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Introduction

Rotor spinning technology has gained
the reputation of being ‘cotton friendly’,
since two-thirds of all fibres used in rotor
spinning are cotton. 10% ofall cotton con-
sumption is constituted by cotton waste
with a staple length shorter than 22.2 mm,
which is used for spinning coarse yarns
with a yarn linear density up to 39 tex

(Ne 15) [1].

In the 1970s, the emerging rotor tech-
nology was marketed on the premise of
being able to spin lower-grade cotton
into acceptable yarn quality at consid-
erable savings. But in the 1980s, it was
recognised that good-quality rotor yarns
require good raw material allowing the
technology to conquer upscale end uses
in ever finer yarn counts [2]. Nowadays,
according to the desired end uses, rotor
yarn can be spun from cotton waste by
using high twist values. This is such a
good way of recycling waste from the
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Investigation into Navel Selection for Rotor
Spinning Machine Using Cotton Waste

Abstract

In this study, we investigated the effects of some navel properties such as form, number of
grooves, fluted insert, material, lengths of ceramic part and grooves on rotor yarn spun from

100% cotton waste. Ten navels with different technical properties were used for spinning
coarse (49-tex) rotor yarn. Finally, by considering the raw material characteristics, results
regarding the relations between navel properties and rotor yarn quality were put forward.

Some information concerning the selection of the proper navel for these conditions was also

given. According to the results, the best values for evenness and imperfections were obtained
by using plain steel navel (SGF); spiral ceramic navel (KS) showed a better performance
than SGF for the properties directly related to deformation given to yarn, such as hairiness,

tenacity and elongation. These results are attributed to the minimum deformation given by
these navels to yarn spun from cotton with very high short fibre and impurity content.

Key words: navel, groove, fluted insert, cotton waste, rotor yarn quality.

mill that no other spinning system exists
enabling this economical application. As
a rule, raw material should be selected in
such a way as to build a balance between
raw material cost and desired yarn char-
acteristics.

To obtain a good spinning stability, the
yarn must have sufficient twist at the
peeling point where it leaves the rotor
groove. The necessary twist is created
by the help of the navel. The location of
this specific part in the yarn withdrawal
passage of the spinbox is shown in Fig-
ure 1. The yarn drawn from the rotor
groove takes a 90° turn inside the navel.
The rotation of the yarn around the inner
wall of the navel creates an additional
false twist on the yarn between the rotor
groove and the yarn draw-off tube. This
action, which is shown schematically in
Figure 2, ensures a high twist moment,
enabling the propagation of twist in the
rotor groove and an increase in yarn
tenacity.

In addition to causing tension breaks,
higher rotor speeds increase the false
twist effect, and when smooth navels
are used in this condition, overtwisting
and yarn ruptures can occur. Therefore,
grooves are cut or pressed into the navel
which briefly lift the yarn off the navel
surface, thus causing the catenary to
vibrate at high frequencies. These vibra-
tions facilitate the twist’s propagation
into the rotor groove [2]. There is an op-
timum depth of roughness for a particular
fibre and yarn type. Yarn properties as a
function of navel design are shown in
Figure 3.

Simpson & Patureau [3] claimed that
yarns spun with a coarsely-grooved

Figure 1. Yarn withdrawal passage of
spinbox [1].

Figure 2. The rotation of the yarn around
the inner wall of the navel [2].
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Figure 3. Yarn properties as a function of
navel design [2].
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navel had lower tenacity and higher even-
ness values than those spun with a finely-
grooved navel. Marino et al. [4] observed
the effects of navel properties on yarn
quality parameters more prominently on
polyester yarns than cotton yarns, and the
behaviour of polyester/cotton blend fibre
yarns similar to cotton yarns. Lawrance
& Chen [5] defined the ratio between
draw-off tension measured downstream
of the doffing tube (F,) and the calcu-
lated tension in the yarn tail between the
navel and the rotor wall (F;) as a very
important factor for controlling false
twist, and reported that this ratio should
not exceed a value of 2 to improve the
false-twist effect. They also stated that
F, was affected by the navel’s frictional
properties. Manich et al. [6] pointed out
that the difference between ‘machine
twist’ and ‘yarn twist’ increased linearly
in conditions when both the yarn linear
density and twist multiplier increased,
as likewise the navel funnel diameter

