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YARN PROCESSING APPARATUS AND PROCESS 

This application is a continuation of Ser. No. 
255,399, ?led May 22, 1972, which application is a 
continuation of Ser. No. 880,744, ?led Nov. 28, 1969, 
both now abandoned. 

BACKGROUND OF THE INVENTION 

In the production of bulked yarn, such as that used 
in the manufacture of carpets, textured yarn is prefera 
bly heated while under minimum tension which permits 
the'filaments to shrink when heat is imparted thereto. 
When heat is applied to yarn under minimum tension 
by contacting the yarn with a heated surface, as has 
been attempted previously, it is extremely dif?cult to 
obtain satisfactory heating since the yarn, being under 
minimum tension, does not uniformly contact the 
heated surface. This, of course, results in unevenly 
heated yarn which in turn produces bulked yarn of infe 
rior quality. 
Because of this dif?culty in direct contact heating, it 

is preferable to heat yarn while under minimum tension 
or in a relaxed state by the application of radiant heat. 
Since heat transfer by radiant heat is less ef?cient than 
by direct contact, the yarn is enclosed during the heat 
treatment as, for example, by passing it through a 
heated tube of sufficient diameter that the yarn does 
not contact the wall of the tube. To avoid such contact, 
however, and at the same time to provide a practical 
means of processing the yarn, is quite difficult. One at; 
tempt to achieve this has been to orient the tube verti~ 
cally, but because of space limitations, the maximum 
tube length is impractical. Although considerable dif? 
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why has been encountered in heat treating yarn by the ’ 
application of radiant heat, nevertheless yarn thus 
treated is highly desirable, being characterized by sub 
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stantially uniform dyeability, consistency of bulk and , 
uniformly smooth hand as compared with bulked yarn 
produced by direct contact heating. 
One recent apparatus which has been proposed for 

radiant heat treatment of textured yarn is shown in US. 
Pat. No. 3,408,716. It is difficult, however, with such 
apparatus to achieve consistently uniform application 
of heat and to maintain the yarn centrally of the tube 
as it travels through the convoluted tubular conduit. 

SUMMARY OF THE INVENTION 
It is a principal object of the present invention to pro 

vide an apparatus and process for heat treating yarn in 
which the yarn is heated by radiant heat. The yarn is 
passed through a nozzle and a tubular convoluted con 
duit while in contact with heated air which causes the 
yarn to travel through the conduit while heat is applied 
thereto.' 

It is an object of this invention to provide a process 
and apparatus to apply uniformly heat to textured yarn 
to relax (shrink) the same and set the twist therein. 

It is also an object of the present invention to provide 
an improved process and apparatus which is- capable of 
producing yarn of increased loft and bulkiness. 
A further object of this invention is the provision of 

yarn processing apparatus which includes an improved 
cooling means for the heated yarn. 
Another object of this invention is the provision of 

yarn processing apparatus including improved means 
for heating and uniformly passing yarn through such 
apparatus. 
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2 
Other objects, features and advantages of this inven 

tion will be apparent to those skilled in the art after a 
reading and understanding of the following more de 
tailed description. 

' DESCRIPTION OF PREFERRED EMBODIMENTS 

In the drawings: _ 
FIG. I is a diagrammatic fragmentary perspective 

view illustrating the general process and apparatus of 
this invention; 
FIG. 2 is a partial perspective view showing one form 

of heat treating apparatus; > 
FIG. 3 is an enlarged fragmentary view illustrating a 

portion of the heat treating apparatus of FIG. 2 in 
greater detail; ‘ _ . 

