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57 ABSTRACT 

A process for false-twisting a yarn, which comprises 
passing a continuous filament yarn through the fric 
tional engaging surface of two frictional rotors of the 
same diameter which face each other with the rotary 
shafts not being on the same axis and rotate in oppo 
site directions to each other, wherein the yarn is fed to 
the frictional engaging surfaces at a speed of at least 
500 meters per minute and imparted a tension defined 
by the following formula 

0.85>F>6.35 x 10-4V - 0.100 
wherein F is the tension of the yarn in grams per 
denier, and V is the speed of feeding the yarn in 
meters per minute, 
in a twisting zone, and then the yarn is withdrawn 
from the frictional engaging surfaces. 

8 Claims, 8 Drawing Figures 
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1. 

PROCESS FOR FALSE-TWSTING A YARN 

This invention relates to a process for false-twisting 
a yarn stably at high speed by passing a continous yarn 
such as multifilaments (to be referred to simply as 
yarn) between the frictional engaging surfaces of two 
frictional rotors of the same diameter opposing each 
other and rotating in opposite directions to each other. 
A method has previously been known in which a yarn 

is introduced between contact surfaces (this will often 
be referred to as engaging surface hereinafter) of two 
frictional rotors of the same diameter rotating in oppo 
site directions to each other (U.S. Pat. No. 3,156,084 
and Japanese Patent Publication No. 1467/65). 

It is generally thought that these frictional falsetwist 
ing methods can be operated at very high speed. But 
investigations have shown that the operational stability 
of the method is poorer than has been previously imag 
ined (this tendency is especially pronounced in the high 
speed processing, and false-twisting itself becomes im 
possible), and uniform crimped yarns cannot be ob 
tained. These false-twisting methods are different from 
the frictional false-twisting method (for example, Jap 
anese Patent Publication No. 234.8/58) which has gen 
erally been used in that a yarn is held between the fric 
tional engaging surfaces of two frictional rotors to 
thereby deliver and false-twist the yarn at the same 
time. Therefore, in a high speed operation in which the 
processing speed is at least 500 meters/min., it is ex 
tremely difficult to twist a yarn to a degree desired for 
crimped yarns and at the same time deliver the yarn in 
a stable condition. These frictional methods, however, 
have the characteristic that as compared with the 
above-mentioned frictional false-twisting method, a 
yarn is not bent at the twisting portion. This character 
istic has an effect of reducing the formation of fuzzes 
in a high speed operation. 

It is an object of this invention to provide a process 
for false-twisting a yarn at a speed of more than 500 
meters per minute with reduced yarn breakage by pass 
ing a yarn between the frictional engaging surfaces of 
two frictional rotors opposing each other and rotating 
in opposite directions to each other. 
The above object of the invention can be achieved by 

a process for false-twisting a yarn which comprises 
passing a yarn between the frictional engaging surfaces 
of two frictional rotors of the same diameter, the rotors 
opposing each other and rotating in opposite directions 
to each other, and the rotating axes of the two rotors 
being not on the same axis, wherein the yarn is fed to 
the frictional engaging surfaces at a rate of at least 500 
meters per minute, exerting a tension defined by the 
following expression 

0.85 d F, d6.35 x 10'V - 0.100 
wherein 
F is the tension of the yarn. (gr/de), and 
V is the rate of feeding the yarn, 

on the yarn in a false-twising zone, and withdrawing the 
yarn from the frictional engaging surfaces. 
The rate of feeding the yarn as mentioned herein is 

the speed of a yarn to be fed to frictional rotors which 
advances in a helical fashion. In the case of a non 
stretchable yarn, this yarn speed is almost the same as 
the speed of the yarn at feed rollers located upstream 
of the frictional rotors. When the yarn is stretchable, 
the rate of feeding the yarn ( or yarn speed) can be 
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2 
measured at withdraw rollers where the yarn is with 
drawn under a tension (usually, about 0.1 g/d) required 
to remove the crimping of the yarn upon withdrawing 
from the frictional rotors. 

In the conventional false-twisting processing at a rel 
atively low speed, the number of rotations of the yarn 
per minute is at most 1,200,000 to 1,500,000 r.p.m. 
(300 to 400 meters per minute) in the direct twisting 
method (for instance, Japanese Patent Publication No. 
21494/65) utilizing frictional rotors or a method (for 
instance, U.S. Pat. No. 3,156,084) in which a yarn is 
false-twisted by holding the yarn between two frictional 
rotors rotating in opposing directions to each other, 
and 600,000 rpm (150 meters per minute) in the spin 
dle method. 

Furthermore, in the conventional false-twisting 
methods, it has been considered best to process a yarn 
at the lowest possible tension (for example, 0.1 gr/de 
to 0.15 grfde) for the purpose of reducing yarn break 
age. 

Investigations have been conducted the determine 
the factors which render the processing unstable, and 
led to the discovery that the greatest factor is the gener 
ation of an extraordinary tension on the yarn at the 
twisting point of a false-twister due to balooning of the 
yarn, which tension renders the twisting action non 
uniform, and causes a stress concentrating point in the 
twisted yarn to an extent of yarn breakage. 

it has been found that contrary to the previous con 
cept of processing tension, the yarn can be false-twisted 
stably with reduced yarn breakage by removing the ba 
looning of the yarn utilizing a high stretching zone of 
the yarn. Thus, it has been found that in order to re 
move such balooning, the yarn is processed at a yarn 
speed of at least 500 meters per minute while maintain 
ing a tension F in the twisting zone at a value defined 
by the following empirical formula 

0.85 d Fd 6.35 x 10-4V - 0.100 
wherein 
F is the tension of the yarn (gride), and 
V is the speed of the yarn (meters/min). 
If the tension F in the twisting zone is higher than 

0.85 grfde, breakage of the yarn due to the twisted 
structure of the yarn tends to occur, although the ba 
looning of the yarn does not take place. Also, fuzzes 
tend to occur, and there are extremely frequent yarn 
breakages. On the other hand, if F is below 6.35 x 
10V - 0.167, the balooning of the yarn occurs occa 
sionally at random, and when balooning occurs, the 
yarn rarely returns to the original state, which in turn 
may result in yarn breakage. 
Very superior false-twists can be imparted to the yarn 

when the twisting tension F is defined as follows: 
0.70 a F, d 6.35 x 10-4V - 0.100 

