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Introduction

Yarn hairiness causes some problems
during fabric production affects the fi-
nal product. Hairiness on warp yarns can
cause an entanglement amongst the warp
yarns, and as a result yarn breakages and
machine stoppages occur. Yarn hairiness
can also cause pilling, changing the ap-
pearance and construction of the fabric.
The research carried out shows that 46%
of warp breakages occur due to yarn hair-
iness [1, 3, 12].

Yarn hairiness is caused by either pro-
truding fibres or loops of fibres appearing
outside the yarn body. The behaviour of
these fibres within the yarn is dependent
on a number of factors. These factors can
be investigated under three headings:
physical properties of the fibres, yarn pa-
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In this research the effects of the yarn balloon angle on yarn hairiness and other yarn prop-
erties was investigated. The yarn balloon was changed by use of five different weights of
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research it was noted that as the balloon angle increases, the yarn hairiness and yarn sur-
face helix angle increase. Other yarn properties were also investigated and discussed.
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rameters and machine parameters. Many
researchers have investigated the effect
of the physical properties of fibres and
yarn parameters on hairiness. According
to those researchers, hairiness decreases
with an increase in fibre length and fibre
fineness, the short fibre content [4-6, 11],
the number of fibre in the yarn [15, 19],
the flexural rigidity and torsional rigid-
ity as well as in yarn twist. As far as the
machine parameters are concerned, an
increase in the spindle speed in the ec-
centricity of the spindle and increases the
hairiness. An increase in the yarn tension
decreases the hairiness, friction between
separators increases the yarn hairiness,
increasing the drafting ratio increases the
hairiness, a weight increase in travellers
decreases the hairiness, and the winding
speed increases the yarn hairiness [7-9,
13, 14, 16-18, 20]. Apart from these find-
ings, the compact spinning system used
since the year 2000 has also been found
to decrease the hairiness of yarn [2, 10].
But many areas of the world still use con-
ventional spinning methods. One of the
main problems of conventional spinning
is still yarn hairiness. This work investi-
gates the yarn hairiness and other yarn
properties of polyester ring spun yarn on
yarn ballooning, which is affected by the
traveller weight.

Experimental

In this work yarns were produced us-
ing cotton type of 40 mm staple length,
2 dtex polyester fibre with irregularity
values of CV% 4.3 703 tex (Ne0.83) pol-
yester roving. From this roving, knitting
yarns of 15 tex (Ne40), 20 tex (Ne30) and
30 tex (Ne20) with a twist level of o, 38
(0.3.5) were produced. A Suessen six-
spindle laboratory-typespinning machine

was used. Yarn production was under-
taken at spindle speeds of 9,000 r.p.m.,
10,000 r.p.m. and 11,000 r.p.m. with 51,
61, 73, 82 and 86 milligrams for 15 tex,
61, 73, 82, 86; 96 milligrams for 20 tex,
and 73, 82, 86, 96 and 107 milligrams for
C type travellers of 30 tex. All the yarns
produced with these spindle speeds were
coded as below. The cods of the particu-
lar yarns tested are listed in Table 1.

During the yarn production, the spinning
tension, yarn ballooning and yarn hairi-
ness were measured. After the yarn pro-
duction, the yarn hairiness, yarn surface
helix angle (YSHA), yarn count, twist,
strength, elongation, irregularity and im-
perfection were also measured. The whole
yarn production and tests were carried out
under standard atmospheric conditions
(20 °C£2 °C and 65% = 2% RH).

Measurements during spinning

During the yarn production stages, the
yarn hairiness and spinning tension were
measured between the top roller and yarn
guide. For the measurement of yarn hairi-
ness, a Shirley Yarn Hairiness Monitor
was used. Which can measure fibres of
3 mm length with 70° angles to the yarn

Table 1. Yarn codes.

