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I Introduction

The yarn plying and twisting together of
fibre streams causes a decrease in the lin-
ear mass irregularity, an increase in the
tenacity, a lowering of the bending stift-
ness, an increase in the abrasion resist-
ance, and a lowering of the thread’s ten-
dency towards pilling formation [1]. The
plying process is usually applied in short
staple spinning to improve the strength
and irregularity properties of yarn. In
recent years, two-strand spinning, which
was essentially designed for wool raw
material, has become widespread as an
alternative to the conventional plying of
short staple yarns. This system is a modi-
fied ring spinning system and is already
known as siro-spinning. In this system
two rovings are fed to a ring frame, with
separators to ensure that each roving is
drafted individually. Emerging from the
nip point of the front rollers of the draft-
ing system, the two strands start to twist
together at a convergence point. In this
way a plied yarn is formed before the
pigtail guide. Undoubtedly, integrating
the plying process with yarn production
is a very important advantage of this
system, resulting in the production cost
of the product being greatly reduced.
Keeping this advantage in mind, many
researchers have attempted to produce
short staple yarn with this system. Cheng
and Sun studied the effect of strand spac-
ing and twist multiplier on the properties
of combed cotton sirospun yarn. They
observed decreasing yarn hairiness and
increasing yarn abrasion resistance when
the strand spacing was increased. On the
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This study aimed to examine the quality parameters of knitted fabrics produced from siro-
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spacing on fabric quality parameters. The experimental results show that the unevenness,
hairiness, strength and elongation values of sirospun yarns are similar to or better than
those of single and conventional plied yarns for all samples. However, enlarging the strand
spacing causes small reductions in hairiness, strength and elongation values. The results
of the fabric performance test show that the bursting strength, abrasion resistance and
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other hand, yarn tenacity was increased
to a maximum and then decreased by in-
creasing the twist multiplier [2]. Sun and
Cheng reported another research on the
relationship between the twist multiplier
and cotton yarn properties of sirospun,
plied and single yarns. According to this
research, sirospun yarn has higher tenac-
ity than single yarn for all twist multi-
pliers. Moreover sirospun yarn showed
better tenacity than two plied yarn when
the twist multiplier was increased. Fur-
thermore sirospun yarn was the least
hairy and more abrasion resistant for all
twist multipliers [3]. Su, Liu and Jiang
investigated optimum drafting conditions
for siro spinning by changing the roving
spacing using lyocell roving. They stud-
ied the correlation between the drafting
force and yarn properties. Their observa-
tions showed that a wider spacing of the
twin roving resulted in more yarn break-
age [4]. Gokerneshan, Anbumani and
Subramaniam investigated the influence
of strand spacing on interfiber cohesion
in cotton, cotton/polyester and polyester
sirospun yarns. Maximum cohesion was
observed at the lowest strand spacing for
all yarn types. In addition to this, for all
yarn types, yarn tenacities increased up
to a maximum and then decreased by
increasing strand spacing [5]. Salhotra
used finer rovings which require a lower
draft to produce good quality viscose
sirospun yarn. There was a substantial
decrease in yarn irregularity as the draft
was reduced. On the other hand, yarn im-
perfections do not reveal any consistent
trend with a change in the draft [6]. Sub-
ramaniam and Natarajan examined the

dependence of strand spacing and twist
on the coefficients of friction for cotton,
polyester/cotton, and viscose sirospun
yarns. Increasing the strand spacing and
twist increased the frictional coefficient
for all three yarn types [7]. Chu and
Cheng experimentally compared two-
ply and sirospun carded cotton yarns of
different strand spacing. The abrasion re-
sistance, hairiness, strength and uniform-
ity of sirospun yarn was found better than
those of two-ply yarn [8].

Ghasemi et al. studied the effects of yarn
twist factor on wool/polyester yarn prop-
erties which were produced by sirospun
and solo-sirospun technologies. Accord-
ing to this study yarn hairiness was im-
proved by solo-sirospun process while
tensile strength, elongation and yarn
abrasion resistance remained unchanged
[9]. In addition to these studies, many
studies are available on dynamical mode-
ling on sirospun and sirofil yarn spinning
[10-12].

Vijayakumar investigated the properties
of weft knitted fabrics made from cot-
ton sirospun and ring hosiery yarn. The
researcher observed lower dimensional
stability and higher bursting strength for
sirospun yarn fabric than for ring yarn
fabric. As regards comfort properties,
there is not much difference between the
two types [13].

