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ABSTRACT :

Yarn tension during manufacturing has a large influence on  the
processing efficiency, yarn properties, and hence on fabric character-
istics. In this work the dynamic yvarn tension on Two-far-one twister
was investigated and the effect of various parameters on the dynamic
yarn tension were studied.

A test set-up unit was built to simulate the Two-for-one twister,
so0 the effect of spindle speed , winding wvelocity and feed package
dimensions on dynamic yarn tension was investigated.

it was A{found that the varn tension at the eye slightly changed when
the spindle speed increased up to 3500 r.p.m.. The yvarn tension was
higly affected by the increase in spindle speed above 5500 r.p.m.. It
was also found that the wrap angle changed when Lhe feed conditions in
terms of feed package dimensions, spindle tension and winding wvelacity

were changed to mentain a constant yarn tension a%t the eye. The
increase of productivity of the Two-for-ocne twister causes an increase
in the varn tension at the eve. Statistical amalynis was carried out

to Tind the effect of the various paranciers oo

yarn  Lension and to
verify the experimental resulbts.

1. INTRODUCTION

The main Featurs of the Two-for-one wisting
insertion of two turns of twist in the yarn or =sach
spindle. Figure (1) shaws the principle of y -rn

machinz is  the
revolution of the
trnnsting an  the Two-
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for—-one .twister. The yarn from the stationary feed package (1) passeos
through the eye of the flyer arm (2) to the top of the hollow spindlea
(3). Then, it passes through the hollow spindle under tension which i«
supplied by the tension device (4), inside the hollow spindle. The
amount of tension depends on the running conditions. At  the
bottom of the spindle, the yarn is turned 90 and then passes through
a hole in the storage disc (35). & certain length of yarn is wrapped on
the storage disc. The yarn forms a balloon (6). between the hole (5)
and the. guide (7). When the storage disc rotate, the yarn inside the
hollow spindle rotates araund its own axis to insert the first turn of
twist. The second turn of twist is inserted in the yarn as it leavs
the storage disc befare forming the balloon. The twisted yarn passes
aver the over—feed roller (8) to the winding head (9).

The amechanics of the Two—for-one twister was studied by many
researchers /1,2,3,7 and B/ who found that, the unwindipg yarn tension
and tensian variation are affected by:

1— The dimensions of the feed package

2~ The unwinding speed, and

-

3= The spindle tension.

T

The unwinding vyarn tension was found to be increased as the feed
pachkage diameter decreased. The rotational speed of the flyer affected
this tension. Also, the position of yarn onto the feed package
determine. the friction force which resisted the yarn movement. The
unwinaing speed and spindle tension had a large influence on vyarn
friction and consequently yarn tension .

{othari and Leaf /7/ derived the eguation of motion of the yarn as it
maves on storage disc of a Two—for-one twister. These eguations were
cambined with the theory of balloon to determine tension variations in
the vyarn as it leavs the twister. These equations showed that the
variables affecting the Two-for-one twisting conditions are the
rotaional speed of the twister, the rate of unwinding of the yarn, the
vertical height of the eye, the air drag parameter, the tension in the
yvarn as it emerges from the hole in the storage disc, the coefficient
of friction between the yarn and the disc, and the vyarn torsional
rigidity.

It was found experimentally by Kothari and Leaf /8/ that the tension
at the eye is proportional to the square of the rotational speed.
Also, the amount of wrap on the disc decreased with the reduction in
tension at the eye. When the tension at the hole increased, the amount
of wrap on the disc decreased, but the tension at the evyve remained
nearly constant. They suggested that more experimental investigation
af the mechanics of Two-for-one twisting would lead to more
understanding of the way in which the system works.

The objective of this work is to investigate edperimentaly the
effect of feed pachkage dimensions, spindle speed and winding speed on
the dynamic yarn tensiun at the eye to get more information about the
Two—for—one twisting system.
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2. EXPERIMENTAL WORK

Figure (2) shows a drawing for the test set—up unit ’ which waz
built wp , comnsizsts of a steel frame (1) carcing th§ §p1ndle (2} an
the winding unit (3). TYhe spindle and the ballaan limiter (4) were
taken from "SAVIOD" Two—for—-ogne twisting machine model "TDS 212, The
spindle was driven by tape (&) from motor (5). The motor speed was
changed by a “variac" which varies the supplied voltage to the motor
from O to 220 V¥ , so the spindle speed from O to 11000 r.p.m can be
obtained . Thae winding unit consists of a grooved drum ({8 and
presser arm (9). The drum was driven by pulleys and V-belt (10} from a
motar (11). A set of pulleyes of different diameters were used to
change the winding speed from 10 to &1 m/min. The twisted vyarn was
wound onto the package (12).