FIG. 4 is a fragmentary perspective view illustrating 
an improved nozzle adapted for use in this invention; 
FIG. 5 is a fragmentary perspective view of a pressure 

relief nozzle adapted for use in this invention; 
FIG. 6 is a perspective view showing one form of con 

trolled and integrated process and apparatus utilizing 
this invention; and , 
FIG. 7 is a fragmentary perspective view illustrating 

yarn relaxed and set by the process and apparatus of 
this invention. ' 

Referring now to the drawings, and particularly to 
FIG. 1, the general process and apparatus are illus 
trated. Yarn is fed from a supply cone 1 by a feed 
means which includes feed roll 2, pressure roll 3 and a 
stop motion microswitch 4 and solenoid 5, whichvcon 
trols movement of the yarn to stop the feeding if the 
yarn stops moving through the apparatus. The yarn is 
thus positively fed into a ?rst nozzle 6 (enclosed within 
housing 7) through which it is introduced into a yarn 
tube and heating means. Heated air is injected into the 
nozzle which contacts the yarn passing through the 
nozzle and causes the yarn to move through the heating 
apparatus, as will be explained in more detail hereinaf~ 
ter. . 

After the yarn has traveled through the heating unit, 
it passes through a second or pressure relief nozzle 11 
and into cooling means 12 which contains reservoir 13 
therein to permit the accumulation of yarn thus facili 
tating cooling and setting. Yarn is withdrawn from the 
cooling means by rewinding apparatus 14, the rate of 

. rewinding, of course, being regulated to permit the 
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yarn to remain in the cooling means for sufficient time 
for adequate cooling. As the yarn is removed from the 
cooling means, it passes under bar 15 which is posi 
tioned adjacent trough 16 whereby sufficient tension is 
exerted on the yarn to remove any snags or kinks which 
may have developed during cooling. 

In FIG. 2 and 3 the heating unit is shown in detail. In 
FIG. 2, a plurality of heating stations (a greater or 
lesser number of such stations can, of course, be used) 
are utilized in which yarn is fed through nozzles 6 and 
into convoluted tubular conduits 21. Heated air is in 
jected into each of the nozzles 6 at 22, which serves to 
move the yarn through the tubular conduits while in a 
substantially relaxed or tensionless condition and also 
to supply at least a portion of the heat required for the 
heat treatment. After traveling through the tubular 
conduit, the yarns pass through pressure relief nozzles 
11 and on to cooling chambers (see FIGS. 1 and 6). 
A gun heater 30 is connected to tube 31 to inject 

heated air into nozzle 6. Preheated air is fed to the gun 
heater through line 32, being supplied thereto from 
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tank 33, to which the air is introduced through line 34 
via control valve 35. Heating means such as a gun 
heater 30 may be connected to line 34 to heat the air 
supplied to the tank, if desired, to assist in providing 
heat to the yarn during processing. Similarly, electrical 
heating ‘means 36 are provided to help supply heat to 
the tubular conduit. A sensing device 37 is positioned 
in the yarn tube 38 which senses the temperature of the 
air passing therethrough. The sensing device, of course, 
is connected to a control such as shown in FIG. 6, and 
is correlated with the gun heater, which is connected 
through lead 39 to the control, to regulate properly the 
temperature of the air passing through the yarn tube. 
The tubular conduit 21 is disposed in a plurality of 

convolutions 40 about the tank 33 through which the 
yarn passes. As the yarn exits from the tubular conduit, 
it passes through pressure relief nozzle 11, which is 
shown in greater detail in FIG. 5. By relieving the pres 

' sure at the exit end of the tubular conduit, the yarn is 
moved through the conduit by heated air injected into 
nozzle 6. This permits the yarn to ‘,‘pass” substantially 

_ centrally within the'tubular conduit and to have heat 
imparted thereto. Cold air is admitted to the pressure 
relief nozzle through line 41 which assists in cooling 
and setting of the yarn. . . 

