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[57] ABSTRACT 
A continuous yarn structure comprising at least one 
yarn element formed from a plurality of continuous 
?laments or a plurality of staple ?ber lengths, the yarn 
structure comprising periodically repeating lengths of 
high bulk, substantially unentangled continuous ?la 
ments or staple ?ber lengths alternating with lengths of 
compacted continuous ?laments of staple ?ber lengths 
in which substantially all ?laments or ?ber lengths are 
mutually entangled throughout the volume of the com 
pacted lengths. 
Also disclosed is a method for producing such yarn. 
The method comprises the steps of feeding at least one 
multiple ?lament yarn element or multiple staple ?ber 
element under tension to a ?rst treatment zone having a 
predetermined cross-sectional area; continuously di 
recting a ?uid at the yarn element in a direction substan 
tially perpendicular to the travel of the element, the 
?uid being applied at a pressure of at least about 100 
p.s.i.; and then feeding the yarn element directly to an 
outlet zone of cross-sectional area lesser than the treat 
ment zone cross-sectional area. 

9 Claims, 7 Drawing Figures 
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YARN STRUCTURE AND METHOD FOR 
‘PRODUCING SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions made 
by reissue. 

BACKGROUND OF THE INVENTION 

This invention relates to a novel yarn structure and to 
apparatus and method for producing yarn having such a 
structure. 

Principal objects of the invention are the provision of 
a yarn structure formed from continuous ?laments or 
staple ?ber lengths which has improved stability, as 
well as the provision of a method of producing such 
yarn ef?ciently and inexpensively. Further objects in 
clude the provision of such stable yarn which has rela 
tively high average bulk while maintaining high stabil 
ity. ' 

As discussed further below, the general appearance 
of a yarn structure according to the invention is that of 
alternating high bulk and compacted regions along the 
yarn. Structures having this general appearance, and 
thus super?cially similar to the structure as disclosed 
herein, are shown in Gemeinhardt et al., US. Pat. No. 
3,417,445 and Breen et al., US. Pat. No. 3,009,309. 

SUMMARY OF THE INVENTION 

A continuous yarn structure constructed according 
to the invention comprises at least one yarn element 
formed from a plurality of continuous ?laments or sta 
ple ?ber lengths. The yarn structure comprises periodi 
cally repeating lengths of high bulk, substantially unen 
tangled yarn element ?laments or ?ber lengths alternat 
ing with lengths of compacted yarn element ?laments 
or ?ber lengths in which substantially all ?laments or 
?ber lengths are mutually entangled throughout the 
volume of the compacted lengths. In preferred embodi 
ments each compacted length is shorter than the adja 
cent high bulk lengths (e.g., high bulk lengths of ap 
proximately one-half inch and compacted lengths of 
approximately one-eighth inch); however, the bulky 
lengths can have a greater length without adversely 
effecting the novel characteristics of the yarn or the 
approximate length of the compacted lengths; and the 
?laments or ?ber lengths take a random and ever chang 
ing position not only in relation to its clockwise position 
to other ?laments or ?ber lengths but also in relation to 
contacting or separating from other ?laments or ?ber 
lengths in the high bulk lengths in the yarn structure; 
and at least some of the individual ?laments or ?ber 
lengths have a lesser cross-sectional area in the high 
bulk lengths of the yarn structure than in the compacted 
lengths. ' 

In another aspect, the invention features a method of 
producing a continuous yarn having lengths in which 
the yarn is compacted alternating with lengths in which 
the yarn is bulky. The method comprises the steps of 
feeding at least one multiple yarn element with substan 
tially no overfeed to a ?rst treatment zone having a 
predetermined cross-sectional area; continuously di 
recting a fluid at said yarn element in a direction per 
pendicular to the travel of said element, said ?uid being 
applied at a pressure of from about 100 p.s.i. to about 
250 p.s.i.; and then feeding the yarn element directly to 
an outlet zone of cross-sectional area lesser than the 
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2 
cross-sectional area of the treatment zone. Preferably, a 
plurality of multiple yarn elements are simultaneously 
continuously fed under tension to the treatment zone. 
The multiple yarn elements can have a twist ranging 
from zero to as high as 4 T.P.I. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

Other objects, features, and advantages of the inven 
tion will appear from the following description of pre 
ferred embodiments taken together with the accompa 
nying drawings. In the drawings: 
FIG. 1 is a partially schematic side elevation illustrat 

ing the method according to the present invention; 
FIG. 2 is a plan view of FIG. 1; 
FIG. 3 is a side elevation of a yarn structure accord 

ing to the present invention; 
FIG. 4 is an enlarged view of a portion of FIG. 3; 
FIG. 5 illustrates graphically the degree of ?lament 

entanglement in the yam‘s compacted areas as a func 
tion of the pressure of the treatment ?uid; 
FIG. 6 illustrates a cross-sectional ?ber outline of a 