15tex09 15 9,000
15tex10 15 10,000
15tex11 15 11,000
20tex09 20 9,000
20tex10 20 10,000
20tex11 20 11,000
30tex09 30 9,000
30tex10 30 10,000
30tex11 30 11,000
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within a 5 mm distances of the apparatus.
For reproducibility, 10 tests were carried
out. Yarn tension was measured at the bot-
tom of the ring rail. For this measurement
Schmidt Zf2 yarn tension equipment of a
10-100 cN range was used. A Sony dig-
ital camera was used for investigation of
the yarn ballooning. Pictures were taken
exactly opposite the yarn guide to be able
to accurately measure the yarn balloon-
ing . From the pictures the balloon angle
was measured by taking the spindle as
the centre (Figure 1). All the measure-
ments were taken in relation to the trav-
eller weight and spindle speed, which are
given in Table 2.

Measurements after spinning (in cops)

The yarn counts were calculated by tak-
ing 50 samples of 100 meter in length.
Yarn surface helix angle (YSHA) meas-
urements were carried out under a micro-
scope of the Projectina projection type
with x50 magnification (Figure 2). An-
gle measurements were taken 50 times
for each sample. For yarn twist measure-
ments the opening and closing technique
was used. 500 mm samples were taken
and 50 measurements were carried out
for each sample. For the yarn hairiness
measurement, the Shirley Yarn Hairiness
Monitor was used. The measurement was
carried out at a speed of 50 m/min with
50 repeats, and the results were evalu-
ated in terms of hairiness per meter. The
irregularity and imperfection of the yarns
were determined with a Uster Tester I-B.
Imperfection measurement of thin places
(-50%), thick places (+%50) and neps
+200% sensitivity was performedusing
one km of yarn. Strength and elongation
at break measurements of the yarn were
carried out with an Instron 4411 tensile

tester. Strength values of the yarns were in
cN, and the elongation was in %. The test
speed of the equipment was 500 mm/min,
with test lengths of 500 mm, and 50 tests
were carried out for each sample.

The measurement results for the yarn sur-
face helix angle, yarn count, twist, hairi-
ness, irregularity, imperfections, strength,
elongation against the spindle speed and
traveller weight are listed as an example
for a linear density of 15 tex in numbers
in Table 3 and for all cases tested in Fig-
ures 3-14 see pages 43 and 44.

Results and discussion

Results during spinning

The results for the balloon angle, spin-
ning tension and hairiness values meas-
ured during spinning are given in Fig-
ures 3, 4 and 5 respectively.

In Figure 3 it can be clearly seen that
during spinning, as the traveller weight
increases, the balloon angle decreases.
Here, the traveller weight increases the
friction between the ring and traveller,
which in turn decreases the yarn balloon
and causes an increase in yarn tension.
The centrifugal force occurs as a result
of the spindle speed, which makes the
balloon larger by overrunning the tension
between the top roller and traveller in the
area between the yarn guide and traveller.
As the traveller gets heavier, the swinging
effect, which is caused by the centrifugal
force, diminishes to make the balloon
narrower. As a result of all these, the nar-
rower yarn balloon leads to a narrower
balloon angle. This narrower balloon
angle, as can be easily understood from
the correlation coefficient, is affected by

Table 2. Values of yarn hairiness, balloon angle and spinning tension during spinning.

x
L8
5T
Parameter 2 2
52
Q
T
Traveller weight, mg 51 61
Balloon angle, ° § § 22 21
Spinning tension, cN o %’, 221 | 23.0
Hairiness, H/m 28.9 20.3
Traveller weight, mg 61 73
Balloon angle, ° § :9; 22 20
Spinning tension, cN I ﬁ 250 | 27.3
Hairiness, H/m 571 48.6
Traveller weight, mg 73 82
Balloon angle, ° 58 28 26
Spinning tension, cN 3 % 33.1 | 34.0
Hairiness, H/m 60.7 | 53.8

Spindle speed: 9,000 rpm

73 82 86 51 61 73 82
19 17 16 22 21 20 18
33.0
26.3 | 169 | 145 | 152
82 86 96 61 73 82 86
19 17 16 24 22 20 18
32.8
20.0
86 96 107 73 82 86 96
26 25 22 28 27 26 25
44.0
24.3

