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[57] ' ABSTRACT 

A system for heat-treating a ?lament, especially for 
the bulking of yarn in which a loop of the ?lament is 
suspended in a hanging condition between a feed 
point and a take-up point by advancing the filament at 
said feed point at a rate greater than that at which the 
?lament is withdrawn at said take-up point. The loop 
is enclosed in a vertical tube substantially out of con 
tact with the vertical walls thereof and the supply of 
?lament within said tube is held substantially constant 
by controlling the relative speed at which the ?lament 
is fed and withdrawn at said points. 

13 Claims, 7 Drawing Figures 
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l 
SYSTEM FOR BULKING YARN 

FIELD OF THE INVENTION 

The present invention relates to an apparatus for 
treating a ?lament. More particularly this invention 
concerns an apparatus for heat treating a yarn to im 
part a crimp to it. In general terms, therefore, the in 
vention relates to the bulking of heat-shrinkable syn 
thetic-resin ?laments and filaments, threads, yarns, etc. 
which can be bulked by heat and/or chemical treat 
ments. 

BACKGROUND OF THE INVENTION 

In the course of production of yarn or thread several 
processes such as dying or bleaching, twisting, spin 
ning, and crimping must be carried out in quick succes 
sion to obtain a product at a commercially acceptable 
price. 
Several of these processes are often carried out with 

the aid of heat; bulking or crimping in particular relies 
on the different shrinkage rates of the several different 
kinds of ?laments in a combination yarn. For the pur 
poses of the present invention, the term bulking will be 
de?ned as any chemically and/or heat induced defor 
mation of a yarn or ?lament to increase its apparent 
volume. In general, the heating of the yarn imparts a 
crimp or curl to it by plastic-memory or simple length 
shrinkage so that the yarn occupies a greater volume 
and has a wool-like texture. 
The simplest and most common method of treatment 

involves the dyeing and sizing of the yarn right on the 
spool. In another method a so-called bulking or shrink 
ing chamber is used in which the yarn is subjected to 
steam or hot air. Such a chamber has small holes in 
both sides,‘ with the yarn being pulled continuously 
through. Such a system has one big problem, however: 
plugs of lint form at the entrance and exit holes so that 
treatment must be stopped periodically for elimination 
of these plugs and prior to removal these plugs hinder 
the normal shrinking of the yarn. ‘It has been suggested 
to eliminate the holes by passing the yarn straight be 
tween a pair of guides with a heating tube arranged be 
tween these guides. In this system it is unfortunately 
necessary to advance the yarn at a very'low speed in 
order to insure sufficient dwell time adjacent the heat. 
In addition the drive which pulls the yarn through must 
run slower than that drive that feeds the yarn in order 
to allow for shrinkage. When, as often happens, the 
characteristics of the yarn change throughout its length 
and, for example, a section of great shrinkage potential 
comes between the drives, the difference in speeds 
does not suf?ce and the yarn is broken. 7 

In another arrangement the yarn is fed over a hot 
metal plate and caused to shrink by direct contact with 
the metal. Yarn so treated develops a very harsh hand 
and is often too stiff for many uses. 

It is necessary with acrylic high-bulk yarns to treat 
them for a short period of between 0.5 and 2.0 seconds 
with heat at a temperature between 90° centigrade and 
120° centigrade. In the above processes, temperatures 
in excess of 200° centigrade are usually employed in 
order to sufficiently shrink the yarn in a short time. 
Such high temperatures often alter the overall charac~ 
teristics of the filaments treated, and completely melt 
them if, for example, the yarn advance must be stopped 
momentarily. In general, contact of the yarn with a hot 
surface, i.e. a heater, is undesirable and the mainte 
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nance of a relaxed condition of the yarn during treat 
ment is essential. 

OBJECTS OF THE INVENTION 

It is therefore an object of the present invention to 
provide an improved system for treating a textile fila 
ment. 

Another object is the provision of an improved appa 
ratus for shrinking a yarn which overcomes the disad 
vantage of the above-described apparatuses. 

It is also an object of the invention to provide an ap 
paratus for the high-speed continuous bulking of heat 
shrinkable synthetic-resin yarn which can be controlled 
with ease, provides no danger to the goods, can be used 
with yarns of different types, occupies little space, af 
fords suf?cient treatment time, and is economical to 
operate. 
A further object is to provide an apparatus which can 

process textile ?laments faster than the above 
described devices with the resultant product having a 
better quality than heretofore possible. 