Table 1. Technical properties of navels.

or the number of grooves on the navel.
Trommer [7] claimed that increasing the
friction between the yarn and the navel
was not a good solution for obtaining
higher friction moment on the yarn axis,
as this application could cause damage
to man-made fibres like polyester. It
was also added that grooved navels were
necessary if only small rotor diameters,
low twist values and fibres with high
trash contents were used. McCreight et
al. [8] found that additional twist created
inside the navel and increased in the yarn
draw-off tube caused higher yarn even-
ness values. Copeland et al. [9] stated
that fluted inserts and grooves increased
yarn hairiness and fly. As the number of
grooves increased and spiral navels were
combined with fluted inserts, yarn even-
ness and imperfection values were also
increased, in addition to yarn hairiness.
Merwe et al. (1978) investigated the ef-
fect of yarn contact length with the navel
surface, and observed that when a 2-mm

Navel properties

Navel | Wavel Numberof | Navel | Fluted & G

type symbol . umber of ave ute roove .

yp 4 Navel design grooves length insert length Material
K4K A 4 Long - Short Ceramic
K4KK B 4 Short - Short Ceramic
K4KD C 4 Long - Long Ceramic
S4KF D 4 Short Short Steel
K8KK E Short - Short Ceramic
K4KS F Long + Long Ceramic
KS G Short - - Ceramic
KKSS H Long + - Ceramic
SGF J 0 Short - - Steel
S3KF K 3 Short - Short Steel
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washer was inserted between navel and
rotor, yarn tenacity increased, and hairi-
ness and neps values decreased [10]. In
a similar study by Hergeth et al. [10], by
inserting a 1.5 mm washer between the
rotor and the navel, it was concluded that
yarn friction increased but evenness val-
ues were not affected by the washer.

The navel is one of the most examined
component of the spinbox as it has a
decisive effect on rotor yarn properties.
Different technical designs for navels
are present on the market for different
subsequent uses and spinning condi-
tions . This paper aims to compare the
performances of ten selected navels
which are commonly used by rotor
yarn producers, and put forward some
conclusions regarding the selection
of the appropriate navel for the spe-
cific application carried out in this study,
namely the spinning of 49-tex (Ne 12)
rotor yarn from 100% cotton waste.

Material and methods
Material

Ten navels with different technical prop-
erties were used to spin 49-tex (Ne 12)
rotor yarn from cotton waste. The contents
of'the waste were 40% combing noil, 30%
card waste, 20% blowroom waste, and
10% wastes from the pneumofil device.

Method

The technical properties of the navels
used in the study, as they differed in their
materials, forms, number of grooves,
the presence of fluted inserts, lengths
of ceramic parts and grooves, are given
in Table 1. The spinning conditions and
machine settings used in the study are
given below:

Machine type: ~ Rieter RU 04 (1995)

Rotor type: Nitrate coated steel
(40 - 42°)

Rotor speed: 65,000 rpm

Rotor diameter: 40 mm

Opening-roller

speed: 8,500 rpm

Draw-off tube:  soft twist

Take-up speed: 93 m/min

Twist coefficient

(oe): 5.1

Draft: 92

Sliver count: 4.54 ktex (Ne 0.130)

The yarn parameters measured were as
follows: uniformity and imperfections on
an Uster Tester IV-SX (10 standard tests
for each navel type at a traversing speed
of 400 m/min); tenacity and elongation-
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to-break on an Uster Tensorapid IV (10
standard tests for each navel type at a
speed of 5000 m/min and 5 breaks for
each package). Tests were carried out
under standard atmospheric conditions
(RH 65 £ 2% and 20 + 2 °C).

