filaments 
form into curls, kinks and snarls and a noticeable bulking 
of the yarn is achieved. It will also be seen that portions 
of the yarn, for example, at 88 remain in a twisted condi 
tion and are highly compacted as a result of the twist 
therein. A thick and thin continuous filament yarn is 
thus produced without any substantial change in the diam 
eter of the component filaments. 

Having thus described our invention, what we desire to 
claim and secure by Letters Patent is: 

1. A multi-filament thick and thin yarn formed from a 
heat-settable material, said yarn having imparted thereto 
a set tendency to twist, spaced lengths of said yarn being 
twisted sufficiently in conformity with said tendency to 
prevent any substantial degree of bulking, and said yarn 
having segments, disposed between said spaced lengths, 
with a relatively lower degree of twist, the individual fila 
ments of the yarn within said segments containing loops 
and kinks which impart a lofty nature to the portions of 
said yarn within said segments. 

2. A multi-filament yarn formed from a heat-settable 
material said yarn having imparted thereto a set tendency 
to twist to the extent of a least about 20 turns per inch, 
spaced lengths of said yarn having not more than about 
15 turns of twist per inch, and said yarn having segments, 
disposed between said spaced lengths, which are more 
highly twisted in conformity with said tendency and con 
tain at least about 20 turns of twist per inch. 

3. A multi-filament yarn as in claim 2 wherein the 
twist differential between said spaced lengths and said more 
highly twisted segments is at least about 20 turns of twist 
per inch. 

4. A multi-filament yarn according to claim 3 wherein 
the yarn contains at least about 10 filaments per end and 
is nylon. 

5. A multi-filament nylon yarn containing at least 
about 10 filaments per end and having imparted thereto 
a set tendency to twist to the extent of at least about 40 
turns per inch, spaced lengths of said yarn having not 
more than about 10 turns of twist per inch, and said yarn 
having segments, disposed between said spaced lengths, 
which are more highly twisted in conformity with said 
tendency so that there is at least about 40 turns of twist 
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per inch differential between said spaced lengths and said 
highly twisted segments. 

6. A yarn according to claim 5 wherein said spaced 
lengths are of substantially uniform length but are ran 
domly distributed along the length of said yarn. 

7. Intermittentiy bulked continuous multi-filament yarn. 
having alternately spaced bulked and unbulked segments, 
there being substantially the same filament quantity in 
number of filaments and in filament diameter, in both the 
bulked and unbulked segments, the filament portions in 
said bulked segments being in a relaxed self-straining and 
self-kinking deformed state and forming substantially 
larger air-filled interstices therebetween than the filament 
portions of said unbulked segments, the filament portions 
in said bulked segments having substantial unbalanced 
internal stresses along their length which tend to self 
establish a non-linearly deformed configuration for said 
filament portions when in a relaxed state, said filament 
portions in said bulked segments being torsionally heat 
stressed and tending to assume a mechanically self-de- 20 
formed kinky configuration. 
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