SUMMARY OF THE INVENTION 

The present invention attains the above objects by 
passing the yarn or ?lament through the treatment 
chamber in the form of at least one loop hanging down 
from between a pair of guiding and driving devices. The 
distance between the two sets of rollers serving to feed 
and withdraw the yarn on opposite sides of the treat 
ment chamber is a fraction of the vertical height of the 
loop hanging down between them. Means is provided 
to direct a current of a hot ?uid down in the chamber, 
and means also is provided to detect the length of the 
loop and correspondingly adjust the speed of one or 
both pairs of rollers to maintain this length constant. 
Radiant heat, saturated steam at 100° to 250° 

centigrade, similarly heated air, superheated steam, 
' water heated to 60° to 100° centigrade, or mixtures 
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thereof can be used as the hot treatment ?uid. 
The loop can be, according to a feature of the present 

invention, a single free-hanging loop, The time the loop 
spends in the treatment ?uid can be increased by allow 
ing a length of the ?lament to build up in the base of 
the chamber while the danger that the mass will com 
pact is completely obviated. In both cases there is no 
mechanical restraint to shrinking, so that the finished 
product will be fully treated. 

In accordance with another feature of the invention 
the treatment chamber is an upright elongated sleeve 
whose upper end is arranged adjacent the feed and 
withdrawal rollers and adjacent a source of hot treat 
ment ?uid, and whose lower end is provided with the 
means for sensing the length of the loop and is con 
nected to a source of reduced pressure to draw the 
heated ?uid down. 

It is, therefore, an important feature of the invention 
to provide the treatment means in the form of an elon 
gated upright tube provided with a heating means, e.g. 
a radiant-heating surface or means for admitting a heat 
ing ?uid to the interior of the tube preferably at an in 
termediate location along its length, communicating 
with a ?lament-feed device and a filament-takeup de 
vice at its upper end. Advantageously the lower end of 
the tube communicates with a suction source. While in 
some instances it is preferred to permit the loop to hang 
downward freely (out of contact with the walls of the 
tube and any other element therewithin), it has been 
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found to be desirable to provide, in other instances, a 
loop-engaging sensor ?nger or lever to control the suc 
tion means and/or one or both of the aforementioned 
devices to regulate and maintain the loop. Alterna 
tively, the sensor may be of the optical (photocell) type 
or of the pressure type and has the same function. 
According to yet another feature of the invention the 

loop is supported, at its lower end or bight, by a perfo 
rated surface through which suction is applied to regu 
late, in part, the rate at which the accumulated portion 
of the yarn loop traverses this surface. The surface may 
be formed by a moving perforated band whose speed 
de?nes the rate at which the accumulated yarn trans 
versely crosses the interior of the tube. The band may 
form the perforated support surface for a plurality of 
such tubes, through which the yarn passes in succes 
sion. Control means for the ?lament feed and/or the 
band to control the loops may be provided for each 
such tube. 

It has been found to be desirable, in combination 
with the above features or independently thereof, to 
provide at the upper end of the treatment tube an inlet 
and outlet duct leading downwardly on opposite sides 
of the tube. The ?lament can be fed in through one of 
these ducts and is led out through the other, one of the 
ducts being connected with the source of beating ?uid. 
The other duct may serve as the return for this fluid. At 
least one of the ducts may be periodically swingable 
about a horizontal axis perpendicular to the axis of the 
tube to control the accumulation on the perforated sur 
face. 

DESCRIPTION OF THE DRAWING 

The above and other objects, features, and advan 
tages will become apparent from the following descrip 
tion, reference being made to the accompanying draw 
ing in which: 
FIG. 1 is a vertical section through an apparatus 

representing a ?rst embodiment of the present inven 
tion and adapted to carry out the method thereof; 
FIG. 2 is a side view of the ?rst embodiment; and 
FIGS. 3-7 are vertical sections through ?ve other 

embodiments of the present invention. 

