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Abstract

This article presents a comparative analysis of the properties of cotton yarn
spun on aerodynamic compact spinning and open-end rotor spinning sys-
tems. Yarn samples with a linear density of 50 Tex, 37 Tex, 30 Tex, 25 Tex,
and 20 Tex were spun both on the aerodynamic compact and rotor spinning
systems using the same finisher drawn sliver of medium staple cotton which
were produced by a specific mixing. The quality parameters such as mass
variation, imperfection index, hairiness, and tensile behavior (strength in
count strength product, elongation percentage) of the yarn samples were as-
sessed and analyzed. The results revealed that aerodynamic compact spun
yarn had a lower unevenness and mass variation, a higher imperfection in
case of a finer count, less hairiness, higher tensile strength, and lower elonga-
tion% compared to the open-end rotor spun yarn samples. Finally, paired-
samples t-test and regression analysis were carried out by using IBM SPSS 25
to check the significance of yarn quality parameters and correlation among
them.
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1. Introduction

The global competitive situation has forced the modern textile market to focus
vigorously on issues like productivity and cost reduction in manufacturing yarn
and fabric while maintaining the quality at a high level. Yarn is the prime raw
material in fabric manufacturing, like weaving, knitting, and narrow weaving.

For maximizing yarn productivity, an increase in the production rate of the
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spinning machine is necessary. During spinning, the yarn is spun in a simplex
machine and ring frame sequentially. The produced material from simplex is fed
into the ring frame. Generally, the production rate in the ring frame determines
the production output [1] [2]. Textile industries have come out from the concept
of conventional ring spinning to enhance productivity and modify the yarn with
different structures and properties. Ring-spun yarn, however, has always been
the acknowledged quality benchmark within the spun yarn sector [3]. The ring
and rotor are two basic spinning systems. In the case of ring spinning, the twist
is inserted into yarn by the aid of a rotating traveler. Twisting and wind-up take
place simultaneously. The structure of ring yarn is generally assumed as the ba-
sic structure in spun yarn technology. Nevertheless, in compact spinning, ten-
sion differences between fibers during the twist insertion are smaller than those
in-ring spinning due to the reduction of the spinning triangle [4]. It has been
claimed that compact spinning has the possibility of attaining yarn strength
identical to that in typical ring yarn with approximately 10% lower twist [5].
Many open-end (OE) spinning has been invented, but none can replace the ro-
tor spinning. In rotor spinning, the sliver (fibers bundle) is separated into indi-
vidual fibers with an opening roller in an air stream, and separated fibers are
re-collected in the rotor. The production rate of open-end rotor spinning
(OERS) is up to 200 meters per minute for up to 20 Tex linear density [6].

This work endeavors to analyze and compare the parameters of cotton yarn
spun on the Suessen EliTe® compact spinning frame and the open-end rotor
spinning frame. Yarns spun on compact spinning have better advantages when
compared to open-end rotor spinning in terms of tensile strength and elonga-
tion%, mass irregularity on short segments, hairiness, and imperfection index.
The analysis allows us to assume the quality parameters of spun yarns for any
given linear mass and enables the modeling of yarn parameters for different
carded yarn, spun with the use of the compact and rotor to avoid probable faults

during spinning.

Literature Review

Textile yarns can be classified according to spinning systems like the ring, com-
pact, rotor, air-jet, friction, and spun yarn. Ring spinning is a universal system,
although it has some limitations like small yarn package size, limited spindle
speed, traveler speed, ballooning, and the spinning triangle resulting in higher
cost and less productivity [7]. So, bound to try a new spinning system, aerody-
namic compact and open-end rotor spinning are two of the most established
methods. These spinning systems undoubtedly have a distinctive production
edge over the ring spinning system. Alternatively, researchers have also focused
on enhancing the production of ring yarn by overcoming those limitations [3]
(8] [9].