The yarn breakage can be reduced as compared with 
the ordinary false-twisting operations. 
The invention will be further illustrated by reference 

to the accompanying drawings in which: 
F.G. 1 is a schematic view showing one example of 

the false-twisting step according to the invention; 
FIG. 2 is a graphic representation showing the rela 

tionship among the twisting tension, withdrawing ten 
sion, and the number of fuzzes formed; 
FIG. 3 is a view illustrating the components of the pe 

ripheral speed of frictional rotors used in the invention; 
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FIG. 4 is a perspective view showing one example of 
a liquid removing nozzle used in the invention; 
FIG. 5 is a view showing the cooling method for fric 

tional rotors in the present invention; 
FIG. 6 is a sectional view of the twisting portion of a 5 speed of yarn (meters/min.) 

false-twisting device used in the invention; 
FIG. 7 is a sectional view of the false-twisting device 

used in the invention, in particular a fixed disc using ra 
dial ball bearings; and 
FIG. 8 is a sectional view of the false-twisting device 

used in the invention, in particular a freely-movable 
disc using a pneumatic bearing. 
Referring to FIG. 1, yarn Y leaves a bobbin 1, and fed 

by a feed roller 3 pressed by a press roller 2. It is heat 
treated by a heater 4, and after passing guide 5, is false 
twisted by frictional rotors 6 and 7 whose surfaces are 
covered with rubber. The yarn is then withdrawn by a 
withdraw roller 10 via a guide 9, and wound up on a 
package 12 by means of a winder 11. The reference nu 
meral 13 represents a wool-like cord, one end of which 
is connected to a tank 14 containing liquid inert to the 
yarn, and from the other end of which the liquid is fed 
to the surfaces of the frictional rotors 6 and 7. 
A nozzle for removal of the liquid is designated at 8, 

and is adapted to blow off the liquid contained in the 
yarn by air. The yarn is false-twisted while being held 
by the engaging surfaces of two opposing frictional ro 
tors of the same diameter rotating in opposite direc 
tions to each other. 
The twisting of the yarn is imparted between the fric 

tional rotors 6 and 7 and the feed roller 3 (to be termed 
a twisting zone). The tension of the yarn in the twisting 
zone is controlled mainly according to the speed of the 
frictional rotors, and the interaxial distance between 
the rotors. Delicate control can also be made by vary 
ing the contact pressure between the yarn and the 
heater 4, or the withdrawing speed of the withdraw rol 
er 10, 
The lower limit of the tension of the yarn in the twist 

ing zone at which tension the balooning of the yarn is 
removed, and the false-twisting operation becomes sta 
ble was examined for various speeds using an apparatus 
of the type shown in FIG. 1 under the conditions shown 
in Table 1. In this experiment, the lower limit of tension 
at which false-twisting could be performed for 30 hours 
without yarn breakage was defined as the lower limit of 
tension for stable processing. The results obtained are 
shown in Table 2. It is seen from the results that at a 
processing speed of at least 500 meters per minute, a 
tension of at least 6.35 x 10V - 0.100 is required. 

TABLE 1. 

Yarn: Polyethylene terephthalate, 75 denier/24 fila 
ments 

Diameter of the rotors: 90 mm 
Material of the frictional rotors: Polyurethane rubber 
with a hardness of 55 

Interaxial distance of the rotors: 48 mm 
Contact pressure of the rotors: 25 Kg 
Inclined angle of the rotors: 1 
Inert liquid: water, 300 cc/min. 
Length of the heater: 2m 
Temperature of the heater: 

300 meters/min. or less 220 C. 
400 meters/min. 223° C. 
500 meters/min. 226 C. 
600 meters/min. 230 C. 
700 meters/min. 235° C. 
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800 meters/min. 240 C. 
900 meters/min. 245 C. 
1000 meters/min. 250° C. 

TABLE 2 

Lower limit of tension for 
stable processing (grams) 

50 6-10 
100 6-10 
150 6-10 
200 6-10 
250 6-10 
300 t0-12 (5-20) 
400 10-12 ( 15-20) 
500 16 (6) 
600 21 (2i-22) 
700 25 (25) 
800 30 (30-31) 
900 35 (35-36) 
1,000 40 (40) 

The tension was measured between the heater 4 and 
the guide 5 of FIG. 1 by means of an electron tension 
meter (product of Roschild Company, Switzerland). 
The figures in the parentheses show the detwisting ten 
sion of the yarn. 

It is seen form the results obtained that the lower 
limit of tension required for false-twisting a yarn stably 
at a speed of 500 meters per minute or more is far 
higher than that required for false-twisting the yarn at 
lower speeds. 
Furthermore, under the conditions shown in Table l, 

the yarn tension for stable processing is between 35 and 
64 g at a yarn speed of 1,000 meters per minute. In this 
case, the number of rotations of the yarn reaches as 
much as 3,200,000 rpm. As one example, when a two 
spindle machine was operated for a total of 2,520 hours 
at a processing speed of 1,000 meters per minute using 
a tension of 45 + 2 g, six yarns were broken during this 
time, and this means that per yarn breakage, the pro 
cessing was continued for 420 hours. This is compara 
ble to the conventional false-twisting operation in 
which an average time needed for one yarn breakage 
is 400 hours. In the conventional wooly processing, the 
tension at the twisting zone is 7: 1 g, and at such a ten 
sion, the processing speed is at most 400 meters per 
minute. According to the process of the invention, a 
processing speed unexpected from the conventional 
methods can be attained. Thus, the processing can be 
made at extremely high speeds. 

In order to demonstrate further that according to the 
process of the invention, stable twisting can be per 
formed at a yarn speed of at least 500 meters per min 
ute, processability was examined using an apparatus of 
the type shown in FIG. 1 at varying tensions of the yarn 
in the twisting zone and at varying yarn speeds between 
500 and 1,000 meters per minute. The conditions and 
the results obtained are shown in Table 3. 

