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ABSTRACT OF THE DISCLOSUIRE 
Processes for crimping filaments by forcing a heated 

filament into a crimping Zone defined by an axial pas 
Sage having an upper, short, compression throat and 
lower compression chamber having a cross-sectional area 
which is about 1.2 to 2 times the cross-sectional area of 
said throat, and having a length about 2.5 to 7 times 
the length of said throat, tightly crimping said heated 
filament in said throat as the crimped filament is forced 
through said Zone, periodically discharging crimped fila 
ment from said compression chamber into a buffer space, 
and periodically drawing crimped filament from said 
buffer space. 

Related application 
This application is a division of our copending applica 

tion Ser. No. 378,488, filed June 22, 1964 now U.S. 
Patent 3,345,719 granted Oct. 10, 1967. 

Background of the invention 
Production of crimped yarn or filaments in a stuffing 

box or compression chamber, broadly, is known in the 
art. Straight yarn or filament is forced by a pair of de 
livery rolls into a chamber with a round or rectangular 
cross-section. The chamber may be closed at its opposite 
end with a shutter or the like. The yarn or filament is 
undulated and compressed in the compression chamber 
or stuffing box until the interior pressure in the chamber 
is sufficient to open the shutter or the like. All hereto 
fore known compression, crimping processes are based 
on this general principle of operation. 

In some processes, the yarn or filament is pressed into 
the compression chamber in the above described manner. 
After emergence therefrom, it is deposited without any 
or with little tension imparted to the yarn or filament. 
After the container becomes filled, the crimped yarn or 
filament is put in a fixing or setting oven, wherein the 
crimping impressed on the yarn or filament is fixed so 
that the yarn or filament retains its crimped set. 

There are also known processes for continuous crimp 
ing, in which the yarn or filament is drawn off either 
at a predetermined, constant speed or at alternating high 
er and lower speeds. In the latter case, the movements 
of the shutter or like closing device are utilized to switch 
the energization of the electric motor for the winding 
spool in brief cycles between a speed of rotation consid 
erably below the mean draw-off speed and a speed con 
siderably above the mean draw-off speed. The two speeds 
average the correct, mean, draw-off speed. 

It has been noted, however, that processes operated in 
the above described manner do not meet the demands for 
uniformity of crimping, especially in processes where 
the yarn or filaments are crimped continuously. One of 
the problems with these prior art processes is apparently 
attributable to the fact that a considerable portion of the 
pressure in the compression chambers or stuffing boxes 
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is attributable to friction between the undulated, crimped 
yarn or filament and the walls of the compression cham 
ber or stuffing box. This component of the pressure may 
be as much as 80% of the total pressure when the 
Crimped yarn or filament is static. After reaching the 
limiting static pressure, the crimped yarn or filament 
packed in the crimping chamber or stuffing box begins 
to move. The sliding friction at this stage is considerably 
less than static friction, and the effective interior pres 
Sure in the chamber or box diminishes relatively severely. 
As a result, a considerably greater portion of the material 
is ejected from the chamber or box than would be the 
case had a more uniform interior pressure been main 
tained. 
A compression chamber structurally adapted to pro 

vide low Wall friction is not, in itself, the best approach 
to Solving the problem of nonuniformly crimped yarn or 
filaments. For example, a compression chamber of the 
aforesaid character and having a shutter or the like op 
erable on build up of interior pressure in the compression 
chamber and further including a switch for speed control 
of the Winding spool motor operable by the opening and 
closing of the shutter does not completely solve the prob 
lem. This is because the yarn or filament packed in the 
compression chamber are thrust irregularly out of the 
compression chamber exit. The shutter movement neces 
Sary for operation of the switching results in a variably 
high filling of the compression chamber. The irregular 
thrusting of the crimped yarn or filament from the cham 
ber exit shifts the compression or bending points of the 
yarn or filament back and forth with respect to the dis 
tance from the contact point between the two feed rolls. 
This results in relatively great differences in length of 
crimping yarns. 

Attempts have been made in various ways to eliminate 
the disadvantage of nonuniform crimping. It has been 
proposed that the feed rate of the uncrimped yarn or 
filament and the draw-off speed of the crimped yarn or 
filament be set at a fixed ratio and left unchanged. The 
fixed amount of crimped yarn or filament is accumulated 
after exit from the compression chamber in the case of 
a correctly-Set crimping operation. The exit of the ac 
Cumulated, crimped yarn or filament is measured and 
used for operation of a servomotor to keep the yarn or 
filament accumulation relatively constant. It is readily 
recognized that, however, it is impossible to avoid fluctua 
tions in the size of the crimped yarns because the appear 
ance of Such fluctuations or deviations in such crimping 
yarns is a prerequisite to the response of the regulating 
System. Experience has shown that the initial setting of 
the device to give a uniform crimping is not attainable 
in actual practice and that such devices, therefore, must 
depend upon the correction of irregularities which have 
already occurred in the crimping operation. 