1300 denier nylon producer supplied yarn taken prior to 
processing by the method of this invention; and 
FIG. 7 illustrates a cross~sectional ?ber outline of the 

yarn of FIG. 6 after it was processed by the method of 
this invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Referring to FIGS. 1 and 2, a plurality of multiple 
?larnent yarn elements 10 are fed from a yarn supply 12 
through a yarn guide 14 aligned with yarn feed roll unit 
16. The yarn supply 12 may comprise bobbins, tubes, 
cheeses, unravelling knitted tubes, or any other form in 
which yarns are stored or processed. From the feed roll 
unit 16 yarns 10 are fed to the treatment unit 18, having 
chambers 20 and 22, from which they emerge as a uni 
tary yarn structure 24 which passes to take-up roll unit 
26. After passing through a guide 28 the yarn structure 
20 proceeds to a yarn take-up device 30 of any conven 
tional design for storage or further processing. 
The treatment unit 18 comprises a base having inter 

nal recesses de?ning a treatment zone comprising a ?rst 
chamber 20 and an outlet zone in the form of a coaxial 
chamber 22. An air inlet communicates with chamber 
20 in a direction perpendicular to the axis of the cham 
bers 20, 22. Air line 32 delivers an uninterrupted supply 
of high pressure air from an air supply 34 to chamber 20. 

It has been discovered that various unexpected re 
quirements must be met to produce a yarn structure 
according to the present invention. The yarn 24, and its 
component yarn elements 10, must be fed at a rate that 
permits elongation as they pass through the treatment 
unit 18. Thus, the conventional overi'eed of the yarn to 
the treatment zone as is common with prior art jet yarn 
treatment units (which achieve other yarn structures) 
must be avoided. According to the present invention, it 
is preferred that the take-up roll unit 26 be driven be 
tween 0 percent to 2 percent faster, depending upon the 
degree of elongation or drafting that is taking place, 
than the feed roll unit 16. Also, the air is supplied to the 
chamber 20 through the air inlet continuously as con 
trasted with the more typical pulsed air jets of other 
units, and, importantly, the air is supplied at a much 
higher pressure (e.g., not less than about 100 p.s.i.) than 
has heretofore been deemed desirable. Referring to 
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FIGS. 3 and 4, the yarn structure according to the 
present invention is illustrated in a very simple form in 
which it comprises four separate continuous ?lament 
yarns each having but three ?laments. (Typically, con 
tinuous ?lament yarns have many more ?laments than 
three.) The four yarns are identi?ed as A, B, C, and D, 
with each of the three ?laments for each yarn being 
identi?ed with the appropriate letter. The yarn struc 
ture includes alternating high bulk regions 36 and com 
pacted regions 38. The bulk regions 36 are longer than 
the compacted regions 38 and, in one particular pre 
ferred embodiment, the bulky regions 36 will be approx 
imately one-half inch long and the compacted regions 
38 will be approximately one-eighth inch long. 

In the high bulk regions 36 the individual ?laments 
are in general unentangled with each other, with at 
most some minor contact and/or entanglement of adja 
cent ?laments around the periphery and within the 
interior of the filament bundle of which the region 36 is 
composed. In sharp contrast with this ?lament arrange 
ment in the regions 36 is the thorough entanglement of 
substantially all ?laments in the highly compacted re 
gions 38. As best seen in the compacted region 38a at 
the right hand side of FIG. 4, the entangling of the 
?laments extends throughout the volume of the com 
pacted regions 38 and is to be distinguished from the 
more conventional twisting or false twisting of only the 
outermost ?laments in a compacted region. The full 
volume entanglement of substantially all ?laments pro 
vides an improved stability for the yarn structure as a 
whole, since unravelling or loss of false twist can never 
be a problem. Additionally, the entanglement through 
out the volume of the regions 38 is important in assuring 
a truly random wandering of each individual ?lament 
throughout the volume of the yarn structure as its path 
is traced along the length thereof. This randomness is 
especially desirable when yarn elements of varying 
colors or other characteristics are employed in forming 
the yarn structures, so that unwanted streaks of a partic 
ular color or other characteristics may be avoided. This 
characteristic renders such yarn structures highly suit 
able for use in modern Moresque-type pile carpets. 
These yarn structures will produce a pile carpet that is 
substantially free from striae effects, streaks and other 
undesirable concentrations of one or more of the vari 
ous colors in the yarn. Yarns for these Moresque-type 
pile carpets are normally made by plying or twisting 
together individual strands of different colors or color 
tones to produce a mottled or strippled effect. How 
ever, when these yams of uniform twist or ply are 
woven or tufted into carpet, they tend to assume posi 
tions so that the twist in successive pile elements points 
or heads in the same direction. With moresque yarns, 
particularly when the turns per inch match with tuft 
length in inches, this often results in one ply or color 
assuming top position in consecutive pile loops or tufts 
and streaks or unwanted color runs appear in pile sur 
face. As explained previously, the yarns of this inven 
tion have the different colors or elements within the 
yarn appearing in a random and ever changing position 
which prevents one color or element from appearing in 
top position in enough consecutive loops or tufts to 
cause visible streaks. 
One or more additional strands of metallic nature can 