The temperature required within the convoluted con 
duit to bulk yarn, of course, will vary somewhat de 
pending upon the type of yarn being processed. Using 
1/29 Orlon yarn as an example, with a % inch tubular 
conduit containing 14 convolutions, the temperature 
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should be within the general range of about 200° F. to 1 
about 350° F. Similarly, the rate of travel of the yarn 
through the'tubular conduit affects‘the temperature 
which is necessary (the faster the yarn travels, the 
higher. the temperature which is required). The rate of 
travel is related to thesize of the tubular conduit and 
the pressure of the heated air injected into the ?rst noz 
zle, since the yarn is to be disposed substantially cen 
trally within the tube. In general, the temperature will 
be within the range of about 200° F. to about 500° F., 
the feed rate of the yarn about 100 to about 400 yds/ 
min., and the air pressure from about 5 to about 20 psi. 
Referring now to FIG. 4, the structure of the nozzle 

6 is shown. The nozzle thus includes a solid block of 
metal 45, such as stainless steel, to retain the heat ap 
plied thereto and to make the application of heat to the 
yarn Y passing therethrough as consistent as possible. 
The solid block has a first passageway 46 therein which 
extends substantially centrally longitudinally through 
the block. A second passageway 47 is also provided 
through which heated air is injected from line 31 and 
gun heater 30. A sensor 48 and a controller 49 (shown 
schematically) are preferably connected to the gun 
heater and line 31 to sense and control the temperature 
of the air entering nozzle 6. The second passageway is 
disposed at an angle with respect to the ?rst passage 
way so that the yarn passing through the nozzle will 
maintain a desired twist per inch (that is, no twist is to 
be added or taken out of the yarn as it passes through 
the nozzle and conduit) and the air will pass through 
the nozzle and conduit with a ri?ing flow. In general, 
the angle of intersection between passageways 46 and 
47 is from about 1° to about 10°, preferably from about 
1° to about 5°. 

In FIG. 5, the nozzle 11 is shown in detail. The nozzle 
thus includes a ?rst passageway 50 which connects with 
the exit end of the tubular conduit 21 (which extends 
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4 
therein) and extends substantially centrally of the noz 
zle and communicates with a second passageway 51 
which extends through the nozzle block 52 coaxially 
with the first passageway. A ridge 53 is provided within 
the nozzle block to retain tubular conduit 21 therein. 
The second passageway is of a substantially conical 
configuration and increases gradually in diameter from 
the place of junction with the-?rst passageway to a 
larger diameter at the exit end of the nozzle. Due to the 
tubular conduit 21 extending into passageway 50, the 
effective diameter of passageway 51 is greater than that 
of passageway 50 which, along with the gradual in 
crease in diameter, provides for the relief of pressure 
described previously. The nozzle also includes a third 
passageway 54 communicating with opening 55 in the 
wall of the nozzle block which connects with line 56 for 
the injection of cold air to the nozzle. The cold air thus 
contacts the hot yarn to provide substantially immedi 
ate cooling from the processing temperature, and also 
tends to set the yarn while' .in its relaxed state. 
As shown in FIG. 1,'the yarn, after passing through 

the nozzle 11, is collected in reservoir 13 of cooling 
means 12. The cooling means comprises a vertically ex 
tending hollow mesh column 60 which may be a metal 
screen with the reservoir positioned adjacent the bot 
tom of the column. The reservoir includes a plurality of 
fingers 61 interconnected at their upper extremities 
through ring 62 and extending inwardly and down 
wardly from the wall of the column intersecting cen 
trally of the column adjacent the bottom to form a col 
lecting basket. This permits yarn to accumulate in the 
reservoir and thus provide a longer cooling time before 
the yarn is wound on the rewind roll. Since the column 
is formed of a screen or mesh, the heat which would 
otherwise be trapped within the column is permitted to 
escape and more effective cooling is thus obtained. 

In FIG. 6, an integrated operation is shown in which 
yarn Y from a feed supply 65 is fed to a plurality of pro 
cessing stations through feed and pressure rolls 66 and 
67 and into the heat treating apparatus which is en 
closed within housing 68. A plurality of cooling boxes 
69 are positioned beneath the housing adjacent the 
pressure relief nozzle of each heat treating unit to re 
ceive the bulked yarn therefrom for cooling and set 
ting. An electronic control unit 70 is also associated 
with the apparatus consisting of a “master” 7] and 
“slaves“ 72 for each of the processing stations. The 
master and slave controls are interrelated with pre 
heater 73 to control the temperature of the air being 
injected into the nozzles and contacting the yarn, as de 
scribed previously. 