TABLE 3 

Speed of yarn 
(metermin.) Twisting tension (grams) Processability 

500 16 (16) 
12 (2-4) 
10 (10-12) 
less than 8 (8) 

600 21 (21-22) 
16 (16-18) 
14 (4-15) 
less than 12 ( 2) 

700 25 (25) 
21 (2-23) 
19 (19-21) 



S 
less than 17 (19) 

800 30 (30-31) 
26 (26-28) 
24 (24-25) 
less than 22 (22) 

900 35 (35-36) 
31 (31-33) 
29 (29) 
less than 27 (27) 

OOO 40 (40) 
36 (36) 
34 (34) 
less than 32 (32) 

The processability was evaluated on a scale of three 
stages in which: 
O shows there was no yarn breakage for more than 

30 hours; 
A shows yarn breakage occurred in 10 minutes to 30 

hours; and 
X shows yarn breakage occurred in less than 10 min 

utes or processing totally failed. 
It has been found that by employing the above 

mentioned tension, the balooning the yarn can be elim 
inated, and a stable twisting can be performed, but that 
the resulting crimped yarn has considerable fuzzes. 

lf the occurrence of fuzzes can be prevented, this 
high speed processing method is most desirable from 
the viewpoint of the quality of the product also. There 
fore, this point was furthered in our research and devel 
opment work. As a result, it was found that the twisting 
tension should be within the range of from 0.85 to 
(6.35 x 10V- 0.100), and by rendering the withdraw 
tension lower than the tension within this range, a sta 
ble false-twisting operation and the prevention of 
fuzzes become possible. 
The relation among the tension F of yarn in the 

twisting zone, the tension F of yarn being withdrawn 
from the frictional rotors, and the number of fuzzes 
formed is shown in Table 4. The yarn used was a poly 
ethylene terephthalate yarn (75 denier/24 filaments), 
and processed under the conditions shown in Table 5. 
The apparatus used was a 12-spindle machine, and the 
evaluation of the results was made with respect to 300 
kg of the yarn for each set of the conditions employed. 

TABLE 4 

F(gr) F(gr) Speed of withdraw Number of fuzzes 
rollers (meters/min) (per million 

meters) 
46 50 040 837 
46 44 030 28 
45 36 O2O 5 
45 30 O5 5 
45 25 OO 4. 
45 20 1008 4. 
45 O 1000 3 

TABLE 5 

Frictional rotors: 90 mm in diameter, made of poly 
urethane rubber having a hardness of 55; 
interaxial distance 52 mm; contact pressure, 3.0 
kg; counter angle of inclination 1 

Inert liquid: 300 cc/min. of water 
Yarn feed rate: 1000 meters/min. 
Length of the heater: 2 mm 
Temperature of the heater: 250° C. 
The tension in the twisting zone was measured at a 

place between the heater and the frictional rotors, and 
the withdraw tension, between the guide 9 and the 
withdraw roller 10. The measurement of the tensions 
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6 
was performed using an electronic tension meter 
(product of Roschild Company, Switzerland). The 
measurement of the number of fuzzes was made using 
a fuzz detector (product of Kasuga Electric Co., Ltd.), 
and the number of fuzzes per million meter of the yarn 
was counted while maximizing its sensitivity. It is seen 
from Table 4 that when the withdraw tension F is 
larger than the tension F in the twisting zone, the oc 
currence of fuzzes becomes remarkable abruptly, and 
a crimped yarn of good quality cannot be obtained. On 
the other hand, if the tension F is smaller than the ten 
sion F1, the occurrence of fuzzes is reduced, and a very 
good crimped yarn is obtained. 
Table 6 shows the tension F of yarn in the twisting 

zone, the withdraw tension F of yarn, and the number 
of fuzzes formed in the processing of a nylon 6 yarn (70 
denier/34 filaments) under the conditions shown in 
Table 7. It is seen from the table that for good results, 
the tension F of yarn in the twisting zone should be 
smaller than the withdraw tension F. 

TABLE 6 

Yar Yarn 
feed withdraw F. F, Temper- Number 
speed speed (gr) (gr) ature of fuzzes per 
(neters/ (meters! the heater million 
min.) min.) (°C) meters of 

the yarn 

480 522 26 28 90 68 
57 25 17 90 13 
512 25 O 190 8 
SO4 24 7 90 4. 

720 773 32 34 200 34 
767 3. 28 200 32 
760 3. 17 200 l 
748 30 O 200 8 

TABLE 7 

Frictional rotors 
diameter: 82 mm 
material: nitrile rubber with a hardness of 52 
interaxial direction: 33 mm 
contact pressure: 0.7 kg 
counter angle of inclination: 1 

Inert liquid 
water 160 cc/min. 

Length of the heater 
1.5 m 
The relation among the withdraw speed, the tension 

F in the twisting zone, the tension F in the withdraw 
ing Zone, and the extent of occurrence of fuzzes is 
shown in FIG. 2 with respect to a polyethylene tere 
phthalate yarn (75 denier/24 filaments) processed at a 
yarn feed speed of 800 meters per minute under the 
conditions shown in Table 8. It is seen from FIG. 8 that 
the number of fuzzes changes greatly beyond the inter 
sectiong point of the curves representing F and F, and 
that in the false-twisting process of the present inven 
tion, tension F should be larger than the tension F. 
Furthermore, in order to reduce the number of fuzzes 
remarkably it is preferred that the withdraw tension F, 
should be not more than 80 percent of the twisting ten 
sion F. 

TABLE 8 

Frictional rotors diameter: 90 mm 
material: polyurethane with a hardness of 55 
interaxial distance: 48 mm 
contact pressure: 2.5 kg 
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counter angle of inclination: 1 
Inert liquid: water 300 cc/min. 
Yarn feed rate: 800 meters/min. 
Length of the heater: 2m 
Temperature of the heater: 240°C. 
As shown above, in the false-twisting method using 

frictional rotors, different from the conventional spin 
dle false-twisting method, the occurrence of fuzzes can 
be reduced only when the withdraw tension F2 is lower 
than the tension F of the twisting zone. 

If the withdraw tension F is reduced to below 0.05 
g/d, complicated interlacings are formed in the individ 
ual filaments which constitute the crimped yarn, and 
when such yarn is woven into a fabric, the feel of the 
fabric is rough. Therefore, it is possible to obtain a 
woven fabric which has a different feel from that of a 
woven fabric made of ordinary crimped yarns. 
According to the present invention, therefore, the 

processing can be performed at high speed of more 
than 500 meters per minute and in a stable condition, 
and it is possible to obtain a crimped yarn of reduced 
fuzzes by such a high speed processing. 
As previously mentioned, the tension of the twisting 

zone can be maintained within the range required of 
the present invention by mainly controlling the rotation 
speed of the frictional rotors and the interaxial distance 
between the two frictional rotors. It has been further 
discovered that when the rotation speed of the fric 
tional rotors and the interaxial distance between the 
two frictional rotors satisfy the following relation with 
respect to the yarn, greater improvements can be 
achieved in the stability of twisting operation and the 
occurrence of fuzzes. 