247 | 270 | 283
17.7 | 161 14.2

26.0 | 291 | 30.7

29.0 | 322 | 337
422 | 276 | 19.8

275 | 283 | 29.2
473 | 342 | 239

35,6 | 37.0
47.0 | 385

41.0 | 38.0 | 39.2 | 419
325 | 49.0 | 309 | 264
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Spindle speed: 10,000 rpm

Balloon angle —p:

+—Yarn balloon

Figure 1. Yarn balloon and balloon angle.

Yarn axis

Yarn surface helix angle (YSHA)

Figure 2. Measurements of the yarn surface
helix angle.

the weight of the traveller. What is more
the traveller weight can be addressed as
the only effective factor concerning the
traveller weight. When the spindle speed
increases are closely examined, it can be
seen that the yarn balloon and, thus, the
balloon angle increase. Here, the increase
in centrifugal force, in return for the in-
crease in spindle speed, leads to an in-
crease in yarn balloon and balloon angle.

When Figure 4 is examined, we can see
that as the traveller weight increases, the
yarn spinning tension increases. As was
mentioned before, the increase in travel-
ler weight increases the friction between
the ring and traveller. This increase in
friction between the ring and traveller
leads to the conclusion that the yarn in

Spindle speed: 11,000 rpm

86 51 61 73 82 86
17 23 22 20 19 18
33.7 | 30.2 | 323 | 349 | 36.2 | 413
13.0 | 186 | 158 | 154 | 122 9.9
96 61 73 82 86 96
17 25 24 20 19 17
36.3 | 29.8 | 34.0 | 36.5 | 39.0 | 393
17.8 | 230 | 225 | 136 | 13.8 | 16.0
107 73 82 86 96 107
23 29 28 26 25 24
46.3 | 420 | 452 | 482 | 49.7 | 51.2
227 | 396 | 222 | 163 | 158 | 155
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Table 3. Physical properties of polyester ring spun yarns for linear density of 15 tex.

Parameter

Spindle speed: 9,000 rpm

15 tex (Ne40)

Traveller w., mg 51 61 73 82 86 51 61 73 82
YSHA, degree 233 215 19.3 19.0 18.1 243 23.3 225 21.0
Yarn count, tex 15.2 15.4 14.9 15.4 15.7 15.7 15.5 15.6 15.8

0.3 0.3 0.4 0.5 0.2 0.5 0.4 0.4 0.3
CV, % 2.0 1.9 27 3.2 1.3 3.2 2.6 2.6 1.9
Twist, T/m 908 847 845 854 838 900 857 842 850
SD 29.4 26.3 29.6 215 254 317 31.7 21.9 30.9
CV, % 3.2 3.1 3.5 25 3.0 3.5 3.7 2.6 3.6
Hairiness, H/m 5.9 5.1 4.9 4.2 3.9 7.5 5.3 4.8 45
SD 0.6 0.8 0.3 0.6 0.6 1.1 0.5 0.5 0.3
CV, % 10.1 15.7 6.1 14.3 15.4 14.7 9.4 10.4 6.7
Strength, cN 523.6 | 5154 | 502.5 | 499.6 | 496.2 @ 533.3 | 528.0 | 513.0 | 509.3
SD 325 37.0 56.1 44.6 51.7 29.9 28.9 334 30.0
CV, % 6.2 7.2 1.2 8.9 10.4 5.6 5.4 6.5 5.9
Elongation, % 10.7 10.4 10.6 10.4 10.2 10.4 10.7 10.6 10.2
SD 0.6 0.8 1.0 0.6 0.8 0.7 0.7 0.7 0.6
CV, % 5.6 7.7 9.4 5.8 7.8 6.7 6.5 6.6 5.9
Irregularity, U% 9.9 9.7 10.0 9.8 10.5 9.8 9.9 9.8 10.0
Thin places 0 0 0 0 0 0 0 0 0
Thick places 12 10 5 10 13 11
Neps 15 18 12 22 25 10 12 20 21

the top roller is pulled down with greater
force. At the same time, the increase in
the spindle speed has an effect on the in-
crease in the yarn spinning tension. These
significant effects on the spinning tension
can be easily seen in Figure 4.

