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' Filed May 21, 1953, Ser. No. 356,349
21 Claims. (CL 57—34) . -

"This invention relates to a loopy yarn and to a method
and apparatus for the production of said yarn, -

It is an object of this invention to provide -a mew
loopy yarn composed of a bundle of continuous filaments,
which yarn has.a novel appearance and has the hand
or feel of a spun yarn made of staple fibers.

- A further object of this invention is the provision of a

- novel and economical process and apparatus for the pro-

duction of voluminous yarn.
Other objects of this invention-will be apparent from
the following detailed description and claims.
According to the present invention, a continuous fila-
ment yarn, i.e. a yarn made of a plurality of continuous
filaments, is subjected to the action of a turbulent stream
of a fluid to produce. a. cortinuous filament yarn having

- loops of individual filaments projeciing from .the main

body of said yarn, . . e
In a preferred embodiment of this.invention, a con-
tinuous filament yarn is delivered by a driven feed roller,
or other suitable means, to a jet where the yarn is sub-
jected to the action of a: turbulent stream of a fluid,
which is preferably a gas, such as air, substantially irert
to, the material of said yarn. The jet, ‘which hereinafter
will: be called an “air jet,” since air is the preferred and
cheapest fluid, comprises a yarn inlet tube and an outlet
fitting, both adjustably mounted on a hollow T-shaped
body, or. T baving an air.inlét connectéd to'a’source of
compressed air. - The yarn enfers the air jet through the

‘relatively long and narrow inlet tube, passes to a relatively

wide chamber where it is subjected to the turbulent stream
of air, and leaves the air jet, together with ‘the “air,
through a relatively narrow orifice in, the: outlet fitting.
For best results it is preferred to have the latter ‘orifice
slightly offset from, or out of alignment with, the bore
of the inlet tube. It is also desirable to adjust the yarn
inlet tube and the outlet fitting so that the.air leaves the
air jet not only from said fitting but also from the entrance
to said inlet tube, with the air leaving from said fitting

* having a substantially higher velocity than the air leaving

from said ‘entrance to”the inlet tube. S
- The' turbulent' stream of gas acts on the continuous

* filament yarn passing through the air jet, causing the yarn

Ieaving ‘the air jet ‘to’b'é-voluminouS and to ‘contdin loops
of individual filaments projecting from the ‘main body of
said yarn.’ The loops may be made more uniform in
sizé “and -the frequéncy of the loops may be increased
by impinging ‘said -yarn, as‘it leaves the jet, against a
solid - surface, ‘preferably against a flat smooth surface
held at'an angle of about 45° to the direction of fiow of
the yarn leaving the air jet. Although optimum results
have been obtained when the angle is, 45°, other angles,
for example, angles of 15° to 75°, have been employed
with good ‘results.’ The distance between the air jet and
the point where the yarn impinges on the solid surface
should preferably be relatively short, ‘e.g. on the order of
Y inch to 1 inch. " - R :

“The formation of ldc‘)ps‘ in ‘the yarn détural‘ly“resul?t‘s

United States Patent Office

5

10

15

20

20

80

35

0

45

50

55

80

65

70

" of a:small amount, e.g. 1%

2 ‘
in a decrease in the tenacity of said yarn, since individual
filaments of the yarn are pulled out of their normal
substantially parallel position, In order to increase the
tenacity: of ‘the loopy yarn and in order to make sure
that the loops will remain permanently in-said yarn, the
loopy ‘yarn should be given twist, using for this purposé
a ring spinner or other suitable device. The amount of
-twist which should be inserted into the yarn depends on
several factors, such as the denier of the yarn, the tenacity
desired and the yarn cross-section desired. For best re-
sults the twist should be at least about 3 turns per inch
for a 300 denier yarn and at least about 1 turn per inch
for an 1800 denier' yarn, Very much higher twists may
be employed -if “désired; and, if necessary, such' twists
may be set by a steaming operation in a manner well
known in the art. - .

‘The loopy yarn may be fed from the air jet to the ring
spinner, or other twisting device, in any suitable manner:
In a preferred embodiment of the invention a plurality of
driven secondary feed rolls are provided for this purpose.
Since the yarn decreases in Iength due to the looping
operation, these secondary rolls must be driven at a
peripheral speed which is lower than the peripheral speed
of the primary feed roll, i.e. the roll which supplies the
yamn to the air jet. Preferably the relative speeds of the
primary and secondary rolls are so regulated that there
is substantially no slack and the yarn is under substantial-
ly no tension between the air jet and the secondary rolls.

