
ABSTRACT 

SONG, YU. Comparison between Conventional Ring Spinning and Compact Spinning. (Under 

the direction of Dr. William Oxenham.) 

 

Various manufactures of compact spinning systems like Rieter, Suessen and Rotorcraft 

have claimed many advantages of compact spinning over ring spinning. The objective of this 

thesis is to validate the authenticity of the claims regarding compact spinning techniques by 

comparing the conventional ring spinning, EliTe pneumatic compact spinning produced by 

Suessen and RoCoS mechanical compact spinning produced by Rotorcraft. 

 

5 type of American cotton, carded and combed plains cotton, California high quality 

cotton, pima cotton and brown cotton, 1 type of polyester and 1 type of rayon were used in this 

experiment. A total of 60 knitting yarns with Ne 18S count were finally spun on a ring frame 

with ring system, EliTe compact system and RoCoS compact system, using 7 fiber types 

mentioned above and 3 different twist level. 

 

Yarn unevenness, hairiness, imperfections and tensile properties of yarns and pilling 

resistance of knitted fabrics were tested. Based on the results, the comparison between 

conventional ring spinning and compact spinning were analyzed for properties such as 

hairiness, unevenness CV%, imperfections, tensile characteristics, fly and fiber loss, yarn 

appearance and pilling resistance. The possibility of twist reduction and fiber utilization were 

also investigated. It is believed that both EliTe and RoCoS compact spinning system is better 

than the other in terms of some yarn and fabric properties.  
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1. INTRODUCTION 

1.1 Textile Production Basics 

Conventional textile manufacturing is a procedure to process fibers to yarns, then yarns to 

textile fabrics, and finally textile fabrics to textile end products, like apparel, etc. Therefore 

typical textile processing includes four stages: yarn formation, fabric formation, wet processing 

and conversion to textile end products. 

 

Based on the demand of end use, each of these four stages includes many different methods. 

For example, fabric formation involves weaving, knitting, braiding etc. and wet processing 

involves dyeing and finishing. Similarly, yarn formation includes ring spinning, rotor spinning, 

vortex spinning, jet spinning, friction spinning, etc. 

 

As the oldest spinning technique, ring spinning is still wildly used in the industry. With 

development over a long period of time, many modified versions of ring spinning have 

occurred, such as Siro spinning, Solo spinning and compact spinning. These advanced 

techniques can all be realized by modifying a traditional ring spinning frame. 

 

This thesis focuses on the comparison between compact spinning and conventional ring 

spinning.  
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1.2 Objective 

Various compact spinning system suppliers like Rieter, Suessen and Rotorcraft have claimed 

that compact spinning technique has many advantages over conventional ring spinning in yarn 

spinning, as well as other downstream processes [1,2,3] such as: 

 Reduced hairiness (Uster HI, up to 30%) 

 Increased yarn strength (up to 25%) 

 Increased elongation (up to 15% for cotton) 

 Increased work capacity (B-work, up to 50%) 

 Improved yarn irregularity 

 Reduced IPI (Imperfection Index) imperfections 

 Yarn twist reduction (up to 10%) with corresponding production increase 

 Reduced ends-down rate (up to 60%) 

 Reduced fiber loss (up to 0.01%) 

 Reduced fiber fly 

 High downstream processing speed 

 Low warp breaks during weaving 

 High fabric strength after finishing process 

 

The objective of this thesis is to validate the authenticity of the claims regarding compact 

spinning techniques by comparing the conventional ring spinning, EliTe pneumatic compact 

spinning produced by Suessen and RoCoS mechanical compact spinning produced by 

Rotorcraft, with various raw materials and different spinning conditions. 
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2. LITERATURE REVIEW 

2.1 Ring Spinning 

The ring spinning machine was invented by an American named Thorp in 1828, and Jenk, 

another American, added the traveler rotating around the ring in 1830. Although many 

modifications of the ring spinning machine have been invented during the period of more than 

180 years, the basic principles remained the same. With 200 million spindles installed 

worldwide, ring spinning shares 80% of yarn production in the short staple segment [4]. 

 

The ring spinning machine will continue to be the most widely used spinning method in short 

staple spinning, since it has many advantages over the new spinning methods: 

 Most fiber types and most yarn counts can be spun. 

 Development like automation occurs every year and it is easy to control. 

 It is relatively cheap due to the intense market competition. 

With the invention and development, compact spinning technique is now regarded as a mature 

technology and it has realized impressive advances in processing performance and striking 

improvements in yarn quality, which will help ensure the dominant market position of ring 

spinning in the near future. 

 

2.1.1 Principle of Ring Spinning 

In the ring spinning process, roving is drawn into the required final count in the drafting system, 

then tenacity is imparted to the fiber strand emerging from the front rollers by twisting it with 

a traveler, and the resulting yarn is wound into a bobbin tube for downstream processing. 
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In this process, each revolution of the traveler inserts one turn of twist to the fiber strand. The 

traveler, usually a tiny C-shaped metal piece, slides on the inside flange of a ring encircling 

the spindle. The traveler has no drive of its own, it is dragged with spindle via the yarn. The 

relatively high friction of the ring traveler on the ring, coupled with the air resistance of the 

traveler and the yarn balloon between the yarn guide and the traveler, result in the speed of 

traveler being less than that of spindle. This difference in speed results in the yarn being wound 

onto the bobbin package [4, 5]. Figure 2.1 shows the principle of ring spinning. 

 

 

Figure 2.1: Principle of ring spinning [4] 
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2.1.2 Limitations of Ring Spinning 

Automation and low productivity are two limitations that people most care about. With respect 

to automation of ring spinning frame, a lot of improvements like auto doffing, linkages of 

roving frame, ring spinning frame and auto winders have been applied. However greater use 

of automation also requires increase in qualification of production management and employees. 

Meanwhile, machines with better automation demands more machinery cost and then highly 

automated production lines are extremely expensive. On the other hand, the low output of ring 

spinning machine is a big limitation, and the relatively low production speed is the major 

reason. As a result, to achieve the desired productivity levels, a manufacturer needs to purchase 

a large number of ring frames and typically the spinning frames account for around 60% of 

total machinery cost in a typical ring spinning mill [4]. 

 

The production speed of ring spinning frame depends on the spindle and traveler speed. In 

most cases, the source of low production speed is the excessive heat generated between the 

ring and traveler during the sliding of traveler, because of high contact pressure at high speed. 

Although developments such as the hook-shaped Orbit traveler, which has greatly increased 

contact surface, is a possible replacement for the normal C-shaped traveler (which should result 

in less contact pressure and less heat generation), it only does little to help [4, 6]. Because with 

the possible temperature of more than 400℃, the real problem is not the generation of heat, 

but the dissipation of it. Due to the very small mass and size, the traveler cannot transmit the 

heat to the air or the ring in the time available, and overheat will significantly decrease the 

lifetime of traveler. Therefore, the traveler speed is limited to around 50 m/s but most machines 
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seldom exceed 40m/s [7]. Also, further increase in traveler speed is not possible for increasing 

output. On the other hand, further increase in spindle speed is not very possible as well, due to 

machinery limitations and yarn quality issues cause by high spindle speed. 

 

Except for increasing traveler and spindle speed, two additional methods can be taken into 

consideration to increase the output of ring spinning frame. One is reducing the ring diameter 

and spindle size. Although this method has contributed a lot to the 40% increase in productivity 

compared with that in the late 1990s, it is obvious that the reduction of size in ring and spindle 

is not possible beyond a certain point [4]. However, a negative aspect of smaller rings is that 

the amount of splices will increase with reduced spindle size while the yarn on bobbins are 

wound onto cones. The increased amount of splices will decrease the tenacity of yarn, as each 

splice is a man-made weak point, while yarns always break at weak points. This also sets a 

limit for size reduction. Meanwhile, the sources of weak points on the spinning frame are yarn 

friction in the yarn guiding elements such as yarn guides, balloon control rings, and particularly 

the spinning triangle [6]. Reducing weak points is necessary for increasing tenacity of yarns. 

 

The other method is increasing the output for a constant spindle speed by reducing the twist, 

however the reduced twist will cause significant decrease in the tenacity and some other 

characteristics of yarns, resulting in severe problems in downstream process. Fortunately, this 

problem can be solved by applying compact spinning due to the higher tenacity of the compact 

yarns, compared to that of ring spun yarns when they are produced with the same twist. Details 

of this will be discussed in later chapters.  
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Although ring spun yarns set the standard against which various yarn types, produced by new 

spinning methods, are measured in the past and at present, this system is far from perfect. If 

the structure of ring spun yarn is examined under a microscope, many unincorporated fibers 

can be found standing out from the twisted yarn core, and cause hairiness, which is a disturbing 

factor in subsequent processes [8]. These unincorporated fibers have only a little contribution 

to the yarn strength, however if all fibers could be incorporated in the yarn, the strength would 

be increased substantially. The compact spinning technique is designed to incorporate nearly 

all of fibers from fiber strand into the yarn body by “eliminating” the spinning triangle. 

Detailed information on spinning triangle is given in the following session. 

 

2.2 Spinning Triangle 

In the ring spinning frame, the fiber bundle follows a path from the roving bobbin to the yarn 

take-up cop. This path involves the drafting system, the yarn guide eyelet, the balloon control 

ring and the traveler. These devices are arranged at different angles and distances relative to 

each other, which results in different angles of deflection and paths. All these dimensions and 

guide angles here are referred as spinning geometry, which has a significant influence on the 

spinning process and yarn quality, such as tension conditions, ends down frequency, yarn 

evenness, hairiness, generation of fly, etc.  

 

Twist which is created by the traveler, moves up to the yarns towards the drafting system and 

ideally should be as close as possible toward the nip line of the rollers. But twist can never 

reach the nip line, because after leaving the front rollers, the fibers first have to be diverted 
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inwards and wrapped around each other. Therefore at the exit of front rollers, there is always 

a triangular bundle of fibers without twist, which is called spinning triangle [4]. Figure 2.2 

shows the schematic of spinning triangle. Most ends down (yarn breaks) occur in the spinning 

triangle, since that is where very high forces act on a fiber bundle that is not yet fully integrated. 

In this case, fibers in the center of the spinning triangle are not subjected to any tension, and 

therefore bound together without any elongation. However, external fibers, especially fibers at 

the edge of the spinning triangle, have to resist the full force of balloon tension, which makes 

them easier to break, and perhaps further result in fiber strand break.  

 

 

Figure 2.2: Schematic of spinning triangle  

(a) short spinning triangle (b) long spinning triangle (c) side view [4] 

 

The spinning width (WS) and the length of the spinning triangle are two key dimensions for 

spinning triangle. The spinning width is always smaller than the fiber strand width (W). Due 

to the difference between WS and W, the edge fibers are not caught by the spinning triangle 

when emerging from the front rollers, and therefore not fully incorporated into the yarn. These 
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fibers are lost by forming fly or they are bound in the yarn already formed only at one end, 

thus becoming hairiness. Typically, 85% of fly and dust around a ring spinning frame are 

created in the main drafting zone and the spinning triangle [4]. The greater the difference 

between WS and W, the higher the loss of fibers, the greater the hairiness. Therefore, WS is 

expected to be as close as possible to W. On the other hand, the length of the spinning triangle 

depends mainly on the twist. High yarn twist results in a short length (L1), but low yarn twist 

results in a long length (L2), which is shown in Figure 2.3.  

 

 

Figure 2.3 Influence of the twist in the spinning triangle [4] 

 

It is unfortunate that both short length and long length of the spinning triangle can lead to an 

increase in the yarn break rate and hairiness. A long spinning triangle length enlarges the 

spinning triangle, which is a weak point that may break when tension peaks induced by shocks 

or uneven running from traveler or balloon act on the spinning triangle. Hairiness is also 
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increased, since the hairiness of the yarn depends to a great extent on the area of the spinning 

triangle. On the other hand, a short spinning triangle results in an increase in both hairiness and 

yarn break rate, due to difficulties in tying the edge fibers into the yarn body, and due to 

irregular distribution of fiber tension in the yarn structure [9]. Perhaps an optimum spinning 

triangle length could be found for this typical case in ring spinning, but perfect yarn structure 

and yarn quality cannot be achieved as long as the spinning triangle exists. As an advancement, 

the compact spinning technique fulfils the demand for eliminating the spinning triangle by 

reducing the fiber strand width to the spinning width, resulting in an increase of yarn strength 

and decrease of hairiness and yarn break rate. 

 

2.3 Compact Spinning 

2.3.1 History of Compact Spinning 

In late 1980s, the idea of compact spinning emerged during the attempts made by Rieter under 

the direction of Dr. Fehrer [11] to adapt a ring spinning frame for spinning directly from drafted 

slivers in cans. In order to realize this purpose, necessary modifications were applied on the 

ring spinning machine. Dr. Fehrer came up with the idea of dividing a drafted sliver onto two 

spindles by means of suction and compressed air. Several trials were run on a modified Rieter 

ring spinning frame. The results showed that this idea was technically possible, but practically 

it’s not wise due to the large space requirements of sliver cans. On the other hand, the quality 

of produced yarns was surprisingly good, even though very high draft had been applied for 

drafting sliver into yarns, while typically high draft would make the evenness of yarns worse. 

A closer study showed that the reason for this superior yarn quality was the condensation of 
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the fibers subsequent to the division of the sliver [6]. This incident inspired the researchers to 

develop a mechanical/pneumatic condensing unit to obtain excellent yarn quality in ring 

spinning. With the long history of discovering new spinning methods, researchers focused on 

improving the yarn quality this time, not increasing the production speed or finding other 

methods to impart twist.  

 

It took many years to make the idea of compact spinning commercially available. The real 

commercial product of compact spinning systems was first introduced at ITMA 1995, 

developed by ITV of Germany [12]. At ITMA 1999 in Paris three spinning machinery 

manufacturers: Rieter of Switzerland, Suessen and Zinser of Germany exhibited their compact 

or condenser spinning systems [13]. After a few years, Marzoli, Toyota, Lakshmi and 

Rotorcraft also have introduced their own compact spinning systems to the market. There are 

slight differences in the technology used in these systems due to the necessity of avoiding 

patents from competitors, but all of them are based on the same principle, eliminating the 

spinning triangle by means of pushing or condensing the fibers together to reduce the width of 

the fiber strand and thus obtaining a much smaller spinning triangle than conventional ring 

spinning. 

 

In the case shown in Figure 2.4, the compact performance is achieved by adding an extra 

pneumatic condensing zone between the front rollers and twist insertion. As a result, the sliver 

width has been significantly reduced prior to twist insertion, and therefore the spinning triangle 

has nearly been eliminated. With the elimination of the spinning triangle, the edge fibers that 
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previously might have become fly or hairiness could now be well incorporated in the yarn, thus 

enabling an increase in fiber strength contribution, as well as an increase in yarn strength.  