SPECIFIC DESCRIPTION AND EXAMPLES 

In FIGS. 1 and 2 there is shown an apparatus wherein 
a ?lament 1 is drawn from one or both of a pair of 
spools 2 and 3 through an eye 4 by a combined feed 
guide apparatus (feed device) 6. The ?lament l is 
taken up by a withdrawal mechanism (take-up device) 
7 and wound on a spool 13. 
The feed mechanism 6 consists of a pair of rollers 5 

and 6a. The ?lament passes several times around the 
roller 5 and a small roller 5a adjacent it. A motor 25 is 
connected to a shaft 25a which in turn is connected in 
its clockwise rotational sense to the roller 6a via a one 
way override clutch arrangement 24. 
The ?lament 1 forms a loop 9 in an upright chamber 

8 provided with heat-radiating elements 8' along its in 
terior. A plurality of small guides 10 and 11 lead the ?l 
ament to the takeup device 7 which consists of a pair 
of rollers 7a and 71;, around the former of which the ?l 
ament is wound several times with interposition of a 
small wheel 7a’ as in the drive arrangement 6. A motor 
70 drives the roller 7b and a motor 12 drives the spool 
13. 
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4 
A pair of in-line apertures 8a and 8b are formed 

across the base of the vessel 8. A photoelectric eye 18 
is placed adjacent the aperture 8a and a light source 17 
adjacent the aperture 8b. The cell 18 is connected via 
an ampli?er 19 to a solenoid 20 carrying a roller 21 en 
gageable between a wheel 22 carried on a shaft 23a 
driven by a motor 23 and the roller 6a. 
Below the loop 9 there is arranged a screen 16 to pre 

vent the ?lament 1 from being drawn past a damper 15 
into a low pressure chamber 14a connected to the input 
of a blower 14, or for accommodating an accumulation 
of the ?lament as described below. 
The feed device 6 is driven at a rate that advances the 

?lament into the chamber 8 at a velocity between 0.2 
percent and 2.0 percent slower than the velocity at 
which the device 7 draws the ?lament 1 out of the ves 
sel 8 plus a percentage of this latter velocity equal to 
the average amount of shrinkage (say, 10 to 30 per 
cent). The motor 23 when connected to the roller 6a 
is adapted to override the clutch 24 and drive the fila 
ment 1 between 2 percent and 5 percent faster than the 
roller 6a does when only driven through its clutch 24 
by the motor 25. 
By way of Example, an acrylic-?ber ?lament 1 is used 

having a shrinkage of between 18 percent and 22 per 
cent the motor 7c is set to pull the ?lament out of the 
vessel 8 wherein it forms a loop 9 substantially l5 centi 
meters high at a velocity of 20 centimeters per second. 
The motor 25 is adapted to advance the ?lament into 
the vessel 8 at a velocity of 23.75 centimeters per sec 
ond while the motor 23 can advance the ?lament at a 
rate of 25 centimeters per second. The elements 8’ are 
heated to 200° C so that as the air passes down in the 
column 8 at 30 centimeters per second it beats to about 
150° C. 
As the apparatus is started a small loop 9d is formed. 

The light source 17 directs its beam at full strength on 
the photocell l8 and actuates the solenoid to urge the 
roller 21 between the rollrs 22 and 6a so that this latter 
is driven at its faster speed, 25 cm/sec. Once a loop is 
formed between the light source 17 and eye 18 the so 
lenoid 20 is deactivated and the roller 6a is driven at its 
slower speed, 23.75 cm/sec. As the lower end of the 
loop 9 tends to move up or down the solenoid 20 is ac 
tuated to keep the loop length substantially constant. 

In FIG. 3 an apparatus is shown wherein a ?lament 
30 is pulled off a spool 31 by a pair of rollers 26 driven 
by a motor 25. The ?lament 30 forms a loop in a cham 
ber 27 formed as a sleeve and provided at its interior 
with radiant heating means 27'. A spool 34 is driven by 
a roller 29 to take up the ?lament 30. A sensing ?nger 
32 engaged through the loop is connected via a circuit 
33 to the motor 25 so that when the loop shortens the 
motor 25 is speeded up to lengthen it, the ?nger 32 me 
chanically engaging the loop and actuating a micros 
witch. No means for producing a current stream is pro 
vided in this embodiment, although such means can be 
employed. Of course the circuit 33 can be coupled to 
the motor driving the takeup spool 34 and the motor 25 
can run at a constant speed if desired. In this case the 
peripheral velocity of the spool 34 would be decreased 
in order to lengthen the loop. 
FIG. 4 shows schematically a vertical treatment 