While this invention “has its greatest value when em-
ployed with yarns of cellulose acetate, it is also applicable
{o yarns made of other materials. ~For example, the in-
vention may be practiced with yarns composed of fila-
ments of other materials, such as other organic derivative
of cellulose materials, e.g. cellulose esters, such as cellu-
lose - propionate, cellulose “butyrate, cellulose * acetate-
propionate. ‘or  céllulose” .acetate-butyrate, or. cellulosé
ethers, such as ethyl cellulose or benzyl cellulose; poly-
esters such as polyethylene terephthalate; polyamides such
as nylon; regenerated ‘cellulose; or other similar materials.
All the filaments of the 'varn may be made of a single
‘material or, if desired; a yarn .composed of a“blend. of
filaments of different materials may -be employed. - For
practical purposes it is desirable to use a yarn which has
a denier of about 150 to 4000. " For best results, it is
also desirable that the yarn being treated should be sub-
stantially dry, i.e. substantially free from surface moisture,
and that the-filaments of the yarn should carry. a coating
to 4%, of any of the con-
ventional anti-static textile : lubricating agents commonly
employed in the art. " The yarn béing treated should be
made up of at least 80 filamerits and should not have
a twist above 1 turn per inch for best results,

A preferred embodiment of this invention is shown in
the accompanying drawing, wherein » )

) Fig. 1 is a perspective view of the. apparatus of this
mvention, . ‘ :

Fig. 2 is a_cross-sectional view of the jet, and

Fig. 3 is an enlarged view of a portion of the loopy
yarn produced in accordance with this invention,

" Referring now to the drawing, reference numeral 11
indicates a primary feed roll, which is mounted for rota-
tion and is driven by any suitable means, such as a vari-
able speed drive .(not shown). The. rotation of the feed
roll 11 serves to. draw a yarn 12 from a bobbin 13,

9 through pigtail guides 14 and 16,:in the direction shown

by the arrows, and to deliver said yarn to an air jet 17,
which' is supplied with compressed air through an air
line 18. 'The air jet 17 comprises an inlet tube '19,-an
outlet fitting 21 and a-tubular T 22, said T being pro-

* vided with screw threads 23 (Fig. 2) for connecting the

air line 18 thereto. The inlet tube 19, which is adjustably
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mounted within the T 22 by means of screw threads 24
and 26, has an mternal diameter greater than the diameter
of the yarn 12, which 1nternal diameter is uniform
throughout the length of said tube, except that the en-
trance to said tube is flared, as at 27, to allow the yarn
to enter’ sard tube more easily. At its entrance end 28
the fube 19'is provrded with a broad “head 29 having a
kaurled edge 31 to enable sard tube to be rotated manu-
ally to. adjust its posrtton in relation to the T 22. The
opposrte end 32 of said tube 19 is beveled sl1ghtly

For Dbest results the posrtlon of the tube 19 in the T
22 is ad]usted S0 that the beveled end 32 extends 10 a
pomt ad]acent to the outlet end 33 of sa1d T. - At this
outlet end 33'the T 22 ¢ carrles the fitting 21, which fitting
is ad]ustably mounted on sard T by means of SCIEW
thréads 34.  The internal diameter of | the tting 21 varies
along fthe length” thereof, there being in s tting a w1de
portion 36 and a apered portron 37 leadmg to a rela—
fively. long narrow “orifice 38 havmg a flared end 39. “The
orifice 38 is not ‘aligned with the tube 19 but is 1nstead
so located that its center line is parallel to, but offset
from, the center hne of sard tube. Offsetting ‘the tube
and orifice in this manner increases the turbulence in the
air ]e't"l’7 and produces a yarn havmg more loops “The
posmons of the’ ﬁttlng 21 and tube 19 are so adjusted that
the “air which“enters from the hne 18 leaves the air jet
17 from both the flared entrance 277of the tube and the
ﬂared end 39" of the’ orifice 38 although the air leaves
from the end 39 at a much hrgher “velocity than from
the enfrance 27.