Helw, Hawary and Okeily compared the
properties of weft knitted fabrics pro-
duced from cotton sirospun, single ring
spun and two ply ring spun yarns. They
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Table 1. Fibre properties.

Parameter, Unit Value
Fiber fineness, Micronaire 4.06
Fiber length, mm 28.3
Uniformity index, % 82.4
Short fiber index 9
Fiber strength, g/tex 31.5
Elongation,% 6.4
Spinning consistency index 140

Table 2. Production parameters of sirospun
yarns.

Production parameters, unit Value
Number of card slivers, tex 4922
Number of draw frame slivers, tex 4922
Number of rovings, tex 422
Diameter of ring, mm 45
Spindle revolution, rev/min 11500
Yarn twist multiplier, ag 3.5

observed that sirospun yarn fabrics had
the highest abrasion resistance and low-
est bursting strength of all the types ex-
amined. The crease recovery of sirospun
fabrics was almost of the same level as
that two ply yarn fabric and higher than
that of single yarn fabric [14].

In another research done by Sun and
Cheng, cotton knitted fabric from
sirospun and two fold yarn were com-
pared. Sirospun yarn fabrics had a higher
bursting strength, pilling resistance, abra-
sion resistance and thermal conductivity
than two fold yarn fabrics. Sirospun yarn
fabric was thicker, softer, less smooth,
had poorer recovery from compression,
less stiff and less air permeable than
two-fold yarn fabrics. On the other hand
sirospun yarn fabrics had lower dimen-
sional stability and higher spirality after
washing [15].

There are many studies on sirospun yarn
quality parameters in the literature, but
just a few studies have determined the
quality parameters of knitted fabrics pro-
duced from sirospun yarns. Therefore
this experimental study aimed to com-
pare the quality parameters of knitted
fabrics produced from sirospun, single
and two-ply yarns. In addition the ef-
fects of strand spacing on fabric quality
parameters were examined with respect
to sirospun yarns.

B Experimental

In this study combed cotton fiber was
used for the production of sample yarns.

FIBRES & TEXTILES in Eastern Europe 2011, Vol. 19, No. 5 (88)

The fiber properties were determined us-
ing a Uster HVI, the results of which are
given in Table 1.

In this study the fiber was combed to im-
prove the material quality. Fifteen yarn
samples were produced from the same
raw material and with the same produc-
tion parameters, as shown in Table 2.

The yarn samples were produced with
linear densities of 29,5 tex, 33 tex and
37 tex. For each linear density, five yarn
samples were produced as single, two-
plied, sirospun with a 6 mm strand spac-
ing, sirospun with an 8 mm strand spac-
ing and sirospun with an 11 mm strand
spacing. Figure 1 shows the production
process of sirospun yarn.

Single, two-plied and sirospun yarn sam-
ples were knitted on a 3.5 inch diameter
sample knitting machine at a machine
speed of 200 rev/min.

All the yarn and fabric samples were
conditioned at 20 + 2 °C and 65 + 4%
relative humidity for 8 hours according
to ISO 139 before the measurements
and tests. The thickness of the fabric
samples were measured by a Paramount
thickness tester according to ISO 5084.
The number of courses and wales were
determined using a magnifying glass at
5 randomly selected regions of the sam-
ple fabrics. To determine the loop length,
50 alongside loops were cut by a blade,
and yarn was unraveled from this region.
Then the length of this yarn was meas-
ured after decrimping. The yarn length
of the loop was calculated by dividing
the value measured by 50. An average
of six measurements was taken for each

Table 3. Fabric properties of samples.

Loop length, Thickness,

Figure 1. Production process of sirospun
yarn.

sample, the results of which are given in
Table 3.

The yarn samples were tested with an
Uster Tester 4 to obtain yarn quality pa-
rameters. Five bobbins were tested and
1 measurement was performed for each
bobbin. Yarn breaking strength and yarn
breaking elongation values were deter-
mined by means of 10 measurements for
each sample using an Uster Tensorapid 4.
The spirality of the sample fabrics was
determined after dry relaxation accord-
ing to IWS 276, and five measurements
were performed for each fabric sample.
A Truburst bursting strength tester was
used to determine the bursting strength
properties of the fabric samples accord-
ing to ISO 13938-2 for pneumatic meas-
urements. A 7.3 cm?2 test area was used,
and an average of five measurements was
taken for each sample. To determine the
abrasion resistance of the fabrics, the
fabric samples were tested according to