1) Aerodynamic compact spinning

Ring yarn has a high amount of fibers, which not only fail to contribute to

yarn strength but also increase yarn unevenness. Compact spinning is a novel
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approach through the re-engineering of a typical ring spinning process by at-
taching a pneumatic zone [10]. It eliminates the spinning triangle by condensing
the fibers pneumatically or mechanically [11]. It can be achieved by condensing
the fiber sheet in the drafting zone. The condensation can be achieved by the
three ways [10]:

a) Roving twist: The twist in roving has a 2-fold objective. Firstly, it prevents
the roving from being disturbed before it enters the ring frame drafting. Se-
condly, the twist contains the spreading of the fiber sheet during the drafting
process.

b) Mechanical condensing: Condensation of the fiber flow can be enhanced by
a funnel-shaped condenser, located between the aprons and delivery rollers.
However, it deteriorates the actual drafting by exerting unavoidable frictional
forces on the fiber flow.

¢) Aerodynamic condenser: An aerodynamic condensation happens by gentle
aerodynamic forces after the drafting but before the yarn formation. The fiber
flow reaching the spinning triangle is so narrow that all fibers can be caught un-
iformly. The small-sized spinning triangle allows for excellent yarn formation
[12]. In the Suessen EliTe® compacting machine [13], an aerodynamic condens-
ing zone is used, as shown in Figure 1.

An additional drafting zone [14] [15] is introduced in the 3/3 double apron
standard drafting system. A perforated lattice apron closely embraces a tubular
profile. The delivery top

roller, fitted with rubber cots, presses the lattice apron against the hollow pro-
file and drives the apron, forming the nipping delivery line. The tubular profile
has a small slot towards the fiber flow direction, which commences at the imme-
diate vicinity of the front roller, nipping line, and ends in the region of the deli-
very nipping line 1(b). An air current is created through the lattice apron via the
slot towards the inside of the profile tube, which seizes the fibers immediately
after they leave the front roller nipping line and condenses the fiber strand,
which is conveyed by lattice apron and transported to the delivery path. As the
slot is under negative pressure, it reaches right up to the nipping delivery line,
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Suction Slot

Front top — O : ,

rollers \ WA~ 7 Inclined hole
/ A > Profile Tube —

Pertorated &y - < v
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‘ Zone
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Figure 1. Compact spinning (a) Drafting zone; (b) Incline slot in tubular profile [1] [9] [13] [14].
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and the fiber assembly remains compacted [1] [12] [13] [16]. Over 330,000 spin-
dles of ring spinning with the EliTe compact drawing apparatus from Suessen
are currently operating in spinning mills all over the world [17]. However, the
first compact spinning frame for industrial use was built in 1995 [18].

2) Open-end rotor spinning

In rotor spinning, a conical sliver is continuously formed in a rotor groove,
from staple fibers opened in the opening roller, and oriented employing centri-
fugal forces. At the thickest point of the conical sliver, fibers are twisted into the
open yarn end rotating in the rotor, with the twists spreading to the delivery
rollers. The fibers located in the yarn core cannot evade the imparting of twists,
which results in higher yarn twist and the corresponding higher packing density
in the yarn core. In the outer yarn structure, fibers can evade the twist imparta-
tion, making the yarn more voluminous. The wrapping fibers are wound around
the yarn core in the form of a band. Underneath this is a thin fiber layer with few
or partially opposing twists. If the fibers being applied to well-twisted yarn fea-
ture fewer permanent than false twists, the fibers are twisted in the opposite di-
rection of the yarn twisting direction [19].

Both compact and rotor spinning were introduced to enhance spindle speed.
It was observed that for compact spinning, with increased spindle speed, end
breakage rate as well as yarn imperfection increases, and the yarn breaking ex-
tension decreases [2]. However, the spindle speed does not affect the yarn hairi-
ness index compared to other factors [2]. Nevertheless, in the case of rotor spin-
ning, maximum spindle speed depends on the rotor diameter and yarn strength.
P. Grosberg and S. Mansour experimented on the rotor frame to enhance its
speed up to 100,000 revolutions per minute (rpm) [20]. The spindle was mod-
ified slightly by reducing the rotating weight and overhanging length. Technolo-
gically, the main effect of increasing rotor speed is to increase the spinning ten-
sion, which will ultimately cause end breakage. However, there is a limitation for
rotor spinning on the range of twists and linear densities that can be spun at dif-
ferent spinning speeds [20].