Figure 5 shows that during spinning,
yarn hairiness between the top roller and
yarn guide decreases rapidly as the trav-
eller weight increases. The increase in the
spindle speed also decreases the hairiness
of the yarn. It is well known that the spin-
ning triangle after the top roller affects
yarn hairiness. The wider the spinning
triangle is, the higher the hairiness on the
yarn is, and the narrower the spinning
triangle, the lower the hairiness is. The
increase in traveller weight increases the
yarn tension, which in turn narrows the
spinning triangle, and as a result, reduces
the hairiness. Fibres in this area are gath-
ered in the yarn body with a narrower he-
lix angle, and this results in lower hairi-
ness on the yarn. At the same time, an
increase in yarn tension due to the spin-
dle speed between the top roller and yarn
guide reduces the yarn hairiness.

Results measured in cops

When after yarn spinning the results are
considered, almost the only factor affect-
ing the yarn balloon angle is the travel-
ler weight. Because of this, the yarn
balloon angle was accepted as the main
parameter. Figures 6-14 show the yarn
balloon angle against the change in yarn
hairiness, yarn surface helix angle, yarn
count, twist, strength, elongation, as well
as irregularities and imperfections.

42

Figure 6 shows that as the yarn balloon
angle increases, yarn hairiness increases
as well. The rise of the yarn balloon also
increases the balloon angle. The yarn
guide between the top roller and traveller
helps the yarn move to the spindle centre.
The top of the spinning balloon that ap-
pears at the point where the yarn passes
through the yarn guide can be wide or
narrow depending on the size of the bal-
loon. At this point the fibre on the yarn
surface touches the guide and gets af-
fected by the balloon angle caused by the
yarn settling in its own structure . Yarn
diameter is considered to be cylindrical,
when fibre is wound on the yarn body at a
narrow angle , the wound fibre length on
the body of the yarn increases, while for
fibres wound at a wider angle, the fibre
length decreases on the body of the yarn.
This is a stable occurrence as long as the
twist does not change, which produces
lower hairiness when the balloon angle is
narrower, and higher hairiness when it is
wider .

When the hairiness is examined in con-
junction with the spindle speed, the
spindle speed increases the hairiness.
The increase in centrifugal force as a
result of an increase in spindle speed
causes the yarn balloon to increase,
and thus an increase in the balloon an-
gle. This affects the fibre entanglement
within the yarn body, which causes
hairiness.

Furthermore, as far as the yarn counts
are concerned, the hairiness in 20 tex and
30 tex yarns follows a much more vertical

Spindle speed: 10,000 rpm

Spindle speed: 11,000 rpm

86 51 61 73 82 86
19.5 26.0 247 227 213 20.8
15.7 15.6 15.7 15.8 15.6 15.8
0.4 0.4 0.3 0.5 0.3 0.4
25 2.6 1.9 3.2 1.9 25
842 916 859 850 847 839
17.0 22.9 20.7 23.9 27.3 27.7
20 25 24 2.8 3.2 3.3
3.5 9.7 6.3 5.2 4.8 4.1
0.3 1.5 1.0 0.6 0.6 0.5
8.6 15.5 15.8 11.5 12.5 12.2
505.1 | 546.3 | 525.5 | 534.3 | 518.8 | 511.1
274 30.7 29.9 34.7 44.6 31.2
54 5.6 5.7 6.5 8.6 6.1
10.4 10.6 10.6 10.2 9.9 10.1
0.5 0.6 0.7 0.7 0.8 0.6
4.8 5.7 6.6 6.9 8.1 5.9
10.6 10.2 10.2 10.1 10.9 10.6
0 0 0 0 0 0
13 4 10 16 13 1
18 10 30 23 22 32

path compared to 15 tex yarn. The thick-
ness of the yarn is considered to be ef-
fective here. As the yarn gets thicker, the
fibres on the yarn increase, and more fi-
bres are active on the yarn surface, which
makes it clearer. This can be clearly illus-
trated by the case of 30 tex yarn.