Still another type of noncompression chamber is one 
in which the yarn or filament conveyed upwardly and in 
which, instead of a weight-loaded shutter, a gear wheel 
is provided at the chamber exit. The gear wheel has saw 
teeth, the steeply pitched teeth of which are pointed 
opposite the running direction of the yarn or filament. 
The wheel is braked with an adjustable torque against 
the running direction of the yarn or filament. In this de 
vice it is not possible to eliminate the known disadvan 
tages because, in addition to wall friction with its alter 
nation between static and sliding values, there is also in 
volved the friction brake for the gear wheel. Other prob 
lems stem from the reliable regulation of the draw-off 
and from the space above the compression chamber, 
closed off by the gear wheel. The drawing off of the 
crimped yarn or filament took place directly out of the 
compression chamber, resulting in the previously de 
scribed disadvantages. It has now been found, in accord 
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ance with the invention, that a uniform crimping of yarn 
or filament can be achieved essentially by the combina 
tion of two measures. First, the effect of the wall friction 
between the wall of the compression chamber and the 
filament crimped therein under pressure of the feed of 
filament by the feeding mechanism must be kept at a low 
proportion to the total resistance of the compression 
chamber on the crimped filament or yarn. The propor 
tion of the wall friction to the total resistance should be 
kept below about 20%. Second, the crimping must be 
carried out so that draw-off of the crimped filament di 
rectly from the compression chamber must be avoided 
in order not to vary the degree of filling of the compres 
sion chamber by yarn or filament in an uncontrollable 
aC. 

Brief description of the invention 
The invention pertains to stuffing box-type crimping 

wherein a straight or uncrimped yarn or tow is fed into 
and initially crimped in a short compression throat, forced 
into a compression chamber having a larger cross-section 
than the cross-section of said compression throat, peri 
odically discharged from said compression chamber into 
a buffer space and periodically withdrawn from said buf 
fer space by a winding device synchronously operated at 
alternating winding speeds. 

Briefly, the invention provides for the feed of un 
crimped yarn or filament, preferably by opposed feed 
rolls, into a short compression throat. The compression 
throat preferably is round in transverse cross-section and 
has a diameter adapted to the delivery rolls. After the 
compression throat, in which the filament or yarn is 
crimped by continuous feed under pressure of the un 
crimped yarn or filament by feed rolls, the crimped yarn 
or filament enters a compression chamber, at least the 
upper portion of which is preferably also round in trans 
verse cross-section. This cross-section of the compression 
chamber is larger than the cross-section of the compres 
sion throat, i.e., about 1.2 to 2 times the cross-section of 
said throat. The enlarged cross-section of the compression 
chamber is utilized to reduce wall friction between the 
compression chamber and the crimped yarn of filament 
to a low value. It has been observed that good results can 
be achieved within a range in which the ratio of the throat 
diameter to the diameter of the immediately following, 
upper portion of the compression chamber is between 
about 1:1.1 and 1:2, respectively. The length ratio of 
the length of the compression throat and the compres 
sion chamber should be between about 1:2.5 and 1:7, 
preferably between 1:3.5 and 1:5, respectively. 
By these measures, the yarn or filament bent in the 

compression throat in undulating fashion enters the en 
larged compression chamber having on its exit end a 
shutter with means biasing the shutter toward closed 
position. The shutter preferably is a diagonally extending 
plate with pivot means, and the shutter bias is preferably 
a weight biasing the shutter toward closed position. The 
shutter bias is the principal component of force resisting 
discharge of the crimpled filament from the compression 
chamber. As a result, the crimped filament or yarn 
emerges uniformly from the compression chamber and 
has, as a consequence, a uniform crimping. 