 

 

Figure 2.4: Comparison of spinning triangles between ring spinning and pneumatic 

compact spinning [10] 

 

2.3.2 Major Compact Spinning Systems 

Major compact spinning systems includes Com4 (Comfor) of Rieter, EliTe of Suessen, Impact 

FX (Air-Com-Tex) of Zinser, Mac3000 (Olfil) of Marzoli, ESTⅡ (New-EST) of Toyota, LRJ 

9 series of Lakshmi, RoCoS and RoVaC of Rotorcraft. Classified by the condensing principle, 

most compact spinning systems are pneumatic except that RoCoS is mechanical. Some key 

information have been shown in Table 2.1.  
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Table 2.1: Major compact systems 

Compact 

System 
Manufacturer Compact Unit Highlights 

Com4 Rieter Perforated drum Reliable performance, low maintenance cost 

EliTe Suessen 
Bottom  

lattice apron 
Flexible retrofit on most ring frames 

Impact FX Zinser 
Top 

perforated apron 
Self-cleaning, good for long term use 

Mac3000 Marzoli 
Bottom 

perforated apron 

Easy installation and taking off on Marzoli 

RST ring frame 

ESTⅡ Toyota 
Bottom 

lattice apron 
Less maintenance needed than EliTe 

RoCoS Rotorcraft 
Magnetic 

compactor 

No extra power cost, easy for install and 

taking off on most ring frames 

RoVaC Rotorcraft 
Bottom  

lattice apron 

Don’t need to be taken off the frame for 

changing lattice aprons or for cleaning 

LRJ 9 Lakshmi Perforated apron - 

 

Com4 is the only compact system that replaces the front bottom roller with perforated suction 

drums as shown in Figure 2.5. This compact system also involves suction insert and air guide 

element [1]. The structure of this compact system is relatively stable, the maintenance is 

convenient, and the life time for the perforated drum is very long. However, Rieter only offers 

Com4 compact system as a part of its compact spinning frame K46 series, which means the 

Com4 is not approved to be retrofitted on pre-owned ring frames. Meanwhile, usually Rieter 

machines are more expensive than products of its competitors due to its brand effect and good 

quality, therefore it requires more machinery cost. 
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Figure 2.5: Com4 compact system [1] 

 

Impact FX, Mac3000 and LRJ9 choose perforated apron as their compact units, which have 

been shown in Figure 2.6. Impact FX, with the former name Air-Com-Tex is well known for 

its self-cleaning function due to its perforated apron with round holes and spaced wide holes, 

since dirt particles and fiber fragments cannot accumulate in the holes of the apron because of 

the fulling effect at the apron’s deflection points [14, 15]. As there are only regular holes on 

aprons of Mac3000, reduced cleaning can be obtained [16]. And neither self-cleaning nor 

reduced cleaning function is introduced by LRJ 9, although Lakshmi claims that it uses 

perforated aprons [17]. Except the maintenance convenience, the life time of perforated aprons 

are longer than lattice aprons, but shorter than perforated drums. However, similar to the Com4, 

Impact FX can only be bought as a part of Impact 72 compact spinning frame, and Mac3000 

is offered as a part of Marzoli compact frames. 
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Figure 2.6: Impact FX (left) and Mac3000 (right) compact system [14, 16] 

EliTe, ESTⅡand RoVaC both use lattice apron as the compact units as shown in Figure 2.7. 

Typically, the lattice apron are woven from synthetic filaments, with 3000 holes/cm2 to let the 

air flow pass through. Compact system with lattice aprons have simple structure and stable 

negative pressure, but lattice aprons are easy to be worn and have short life time. They need 

frequent maintenance to ensure the smooth movement of them, because it would hurt the yarn 

quality if some fiber fragments or dust block the holes and thus making the aprons stuck during 

spinning sometime [18]. While ESTⅡcan only be found on Toyota RX 300 ring frames [19], 

EliTe is well known for its flexible modification on most of the pre-owned or brand new ring 

frames. Based on this, it is very economic and convenient for yarn manufactures to retrofit 

EliTe compact systems on their pre-owned ring spinning frames to gain the compact spinning 

technique. And that’s the main reason why EliTe has been sold for more than 7.5 million 

spindles since ITMA 1999 [2]. RoVaC is the first and only compacting system which does not 

need to be taken off the frame for changing lattice aprons and for cleaning. All maintenance, 

including the replacement of aprons can be done while the frame is running [20]. 
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Figure 2.7: EliTe (left), ESTⅡ(middle) and RoVaC (right) system [2, 19, 20] 

As the only major mechanical compact system in the market, a magnetic compactor, which is 

white in color shown in Figure 2.8 and with magnetic part on the edge, made of high-density 

ceramic compound is used as the compact unit in RoCoS compact system. There’s no need and 

cost on motors and fans due to its mechanical compact principle, therefore no extra power cost 

is needed while the power cost might be huge for pneumatic compact systems. Meanwhile, the 

maintenance requirement is light since there’re no aprons used and the structure is pretty 

durable [21]. Similar like ESTⅡ, RoCoS compact units are easy to be installed or removed, 

which brings the convenience for switching product kind between ring yarn and compact yarn. 

 

Figure 2.8: RoCoS compact system [22] 
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2.3.3 Principle of Compact Spinning 

Since this thesis focuses on comparing conventional ring spinning, EliTe pneumatic compact 

spinning and RoCoS mechanical compact spinning, this section only discusses the principles 

of EliTe compact system and RoCoS compact system, and will not refer to the other compact 

spinning systems already mentioned in the last section. 

 

 

Figure 2.9: Additional compacting zone in compact spinning [6] 

 

In EliTe compact system, compacting takes place in the additional compacting zone following 

the main drafting zone of the three-rollers drafting system shown in Figure 2.9. This compact 

system involves special cross-section suction pipe, bottom lattice aprons and delivery top roller. 

In the compact zone, each lattice apron runs over a suction tube, shown in Figure 2.10. On the 

suction tube, there is an inclined slot tilted in the direction of fiber strand movement for each 

corresponding spinning position. The delivery front roller is driven by the front top roller, 

Additional 
compacting zone 
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transmitted by the intermediate gear, and the lattice apron is then driven by the delivery front 

roller, transmitted by friction. The suction tube is under negative pressure to produce air flow 

for compacting the fiber strand. After the fiber strands leave the front roller clamping line, they 

are guided by means of the lattice aprons over the inclined slots where they move sideways 

and are condensed because of suction air flow. The diameter of delivery top roller (driven) is 

slightly bigger than the diameter of the front top roller (driving). This generates a tension in 

the longitudinal direction during the condensing process. The tension ensures the straightening 

of curved fibers, and therefore supports the condensing effect of the negative pressure acting 

on the fiber strand in the slot area of the suction tube. The lattice apron carries the fiber strand 

attached to it up to the delivery clamping line. The inclination of slots helps condensing by 

generating a transverse force on the fiber strand during the movement over the slot and causing 

the fiber strand to rotate around its own axis, thus ensuring the fibers are well incorporated in 

the yarn [6, 18].   

 

 

Figure 2.10: Front view (left) and side view (right) of lattice apron and suction tube [6] 
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Figure 2.11: Major components of RoCoS unit (left) and the condensing slot (right) [23] 

 

As shown in Figure 2.11, the major components of RoCoS compact unit are the front bottom 

roller (1), the front top roller (2), the delivery roller (3) and the magnetic compactor (4), with 

A and B as two clamping lines. This unit also involves some auxiliary parts, such as the top 

roller holder, the roving guide and the supporting spring. Roller 2 and 1 replace the front roller 

pair at a normal drafting system and after emerging from the clamping line A, the fibers are 

guided into a compacting slot, which is also shown in Figure 2.11. The magnetic compactor is 

pressed against the bottom roller without any clearance against it due to the magnetic force 

created by the magenetic part on the edge of compactor, thus forming an enclosed compression 

chamber in the slot. Inside this compact slot, the fibers are compacted mechanically. After the 

fibers have been compacted, they pass the clamping line B. The twist coming from the ring 

and traveler, will directly translate into the compact fiber strand that consists of parallel and 

straight fibers. Therefore the compact state of fibers has been solidified, causing elimination 

of the spinning triangle and reduction of hairiness. Meanwhile, there is no twist and draft 

between clamping line A and B.  
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2.3.4 Popular Claims of Compact Spinning 

Compact yarns are claimed to be stronger and less hairy due to the compact structure induced 

by the “elimination” of the spinning triangle, as shown in Figure 2.12. Furthermore, compact 

yarns have higher work capacity, higher elongation, better yarn evenness and less yarn 

imperfection compared to the conventional ring spun yarns [1, 2, 4]. Figure 2.13 shows the 

structures of ring yarn and compact yarn, the example used being from Rieter [24]. As a result, 

compact yarns have advantages in both yarn characteristics and downstream processing 

compared to conventional ring spun yarns.  

 

Figure 2.12: Spinning triangle of ring spinning (left) and compact spinning (right) [2] 

 

Figure 2.13: Structures of Com4 ring yarn and compact yarn [24] 
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Table 2.2: Popular claims about yarn characteristics [2, 16, 17, 22] 

Compact 

System 

Strength/ 

Tenacity 
Elongation Hairiness Twist 

EliTe 
up to 25% 

increase 

up to 15% 

increase 

up to 85% reduction of hairiness S3, 

up to 30% reduction of Uster H 

up to 10% 

reduction in 

twist 

RoCoS 
up to 15% 

increase 

up to 7% 

increase 
up to 80% reduction of hairiness S3 

up to 10% 

increase in 

production 

Mac3000 
up to 30% 

increase 
- up to 30% reduction - 

LRJ 9 
up to 15% 

increase 
- up to 85% reduction of hairiness S3 - 

 

Most compact spinning system manufactures have claims about the advantages of the compact 

yarns produced by their products, compared to ring yarns. Those claims with exact numbers 

have been classified in the Table 2.2 [2, 16, 17, 22]. It is evident that the amount of 

improvement that the machinery makers claims are different. Judging only from this table, 

EliTe is claimed to be the best of the four spinning systems. It can be seen that these compact 

systems have claimed at least up to 15% increase in strength, up to 30% reduction of Uster 

Hairiness Index and up to 80% reduction of hairiness S3. The objective of this thesis is to 

validate the authenticity of these claims by comparing conventional ring spinning, EliTe 

pneumatic compact spinning and mechanical RoCoS compact spinning, with various raw 

materials and different spinning conditions. 

 

Regarding advantages in spinning, the ends-down rate in spinning can be reduced up to 60% 

[2], which improves the efficiency of spinning in some extent. With the higher yarn strength, 

optimum utilization of fibers can be realized, and offer the potential of using lower grade cotton 
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to spin compact yarns while maintaining the yarn strength equal to conventional ring spun yarn 

at the same spinning condition. There’s also a possibility to reduce the yarn twist by up to 10% 

to increase corresponding production output [22]. Fiber fly would definitely be reduced due to 

the elimination of the spinning triangle.  

 

It should also be obvious that the above claims are for situations when the production is 

optimized for the properties shown. Thus, for example, a reduction in spinning twist may give 

higher productivity but less strength and elongation etc.  

 

In subsequent processing stages, compact yarns have many sustainable advantages over ring 

spun yarns. In winding, higher winding speed is possible due to less resistance caused by better 

yarn evenness, less hairiness and less neps. Fewer clearer cuts will happen because of fewer 

ends-down in spinning, as the piecing points are usually imperfections. In twisting, two-ply 

yarn made of compact single yarns requires up to 20% less twist due to the higher strength and 

compact yarn structure. In weaving preparation, less fiber fly and reduced ends-down enable 

high speed processing of beaming and warping. 30% to 50% less sizing agent is required for 

sizing of yarns due to low hairiness while the weaving performance of sized yarns is the same 

or even better. This results in cost saving in sizing as well as desizing, more importantly, 

environment protection. In weaving, less ends-down in weft insertion and clearer weaving shed 

enable better weaving machine efficiency, resulting in increases in production of up to 15% 

[2]. Less fiber entanglement in the warp and less fly accumulation on the machine occur due 

to low hairiness. In knitting, better strength results in less yarn breaks, thus increasing machine 
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efficiency and production. Low hairiness leads to less fiber fly contamination, less 

maintenance and reduced wear of needles. Sometimes, compact single yarns can substitute for 

double ring threads. As excess hairiness is remedied during singeing, singeing can run at higher 

speed or even be avoided due to low hairiness of compact yarns. Popular iron-free finishing of 

shirts and blouses reduces the strength of the used yarns by up to 50%. In this case, the high 

strength of compact yarns provides high strength for finished fabrics [1]. With improved yarn 

quality, savings in raw materials are also possible while maintaining the same yarn 

characteristics needed. For example, more inexpensive raw material can be used; carded 

compact yarn can replace combed yarn; regular polyester can replace special low-pilling fibers; 

in case of combed yarns, combing can be reduced.  

 

Apart from all these advantages about yarn characteristics and downstream processing that 

mentioned above, there are still some concerns about this advanced technology. Despite the 

dramatic advantages due to low hairiness of compact yarns along the textile processing chain, 

there’re some negative influence of low hairiness. Kadioglu [25] points out that the reduced 

hairiness might result in more severe traveler wearing and therefore more frequent traveler 

change, as the hairs protruding from the yarn body can provide some kind of lubricating for 

travelers to reduce the degree of wearing. This is thought to also be associated with air dragged 

by the yarn hairs, creating a cooling effect. Based on this, higher requirement of the quality of 

travelers are demanded, or indeed running at slightly slower spindle speed.  
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Although nearly all pneumatic compact systems can produce yarns with Ne 150 or higher yarn 

count, but the finest yarn count limitation for RoCoS mechanical compact system is only Ne 

60, and there’s some complains that RoCoS perform best for normal and coarse yarns, not fine 

yarns. Meanwhile, if the holes of lattice apron are blocked by accumulation of dust and fly, or 

the lattice apron is worn or deformed, the quality of yarns produced would be hurt significantly 

[26]. The air flow that offers the pneumatic compacting performance is produced by additional 

motors and fans that conventional ring spun frames don’t have. In this case, although 

pneumatic compact systems can offer better yarn quality, but motors and fans increase a lot of 

power cost in addition to their machinery cost. Typically, the power of the fan system of a ring 

spinning frame with 480 spindles varies from 4.5 kW to 5.5 kW, with the average of 10 

W/spindle [27]. Therefore, 1,000 kW additional power is required for a spinning mill with 

100,000 compact spindles, which is a lot consumption of energy. A further issue is that it is 

important to have the same air flow to each spinning position, which can be problematic on 

long spinning frames. 

 

2.4 Comparison of Ring Spinning and Compact Spinning 

This section focuses on reviewing research regarding: the structure of compact yarns; 

comparison between conventional ring spinning and compact spinning; and comparison 

between different compact spinning systems. 
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2.4.1 Yarn Structure  

Research on the structure of compact yarns helped in illustrating the reason why compact yarns 

have such advantages like high strength and low hairiness. Basal [28] investigated and 

compared the properties and structure of compact and conventional yarns. This study was 

concerned with inner structure of yarns. They found that the high tenacity values of compact 

yarns can be attributed to the higher rate and amplitude of fiber migration in these yarns 

compared to those in conventional ring yarns. Yilmaz et al. [29] investigated fiber distribution 

through the cross-sections of compact yarns and their packing density values. The results of 

packing density analysis indicated that the compact yarns have nearly 15-30% higher packing 

density values compared to that of the conventional ring yarns. There are no significant 

differences among Rieter Com4, Suessen Elite and Zinser Air-Com-Tex in terms of yarn 

packing density values. Wu [30] proposed a simple and reliable reconstruction method of 

stacking up fiber path segments, with tracer fibers in the yarns. The reconstructed structure of 

the ring yarn and the compact yarn segments were compared, and compact yarn presented 

different structural characteristics, where there are more regular fibers within yarns, and the 

arrangement of fibers in the cross-section presented a periphery-dense and core-uniform 

packing. All these findings provide evidence for better understanding of the relatively higher 

strength and less hairiness of compact yarns.  
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2.4.2 Properties of Yarns and Subsequent Fabrics 

Table 2.3: Research on comparison between ring spinning and different compact 

spinning systems 

Author Fiber Types Yarn Counts Compact Systems 

Ceken Cotton  20 tex (Ne 29.5) Com4 

Omeroglu Cotton Ne 30, 40, 50 Com4 

Uddin Cotton Ne 40 RoCoS 

Nikolic 
Cotton, Co/PET, 

Co/Viscose 
20 tex (Ne 29.5) EliTe, Air-Com-Tex 

Kadolgu Cotton Ne 20, 30, 40, 45, 62, 75 Com4, RoCoS 

Amanullah Cotton 10 tex (Ne 59) Com4, EliTe, EST 

Almetwally Cotton Ne 100 Com4, EliTe, EST 

Goktepe Cotton Ne 20, 30, 41 Com4, EliTe, Air-Com-Tex 

 

Shown in Table 2.3, comparison between ring spinning and compact spinning have some new 

findings [31, 32, 33]. Ceken [31] compared the properties of knitted fabrics produced by 

conventional and Com4 compact ring-spun yarns. They found that the change in the surface of 

the fabrics after washing in different cycles showed that fabrics of compact yarns maintain 

their appearance, while others seriously deteriorated. Fabrics of compact yarns had generally 

higher bursting strength, but the differences became less significant as the loop length increase 

in the fabrics. Most research regarding comparison of ring yarns and compact yarns used 

knitting fabric for the surface changing tests, like pilling test and abrasion test, due to the time-

saving for knitting instead of weaving. Omeroglu [32] found fabrics woven from Com4 
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compact yarns have higher tensile strength and pilling and abrasion resistances than fabrics 

woven from ring yarns. Uddin [33] discovered that even at higher spindle speed, RoCoS 

compact yarns still have better strength, elongation and less hairiness and imperfection than 

normal ring spun yarns. Typically the balloon tension induced by higher spindle speed could 

make the yarn quality worse.  

