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Abstract— Yarns provided by Ring, Rotor and Vortex 

spinning systems differ in structure and properties.  100% 

viscose of 30 Ne yarns were produced on the above spinning 

systems and evaluated in terms of their yarn tenacity, 

breaking elongation, yarn evenness, thin places, thick 

places, neps and hairiness. Results revealed that vortex 

yarns are worse than their ring spun counterparts, but better 

than open-end rotor spun counterparts in terms of yarn 

tenacity, breaking elongation and yarn evenness. But in case 

of yarn hairiness, opposite trend is observed. Vortex spun 

yarns exhibit lowest, whereas, ring spun yarns show highest 

hairiness. Open-end rotor spun yarns have remarkably more 

number of thin places as compared to ring or vortex spun 

yarns, but regarding number of thick places, vortex spun 

yarns are better than its ring or open-end rotor spun 

counterparts. 
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I. INTRODUCTION 

The goal of short staple yarn manufacturing industry is to 

develop and produce value added yarns with various 

features for high-end textile and apparel products so as to 

compete in the global markets. Production of high quality 

yarns has been one of the important fields of interest due to 

growing consumer preference for fabrics with desired 

quality particularly for sports and leisure wear, outer wear, 

socks, lingerie, underwear and nightwear. Ring spinning is 

the most widely used technology in the world and almost 60 

% of worldwide spun yarn production is made by using ring 

spinning technology, which has a broader range of 

application with regard to yarn count when compared to 

other spinning systems. Main limitation of this system is its 

limited spindle speed which causes lower production rate. 

The issues like productivity and cost reduction while 

maintaining the quality at high level paved the way to the 

development of some alternative spinning systems. The 

most commonly accepted unconventional short staple yarn 

spinning technology is the open-end rotor spinning. It is 

possible to produce yarns with better evenness, lower 

hairiness and obtain improvement in rotor spinning system 

when compared to ring spinning, but rotor spinning is 

limited to medium and coarse yarn counts [1]. Air-jet 

spinning, developed in the year 1980, was able to produce 

medium and fine count yarns at high speed, but this 

technology has been generally used to produce 

polyester/cotton blended yarns [2-4]. The latest development 

in air-jet spinning is Muata Vortex Spinner (MVS), which 

was firstly introduced at OSAKA International Textile 

Machinery Show in 1997 by Murata Machinery Ltd. to 

target regular wear and casual fashion markets. The main 

feature of MVS is its ability to spin 100 % carded cotton 

yarn obtaining ring like structure at extremely high 

production speeds of up to 450 m/min, which is 15 to 30 

times bigger than that of ring spinning. According to a study 

conducted by Ortlek et al [5], vortex spinning system was 

found to be advantageous compared to both ring and open–

end rotor spinning systems in terms of energy cost, despite 

the high pressure air consumption in vortex spinning. 

Though some literature is present showing the comparison 

of properties of MVS yarns with that of yarns produced on 

different spinning system [6-12], but there are a number of 

contradictions between the findings of different researchers. 

This work Endeavour’s to compare the properties of yarns 

produced on ring, open-end rotor and vortex spinning 

systems to add to the existing knowledge and thus to explore 

further the usage of viscose fibres. 

II. MATERIAL AND METHODS 

A. Sample Preparation 

Slivers of linear density 0.14 hank (4.21 Ktex) made of 

100% viscose fibres are used to prepare 30 Ne yarns on ring, 

open-end rotor and Murata Vortex Spinner No. 861 under 

the conditions of a spinning mill. Table-1 shows the 

properties of viscose fibres used for this experimental study 

and Table-2 shows the spinning parameters used for the 

study the vortex yarn properties in comparison with ring and 

open-end rotor yarns. 

B. Test Methods 

All tests were carried out under standard atmospheric 

conditions, i.e. 20±2 C° temperature and 65±2 % relative 

humidity. The samples were conditioned for a minimum 24 

hours before tests. 