Mechanical properties of spun yarns depend on not only the physical proper-
ties of the fibers but also the yarn structure characterized by the arrangement of
the individual fibers in yarn cross-section. Therefore, properties (yarn strength,
extensibility, appearance, compactness, packing density) of a compact yarn and
open-end rotor yarn are related to fiber distribution along yarn cross-section
[21]. Fiber arrangements in open-end rotor yarns (Figure 2) are complicated
because of their non-uniform appearance in comparison with ring-spun yarn,
which has a uniform fiber core [4].

The number of belly-band fibers is highest in rotor yarn. Belly-band fibers are
created when a fiber under high air pressure at the rotor surface is not able to
blend with the common twisted strand and winds itself onto the yarn axis as it
exits through the navel [4]. Rotor spun yarns have a densely packed core of fi-
bers aligned with the central axis, loosely packed fibers twisted around the core

at a considerable angle, and wrapper fibers on the outside. This type of structure
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Figure 2. Stress analysis for fibers in a yarn [43] [44]. (a) ldealized Single Yarn Geometry;
(b) General Stresses in Fiber.

makes rotor spun yarns successful in the commercial manufacture of coarser
yarns. A scanning electron microscopic view shows (Figure 3) that a more
compact yarn structure would be obtained as the yarns get finer [21]. The com-
pact structure also shows less protruding fibers on the outer surface of the yarn,
which will lead to less hairiness, increased uniformity and yarn strength [8] [9]
[22]-[26].

Earlier it was found that packing densities of compact yarn is not always uni-
form in yarn cross-section, although compact yarns had approximately 30%
higher packing density compared to that of ring and rotor spun yarns [21]. Con-
sidering the idealized helical yarn geometry and it was ascertained that the high-
er the twist level, the larger the helix angle & resulting in a more prominent
compressive load [27]. Higher the compressive load, the more compact the yarn
structure is. Again, the justified, thicker yarns have more fibers in their
cross-sections, which results in a rise in total load (P), and hence the total com-
pressive load acting on the yarn leads to increased packing density [27]. At the
same yarn linear density, the rotor yarn is found bulkier than the ring-spun yarn
(4].

Structural characteristics of Lyocell rotor yarn were observed by the tracer fi-
ber method [28], which showed that a certain amount of fibers was transferred
from the internal to external layer during rotor spinning. Moreover, there were
more fiber reversal fragments inside of rotor yarn. The single yarn wet snarling
counts were decreased due to those structural properties [28]. Nevertheless,
while noticing the configurations of tracer fibers of the ring-spun yarn, it was
assumed that ring yarn has an ideal cylindrical average helix angle of 17.2° [29].

The main advantages of compact yarns are lower yarn hairiness, higher
strength, and elongation values depending on their compactness [21]. The fibers
in compact yarns are almost entirely integrated into the yarn body [3] [21] [30]
[31]. The spinning speed does not affect the compact yarn strength variability
[20]. The compact yarn has reduced the breakage rate of warping and weaving
machines. The size consumption of the sizing machine is reduced by up to 50%.
It also provides good bursting strength in knitted fabrics [6]. The low hairiness
index eliminates the singeing process, and dye consumption is also reduced. Fa-
bric woven from compact yarn has improved tensile strength, pilling and abra-

sion resistance [18] [23] [32]. Open-end rotor spinning has several advantages
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Figure 3. Surface of 20 Tex (a) Compact yarn [41] and (b) Open-end rotor yarn [42].

like increased production rate, separation of twisting and winding, and elimina-
tion of speed frame and winding. The effect of fiber fineness on the hairiness of
yarns made using different spinning techniques is significant. Rotor spun yarn
shows the highest deviation from ideal unevenness [33]. Rotor Spun yarns found
with frequent breakage during knitting [6] and more irregular than ring yarn
[34]. 100% desirability satisfaction can be achieved for specific yarn quality pa-
rameters by process optimization, following USTER® benchmarks, at a rotor
speed of 77,800 rpm and 700 twists per meter [35]. Rotor yarn of coarser count
is used for denim fabric and tends to show a starting mark due to the creep be-
havior of yarn [36]. Rotor yarn has a lower maximum tensile load than a
ring-spun yarn [19]. Advancements through the compact spinning and how it

lacks from the rotor spinning, is the main purpose behind this work.