When Figure 7 is examined, the increase
in the yarn balloon, leading to an increase
in the balloon angle, increases the yarn
surface helix angle (YSHA) in conjunc-
tion with the yarn diameter of the fibres
of the yarn. This relation is clear, as can
be understood from the correlation coef-
ficients. In the yarn guide, the angle fric-
tion effect that occurs as a rest of balloon
angle which affects the spindle speed of
the yarn in the process of twisting. Dur-
ing the friction, the fibres in the yarn are
moulded around the structure of the yarn
upon the effect of the balloon angle. As
the balloon angle increases, the fibres are
wound around with a wider YSHA. and
as the balloon is diminished, they settle
on the yarn structure with a narrower he-
lix angle.

When the effects of the spindle speed on
YSHA are examined, it is clear that as
the spindle speed increases, the YSHA
increases again. Instability is observed
only in 15 tex09 yarns. When the effects
of the spindle speed are examined, yarn
count should be taken into consideration.
As the yarn gets thicker, change in the
YSHA happens more slowly. It should be
taken into consideration that the increase
in the number of fibres on the yarn sur-
face is important.
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Figure 3. Yarn balloon angle at different traveller weights and

spindle speeds.
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Figure 5. Yarn hairiness at different traveller weights and spindle

speeds.
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Figure 7. Yarn surface helix angle (YSHA) at different balloon

angles and spindle speeds.
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Figure 4. Spinning tension at different traveller weights and spindle

speeds.
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Figure 6. Yarn hairiness at different balloon angles and spindle
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Figure 9. Yarn twists at different balloon angles and spindle  Figure 10. Yarn strengths at different balloon angles and spindle
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Figure 11. Yarn elongations at different balloon angles and spindle  Figure 12. Yarn irregularity at different balloon angles and spindle
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Figure 13. Thick places at different balloon angles and spindle

Figure 14. Neps at different balloon angles and spindle speeds.
speeds.
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In Figure 8 it can be understood that as
the balloon angle increases, yarn counts
(tex) increase slightly, and thus the yarn
gets marginally thicker. On the other
hand, when spindle speeds are taken into
consideration, 30 tex yarn, especially,
shows a remarkable count difference.
This difference is thought to be caused
by the increase in the number of fibres
depending on the yarn count.

Figure 9 shows that as the balloon an-
gle increases, the yarn twist increases,
which is greatly affected by the balloon
angle. Widening of the yarn balloon an-
gle is caused by the decrease in traveller
weight and also by a decrease in spin-
ning tension. Because of this the length
of yarn between the front roller and the
traveller increases and less yarn is wound
onto the cone. In other words, fora wider
balloon angle, more spindle speed is re-
quired for a certain set length of yarn, but
less spindle speed is applied for the wind-
ing. This in fact results in higher twist at
a wider balloon angle and lower twist at
a narrow balloon angle. A higher spindle
speed also widens the spinning balloon
angle, which also results in higher twist
in yarn.

In Figure 10, as a result of the increase
in the balloon angle, the yarn strength
increases considerably. As mentioned
above, an increase in the balloon angle
results in an increase in twist . It is clear
that an increase in twist causes an increase
in the yarn strength. With the increasing
balloon angle, the fibres are wound in
the yarn body with a wider surface helix
angle. The increasing surface helix angle
puts the fibres on the upper points in the
direction of the yarn with frictional forc-
es. These types of fibre gathering that oc-
cur as a result of the widening of the yarn
balloon increase the tenacity of yarn.As
far as the spindle speed is concerned, it
is clear that it increases the yarn balloon,
and as a result the balloon angle increas-
es. The increase in balloon angle allows
for the case mentioned above, which in-
creases the yarn strength.