V/Yarn twisting speed (AD) = V/( V. De arr) = 
O.7-0.9 

( ) 

V/Yarn feeding speed (AC) = V/(eTr) = 1.05-1.40 
(2) 

wherein 
D is the diameter of the frictional rotors, 
e is the interaxial distance between the frictional ro 

tors (0,0), 
r is the speed of rotation of the frictional rotors, and 
V is the speed of the yarn. 
In other words, in order to perform the false-twisting 

process of the invention effectively using frictional ro 
tors made of rubber with a hardness of 40-70, the 
ratio of the yarn speed to the yarn twisting speed should 
be 0.7-0.9, and the ratio of the yarn speed to the yarn 
feeding speed should be 1.05-1.40. These require 
ments should be met simultaneously. 

If the ratio of the yarn speed to the yarn twisting 
speed is less than 0.7, the twisted yarn assumes a state 
near the so-called double twist (also called kink twist) 
because of excessive twists. In particular, when the 
yarn speed is above 500 meters per minute, there is a 
tendency toward yarn breakage in the twisting part, 
and stable processing cannot be performed. If the ratio 
of the yarn speed to the yarn feeding speed exceeds 0.9, 
the usually desired number of twists are not imparted, 
and the resulting yarn has a reduced value as crimped 
yarn. 
On the other hand, if the ratio of the yarn twisting 

speed to the yarn feeding speed is in the range of 0.7 
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8 
to 0.9, but if the ratio of the yarn speed to the yarn 
feeding speed (AC) is smaller than 1.05, the tension F, 
of the yarn in the false-twisting zone becomes higher 
beyond 0.85 grfde, and there is a frequent breakage of 
yarn. If the ratio is larger than 1.40, the yarn tension F, 
in the false-twisting zone becomes smaller than (6.35 
X 10V.- 0.100). Thus, similarly to the case of exces 
sive twist, yarn breakage at the twisting portion be 
comes frequent, and stable processing cannot be per 
formed. 
Japanese Patent Publication No. 16748 discloses that 

the ratio of the yarn speed to the surface speed of a 
twisting tube is optimum at 0.5 to 0.9. Tracing experi 
ments show however that this relation holds true with 
yarn of less than 75 denier at a speed of up to 300 me 
ters per minute. At a higher speed above 300 meters 
per minute, especially more than 500 meters per min 
ute, the number of twists becomes a maximum at the 
above ratio in the vicinity of 0.7. This number is less 
than 85 percent of that actually required, and it has 
also been confirmed that fuzzes occur frequently, and 
good processing cannot be expected. Furthermore, 
with a yarn of 150 denier, the speed ratio of 0.54 is an 
optimum value as shown in the above-mentioned Jap 
anese patent. On the other hand, in the present inven 
tion, the optimum value is obtained at a yarn speed 
/yarn twisting speed of around 0.80. This demonstrates 
that the false-twisting method shown in the above Jap 
anese patent differs in twisting action from the fric 
tional false-twisting method of the present invention. 

In the practice of the process of the invention, the 
frictional surfaces of the frictional rotors 6 and 7 are 
preferably wetted with a liquid inert to the yarn which 
is fed from the tank 14 through the wool-like cord 13. 
This prevents the frictional rotors from stick slipping or 
burning during high speed processing operations, and 
stable high-speed twisting can be performed. At this 
time, the yarn undergoes a considerable twisting mo 
ment on the engaging surfaces, and its physical struc 
ture tends to be changed greatly. Therefore, the liquid 
used for the above-mentioned purpose should be inert 
to the yarn so that is does not extremely deteriorate the 
physical and chemical properties of the yarn during 
processing. Typical examples of the liquid include wa 
ter, aqueous solutions containing textile finishing oils 
(for example, antistatic agents, or lubricants), or liquid 
textile finishing agents. 
Such a liquid is applied to the engaging surfaces of 

the two frictional rotors so that at least that part where 
the yarn comes into contact with the rotors becomes 
wet. The application can be effected by a method 
shown in FIG. 1. Also, it can be effected by a method 
wherein the liquid surface of a liquid reservoir tank is 
pressed by pressurized air, and the liquid or air contain 
ing the liquid is jetted out from a nozzle, or a method 
wherein a liquid level in a tank is utilized, or a method 
in which the liquid is sprayed by a sprayer. 
The crimped yarn obtained from a false-twisting ap 

paratus in such a state contains excessive amounts of 
the above liquid. When an excessive amount of liquid 
is contained in the crimped yarn, the moisture plasti 
cizes the yarn wound up on a bobbin, and with the pas 
sage of time, the amount of crimps is reduced. Further 
more, the liquid contained in the yarn wound up on a 
bobbin evaporates gradually or diffuses into other sub 
stances, and therefore, the liquid content of the yarn 
decreases. When the selling and buying of yarns are 
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conducted on the basis of weight, the liquid content 
fluctuates. In order to maintain the liquid content of 
the yarn at a constant or reduce it to nearly zero, an ad 
ditional moisture-controlling step or drying step be 
comes necessary, and the significance of reducing the 
cost by processing at high speed will be lost. 
Where a heater is provided at the rear of the false 

twisting apparatus to re-set the yarn (in the case of pro 
ducing a heat-stabilized yarn), the efficiency is poor if 
a liquid is adhered to the yarn, and also unevenness 
tends to occur. Furthermore, if the bobbin is a paper 
tube, it becomes wet and broken. Furthermore, molds 
are formed to deteriorate the quality of the yarn to a 
marked extent. Therefore, it is necessary to remove the 
excessive liquid contained in the crimped yarn. 
The crimped yarn tends to contain liquid more than 

ordinary filament yarns, and the rate of yarn travel is 
high. It is therefore difficult to remove the liquid within 
a very short time, that is, over a short distance in the 
machine. The liquid could not be removed sufficiently 
by a method in which a rotary body having a diameter 
of not more than 20 mm is rotated at a speed of more 
than 5,000 rpm, and the liquid is thrown off by a cen 
trifugal force by winding the yarn around the rotary 
body several tens of times, a method wherein the yarn 
is passed through two squeeze rolls to throw off the liq 
uid, a method wherein the yarn is heat-treated on a 
heating roller, or a method wherein the liquid is re 
moved by passing the yarn through a heater. 