Number of Number of

Samples

cm
29.5 tex sirospun. 6 mm strand spacing 0.40
29.5 tex sirospun. 8 mm strand spacing 0.43
29.5 tex sirospun. 11 mm strand spacing 0.43
33 tex sirospun. 6 mm strand spacing 0.37
33 tex sirospun. 8 mm strand spacing 0.38
33 tex sirospun. 11 mm strand spacing 0.37
37 tex sirospun. 6 mm strand spacing 0.36
37 tex sirospun. 8 mm strand spacing 0.37
37 tex sirospun. 11 mm strand spacing 0.36
29.5 tex two-ply 0.36
33 tex two-ply 0.36
37 tex two-ply 0.36
29.5 tex single 0.41
33 tex single 0.38
37 tex single 0.37

mm courses/10 cm | wales/10 cm
0.59 16 11
0.61 16 1
0.51 16 11
0.65 17 11
0.62 17 10
0.65 17 10
0.65 18 10
0.65 18 10
0.65 18 10
0.60 18 10
0.60 18 10
0.65 18 1
0.59 16 1
0.65 17 10
0.69 18 10
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ASTM D 4966-98 using a Martindale
abrasion and pilling tester. The abra-
sion resistance was determined from
the mass loss after 5000, 10000, 15000
and 20000 abrasion cycles by taking the
average value of four samples of each
fabric. These values were then expressed
as a percentage of the initial mass. The
Martindale abrasion and pilling tester
was used according to ISO 12945-2 for
pilling resistance. Three specimens were
tested for each sample fabric. The ap-
pearance of the specimens after 125, 500,
1000, 2000, 5000 and 7000 cycles of the
testing device was assessed according to
ASTM pill grade photographic views.

I Results and discussion

Yarn Properties

Yarn unevenness (CVm%) values of
sirospun, single and plied yarns for
29.5 tex, 33 tex and 37 tex yarn linear
densities are given in Figure 2. Gener-
ally, yarn evenness deteriorates when the
yarn linear density is decreased. On the
other hand, there is no significant differ-
ence between the evenness values of the
samples for a strand spacing of 6, 8 and
11 mm. A similar result was obtained by
Cheng and Sun in earlier researches [2, 3].

The number of thin places (-40%/km),
thick places (+50%/km) and neps
(+200%/km) of sirospun, single and plied

yarns are exhibited in Figures 3, 4 and 5,
respectively. The yarn samples do not
show a consistent variation with respect
to yarn imperfections. Thus the experi-
mental study shows that two-strand spin-
ning has no effect on yarn imperfections.

Hairiness values of the samples are given
in Figure 6. Sirospun yarns have lower
hairiness values than single and plied
yarns. Additionally, it is obvious that
wider strand spacing causes lower hairi-
ness. On the other hand, the hairiness val-
ues of finer yarns are lower than those of
coarser yarns.

Figure 7 shows breaking strength val-
ues of the yarn samples. The plied yarn
samples usually have lower strength val-
ues than all the other samples. The sin-
gle yarn samples have higher strength
values than plied yarns but lower than
sirospun yarns; however, the difference is
not significant. Sirospun yarns of 6 mm
and 8 mm strand spacing have almost
equal strength values, but sirospun yarn
of 11 mm strand spacing has the lowest
strength of all the sirospun yarns.

Figure 8 shows breaking elongation val-
ues of the yarn samples. The plied yarn
samples have the lowest elongation value
for all three yarn linear densities. This
is an expected result: the conventional
plying process decreases the breaking

B Single yarn

O Plied yarn
M Sirospun 11 mm

[ Sirospun 8 mm

18

elongation. On the other hand, the single
yarn types have similar breaking elonga-
tion values to those of the sirospun yarn
types; however, the elongation values of
sirospun yarns decrease slightly as the
linear density decreases.

Fabric properties

Spirality

Fabric spirality values of the sample fab-
rics are given in Figure 9. Single yarn
fabrics exhibit considerably higher spi-
rality values than the others. On the other
hand, plied yarn fabrics have lower val-
ues than the sirospun yarn samples for
linear densities of 33 tex and 37 tex yarn;
however, the sirospun yarn sample shows
better spirality for a yarn linear density of
29.5 tex. Better spirality values are ob-
tained at a strand spacing of 8 mm for all
yarn linear densities only with respect to
sirospun yarns.