SPSS 10.0 Statistics Software was used
for statistical analysis of the results. The
One-Way-Anova Test was applied, and
the average values were compared at a
5% significance level and grouped ac-
cording to the Duncan Multiple Range
Test.

Test results and discussions

The experimental quality results obtained
for 49-tex rotor yarn are compiled in Ta-
ble 2. The statistical analysis results of
yarn properties spun by using ten differ-
ent navels are given below, together with
detailed explanations of the results.

Evenness (U%):

Minimum yarn evenness values were
obtained by using smooth steel (SGF)
and ceramic spiral (KS) navels. The
common property of these two navels is
their smooth inner surface. These navels
yield less deformation and twist variation
on yarn during the false twist creation
process. 4-groove long (K4K) and short
(K4KK) ceramic navels (with short
grooves) showed the same performances
with a spiral ceramic navel (KS); this
confirms the result of a preceding study
[1]. According to this result, it can be
concluded that besides a certain degree of
deformation given to the yarn, the rough
surface characteristics have to some
extent a positive effect in waste removal
from the yarn. It is thought that this result
became clearer because of the high waste
and short fibre content of the raw material
used. As 4-groove (K4K and K4KK) and
8-groove (K8KK) ceramic navels had the
same performances as 3-groove (S3KF)

and 4-groove (S4KF) steel navels re-
spectively, it can be said that grooves on
steel navels have a greater effect on yarn
deformation than the grooves on ceramic
navels. As a 4-long groove ceramic navel
(K4KD) had the same performance as a
navel with 4 grooves and a fluted insert
(K4KS), it can be concluded that fluted
inserts in grooved navels do not affect
yarn evenness under these conditions.
Although spiral ceramic navels (KS)
gave minimum yarn evenness values,
the yarn spun by using a spiral ceramic
navel with a fluted insert (KKSS) had
maximum evenness values. This result
confirms a preceding study [9], that the
fluted insert in spiral ceramic navels has
a negative effect on coarse rotor yarn
evenness because of the excessive de-
formation and tension fluctuations which
occur on the yarn. A box-plot diagram of
the performances of navels for evenness
values is shown in Figure 4.

Yarn imperfections (thin-thick places
and neps):

Similar to the results obtained for yarn
evenness, minimum thin places (-40%
and -50%) were obtained by using
smooth steel (SGF) and spiral ceramic
(KS) navels; maximum values were
obtained with 4-groove long ceramic
(K4KD) and 4-groove long ceramic
navels with fluted insert (K4KS). In ad-
dition, it can be concluded that results of
-40% thin places harmonise better with
the results of yarn evenness, and the
navel properties have a smaller effect on
-50% thin place values.

Parallel to the results obtained for
other yarn imperfections, minimum
thick places (+35% and +50%) were
obtained by using a smooth steel navel
(SGF). The result about the greater ef-
fect of grooves on yarn deformation in
steel navels than ceramic navels is also
valid for thick-place results. Generally, it

Table 2. Yarn properties obtained by using different navel types.

Yarn Properties K4K K4KK
Uster %CVm 15,01 14,90
IP1 Thins (-40%) 210,3 205,5
IP1 Thins (-50%) 53 5,0
IPI Thicks (+35%) 690,0 688,3
IP1 Thicks (+50%) 119,0 122,0
IPI Neps (+200%) 878,5 837,0
IPI Neps (+280%) 159,8 156,5
Hairiness (H) 6,92 7,77
Tenacity, cN/tex 9,10 9,10
Elongation, % 6,33 6,55
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K8KK K4KD K4KS KS
15,56 16,17 16,11 14,76
258,8 418,5 457,3 187,0
4,8 13,0 18,8 4,0
790,5 1042,0 940,5 639,5
136,8 187,8 134,0 115,5
1135 1551 1053,0 929,3
196,8 256,0 151,0 161,3
9,46 8,79 12,10 6,20
9,07 8,66 9,19 10,23
5,97 6,40 6,60 7,00
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Figure 4. Box-plot diagram showing
influence of navel properties on 49-tex rotor
yarn evenness (U%).

can be concluded that the length of the
ceramic part, the fluted insert added to
spiral navel, the number of grooves on
ceramic navels, the material of the navel
does not have any effect on +50% the
thick places of the 49-tex rotor yarn. In
contrast to the evenness and thin place
(-40% and -50%) results, a fluted insert
added to the 4-long groove ceramic navel
(K4KS) decreased the thick place (+35%
and +50%) values.