It has now been found that by impinging a high speed 
air flow against the yarn between the false-twisting de 
vice and the take-up device, the detrimental liquid ad 
hered to the yarn can be removed in a very small space. 
Specifically, by passing the yarn through a nozzle 8 for 
compressed air as shown in FIG. 1, a tubulent or swirl 
ing flow of high speed air flow having a sonic speed or 
a speed near semisonic speed acts on the yarn at right 
angles thereto or in parallel therewith, and the liquid 
adhering to the individual fibers is thrown away, thus 
wiping away all liquid drops. 

FIG. 4 shows one example of the pressurized air jet 
ting nozzle used-in the present invention. The refer 
ence numeral 1 represents a main body 1; 2 and 3, 
yarn-passing slits; and 4, a pressurized air pipe. By the 
pressurized air fed from the pipe 4, the liquid adhering 
to the yarn Y is thrown away. 
By using the above-described nozzle, compressed air 

is jetted out from a jet pipe in the nozzle, and collides 
directly with the yarn travelling along the yarn path. If 
the pressure of the compressed air is low, the effect of 
blowing away the liquid is poor, and if the pressure is 
too high, the liquid is violently blown off, but the effi 
ciency becomes low. Furthermore, the liquid removing 
action differs somewhat according to the diameter of 
the jet pipe or the angle of the jet pipe to the axis of 
yarn. 
As the pressure of compressed air suitable for the ob 

ject of the present invention, pressures of at least 0.5 
Kg/cm gauge can be used. If the pressure is below 0.5 
Kg/cm gauge, the liquid contained in the interior of 
the yarn cannot be removed. Most desirably, a com 
pressed air jet pipe with a diameter of at least 1.0 mm 
(area of at least 0.8 mm) is used for compressed air of 
at least 2 Kg/cm gauge. 

In the nozzle used in the present invention, the diam. .. 
eter of the yarn path 2 is effectively at least five times 
and up to 100 times the diameter of the yarn. If the di 

O 

5 

O 
ameter of the yarn path exceeds 100 times the diameter 
of the yarn, irregularities occur in the action of blowing 
off the liquid. For practical purposes, the yarn path has 
a diameter of 0.5 to 10 mm. It is desirable that the sec 
tional area of the air jet pipe is not more than two times 
the area (generally the sectional area of the yarn path) 
of the nozzle to discharge air. If the area of the jet pipe 
becomes large, the effect of blowing off the liquid is 
low as compared with an increased rate of flow of air. 
The angle between the jet pipe and the yarn axis 

(yarn path) is between 20 to 160 C. As the air stream 
to be jetted out against the direction of yarn travel be 
comes stronger, the effect of removing the liquid be 
comes higher. The jet nozzle for air may be merely an 
opening (circular or non-circular shapes) provided in 
the yarn path, or provided annularly along the circum 
ference of the yarn path. 
Compressed air may be heated. When compressed 

air is heated, the effect of drying by heat adds to the air 
20 jetting effect, but an additional step of heating is re 
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quired. 
The position of fitting the nozzle may be at any place 

between the frictional rotor and the wind-up device. 
The position between the rotor and the delivery device 
is convenient for a machine having the delivery device 
since the delivery device is not contaminated. For ease 
of passing the yarn, slit-like notches may be provided 
in the yarn path. It is possible to swirl the air flow by 
providing the jet nozzle eccentrically to the axis of the 
yarn path, but in this case, care should be taken not to 
provide the slit-like notches in a position to make the 
yarn deviate from the yarn path. 
The stick slipping and burning of the contact surfaces 

of the frictional rotors can also be prevented by posi 
tively cooling the engaging surfaces. The resulting yarn 
has some crimp irregularities (fully allowable for lim 
ited applications), but the level of crimps and the high 
speed of processing are comparable to the above 
mentioned wet method. In addition, the scattering of 
the liquid can be avoided, and the liquid does not ad 
here to the yarn. This method is a very good false 
twisting method in operability and handling from the 
industrial standpoint. 
The positive cooling of the yarn holding surfaces of 

the frictional rotors is conveniently performed by the 
method shown in FIG. 5 in which compressed gases 1 
and 1' are jetted out at high speed. As the gas, the use 
of air is generally economical. Air is first compressed 
by a compressor, and if possible, cooled to the greatest 
possible extent, and then jetted out from a nozzle at a 
place as close as possible to the surfaces 2 and 2' of the 
frictional rotors. If the nozzle is of a small opening, 
more than one nozzle can be provided at intervals 
within an allowable range on the circumferential sur 
face of the frictional rotor, which surface does not 
overlap the opposing frictional rotor. Furthermore, the 
shapes of the jet openings of the nozzle may be made 
slit-like on the circumference which does not overlap 
the opposing frictional rotor. The pressure and the 
amount to be jetted out of air are selected according to 
the material of the surfaces of the rotors, the pressure 
of contact between the frictional rotors (to be referred 
to as contact pressure), the speed of rotation, and the 

65 shape and number of the nozzles. Usually, the pressure 
of the air is at least 0.5 Kg/cm gauge, and the amount 
of air is at least 10 Nl/min. Compressed air may be used 
after having been cooled. . . . 
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In the process of the present invention, the yarn is ro 
tated while being held between the engaging surfaces 
of two frictional rotors. In order to rotate the rotors 
while firmly securing the yarn, the yarn holding sur 
faces of the rotors are desirably made of rubber having 
a hardness of 40 to 70. The hardness of rubber is mea 
surrod with a spring-type hardness tester, in accordance 
with the specifications of JIS-K-6301-1962 (Physical 
testing method of vulcanized rubber). 
The surface, shape and thickness of the frictional ro 

tors that hold the yarn affect the quality of the yarn and 
operability especially during high speed rotation. 
Where the frictional rotors are rotated at high speed, 
the material of the frictional rotors at the outermost pe 
riphery is extremely deformed by a centrifugal force, 
and the condition of holding the yarn changes from that 
at the time of holding it in a stationary condition, re 
sulting in reduced yarn holding power and yarn twisting 
power and accordingly an unstable operation. 