be processed with a plurality of continuous ?laments or 
staple ?ber lengths that comprise the unique yarn struc 
ture of this invention, to provide static prevention, par 
ticularly when the yarns are used to produce carpeting. 
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4 
These anti-static elements can be continuous lengths of 
copper wire, stainless steel wire, etc., or they can be 
made from a blend of metallic conductive ?brous mate 
rial and non-metallic non-conductive ?brous material. 
The novel moresque yarn can be produced at a much 

higher speed than prior art moresque yarns which re 
duces the time (a cost) required to produce any given 
number of yards or pounds. Further, the unit length 
yarn yield is greater than that of prior art moresque 
yarns that were produced by plying or twisting to 
gether two or more single yarn elements with the yarn 
elements following a helical or convoluted path in the 
?nal yarn structure. To obtain a given length of the ?nal 
twisted yarn, it is necessary to start with a much greater 
length of untwisted yarn elements. The yarns of this 
invention have little or no twist in the ?nal yarn struc 
ture and the single yarn elements follow, comparatively 
speaking, a substantially straight path in the ?nal yarn 
structure; therefore, to obtain a given length of ?nal 
yarn 2 structure the invention only a slightly greater 
length of primary yarn elements will be required. In 
addition, a further distinguishing characteristic of the 
process of the invention is the fact that it drafts or 
stretches out to a greater length the individual ?bers or 
?laments, which in itself increases the yield in yards per 
pound. Referring to FIGS. 6 and 7, which illustrate 
cross-sections taken of individual yarn elements 40, 40a 
before and after processing, it can be seen that the cross 
sectional area of the processed yarn elements has been 
reduced when compared to the cross-sectional area of 
the yarn elements taken prior to processing. The in 
crease in yield over prior moresque yarn processing will 
be dependent primarily upon the length of the high bulk 
regions, where the elements follow, comparatively 
speaking, a substantially straight path, and the degree of 
drafting is greatest. Some of the gain will be lost in the 
compacted regions as the yarn elements will be bent, 
folded and bunched in these regions. The ?bers and/or 
?laments show draft in both high bulk regions and the 
compacted regions with ?bers and/or ?laments in the 
high bulk regions being drafted to a greater extent. 
Thus, at least some of the yarn element ?bers each have a 
cross-sectional area in certain portions of the yarn dr'?‘ering 
in size from that in other portions of the yarn so that at least 
some of the individual ?bers have a lesser cross-sectional 
area in the ?nal yarn structure than in their unprocessed 
lengths, La, prior to air entanglement. 
The importance of supplying air under unconvention 

ally high pressure to the air inlet has been mentioned 
above and is illustrated graphically in FIG. 5 where the 
percent of entanglement of the ?laments in the regions 
38 is plotted as a function of the air pressure. As is 
evident from FIG. 5, the entanglement is very incom 
plete when more conventional air pressures (i.e., less 
than 100 p.s.i.) are employed. The optimum yarn struc 
ture having the bene?ts as described above is realized at 
the pressures occurring between about 100 psi. and 200 
psi. It is also found that above 200 p.s.i. there is little 
improvement in ?lament entanglement with increasing 
pressure. 
While the complete details of the operation of a sys 