2. Materials and Methodology
2.1. Materials

Fifteen yarn sample sets (S1 to S15) of five different linear densities (3 samples of
each linear density) of 50 Tex (S1 - S3), 37 Tex (S4 - S6), 30 Tex (S7 - S9), 25 Tex
(S10 - S12), and 20 Tex (S13 - S15) was prepared by using 100% cotton fiber. Fi-
bers from different origin (9% Brazil + 41% Chad + 10% DCH32+ 40% Came-
roon) were mixed. The parameters of mentioned cotton fibers were tested on the
USTER® HVI (High-Volume Instrument) testing system and listed below in Ta-
ble 1.

2.2. Methodology

2.2.1. Yarn Preparation

Each sample set contains one compact and one rotor yarn of the same linear
density. All (S1 to S15) samples were spun both in compact and open-end rotor
frames from the same finisher drawn sliver of 4494 Tex, which was prepared

earlier by a typical spinning process. The finisher drawn sliver was converted to
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Table 1. Properties of cotton fiber.

Parameters Mean value
Uniformity Index (Un) 86%
Average length of the mixing 30.75 mm
Short fiber Index (SFI) 6.02%
Fineness 160 m Tex
Maturity Index (Mat) 0.93
Strength (Str) 31.36 cN/tex
Elongation (Elg) 7.5%
Moisture (Moist) 8.9%
Reflectance (Rd) 78.2
Yellowness (+b) 8.2
Spinning Consistency Index (SCI) 155

725 Tex roving by a simplex machine before compacting. A Jingwei (F1520) ring
spinning machine was used for this roving making. Later this roving was used to
prepare compact yarn samples by the Suessen EliTe compacting system. Rotor
yarn samples were prepared by Schlathorst (ACO-8) rotor spinning machine
from the mentioned finisher drawn sliver. All machines are materials that were
provided by Multazim Spinning Mills Ltd., Mymensingh, Bangladesh. The
process flow is given in Figure 4. Process parameters for compacting and rotor
spinning is given below in Table 2 and Table 3.

2.2.2. Determination of Irregularity Index

The structural formation of every yarn confers different properties and parame-
ters like irregularity, hairiness, strength, and bending [4]. Yarn irregularity index
(1) is a measure of the unevenness deviation of a particular fiber that will be spun
in an ideal situation, where /will be 1 [33]. It can be determined by the following

mathematical equation [33],
nf =1 (1)
where n¢is the number of fibers in the cross-section, 7} is yarn fineness, and 7yis

fiber fineness. The limiting irregularity CVim was calculated by using the fol-
lowing equation [33] [37]:

cv,, =0 @
Jne
CVv
Irregularity index, | = m 3
gularity X oV (3)

lim
where CV,, is the coefficient of variation of unevenness and CViy, is the limiting

irregulity. The index also shows how well the machines run in certain technolo-

gical phases and whether any deviations occur.
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Figure 4. Flow chart of the spinning process.

Table 2. Process parameters of compact systems.

Parameters

Suessen EliTe Compact spinning

Roving linear density, tex

Drafting gauge, mm

725 Tex

44 mm (Front Zone) & 54 mm (Back Zone)

Back draft 1.29
Cradle load 12 Kgs
Lattice Apron type Accotex (36.5 x 25.0 mm)
Lattice Apron density, holes/cm? 3000
Ring diameter, mm 38 mm
Twist Multiplier 4.3
Yarn linear density, tex 50 tex 37 tex 30 tex 25 tex 20 tex
Sample no. S1-S3 S4 - S6 S7 - S9 S10-12  S13-S15
Spindle speed, rpm 12,000 12,000 14,000 15,000 16,000
Yarn twist per meter 586 677 757 830 926
Spacer 4.0 mm 3.0 mm 3.0 mm 2.5 mm 2.5 mm
Table 3. Process parameters of open-end rotor systems.
Parameters Rotor Spinning
Yarn linear density, tex 50 tex 37 tex 30 tex 25 tex 20 tex
Sample no. S1-S3 S4 - S6 S7 -89 S10-12 S13 - S15
Rotor speed, rpm 75,000 75,000 80,000 90,000 90,000
Yarn twist per meter 640 740 827 907 1014
Twist Multiplier 4.7
Rotor diameter, mm 40 mm