2.2. Method of measurements

The tension of the twisted yarn was measured just above the eye

(13) as shown in figure (2). The electronic ROTHSCHILD tension meter
was used to measure the varnt tension. The signal from the wmeasuring
head (14) was recorded on a chart recorder for one complete cycle of

yarn movement on the surface of the feed paclage {yarn moves from Ltop
to bottom of the package and baclk again to the top}. The length of
yarn wrap on’ the storage disc was measured by the heip of a
Stroposcope. The tension of the twisted yarn was measured at different
spindle and winding speeds. The wrap angle was recorded for each case.

3. EXPERIMEMNTAL RESULTS AND DISCUSSIONS:

Tables (1 and 2} show the results aof the dynamic vyarn tension
measured at different running conditions.

3.1. Effect of spindle speed on the value of yarn tension:

At a certain winding velocity, the increase in the spindle speed
resulted in change in the amount ©f yvarn tension at the eye. Theres is
no  doubt about the fact that the balloon tension increases rapidly as
the spindle speed is increased , this was found also by many other
authers. In case of the Two~-for—one twisting, the mean yarn tension
which was measured at the 2ye resulbted nat only Ffrem the balloon
tension, but also from the bhalance of yarn tension at the hole in the
storage disc. The vyarn tension which was measured at zeco spindle
speed was the tension required to unwind the yarn from the feed
package. This is known as the unwinding yarn tension and it was fully
investigated in previous work /2 and 3/. When the spindle rotated (up
to 35500 r.p.-m.) , the mean yarn tension at the eye was decreased and
return o increased below that measured at zero spindle speed . This
may be explained as follows: as the spindle rotates , a balloon is
created and the balloon tension helps in unwinding the yarn from  the
feed package, the resultant yarn tensioa at the eye decreased . The
increase in spindle speed resulted in an increase in the yarn balloon
tension. The matter which increased the amount of unwinded yarn feom
the feed package more than it needed for the winding of the twisted
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yarn. Thus, the excess of the unwinded yarn was wound onto the reserve
disck. This developed +friction between the yarn and the disc to
balance the excess in yarn tension due to balloon. fAs shown in table
11), the wrap angle increased and the change in the yarn tension at
the eye was small. At higher spindle speeds, more than 5500 r.p.m.,
the balloon tension increased rapaidly, this required a large wrap
angle, the matter which was practically difficult for yarn running.
Thus, %the unwinding conditions in terms of spindle tension had to be
raised to increase the unwinding yarn tension and thus, the wrap angle
was reduced ta a value suitable for yarn running.

The results in table {1) show that the variaticn in yarn tension at
the eye (range of yarn tension) decreased as the spindle speed was
increased. This can be explained by observing the results of wrap
angles at different speeds. Baisically, the variation in yarn tension
resulted from the wvariation in unwinding vyarn tension which was
investigated in the privicus work /2/. The lenath of the yarn which
was wrapped on the disc developed a friction Force. This AFriction
force balanced the balloon tension and at the same time, acted as a
damper to reduce the wvariation in the yarn tension due to unwinding
the vyarn from the feed package. As the wrapped yarn length on  the
storage disc increased, the yarn tension was more damped and thus, the
variation in yarn tension al the eye was reduced. Figures (3,4 and 5)
show a sample of the recorded varn tension at the eye during one
complete cycle on the chart at different running conditions.

3.2. Effect of feed package dimensions on yarn tension

Table (2} shows the measured yarn tension at the eye at differnt

running conditions and at different feed package diameters. Generally,
the feed package diameter affected the unwinding yarn tension, as it
was found by /2,3 and 8/.
At a certain spindle speed and winding velocity, as the feed package
diameter decreased., the unwinding yarn tension increased and thus the
wrap angle was reduced. This was to balance the yarn tension at the
hole in the storage disc. The result was nearly unchanged yarn tension
at the eye during the twisting , from {full to empty feed pachkage.