In FIG. 7, bulked yarn produced in accordance with 
this invention is shown, designated generally by the nu 
meral 75, comprising a plurality of substantially contin 
uous ?laments 76 which, due to bulking, extend radi 
ally of the longitudinal axis of the yarn. The bulked 
yarn of this invention is of significantly increased loft 
or bulkiness as compared with bulked yarns produced 
by previously used processes, such as the Autoclave 
process, and also has a uniformly smooth hand. the in 
creased loft and bulk can be evidenced by the increase 
in diameter of the yarn as determined before and after 
relaxing and setting. For example, 4,000 denier two ply 
polypropylene carpet yarn showed an increase in diam 
eter of approximately 30 percent which, of course, 
means that more area can be covered with the same 
yards/pound of yarn. 
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The invention will be better understood by reference 
to the following speci?c illustrative example. 

EXAMPLE 

Using the apparatus and process previously de 
scribed, 2,000 denier, 300 ?lament producer’s twist 
nylon yarn (0.5 turns/inch) was fed at a speed of 150 
yds/min. into the nozzle and convoluted tubular con 
duit. Heated air at a temperature of approximately 380? 
F. at l0 psi was injected into the nozzle and contacted 
the yarn passing therethrough. 
The tubular conduit included 14 convolutions and 

was three-eighths inch in diameter. The time required 
for the yarn to pass through the convoluted conduit was 
approximately 7 seconds. 
The pressure relief nozzle positioned at the exit from 

the convoluted tubular conduit was of the structure 
shown in FIG. 5. The ?rst passageway had a diameter 
of three-eigths inch, while the second passageway in 
creased from a diameter of three-eighths inch at the 
place of junction with the ?rst passageway to a diame 
ter of one-half inch at the exit end of the nozzle. Cold 
air at a temperature of 70° F. was injected at 8 psi into 
the pressure relief nozzle to facilitate cooling and set 
ting of the yarn. The yarn was collected in the cooling 
means shown and remained therein for approximately 
20 to 30 seconds, after which it was wound on a rewind 
roll. , 

Ten thousand yards of this yarn was produced, which 
was of signi?cantly increased loft or bulk. The yarn was 
subsequently dyed and found to be uniformly dyeable. 
It also had a uniformly smooth soft hand, and was satis 
factory in all respects for use in the production of car 
pet. 
Although the above example utilized nylon yarn, it is 

to be understood that other natural'and synthetic yarn 
may likewise be processed, including orlon, rayon, ace 
tate, polyesters, polyole?ns, etc. Similarly, yarns of var 
ious count and denier can be utilized. For the sake of 
brevity of disclosure, however, the example will not be 
duplicated herein utilizing such other yarns. 

It will thus be appreciated that the present invention 
provides apparatus and a process for producing relaxed 
and set yarn which is of increased loft and bulk, uni 
formly dyeable and of a soft and smooth hand. The ap 
paratus and process also provide for the application of 
radiant heat to the yarn which is believed to contribute 
directly to the production of such improved yarn. 

I claim: 
1. Yarn processing apparatus comprising a tubular 

convoluted conduit adapted to permit passage of yarn 
therethrough, a ?rst nozzle connected to said ,tubular 
conduit having a passageway therein communicating 
with the entrance to said tubular conduit, means com 
municating with said passageway and said ?rst nozzle 
to introduce air thereto, means associated with said air 
introduction means to heat air prior to introduction-to 
said ?rst nozzle, and a second nozzle connected to said 
tubular conduit at the exit end thereof, whereby yarn 
is permitted to pass through said ?rst nozzle and said 
convoluted conduit in a substantially relaxed condition 
with radiant heat imparted thereto, said second nozzle 
comprising a ?rst passageway communicating with said 
exit end of said tubular conduit, and means communi 
cating with said second nozzle to admit cold air thereto 
to contact hot yarn passing through said second nozzle 
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6 
to provide for cooling of such yarn and for setting'of 
the same while in a relaxed state. 