2.2.3. Testing Methods
Mass variation, imperfection

, and hairiness were determined by USTER® Tester

5 following ASTM D1425-96 standard test method. Mass variation can be ex-

pressed in terms of unevenness (%) and coefficient of variation of irregularity

(CVa%). The imperfection i

ndex (IPI) value indicates the total number of the

thick place (+50%), thin place (—=50%), and neps (+200%) per 1000 meter of yarn
[38]. Yarn hairiness (/) corresponds to the total length of protruding fibers (in
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centimeter, cm) higher than 4 mm per cm length of yarn [38]. EleStretch XT
tested yarn strength under the CRE (constant rate of extension) principle fol-
lowing ASTM D1578 standard, which was expressed in terms of CSP (count
strength product). Skein strength for each sample yarn was measured and mul-
tiplied by yarn linear density to express the CSP in (kNm/kg) [39]. Yarn elonga-
tion was also tested by EleStretch XT according to ASTM D 2256 standard and
expressed as the percentage of initial length. The fineness of yarn was tested on
USTER® Tester 5, according to ASTM D1907 standard. All the experiments were
performed under standard conditions (65% + 2% RH and 20°C + 2°C). Statistic-
al analysis had been carried out by using IBM SPSS Statistics 25 [44]. Regression
analysis showed the correlation between spinning system and yarn parameters.
The paired-samples t-test procedure was used to check the hypothesis of rela-

tionship between two variables.

3. Results and Discussions
3.1. Comparison of Mass Variation

The mass irregularity indicates the amount of overall mass variation from the
mean mass of the sample tested in percentage. Unevenness (%) was calculated
from the mean deviation, and CV,,% was determined from the standard devia-
tion (SD) of mass per unit length of yarn [38]. The irregularity index (/) was
calculated using the Equations (1)-(3). The test results obtained for both com-
pact and rotor yarn are illustrated in Table 4, respectively. Experimental results

are used to plot three graphs for %, CV,,%, and irregularity index (Figure 5).

Table 4. Parameters of compact and rotor yarn.

Linear  Unevenness, (% CVi% Irregularity Index (/) IPI Hairiness CSp Elongation %
density C R C R C R C R C R C R C R
7.64 8.62 9.88 10.85 1.75 1.92 11.3 5.6 5.58 7.53 3050 2321 7.01 7.78
50 Tex 7.83 8.91 9.84 10.7 1.74 1.89 11.8 4.9 5.54 7.5 2996 2415 7.06 7.8
7.8 8.57 9.9 10.68 1.75 1.89 11.2 5.8 5.45 7.61 3160 2396 6.91 8.36
8.12 9.99 10.52 12.29 1.6 1.87 18.6 16.2 5.08 5.81 3112 2401 6.63 7.69
37 Tex 8.01 9.95 10.12 12.44 1.54 1.89 19.2 16 5.13 5.79 3060 2380 6.5 7.63
8.09 9.95 10.43 12.31 1.59 1.87 18.6 16.1 5.15 5.89 3160 2399 6.62 7.81
8.34 10.88 10.44 12.98 1.43 1.78 48.6 52.4 4.86 5.11 3085 2445 6.35 7.12
30 Tex 8.33 10.62 10.44 13 1.43 1.78 52.8 54.2 4.72 4.99 3004 2432 6.4 7.24
8.48 10.49 10.42 13.12 1.43 1.8 53.2 55.1 4.68 5.08 3146 2388 6.49 7.55
8.9 10.7 11.55 13.55 1.44 1.69 89.4 102.6 4.21 4.56 2935 2351 6.16 6.78
25 Tex 8.92 10.83 11.29 13.39 1.41 1.67 86.3 100.7 4.18 4.59 2899 2360 6.11 6.91
8.81 10.74 11.02 13.42 1.38 1.68 88.9 99.5 4.02 4.56 3010 2391 6.02 6.75
9.33 11.1 11.39 13.88 1.27 1.55 167.8  208.3 3.77 4.33 3000 2443 5.95 6.56
20 Tex 9.11 11.96 11.8 14.02 1.32 1.57 173 200.2 3.81 4.22 3102 2430 5.92 6.37
9.16 12.08 11.78 13.89 1.32 1.55 165.9 194.5 3.69 4.24 3045 2379 6.02 6.4

*C = Compact yarn, *R = Rotor yarn, *IPI = Imperfection Index, *CSP = Count Strength Product.
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Figure 5. Comparisons of mass variation. (a) Co-efficient of variation of irregularity

(CVm%); (b) Unevenness (I%); (c) Irregularity index (J).