 

Table 2.4: Results for comparison between different compact systems 

Author/Compact 

System 
Comparison Strength Elongation Hairiness Evenness 

Nikolic 
Better EliTe EliTe EliTe - 

EliTe, ACT 

Kadolgu 
Better Com4 Com4 Com4 Com4 

Com4, RoCoS 

Amanullah Best Com4 EST Com4 Com4 

Com4, EliTe, EST Worst EST EliTe EST EST 

Almetwally Best EliTe EliTe Com4 - 

Com4, EliTe, EST Worst EST EST EST - 

Goktepe Best for Ne20, Ne30 ACT ACT ACT ACT 

ACT,Com4, EliTe Best for Ne41 Com4 Com4 ACT Com4 

 

Meanwhile, there’s development in comparison between ring yarns, different pneumatic 

compact yarns and mechanical compact yarns [34, 35, 36, 37, 38], and the major results of 

comparison can be found in Table 2.4. In this table, the second column indicates the “ranking” 

of the system in comparative trials. For example, Row 2 indicates that EliTe was “Better” than 



 

28 

the other system, when yarns were assessed for strength, elongation, hairiness and evenness. 

Nikolic [34] compared EliTe and Air-Com-Tex compact yarns with cotton, 50 cotton/50 

polyester and 87 cotton/ 13 viscose yarns with 20 tex (Ne 29.5). They found for cotton and 87 

cotton/ 13 viscose yarns, EliTe compact yarns always performed better than Air-Com-Tex 

compact yarns in terms of breaking force, elongation at break and work to break. EliTe was 

better than Air-Com-Tex in hairiness in all three types of yarns. However, no significant 

difference had been found for mechanical properties of 50 cotton/50 polyester compact yarns 

due to high bending rigidity of polyester (sic), which reduced the fiber condensing effect, and 

due to polyester’s contribution to better mechanical properties. Furthermore, no significant 

difference had been found for yarn evenness for all yarn types. Kadolgu [35] compared Com4 

pneumatic compact yarns and RoCoS mechanical compact yarns. They found Com4 had less 

unevenness and imperfections, lower hairiness, higher tenacity and elongation, due to the weak 

compacting power of RoCoS mechanical compacting system.  

 

Amanullah [36] produced combed cotton yarns with 10 tex (Ne 59) fineness, using Com4, 

EliTe and EST systems individually. They found Com4 compact yarns were the most effective 

in terms of CV m, IPI, hairiness, tenacity, breaking force and work of rupture. Toyota EST 

compact yarns had the highest elongation. EliTe compact yarns were most effective in terms 

of CV 10m. Almetwally [37] produced cotton yarns with 5.9 tex (Ne 100) fineness with the 

same system models that Amanullah used. However, they have found different conclusions. 

Results showed that EliTe compact yarns were most effective in terms of breaking strength, 

elongation and work of rupture. Com4 compact yarns were the least hairy but with the least 
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evenness. EST compact yarns were the most hairy which were close to ring spun yarns with 

respect of hairiness values. Goktepe [38] compared Air-Com-Tex, Com4 and EliTe compact 

systems. Results showed that Air-Com-Tex always had the least hairiness. In terms of 

irregularity, thin places, thick places, neps, tenacity and elongation, Air-Com-Tex was more 

suitable for medium to coarse counts, like Ne 20 and Ne 30, while Com4 was more suitable 

for finer counts, like Ne 40. 

 

As it is shown in Table 2.4, researchers offered different and even opposite comparison results 

under different fiber types, yarn counts and spinning conditions. Therefore we used various 

fiber types and different spinning conditions to compare the interaction effect of these 

variations with different compact systems. On the other hand, most of them used cotton from 

Egypt, India and nearby countries. In this thesis, we used 5 kinds of American cotton, 1 kind 

of polyester and 1 kind of viscose. Meanwhile, most research focused on comparison between 

pneumatic compact systems, it was a good choice for this thesis to compare pneumatic and 

mechanical compact systems.  
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3. EXPERIMENTAL DETAILS 

This section provides detailed information about factors that were changed to investigate their 

impact on the three spinning methods. Also, the materials used and testing methods followed 

in the various experiments are described in detail. 

 

3.1 Experimental Design 

The yarn count selected for this experiment is a Ne 18S knitting yarn. A full factorial design 

was created in order to carry out this experiment. A full factorial design means that in each 

complete trial or replication of the experiment, all possible combinations of the levels of the 

factors are investigated [39]. This design has 3 factors, one factor with 7 levels and the 

remaining two factors each with 3 levels. 

The 3 factors varied for this experiment are: 

a. Fiber type 

b. Twist level 

c. Spinning method 

Table 3.1 shows the levels of each of these factors.  

 

Seven types of fibers were used for this experiment, and five of them are American cotton. 

They are carded plains cotton, combed plains cotton, California high quality cotton (CA HQ), 

pima cotton and brown cotton. Carded plains cotton, brown cotton and pima cotton are carded 

cotton, while combed plains cotton and California high quality cotton are combed cotton. 
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Except these, one regenerated polyester, Repreve, and one type of viscose, Tencel, were also 

used.  

 

Table 3.1: Factors and their levels 

Factor Fiber Type Twist Level (TM) Spinning Method 

Level 1  Carded plains cotton  3.90 Ring 

Level 2 Combed plains cotton 3.67 Compact (EliTe) 

Level 3 California high quality cotton 3.45 Compact (RoCoS) 

Level 4 Pima cotton - - 

Level 5 Polyester - - 

Level 6 Tencel - - 

Level 7 Brown cotton - - 

 

The second factor that was varied was the twist level in terms of twist multiplier (TM). TM is 

a unit that helps to compare the twist per unit length for yarns with different counts from the 

same raw material. TM is the angle of inclination of the helical disposition of the fiber in the 

yarn [40]. Higher TM means more turns per unit length i.e., higher twist level. Higher TM 

provides higher strength, as well as more compact structure up to a certain point. After that 

point, if the TM continues to increase, the strength of yarn would decrease instead. For the 

purpose of this experiment, three levels of twist multipliers were selected, they are 3.45, 3.67 

and 3.90. The reason for including the range of twists is that this parameter not only influence 

the yarn properties, but also play a dominant role in productivity.  
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The third and the most important factor for this thesis is the spinning method. Three types of 

spinning method were selected, and they are conventional ring spinning, EliTe pneumatic 

compact spinning and RoCoS mechanical compact spinning. Detailed introduction about their 

principles can be found in Section 2.1.1 and 2.3.3. Although there are two factors besides the 

spinning methods, the motive behind varying these factors is to investigate the interaction of 

them with different spinning methods.  

 

So far, based on the factors and their levels discussed, we have 7 (fiber types) × 3 (twist levels) 

× 3 (spinning methods) = 63 independent trials (yarn types). Moreover, the experiment is run 

for 2 doffs to produce enough bobbins needed, and get an accurate estimate of between-spindle 

variation for all spindles and between-unit variation for different compact units. Yarns of three 

spinning methods are spinning at the same time. 12 bobbins, 4 bobbins for each spinning 

method are spun per doff. Therefore, in all there are 7 (fiber types) × 3 (twist levels) × 2 (doffs) 

= 42 independent doffs for the experiment, and 4 (bobbins of each spinning method) × 2 (doffs) 

= 8 replicates (bobbins) for each individual yarn type. This gives a total of 504 bobbins of 

yarns which are used to be tested and knitted later. Table 3.2 shows the full factorial design.  
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Table 3.2: Full factorial design 

No. Fiber Type Twist Level Spinning Method 

1 Carded plains cotton 3.90 Ring  

2 Carded plains cotton 3.90 Compact (EliTe) 

3 Carded plains cotton 3.90 Compact (RoCoS) 

4 Carded plains cotton 3.67 Ring  

5 Carded plains cotton 3.67 Compact (EliTe) 

6 Carded plains cotton 3.67 Compact (RoCoS) 

7 Carded plains cotton 3.45 Ring  

8 Carded plains cotton 3.45 Compact (EliTe) 

9 Carded plains cotton 3.45 Compact (RoCoS) 

10 Combed plains cotton 3.90 Ring  

11 Combed plains cotton 3.90 Compact (EliTe) 

12 Combed plains cotton 3.90 Compact (RoCoS) 

13 Combed plains cotton 3.67 Ring  

14 Combed plains cotton 3.67 Compact (EliTe) 

15 Combed plains cotton 3.67 Compact (RoCoS) 

16 Combed plains cotton 3.45 Ring  

17 Combed plains cotton 3.45 Compact (EliTe) 

18 Combed plains cotton 3.45 Compact (RoCoS) 

19 California high quality cotton 3.90 Ring  

20 California high quality cotton 3.90 Compact (EliTe) 

21 California high quality cotton 3.90 Compact (RoCoS) 

22 California high quality cotton 3.67 Ring  

23 California high quality cotton 3.67 Compact (EliTe) 

24 California high quality cotton 3.67 Compact (RoCoS) 

25 California high quality cotton 3.45 Ring  

26 California high quality cotton 3.45 Compact (EliTe) 

27 California high quality cotton 3.45 Compact (RoCoS) 

28 Pima cotton 3.90 Ring  

29 Pima cotton 3.90 Compact (EliTe) 

30 Pima cotton 3.90 Compact (RoCoS) 

31 Pima cotton 3.67 Ring  

32 Pima cotton 3.67 Compact (EliTe) 

33 Pima cotton 3.67 Compact (RoCoS) 

34 Pima cotton 3.45 Ring  

35 Pima cotton 3.45 Compact (EliTe) 

36 Pima cotton 3.45 Compact (RoCoS) 
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Table 3.2 continued. 

37 Polyester 3.90 Ring  

38 Polyester 3.90 Compact (EliTe) 

39 Polyester 3.90 Compact (RoCoS) 

40 Polyester 3.67 Ring  

41 Polyester 3.67 Compact (EliTe) 

42 Polyester 3.67 Compact (RoCoS) 

43 Polyester 3.45 Ring  

44 Polyester 3.45 Compact (EliTe) 

45 Polyester 3.45 Compact (RoCoS) 

46 Tencel 3.90 Ring  

47 Tencel 3.90 Compact (EliTe) 

48 Tencel 3.90 Compact (RoCoS) 

49 Tencel 3.67 Ring  

50 Tencel 3.67 Compact (EliTe) 

51 Tencel 3.67 Compact (RoCoS) 

52 Tencel 3.45 Ring  

53 Tencel 3.45 Compact (EliTe) 

54 Tencel 3.45 Compact (RoCoS) 

55 Brown cotton 3.90 Ring  

56 Brown cotton 3.90 Compact (EliTe) 

57 Brown cotton 3.90 Compact (RoCoS) 

58 Brown cotton 3.67 Ring  

59 Brown cotton 3.67 Compact (EliTe) 

60 Brown cotton 3.67 Compact (RoCoS) 

61 Brown cotton 3.45 Ring  

62 Brown cotton 3.45 Compact (EliTe) 

63 Brown cotton 3.45 Compact (RoCoS) 

 

During the spinning, it was found that the cotton wax from the brown cotton can contaminate 

the rollers and aprons in the drafting zone of ring frame, resulting in worse yarn quality and 

spinning condition, therefore, the spinning plan of brown cotton with 3.45 twist multiplier had 

to be canceled. Hence, only yarns from No.1 to No.60 in the plan shown in Table 3.2, were 

actually produced. 
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During the spinning of yarns, every yarn bobbin was labeled for the convenience of testing. 

Since there were 2 doffs with 4 bobbins for each spinning method in each doff, No.1 and No.3 

bobbin from the first doff were tested by Uster Tester 5 and then Uster Tensorapid. No.2 was 

used for knitting and No.4 was a backup bobbin. No.1, No.2, No.3 and No.4 bobbins from the 

second doff were all tested by Uster Tensojet. The testing arrangement of yarn bobbins is 

shown in Table 3.3. 