In order to obtain stable holding power and twisting 
power at the time of high-speed operation, it is pre 
ferred that the thickness of the rubber with a hardness 
of 40 to 70 should be 0.5 mm to 5 mm. Furthermore, 
the rubber should be bonded firmly to a substrate sec 
ond to the rotary shaft. It is also possible to increase the 
thickness of rubber beyond 5 mm and provide a rein 
forcing outer wheel on the periphery of the substrate 
and the rubber. In the case of providing the reinforcing 
outer wheel, rubber is made to extend beyond the end 
of the outer wheel by 0.5 to 5 mm. FIG. 6 shows afric 
tional rotor in which an outer wheel is provided on the 
periphery of the substrate and rubber. In FIG. 6, annu 
lar substrate 2, and 2' are fixed to the ends of rotary 
shafts 1 and 1' by nuts 3 and 3". To the surfaces of the 
annular substrates 2 and 2', rubbery elastomers 4 and 
4' are attached, to thereby form frictional rotors 5 and 
5'. In order to prevent the deformation of the rubbery 
elastomers 4 and 4' at the time of rotation in contacting 
relation, outer wheels 6 and 6' are secured. Preferably, 
the rubbery elastomers have a hardness of 40 to 70. 
Yarn Y travels in the direction of the arrow, and is 

twisted and detwisted. Letter D indicates the thickness 
of the rubbery elastomer from the adhering surface of 
the frictional rotor or from the mold surface, and d 
designates the projecting thickness from the outer 
wheel 4 to the surface of the frictional rotor material. 

It has been well known that the thickness of a fric 
tional sustance of a frictional rotor from the adhering 
surface differs at its outermost circumference accord 
ing to the hardness of the frictional substance. It has 
been found that the upper limit of thickness D is deter 
mined by a space above the apparatus, and with regard 
to the twisting, it appears to be about 50 mm; but that 
the lower limit of thickness D greatly affects the twist 
ing and yarn stringing. If the thickness of the frictional 
substance is less than 0.5 mm, the adhering surface of 
the metal exerts a great influence, and the modulus of 
elasticity of the frictional substance apparently de 
creases, which in turn results in a reduced holding 
power of the yarn. 
As to the projecting thickness d, it has generally been 

thought that larger thicknesses d are preferred by rea 
son of increased number of uses. However, it has been 
found that when the thickness d is increased, the pro 
jection of the outermost periphery becomes greater 
with high speed rotation, and yarn breakage occurs in 
several hours. The limit of thickness is therefore 5 mm. 
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12 
The requirement that this thickness should be 0.5 to 

5 mm will be specifically explained with reference to an 
example. In this example, a 200-denier polyethylene 
terephthalate yarn is processed at a yarn speed of 450 
meters per minute using frictional rotors whose diame 
ters are 90 mm, and whose interaxial distance is 50 
mm. The hardness of rubber on the rotors is 60. 
A. When processing was performed using the appara 

tus shown in the drawings in which the thickness d from 
the outer wheel was 6 mm and the thickness of the rub 
bery substance D was 10 mm, yarn breakage occurred 
in 10 hours. Thereafter, the outermost circumference 
was deformed in the outside direction, and it was no 
longer possible to string the yarn. 

B. When in the processing shown in (A), the thick 
ness d was changed to 0.3 mm, fuzzes were formed fre 
quently and yarn breakage occurred to make it impos 
sible to continue the processing. This is because the 
two rotors were pushed with some force in the thrust 
direction, and the yarn held between them was rubbed 
with the outer wheel. 
C. When in the processing shown in (A), the distance 

d was changed to 1 mm, the yarn stringing became 
easy, and the time required for yarn breakage was ex 
tremely prolonged, which made it possible to produce 
bulky crimped yarns of high quality. 
D. When the processing was performed without the 

outer wheel while adjusting the thickness D from the 
adhering surface to 0.3 mm, sufficient elastic force for 
holding the yarn could not be obtained, and it was im 
possible to string the yarn. Even if the hardness of the 
rubbery substance is reduced, the deformation was 
great because of high speed rotation, and the yarn 
stringing was impossible. 

E. When the process was performed while adjusting 
the thickness D from the adhering surface to 10 mm 
and the projecting thickness d from the outer wheel to 
3 mm, the twisting operation could be performed stably 
and uniformly, and bulky yarns of high quality could be 
obtained. 
The results obtained are shown in Table 9. 

TABLE 9 

Thick- Thick 
ess ESS Time that 
D d elapsed 

State until 
(nm) (nm) breakage 

of yarn 
(hours) 

20 O Large bulging of the outer- - 
most circumference, and yarn 
stringing impossible 

20 8 Yarn breakage occurred in s 
several hours, and there 
after, yarn stringing was 
impossible 

O 6 Yarn stringing possible, but 100 
stability of tension poor 

O 5 Processing possible, twist- 500 
ing stable, high quality 
yarn obtained 

O 4. Processing possible, twist- 500 
ing stable, high quality 
yarn obtained 

O 3 Processing possible, twist- 500 
ing stable, high quality 
yarn obtained 

10 2 Processing possible, twist- 500 
ing stable, high quality 
yarn obtained 

O Processing possible, twist- S00 
ing stable, high quality 
yarn obtained 

O O.S Processing possible, twist- 500 
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ing stable, high quality 
yarn obtained 
Yarn stringing possible, 
yarn contacted the outer 
wheel, considerable fuzzes 
Yarn stringing impossible 
Large bulging of the outer 
most circumference, and yarn 
stringing impossible 

0.3 100 

0. 

without 
Outer 
wheels 

6.0 Yarn stringing possible, but OO 
stability of tension poor 
Processing possible twist 
ing stable, high quality 
yarn obtained 
Processing possible twist 
ing stable, high quality 
yarn obtained 
Processing possible twist 
ing stable, high quality 
yarn obtained 
Yarn stringing possible, but 
stability of tension poor 
Yarn stringing impossible 

S.O 500 

1.0 500 

0.5 500 

0.3 200 

O. 

It is seen from Table 9 that stable processing be 
comes possible when the thickness from the mold face 
is at least 0.5 mm, and the projecting thickness from 
the outer wheel is from 0.5 to 5 mm; and the time that 
has elapsed until the breakage of yarn was greatly in 
creased. 