Figure 11 shows the elongation at break
values of the yarn increase with the wid-
ening balloon angles. The increase in
elongation at break is seen as insignifi-
cant for 15 tex10, 20 tex10, 30 tex10 and
30 texllyarns. The increase in elonga-
tion can be explained in terms of the fibre
being wound at a wider helix angle as a
result of the yarn balloon angle having a
higher twist. When a force is applied on

yarn, as the surface helix angle increases,
the fibres hold onto each other at higher
points, which delays breaks in the yarn
and the elongation at break.

When Figure 12 is examined, it can be
seen that yarn irregularities decrease as
a result of the increase in the balloon an-
gles. Meanwhile, the increase in spindle
speed seems to be effective with respect
to the irregularity in the widening yarn
balloon as well as lower spinning tension
and results in surface fibres being tightly
forced into the yarn body . Such fibre set-
tlement causes less fibre movement and
decreases the irregularity in a set unit
length of yarn.

When the effect of the spindle speed on
the irregularity of yarn is considered, an
increase in spindle speed increases yarn
irregularity. In addition to the tension that
results from the traveller weight, the in-
crease in spindle speed brings about an
increase in tension , which makes the
yarn thicker or thinner and changes the
fibre place of the fibre in the yarn and
produces higher irregularities in the yarn
structure.

Figure 13 shows that an increase in
the balloon angle degree decreases the
number of thick places on the yarn. Here
again there is tighter placement of fibres
on the body of the yarn with lower spin-
ning tension, due to wider balloon angles,
which is the cause of less thin and thick
places on the yarn.

When Figure 14 is examined, as a result
of the increase in the balloon angle, the
number of neps gets lower. As is known,
neps are fibre bundles caused by the en-
tanglement of fibres . A widening balloon
angle, as was examined above, means
lower spinning tension and lower fric-
tion. The yarn between the top roller and
traveller is subjected to tensions at these
points: the yarn guide, balloon control
ring and traveller. Here the strongest yarn
friction occurs in the traveller, where the
yarn changes direction at an angle of 900.
At higher tensions fibres are subjected to
higher friction, more closely touching
each other, whereas as the friction de-
creases, this tension related to the touch
decreases. As a result fewer neps are ob-
servedat lower spinning tension and more
neps at higher spinning tension.
Statistical analysis

Variance analysis was applied to check
whether the results obtained are important
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statistically. Significance were conducted
at 95% and 99% confidence limits.

The test results for the balloon angle,
spinning tension and hairiness obtained
during spinning were investigated using
two-way variance analysis, depending
the traveller weight and spindle speed.
The results of analysis are given in Ta-
ble 4 see page 46.

When Table 4 is examined, it can be
found that at a o, significance level,
balloon angles, spinning tension and
hairiness are affected during the yarn
production by both the traveller weight
and spindle speed. These effects at a a,,
significance level, except at the balloon
angle during the production of 30 tex
yarn, were all proved to be important.
This shows that the traveller weight and
spindle speed play an important role dur-
ing the yarn production process.

Yarn properties obtained following the
production of the yarns were investigated
by two-way variance analysis depending
on the balloon angle and spindle speed.
All the analysis results are given in Ta-
ble 5 see page 46.

When Table 5 is examined, it can be seen
that the balloon angle, except for 20 tex
yarn, has an important effect at both sig-
nificance levels. Except for 15 tex yarn,
the effect of spindle speed on hairiness
was found to be significant. When the
YSHA is examined, it can be seen that
both the balloon angle and spindle speed
have an important effect on the YSHA.
The yarn count effect of the balloon
angle is seen to be negligible at both
significance levels. When the effect of
spindle speed on yarn count is exam-
ined, while it is not important for 15 tex
yarn at a a,,, significance level, nor for
20 tex yarn at both significance levels,
for the other counts and significance
levels, the spindle speed effect is im-
portant. When yarn twists are examined,
the effect of the balloon angle seems to
be important at both significance levels.
As regards the effect of spindle speed on
twist , while it is important for both sig-
nificance levels in 30 tex yarn, the effect
was found to be unimportant at either of
the significance levels. When the effect
of the balloon angle and spindle speed
on the yarn strength is examined, it can
be seen that the balloon angle has an im-
portant effect, except for 20 tex yarn ata
0y, significance level. When the effect
of the spindle on the strength is consid-