chamber 35 in which the yarn 43 is heated by saturated 
steam or with steam superheated to 180° C at 0.1 to 1 
atm gauge. At the upper end of the treatment chamber, 
there is provided a perforated annular nozzle 36 with 
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apertures 38 trained upon the path of the yarn at the 
mouth of tube 35. The nozzle is connected by a duct 37 
to a source of heated ?uid as represented by the boiler 
37 ’. The apertures 38 of the annular nozzles 36 are so 
arranged that the entire treatment tube 35 is ?lled with 
steam, the steam being drawn downwardly to the suc 
tion box 39 at the bottom of the tube. The volume of 
steam which is drawn off by suction and the velocity of 
the steam in the tube 35 can be controlled by a valve 
means represented by the 39' which is shifted in the di 
rection of arrow Z. As already described, the yarn 40 
is fed between a pair of nip rolls 41, constituting the 
feed device and disposed so that the point 41’ at which 
the loop 43 of yarn drops from the feed device, lies in 
wardly of the wall 35’ of the tube. Similarly, the point 
42' at which the pickup device 42, formed by a pair of 
nip rolls 42, lies inwardly of the wall portion 35" oppo 
site wall 35'. Thus the loop 43 is constrained to pass 
through the treatment tube out of contact with the 
walls of the latter. The peripheral speed of the takeup 
rolls 42 is, of course, 18-25 percent less than the supply 
speed of the feed rolls 41, the peripheral speed differ 
ential being maintained by control devices as described 
in any of the preceding or suceeding embodiments. A 

v perforated plate 200 can be provided in the vertical 
tube 35 to form a support for an accumulated portion 
of the yarn, if desired, and to prevent the loop from 
passing into the suction box 39 on the aperture in slider 
39. 
A more intensive treatment of the yarn over a greater 

treatment time can be obtained with the system illus 
trated in FIG. 5. In this embodiment, the vertical treat 
ment tube 46 de?nes a treatment chamber 201 above 
a butter?y ?ap 202 controlling the suction produced by 
a vacuum box 203 at the lower end of this tube. A per 
forated plate 204 is provided above the ?ap 202 for the 
reasons already described with respect to the perfo 
rated plate 200. In this embodiment, the supply means 
or feed device‘is formed by a pair of nip rolls disposed 
at a distance D from the takeup rolls 53 which is less 
than the width or diameter W of the chamber of tube 
46. The filament 45 extending downwardly without 
contact with any surface to form the loop 51, passes 
through a duct 49 reaching downwardly into the other 
wise open end of the treatment tube 46. The duct 49 
extends over a length of 0.5 to 2 in while surrounding 
the yarn, only a portion of this length being within the 
treatment tube 46. The inlet A of duct 49 is connected 
to a source of treatment ?uid, preferably saturated 
steam, supersaturated steam, heated air or water with 
a temperature of 60° to 100° C. A constriction 47 is 
provided upstream of the yarn to accelerate the flow of 
steam as it reaches the yarn and an aperture 48 is pro 
vided through which the yarn is supplied. Upon forma 
tion of the loop below the duct 49, the yarn passes 
through an analogous tube 52 which can be longer or 
shorter than tube 49 and can be used to conduct the 
treatment ?uid from the system. Thus treatment ?uid 
can be introduced through both tubes 49 and 52 and 
evacuated only by the suction box, or introduced by the 
tube 49 and removed by the suction box 203 together 
with the duct 52. 
The present invention also contemplates more pro 

longed treatment of the yarn, e.g. by the system which 
has been illustrated in FIG. 6. In this embodiment, the 
upright treatment chamber is a tube 54 in which the 
loop 205 is gathered at its bottom end and is supported 
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6 
on a perforated plate or sieve 57 to form a layer 55 of 
the yarn. At the lower end of the tube 54 is provided 
a suction box 56 adapted to apply a subatmospheric 
pressure in the space 62 between the perforated plate 
57 and the suction box. This suction which is controlled 
by a ?ap valve as shown at 202, or by the sliding plate 
63 of FIG. 6, serves to retain the yarn layer 55 against 
the plate with a friction force determined by the suc 
tion level. Depending upon the type of yarn, the gauge 
and the treatment speed, the yarn layer may include 
10-200 m of yarn. 
Into the open upper end of the treatment tube 54, 