2. The apparatus of claim 1 in which said second noz 
zle includes a second passageway communicating with 
said ?rst passageway and extending coaxially with said 
?rst passageway through said second nozzle, said sec 
ond passageway having a diameter at the exit‘of said 
second nozzle greater than its diameter at the place of 
junction with said ?rst passageway. 

3. The apparatus of claim 2 in which said second pas 
sageway in said second nozzle is of a substantially coni 
cal con?guration increasing gradually in diameter from 
said place of junction to said exit from said second noz 
zle. ' 

4. The apparatus of claim 2 in which said second noz 
zle includes a third passageway intersecting said second 
passageway through which air may be injected into said 
second nozzle. 

5. The apparatus of claim 1 in which said ?rst nozzle 
comprises a solid metallic block, whereby said nozzle 
will retain heat applied thereto, with said passageway 
extending substantially centrally longitudinally there 
through, and a second passageway intersecting said 
?rst passageway at an angle and communicating with 
said air introduction means, whereby heated air may be 
introduced to said nozzle and yarn passing through said 
nozzle may maintain a desired twist per inch. 

6. The apparatus of claim 5 in which said second pas 
sageway and said ?rst passageway of said ?rst nozzle 
intersect at anangle of approximately 1° to about 10°. 

7. The apparatus of claim 6 in which said angle is 
within the range of approximately 1° to about 5°. 

8. The apparatus of claim 1 including cooling means 
positioned to receive yarn from the exit end of said 
pressure relief nozzle comprising a vertically extending 
hollow mesh column having a reservoir therein in 
which yarn may accumulate to facilitate cooling. 

9. The apparatus of claim 8 in which said reservoir 
comprises means positioned within said column ex 
tending inwardly and downwardly from the wall thereof 
to form a collecting basket adjacent the bottom of said 
column. 

10. The apparatus of claim 9 in which said reservoir 
comprises a plurality of ?ngers interconnected by a 
ring atone end thereof and extending inwardly and 
downwardly from the wall of said column intersecting 
one another and forming a collecting basket adjacent 
the bottom of said column. 

11. The apparatus of claim 9 including means to re 
move yam from said column and means positioned ad 
jacent the bottom of said column to apply tension to 
yarn being removed from said column. 

12. Yarn processing apparatus comprising a tubular 
convoluted conduit adapted to permit the passage of 
yarn therethrough, a ?rst nozzle connected to said tu 
bular conduit having a ?rst passageway therein com 
municating with the entrance to said conduit, means 
communicating with said passageway in said nozzle to 
inject air thereto, means associated with such air injec 
tion means to heat air prior to introduction to said noz 
zle, means associated with said tubular conduit to im 
part heat thereto, said ?rst nozzle comprising a solid 
metallic block to facilitate the retention of heat applied 
to said nozzle, said ?rst passageway thereof extending 
substantially centrally longitudinally therethrough, and 
a second passageway communicating with said air in 
jection means and intersecting said ?rst passageway at 
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an angle whereby yarn passing through said nozzle may 
'. maintain a desired twist per inch, and a second nozzle 
connected to the exit end of said tubular conduit, said 
second nozzle comprising a first passageway communi 
cating with said exit end of said convoluted tubular 
conduit and extending substantially centrally of said 
second nozzle and means communicating with said sec 
ond nozzle to admit cold air thereto to contact and cool 
hot yarn passing through said second nozzle. 