Bursting strength

Bursting strength values of the sample
fabrics are given in Figure 10. Plied yarn
fabrics have lower bursting strength val-
ues than single and sirospun yarn fabrics
for all yarn linear densities, contrary to
Sun and Cheng [15]. However, the fabric
samples with sirospun and single yarns
have very similar bursting strength val-
ues for all yarns. Moreover, it was ob-
served that an increasing yarn linear den-
sity has a decreasing effect on the burst-

D Sirospun 6 mm

16 +{ DO Plied yarn

CVm%

37 tex 33 tex

Yarn linear density

Figure 2. Yarn unevenness.
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OPlied yarn
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B Single yarn O Sirospun 6 mm
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Figure 3. Number of thin places.
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Figure 4. Number of thick places.
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Figure 5. Number of neps.
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Figure 7. Yarn breaking strength.
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Figure 12. Mass loss ratio of 33 tex yarn fabrics.

ing strength for all the fabric types, as
expected. Also, the experimental results
obviously show that there is a correla-
tion between yarn breaking strength and
bursting strength values (see Figures 7
and 10, respectively). Accordingly, the
fabric samples produced from sirospun
yarn with an 8 mm strand spacing show
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better bursting strength values when only
sirospun yarn samples are compared.

Abrasion resistance

Abrasion resistance results of the sample
fabrics are given in Figures 11, 12 and 13,
respectively. Single yarn fabric has the
highest and plied yarn fabric has the

Figure 13. Mass loss ratio of 29.5 tex yarn fabrics.

lowest mass loss values for 37 tex yarn
fabrics; however, sirospun yarn fabrics
come between these, as shown in Fig-
ure 11. In the case of 33 tex yarn fabrics,
all the mass loss values are similar to
each other, and there is no considerable
mass difference between the samples; but
the sirospun yarn samples show better re-
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Table 4. Pilling degrees of fabric samples produced from 37 tex, 33 tex and 29.5 tex yarn.

Yarn Pilling cycle

Plied yarn

125
500
1000
2000
5000
7000
125
500
1000
2000
5000
7000
125
500
1000
2000
5000
7000

37 tex

33 tex

29.5 tex

W WWEBEBENNWWREDIDNNWWW M

sults than the others. The results of the
29.5 tex yarn samples were quite similar
to those of the 33 tex yarn samples; but
a higher amount of mass losses were ob-
served, as shown in Figure 13. In gen-
eral, the results of the abrasion test show
that the amount of mass loss rises as the
linear density of the yarn decreases. In
addition to this, plied yarns have a higher
abrasion resistance with coarser yarns,
but sirospun yarn fabrics show better
abrasion resistance than single and plied
yarn fabrics as the yarns become coarser.
The most effective abrasion resistance of
sirospun yarn fabrics was observed for a
strand spacing of § mm.

Pilling resistance

The pilling degrees of the fabric sam-
ples are given in Table 4. Sirospun yarns
generally have low hairiness values, as
seen in Figure 6. Therefore, less pill-
ing was expected for the fabrics made
of these yarns; however, contrary to
this estimation, two-strand spinning
technology has no distinct effect on
the pilling behaviour of knitted fabrics
with respect to single and plied yarns.

@ Conclusions

This paper compares the properties of
fabrics produced from sirospun, single
and two-ply yarns. It is known that the
yarn plying and twisting process im-
proves the yarn and fabric quality param-
eters; however, it also increases the cost
of the process considerably. Sirospun
yarn is an alternative method of produc-
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ing plied yarns that integrates the plying
and spinning processes on a ring spin-
ning machine. The experimental results
show that the hairiness values of sirospun
yarns are clearly lower than those of sin-
gle and plied yarns, as a result of which
less pilling was expected from the fabrics
produced from sirospun yarns. However,
the practical pilling tests illustrate that
there is no difference in pilling resist-
ance between the samples for all yarn
linear densities. Sirospun yarns produce
higher yarn breaking strength values than
single and plied yarns, hence the bursting
strength values of fabrics produced from
sirospun yarns are better than those of
the others, as expected. In addition, plied
yarn fabrics produce, to some extent,
higher abrasion values for coarser yarns,
whereas sirospun yarn fabrics generate
higher abrasion values for finer yarns.
Spirality tests show that single yarn fab-
rics produce poor spirality values. Plied
yarn fabrics produce lower spirality at
a higher yarn linear density, whereas
sirospun yarns fabrics have a tendency
to produce better spirality as the yarn lin-
ear density decreases. Consequently, the
test results show that sirospun yarn fab-
rics are superior to those produced from
single and plied yarns. The strand spac-
ing for sirospun yarn production has a
definite effect on the yarn properties and
fabric performance. The most successful
results are obtained at a strand spacing of
8 mm, but a very short or too long strand
spacing negatively influences those qual-
ity parameters.
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