there extends a duct 60 which, like the duct 49, is pro 
vided with a window 59 through which the yarn ex 
tends. At the mouth of the tube 58, the yarn emerges 
to form the loop 205. The duct 60 is also provided with 
an inlet 61 for saturated steam, steam superheated to 
105° to 250° C, heated air or hot water with a pressure 
of 0.1 to 1 atmosphere gauge. The distance Y between 
the mouth of tube 58 and the perforated support sur 
face 57 ranges between 2X and 4X where X is the 
length of the perforated surface. 

In the embodiment illustrated, the loop-forming 
means is controlled in response to pressure. Thus, a 
membrane capsule 55 is connected by a line 64 with 
the space 62 below the perforated surface 57. The 
membrane 65’ of the capsule is arranged to operate a 
switch 66 which, via an ampli?er 67, controls an elec 
tric motor 69 coupled to the rolls 68 of the takeup de 
vice. 

As soon as a portion of the perforated plate 57, for 
example the region 57' is covered by yarn, the ?uid en 
tering the chamber 62 is con?ned only to the balance 
of the perforated plate. The flow through the latter is 
thereby reduced. With increasing thickness of the yarn 
layer upon the perforated surface 57, the suction in the 
space 62 increases or the absolute pressure drops. Via 
the pressure controller 65, 66, 67, etc., the increased 
suction force triggers the motor 69 to accelerate the 
latter and drawing off the yarn at a faster rate, thereby 
reducing the thickness of the yarn layer. Should the 

_ loop fail to materialize at all or gradually be decreased, 

45 
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a similar pressure sensor is provided to slow down the 
motor 69. Using a conventional control point and pres 
sure controls, correcting the system at 2 to 15 opera 
tions per minute, it has been possible to compensate 
adequately the treatment time for varying shrinkage 
conditions and yarn characteristics. A constant control 
can, of course, also be provided when the contact 66 
is replaced by a potentiometer (not shown) in a stepless 
speed control circuit for the motor 69. 
For a uniform distribution of the yarn on the perfo 

rated plate 67, the tube 60 is oscillated in the direction 
of arrow V about the pivot axis U via an arm 71 bearing 
against an eccentric or cam 72 and held thereagainst by 
a spring 73. The fulcrum can, if desired, be formed by 
a bearing 70 at the junction of arm 71 with duct 60. 
A somewhat more complicated system generally sim 

ilar to that of FIG. 6, has been illustrated in FIG. 7, in 
which a number of yarns are passed through respective 
treatment tubes and/or a single yarn is passed through 
a number of treatment tubes. In this embodiment, the 
perforated surface, upon which the yarn loops are sup 
ported, includes an endless band 74 displaced upon 
conveyer rolls 75 (only one shown) driven with a pe 
ripheral speed of 0.3 to 6 mm/minute. The vertical 
treatment tubes 89, 90, etc., each mounted above an 
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opening 206, 207 of the suction box, are provided with 
aligned slits 79, 80, 81 and 82 traversed by the perfo 
rated band 74 whereby the band extends through the 
bottoms of the tubes 79, 80 above the respective open 
ing into the suction box. It is important to concepts rel 
evant to this embodiment that the yarn 83 and 84 are 
deposited upon the band 74 close to the inlet slot 79 
and 81. For this purpose, tubes 85 and 86, which ex 
tend downwardly into the treatment tubes 89 and 90 
are provided and have inlets 208, 209 through which 
the yarn enters these tubes from the feed rolls 87, 88. 
The treatment ?uid may be introduced at T and S, re 
spectively. 
The yarn 83 and 84 is led from each treatment tube 