1) Yarn count  

Yarn counts were determined by taking yarn lengths of 120 

yards for each measurement by using cascade V (12.91) 

according to ASTM D6587 standard. 

2) Yarn evenness, imperfections and hairiness. 

Yarns were tested for evenness, imperfections and hairiness 

(H) on Uster® Tester 5-S-400 (R 5.7). The no. of thin 

places, thick places and neps were reported for 1000 meters 

with yarn speed 400 m/min and testing time of 1 min. The 

tests were performed in accordance with ASTM D1425 

standard. The hairiness (H) and hairiness (SH) values were 

determined in accordance with ASTM D5647 standard. 

Fibre Property Value 

Length (mm) 38 

Fineness (dtex) 1.3 

Breaking strength (cN/tex) 22.79 

Elongation at break,% 30% 

Table 1: Viscose fibre properties 

Code/Process parameters Ring Rotor MVS 

Yarn count 30 Ne 30 Ne 30 Ne 

Roving Count 1.44   

Sliver hank 0.14 0.14 0.14 
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TPM 760.9 710  

Twist multiplier 3.52 3.29  

Spindle speed (rpm) 15000   

Rotor speed (rpm)  120000  

Opening roller speed (rpm)  8000  

Delivery speed (m/min) 17 130 370 

Total draft 21.4 215 215 

Nozzle air pressure (Mpa)   0.5 

Feed ratio   0.95 

Take up ratio   1.03 

Nozzle distance   20 mm 

Condenser   4.5 mm 

Table 2: Spinning parameters used for preparation of ring, 

rotor and MVS yarns 

3) Yarn tenacity and breaking elongation 

Tenacity and breaking elongation of yarn samples were 

measured on Uster® Tensojet 4 (UTJ 4) at the testing speed 

of 400 m/min with a gauge length of 500 mm in accordance 

with ASTM D2256 standard. 

III. RESULTS AND DISCUSSION 

The measured properties of the yarn samples are given in 

Table-3. Comparison of properties of yarns spun at different 

spinning systems are shown graphically. 

Yarn property Ring Rotor MVS 

Yarn count (Ne) 30.4 29.8 30.11 

Yarn count (CV %) 0.62 1.03 0.48 

Tenacity (cN/tex) 17.7 13.6 16.98 

Tenacity (CV %) 10.51 11.21 8.75 

Breaking Elongation (%) 13.77 10.8 11.48 

Breaking Elongation (CV %) 11.29 12.86 11.5 

Yarn Evenness (CVm %) 11.17 16.3 14.42 

Thin Places (-50%/1000m) 13.8 63 14.2 

Thick Places (+50%/1000m) 108.8 154 55 

Neps(+200%/1000m) 210 39 50 

Hairiness (H) 6.34 4.85 3.74 

Hairiness (sH) 1.72 1.26 0.99 

Table 3: Properties of ring, rotor and vortex spun yarns 

A. Tenacity 

The tenacity test results of the yarn samples are given in 

Table-3 and illustrated in Fig. 1.  It is clear that ring spun 

yarns have the highest tenacity values, but the rotor spun 

yarns have the lowest tenacity among the three. Tenacity of 

vortex spun yarns is about 95% that of ring spun yarns, 

whereas tenacity of rotor spun yarns is about 76.8 % of the 

tenacity values of ring spun yarns. This result is in 

consistent with the findings of earlier researchers [9]. The 

result is expected to be the consequence of the fact that the 

twisted core of ring yarn creates a stronger bond between 

the fibres than the untwisted core of the vortex spun yarns, 

which results in higher tenacity of ring spun yarns. The 

lowest tenacity of open end rotor yarn may be accounted to 

the fact of lack of fibre parallelization.  

 
Fig. 1: Comparative results of yarn tenacity 

B. Elongation-at Break 

Table-3 and Fig- 2 show that breaking elongation values of 

vortex spun yarns is more than that of open-end rotor spun 

yarns, but less than that of conventional ring spun yarns. 