45



Table 4. Variance analysis of yarn properties using different weights of ring travellers

during spinning.

. Variation
Properties sources p
Traveller weight

Balloon angle Spindle speed

Traveller weight

Spinning tension Spindle speed

Traveller weight

Hairiness Spindle speed

nwn | non | n0on

s — significant, and n.s. — not significant

nwn vn nun -
won ovon nuon
nwn | non | noon

Table 5. Variance analysis of yarn properties at different balloon angles and spindle speeds

in the cops.
Properties Variation

Sources Oy 05
Hairiness, Wim | SEO00 S8 | e,

YSHA degree | SRONSSR | S
Yarn count, tex SB:ill!]%?g Sggé% n.ss.
Twist, Tim Soindle spced | s

Strength, oN Sondle pesd | S
Elongation, E% g&l:]%(l)g 5235 2:
Irregularity, U% SBSI:%?Q :Sé’é% 22
Thick places, in km SB;I:]%?Q :;gé% n_ss,
Nepsnin | Soleemange | o

s — significant, and n.s. — not significant

ered, it was found out that it has an effect
on all counts of yarn at both significance
levels. The effect of the balloon angle
on yarn elongation at break is important
for all counts and significance levels ex-
cept for 30 tex yarn at a a5 significance
level. The effect of spindle speed on the
elongation at break has was to be impor-
tant. The effects of balloon angles on
irregularities is of great significance for
30 tex yarn, while it is not important for
other counts and significance levels. The
effect of spindle speed on irregularities
for 20 tex yarn is important for two sig-
nificance levels, while for 15 tex and 30
tex yarns it is seen to be unimportant for
the two significance levels. The effect of
the balloon angle on thick places on the
yarn is insignificant at the significance
level for 15 tex and 20 tex yarns, where-
as it is important for other counts and
significance levels. The effect of spindle
speed on thick places is important for
30 tex yarn at both significance levels,
whereas it is not important for 15 tex
and 20 tex yarns. When the effect of the
balloon angle on neps is examined, for
15 tex yarn at two significance levels
and for 20 tex yarn at a o, ,, significance
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15tex

20tex 30tex
00.01 uO.ﬂS u0.01 a0.05 uO.M
s n.s. n.s. S s
s s s s s
s s s s s
s s s s s
n.s. n.s. n.s. n.s. n.s.
n.s. n.s. n.s. s s
s s s s s
n.s. n.s. n.s. s s
s s n.s. s s
s s s s s
n.s. n.s. n.s. s n.s.
n.s. n.s. n.s. n.s. n.s.
n.s. n.s. n.s. s n.s.
n.s. s s n.s. n.s.
n.s. s n.s. s s
n.s. n.s. n.s. s s
n.s. s n.s. s s
n.s. s n.s. s s

level, it is important, whereas for other
counts and significance levels, it is not
important. As regards effect of spindle
speed on neps, it is seen that the same
effect exists, as observed for balloon
angles .

Conclusions

When the results obtained from this study
are taken into consideration, the follow-
ing conclusions can be drawn.

Conclusions regarding measurements

during spinning;
The traveller weight has an important
effect on the spinning balloon and bal-
loon angle. Furthermore, the traveller
weight affects the spinning balloon
completely by itself. As the traveller
weight increases, the spinning bal-
loon and balloon angle get narrower,
but when it decreases, the spinning
balloon widens and the balloon angle
becomes higher. It can be understood
that the spindle speed has an effect on
the spinning balloon. As the spindle
speed increases, the spinning balloon
and balloon angle get higher as well.