 

Table 3.3 Testing arrangement of yarn bobbins 

Doff No./Bobbin No. No.1 No.2  No.3 No.4 

First doff 

Uster Tester 5 

Knitting 

Uster Tester 5 

Backup  

Uster Tensorapid Uster Tensorapid 

Second doff Uster Tensojet Uster Tensojet Uster Tensojet Uster Tensojet 

 

3.2 Material 

Carded and combed plains cotton were selected as two types of fibers in this experiment. Plains 

cotton, California high quality cotton, pima cotton and brown (natural color) cotton are all 

American cotton. The polyester used was Repreve, which is regenerated from plastics, and 

Tencel is an “environmental friendly” viscose, produced by Lenzing. The two most important 

specifications, length and fineness of the fibers used in this experiment, are listed in Table 3.4. 
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Table 3.4: Length and fineness of fibers used 

Fiber Type Length (inch/mm) Fineness (dtex/denier) 

 Carded plains cotton  0.99/25.1 1.72/1.55 

Combed plains cotton 1.04/26.4 1.87/1.68 

California high quality cotton 1.12/28.4 1.74/1.57 

Pima cotton 1.21/30.7 1.75/1.58 

Polyester 1.50/38.0 1.33/1.20 

Tencel 1.50/38.0 1.67/1.50 

Brown cotton 1.00/25.4 1.68/1.51 

 

3.3 Method 

Apart from the Tencel, which was available as loose fiber, all other fibers were slivers that had 

already been carded or combed, but prior to the trials had not been drawn. All of the provided 

slivers were drawn twice and then made into rovings before being spun using ring spinning, 

EliTe pneumatic compact spinning and RoCoS mechanical spinning to give 60 different types 

of yarns. The Tencel was opened and carded prior to being drawn like the other fibers. After 

that, the spun yarns were tested for yarn count, tensile properties, evenness, hairiness, etc., and 

some of them were knitted on an FAK knitting machine. Thus, 60 different knitted fabrics were 

obtained. These fabrics were then tested for pilling to observe the differences in pilling 

performance due to different spinning methods. Each of these steps are shown in the schematic 

in Figure 3.1. 
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Figure 3.1: Schematic of steps followed for the experiment 

3.3.1 Spinning Preparation 

In this experiment, loose Tencel fibers had been conditioned for more than 24 hours under 

standard laboratory conditions. Followed by conditioning, the first process of spinning was 

opening and cleaning. Loose Tencel fibers were subjected to fiber control feeder with blending 

beater, two 6-cell mixer, mono-cylinder cleaner (coarse opener cleaner) and ERM cleaner (fine 

opener cleaner), and the models of these machines are listed in Table 3.4. Then these opened 

fibers were subjected to carding. They were fed into the chute feeding system, which passed 

them to the licker-in. Due to the action between licker-in and cylinder, and action between 

cylinder and doffer, the fibers were individualized and then passed the carding zone in form of 

a web. This fiber web was then condensed to form a sliver which was coiled and stored in big 

cans [6]. 
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Table 3.5: Machine models and their details in spinning preparation and spinning 

Spinning Procedure Machine Model Details 

Feeding 
Rieter Unifloc A1/2 - 

Fiber Control Feeders Hopper feeders, beater 

Blending 
Rieter Unimix B7/3 6 cell mixer 

Rieter Mixing Operner B3/3R 6 cell mixer 

Opening 
Rieter Mono-cylinder Cleaner B4/1 Coarse opener cleaner 

Rieter ERM B5/5 Fine opener cleaner 

Carding Rieter Card C4 Combination card wires 

Combing preparation Rieter Unilap E5/3 - 

Combing Rieter Comber E7/6 - 

Breaker drawing Rieter Drawframe SB 851 - 

Finisher drawing Rieter Drawframe RSB 851 Autoleveler 

Roving frame drawing Rieter Roving frame F4/1 36 spindles 

Spinning Suessen Fiomax E1 192 spindles 

 

Carded Tencel slivers and other prepared slivers were then respectively subjected to two 

drawing procedures, breaker drawing and finisher drawing. 6 slivers were fed and drafted to 

produce a single sliver of a little bit smaller hank as the original carded sliver, and the new 

sliver was stored in small cans. By these two procedures, the fibers in the sliver became more 

parallel, more individual and straighter. Due to the effect of doubling, the variation in sliver 

thickness were reduced. The drawn slivers were then fed to the roving frame. The slivers were 

twisted and wound onto bobbins after being attenuated. This stage is essential in spinning, 

because usually high draft is hard to be realized only with the draft system in the ring frame. 

The roving frame shares part of the total draft, and the roving bobbins can save some valuable 
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space since they can be hung from the holders placed over the drafting systems instead of 

‘small cans’ being placed on the ground. And the final product of spinning preparation is 1 

hank roving. 

 

3.3.2 Spinning 

The rovings were then fed to the draft systems on the ring spinning frame, Suessen Fiomax E1, 

a short frame with 192 spindles which was designed for EliTe pneumatic compact spinning. 

The standard spindle speed in this experiment was set to be 11,000 rpm throughout one doff. 

For carded plains cotton with 3.45 twist multiplier, a low twist, the spindle speed was reduced 

to 8,000 rpm due to increased end-down rate induced by reduced twist. For polyester and 

Tencel, spindle speed was reduced to 10,000 rpm, because spinning with 11,000 rpm could 

produce much powder dust, which means the spindle speed was too high. To control these 

problems, the spindle speed has to be reduced, even though reduction in spindle speed would 

result in reduction in production speed.  

 

EliTe units had already been installed on the frame, and one spinning unit offers drafting 

systems for two spindles. Two suction tubes had been removed temporarily for ring spinning 

positions and retrofitting of RoCoS units. As shown in the figure, 4 ring spinning units, 4 EliTe 

pneumatic compact units and 4 RoCoS mechanical units are placed from left to right in order. 

Detailed information about these spinning systems can be found in Section 2.1.1 and 2.3.3. 

And Figure 3.3 shows the close pictures of ring units, EliTe units and RoCoS units used in this 

experiment.  
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Figure 3.2: Ring unit (left), EliTe unit (middle) and RoCoS unit (right) used in this 

experiment 

 

3.3.3 Physical Test of Yarns 

For physical test, yarns were tested for various properties, like tensile property, evenness, 

hairiness and imperfections. Evenness, hairiness and imperfections were tested on the UT5 

(Uster Tester5). This instrument uses optical sensor to measure hairiness index. Another 

optical sensor is used for measuring the number of dust and trash particles. Capacitive sensor 

is used to detect mass variation, and derives CV% (Coefficient of Variation). Following the 

Uster testing standard for evenness test for staple yarns, a total of 1,000 meters of yarn per 

bobbin was run through the sensors at the speed of 400 m/min for 2.5 min. 1 single test was 

performed per bobbin, and 2 bobbins (No.1 and No.3 bobbin from the first doff) were tested 

for each type of yarn. 
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The tensile properties of yarn, like breaking force (B-force), elongation at break and work to 

break (B-work) were measured on both Uster Tensojet (TJ) and Uster Tensorapid (TR), 

following Uster testing standard for these two machines. Tensojet is designed for simulating 

high-speed processes like air-jet weaving. It tests a total of 1,000 meters of yarn with 0.5 cN/tex 

(16.4 cN for Ne 18 yarns) pretensional force at the speed of 400 m/min for 2.5 min, causing 

1,000 yarn breaks. Because it does so many breaks, it is better for finding weak points in a 

package of yarn. 1 single test was performed per bobbin, and 4 bobbins (No.1, No.2, No.3 and 

No.4 bobbins from the second doff) were tested for each type of yarn. Tensorapid is used for 

normal tensile properties testing for yarns. With 500 mm test length and 0.5 cN/tex (16.4 cN 

for Ne 18 yarns) pretensional force, 20 single breaks are tested at the rate of 5,000 mm/min. 1 

single test was performed per bobbin, and 2 bobbins (No.1 and No.3 bobbin from the first doff) 

were tested for each type of yarn.  

 

3.3.4 Knitting 

Although the hairiness property was tested in yarn physical testing, the difference between 

three spinning methods and the effect of variations on them were only numbers and figures. It 

is more direct to see how the end product performs with each of three spinning methods, by 

knitting the yarns into fabrics. Each type of yarn was knitted on the FAK machine, Fiber 

Analysis Knitter, which is a circular single jersey knitting machine with a single feed and is 

used for flexible laboratory purposes. The needle density is 28 needles/inch and the machine 

runs at a speed of 60 yd/min [6]. Each circular fabric was knitted with 22 inches in length and 
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3 inches in diameter. One fabric was produced for each type of yarn, and No.2 bobbin from 

the first doff was used for knitting.  

 

3.3.5 Pilling Test of Fabrics  

Pilling resistance was tested for knitted fabrics, using Martindale Tester. Pills are bunches or 

balls of tangled fibers which are held to the surface of the fabric by one or more fibers [41]. 

The procedure used was based on the standard test method ASTM D4970. However this 

standard requires 4 pairs of sample fabric for each test of one fabric type, but since we used a 

6 position Martindale Tester, whereas we utilized 3 pairs of fabrics in this experiment. This 

was done since it permits 2 types of fabrics to be tested at the same time and this significantly 

reduced the amount of time required for fabric testing. One pair of sample fabric consist of one 

bottom fabric with the diameter of 5.5 inches, and one sample fabric with the diameter of 1.5 

inches. In this experiment, the sample fabric is rubbing against the bottom fabric for certain 

movements. With an increment of 200 testing movements and the total movements up to 1,000 

movements, the pilling level of sample fabrics were graded at 200, 400, 600, 800 and 1,000 

movements. A grading scale of 1 to 5 was used for the pilling level, where 5 represents no 

pilling and 1 means very severe pilling.  
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4. RESULTS AND DISCUSSION 

In this experiment, the yarns were produced in the Rieter spinning lab and all testing work 

were carried out in the physical testing lab at College of Textiles, North Carolina State 

University. Based on the factors and their levels discussed in Section 3.1, there are 60 

individual yarn types that have been finally spun, and 8 bobbins for each yarn type. This gives 

480 yarn bobbins in total to be tested. Yarn properties including evenness, hairiness, breaking 

strength, elongation at break and work to break were tested using Uster equipment, following 

Uster testing standards. Pilling resistance was test using Martindale Tester, following ASTM 

D4970. The details of all tests have been discussed in Section 3.3.3 and 3.3.5, and all actual 

data can be found in the Appendix in Table 8.1 through Table 8.13. This section focuses on 

illustrating the analysis and findings in detail, based on the results of tests that mentioned above.  

 

This section can also be separated into two parts, one is the direct analysis of measurements, 

including hairiness, imperfections, unevenness CV%, yarn tensile properties, fiber fly and fiber 

loss and pilling resistance. The other part is the indirect analysis, including the yarn appearance, 

twist reduction, fiber utilization and maintenance issue for EliTe.  

 

According to the full factorial design shown in Table 3.1, 60 individual types of yarns could 

be classified into 20 individual types of doffs, because yarns of 3 spinning methods were 

spinning at the same time. Table 4.1 shows the details of these 20 types of doffs. It helps to 

understand the analysis of tables and figures in this section. 
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It should be noted that properties like hairiness, unevenness CV% and imperfections of brown 

cotton could not be evaluated on the UT5 machine, and furthermore yarns spun from brown 

cotton and Tencel could not be run on the Uster Tensojet machine. Therefore, there are no 

results for these properties. The reason for the absence of this data was that these particular 

fiber produced yarns which tended to wrap and adhere to the rollers on the test machine, 

causing frequent jams. 

Table 4.1: All types of doffs 

No. Fiber Type TM Spinning Method 

1  Carded Plains 3.90  Ring EliTe RoCoS 

2  Carded Plains 3.67  Ring EliTe RoCoS 

3  Carded Plains 3.45  Ring EliTe RoCoS 

4  Combed Plains 3.90  Ring EliTe RoCoS 

5  Combed Plains 3.67  Ring EliTe RoCoS 

6  Combed Plains 3.45  Ring EliTe RoCoS 

7  CA HQ  3.90  Ring EliTe RoCoS 

8  CA HQ  3.67  Ring EliTe RoCoS 

9  CA HQ  3.45  Ring EliTe RoCoS 

10  Pima 3.90  Ring EliTe RoCoS 

11  Pima 3.67  Ring EliTe RoCoS 

12  Pima 3.45  Ring EliTe RoCoS 

13  Polyester 3.90  Ring EliTe RoCoS 

14  Polyester 3.67  Ring EliTe RoCoS 

15  Polyester 3.45  Ring EliTe RoCoS 

16  Tencel 3.90  Ring EliTe RoCoS 

17  Tencel 3.67  Ring EliTe RoCoS 

18  Tencel 3.45  Ring EliTe RoCoS 

19 Brown 3.90  Ring EliTe RoCoS 

20 Brown 3.67  Ring EliTe RoCoS 
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4.1 Hairiness  

In this experiment, hairiness was measured by hairiness index (HI), which means the total 

length in cm of protruding fibers within the measurement segment of 1 cm length of the yarn 

[42], for example, if the HI is 6.1, the total length of all hairs within 1 cm of this yarn is 6.1 

cm. Typically, the HI would be lower with more twist, because the yarn structure would be 

more compact and thus the fibers are better incorporated into the yarn body. The longer the 

single fiber is, the lower the number of hairiness would be, because in certain length, there 

would be less fibers and thus less protruding fibers that form hairiness. With coarser fibers, 

there would be less fibers in the cross-section in the yarn with certain count, similarly, there 

would be less protruding fibers, and therefore the yarn have less number of hairs. Also, more 

rigid fibers lead to more hairiness because they are more difficult to be incorporate into the 

yarn body.  

 

Table 4.2 shows the summary results for hairiness in this experiment, with the actual data listed 

in Table 8.3. In Table 4.2, “Diff” refers to difference in the spinning technologies when the 

compact spinning systems are compared to conventional ring spinning. Thus, “EliTe Diff -

1.57” means that the hairiness index of the EliTe yarn (6.10) was 1.57 less than the ring yarn 

(7.66). 

 

 

 

 



 

46 

Table 4.2: Summary results for hairiness index 

No. 
Fiber 

Type 
TM Ring EliTe RoCoS 

EliTe  

Diff 

EliTe 

Diff% 

RoCoS 

Diff 

RoCoS 

Diff% 

1  Carded Plains 3.90  7.66  6.10  7.40  -1.57  -20.43 -0.27  -3.46 

2  Carded Plains 3.67  8.54  7.45  8.66  -1.09  -12.76 0.12  1.35 

3  Carded Plains 3.45  9.51  7.47  8.93  -2.04  -21.41 -0.58  -6.10 

4  Combed Plains 3.90  6.38  5.04  6.59  -1.34  -20.94 0.21  3.29 

5  Combed Plains 3.67  7.15  6.18  7.16  -0.97  -13.51 0.01  0.14 

6  Combed Plains 3.45  7.49  6.07  7.30  -1.42  -18.97 -0.19  -2.47 

7  CA HQ  3.90  5.59  4.64  5.56  -0.96  -17.08 -0.03  -0.54 

8  CA HQ  3.67  6.35  5.17  6.10  -1.18  -18.58 -0.25  -3.90 

9  CA HQ  3.45  6.64  5.48  6.38  -1.17  -17.55 -0.26  -3.90 

10  Pima 3.90  6.12  4.85  5.76  -1.27  -20.75 -0.36  -5.96 

11  Pima 3.67  6.42  5.77  6.55  -0.65  -10.12 0.13  1.95 

12  Pima 3.45  7.20  6.36  6.95  -0.84  -11.67 -0.25  -3.47 

13  Polyester 3.90  6.15  5.03  7.54  -1.12  -18.14 1.40  22.70 

14  Polyester 3.67  6.97  5.74  8.67  -1.23  -17.65 1.70  24.32 

15  Polyester 3.45  7.74  6.38  9.44  -1.36  -17.52 1.70  21.98 

16  Tencel 3.90  6.97  6.15  6.33  -0.82  -11.76 -0.65  -9.25 

17  Tencel 3.67  7.24  6.59  8.39  -0.65  -8.91 1.15  15.89 

18  Tencel 3.45  7.69  6.53  7.28  -1.17  -15.15 -0.41  -5.33 



 

47 

 

Figure 4.1: Overview of hairiness index results 

 

Figure 4.1 was drawn based on the hairiness index values in Table 4.2. In this figure, the 

number from 1 to 18 in x axis refers to the codes of doffs in Table 4.1. We can find that for 

each fiber type, HI of yarns increase with the decrease of twist multiplier of yarns, due to looser 

yarn structure. And yarns of short fibers like carded plains cotton have higher HI, while yarns 

of long fibers like CA HQ (California high quality cotton) have lower HI. Judging from the 

plots of three spinning methods, it is clear that the HI of EliTe are always lower than that of 

Ring and that of RoCoS. For cottons, from No.1 to No.12, the HI of RoCoS are lower than that 

of Ring in most times, but for some yarns, the HI of RoCoS are similar and even higher. For 

polyester, the HI of RoCoS are much higher than that of Ring. Due to the magnetic mechanical 

compacting mechanism of RoCoS, it is suspected that the enclosed compression chamber in 

its slot has less fiber control ability to compact polyester, which is long and rigid, thus causing 

worse quality for yarns spun with polyester. 
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Figure 4.2: Decrease of hairiness index via difference%  

Figure 4.2 is a clear indicator of the difference in HI, expressed as a percentage, for the two 

kinds of compact yarns. It shows that EliTe always decreases more HI than RoCoS. According 

to Table 4.3, EliTe decreases 16.27% HI on average. While RoCoS decreases an average of 

1.45% HI for cottons and Tencel but increases the average of 23.00% for polyester, and 

increases 2.62% HI on average of all fibers. Therefore, we can conclude that EliTe compact 

spinning can decrease hairiness of yarns significantly, and RoCoS compact spinning can 

decrease a little of hairiness for cotton yarns, however it would increase that of yarns spun 

from polyester.  