“The yarn 12 which as it leaves the air jet 17 has a
loopy appearance, is caused to’ come mto contact with
the smooth stirface of a fat plate 41 wrth some force by
the action of the’ stream of air leavmg the end 39 The
plate ‘41, which may ‘be made ‘of alummum or other
suitable” matérial, is so mounted that the yarn impinges
agamst its” surface at an angle to sald surface Thus, it
is desrrable ‘to mount the air jet 17 so ‘that the path of the
yarn through, and out of, sard ]et is substantlally vertxcal
and’ to mount the plate 41 at an angle of about 45 é to
the direction of flow of the yarn, ie. an angle of about
45° 10 the vertlcal It is found’ that 1mp1ng1ng the yarn
agamst the’ plate ‘41 lmproves the quallty of the loopy
yarn by makmg‘the loops more " uniform in’size and by
1ncreasmg the frequency of ‘said loops o

“The yarn is conveyed from the surface of the plate 41
by’ the action of ‘a parr of driven secondary feed rolls
42, and’ is then ‘twisted’ and wound by means of a ring
spmner, or down twister, of conventional constructron,

idicated 'ally by reference numeral 43, Smce the
yarn decreases in length’ due to the lo ping operatron the
secondary feed rolls 42 must be driven at a correspond—
1ngly ‘Tower perrpheral ‘speed than the primary feed roll
1f "The- relatlve speeds of the rolls should be regulated
S0 that there is’ substantrally no slick and” very httle
fension in the yarn passing from iis pomt of 1rnp1ngement
on plate 41 1o the secondary rolls. “Such regulatlon of
the speeds may be accornphshed ‘for example, by driving
the secondary rolls 42 at a constant speed and ad]ustmg
the speed of the prlmary roll 11, 6r Vice versa.

As illustrated in Fig. 3, the yarn produced - by ‘the
process of this invention compnses a tw1sted bundle of
continuous filaments’ havrng Ioops of 1nd1v1dual filaments
pro;ectmg from the main mass: of ‘said bundle all along
its léngth. Consrderlng ‘one ‘individual ﬁlament ‘of the
varn, loops formed therein pro;ect from the main body of
the yarn ‘at ong or more spaced pomts along ‘the length
of the yarn, “and-the’ ‘portion “of “said’ filamént between
loops constitutes- part of ‘the ‘main twrsted bundle of fila-
mignts. “Loops” formed by other 1nd1V1dual filaments
project from: said main twisted- bundle ‘at ‘other spaced
points’ along the length of ‘the - ‘yarn." The loops prOJect
from" the'main body of yarn for varymg dlstances, up
to- several’ times the thickness of said’main’ body, but
most of the 1oops -are of approxrmately equal size.

4
Example 1
The apparatus described above is used for the treat-

. ment of a dry 300 denier yarn made up of 80 filaments

10

of -cellulose -acetate, said yarn having a twist of 0.15
turn per inch and carrying 2.75% by weight of a conven-
tional anti-static lubricant. The rolls 11 and 42 are run
at peripheral speeds of 180 feét per minute and 137 feet
per minute, respectively. -~ In the jet used in this example
the vertical inlet tube 19 is 2 mches long and has an in-
ternal diameter of 0.031 inch and an external diameter
of'0.203 inch; the T 22 has an mternal dtameter of 0.261
inch, so that the annular passage between the outer walls

~ of the tube 19 and the inner walls of the T 22 has a
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width of 0.029 ‘inch:" the orifice 38 is 1 inch long and
has a diameter of 0.062 inch; the center line of the orifice
38 is offset by 0.031 inch from’ the center line of the bore
of the tube 19; the beveled end 32 is spaced approximately
0.061 inch from the entrance to the orifice 38; and the
taper of ‘the ction 37 is 60°. The plate 41 is' made
of alummum d‘ls mounted at an’ angle ‘of 45° to the
vertical.” - The drstance ‘between the end 39 and the plate
is" ¥4 inch,” measured along the path of ‘the yarn. ‘Air
at room temperature and at a pressure of 15'to 20 pounds
per square inch gauge is supplied to the’ jet. “The rmg
spmner 43 is operated at 'a speed such that the yarn is
given" a twist of 4.5 turns per’ Vrnﬁc_h The resultmg loopy
yarn has a denier of 350 and’ has the hand or feel of a
spun yarn produced from staple ﬁbers

Example n

Example I is repeated wrth the following changes: The
starting material is a 450 denier yarn ‘made up of 120
filaments of cellulose acetate and havmg a twrst of 0. 15
turn per inch, and the primary’ roll'is run at'a per1phera1
speed of 190 feet per minute. The resultmg loopy yarn
has a denier of 520 and the hand or feel of'a spun yarn
produced from staple ﬁbers

Example III

Example T is repeated w1th the following changes:
The starting material is an 1800 ‘denier yarn made by
pretwisting, to a twist of 0.6 turn per inch, 4 ends of ‘the
450 denier yarn employed in Example . The primary
and secondary rolls are run at penpheral speeds of 85
and 72 feet per minute, respectlvely The resultrng loopy
yarn has a denier of 2350 and the hand or feel of a spun
yarn produced from staple fibers.

