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ABSTRACT OF THE DISCLOSURE 

Method and apparatus for uniformly oscillating a yarn 
conducted between two ?xed points in a secondary reso 
nance chamber under the in?uence of a jet of gas im~ 
pinging perpendicularly on the normal straight line path 
of the thread between the ?xed points and entering into a 
primary resonance chamber arranged behind and in ?uid 
communication with the secondary resonance chamber, 
thereby producing uniformly spaced bindings along the 
length of the yarn. 

This invention relates to a method and apparatus for 
the production of loose, bulky or voluminous yarn hav 
ing uniformly spaced bindings along its length. More 
particularly, the invention is concerned with a speci?c 
method and means of treating a continuous multi?lament 
crimped yarn so as to insert bindings at uniformly spaced 
distances capable of being selectively varied, the indi 
vidual ?laments being in close or solid contact at the 
binding points while being relatively loose or separated 
between such binding points, thereby retaining substan 
tially the same looseness or bulkiness as that of the origi 
nal yarn. 

It is known that yarns composed of individual continu 
ous ?laments can be treated with a stream of gas in such 
a manner that the individual threads or ?laments become 
very closely intertwined or interlaced in solid contact with 
each other. The resulting yarn is not voluminous and 
exhibits very little elasticity, but instead the treated yarn 
behaves in a manner similar to that of twisted threads. 
Such compact interlaced yarn is essentially intended as 
a substitute for conventional twisted yarns, and is there 
fore distinguished from so-called bulk or textured yarn. 
It is further known that a multi?lament yarn can ‘be tex 
turized or bulked, sometimes with a crimping effect, by 
treatment with a high velocity ?uid jet under various con 
ditions. In this case, the treated yarn is geenrally more 
voluminous than the original untreated yarn. 
One object of the present invention is to provide a 

method and apparatus for the treatment of a substan 
tially untwisted, continuous, multi?lament crimped yarn 
with a gas jet so as to place uniformly spaced bindings or 
knots along the length of the yarn while retaining most of 
the bulk or texturized characteristics of the original un 
treated yarn. Another object of the invention is to provide 
a method and apparatus whereby bindings or knots can be 
spaced along a voluminous yarn at predetermined points 
to yield a variety of specialty yarns having novel and 
useful characteristics. These and other objects and ad 
vantages of the invention will become more apparent upon 
consideration of the following detailed speci?cation. 

It has now ‘been found, in accordance with the inven 
tion, that the foregoing objects can be achieved by con 
ducting a continuous multi?lament crimped yarn between 
two ?xed points at which lateral movement of the yarn 
is prevented while using a yarn feed rate which is about 
5-50%, preferably 10-30%, higher than its draw rate, 
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and laterally oscillating the yarn between said ?xed points 
under the in?uence of a jet of gas which is directed sub 
stantially perpendicular to the path of the yarn into a 
resonating zone such that the yarn passes through the jet 
of gas twice in each complete period of oscillation to 
produce uniformly spaced bindings along the length of 
the yarn. 
The present invention is also directed to novel apparatus 

for carrying out the yarn treatment, said apparatus in 
cluding nozzle means having an opening at one end to 
eject a jet of gas in a predetermined direction correspond 
ing to the axis of the nozzle, and resonating means com 
prising a resonance ?oor disposed opposite the opening 
of said nozzle means and a jacket extending axially from 
said resonance ?oor toward said nozzle means, said jack 
et containing two oppositely disposed slots adapted to 
receive a continuous yarn in a normal straight line path 
therebetween which is substantially perpendicular to the 
nozzle axis and said jacket also containing oppositely dis 
posed openings on a line approximately perpendicular to 
the straight line path between said slots. The nozzle is 
preferably adjustable along its axis and conically shaped 
to taper toward the opening thereof. At the same time, 
the jacket is preferably a cylindrical sleeve which ex— 
tends from said resonance ?oor so that it can be positioned 
concentrically around the nozzle with an annular gap be 
tween the sleeve and the nozzle. ~ 

A‘preferred embodiment of the apparatus according to 
the invention is further illustrated by the accompanying 
drawing wherein similar parts are designated by the same 
reference numerals and wherein: 

FIG. 1 is a schematic view of the overall method for 
treating the yarn in accordance with the invention; 

FIG. 2 is a perspective view with portions omitted of 
a preferred embodiment of the yarn treating apparatus of 
the invention, illustrating in particular the nozzle means 
and resonating means in a separated position; 
FIG. 3 is a side elevation view in cross-section of the 

same nozzle means and resonating means in a closed or 
operating position; 