 

Table 4.3: Difference% of hairiness index for EliTe and RoCoS 

Difference% EliTe RoCoS 

Cottons and Tencel -15.97 -1.45 

PET -17.77 23.00 

All Fibers -16.27 2.62 
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4.2 Imperfections 

IPI stands for Imperfection Index of yarns. For ring spun yarns, imperfections in the yarn refer 

to the total number of thin places (-50%), thick places (+50%), and neps (+200%) per meter of 

yarn. Typically, thick places result from insufficient carding. Insufficient opening causes neps. 

And defects produced from spinning preparation lead to all these imperfections. The actual 

data for thin places (-50%), thick places (+50%), and neps (+200%) can be found in Table 8.4. 

And Table 4.4 shows the summary of results for imperfections.  

 

Table 4.4: Summary results for imperfections  

No. 
Fiber 

Type 
TM Ring EliTe RoCoS 

EliTe  

Diff 

EliTe 

Diff% 

RoCoS 

Diff 

RoCoS 

Diff% 

1  Carded Plains 3.90  598.0  654.0  550.0  56.0  9.36 -48.0  -8.03 

2  Carded Plains 3.67  271.5  498.0  330.5  226.5  83.43 59.0  21.73 

3  Carded Plains 3.45  255.5  582.0  269.5  326.5  127.79 14.0  5.48 

4  Combed Plains 3.90  29.5  43.5  42.0  14.0  47.46 12.5  42.37 

5  Combed Plains 3.67  46.5  57.5  18.5  11.0  23.66 -28.0  -60.22 

6  Combed Plains 3.45  31.5  51.0  26.0  19.5  61.90 -5.5  -17.46 

7  CA HQ  3.90  16.0  28.0  15.5  12.0  75.00 -0.5  -3.13 

8  CA HQ  3.67  22.0  23.5  10.0  1.5  6.82 -12.0  -54.55 

9  CA HQ  3.45  20.0  114.0  17.0  94.0  470.00 -3.0  -15.00 

10  Pima 3.90  113.5  126.0  117.0  12.5  11.01 3.5  3.08 

11  Pima 3.67  84.5  116.5  73.5  32.0  37.87 -11.0  -13.02 

12  Pima 3.45  108.0  135.5  77.5  27.5  25.46 -30.5  -28.24 

13  Polyester 3.90  25.0  30.0  24.0  5.0  20.00 -1.0  -4.00 

14  Polyester 3.67  9.5  20.5  33.5  11.0  115.79 24.0  252.63 

15  Polyester 3.45  7.0  24.5  23.0  17.5  250.00 16.0  228.57 

16  Tencel 3.90  43.5  32.0  24.5  -11.5  -26.44 -19.0  -43.68 

17  Tencel 3.67  24.5  34.0  22.5  9.5  38.78 -2.0  -8.16 

18  Tencel 3.45  37.5  28.0  23.0  -9.5  -25.33 -14.5  -38.67 
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Figure 4.3: Overview of imperfections results 

 

Figure 4.3 shows the overview of imperfections results. There’s no relationship can be found 

between number of imperfections and twist level. It is evident that carded plains cotton yarns 

have the most amount of imperfects, which is more than 10 times higher than some type of 

yarns. Meanwhile, the amount of imperfections of pima cotton yarns is surprisingly higher than 

that of others, with nearly doubled the values of other fibers (apart from carded plains cotton). 

 

The increase of imperfections is shown in Figure 4.4. It shows that EliTe compact spinning 

increases the imperfects in most cases, which is not ideal for practical production. Except for 

the polyester fiber, RoCoS can almost reduce the imperfections for all fiber types. According 

to Table 4.5, EliTe pneumatic compact spinning increases the imperfections for both cottons 

and long staple fibers, polyester and Tencel, on an average of 51.92% for all fiber types, 

without the data of CA HQ yarn with 3.45 TM as it is an obvious outilier. And RoCoS 
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mechanical compact spinning decreases the imperfections for all cottons and Tencel on average 

of 14.5%, but it increases the imperfections for polyester. The explanation for this relates to 

their individual compacting mechanism. For EliTe, the fiber strand experiences transverse 

force due to air flow suction and rotation about its axis, after emerging from the front rollers. 

These simultaneous compacting and rotating action on the fiber strand may lead the fibers to 

roll around themselves. As a result, if rolling fibers stop rolling and wrap on a thick place, the 

thick place would get thicker or even become a nep. And if fibers on a thin place start to roll, 

the thin place becomes thinner as the rolling fibers leave. This is the reason why EliTe cause 

higher imperfections. However, there’s no rotating action on fiber strand in the enclosed 

compression chamber in the slot of RoCoS, therefore, it can condense the fiber strand and 

decrease the amount of imperfections. But polyester is rigid and thus hard to control, both 

compact spinning methods have worse performance on it. 

 

 

Figure 4.4: Increase of imperfection via difference% 

-100.00%

0.00%

100.00%

200.00%

300.00%

400.00%

500.00%

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Carded
Plains

Combed
Plains

CA HQ Pima Polyester Tencel

Increase of Imperfections 

EliTe Diff% RoCoS Diff%



 

52 

Table 4.5: Difference% of imperfections for EliTe and RoCoS 

Difference% EliTe RoCoS 

Cottons and Tencel 35.48 -14.50 

PET 128.6 159.7 

All Fibers 51.92 14.43 

 

By analyzing the actual data of thin places (-50%), thick places (+50%), and neps (+200%) 

from Table 8.4, it can be found that EliTe increases all these imperfection for all fibers, while 

RoCoS decreases them for cottons and Tencel but increases them for polyester. Regarding 

Tencel, although this is “long staple fiber” the low friction associated with “rayon” fibers 

usually are associated with poorer drafting control, but the condenser in the RoCoS system 

could increase the cohesion of fiber strand and offering better fiber control. This is believed to 

be the reason why Tencel yarns have similar performance as cotton yarns for these properties.  

 

Overall it can be concluded that EliTe compact spinning can increase the imperfections for all 

fiber types used, but RoCoS can decrease imperfections for all fiber types except polyester. 

 

4.3 Unevenness 

Yarn unevenness was measured by CV%, coefficient of variation in percent, which is the ratio 

of the standard deviation over the mean. It is measured by the variation of linear density along 

the yarn axis. In most cases, the lower the CV% is, the better the yarn is. Yarn unevenness is 

usually affected by variation of fiber properties, random alignment of fibers, improper draft 

and defects of spinning machines. Table 4.6 shows the summary of results for yarn evenness 

CV%, and the actual data can be found in Table 8.2.  
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Table 4.6: Summary results for yarn unevenness CV% 

No. 
Fiber 

Type 
TM Ring EliTe RoCoS 

EliTe  

Diff 

EliTe 

Diff% 

RoCoS 

Diff 

RoCoS 

Diff% 

1  Carded Plains 3.90  15.48  15.77  14.82  0.29  1.87 -0.65  -4.23 

2  Carded Plains 3.67  14.83  15.52  14.42  0.69  4.65 -0.41  -2.77 

3  Carded Plains 3.45  14.94  15.81  14.90  0.87  5.82 -0.04  -0.27 

4  Combed Plains 3.90  11.58  11.95  11.08  0.37  3.20 -0.50  -4.32 

5  Combed Plains 3.67  11.17  11.77  11.15  0.61  5.42 -0.02  -0.18 

6  Combed Plains 3.45  11.16  12.24  10.96  1.09  9.73 -0.20  -1.75 

7  CA HQ  3.90  10.34  10.86  10.25  0.52  4.98 -0.09  -0.87 

8  CA HQ  3.67  10.18  11.56  9.63  1.38  13.51 -0.55  -5.40 

9  CA HQ  3.45  10.97  12.02  9.59  1.05  9.58 -1.38  -12.54 

10  Pima 3.90  11.97  12.41  11.29  0.44  3.68 -0.68  -5.64 

11  Pima 3.67  11.92  12.61  11.16  0.70  5.83 -0.76  -6.38 

12  Pima 3.45  12.29  13.10  11.20  0.82  6.63 -1.09  -8.87 

13  Polyester 3.90  10.59  10.86  10.34  0.27  2.60 -0.25  -2.36 

14  Polyester 3.67  10.55  10.96  10.40  0.42  3.90 -0.15  -1.42 

15  Polyester 3.45  11.26  11.26  10.39  0.01  0.04 -0.86  -7.69 

16  Tencel 3.90  11.32  11.37  11.04  0.04  0.40 -0.28  -2.47 

17  Tencel 3.67  11.26  10.99  11.28  -0.28  -2.44 0.02  0.13 

18  Tencel 3.45  11.29  11.01  11.04  -0.28  -2.48 -0.25  -2.21 
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Figure 4.5: Overview of results for unevenness CV% 

 

Figure 4.5 shows that carded plains cotton yarns have the worst unevenness CV%. CV% of 

pima cotton yarns is higher than that of other cottons and Tencel. But twist level doesn’t affect 

the unevenness CV%. In most cases, CV% of EliTe is higher than that of ring, and CV% of 

ring is higher than that of RoCoS. Although polyester have the worst performance in hairiness 

and imperfections using compact systems, the CV% of polyester yarns is still good due to the 

low variation of polyester fibers. Since the pima cotton was carded cotton, there are a lot of 

short fibers in the yarn, which leads to high fiber length variation and this is the reason why 

the pima cotton yarns also have worse performance regarding hairiness and unevenness CV%. 
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Figure 4.6: Decrease of CV% via difference% 

 

It can be observed from Figure 4.6 that EliTe increases the unevenness CV% in most cases, 

however RoCoS decreases the CV% almost all the time. These results are reflective of the 

previously reported data on yarn imperfections due to variations in fiber properties combined 

with the compacting mechanism. According to Table 4.7, EliTe pneumatic compact spinning 

increases CV% on an average of 4.28% for all fibers, and RoCoS mechanical compact spinning 

decreases CV% on an average of 3.85%. In all, we can conclude that EliTe could increase the 

unevenness CV%, while RoCoS helps to decrease CV%. 

 

Table 4.7: Difference% of unevenness CV% for EliTe and RoCoS 

Difference% EliTe RoCoS 
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4.4 Tensile Properties 

In this experiment, tensile properties include breaking force (B-force), elongation at break, 

work to break (B-work) and their CV%. Tensorapid is designed for simulating normal yarn 

tensile break, while Tensojet simulates high-speed processing like jet-weaving, and was 

designed to assess weak points in the yarn which could be a useful predictor of weaving 

performance. This section illustrates analysis and comparison of results from these two tensile 

property testing machines. While data on all aspects of tensile testing are given on the 

Appendix (Table 8.5 – 8.11), this section focuses on breaking strength since all of the other 

tensile properties follow similar trends.  

 

4.4.1 Tensorapid Results and Discussion 

The actual data of tensile properties obtained from Tensorapid test can be found from Table 

8.5 to Table 8.7. The unit of B-force used is gf, the unit of Tenacity is gf/d, and the unit of B-

work is gf.cm. According to Table 8.5, the second results (tested via No.3 bobbin from the first 

doff) for No.8, No.11 and No.20 are evident outliers, because the value of each of them is far 

lower than the other sample of the same yarn type. Therefore, they are eliminated in the 

calculation later. Table 4.8 shows the summary of results for Tensorapid breaking force (TR 

B-force).  

 

Figure 4.7 presents the overview of results for Tensorapid breaking force. According to the 

results shown in Table 4.8 and Figure 4.7, it can be observed that carded plains cotton yarns 

have the worst strength at break, while polyester have the best performance. The B-force 
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decreases with the decrease of twist level, due to the looser structure and lower cohesion. 

Meanwhile, it can also be found that both EliTe and RoCoS compact spinning system can 

improve the B-force of yarns. And in most cases, EliTe have better improvement than RoCoS. 

 

Table 4.8: Summary results for TR B-force (gf) 

No. 
Fiber 

Type 
TM Ring EliTe RoCoS 

EliTe  

Diff 

EliTe 

Diff% 

RoCoS 

Diff 

RoCoS 

Diff% 

1  Carded Plains 3.90  493.45 536.85 505.3 43.4 8.80 11.85 2.40 

2  Carded Plains 3.67  432.8 491.45 451.75 58.65 13.55 18.95 4.38 

3  Carded Plains 3.45  387.4 451.6 396.7 64.2 16.57 9.3 2.40 

4  Combed Plains 3.90  548.7 590.1 556.95 41.4 7.55 8.25 1.50 

5  Combed Plains 3.67  477.75 544.25 515.7 66.5 13.902 37.95 7.94 

6  Combed Plains 3.45  408.65 512.5 478.05 103.85 25.41 69.4 16.98 

7  CA HQ  3.90  702.95 827.5 752.65 124.55 17.72 49.7 7.07 

8  CA HQ  3.67  683.5 697.8 705.95 14.3 2.09 22.45 3.28 

9  CA HQ  3.45  631.95 688.5 675.05 56.55 8.95 43.1 6.82 

10  Pima 3.90  913.2 920.3 960.15 7.1 0.78 46.95 5.14 

11  Pima 3.67  871.6 880.2 896.25 8.6 0.99 24.65 2.83 

12  Pima 3.45  823.85 874.35 857 50.5 6.13 33.15 4.02 

13  Polyester 3.90  1231 1208 1179.5 -23 -1.87 -51.5 -4.18 

14  Polyester 3.67  1172.5 1149 1139.5 -23.5 -2.00 -33 -2.81 

15  Polyester 3.45  1188 1162.5 1125 -25.5 -2.15 -63 -5.30 

16  Tencel 3.90  747.2 769 741.35 21.8 2.92 -5.85 -0.78 

17  Tencel 3.67  737.7 775.3 730.25 37.6 5.10 -7.45 -1.01 

18  Tencel 3.45  725.9 774.3 744.05 48.4 6.67 18.15 2.50 

19  Brown 3.90  570.05 588.25 553.75 18.2 3.19 -16.3 -2.86 

20  Brown 3.67  534.05 547.65 534.95 13.6 2.55 0.9 0.17 
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Figure 4.7: Overview of results for TR B-force (gf) 

 

Figure 4.8: Increase of TR B-force via difference% 

Figure 4.8 further presents the increase of TR B-force via difference in percent, according to 

the data in Table 4.8. It is shown that for cottons and Tencel yarns, EliTe can improve their B-
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system make the B-force worse. It is suspected that the compacting performance for polyester 

is worse than that for cottons due to the high rigidity of polyester fiber, where the unideal 

compacting performance can reduce the fiber control between the front rollers and the delivery 

rollers. Therefore, worse fiber control leads to worse yarn strength. It should be noticed that 

EliTe has better improvement of B-force for yarns with low twist level, which also happens 

for RoCoS in some cases. Both high twist and compacting process can make the yarn structure 

more compact, and compact structure cause high B-force. After compacting, the fiber strand is 

already compact, high twist is hard to make it even more compact, and most twist is wasted. 

But low twist can be utilized better, thus reducing the difference of strength induced by low 

twist. As a result, compact systems have better improvement for low twist yarns. Meanwhile, 

it can also be found that the compact systems have better improvement for short fibers, like 

carded and combed plains cotton. 

 

Table 4.9 shows that EliTe improves 8.40% B-force on average for cottons and Tencel, while 

RoCoS improves 3.69% on average. Although both of these two compact systems make the 

polyester yarn worse, EliTe still performs better than RoCoS with “less worse” yarns. We can 

conclude that both compact systems can increase strength for cotton and Tencel yarns, however 

they decrease the strength for polyester yarns. EliTe has better performance than RoCoS. 