In the present invention, one of the two frictional ro 
tors may be a fixed disc capable of being rotated in the 
circumferential direction but completely free of gap in 
the axial direction by such means as double nuts; the 
other rotor is rendered rotatable both in the circumfer 
ential and bearing directions. At this time, the move 
ment of one disc in the bearing direction can be per 
formed by the following mechanisms. 
A. Using a radial ball bearing, the disc is made to 

slide between the disc shaft and the inner lace. 
B. Using a radial ball bearing, the disc is made to silde 

between the outer lace and the bearing housing 
C. The disc shaft is supported by an air bearing, and 

made to float completely. 
With regard to (A), the following were confirmed as 

a result of a 6-month operation. 
If the clearance between the inner lace and the disc 

shaft, the shaft rotates between them. If a proper clear 
ance is provided between them, no trouble occurs for 
practical purposes. It is however necessary to apply a 
suitable lubricant such as grease always between the 
inner lace and the shaft. 
With regard to (B), troubles do not occur for practi 

cal purposes. But depending upon the clearance be 
tween the outer lace and the bearing housing, the shaft 
does not fit straight into the bearing, and the bearing 
becomes heavy. 
The method shown in (C) does not require lubrica 

tion, and there is substantially no resistance with regard 
to the movement in the axial direction. Thus, this is the 
most ideal supporting method, and there is little devia 
tion among the spindles. 
When an air bearing is not used, solid or liquid fric 

tion occurs between the shaft and the bearing, and it is 
necessary to increase the urging pressure accordingly. 
In the case of using a multiple of spindles, there is a dif 
ference in the variation of frictional resistance, and the 
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resulting products differ in quality although not to an 
extent such as experienced in the case of fixing both 
shafts. Furthermore, in order to render the friction uni 
form, some lubricating means is always required in 
order to avoid solid friction. 
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On the other hand, the use of an air bearing render 

the shaft afloat by a film of air, and therefore the fric 
tional resitance becomes a gas friction. The resistance 
is very low, and there is substantially no difference 
among the spindles. Furthermore, the life of the shaft 
is prolonged. 

If only one of the disc shafts is rendered freely mov 
able, the following advantages can be obtained. 
That is, if one of the shafts is fixed, and the other is 

allowed to move freely, and if the disc on the fixed shaft 
is swayed, the other disc shaft moves and matches the 
swaying of the swaying disc. Therefore, the yarn can be 
maintained always at an equal contact pressure, and 
the deviation in the quality of yarn is reduced. 
But when both of the shafts are fixed, the above 

mentioned advantages cannot be obtained, and the 
swaying of the discs on both shafts are more empha 
sized. Consequently, the contact pressure varies, and 
deviation in the quality of yarn is caused. 
The above will be explained with reference to the 

drawings. In FIG. 7, the reference numerals 1 and 2 
represent discs which consist of discs of the same diam 
eter rotating in mutually opposing directions. They 
contact each other and deliver the yarn 3 while nipping 
it therebetween, and imparting twists to the yarn at the 
same time. 
The disc 1 is secured to the disc shaft 4 and sup 

ported by radial ball bearings 5 and 6, and clamped to 
the disc shaft in the axial direction by double nuts 7 and 
3 and thus fixed without a clearance there between. In 
FIG. 8, the reference numeral 9 is a disc shaft on the 
free-moving side, and supported by bearings 0 and 11. 
The bearings are made of an alloy such as phosphor 
bronze, and 10 to 20 small holes 2 and 13 are pro 
vided in a radial fashion at a place in contact with the 
disc shaft 9. A bearing housing 14 includes channels 15 
and 16 at places corresponding to the small holes 12 
and 13 provided in the bearings 10 and 11. Compressed 
air openings 17 and 18 are connected to these channels 
through the outer circumference. Compressed air pro 
vided by pipes 9 and 20 is supplied to these holes from 
outside. 
A radial ball bearing 21 is secured to the end of the 

disc shaft 9, and supported by a bearing housing 22. A 
piston 23 is in contact with the bearing housing 22 
through a rubber cushion at the foreward end. A cylin 
der 25 receives compressed air from the pipe 26, and 
urges the piston 23 against the bearing housing 22. A 
lever 27 is integral with the bearing housing 22, and 
comes in contact with the cylinder 25 through a spring 
28. A hole 29 is provided in the cylinder housing, and 
when the lever 27 reaches this position, the spring acts 
to separate the discs from each other and fix them. 
When it is desired to twist the yarn, compressed air 

is first supplied from pipes 19 and 20 to make the disc 
shaft float. The lever 27 is pushed down, and air is 
sucked from the hole 29. In this condition, compressed 
air is fed from the pipe 26, whereupon the piston 23 
pushes the disc shaft 9 on the left via the ahaft housing 
22, and ruges the disc 2 against the disc 1. Since the 
disc shaft is completely afloat by the compressed air, 
there is substantially no resistance in the axial direc 
tion, and compressed air acting in the compressed air 
pipe 26-directly acts on the disc 2 through the disc shaft 
9. 
As one example of such an apparatus, the outer di 

ameter of the disc was adjusted to 100 mm, the diame-.. 
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ter of the disc shaft, 20 mm, the number of holes pro 
vided in the bearings, 10, and the air pressure on the 
bearing, 5 Kg/cm. The false-twisting condition of a 
yarn was examined with the pushing pressure of the 

16 
using compressed air having a pressure of at least 0.5 
kg/cm, the liquid content could be reduced to less than 
4 percent, and at 2 kg/cm, the liquid content could be 
reduced to 0.5 percent, and that good crimped yarns 
same as commercially available crimped yarns could be disc maintained at 3 Kg, the yarn speed at 600 meters/- 5 

min., and the speed of rotation of the disc shaft at 2,400 
rpm. The contact pressure was hardly changed, and it 
was possible to conduct the twisting operation stably. 
The invention will now be described by the following 

Examples. O 

produced. 

EXAMPLES 1 to 1 

Polyethylene terephthalate yarn(PET for short) and 
nylon 6 yarn (N for short) were false-twisted by the 
false-twisting apparatus shown in FIG. I. The frictional 
rotors used were made of nitrile rubber with a hardness 
of 52 (Examples-1 and 2), polyurethane rubber with 
a hardness of 55 (Examples 3, 4, 5 and 6). The thick 
ness of the rubber was 6 mm. A reinforcing outer wheel 
was provided around the substrate and the rubber, and 
the projecting thickness of the rubber from the fore 
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TABLE 12 

Liquid 
Pressure of air content Deformation of 

Sample (kg/cm gauge) (%) paper tube 
No. 

I - 15 deformed 
II 0.5 4 slightly wet 
II l 2 slightly wet 
IV 2 0.5 one 
V 4. O Oe 

EXAMPLE 13 

A 70 denier/24 filament nylon 6 yarn was processed 
under the conditions shown in Table 13 using frictional 

ward end of the outer wheel was adjusted to 3 mm. 
The contact pressure between the two frictional ro 

tors was 3 kg, and the engaging surfaces between the 
frictional rotors were wetted with water. The length of 25 
the heater was 2 m. 
The results are shown in Table 10. 

rotors of nitrile rubber having a hardness of 52, and 
was made into stockings. The products were of almost 
the same quality as that of the commercial grade arti 
cle. 
On the other hand, when cooling was stopped in the 

same procedures violent generation of heat between 
TABLE 10 

Frictional rotor 
Temper 

Yarn Yarn Inter- False With- Number ature 
speed Yarn Twisting feed Diam- axial twisting draw of of 

Example (m.| denieri speed speed eter Speed distance tension tension twists Process- heater 
No. min.) filament ratio ratio (mm.) (r.p.m.) (mm.) (gr.) F. (gr.) F (gr.) F, ability (C.) 