In the process “describéd in the above examples the
yarn is sub]ected fo a high velocrty gas jet under con-
ditions such that the filaments are separated and whrpped
about sufﬁclently to form convoluttons and are then
removed abruptly from the gas jet and brought ‘together
to form a twisted yarn, while, throughout the process,
avordmg tension which would stralghten out the con-
volutrons of the filaments.

It is to be understood that the foregoing detailed de-
scription is given merely by way of illustration and that
many variations may be made therem without departmg
from the spirit of my invention.

Having descnbed my. mventlon what I desrre to
secure by Letters Patent is:

1. Process for the production of voluminous yarns
which comprises passing a yarn of continuous filaments
1nto the yarn inlet end of a jet, passing a gas under pres-
sure into said ]et sub]ectrng said yarn to a turbulent
stream of said gas in said ]et passing said yarn and the
main portron of 'said gas out -of the outlet of said jet
while passing 2 portion of sard gas out of the yarn inlet
end- of said jet, whereby there is produced a continuous
filament yarn havmg loops of individual ﬁlaments pro-
jecting from ‘the main body of said yarn.

2. Process for the productxon ‘of voluminous yarns
which comprises passing a yarn of contmuous ﬁlaments
mto the yarn 1nlet end of a ]et passmg a gas under pres-
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o said’ jet, stibject said” yarnto™'a turbulent:
stream*of said gds in said’jét; passing said” Yarnand’ the
main portion of said"gas “out ‘'of ‘the ‘outlet of “said-jet
while passing.a.pertion of. said-gas. out of. the: yarn inlet

end of said jet, whereby there is prodiiced a continuous.

filament yarn:-having:loops of individiial filaments pro-
jecting -from the main body of said ‘yarn, and. twisting
said’1oopy ‘yain, o o _

3. Process. for the production’ of voluminoiis " yarns
which ‘comprisés passing a. yarn: of continuous. filaments
into the ‘yarn:inlet end of ‘a jet, passiig a .gas under. pres-
sure- into ‘said jét,” subjecting said yarn:to a tuibulent
stream'of 'said gas in said jet, passing:said yarn and.the
main portion of said gas ‘otit”of “thy 2 "oiitlet of. said- jet
while passing ‘4 portion of said gis out of the ‘varn inlet
end of said jet, whereby there is produced a continuous
filament yarn having loops of individual filaments pro-
jecting from the main body of said yarn, impinging said
yarn -against a smooth solid surface whereby the fre-
quency of said loops -along the length of said yarn is
increased and the size of said loops is made more uni-
form, and twisting said loopy yarn.

4. Process of claim 3 in which the gas is air and in
which ' the smooth surface is at an angle of about 45°
to the path of said yarn. :

5. A process for making bulky continuous filament
yarn which comprises passing a4 bundle of filaments
through a high velocity air jet under conditions such
that the filaments are separated and whipped about suf-
ficiently to form convolutions, removing the filaments
abruptly from the air jet, bringing the filaments together
to form a twisted yarn, and throughout the process avoid-
ing tension which would straighten out the convolutions
of the filaments, said bundle of filaments being fed along
a path into contact with the turbulent air in said jet
in a chamber and being withdrawn from said chamber
together with said air along a second path parallel with
but out of alignment with the first mentioned path.

6. Process as set forth in claim 5 in which the fila-
ments leaving said chamber along said second path are
impinged against a solid surface.

7. Process as set forth in claim 6 in which a portion
of the air leaves said chamber along said first men-
tioned path at a velocity less than the air leaving along
sajd second path, and said solid surface is arranged at
an acute angle of 15 to 75° to said second path, the
filaments being withdrawn from said surface in generally
the same direction, projected on said surface, as the
direction of impingement.

8. Apparatus for making bulky continuous filament
yarn which comprises a fluid nozzle adapted to create a

- turbulent zone, means for feeding yarn continuously

through the turbulent zone, means for supplying fluid to
said nozzle under a pressure which will provide suf-
ficient turbulence to. separate the yarn filaments and
form them into convolutions, and means. for withdraw-
ing the separated filaments from the turbulent zone and
reforming them into- yarn, said nozzle comprising a
filament inlet passage terminating in a chamber con-
nected to said means for supplying fluid under pressure,
and a filament outlet passage connected to said chamber
and out of alignment with said filament inlet passage,
said -filament outlet passage being parallel to said fila-
ment inlet passage. )

9. Apparatus for making ‘bulky continuous filament
yarn which comprises a fluid nozzle adapted to create a
turbulent zone, means for: feeding yarn. continuously
through the turbulent zone, means for supplying fluid to
said nozzle under a pressure which will provide suf-
ficient turbulence to separate the yarn filaments -and
form them into ‘convolutions, and means for withdraw-
ing the separated filaments from the turbulent zone and
reforming - them into yarn, said nozzle comprising a
filament inlet tube for receiving the yarn from said feed-
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ing means, said"tube opening within a chamber connected
to-said means for supplying fluid” under pressure, said
chamber being of greater cross-section than:said tube, and
a filament outlet, passage connected. to said chamber and
out.of alignment. with said filament inlet' tube.