FIG. 4 is a front plan view of the same resonating means 
with the positions of the yarn during the gas jet treatment 
being indicated in a hypothetical manner; and 

FIGS. 5, 6 and 7 illustrate various possible yarn con 
?gurations which can be achieved when uniformly spacing 
the knots or bindings along the yarn by the method of 
the invention. 
7 Referring now to FIG. 1 of the drawing, the yarn is ?rst 
introduced into a conventional crimping vbox 1 by means 
of the feed rolls 2, and the crimped yarn 3 is then led over 
the turning guide roller 4 through a yarn brake 5, around 
the guide rollers 6, 7 and 8 and ?nally wound or taken up 
on the winding reel or take-up bobbin 9. The gas jet noz 
zle and resonating means of the invention are contained 
in the housing 10 located between the turning guide rollers 
6 and 7 which may also be substituted by feed and draw 
rollers, respectively. 
As shown in ‘FIGS. 1-4, the nozzle means for ejecting 

a jet of gas comprises a supply line 11 adapted to intro 
duce gas under pressure from any suitable source into 
the conically tapered end portion of the head 12 so that 
the gas is directed from the opening 13 formed by a 
central bore 21 along the axis of the nozzle at a high 
velocity. The head or the supply line of the nozzle can 
be easily mounted for adjustable movement along its 
axis in the housing 10 in any conventional manner, e.g. 
=by suitably journalling the housing and sliding the cylin 
drical portion of the nozzle head forward or back to any 
desired position as indicated by the double headed arrow. 

Directly opposite the opening 13 of the nozzle, there is 
mounted on the housing 10 special resonating means 
adapted to receive the continuous yarn and subject it to 
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lateral oscillation as it is drawn therethrough. This 
resonating means includes a conventional resonating 
?oor 14 with a center hole 17, and from this ?oor there 
extends a jacket or cylindrical sleeve 15 containing two 
diametrically opposed slots 16. These slots are preferably 
just slightly wider than the diameter of the loose yarn 
being treated and su?iciently deep to properly position 
the yarn between the end opening 13 of the nozzle and the 
resonance ?oor 14. Two diametrically opposed openings 
or bores 18 are placed about 90° from the slots 16, i.e. 
so that their diametric axis is substantially perpendicular 
to the normal straight line path of the yarn extending 
between the two slots. The jacket openings or ‘bores 18 
are essential in order to prevent the formation of an air 
or gas dam between the resonance floor and the nozzle. 
Good results have been achieved in the treatment of a 

large number of different yarns when using the apparatus 
disclosed herein, and in general, it has been found desir 
able to employ a nozzle in which the gas jet is formed 
by an opening 13 of about 1 to 5 mm., preferably about 
2 to 4 him, while this opening is positioned from the 
resonance ?oor 14 at a distance of about 5 to 15 mm., 
preferably 7 to 12 mm. The slots 16 in the resonance 
jacket may have a width of about 0.5 to 5 mm., prefer 
ably 1.2 to 4 mm., and the two jacket openings should 
generally correspond to a bore with a diameter of between 
about 0.5 and 6 mm, preferably between about 1.5 and 
4.5 mm. 

The resonating means is shown in greater cross 
sectional detail in FIG. 3 where the nozzle head 12 has 
been moved into an operating position to ?t concentrically 
within the cylindrical sleeve or slotted jacket extension 
15 at a predetermined distance from the resonance ?oor 
14. A primary resonance chamber or space 19 is provided 
behind the resonance ?oor in the base member 20, for 
example by threading the backwardly extending cylin 
drical walls 25 of the resonance floor 14 onto a corre 
spondingly threaded portion of the base 20. The depth 
of the primary resonating space 19 can thus ‘be varied to 
produce different resonance characteristrics as the jet of 
gas is directed through the bore 21 of the nozzle 12 into 
this space 19 through center hole 17. Likewise, it is 
possible to achieve a different resonance of the gas stream 
by varying the diameter of the center hole 17. 

vWith the particular construction of the slotted jacket 
or sleeve 15 shown herein, a secondary resonance zone or 
chamber is formed within the jacket which causes the 
yarn to oscillate laterally between the two slots. This zone 
is approximately within the two center lines x-x, i.e. 
from about the midpoint between the outlet end 13 of the 
nozzle and the resonance ?oor 14 up to a distance from 
the resonance ?oor such that the depth or width of this 
secondary resonance zone is about one-quarter to one 
third of the distance between the nozzle end 13 and the 
?oor 14. 