Table 4.9: Difference% of TR B-force for EliTe and RoCoS 

Difference% EliTe RoCoS 

Cottons and Tencel 8.40 3.69 

PET -2.01 -4.10 

All Fibers 6.84 2.52 
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Table 4.10: Summary difference% of TR tensile properties for EliTe and RoCoS 

Tensile property Difference% EliTe RoCoS 

B-force (gf) 

Cottons and Tencel 8.40 3.69 

PET -2.01 -4.10 

All Fibers 6.84 2.52 

Tenacity (gf/count) 

Cottons and Tencel 8.45 3.78 

PET -1.97 -4.10 

All Fibers 6.89 2.59 

B-force CV% 

Cottons and Tencel 6.98 -8.05 

PET 3.50 -5.63 

All Fibers 6.46 -7.69 

Elongation% 

Cottons and Tencel 4.30 2.61 

PET -0.89 -2.28 

All Fibers 3.53 1.87 

Elongation% CV% 

Cottons and Tencel 13.68 -3.08 

PET 31.16 -10.59 

All Fibers 16.31 -4.20 

B-work (gf.cm) 

Cottons and Tencel 10.41 5.00 

PET -4.46 -6.37 

All Fibers 8.18 3.30 

B-work CV% 

Cottons and Tencel 6.89 -9.17 

PET 5.15 -8.11 

All Fibers 6.63 -9.01 

 

According to Table 4.10, it is evident that tenacity, elongation% and B-work have the similar 

trend to B-force that has been discussed. On the other hand, for the B-force CV%, elongation 

CV% and B-work CV%, it is found that EliTe increases them for all type of fibers while RoCoS 

decrease them all. The reason is suspected to be the increased yarn unevenness CV% for EliTe 

and reduced unevenness CV% for RoCoS due to their individual compacting mechanism. 

Reduced CV% of tensile property is helpful for yarn quality, since it means more evenness of 

given property. Therefore, it can be claimed that RoCoS can reduce the CV% of tensile 

properties but EliTe can only increase them.  
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4.4.2 Tensojet Results and Discussion 

The actual data of tensile properties obtained from Tensojet test can be found from Table 8.8 

to Table 8.11. Table 4.11 shows the summary of results for Tensojet breaking force (TJ B-

force). Tencel and brown cotton yarns cannot run on the Tensojet machine, so there’re no 

results for these yarns. 

 

Table 4.11: Summary results for TJ B-force (gf) 

No. 
Fiber 

Type 
TM Ring EliTe RoCoS 

EliTe  

Diff 

EliTe 

Diff% 

RoCoS 

Diff 

RoCoS 

Diff% 

1  Carded Plains 3.90  571.40  555.30  551.48  -16.10  -2.82 -19.93  -3.49 

2  Carded Plains 3.67  518.70  596.35  527.75  77.65  14.97 9.05  1.74 

3  Carded Plains 3.45  474.68  475.40  463.20  0.72  0.15 -11.48  -2.42 

4  Combed Plains 3.90  631.63  682.70  639.15  51.08  8.09 7.52  1.19 

5  Combed Plains 3.67  583.43  648.23  585.40  64.80  11.11 1.98  0.34 

6  Combed Plains 3.45  541.38  626.93  560.23  85.56  15.80 18.85  3.48 

7  CA HQ  3.90  845.00  929.80  882.35  84.80  10.04 37.35  4.42 

8  CA HQ  3.67  768.90  835.80  793.08  66.90  8.70 24.18  3.14 

9  CA HQ  3.45  774.15  841.58  811.95  67.43  8.71 37.80  4.88 

10  Pima 3.90  1052.83  1031.73  1088.75  -21.09  -2.00 35.93  3.41 

11  Pima 3.67  971.15  1015.33  977.95  44.18  4.55 6.80  0.70 

12  Pima 3.45  955.58  1029.33  975.40  73.76  7.72 19.82  2.07 

13  Polyester 3.90  1335.25  1340.67  1325.25  5.42  0.41 -10.00  -0.75 

14  Polyester 3.67  1330.00  1356.50  1311.75  26.50  1.99 -18.25  -1.37 

15  Polyester 3.45  1286.25  1350.33  1284.75  64.08  4.98 -1.50  -0.12 
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Figure 4.9: Overview of results for TJ B-force (gf) 

 

 

Figure 4.10: Increase of TJ B-force via difference% 
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According to Table 4.11 and Figure 4.9, carded plains cotton yarns have the worst B-force and 

polyester yarns have the best B-force. The low twist level leads to loose yarn structure and low 

cohesion of yarn, thus causing decrease in B-force. It can be found that EliTe can improve the 

B-force for most yarns, but RoCoS yarns have similar strength to those of ring yarns, and the 

B-force are increased only for a few RoCoS yarns. 

 

Figure 4.10 compares the difference% of increase of Tensojet B-force for EliTe and RoCoS. 

It is apparent that the improvement of EliTe yarns are better than that of RoCoS yarns except 

pima cotton yarns with 3.90 twist multiplier. For combed plains cotton, pima cotton and 

polyester EliTe yarns, the improvement of low twist yarns are better than that of high twist 

yarn, and the reason has been explained in last section.  

 

Table 4.12 shows that EliTe improves 7.08% B-force on average for cottons and Tencel, while 

RoCoS improves 1.62% on average. For Tensojet test, EliTe can increase the B-force for 

polyester, but RoCoS still cannot increase that for polyester. In all, it can be concluded that 

EliTe compact system can increase strength for all fiber types used, however RoCoS can only 

increase the strength for cottons and Tencel with a little amount. EliTe nearly always has better 

performance than RoCoS. 

Table 4.12: Difference% of TJ B-force for EliTe and RoCoS 

Difference% EliTe RoCoS 

Cottons 7.08 1.62 

PET 2.46 -0.75 

All Fibers 6.16 1.15 
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Table 4.13: Summary of difference% of TJ tensile properties for EliTe and RoCoS 

Tensile Property Difference% EliTe RoCoS 

B-force 

Cottons and Tencel 7.08 1.62 

PET 2.46 -0.75 

All Fibers 6.16 1.15 

Tenacity 

Cottons and Tencel 6.83 1.97 

PET 2.46 -0.75 

All Fibers 5.95 1.43 

B-force CV% 

Cottons and Tencel 19.96 -2.83 

PET 11.51 14.27 

All Fibers 18.27 0.59 

Elongation% 

Cottons and Tencel 2.77 -0.91 

PET 1.45 -1.29 

All Fibers 2.50 -0.99 

Elongation% CV% 

Cottons and Tencel 16.88 -4.50 

PET 11.08 17.24 

All Fibers 15.72 -0.15 

B-work 

Cottons and Tencel 6.33 0.41 

PET 2.08 -1.96 

All Fibers 5.48 -0.06 

B-work CV% 

Cottons and Tencel 19.98 -4.49 

PET 47.13 10.90 

All Fibers 25.41 -1.41 

 

According to Table 4.13, it is evident that tenacity, elongation% and B-work have the similar 

trend to B-force that has been discussed. On the other hand, for the B-force CV%, elongation 

CV% and B-work CV%, it could be found that EliTe increases them for all type of fibers while 

RoCoS decrease them for all fiber types except polyester. Due to their individual compacting 

mechanism, EliTe increased yarn unevenness CV% but RoCoS reduced unevenness CV%. 

Reduced CV% of tensile property is helpful for yarn quality, since it means more evenness of 
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given property. Although RoCoS reduced unevenness CV% for polyester yarns, it increased 

the imperfections of them, which makes the increased CV% of their tensile properties possible. 

Therefore, it can be claimed that EliTe always increase the CV% of tensile properties, while 

RoCoS could decrease them for cottons and Tencel, however not for polyester.  

 

4.4.3 Comparison between Tensorapid and Tensojet Results 

The differences of testing results from Tensorapid and Tensojet machine were believed to be 

caused by the difference of testing methods. This section focuses on stating the differences, 

not explaining of them.  

 

 

Figure 4.11: B-force (gf) of ring yarns via TR and TJ 
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Figure 4.12: B-force (gf) of EliTe yarns via TR and TJ 

 

 

Figure 4.13: B-force (gf) of RoCoS yarns via TR and TJ 
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It can be seen that TJ always gives higher strength than TR, according to Figure 4.11, 4.12 and 

4.13. Results from both testing methods show that strength of yarns decrease with the decease 

of twist level for the same fiber type. Furthermore, the strength of yarns increase with the 

increase of fiber quality characteristics, especially the fiber length.  

 

 

Figure 4.14: Comparison of increase of B-force for EliTe yarns between TR and TJ 

 

Results for EliTe yarns from TR and TJ testing machine are shown together in Figure 4.14. It 

shows that EliTe can improve more B-force for short fibers, like carded and combed plains 

cotton, which is supported by the results from both testing methods. On the other hand, for 

long staple fibers, like CA HQ, Pima and polyester, the results from TJ are higher than those 

from TR. Furthermore, TJ results show that EliTe can increase the B-force of polyester yarns, 

while TR results show that EliTe can decrease the B-force of polyester yarns. These differences 

mentioned above are all caused by the difference of two testing methods. 
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Figure 4.15: Comparison of increase of B-force for RoCoS yarns between TR and TJ 

 

Figure 4.15 compared the increase of B-force for RoCoS yarns from TR and TJ testing machine. 

It could be found that the results from TR are much higher than those from TJ for cottons. As 

results from both testing methods show that RoCoS can decrease the B-force of polyester yarns, 

results from TR are worse than those from TJ.  

 

Summary of results can support the findings that have been mentioned in this section. Speaking 

of numbers, results from TR show that EliTe can increase the B-force for up to 25.41%, and 

RoCoS can increase the B-force for up to 16.98%, according to Table 4.14. However, results 

from TJ have lower numbers. It is shown that up to 15.80% strength can be increased by EliTe, 

and up to 4.88% strength can be increased by RoCoS. 
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Table 4.14: Results of B-force (gf) for EliTe and RoCoS via TR and TJ 

 TR TJ 

Difference% EliTe RoCoS EliTe RoCoS 

Cottons and Tencel 8.40 3.69 7.08 1.62 

PET -2.01 -4.10 2.46 -0.75 

All Fibers 6.84 2.52 6.16 1.15 

Maximum 25.41 16.98 15.80 4.88 

 

4.5 Fly and Fiber Loss 

As discussed in Section 2.2, the edge fibers of fiber strand are not caught by the spinning 

triangle when emerging from the front rollers, and therefore not fully incorporated into the 

yarn. These fibers are lost by forming fly or they are bound in the yarn already formed only at 

one end, thus becoming hairiness. Since the compact spinning technique can reduce or 

“eliminate” the spinning triangle, theoretically less edge fibers would become fly and fiber loss. 

The fly and fiber loss would be higher for ring yarns than for compact yarns, resulting in finer 

yarn count for ring yarns and coarser yarn count for compact yarns, given the same fiber type 

and spinning condition.  

 

The yarn count for this experiment was set to be Ne 18S. As discussed above, the count of ring 

yarns should be higher than that of compact yarns, which offers a method to compare the 

amount of fly and fiber loss by comparing the yarn count of ring yarns and compact yarns. 

Table 4.15 presents the summary of results for yarn count. 
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Table 4.15: Summary results for yarn count 

No. 
Fiber 

Type 
TM Ring EliTe RoCoS 

EliTe  

Diff 

EliTe 

Diff% 

RoCoS 

Diff 

RoCoS 

Diff% 

1  Carded Plains 3.90  18.45 17.73 18.48 -0.72 -3.90 0.03 0.16 

2  Carded Plains 3.67  18.86 18.27 18.71 -0.59 -3.13 -0.15 -0.80 

3  Carded Plains 3.45  18.52 17.77 18.31 -0.75 -4.05 -0.21 -1.13 

4  Combed Plains 3.90  18.27 18.97 18.62 0.7 3.83 0.35 1.92 

5  Combed Plains 3.67  18.77 18.1 18.26 -0.67 -3.57 -0.51 -2.72 

6  Combed Plains 3.45  18.68 17.85 18.47 -0.83 -4.44 -0.21 -1.12 

7  CA HQ  3.90  17.96 17.93 18.76 -0.03 -0.17 0.8 4.45 

8  CA HQ  3.67  18.21 17.98 18.3 -0.23 -1.26 0.09 0.49 

9  CA HQ  3.45  18.34 17.83 18.18 -0.51 -2.78 -0.16 -0.87 

10  Pima 3.90  18.14 17.21 17.67 -0.93 -5.13 -0.47 -2.59 

11  Pima 3.67  17.79 17.87 17.77 0.08 0.45 -0.02 -0.11 

12  Pima 3.45  17.5 17.56 18.07 0.06 0.34 0.57 3.26 

13  Polyester 3.90  17.69 18 17.85 0.31 1.75 0.16 0.90 

14  Polyester 3.67  18.19 17.8 18.14 -0.39 -2.14 -0.05 -0.27 

15  Polyester 3.45  18.16 18.45 17.99 0.29 1.60 -0.17 -0.94 

16  Tencel 3.90  18.48 18.23 18.54 -0.25 -1.35 0.06 0.32 

17  Tencel 3.67  18.44 18.33 18.85 -0.11 -0.60 0.41 2.22 

18  Tencel 3.45  18.75 18.23 18.92 -0.52 -2.77 0.17 0.91 

19  Brown 3.90  18.19 18.12 18.27 -0.07 -0.38 0.08 0.44 

20  Brown 3.67  18.28 18 18.16 -0.28 -1.53 -0.12 -0.66 
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Figure 4.16: Decrease of yarn count via difference% 

 

Based on the data from Table 4.15, Figure 4.16 shows the decrease of yarn count resulted from 

EliTe and RoCoS compact system. For 15 of 20 type of yarns, EliTe decreased their yarn count, 

which made these yarns coarser. Results of RoCoS yarns varies to both sides of x axis, only a 

half of yarn types have reduced yarn count, and the others have increased yarn count. It should 

be noted that the lower yarn count, reflecting a coarser yarn is the result of less fiber loss in the 

spinning process and is desirable. 

 

On average, EliTe can decrease the yarn count for 0.27 Ne, while RoCoS increased 0.03 Ne. 

On contrary to EliTe compact system that can compact the fiber strand by applying air flow, 

RoCoS compact system compact the fiber strand by limiting the cross-section size of the 

compactor slot that it have to pass through. It is understandable that the passive compacting 

mechanism of RoCoS is worse than the positive compacting mechanism of EliTe. Compared 
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with ring spun yarns, higher yarn count of RoCoS yarns means more fiber loss and fly. 

Therefore, it is suspected that the worse compacting performance of RoCoS resulted in higher 

fiber loss and fly than ring spinning, thus causing increased average yarn count. However, the 

increased yarn B-force shows that the RoCoS yarn structure have still been compacted, despite 

the fiber loss and fly induced by unideal compacting mechanism. In all, it can be concluded 

that EliTe compact yarns have less fiber loss and fly, but RoCoS compact yarns have the same 

or higher. 