Following the compression chamber, there is provided 
a hollow space, i.e., an axial passage, in which the 
crimped yarn or filament is accumulated upon discharge 
from the compression chamber. The crimped yarn or 
filament accumulates in the buffer space, closed at its exit 
end by a second shutter until the weight of the accumu 
lated crimped yarn or filament in the buffer space opens 
the second shutter. When the second shutter opens, it 
actuates a microswitch operatively connected in the elec 
trical circuit of multi-speed drive motor driving the takeup 
spool or winding tube for the crimped yarn or filament. 
In this arrangement, the switch actuated by the second 
shutter can easily be adjusted so that the buffer space 
following the compression chamber remains essentially 
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4 
constantly filled to a predetermined degree The level of 
filling fluctuates only slightly. 

With respect to the loading of the two shutters, it has 
been found that the degree of crimping is dependent only 
on the pressure build-up in the compression chamber and 
compression throat. The loading of the second shutter 
is kept at a low value so that retroactive effect into the 
compression chamber is avoided as far as possible. This 
keeps the mechanism from operating in a manner where 
in, in effect, the crimped yarn or filament is drawn directly 
from the compression chamber. The pressure applied by 
the second shutter on the yarn or filament movement 
therethrough should be at least about equal to 20% of 
the weight of the yarn or filament mass lying in the buffer 
space above the second shutter, and it must be, at most, 
about 10%, if possible not more than about 2% to 5%, of 
the bias load on the first shutter for the compression 
chamber. 

It is advantageous in some cases, for the increase of 
torque acting on the second shutter under given loading 
conditions, to provide an arcuate bend at the free edge 
of the second shutter to move the engagement point of 
the yarn or filament lying on the shutter downwardly as 
far as possible. Also, it is preferred that the second shut 
ter should strike a rib or lug on the wall opposite to the 
wall on which the second shutter is hinged. This struc 
ture aids in preventing slippage of the crimped yarn or 
filament from the buffer space, even in the case of rela 
tively widely opened shutters. This lug can be formed 
integrally in the wall of the buffer space, but it can also 
be a cylindrical rod, which is seated and secured in a 
groove in said wall. 

Description of the drawings 
The invention, and its objectives and advantages, will 

be further appreciated from the following description of 
the preferred embodiment of the invention, which is il 
lustrated in the drawings wherein: 
FIG. 1 is a side elevation, partly in cross-section, of 

a device for continuous crimping and constructed in a 
manner previously described; 

FIG. 2 is a schematic view of a crimping operation 
from feed of uncrimped filament to winding of the 
crimped filament and utilizing the crimped device of FIG. 
1; and 
FIG. 3 is a schematic view of a circuit diagram for 

the electrical circuit of the winding tube drive motor 
and the microswitch operated by shutter movement. 

Referring to the drawings shown in FIG. 1, uncrimped 
yarn or filament 10 is gripped by the nip of opposed, 
oppositely rotating feed rolls 11 and 12 and fed into 
the crimping device 13 below the feed rolls. The crimp 
ing device 13 comprises a hollow member providing axial 
passage therethrough. The upper portion of the device 
13 has a compression throat 14, preferably round in 
transverse cross-section with its upper, open end closely 
fitted with relation to the feed rolls 11 and 12 and ex 
tending as far as possible toward the nip of the feed 
rolls. Following the short, compression throat 14 is a com 
pression chamber 15 also preferably round in transverse 
cross-section and larger in diameter or cross-sectional 
area than the diameter or cross-sectional area of the 
compression throat 14, as previously described. The axial 
passage 16 through compression device 13 thus provides 
the compression throat 14 and compression chamber 15. 
The lower end of the compression device 13 is fixedly 

mounted in the upper end of the member 17 having an 
axial passage therethrough and communicating with the 
lower end of compression chamber 15. The axial pas 
Sage preferably is rectangular in cross-section, the upper 
portion 18 of which lies over shutter 19. 
The shutter 19 comprises a diagonally extending shut 

ter plate 21 lying diagonally across and substantially 
filling the axial passage in the member 17. In the wall 22 
of the member 17 is a cut out segment 23, along the up 
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per edge of which extends the pin 24. The hub 25 of 
the shutter 19 is pivotally mounted on the pin 24 whereby 
the shutter plate 21 is pivotable. An arm 26 extends 
radially from hub 25 outwardly from the member 17. 
The arm 26 has an upwardly extending pin 27 on which 
is removably seated a hollow, cylindrical weight 28. The 
torque arm provided by arm 26 and weight 28 con 
stitutes a bias means for biasing the shutter plate 21 
toward closed position to close off the compression cham 
ber 15 and the extension thereof defined by the upper 
portion 18 in member 17. 
The portion 29 of member 17 below the shutter plate 