DOI: 10.4236/jtst.2021.71003

31 Journal of Textile Science and Technology


https://doi.org/10.4236/jtst.2021.71003

Md. R. Islam et al.

% of the samples spun on the rotor are 10.85% higher for coarser yarns and
21.5% higher for finer counts than that of compact yarn. The CV,% of Suessen
compact yarn is also better, which is 8.4% lower than that of rotor yarns for the
coarser count and 19.5% lower for finer yarns. The irregularity index (/) of
compact yarns also lower comparing to rotor samples, which signifies, compact
yarn tends to more ideal. From Figure 5, it can be observed that variations in
rotor samples are significantly higher. However, there is a slight improvement in
unevenness for finer counts (20 Tex) in rotor yarn. This is because, in the case of
finer rotor yarns, each fiber gets individualized by the action of combing roller
better.

3.2. Comparison of Imperfection

Yarn imperfection is related to fiber parameters, as well as the spinning process
and environment. The test results of the imperfection index (IPI) obtained for
both compact and rotor yarn are illustrated in Table 4, respectively. Experimen-
tal results are used to plot a graph for the imperfection index (Figure 6). The
amount of thin place in both spinning was found very minimal. However, rotor
spun yarn has 23% more thick places as compared to compact yarn. The com-
pact yarn has a 50.5% higher IPI as compared to rotor spun yarn for coarser
yarns (50 Tex), but as the yarn gets finer, the IPI of the compact is decreased
(19% lower IPI than rotor yarns). Imperfection in finer rotor yarn is usually
higher due to low-quality fiber processing. However, the deviations in IPI for

both spinning systems are almost equal.

3.3. Comparison of Hairiness

Yarn hairiness depends upon the fiber staple length and stiffness, as well as the

—&— Compact, Imperfection index (IPI)

250 —@— Rotor, Imperfection index (IPI)
200 -
o
3 150 -
T
£
5
2 100
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Figure 6. Comparisons of yarn imperfection (imperfection index, IPI).

DOI: 10.4236/jtst.2021.71003

32 Journal of Textile Science and Technology


https://doi.org/10.4236/jtst.2021.71003

Md. R. Islam et al.

spinning process. The test results of yarn hairiness (/) obtained for both com-
pact and rotor yarn are illustrated in Table 4, respectively. Experimental results
are used to plot a graph for yarn hairiness (H) (Figure 7). It was observed that
compact spun yarn had about 25% less hairiness compared to rotor yarn. In the
case of open-end rotor spinning, the fiber strand gets spread and creates hairi-
ness. Analysis indicates the compact spinning tends to produce a better-integrated
structure of yarn than open-end rotor spinning. When the yarns become coars-
er, the amount of fiber in cross-section increases and the suction current may
not be strong enough to hold every single fiber effectively. However, the varia-

tions in hairiness of compact yarns are slightly higher than rotor ones.

3.4. Comparison of the Tensile Strength of Yarn

Tensile strength is a measure of the steady force required to break a specimen
and is given experimentally by the maximum load developed in a tensile test
[40]. Fiber strength and the spinning process has a massive influence on the yarn
strength. The test results of yarn strength (expressed in terms of CSP, kNm/kg)
obtained for both compact and rotor yarn are illustrated in Table 4, respectively.
Experimental results are used to plot a graph for yarn strength (CSP) (Figure 8).
It was observed that the compact spun yarn had 22.5% higher CSP than that of
open-end rotor spun yarn. This shows a clear superiority of the compact spin-
ning. Since the amount of fibers in the cross-section is higher in compact spin-
ning, the compressive load, as well as the tensile strength, becomes significantly
higher than rotor yarn. The increasing of tensile strength leads to increased te-
nacity of compact yarn, meaning the fibers are better condensed in the aerody-
namic compacting system. Nevertheless, the variations in CSP of compact yarns

are slightly higher than the rotor ones (Figure 8).
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Figure 7. Comparisons of yarn hairiness (H).
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3.5. Comparison of Elongation