It is therefore desirable to position the slots 16 and 
the openings 18 in the jacket 15 so as to fall within or at 
least directly adjacent to this secondary resonance zone. 
The exact shape of these jacket slots and openings is not 
particularly critical, and many variations can be made 
without departing from the scope of the invention. It 
is essential, however, to provide openings 18 of approxi 
mately the size indicated above in order to prevent the 
gas from forming a darn, since the apparatus does not 
properly function without these openings. However, the 
exact position of these jacket openings is not critical 
provided they are not placed far beyond the secondary 
resonance zone, e.g. at the upper edge of the jacket. 

Likewise, the inner diameter of the jacket 15 and the 
corresponding size of the resonance ?oor 14 can be 
varied within wide limits, depending upon the denier of 
the yarn being treated, the gas velocity and similar vari 
ables. In general, good results can be achieved where 
this jacket diameter is about 12 to 30 mm. 

In using the apparatus of the invention, it was found 

10 

50 

60 

65 

70 

4 
that a continuous multi?lament yarn being drawn at a 
constant velocity through the secondary resonance zone so 
as to be held from lateral movement at the ?xed points 
corresponding to the jacket slots will oscillate laterally 
at a substantially constant frequency and form a binding 
or false-twist knot at regular intervals along the length 
of the yarn. As indicated in FIG. 4, the untwisted, bulky 
yarn Y enters the jacket through the upper slot 16 and 
is swung to the extreme left 22 at one point in its oscilla— 
tion under the action of the gas jet. The yarn then travels 
to the extreme right 23 as indicated by the dotted lines 
while passing once through the jet stream which is 
directed towards the center hole 17 of the resonance 
floor 14. The yarn then swings back again through the 
jet stream to the position 22 to complete one period of 
oscillation. The knots or bindings 24 are formed ap 
proximately in a length of the yarn passing through the 
?xed slots 16 of the jacket. 

It will be apparent that FIG. 4 merely represents a 
hypothetical or ?ctitious picture of the manner in which 
the yarn is suspended and oscillated between the jacket 
slots since the yarn actually travels continuously between 
these two points and is not held in a ?xed suspension. In 
other words, the ?xed pointsof suspension move along 
the yarn as it is being oscillated. In referring to a lateral 
oscillation of the yarn, it should be understood therefore 
that the yarn is actually undergoing a relatively complex 
undulation resulting not only from the side-to-side move 
ment produced by the resonating gas but also from the 
direct impingement of the gas on the yarn as the yarn 
passes through the jet stream twice in each complete 
period of oscillation. 

In acordance with the invention, it has also been 
found that the spacing and the individual length of the 
bindings depend upon a number of parameters when us 
ing speci?c apparatus of ?xed dimensions. These param 
eters essentially include the yarn velocity as it is drawn 
through the treating zone, the tension on the yarn, the 
gas pressure or gas jet velocity and the distance of the 
gas jet opening at the outlet end of the nozzle from the 
resonance ?oor. More speci?cally, it was found that prac 
tically independent from the titer and number of ?laments 
of the yarn, there is a speci?c gas pressure with respect 
to each distance of the jet from the resonance ?oor at 
which one achieves the shortest distance between the 
knots or bindings. Both above and below this gas pres 
sure, the distance between the individual knots or bindings 
increases. 

Furthermore, at a constant pressure, a stronger effect 
occurs as the yarn velocity decreases, i.e. the slower 
the yarn, the greater the number of bindings per unit 
length. Likewise, at a constant yarn velocity, the number 
of bindings per unit length increases with increasing gas 
pressure. Also, one achieves a shorter distance between 
bindings as the titer decreases. 
By routine experimentation with any yarn, one can 

thus readily determine that gas pressure will pro 
duce the strongest effect for various distances of the 
nozzle or jet opening from the resonance floor. For each 
particular yarn, it is then possible to adjust the number 
of bindings per unit length by changing the gas pressure, 
the yarn speed and/or the spacing of the nozzle from the 
resonance ?oor. 