Minimum nep (+200% and +280%) val-
ues were obtained for the yarn spun with
a smooth steel navel (SGF). According
to the results, navel form, navel length,
the material of the navel and the fluted
insert in the spiral ceramic navel do not
have any effect on the neps (+200% and
+280%) values of 49-tex yarn. Similar
to the results of thick places (+35% and
+50%), grooves on steel navels have a
greater effect on yarn deformation and
fluted insert in 4-long groove navel
(K4KS) has a positive effect on yarn nep
(+200% and +280%) values. Especially
for +280% nep values, this effect was
clearer because K4KS was in the same
group with the spiral ceramic navel (KS)
which always gave good results for even-
ness and imperfection values. This result

KKSS SGF S3KF S4KF
15,91 14,44 15,06 15,32
318,5 128,5 188,9 251:?,3
75 2.8 5.4 7.8
819,3 545,8 661,1 799,0
116,5 86,0 100,4 140,8
1079 555,3 8314 1032,0
142,3 96,8 133,6 182,5
11,57 6,68 7,91 7.87
8,46 9,46 9,02 9,86
6,18 6,55 6,19 6,95
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is thought to be a consequence of the
effect of opening and trash removal on
the inner surface of K4KS. As the box-
plot diagrams of imperfection values for
different percentages are similar, only the
diagrams of 50% thin and thick places
and 280% nep values were compiled in
Figures 5, 6 and 7.
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Figure 5. Box-plot diagram showing influen-
ce of navel properties on thin places (-50%)
of 49-tex rotor yarn.
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Figure 6. Box-plot diagram showing in-
Sfluence of navel properties on thick places
(+50%) of 49-tex rotor yarn.
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Figure 7. Box-plot diagram showing influ-
ence of navel properties on nep (+280%)
values of 49-tex rotor yarn.

Hairiness (H):

Minimum hairiness values for 49-tex ro-
tor yarn were obtained by using a spiral
ceramic navel (KS). Regarding even-
ness and imperfection values, the spiral
ceramic navel (KS) showed a better
performance than the smooth steel navel
(SGF) in those properties which are af-
fected directly by yarn deformation such
as yarn hairiness, tenacity and elonga-
tion. This result is thought to be caused
by the minimum deformation given to
the yarn by the spiral ceramic navel (KS)
which creates fewer protruding fibre ends
on yarn spun from a raw material consist-
ing of cotton waste. It was observed that
the influence of the navel’s inner wall
characteristics on hairiness is more ex-
plicit than an other yarn properties. As
4-groove ceramic and steel navels (S4KF
and K4KK) had the same performances,
it can be concluded that the material of
the navel does not influence the 49-tex
rotor yarn hairiness. Spiral and 4-groove
ceramic navels with fluted inserts (K4KS
and KKSS) showed the worst perform-
ances regarding yarn hairiness because
of the extra roughness on their inner
surfaces. A box-plot diagram for the
hairiness values of 49-tex yarn is given
in Figure 8.

Tenacity (cN/tex):

The maximum tenacity (cN/tex) values
for 49-tex rotor yarn were obtained by
using spiral ceramic (KS) and 4-groove
steel (S4KF) navels. According to the
results, it can be concluded that yarn
tenacity is not significantly affected by
navel length, groove length/number or
the material of the navel. It was observed
that although the fluted insert in 4-groove
navel did not have an effect yarn tenac-
ity, the fluted insert in the spiral ceramic
navel considerably decreased yarn tenac-
ity. In general, the differences between
navel performances are statistically
insignificant for tenacity and elongation
but significant for hairiness. Therefore, it
can be said that the navel properties had
a greater influence on 49-tex rotor yarn
hairiness than the other two properties.
Figure 9 illustrates the box-plot dia-
gram for tenacity values of 49-tex yarn.