 

4.6 Yarn Appearance 

Conventional ring, EliTe pneumatic compact and RoCoS mechanical compact pima cotton 

yarns with 3.90 twist multiplier were wounded on the same black board. This yarn board was 

then scanned and magnified. Its scanned image is shown in Figure 4.17. It is evident that EliTe 

compact yarns have smoother appearance and less fibers protruding from the yarn bodies than 

RoCoS compact yarns and ring yarns, while RoCoS yarns have a little improvement on yarn 

appearance and hairiness.  
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Figure 4.17: Scanned images of yarn boards 

 

4.7 Pilling Resistance 

4.7.1 Analysis of Pilling Grade 

In order to assess the potential performance of the yarns in an end product, it was decided to 

evaluate the pilling behavior of fabrics knitted from the various yarns. The knitted fabrics were 

subjected to the pilling test, described in Section 3.3.5. Starting from 200 rubs, with 200 rubs 

as an increment and up to 1,000 total rubs, the sample fabrics were graded for pilling level to 

evaluate the pilling resistance, where level 1 means very severe pilling and level 5 stands for 

no pilling. Actual data for number of pills and pilling level can be found in Table 8.12 and 

Table 8.13. Table 4.16 shows the summary of results for pilling resistance.  
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Table 4.16: Summary results for pilling resistance 

No. 
Fiber 

Type 
TM Ring EliTe RoCoS 

EliTe  

Diff 

EliTe 

Diff% 

RoCoS 

Diff 

RoCoS 

Diff% 

1  Carded Plains 3.90  2.50  4.00  3.50  1.50  60.00 1.00  40.00 

2  Carded Plains 3.67  2.50  4.00  3.67  1.50  60.00 1.17  46.67 

3  Carded Plains 3.45  2.00  3.50  2.83  1.50  75.00 0.83  41.67 

4  Combed Plains 3.90  3.83  4.00  4.00  0.17  4.35 0.17  4.35 

5  Combed Plains 3.67  3.50  4.00  3.83  0.50  14.29 0.33  9.52 

6  Combed Plains 3.45  3.33  3.83  3.67  0.50  15.00 0.33  10.00 

7  CA HQ  3.90  3.83  4.17  4.33  0.33  8.70 0.50  13.04 

8  CA HQ  3.67  3.67  4.25  3.83  0.58  15.91 0.17  4.55 

9  CA HQ  3.45  3.50  3.67  4.00  0.17  4.76 0.50  14.29 

10  Pima 3.90  3.17  3.67  3.67  0.50  15.79 0.50  15.79 

11  Pima 3.67  3.50  3.83  3.67  0.33  9.52 0.17  4.76 

12  Pima 3.45  2.83  3.83  3.67  1.00  35.29 0.83  29.41 

13  Polyester 3.90  4.50  4.50  4.50  0.00  0.00 0.00  0.00 

14  Polyester 3.67  4.50  4.50  4.00  0.00  0.00 -0.50  -11.11 

15  Polyester 3.45  4.00  4.50  4.17  0.50  12.50 0.17  4.17 

16  Tencel 3.90  4.00  4.50  4.50  0.50  12.50 0.50  12.50 

17  Tencel 3.67  4.00  4.17  4.00  0.17  4.17 0.00  0.00 

18  Tencel 3.45  4.00  4.17  4.17  0.17  4.17 0.17  4.17 

19  Brown 3.90  2.50  3.17  3.25  0.67  26.67 0.75  30.00 

20  Brown 3.67  2.50  3.33  3.00  0.83  33.33 0.50  20.00 
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Figure 4.18: Overview of results for pilling resistance 

 

As shown in Figure 4.18, fabrics knitted from ring spun yarns that used short fibers like carded 

plains cotton and brown cotton have the worst pilling resistance, while fabrics knitted from 

ring yarns that used long and strong fibers like polyester and Tencel have the best pilling 

resistance. Because when fiber gets longer, there are less hairiness. When yarn becomes 

stronger, the yarn has better ability to hold the protruding fiber in case it is pulled out of the 

yarn body and become part of a pill.  

 

It can be found that both compact spinning systems have the most improvement for fabrics 

used short fibers like carded plains cotton and brown cotton. In most cases, fabrics knitted from 

EliTe yarns have better pilling resistance than those fabrics knitted from RoCoS yarns, and 

fabrics knitted from ring yarns have the worst pilling resistance, due to the better compacting 

performance of EliTe. Because the more compact the yarn structure is, the more force is 
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required to overcome the friction to pull the protruding fiber out of the yarn body. Therefore, 

the higher compacting performance that the compact system offers, the better pilling resistance 

that the fabric would have. 

 

Number of pills have also been counted when grading the sample fabrics. According to Table 

8.12, the number of pills increases at first, then remains the same, and decreases after that in 

most cases, which is also shown in Figure 4.19 via the data for carded plains cotton ring yarn 

and polyester ring yarn both with 3.90 TM. However for some long and strong fibers, 

especially polyester, the number of pills usually gets more and more as the experiment 

proceeds, it won’t decrease even when 1,000 movements have been finished. Because the 

polyester fibers are long and strong, the friction in the polyester yarn is also very high, therefore 

protruding fibers are hard to be pulled out to form big pills, even in the case that the hairiness 

index is very high.  

 

Figure 4.19: No. of Pills for two kind of ring yarns at different no. of rubs 
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Table 4.17: Average difference of pilling level for EliTe and RoCoS 

Difference% EliTe RoCoS 

Cottons and Tencel 0.64  0.50  

PET 0.17  -0.11  

All Fibers 0.57  0.40  

 

It should be pointed out that the grading work of pilling resistance is very objective. Therefore, 

results from pilling test can only help to make sure the relationship between compact systems 

and pilling resistance, but not determining it.  

 

According to Table 4.17, EliTe can increase 0.64 pilling grade on average for all fiber type, 

and RoCoS can increase 0.50 pilling grade on average for all fibers. In all, we can state that 

EliTe compact system has better performance for pilling resistance than RoCoS compact 

system. Images of sample fabrics in Figure 4.20 also support this conclusion. They were knitted 

from ring, EliTe and RoCoS plains carded cotton yarns with 3.90 TM. 

 

 

Figure 4.20: Sample knitted fabrics: ring (left), EliTe (middle), RoCoS (right) 
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4.7.2 Relationship between Hairiness Index and Pilling Resistance 

Pilling resistance of given fabric is determined by a combination of fiber strength, fiber length, 

yarn structure, hairiness index etc. The analysis of hairiness index and pilling grade have 

already been discussed respectively in Section 4.1 and Section 4.7.1. This section illustrates 

the relationship between hairiness index (HI) and pilling resistance (PG) by comparing the HI 

and PG in the same chart. 

 

Figure 4.21: HI-PG relationship of ring yarns 

 

In the case of ring yarns shown in Figure 4.21, the HI increase with the decrease of twist level, 

while the PG decrease with the decrease of twist level, because lower twist level leads to looser 

yarn structure and lower yarn strength. It can be observed that for the yarns spun from carded 

plains cotton, which is the shortest fiber in this experiment, these yarns have the highest HI 

with the lowest PG. When the fiber length gets longer, for combed plains cotton, CA HQ and 
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pima yarns, the HI decrease a little bit while the PG almost remains the same. Yarns spun from 

the longest fibers, like Tencel and Polyester, have better PG but slightly increased HI than 

cotton yarns, due to the high length and strength of fiber, and individual compacting 

mechanism, as discussed before. Polyester yarns have even better PG than Tencel yarns, due 

to better fiber strength.  

 

 

Figure 4.22: HI-PG relationship of EliTe compact yarns 
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Figure 4.23: HI-PG relationship of RoCoS compact yarns 

 

On the other hand, according to Figure 4.22 and Figure 4.23, it can be found that compact 

system can increase the PG, especially for fabric knitted from yarns spun from fibers worse in 

length and strength, thus reducing the difference of PG between fabrics knitted from cotton 

yarns and polyester yarns, despite the difference in HI. It is believed that EliTe compact system 

can reduce this difference better than RoCoS compact system, due to better compacting 

performance, as discussed before. 

 

4.8 Twist Reduction  

Since compact spinning technology can increase the yarn strength, it is possible to reduce the 

twist level and thus increasing the spindle speed in order to gain higher productivity, while 

maintaining the same yarn strength. TM of 3.45 is an equivalent of 6.0% reduction in twist 

with TM of 3.67; TM of 3.67 is an equivalent of 5.9% reduction in twist with TM of 3.90; TM 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

10.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Carded
Plains

Combed
Plains

CA HQ Pima Polyester Tencel

RoCoS Compact Yarns HI - PG

HI PG



 

81 

of 3.45 is an equivalent of 11.5% reduction in twist with TM of 3.90. By comparing strength 

of low twist compact yarns with high twist ring yarns, it could be found that how much 

reduction in twist can be realized by different compact spinning technology, while maintaining 

identical yarn strength. Table 4.18 and Table 4.19 shows the comparison results. Columns 

highlighted present that this result is higher or close (less than 15 gf lower) than the result of 

ring yarn in the same row. 

 

Table 4.18: Comparison of B-force for ring yarns and compact yarns with different 

twist level via TR results 

No. 
Fiber 

Type 
TM Ring TM EliTe RoCoS 

1  Carded Plains 3.90  493.45 3.67  491.45 451.75 

2  Carded Plains 3.67  432.8 3.45  451.6 396.7 

3  Combed Plains 3.90  548.7 3.67  544.25 515.7 

4  Combed Plains 3.67  477.75 3.45  512.5 478.05 

5  CA HQ  3.90  702.95 3.67  697.8 705.95 

6  CA HQ  3.67  683.5 3.45  688.5 675.05 

7  Pima 3.90  913.2 3.67  880.2 896.25 

8  Pima 3.67  871.6 3.45  874.35 857 

9  Polyester 3.90  1231 3.67  1149 1139.5 

10  Polyester 3.67  1172.5 3.45  1162.5 1125 

11  Tencel 3.90  747.2 3.67  775.3 730.25 

12  Tencel 3.67  737.7 3.45  774.3 744.05 
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Table 4.19: Comparison of B-force for ring yarns and compact yarns with different 

twist level via TJ results 

No. 
Fiber 

Type 
TM Ring TM EliTe RoCoS 

1  Carded Plains 3.90  571.40  3.67  596.35  527.75  

2  Carded Plains 3.67  518.70  3.45  475.40  463.20  

3  Combed Plains 3.90  631.63  3.67  648.23  585.40  

4  Combed Plains 3.67  583.43  3.45  626.93  560.23  

5  CA HQ  3.90  845.00  3.67  835.80  793.08  

6  CA HQ  3.67  768.90  3.45  841.58  811.95  

7  Pima 3.90  1052.83  3.67  1015.33  977.95  

8  Pima 3.67  971.15  3.45  1029.33  975.40  

9  Polyester 3.90  1335.25  3.67  1356.50  1311.75  

10  Polyester 3.67  1330.00  3.45  1350.33  1284.75  

 

According to the Tensorapid results highlighted in Table 4.18, it can be seen that 10 of 12 

EliTe yarns and 4 of 12 RoCoS yarns have higher or close strength than ring yarns with higher 

twist level. On the other hand, according to the Tensojet results highlighted in Table 4.19, it 

can be found that 8 of 10 EliTe yarns and 2 of 10 RoCoS yarns have the same performance. 

The twist reduction for these compact yarns are around 6%. Therefore, 6% reduction in twist 

is appropriate or low for EliTe, but too much for RoCoS. RoCoS is suspected to be capable of 

reduce a certain amount of twist, which is definitely lower than 6%. Only Tencel compact 

yarns with TM of 3.45 in TR results and polyester compact yarns with TM of 3.45 in TJ results 

can reach 11.5% twist reduction. In all, it can be claimed that in this experiment, EliTe compact 

spinning can reduce at least 6% twist multiplier and the amount of twist that RoCoS compact 

spinning can reduce needs to be verified by further experiment.  
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4.9 Fiber Utilization 

Since compact spinning technology can increase the yarn strength, it also has the possibility to 

improve the fiber utilization, by using fibers with worse grade, reducing the combing or even 

replacing combed yarns with carded yarns, while maintaining the yarn strength identical. Table 

4.20 compared the TR and TJ results of B-force for combed plains cotton ring yarns and carded 

plains cotton compact yarns. These two fiber type come from the same raw material, the only 

difference is that one has been carded and the other one has been carded and then combed. In 

this table, the first three rows are TR results and the second three rows are TJ results. Columns 

which are highlighted indicate that this result is higher or close (less than 15 gf lower) than 

that of ring yarn in the same row. 

 

Table 4.20: Comparison of B-force for combed plains cotton ring yarns and carded 

plains cotton compact yarns via TR and TJ results 

 No. TM 
Combed Plains Carded Plains 

Ring EliTe RoCoS 

TR 

1  3.90  548.7 536.85 505.3 

2  3.67  477.75 491.45 451.75 

3  3.45  408.65 451.6 396.7 

TJ 

4  3.90  631.63  555.30  551.48  

5  3.67  583.43  596.35  527.75  

6  3.45  541.38  475.40  463.20  

 

According to the TR results, 3 of 3 carded plains cotton EliTe yarns have higher or close 

strength than combed plains cotton ring yarns with the same twist, 1 of 3 carded plains cotton 

RoCoS yarns have the same performance. On the other hand, according to TJ results, only 1 
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of 3 carded plains cotton EliTe yarns have the same performance. Although there is difference 

in the comparison conclusion between TR and TJ results, it can be claimed that EliTe compact 

system can offer the compact yarns spun from carded cotton slivers better or close strength 

than conventional ring yarns spun from combed cotton slivers, which makes other fiber 

utilization methods also possible. The performance of RoCoS compact system for fiber 

utilization needs to be verified by further experiment. 

 

4.10 Maintenance Problem of EliTe  

The bottom lattice apron, shown in Figure 4.24, is the key compacting unit of the EliTe 

compact system. In this figure, it can be found that there are some fiber trash that have blocked 

the holes of the lattice aprons. In this experiment, it was noticed that for some circumstances, 

the moving speed of the lattice apron slowed down periodically and then returned to the normal 

speed, which is probably caused by the blocked holes of lattice apron, and the wear or 

deformation of lattice apron [26]. This irregular movement of the lattice apron caused many 

weak points and therefore ultra-low yarn strength. As a result, tensile properties results of 

problem EliTe yarns (i.e. those produced when variations in apron speed were observed) were 

neglected for the calculation and analysis, and were also highlighted in the Appendix from 

Table 8.5 to Table 8.11. To avoid the yarn quality problem that may happen due to the bottom 

lattice aprons, regular maintenance of them are required. It is time-consuming and therefore it 

would increase the labor cost.  
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Figure 4.24: Brand-new (top) and used (bottom) lattice aprons of EliTe 
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5. CONCLUSIONS 

In this work, conventional ring spinning, EliTe pneumatic compact spinning and RoCoS 

mechanical compact spinning were compared. In order to validate the authenticity of the claims 

made by different compact system manufactures regarding the compact spinning technique, 

hairiness, unevenness, imperfections and tensile properties of yarns and pilling resistance of 

knitted fabrics were tested. Based on the results, following conclusions have been drawn.  

 

EliTe compact spinning can decrease hairiness of yarns significantly. RoCoS compact spinning 

can decrease a little of hairiness for cotton yarns, however it would increase the hairiness of 

yarns spun from polyester. 

 

EliTe compact spinning can increase the imperfections for all fiber types used, while RoCoS 

can decrease imperfections for all fiber types except polyester. 

 

EliTe could increase the unevenness CV%, while RoCoS helps to decrease unevenness CV%. 

 

For tensile properties, breaking force has been discussed and all other tensile properties follow 

the same trend as B-force. For Tensorapid results, both compact systems can increase strength 

for cotton and Tencel yarns, however they decrease the strength for polyester yarns. EliTe has 

better performance than RoCoS. RoCoS can reduce the CV% of tensile properties but EliTe 

can only increase them. For Tensojet results, EliTe compact system can increase strength for 

all fiber types used, however RoCoS can only increase the strength for cottons and Tencel with 
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a little amount. EliTe nearly always has better performance than RoCoS. EliTe always increase 

the CV% of tensile properties, while RoCoS could decrease them for cottons and Tencel, 

however not for polyester. 