5()() N 70/24 ().7 40 82 3,070 37 27 20 3,100 Cood. 190 
500 N ()0/48 73 37 82 3,020 35 38 5 2,200 (()()d. 200 
8()() PET 75124 78 .24 90 4,250 48 40 20 3,200 Cood. 220) 
8()() PET 75124 8 1.23 15() 2.5()() 83 4. 23 3,200 (()(). 24() 
()()() PET 75124 86 6 150 305() 87 46 22 3, S() (()()d. 25() 
800 PET 150/3() 78 24 90 4,250 48 60 25 2,600 (i()(). 265 

500 N 70/24 65 1.40 82 3,300 34.6 12 12 3,350 Poor. 190 
500 N 70/24 .95 1.30 82 2,540 48.5 66 30 2,300 Poor. 190 
800 PET 75124 78 1.00 90 4620 55 70 15 2,800 Poor. 240 
800 PET 75124 78 1.50 90 4,100 4.5 24 22 3,200 Poor. 240 
800 PET 75124 60 1.45 90 4,750 36.9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Poor. 240 

EXAMPLE 12 the rotors took place at a processing speed of 50 meters 
A 75 denier/24 filament polyethylene terephthalate 

yarn was processed by the apparatus shown in FIG. 1 
under the conditions shown in Table 1 1. 

TABLE 11 
50 

per minute, and the surface of the rubber was fused. 

Material of rubber 
Outer diameter of the frictional rotor 
Inner diameter of the frictional rotor 30 mm 
Interaxial distance 
Hardness of rubber (JIS) 
Contact pressure 
Length of heater 
Temperature of the heater 
Number of twists 
Yarn feed speed 
Yarn withdraw speed 
Speed of the rotation of the frictional 
Otot 
The amount of liquid used 
Liquid 
Air jet opening diameter of the liquid 
removing nozzle 

nitrile rubber 
90 m 

48 mm 
529 

0.65 kg 
1.5 m 

240° C. 
3150 T/M 

800 meters/min. 
824 meters/min. 

4350 rpm 60 

55 

0.1 liters/min. 
Water 

1.5 mm 

65 
The liquid content of the yarn with the pressure of 

the compressed air varied between 1 to 4 kg/cm is 
shown in Table 12. It is seen from the table that by 

TABLE 3 

Outer diameter of the frictional rotors 82 mm 
Interaxial distance 30 nm 
Contact pressure 0.7 kg/cm 
Length of the heater .5 m 
Temperature 90° C. 
Yarn speed 400 meters/min. 
Ratio of the feed speed and withdraw 0.94 
speed of yarn 
Speed of rotation of the frictional 
rotors 
Cooling method 

6.65 X yarn speed 
(m/min.) rpm 
gas jet method 

shown in FIG. 5 
gas: air 

pressure: 3 kg/cm’ gauge 
flow rate: 200 N liter/min. 

What is claimed is: 
1. A process for false-twisting a yarn, which com 

prises passing a continuous filament yarn through the 
frictional engaging surfaces of two frictional rotors of 
the same diameter, said rotors facing each other with 
the rotary shafts not being on the same axis, said rotors 
rotating in opposite directions to each other and at 
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least the engaging surfaces of said frictional rotors are 
wetted with a liquidinert to the yarn, wherein said yarn 
is fed to said frictional engaging surfaces at a speed of 
at least 500 meters per minute and imparted a tension 
defined by the following formula 

0.85 a F, a 6.35 x 10- V - 0.100 

wherein 
F is the tension of the yarn in grams per denier, 
and 

V is the speed of feeding the yarn in meters per 
minute, 

in a false-twisting zone, the yarn being fed to the engag 
ing surfaces of the frictional rotors at a feed speed 
which simultaneously satisfies the following two condi 
tions: 

1. the ratio of the yarn feed speed to the speed con 
ponent (AD) of the peripheral speed of the fric 
tional rotors in the yarn twisting direction is from 
0.7 to 0.9, and 

2. the ratio of the yarn feed speed to the speed com 
ponent (AC) of the peripheral speed of the fric 
tional rotors in the yarn delivering direction is from 
1.05 to 1.40; 

and withdrawing the yarn from the frictional engaging 
surfaces. 

2. The process of claim 1, wherein the yarn is with 
drawn from the frictional engaging surfaces at a with 
draw tension lower than the tension of the yarn in the 
falsetwising zone. 

3. The process of claim 2, wherein the yarn is with 
drawn from the frictional engaging surfaces at a with 
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draw tension of not more than 80 percent of the tension 
of the yarn in the false-twisting zone. 

4. The process of claim 1, wherein the yarn which has 
passed through the engaging surfaces wetted with an 
inert liquid and has been withdrawn in the wet state 
from said engaging surfaces is subjected to the blowing 
of an air stream to thereby remove the inert liquid from 
said yarn. 

5. The process of claim 1, wherein each of said fric 
tional rotors is constructed of a substrate fixed to a ro 
tary shaft, with a rubbery elastomer secured to said 
substrates, said rubbery elastomer having a hardness of 
40° to 7O and a thickness of 0.5 mm to 5 mm. 

6. The process of claim 5, wherein each of said fric 
tional rotors is constructed of a substrate fixed to a ro 
tary shaft, a rubbery elastomer secured to said sub 
strate and having a hardness of 40 to 70, and a rein 
forcing outer wheel provided around the substrate and 
the rubbery elastomer, said rubbery elastomer project 
ing from the forward end of said outer wheel by 0.5 to 
5 mm. 

7. The process of claim 5, wherein one of the fric 
tional rotors has its rotary shaft secured to a bearing so 
that the bearing surface can be slided in the axial direc 
tion, and the other is supported by a bearing so that its 
rotary shaft does not substantially slide in the axial di 
rection. 

8. The process of claim 1, wherein the tension im 
parted to the yarn is defined by the following formula 

0.70 a F, > 6.35 x 104V - 0.100 
wherein F and V are as defined above. 

s 