The elongation percentage is the ratio of elongation of the specimen to the initial
length thereof expressed as a percentage [40]. The test results of yarn elongation
(in percentage) obtained for both compact and rotor yarn are illustrated in Ta-
ble 4, respectively. Experimental results are used to plot a graph for yarn elonga-
tion% (Figure 9). It was observed that rotor spun yarn of coarser count had a
12.5% higher elongation percentage than that of compact yarn. As the yarn gets
finer, elongation% starts to decrease. However, unlike compact yarn, there is less
variation in elongation% of rotor yarn for all samples. When the compact yarn
becomes coarser, the effectiveness of condensing the fibers along the condensing
zone decreases because the suction current is unable to control and straighten
each fiber. Thus, the amount of curled fibers increases as the yarn becomes

coarser, thus increasing the elongation% before yarn breakage.

3.6. Statistical Analysis

Paired-samples t-test procedure checks the hypothesis of the relationship be-
tween two variables. H, hypothesis (e.g., no relationship between compact yarn
count and hairiness) was tested across the alternative hypothesis, and the paired
samples correlations and hypothesis tests result for compact yarn linear density
(count) values are shown in Table 5 and Table 6. A negative correlation was
found between compact yarn count and unevenness% (—0.951). As the compact
yarn count increased, unevenness% decreased. Similarly, due to negative corre-
lations (—0.906) and (—0.861), as the compact yarn count increased, CV,, and IPI
value decreased.

On the other hand, due to a positive correlation (0.985) value between com-
pact yarn count and irregularity index (J), as the compact yarn count increased,

the /value also increased. Similarly, due to positive correlations (0.956) and (0.979),
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Figure 9. Comparisons of yarn elongation%.

Table 5. Paired samples correlations for compact spinning values.

Paired Samples Correlations

N Correlation Sig.
Pair 1 Compact yarn count & M 15 -0.951 0.000
Pair 2 Compact yarn count & CVin 15 —-0.906 0.000
Pair 3 Compact yarn count & / 15 0.985 0.000
Pair 4 Compact yarn count & IPI 15 —-0.861 0.000
Pair 5 Compact yarn count & Hairiness 15 0.956 0.000
Pair 6 Compact yarn count & CSP 15 0.330 0.230
Pair 7 Compact yarn count & Elongation 15 0.979 0.000

Table 6. Paired samples tests for compact spinning values.

Paired Samples Test

Paired Differences

95% Confidence Interval of

Pair
Std. E ;
Mean Std. Deviation rror the Difference

df  Sig. (2-tailed)

Mean
Lower Upper
1 Compact & % 23.942 11.330 2.925 17.668 30.216 8.184 14 0.000
2 Compact & CVim 21.679 11.441 2.954 15.343 28.014 7.339 14 0.000
3 Compact & 7 30.907 10.651 2.750 25.008 36.805 11.239 14 0.000
4 Compact & IPI -35.373 68.983 17.811 —73.575 2.828 -1.986 14 0.067
5 Compact & Hairiness 27.742 10.173 2.627 22.108 33.376 10.562 14 0.000
6 Compact & CSP -3018.533 75.713 19.549 -3060.462  —2976.605 —154.409 14 0.000
7 Compact & Elongation 25.990 10.434 2.694 20.212 31.768 9.647 14 0.000
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as the compact yarn count increased, hairiness and elongation value increased.
However, a positive correlation value between compact yarn count and strength
(CSP) was not significant because the significance value was greater than 0.05.
Table 7 and Table 8 show the paired samples correlations and hypothesis tests
result for rotor yarn linear density (count) values. Due to negative correlations
(-0.964), (-0.995), and (-0.861), as the rotor yarn count increased, %, CVp,
and IPI value decreased. On the other hand, due to a positive correlation (0.904),
(0.993), and (0.919) as the rotor yarn count increased, the irregularity index,
hairiness, and elongation value also increased. Nevertheless, a positive correla-
tion value between rotor yarn count and strength (CSP) was not significant be-
cause the significance value was greater than 0.05.