Since the yarn length is shortened in forming the 
bindings or knots, it is obviously necessary to feed the 
yarn into the resonating means at a rate or speed which 
is higher than the draw rate at which the knotted yarn 
is withdrawn. For purposes of the present invention, the 
feed rate or linear velocity of the yarn should be about 
540%, preferably 10-30%, higher than the draw rate. 
One illustration of uniformly spaced bindings obtained 

by the gas jet treatment of the invention is shown in 
FIG. 5 and other variations are shown in FIGS. 6 and 7 
where the number of bindings per unit length are in 
creased or decreased, respectively. 
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The invention is further illustrated by the following 
examples without being limited to these examples. In 
each example, air at about room temperature was em 
ployed as the gas jet under a pressure of 4.5 atm. The 
yarn was treated with a nozzle and resonating means as 
shown in the drawing with the following dimensions: 

Mm. 
Diameter of jacket 15 ________________________ __ 14 
Diameter of resonance ?oor 14 ________________ __ 14 

Diameter of center hole 17 ___________________ __ 3.5 
Depth of resonance space 19 _________________ __ 4.0 
Width of jacket ‘slots 16 ______________________ .._. 2.5 
Diameter of jacket bores 18 _________________ _- 4.0 
Diameter of nozzle bore 21 __________________ __ 3.0 

Example 1 
A crimped nylon-6 yarn of 1000/72 denier was fed 

into the jacket at a speed of 480 meters/minute and drawn 
and wound at a speed of 400 meters/minute. The tip 13 
of the nozzle was positioned at a distance of 10 mm. from 
the resonance ?oor 14. The treated yarn exhibited 80 
bindings or knots per meter with substantially the same 
bulk between the bindings as the original untreated yarn. 

Example 2 

Using the same yarn as in Example 1, the feed speed 
was reduced to 240 meters/minute and the winding speed 
correspondingly reduced to 200 meters/minute. The re 
sulting yarn had 152 bindings per meter. 

Example 3 

The yarn was again treated under the same conditions 
as Example 1 except that the jet opening at the tip 
of the nozzle was positioned at a distance of 5 mm. 
from the resonance ?oor. The number of bindings in 
the yarn then dropped to less than 30 per meter. 

Example 4 

The same conditions were followed as in Example 1 
except that the jet opening at the tip of the nozzle was 
positioned at a distance of 15 mm. from the resonance 
?oor. Again, the number of bindings in the treated yarn 
dropped below 30 per meter. 
Numerous other examples were carried out with the 

same apparatus using polycaprolactam and polyethylene 
terephthalate yarns with various deniers, number of ?la 
ments and degrees of crimping. In all cases, the number 
of bindings per unit length would be easily regulated either 
by varying the yarn speed and/ or the position of the nozzle 
tip with reference to the resonance floor. The bindings re 
mained in the yarn throughout subsequent textile opera 
tions and provided the advantages of both a twisted and 
a bulk or voluminous yarn. 

In general, any synthetic or arti?cial yarn such as poly 
amide, polyester, regenerated cellulose, or other organic 
thermoplastic polymer yarn can be treated by the meth 
0d and apparatus of the invention. It is even feasible to 
treat natural yarns such as wool, cotton or silk and also 
inorganic multi?lament yarns such as those composed of 
metallic or glass ?bers in order to achieve special effects. 
However, the gas jet treatment of the invention is par 
ticularly useful when applied to continuous multi?lament 
crimped yarns of synthetic organic thermoplastic polymers 
in which the amount of crimping falls within a range of 
about ‘8 to 25 arcs/cm, preferably about 12 to 20 
arcs/cm. With these crimped yarns, the bindings or false 
twisted knots are formed by the very close or solid con 
tact of the individual ?laments with each other, and no 
additional treatment is required to retain the uniformly 
spaced bindings in the yarn. In other respects, the meth 
od and apparatus of the invention can be readily adapted 
to a wide range of denier and number of ?laments in the 
yarn, although it will obviously be necessary to make a 
corresponding adjustment in the dimensions of the ap 
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6 
paratus and/ or treatment conditions to handle very ?ne 
yarns or extremely bulky yarns. 

It is most convenient to use air as the gas jet or gas 
treating stream, e.g. at a temperature of about 20—25° 
C. However, it is also feasible to use any other gas, and 
if desired, the gas may be heated to an elevated temper 
ature sufficient to ?x the yarn by partial softening or melt 
ing during the jet treatment. Also, one can apply binders 
or other special coatings or ?nishes to the yarn in order 
to achieve greater adherence of the ‘filaments after the jet 
treatment. A heated gas may also be used to simultane 
ously dry a yarn which has been wetted in previous steps 
with water or an organic solvent. 