21 defines a hollow, buffer space in which crimped yarn 
is accumulated after the latter has passed the shutter 
plate 21. During operation of the crimping apparatus, 
crimps 31 are formed initially in the throat 14 in con 
tinuous fashion. Filament crimps 32, which have passed 
from throat 14 into the compression chamber 15, are 
pushed against shutter plate 21 by pressure of continuous 
feed of filament to and through compression throat and 
compression chamber. Wall friction between the filament 
portion having crimps 32 in the compression chamber 
15 is at a low value. The pressure operating against the 
upper surface of the shutter plate 21 is resisted primarily 
by the bias of torque arm 26 and weight 28. When this 
pressure opens the shutter 19 sufficiently to allow filament 
to pass out of the compression chamber past the shutter 
plate, it accumulates in the buffer space 29, which pref 
erably is of rectangular cross-section. 
The lower part of the buffer space 29 has a second 

or regulating shutter 33 comprising a shutter plate ex 
tending diagonally downwardly across the lower end of 
the buffer space 29. The upper edge of the shutter 33 is 
pivotally mounted in the upper edge of the space 35 of 
wall 36 by the pin 34. The lower, free edge of the shutter 
plate preferably seats against a rib 37 having a rounded 
contour. In the illustrated case, the rib 37 is a cylindrical 
rod fixedly seated in a semicylindrical, transversely ex 
tending groove in the lower edge of wall 22. 
The regulating shutter 33 has only a light spring bias 

urging it to closed position, i.e., the light bias of the 
actuator arm 43 of microswitch 42. The bias urging 
shutter 33 toward closed position is substantially less 
than the bias on shutter 19, as has been previously de 
scribed. 

Microswitch 42 is positioned adjacent the second shut 
ter 33. The microswitch is illustrated diagrammatically 
in the drawings inasmuch as the structure of the micro 
switch per se does not constitute a part of the invention. 
Many known microswitches are suitable for the purpose 
herein described. Microswitch 42 has an actuator arm 43 
operatively connected to the switching component of the 
microswitch. The outer end of the actuator arm 43 may 
have a roller mounted thereon, which roller bears against 
the under surface of the shutter 33. 
The microswitch has at least two switching positions, 

one of which is closed when shutter 33 is in closed posi 
tion as shown in FIG. 1. The other switching position is 
closed when the shutter 33 opens a predetermined 
annount. 
The arm 43 of the microswitch may be resiliently biased 

so that it presses the shutter toward closed position. In 
such case, it is preferred that there be provided with 
the resilient bias on the arm 43 means for adjusting the 
degree of bias so that the bias on the shutter 33 is ad 
justable. 
The lower, free edge of the shutter 33 preferably is 

curved to present the convex surface facing the rib 37. 
The advantage of such structure has been described 
previously with regard to keeping the portion 46 of the 
crimped filament from falling out of the lower end of 
the buffer space even when the shutter 33 is in a rela 
tively widely opened position. 
The microswitch 42 is electrically connected by a cir 

cuit 47 with the electrical circuit for the motor 48. The 
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6 
motor 48 is a multi-speed electric motor, the speed-con 
trolling circuitry of which is controlled by the micro 
Switch 42. This allows the motor 48 to drive the wind 
ing 49 on the rotatably driven winding tube or spool 50 
at at least two different rates of rotation. The slower 
rate of rotation occurs when shutter 33 is closed and the 
faster rate of rotation occurs when shutter 33 moves a 
predetermined amount away from closed position under 
the urging of the weight of accumulated yarn or filament 
in bufferspace 29. 
The overall crimping operation is illustrated diagram 

matically in FIG. 2 wherein uncrimped yarn or filament 
is drawn off wound spool 51 through a thread brake of 
known construction and over a roller or bar 53. The yarn 
or filament passes over or around a heating plate 54 on 
which yarn or filament 10 is heated at the desired temper 
ture. The yarn then passes through a feed tube 55 into the 
nip of the draw rolls 11 and 12. The yarn or filament is 
forced through and crimped in the device previously de 
scribed and exits from the lower end of the buffer space 29 
under the control of the shutter 33, which is drawn onto 
the winding 49 at rates depending upon the position of 
the shutter 33, as previously described, over a series of 
deflection rollers 56, around the roller 57 of a finishing 
bath 58 and over a deflection roller 59 onto the winding 
49 of the crimped filament, 
The two speed control of motor 48 may be achieved 