.10." Apparatus for making bulky continuous filament
yari ‘which comprises a fluid nozzle adapted to create a
turbulent ‘zone, means for feeding - yarn continuously
throtigh “the ‘turbulent zone; means for supplying fluid
to said nozzle under a pressure which’ will provide suf-
ficient turbulence to separate the yarn filaments and: form
thém into convolutions, and means for withdrawing the
separated filaments from the turbulent zone ‘and reform-
ing them into. yarn, said nozzle comprising a tubular
yarn inlet. passage opening within. a chamber of Targer
cross-section” thian " said “passage, -an “inlet connected to
said chamber for receiving fluid under pressure, and a
yarn outlet passage connected to said chamber and out
of alignment with said yarn inlet passage.

11. Apparatus as set forth in claim 9 in which the
filament inlet tube extends into said chamber in a di-
rection generally parallel to the longitudinal axis of said
chamber.

12. Apparatus as set forth in claim 9 in which said
tube terminates within said chamber. -

13. Apparatus as set forth in claim 12 in which the
interior of said chamber adjacent to the end of said tube
is tapered.

14. Apparatus as set forth in claim 11 and including
an air inlet passage at substantially right angles to said
longitudinal axis.

15. Apparatus as set forth in claim 9 and including a
solid surface against which the filaments and fluid leay-
ing said outlet passage are impinged.

16. Apparatus as set forth in claim 15 in which said
solid surface is spaced from said outlet passage a dis-
tance on the order of ¥4 inch to 1 inch.

17. A process for making bulky continuous filament
yarn - which comprises passing a bundle of filaments
through a high velocity gas jet under conditions such
that the filaments are separated and whipped about suf-
ficiently to form convolutions, removing the filaments
abruptly from the gas jet, taking up the filaments as a
twisted yarn, and throughout the process avoiding ten-
sion which would straighten out the convolutions of thé
filaments, said bundle of filaments being fed into con-
tact with said gas through an enclosed passage terminat-
ing within a confined zone, said confined zone being of
larger cross section than said passage and being supplied
with gas under pressure, and said filaments being with-
drawn from said confined zone along a path out of align-
ment with said passage.

18. Process as set forth in claim 17 in which a minor
portion of said gas is passed out of said chamber through

“said passage in a direction counter to the direction of

said- filaments.

19. Process as set forth in claim 18 in which said
filaments are impinged against a solid surface after leav-
ing said confined zone.

20. In an apparatus for the production of voluminous
yarn comprising a nozzle for subjecting said yarn to the
action of a turbulent stream of air to form a yarn hav-
ing loops of individual filaments projecting from the
main body of said yarn, means for supplying compressed
air to said nozzle, means for feeding the yarn to the
nozzle and means for withdrawing the yarn from said
nozzle at a lower linear speed than the feed speed, said

- nozzle comprising an inlet tube for receiving the yarn

from said feeding means, said tube opening within a
chamber connected to said means for supplying com-
pressed air, said chamber being of greater cross-section
than said tube and having a filament outlet passage con-
nected to said chamber, the improvement which com-
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prises having said filament outlet passage out of align-
ment with said inlet tube.

21. In. the process for making bulky continuous_ fila-
ment yarn -which comprises subjecting a yarn of con-
tinuous filaments to the action of a turbulent stream’ of
air to produce a yarn having loops of individual fila-
ments projecting from the main body of said yarm, in
which process the yarn is fed into contact with said air
through an enclosed passage within a confined zone,
said confined zone being of larger cross section. than
said passage and being supplied with air under pressure,
and said filaments being withdrawn from said confined
zone and then taken up as a twisted yarn having said
projecting loops at a lower linear speed than the speed
at which the yarn is fed to said confined zone, the im- !
provement which comprises withdrawing said filaments

ettt et
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from said confined zone along a path out of alignment
with said passage, said filaments bemg acoompamed
along-said path, by a stream of said air.
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