Although it is most convenient to use a cylindrical 
jacket and a circular resonance ?oor and center hole, it 
will be apparent that these shapes are not critical and that 
one can also construct the resonating means in other 
shapes such as elliptical, square or rectangular shapes. 
Likewise, the jacket slots and bores can assume various 
shapes and positions provided that they are ‘arranged on 
center lines which are approximately perpendicular to 
each other and which intersect at a point which corre 
sponds approximately to the center line of the nozzle 
axis. These center lines of the jacket slots ‘and bores need 
not fall in the same plane but are preferably arranged so 
as to provide a secondary resonance zone in the jacket 
which includes the normal straight line path of the yarn 
through the jacket. Also, the position of the nozzle with 
reference to these jacket slots and bores is preferably ad 
justed so as to provide a secondary resonance zone which 
lies at a distance of about 0.2 to 7.5 mm, preferably 0.5 
to 6 mm., from the resonance ?oor. 

It will also be apparent that the nozzle and resonating 
means can be placed in practically any position with ref 
erence to the horizontal or vertical and need not be placed 
only in the generally vertical position with reference to 
the thread path as shown in the drawings. In this respect, 
=various references herein to the front, back or side of the 
apparatus have been made merely for the purpose of 
convenience. 
The above-mentioned and other variations of the meth 

od and apparatus of the invention can be easily ac 
complished by one skilled in this art without departing 
from the spirit or scope of the invention as de?ned by the 
appended claims. 
The invention is hereby claimed as follows: 
1. A method of producing a voluminous yarn with 

uniformly spaced bindings which comprises: conduct 
ing a continuous multi?lament crimped yarn through 
‘a partially enclosed secondary resonance zone between 
two ?xed points at which lateral movement of the yarn 
is prevented while using a yarn feed rate which is about 
5 to 50% higher than its draw rate; and laterally oscillat 
ing the yarn at a substantially constant frequency between 
said ?xed points under the in?uence of a jet of gas which 
is directed substantially perpendicularly to the path of 
the yarn into a primary resonating'zone which is in direct 
?uid communication with said secondary resonance zone, 
thereby producing uniformly spaced bindings along the 
length of the yarn as it passes through the jet of gas 
twice in each complete period of oscillation. 

2. A method as claimed in claim 1 wherein the feed 
rate of said yarn is about 10 to 30% higher than its 
draw rate. 

3. A method as claimed in claim 1 wherein the yarn 
is composed of synthetic organic thermoplastic filaments. 

4. Apparatus for producing a voluminous yarn with 
uniformly spaced bindings which comprises: nozzle means 
having an opening at one end to eject a jet of gas in a 
predetermined direction corresponding to the axis of the 
nozzle; and resonating means including a resonance ?oor 
disposed opposite the opening of said nozzle means, said 
?oor having a central opening leading into a primary 
resonating chamber, and a jacket extending axially from 
said resonance ?oor toward said nozzle means to form a 
secondary resonating chamber, said jacket containing two 
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oppositely disposed slots adapted to receive a continuous 
yarn in a normal straight line path therebetween which is 
substantially perpendicular to the nozzle axis and said 
jacket also containing oppositely disposed openings on a 
line approximately perpendicular to the straight line path 
between said slots. 

5. Apparatus as claimed in claim 4 wherein the nozzle 
is adjustable along its axis and is conically shaped toward 
the opening thereof. . 

_ 6. Apparatus as claimed in claim 5 wherein said jacket 
is a cylindrical sleeve which extends from said resonance 
floor to be positioned concentrically around said nozzle 
with an annular gap between said sleeve and said nozzle. 

7. Apparatus as claimed in claim 4 wherein the opening 
of the nozzle is a bore with a diameter of about 1 to 5 
mm. and the distance between said opening and said 
resonance floor is about 5 to 15 mm. 

8. Apparatus as claimed in claim 4 wherein the opening 
of the nozzle is a bore With a diameter of about 2 to 4 
mm. and the distance between said opening and said 
resonance floor is about 7 to 12 mm. 

9. Apparatus as claimed in claim 4 wherein the slots 
in said jacket have a width of about 0.5 to 5 :mm. and the 
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openings in said jacket are bores with a diameter of about 
0.5 to 6 mm. 

10. Apparatus as claimed in claim 4 wherein the slots 
in said jacket have a Width of about 1.2 to 4 mm. and the 
openings in said jacket are bores with adiameter of about 
1.5 to 4.5 mm. 
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