Yarn spinning tension increases re-
markably as the traveller weight in-
creases. Similarly, the spindle speed
increases spinning tension.

The effects of the traveller weight
and spindle speed on yarn hairiness
during spinning were observed as
significant. As the traveller weight
increases, hairiness decreases dur-
ing the yarn spinning. The spindle
speed increases with rising spinning
tension, and yarn hairiness decreases
during spinning.

Conclusions regarding measurement in

cops;
It is clear that both the balloon angle
and spindle speed have an effect on
the hairiness of yarn. An increase in
the balloon angle has an effect on the
hairiness of yarn, except for 20 tex
yarn. A rise in the Spindle speed, in-
creases the hairiness in all the yarns
tested.
It is clear that the angle of the fibres on
the yarn axes — angle of yarn surface
helix (YSHA) — affects the increase in
balloon angles and spindle speed.
Statistically, the effect of balloon an-
gles on yarn counts has been proved
to be unimportant. However, the effect
of an increase in spindle speed on yarn
count is important, except for 20 tex
yarn.
An increase in the balloon angle leads
to higher yarn twists. This increase is
distinctive for all types of yarn pro-
duced. The effect of spindle speed
on twist, except for 30 tex yarn, was
found to be unimportant.
It was found that an increase in the
balloon angle and spindle speed sig-
nificantly increases the tenacity in all
the yarns produced.
Generally, it can be said that an in-
creases in the balloon angle and spin-
dle speed increases the elongation at
break of yarns. However, this is not
considered statistically significant.
Statistically, it was proved that the ef-
fect of the balloon angle on yarn ir-
regularities is unimportant. The effect
of spindle speed on yarn irregularities,
except for 20 tex yarn, was found to
be insignificant. However, consider-
ing that yarn irregularities change at
short intervals, this irregularity ten-
dency should be taken into account.
An increase in the balloon angle gen-
erally decreases the number of thick
places. This decrease, especially for
a 00.01 significance level, was found
to be important for all the yarns pro-
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duced. During an increase in spindle
speed, the most important effect on
thick places was found in 30 tex yarn.
An increase in the balloon angle de-
creases the number of neps. This de-
crease is significant for 20 tex and
30 tex yarns. The effect of the increase
in spindle speed on neps was found to
be important in 20 tex and 30 tex yarn,
but not in 15 tex yarn.

According to the measurements car-
ried out, no thin places were observed
on the yarn in relation to the sensitiv-
ity determined.
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Instytut Biopolimerow i Wiokien Chemicznych
Institute of Biopolymers and Chemical Fibres

Multifilament Chitosan Yarn

The Institute of Bioploymers and Chemical Fibres is in
possession of the know- how and equipment to start the
production of continuous chitosan fibres on an extended
lab scale. The Institute is highly experienced in the wet
— spinning of polysaccharides, especially chitosan.
The Fibres from Natural Polymers department, run
by Dr Dariusz Wawro, has elaborated a proprietary
environmently-friendly method of producing continuous
chitosan fibres with bobbins wound on in a form suitable
for textile processing and medical application.

P

Multifilament chitosan yarn

We are ready, in cooperation with our customers, to
conduct investigations aimed at the preparation of staple
and continuous chitosan fibres tailored to specific needs
in preparing non-woven and knit fabrics.

We presently offer a number of chitosan yarns with
a variety of mechanical properties, and with single
filaments in the range of 3.0 to 6.0 dtex.

The fibres offer new potential uses in medical products
like dressing, implants and cell growth media.

Instytut Biopolimeréw i Wtékien Chemicznych
ul. Sktodowskiej-Curie 19/27; 90-570 t6dz, Poland;
Phone: (48-42) 638-03-02, Fax: (48-42) 637-65-01

E-mail: ibwch@ibwch.lodz.pl http://www.ibwch.lodz.pl
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