89 or 90 via a respective takeup device 103, 104. In this 
embodiment, the takeup devices are controlled by re 
spective levers 91 and 92 whose arms 93 and 94 are 
pivotally mounted on the treatment tubes 89 and 90 
and bear respectively upon the layers of yarn 95 and 96 
carried by the band 74. The layers 95 and 96 are thus 
retained by suction against the band until the yarn con 
tacts the sensor 91, 93 or the sensor 92, 94, each of 
which is provided with a switch 97 or 98 controlling an 
amplifier 99 and 100 to operate the variable speed 
electric motors 101 or 102. The latter drive the takeup 
rolls 103 and 104. When excessive yarn accumulates 
upon the perforated band 74, the pressure upon the 
sensor 93, 94 is greater, whereby the latter adjust the 
motor to take up the yarn more rapidly and vice versa. 
Should the perforated band 94 slow down, more yarn 
will accumulate until the sensor is operated to maintain 
the yarn treatment time substantially constant. Each of 
the treatment tubes 89, 90 is provided with a nozzle 
ring 105 or 106 through which the treatment ?uid can 
be introduced. An oscillation or swinging arrangement 
of the arm 85, 86 is also possible to spread the yarn 
over the band. In the embodiment illustrated, the arm 
85 is mounted for rotation on a shaft 107 parallel to the 
band 74 so that the plane of swing is transverse. A drive 
rod 110 can be coupled to a crank pin 109 of the disk 
108 on shaft 107. As the bar 110 is vertically recipro 
cated, the duct 95 swings in a direction transverse to 
the plane of the paper. 
The invention as described above has been shown by 

way of example as applicable to the shrinking of yarn 
and the bulking thereof. The yarn may be available 
from any source, may be passed entirely through the 
system, may be used for other heat treatments, etc. 
Thus the system may be used for the stabilization of 
carpet yarns, for the ?xing of latent textures in yarns 
and may be employed together with a twisting or twin 
ing step. These and other modi?cations, readily appar 
ent to those skilled in the art, are intended to be in 
cluded in the spirit and scope of the present claims. 
We claim: 
1. An apparatus for the continuous heat treatment of 

a textile filament, especially for the bulking of yarn, 
comprising: 
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8 
a feed device for advancing a ?lament and take-up 
device for withdrawing of ?lament spaced apart to 
form a downwardly hanging free loop; 

a vertically extending tubular treatment chamber sur 
rounding said loop individually and receiving only 
a single ?lament loop; 

means for heating the single loop within said tubular 
chamber; 

means for controlling the speed of at least one of said 
devices for regulating the length of the single loop 
in said chamber; and 

suction means communicating with said tubular 
chamber at a lower end thereof for drawing ?uid 
through said tubular chamber. 

2. The apparatus de?ned in claim 1 wherein the last 
mentioned means is a suction box common to a plural 
ity of such chambers each receiving a single ,such fila 
ment loop. 

3. The apparatus de?ned in claim 1, further compris 
ing a perforated support surface below said loop and 
traversed by said ?uid whereby said fluid temporarily 
retains ?lament of said loop on said support surface. 

4. The apparatus de?ned in claim 3 wherein said sup 
port surface is a moving perforated band. 

5. The apparatus de?ned in claim 1 wherein the 
means for controlling the speed includes a sensor re 
sponsive to the bight of said loop for controlling said 
one of said devices. 

6. The apparatus de?ned in claim 5 wherein said sen 
sor is a ?nger engaging said loop. 

7. The apparatus de?ned in claim 5 wherein said sen 
sor is a photoelectric means across said chamber and 
generating a beam intercepted by said loop. 

8. The apparatus de?ned in claim 5 wherein said 
chamber is provided with a perforated support surface 
collecting a portion of said loop and said sensor is re 
sponsive to suction pressure below said perforated sup 
port surface. 

9. The apparatus de?ned in claim 5 wherein said 
chamber is provided with a perforated support surface 
collecting a portion of the ?lament of said loop and said 
sensor is a ?nger responsive to the accumulation of said 
portion of said ?lament. 

10. The apparatus de?ned in claim 1, further com 
prising a duct extending downwardly into said tube, 
said ?lament being guided through said duct. 

11. The apparatus de?ned in claim 10, further com 
prising means for introducing a heating ?uid into said 
tube through said duct. 

12. The apparatus de?ned in claim 10 wherein said 
chamber is provided with a perforated supporting sur 
face accumulating a portion of said loop, further com 
prising means for oscillating said duct across said sup 
porting surface. 

13. The apparatus de?ned in claim 10, further com 
prising another duct leading from said chamber and 
guiding said ?lament from said loop. 

* * ll‘ * * 