Regression analysis was incurred, and the results are listed in Table 9. It is
observed that if compact yarn count is selected as the dependent variable, the
coefficient of determination (R?) is 0.970 for irregularity index (), 0.959 for
elongation, and 0.914 for hairiness. Demonstrated with regression analysis, £

elongation, and hairiness was found positively correlated with compact yarn

Table 7. Paired samples correlations for rotor spinning values.

Paired Samples Correlations

N Correlation Sig.
Pair 1 Rotor yarn count & % 15 —0.964 0.000
Pair 2 Rotor yarn count & CVu 15 —-0.995 0.000
Pair 3 Rotor yarn count & / 15 0.904 0.000
Pair 4 Rotor yarn count & IPI 15 -0.861 0.000
Pair 5 Rotor yarn count & Hairiness 15 0.993 0.000
Pair 6 Rotor yarn count & CSP 15 -0.259 0.352
Pair 7 Rotor yarn count & Elongation 15 0.919 0.000

Table 8. Paired samples tests for rotor spinning values.

Paired Samples Test

Paired Differences

95% Confidence Interval

Pair Mean std. Deviation Std. Error of the Difference t df  Sig. (2-tailed)
Mean
Lower Upper
1 Rotor & % 22.041 11.833 3.055 15.488 28.593 7.214 14 0.000
2 Rotor & CVin 19.699 11.953 3.086 13.079 26.318 6.383 14 0.000
3 Rotor & 7 30.640 10.689 2.760 24.721 36.559 11.102 14 0.000
4 Rotor & IPI -43.073 83.169 21.474 -89.131 2.984 -2.006 14 0.065
5 Rotor & Hairiness 26.946 9.604 2.480 21.627 32.265 10.866 14 0.000
6 Rotor & CSP —2363.000 39.093 10.094 —2384.649 —2341.351 —234.103 14 0.000
7 Rotor & Elongation 25.150 10.255 2.648 19.471 30.829 9.498 14 0.000
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Table 9. Regression analysis for compact yarn and rotor yarn count.

Sl Variables R* (compact yarn count) R (rotor yarn count)
1 % 0.904 0.928
2 Mass Variation CVn 0.822 0.990
3 7 0.970 0.817
4 IPI 0.742 0.741
5 Hairiness 0.914 0.985
6 Tensile strength 0.109 0.067
7 Elongation 0.959 0.845

count. If the dependent variable was selected as rotor yarn count, the coefficient
of determination (R?) equals to 0.990 for co-efficient variation of irregularity
(CVw), 0.985 for hairiness, and 0.928 for %. It proved that CV/,, hairiness, and

U% are positively correlated with rotor yarn count.

4. Conclusion

The above study was carried out to determine the significant differences in the
properties of compact and open-end rotor spun yarns, which were influenced by
the inner structure of the yarns and their linear density. This was demonstrated
in the current work by an analysis of experimental and theoretical assumptions
of the geometrical arrangement of fibers in the yarn structures, which indicated
a better performance of compact yarns compared to rotor yarn. The study has
shown that open-end rotor yarns being composed of core fibers are less parallel
compared to aerodynamic compact yarns, which are highly oriented in parallel
and also have higher twists. This uniformity makes compact yarn the least hairy
between these two. In this regard, the compact spinning effectively controlled
the fibers by the condensing process compared to rotor spinning. However, this
effectiveness decreased with yarn fineness because the aerodynamic condensing
system of the compact spinning technology had better fiber control of finer
counts. Again, compact spun yarn shows higher strength, which is a reflection of
better fiber migration. Compact yarns are, therefore, stiffer than open-end rotor
spun yarns. It can be concluded that compact spun yarn is more effective in
terms of irregularity, C1% of irregularity (CV,,), imperfection, hairiness, strength,
and elongation as compared to rotor spinning. Though in the case of coarser
yarn, the difference is higher, the difference decreases with the fineness of the
yarn. Compact yarn assures better economic benefits for both yarn producers
and customers, though its manufacturing cost is higher. On the other hand, the

open-end rotor spinning ensures significantly less waste generation.
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