tem as described above to produce a yarn structure as 
shown in FIGS. 3 and 4 is not entirely understood, it is 
believed that the continuous supply of air under quite 
high pressure is a major contributor to the novel fea 
tures of this yarn structure. It is presently theorized that 
as the yarn elements 10 enter the chamber 20 they are 
not only spread apart by the air but also some of the 
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?laments are subjected to a rotational force. This mass 
of whipsawing rotationally prone ?laments becomes 
more con?ned as it enters the second chamber 22 and 
the crossing and interlacing of ?laments that is taking 
place here is exaggerated by the rotational forces being 
applied to certain ?laments. This creates a massed, tan 
gled, intertwined and compacted area of yarn that mo 
mentarily blocks, or at least substantially blocks, air 
flow through the chamber 22. For a brief instant this 
releases most of the rotational forces acting on the ?la 
ments but builds up pressure behind the mass of tangled 
?laments. A violent "explosion” of the ?laments ex 
panding and crossing in all directions is created, while 
the length of yarn elements immediately behind the 
compacted area are maintained ?xed from a substantial 
entanglement. This “explosion” also further tightens 
and snarls the mass of ?laments in the compacted areas. 
As the take-up roll unit 26 pulls the now compacted 
area out of the chamber 22, the air flow is again free to 
?ow out of the air inlet and will commence to again 
whipsaw and rotate and entangle the ?laments until 
another log-jam is again built up. 
As the mass of tangled ?laments are pulled from the 

chamber 22, the lengths of ?lament immediately behind 
the tangled region undergo substantial longitudinal 
forces and are actually found to be drafted (i.e., have a 
reduced cross-sectional area as compared to the individ 
ual ?laments cross-sectional area in the compacted re 
gion 38). 

While the interaction of all parameters is far from 
fully understood, it is found that for various types of 
yarn and various other operating parameters the an 
gling of the paths of the yarn elements 10 and the yarn 
structure 24 (see FIGS. 1 and 2) with respect to the 
treatment unit 18 in either or both of the horizontal and 
vertical directions may create improved entanglement 
in the regions 38. Angles of up to 45° in the vertical 
direction and up to 25° in the horizontal direction have 
been employed successfully. 
While various bene?ts of the method disclosed herein 

have been discussed above, it should further be noted 
that a stabilized yarn structure is produced at a produc 
tion rate which may be up to seven times that of con 
ventional twisting or false twisting apparatus and that 
various other operations are entirely eliminated (e.g., 
splicing, twisted spool rewind, etc.). 
While particular embodiments of various aspects of 

the invention herein had been described in detail, it will 
be appreciated that other embodiments are within the 
scope of the invention in the following claims. 
We claim: 
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6 
1. A continuous yarn structure comprising at least 

one air jet entangled yarn element formed from a plural 
ity of ?bers, said yarn structure comprising lengths of 
high bulk, substantially un-entangled yarn element li 
bers alternating with lengths of compacted yarn ele 
ment ?bers in which substantially all ?bers are mutually 
entangled throughout the volume of the compacted 
yarn lengths, at least some of the yarn element ?bers each 
having a cross-sectional area in certain portions of the yarn 
differing in size from that in other portions of said yarn so 
that at least some of the individual ?bers have a lesser 
cross-sectional area in the ?nal yarn structure than [in 
their unprocessed lengths] prior to being air entangled. 

2. The yarn structure as claimed in claim 1 wherein 
?bers engage with and disengage from adjacent ?bers in 
a random generally straight line path in the high bulk 
lengths in the yarn structure. 

3. The yarn structure as claimed in claim 1 wherein 
each compacted length is shorter than the adjacent high 
bulk lengths. 

4. The yarn structure as claimed in claim 3 wherein 
each said compacted length is approximately one-eighth 
inch and each said high bulk length is approximately 
one-half inch. 

5. The yarn structure as claimed in claim 1 wherein 
the ?bers are continuous ?laments. 

6. The yarn structure as claimed in claim 1 wherein 
said yarn element includes electrically conductive mate 
rial. 

7. The yarn structure as claimed wherein said certain 
portions of the yarn are said high bulk lengths and said 
other portions are said compacted lengths and in claim 1 
wherein some of the yarn element ?bers each have a 
lesser cross-sectional area in the high bulk lengths than 
in the compacted lengths. 

8. The yarn structure as claimed in claim 7 wherein 
the ?bers are continuous ?laments. 

9. A continuous yarn structure of the type suitable for 
use in forming carpet pile comprising a plurality of air jet 
entangled yarn elements each formed from a plurality of 
?bers, said yarn elements being interengagingly combined 
to provide lengths of high bulk, substantially unentangled 
yarn element ?bers alternating with yarn lengths of com 
pacted yarn element ?bers in which substantially all ?bers 
are mutually entangled throughout the volume of the com 
pacted lengths, at least some of the yarn element fibers 
each having a cross-sectional area in certain portions of the 
yarn differing in size from that in other portions of said 
yarn so that at least some of the individual ?bers have a 
lesser cross-sectional area in the final yarn structure than 
prior to being air entangled. 

# i i t 
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