This finding is similar to the findings of earlier researchers 

like Kilik and Okur [8] and Ortlek and Onal [11]. Results 

show that breaking elongation of vortex spun yarns is about 

83% of elongation of ring spun yarns whereas the breaking 

elongation of rotor spun yarns is about 78% of that of ring 

spun yarns. 

 
Fig. 2: Comparative results of yarn breaking elongation 

C. Yarn Evenness 

The experimental results regarding yarn evenness are shown 

in Table-3 and Fig. 3. According to statistical analysis the 

unevenness of vortex spun yarns is higher than that of ring 

spun yarns and open-end rotor spun yarns have the highest 

unevenness among all the three types of yarns. This finding 

is in conformity with the earlier findings regarding yarn 

evenness [8-12]. 

 
Fig.  3: Comparative results of yarn evenness (CVm %) 

D. Yarn Imperfections 

The experimental results regarding yarn imperfections are 

illustrated in Table-3 and Fig. 4. According to statistical 

analysis, the number of thin places in vortex spun yarns was 

lower than the number of thin places in open-end rotor spun 

yarns and slightly higher than ring spun yarns. This result 

was in agreement with the earlier findings [8-12]. Regarding 

number of thick places, results revealed that vortex spun 

yarn has lower number of thick places as compared to ring 

or open-end rotor spun yarns. But regarding number of neps, 

results show different behaviour of yarns. As shown in 

Fig.4, vortex spun yarn has more number of neps than rotor 

spun yarn, but less than ring spun yarn. 
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Fig. 4: Comparative results of yarn imperfection 

E. Yarn Hairiness 

Regarding yarn hairiness, experimental results show that 

vortex spun yarn has lower hairiness than both ring as well 

as open-end rotor spun yarns. This finding confirms the 

earlier findings of different researchers [8-12] who 

accounted this low hairiness of vortex spun yarns due to 

uniformly distributed layer of wrapper fibres. Low hairiness 

of vortex spun yarns is the most outstanding feature of 

vortex spun yarns, as claimed by Url  [13] and Leitner et al 

[14]. Furthermore, vortex spun yarns have lowest sH values 

as comparison to other two systems. Lowest value of sH 

indicate that the layer of uniformly arranged wrapper fibres 

covering the yarn surface, which is unique for the structure 

of vortex spun yarns have a positive effect in terms of 

reducing degree and standard deviation of hairiness along 

the yarn length. Fig. 5 and Fig. 6 show the comparative 

results of yarn hairiness and yarn hairiness (sH) 

respectively.  

 
Fig. 5: Comparative results of yarn hairiness 

 
Fig. 6: Comparative results of yarn hairiness (sH) 

IV. CONCLUSIONS 

In conclusion, the following results were derived from the 

experimental study that was carried out to investigate the 

yarn properties obtained from vortex spinning system in 

comparison with conventional ring and open-end rotor spun 

yarns and to examine the effects of yarn properties on the 

fabric performance 

 Yarns spun on vortex spinning system has lower 

tenacity  and breaking elongation as compared to ring 

spun yarns, but higher than that of  open-end rotor 

spun yarns.  

 Vortex spun yarns are worse than their ring spun 

counterparts, but better than open-end rotor spun yarns 

in terms of yarn evenness. 

 The difference between the number of thin places for 

the ring and vortex spun yarns is statistically 

insignificant. But open-end rotor spun yarns have 

remarkably more number of thin places as compared to 

ring or vortex spun yarns. Regarding number of thick 

places, vortex spun yarns are better than its ring and 

open-end rotor spun counterparts, but open-end rotor 

spun yarns are better than ring or vortex spun yarns in 

terms of number of neps. 

 Hairiness of vortex spun yarns is found to be lowest 

and that of ring spun yarns is found to be highest 

among all the three types of yarns mentioned above. 
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