by using a variable speed motor, the rate of revolution 
of which is variable in accord with the frequency of the 
alternating current supplied thereto. The circuit of FIG. 
3 shows a simple type of circuit for controlling the speed 
of motor 48 through microSwitch 42. Current of one fre 
quency is supplied through current main 60 and cur 
rent of another frequency is supplied through current 
main 61 to switch contact points 63 and 62, respectively. 
Movable switch element 64 is moved between these 
points by the link 65, which in turn is linked to actuator 
arm 43. The particular current supplied to motor 48 via 
switch element 64 and current main 66 depends upon 
which of contact points 62 and 63 is contacted by the 
movable element 64. The microswitch is oriented so that 
the current frequency which drives the motor 48 at the 
faster speed is supplied thereto when the shutter 33 is 
open and the current frequency which drives the motor 
at the slower speed is supplied thereto when shutter 33 is 
closed or approximately closed. If desired, the current 
mains 60 and 61 can be connected to a switchover de 
vice such as a relay or relays (not shown), which relay is 
connected by a separate circuit to microswitch 42 where 
by the current for motor 48 passes through the relay 
Switches and not the microswitch 42. The relay switches 
are opened and closed in response to the opening and 
closing of the Switch element 64 and contact points 62 
and 63. 
The yarn or filament is continuously drawn from the 

buffer space 29 at one or the other speed. The shutter 33 
constantly moves back and forth during the process. 
With the bias of actuator arm 43 on the shutter 33 in 
proper balance to achieve the correct mean draw-off 
speed of the crimped filament or yarn from the buffer 
space 29, the buffer space remains filled, within narrow 
limits, to the desired degree and thereby prevents retro 
action against the functioning of the crimping operation 
proper in the compression throat and compression 
chamber. 
A specific example of the crimping process of the in 

vention follows. Nylon 66 yarn (linear polycondensate 
of adipic acid and hexamethylene diamine) having the 
denier 1000/72/0, Y profile, is looped about the heating 
plate 54, which is maintained at about 160° C. The yarn 
is fed by feed rolls 11 and 12 to the crimping device illus 
trated in the drawings at about 600 meters per minute. 
The crimped yarn is drawn from the buffer space, under 
the control of shutter 33 as aforedescribed, at a faster 
speed of 570 meters per minute and a slower speed of 



3,398,223 
7 

470 meters per minute. The load on shutter 21 is 300 
granS. 
The invention is hereby claimed as follows: 
1. A process for uniformly crimping a filament which 

comprises forcing a heated filament into a crimping 
Zone defined by an axial passage having an upper, short, 
compression throat and lower compression chamber 
having a cross-sectional area which is about 1.2 to 2 
times the cross-sectional area of said throat, and having 
a length about 2.5 to 7 times the length of said throat, 
tightly crimping said heated filament in Said throat as 
the crimped filament is forced through said Zone with 
the friction between the wall of the compression chamber 
and the filament crimped therein being below about 
20% of the total resistance of the compression chamber 
on the crimped filament, periodically discharging crimp 
ed filament from said compression chamber into a buffer 
space, and drawing crimped filament from said buffer 
space while periodically opening and closing the lower 
end of said buffer space by a shutter operated essentially 
by the weight of crimped filament in said buffer space 
with the pressure applied by the shutter on the filament 
movement being at least about 20% of the weight of 
the filament mass in said buffer space. 

2. A process as claimed in claim 1 wherein the lower 
end of said compression chamber is periodically opened 
and closed by a shutter. 

3. A process as claimed in claim 1 wherein said crimp 
ed filament is wound at a greater winding speed while 
said shutter is open than when said shutter is closed. 

4. A process for uniformly crimping a filament which 
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comprises forcing a heated filament into a crimping Zone 
defined by an axial passage having an upper, short, com 
pression throat and a lower compression chamber, tight 
ly crimping said heated filament in said throat as the 
crimped filament is forced through said Zone with the 
friction between the wall of the compression chamber 
and the filament crimped therein being below about 20% 
of the total resistance of the compression chamber on 
the crimped filament, periodically discharging crimped 
filament from said compression chamber into a buffer 
space, and periodically drawing crimped filament from 
said buffer space when a shutter at the lower end there 
of is opened by the weight of crimped filament therein 
with the pressure applied by the shutter on the filament 
movement being at least about 20% of the weight of 
the filament mass in said buffer space while simultane 
ously winding said crimped filament exiting from said 
buffer space at a greater winding speed while said shut 
ter is open than the winding speed of said crimped fila 
ment when said shutter is closed. 
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