Elongation (%):

Similar to the results for tenacity, maxi-
mum elongation (%) values for 49-tex
rotor yarn were obtained by using spiral
ceramic (KS) and 4-groove steel (S4KF)
navels. Results for similar performances
of 8-groove short ceramic (K8KK) and
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3-groove steel (S3KF) navels for tenac-
ity and elongation confirms that grooves
on steel navels have a greater effect on
yarn deformation than ceramic navels.
In addition, no effects of navel form,
navel/groove lengths or the material of
the navel were observed on yarn elonga-
tion (%) according to these results. Simi-

Hairiness (H)
i

L e e L e e ]
0 10 10 10 10 10 10 10 7 10
A BCDETFGH J K

Navel type

4 a
N=

-

Figure 8. Box-plot diagram showing in-
fluence of navel properties on hairiness of
49-tex rotor yarn.
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Figure 9. Box-plot diagram showing influ-
ence of navel properties on tenacity (cN/tex)
of 49-tex rotor yarn.
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Figure 10. Box-plot diagram showing influ-
ence of navel properties on elongation (%)
of 49-tex rotor yarn.
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lar to the tenacity results, the fluted insert
in the spiral ceramic navel affected yarn
elongation negatively. Figure 10 shows
the box-plot diagram for elongation val-
ues of 49-tex yarn.

Conclusions and suggestions

According to the study reported in this
paper about the influence of navel prop-
erties on coarse (49-tex) rotor yarn spun
from cotton waste, the best evenness and
imperfection (thin, thick and nep) values
were obtained by using a smooth steel
navel (SGF). The spiral ceramic navel
(KS) showed a similar performance with
a smooth steel navel (SGF) in yarn even-
ness and thin places (-40,% and -50%).
Navels with 4-long grooves (K4KD)
and 4-long grooves with a fluted insert
(K4KS) gave maximum yarn evenness
and thin place (-40,% and -50%) values
as a result of the higher friction coeffi-
cient created between the navel and the
yarn during twist insertion. But this
rough surface affected the thick-place,
and especially the nep values positively,
because of the opening and trash removal
action applied to the yarn produced from
high short fibre and impurity content.

Hairiness values 0f 49-tex rotor yarn were
affected directly by navel properties;
minimum hairiness values were obtained
by using the spiral ceramic (KS) navel,
maximum values were obtained by using
the 4-groove ceramic navel with a fluted
insert (K4KS). As a result of their rough
surface characteristics, the 4-groove and
spiral ceramic navels with fluted inserts
affected hairiness values negatively.

The maximum tenacity (cN/tex) and
elongation (%) values were obtained by
using the spiral ceramic navel (KS), and
minimum values were obtained by using
the spiral ceramic navel with a fluted in-
sert (KKSS). These results can be attrib-
uted to the deformation given to the yarn
by the KKSS having a rough surface. The
fluted insert affected yarn properties dif-
ferently; when it is added to a grooved
navel, it primarily affects the surface’s
characteristics, and consequently the nep
and hairiness values of the yarn; but if it
is added to a spiral navel, it causes greater
deformations, thus decreasing the tenac-
ity and elongation values of the yarn.

Summing up, the most suitable navel
for coarse rotor yarn (49-tex) produced
from 100% cotton waste varies accord-
ing to the most important property for the
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consequent use of this yarn. If minimis-
ing yarn evenness and imperfections is
the goal of the production process, the
smooth steel navel (SGF) should be se-
lected; if hairiness, tenacity and elonga-
tion are the most important criteria for
yarn, the spiral ceramic navel (KS) is
the appropriate one for this case. Finally,
it can be concluded that selection of the
most suitable navel for a production
process is determined by the raw material
characteristics, the degree of importance
of the yarn’s properties for subsequent
use, and other process parameters. The
results put forward in this study are valid
only for this particular case, and may be
completely different for another type of
yarn production process.
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