13. The apparatus of claim 12 in which said second 
nozzle includes a second passageway communicating 
with said ?rst passageway and extending coaxially with 
said ?rst passageway through said second nozzle, said 
second passageway having a diameter at the exit end of 
said second nozzle greater than its diameter at the 
place of junctionwith said ?rst passageway in said sec 
ond nozzle, said second passageway in said second noz 
zle'being of a substantially conical con?guration in 
creasing gradually in diameter from said place of junc 
tion with said ?rst passageway end of said second noz 
zle. - a ‘ 

14. The apparatus of claim 12 in which cooling 
means are positioned to receive yarn from the exit end 
of said pressure relief nozzle comprising a vertically ex~ 
tending hollow mesh column having a reservoir therein 
in which yarn may accumulate to facilitate cooling. 

15. The apparatus of claim 14 in which said reservoir 
comprises‘ means positioned within said column ex 
tending inwardly and downwardly from the wall of said 
column to form a collecting basket adjacent the bottom 
thereof. 

16. The apparatus of claim 1 in which cooling means 
are positioned adjacent the exit end of said second noz 
zle to receive yarn exiting therefrom. 

17. Yarn processing apparatus comprising a tubular 
convoluted conduit adapted to permit the passage of 
yarn therethrough, a ?rst nozzle connected to said tu 
bular conduit and having a passageway therein commu 
nicating with the entrance to said tubular conduit, 
means communicating with said passageway and said 
?rst nozzle to introduce air thereto, means associated 
with said air. introduction means to heat air prior to the 
introduction into said ?rst nozzle, means associated 
with said tubular conduit to impart heat thereto, and a 
second nozzle connected to said tubular conduit at the 
exit end thereof, whereby yarn is permitted to pass 
through said ?rst nozzle and said convoluted conduit in 
a substantially relaxed condition with heat imparted 
thereto, said second nozzle comprising a passageway 
communicating with said exit end of said tubular con 
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8 
duit, and means communicating with said second noz 
zle to admit cold air thereto to contact hot yarn passing 
through said second nozzle to cool such yarn and set 
the same while in a relaxed state. 

18. Yarn processing apparatus comprising atubular 
convoluted conduit adapted to permit yarn to pass 
therethrough, a ?rst nozzle connected to said tubular 
conduit at the entrance end of said conduit with a ?rst 
passageway extending substantially centrally longitudi 
nally through said nozzle and communicating with the 
entrance to said tubular conduit and a second passage 
way intersecting said ?rst passageway at an acute angle 
within said nozzle, said second passageway communi 
cating with means to introduce heated air thereto, 
means associated with said tubular conduit to impart 
heat thereto and to yarn passing through said conduit, 
and a second nozzle connected to said tubular conduit 
at the exit end thereof, whereby yarn is permitted to 
pass through said ?rst nozzle and said convoluted con 
duit in a substantially relaxed condition with radiant 
heat imparted thereto, said second nozzle comprising 
a passageway communicating with said exit end of said 
tubular conduit, and means‘ communicating with said 
second nozzle to admit cold thereto to contact hot yarn 
passing through said second nozzle to provide substan 
tially immediate cooling for such yarn. ' 

19. A process of relaxing and setting yarn comprising 
passing yarn through a‘nozzle and a tubular convoluted 
conduit connected to said nozzle, injecting heated air 
through said nozzle to contact said yarn at an acute 
angle within said nozzle to cause said yarn to pass 
through said convoluted conduit while maintaining a‘ 
desired twist per inch, imparting heat to said yarn 
within said tubular conduit, passing said yarn through 
a second nozzle connected to the exit end of said con 
voluted conduit, and contacting the heated yarn within 
said second nozzle with cold air to provide substantially 
immediate cooling for said yarn while in the relaxed 
state. , 

20. The process of claim 19 in which air is injected 
into said nozzle to intersect said yarn passing there 
through at an angle of approximately 1° to about 5“. 

21. The process of claim 19 in which said heated air 
has a pressure of about 5 to about 20 psi and said yarn 
is moving at a speed of approximately 100 to about 400 
yds/min. 

22. The process of claim 19 in which said air is at a 
temperature of approximately 200° F. to about 500° F. 
when injected into said nozzle. 

* * * * * 