3.3. Effect of productivity on yarn tension

Figure (&) shows the relationship hetween the mean yarn tension at
the eye and the winding veleocity for different materials .In this
case, the ratio between the spindle speed and winding velocity was
kept constant to produce the same twist level in the yarn. This was
done to study the effect of increasing the productivity of the Two-
for—one twister on yarn tension at the eye. In previous worlk 72/,
the winding wvelocity was found to have a large infeluence on the
unwinding yarn tension. The stick-slip phenamenen, between the vyarn
and feed paclkage surface, which was observed during unwinding together
with the inertia of the flver arm were highly affected by the winding
velocity . Thus, a combined effect occured at the hole of the storage
disc from the change in the unwinding varn tension due to the increase
in winding velocity and the increase in the balloon tension due teo the
increase in the spindle speed. The result was a change in the wrap

angle to balancr: the yarn tension at the hole and an increase in vyarn
tension at the eye.
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a. STATISTICAL ANALYSIS

A statistical analysis was made to find the correlation betwegn
the wvarious factors and the influence ot these factors on the dynamirn
varn tension. This wat important to verify the discussions of th
results. The multiple regression and caorrelation technique was used b«
find the influence of these factors separatly and together on the yarn
tension. This is due to the mutual effect of these factors. The
statistical analysis was carried out for the results obtained =2t
spindle speed above S500 r.p.m. , which falls in the practical
runining Llimits.

Table (3-a) shows the results obtained from the statistical
analysis of mean yarn tension as a functicon of spindle speed and

winding velocity . The multiple correlation coefficient ( 0.991 } is
highly significant at ©0.01 level . The partial correlation coefficient
between mean vyarn tension and spindle speed at constant winding
velocity is 0.99 , and the simple correlation coefficient {(r= 0.97).

Baoth coefficients are highly significant at 0.01 level. The partial
correlation cosfficient between mean yarn tension and winding velocity
at constant spidle speed i 0.432 , which is significant at .03 level.
This means that the spindle speed and winding velocity affects the
mean yarn ktension .

Table (3-b) shows the statistical analysis of the range of yarn
tension as a function of spindle speed, winding velocity and mean varn
tensign.The wmultiple correlation coefficient { 0.888 ) is significant
at 0.01 level. The partial correlation coefficient between the range
of vyarn tension and spindle speed at constant winding velocity and
mean  yarn tznsion iz Q.1374 . This means that the spindle speed is
slightly affected the ramge of yarn tension. The partial correlation
coefficient between the range of varn tension and winding velocity at
constant spindle speed and mean yarn tension is — 0.685 . This shows
that the variation in yarn tension is highly affected by the winding
velacity. The negative sign means that the range of vyarn tension
decreases as the winding velocity increases. This is also clear in
fig. (4}. The partial correlation coefficient between the rarnge and
m2an  yarn tension at constant spindle speed and winding velocity is

0.1:101 . This means that, there is no correlation between the range
and the mean of yarn tension.

Table (3-c) s=hows the statistical analysis of wrap angle as a
function of spindle speed, winding velocity and spindle tension. The
multiple correlation coefficient ( O.935 VY is bighly significant at
0.01 1level. The partial correlation coefficients between the wrap

angle and spindle speed , winding velocity and spindle tension are
0.8935 , -0.789% and -0.8159 respectevely. This shows that the wWrap
angle 1is affected by these parameters. The change in any of these
parameters

causes the wrap angle to he changed to keep the mean  varn
tension nearly constant.

5. CONCLUSIONS

The previous expermental results and discussians show that, the
dynamic vyarn tension at the eye of the Two-for—one twister slightly
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changed when the spindle speed was increased up tao 5500 r.p.-m. . T?:s
was observed, as long as, the feed conditions remained unchavged. 13
length of the yvarn wrapped on the storage disc played an importan
role in keeping a constant yarn tension at the eye .At higher spindle
speed the vyarn tension increased rapaidly and it was necessary 'tu
increase the spindle tension to maintain a reasonable wrap angle which
was suitable for running- 1t was foud that the feed package diameter
doesn’t affect the yarn tension at the eye. It was faund that the yarn
tension at the eye increased as the productivity increased.
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Table (3-3}
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FIG. (5> EFFECT OF FEED PACKAGE DIAMETER ON YARN TENSION
N, = 8925 R.F. M Y= 20.753 MAHON.

220 TEX COTTON YARN
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