 

EliTe compact spinning has less fiber loss and fly, but RoCoS compact spinning have the same 

or higher than conventional ring spinning. 

 

EliTe compact yarns have smoother appearance and less fibers protruding from the yarn bodies 

than RoCoS compact yarns and ring yarns, while RoCoS yarns have a little improvement on 

yarn appearance and hairiness. 

 

EliTe compact system has better performance for pilling resistance than RoCoS compact 

system.  

 

In this experiment, EliTe compact spinning can reduce at least 6% twist multiplier and the 

amount of twist that RoCoS compact spinning can reduce needs to be verified by further 

experiment. 

 

EliTe compact system can offer the compact yarns spun from carded cotton slivers better or 

close strength than conventional ring yarns spun from combed cotton slivers, which makes 

other fiber utilization methods also possible. The performance of RoCoS compact system for 

fiber utilization needs to be verified by further experiment. 
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6. RECOMMENDATIONS FOR FUTURE RESEARCH 

 The yarn count in this experiment was selected as Ne 18. Yarn count can be taken into 

consideration as a factor to make sure the count limitation for RoCoS compact system, and 

to compare the performance of EliTe and RoCoS compact system for yarns of different 

count range. 

 

 Zweigle hairiness tester is advised to be used in future research. It can test the number, 

length and their distribution of hairiness, which the Hairiness Index from Uster Tester 5 

cannot tell. By using Zweigle hairiness tester, the effect of EliTe and RoCoS compact 

system on reducing the number and length of hairiness can be investigated.  

 

 The relationship between pressure of air flow in the suction tube and improvement of 

quality for EliTe compact yarns is recommended to be studied. Furthermore, the 

relationship between hole size and distribution of the bottom lattice apron and EliTe 

compact yarn quality is also advised to be investigated, since both the air pressure and the 

structure of the lattice apron can affect the air flow that acts on the fiber strand.  

 

 The power consumption issue of EliTe pneumatic compact system is worth studying, since 

additional power cost is one significant disadvantage for EliTe compact system. 

 

 Further research regarding comparison between different compact systems is 

recommended. 
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Table 8.1: Actual Data for Yarn Count 

No. Fiber Type Twist Multiplier Spinning Method Yarn Count(Ne) 

1 Carded plains 3.90 Ring  18.45 

2 Carded plains 3.90 Compact(EliTe) 17.73 

3 Carded plains 3.90 Compact(RoCoS) 18.48 

4 Carded plains 3.67 Ring  18.86 

5 Carded plains 3.67 Compact(EliTe) 18.27 

6 Carded plains 3.67 Compact(RoCoS) 18.71 

7 Carded plains 3.45 Ring  18.52 

8 Carded plains 3.45 Compact(EliTe) 17.77 

9 Carded plains 3.45 Compact(RoCoS) 18.31 

10 Combed plains 3.90 Ring  18.27 

11 Combed plains 3.90 Compact(EliTe) 18.97 

12 Combed plains 3.90 Compact(RoCoS) 18.62 

13 Combed plains 3.67 Ring  18.77 

14 Combed plains 3.67 Compact(EliTe) 18.1 

15 Combed plains 3.67 Compact(RoCoS) 18.26 

16 Combed plains 3.45 Ring  18.68 

17 Combed plains 3.45 Compact(EliTe) 17.85 

18 Combed plains 3.45 Compact(RoCoS) 18.47 

19 CA HQ 3.90 Ring  17.96 

20 CA HQ 3.90 Compact(EliTe) 17.93 

21 CA HQ 3.90 Compact(RoCoS) 18.76 

22 CA HQ 3.67 Ring  18.21 

23 CA HQ 3.67 Compact(EliTe) 17.98 

24 CA HQ 3.67 Compact(RoCoS) 18.3 

25 CA HQ 3.45 Ring  18.34 

26 CA HQ 3.45 Compact(EliTe) 17.83 

27 CA HQ 3.45 Compact(RoCoS) 18.18 

28 Pima 3.90 Ring  18.14 

29 Pima 3.90 Compact(EliTe) 17.21 

30 Pima 3.90 Compact(RoCoS) 17.67 

31 Pima 3.67 Ring  17.79 

32 Pima 3.67 Compact(EliTe) 17.87 

33 Pima 3.67 Compact(RoCoS) 17.77 

34 Pima 3.45 Ring  17.5 

35 Pima 3.45 Compact(EliTe) 17.56 

36 Pima 3.45 Compact(RoCoS) 18.07 
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Table 8.1 continued. 

37 Polyester 3.90 Ring  17.69 

38 Polyester 3.90 Compact(EliTe) 18 

39 Polyester 3.90 Compact(RoCoS) 17.85 

40 Polyester 3.67 Ring  18.19 

41 Polyester 3.67 Compact(EliTe) 17.8 

42 Polyester 3.67 Compact(RoCoS) 18.14 

43 Polyester 3.45 Ring  18.16 

44 Polyester 3.45 Compact(EliTe) 18.45 

45 Polyester 3.45 Compact(RoCoS) 17.99 

46 Tencel 3.90 Ring  18.48 

47 Tencel 3.90 Compact(EliTe) 18.23 

48 Tencel 3.90 Compact(RoCoS) 18.54 

49 Tencel 3.67 Ring  18.44 

50 Tencel 3.67 Compact(EliTe) 18.33 

51 Tencel 3.67 Compact(RoCoS) 18.85 

52 Tencel 3.45 Ring  18.75 

53 Tencel 3.45 Compact(EliTe) 18.23 

54 Tencel 3.45 Compact(RoCoS) 18.92 

55 Brown 3.90 Ring  18.19 

56 Brown 3.90 Compact(EliTe) 18.12 

57 Brown 3.90 Compact(RoCoS) 18.27 

58 Brown 3.67 Ring  18.28 

59 Brown 3.67 Compact(EliTe) 18 

60 Brown 3.67 Compact(RoCoS) 18.16 
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Table 8.2: Actual Data for Unevenness CV% 

No. Fiber Type Twist Multiplier Spinning Method 
Uneveness CV% 

Uneveness CV% Average 
1 2 

1 Carded plains 3.90 Ring  15.61 15.34 15.48  

2 Carded plains 3.90 Compact(EliTe) 16.09 15.44 15.77  

3 Carded plains 3.90 Compact(RoCoS) 14.58 15.06 14.82  

4 Carded plains 3.67 Ring  15.28 14.37 14.83  

5 Carded plains 3.67 Compact(EliTe) 14.79 16.24 15.52  

6 Carded plains 3.67 Compact(RoCoS) 14.49 14.34 14.42  

7 Carded plains 3.45 Ring  15.59 14.29 14.94  

8 Carded plains 3.45 Compact(EliTe) 15.31 16.31 15.81  

9 Carded plains 3.45 Compact(RoCoS) 15.27 14.53 14.90  

10 Combed plains 3.90 Ring  11.76 11.39 11.58  

11 Combed plains 3.90 Compact(EliTe) 12.12 11.77 11.95  

12 Combed plains 3.90 Compact(RoCoS) 11.26 10.89 11.08  

13 Combed plains 3.67 Ring  10.88 11.45 11.17  

14 Combed plains 3.67 Compact(EliTe) 11.49 12.05 11.77  

15 Combed plains 3.67 Compact(RoCoS) 11.18 11.11 11.15  

16 Combed plains 3.45 Ring  11.25 11.06 11.16  

17 Combed plains 3.45 Compact(EliTe) 11.8 12.68 12.24  

18 Combed plains 3.45 Compact(RoCoS) 10.92 11 10.96  

19 CA HQ 3.90 Ring  10.37 10.31 10.34  

20 CA HQ 3.90 Compact(EliTe) 11.2 10.51 10.86  

21 CA HQ 3.90 Compact(RoCoS) 9.95 10.55 10.25  

22 CA HQ 3.67 Ring  10.34 10.02 10.18  

23 CA HQ 3.67 Compact(EliTe) 10.67 12.44 11.56  

24 CA HQ 3.67 Compact(RoCoS) 9.71 9.55 9.63  

25 CA HQ 3.45 Ring  11.39 10.54 10.97  

26 CA HQ 3.45 Compact(EliTe) 11.28 12.75 12.02  

27 CA HQ 3.45 Compact(RoCoS) 9.69 9.49 9.59  
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Table 8.2 continued. 

28 Pima 3.90 Ring  11.93 12 11.97  

29 Pima 3.90 Compact(EliTe) 12.31 12.5 12.41  

30 Pima 3.90 Compact(RoCoS) 11.28 11.3 11.29  

31 Pima 3.67 Ring  12.02 11.81 11.92  

32 Pima 3.67 Compact(EliTe) 12.9 12.32 12.61  

33 Pima 3.67 Compact(RoCoS) 11.09 11.22 11.16  

34 Pima 3.45 Ring  12.66 11.91 12.29  

35 Pima 3.45 Compact(EliTe) 13.05 13.15 13.10  

36 Pima 3.45 Compact(RoCoS) 11.16 11.23 11.20  

37 Polyester 3.90 Ring  11.1 10.07 10.59  

38 Polyester 3.90 Compact(EliTe) 10.37 11.35 10.86  

39 Polyester 3.90 Compact(RoCoS) 10.73 9.94 10.34  

40 Polyester 3.67 Ring  10.92 10.17 10.55  

41 Polyester 3.67 Compact(EliTe) 10.54 11.38 10.96  

42 Polyester 3.67 Compact(RoCoS) 11.05 9.74 10.40  

43 Polyester 3.45 Ring  12.12 10.39 11.26  

44 Polyester 3.45 Compact(EliTe) 11.17 11.35 11.26  

45 Polyester 3.45 Compact(RoCoS) 11.16 9.62 10.39  

46 Tencel 3.90 Ring  11.41 11.23 11.32  

47 Tencel 3.90 Compact(EliTe) 11.13 11.6 11.37  

48 Tencel 3.90 Compact(RoCoS) 10.96 11.12 11.04  

49 Tencel 3.67 Ring  11.53 10.99 11.26  

50 Tencel 3.67 Compact(EliTe) 11 10.97 10.99  

51 Tencel 3.67 Compact(RoCoS) 11.24 11.31 11.28  

52 Tencel 3.45 Ring  11.41 11.17 11.29  

53 Tencel 3.45 Compact(EliTe) 10.84 11.18 11.01  

54 Tencel 3.45 Compact(RoCoS) 11.04 - 11.04  
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Table 8.3: Actual Data for Hairiness Index 

No. Fiber Type Twist Multiplier Spinning Method 
Hairiness Index 

Hairiness Index Average 
1 2 

1 Carded plains 3.90 Ring  7.79 7.53 7.66  

2 Carded plains 3.90 Compact(EliTe) 6.11 6.08 6.10  

3 Carded plains 3.90 Compact(RoCoS) 6.79 8 7.40  

4 Carded plains 3.67 Ring  8.64 8.44 8.54  

5 Carded plains 3.67 Compact(EliTe) 7.41 7.49 7.45  

6 Carded plains 3.67 Compact(RoCoS) 9.14 8.17 8.66  

7 Carded plains 3.45 Ring  9.73 9.28 9.51  

8 Carded plains 3.45 Compact(EliTe) 7.47 7.47 7.47  

9 Carded plains 3.45 Compact(RoCoS) 9.22 8.63 8.93  

10 Combed plains 3.90 Ring  6.19 6.56 6.38  

11 Combed plains 3.90 Compact(EliTe) 4.96 5.12 5.04  

12 Combed plains 3.90 Compact(RoCoS) 6.37 6.8 6.59  

13 Combed plains 3.67 Ring  7.1 7.19 7.15  

14 Combed plains 3.67 Compact(EliTe) 6.3 6.06 6.18  

15 Combed plains 3.67 Compact(RoCoS) 7.56 6.75 7.16  

16 Combed plains 3.45 Ring  7.29 7.68 7.49  

17 Combed plains 3.45 Compact(EliTe) 6.03 6.1 6.07  

18 Combed plains 3.45 Compact(RoCoS) 7.76 6.84 7.30  

19 CA HQ 3.90 Ring  5.4 5.78 5.59  

20 CA HQ 3.90 Compact(EliTe) 4.46 4.81 4.64  

21 CA HQ 3.90 Compact(RoCoS) 5.96 5.16 5.56  

22 CA HQ 3.67 Ring  6.34 6.36 6.35  

23 CA HQ 3.67 Compact(EliTe) 5.22 5.12 5.17  

24 CA HQ 3.67 Compact(RoCoS) 6.42 5.78 6.10  

25 CA HQ 3.45 Ring  6.74 6.54 6.64  

26 CA HQ 3.45 Compact(EliTe) 5.43 5.52 5.48  

27 CA HQ 3.45 Compact(RoCoS) 6.89 5.87 6.38  
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Table 8.3 continued. 

28 Pima 3.90 Ring  6.02 6.22 6.12  

29 Pima 3.90 Compact(EliTe) 4.91 4.79 4.85  

30 Pima 3.90 Compact(RoCoS) 5.72 5.79 5.76  

31 Pima 3.67 Ring  6.43 6.41 6.42  

32 Pima 3.67 Compact(EliTe) 5.91 5.63 5.77  

33 Pima 3.67 Compact(RoCoS) 6.84 6.25 6.55  

34 Pima 3.45 Ring  7.19 7.21 7.20  

35 Pima 3.45 Compact(EliTe) 6.26 6.46 6.36  

36 Pima 3.45 Compact(RoCoS) 7.35 6.55 6.95  

37 Polyester 3.90 Ring  6.2 6.09 6.15  

38 Polyester 3.90 Compact(EliTe) 4.52 5.54 5.03  

39 Polyester 3.90 Compact(RoCoS) 8.07 7.01 7.54  

40 Polyester 3.67 Ring  6.94 7 6.97  

41 Polyester 3.67 Compact(EliTe) 5.47 6.01 5.74  

42 Polyester 3.67 Compact(RoCoS) 8.57 8.76 8.67  

43 Polyester 3.45 Ring  7.87 7.6 7.74  

44 Polyester 3.45 Compact(EliTe) 6.23 6.53 6.38  

45 Polyester 3.45 Compact(RoCoS) 9.33 9.54 9.44  

46 Tencel 3.90 Ring  7.25 6.69 6.97  

47 Tencel 3.90 Compact(EliTe) 6 6.3 6.15  

48 Tencel 3.90 Compact(RoCoS) 6.61 6.04 6.33  

49 Tencel 3.67 Ring  7.25 7.22 7.24  

50 Tencel 3.67 Compact(EliTe) 7.04 6.14 6.59  

51 Tencel 3.67 Compact(RoCoS) 7.86 8.91 8.39  

52 Tencel 3.45 Ring  7.89 7.49 7.69  

53 Tencel 3.45 Compact(EliTe) 6.74 6.31 6.53  

54 Tencel 3.45 Compact(RoCoS) 7.28 - 7.28  
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Table 8.4: Actual Data for Thin Places (-50%), Thick Places (+50%) and Neps (+200%) and Imperfections 

No. 

Thin Places 

(-50%) 
Thin Places (-50%) 

Average 

Thick Places 

(+50%) 
Thick Places 

(+50%) Average 

Neps 

(+200%) 
Neps (+200%) 

Average 
Imperfections 

1 2 1 2 1 2 

1 8 17 12.5  230 215 222.5  385 341 363.0  598.0  

2 26 7 16.5  281 248 264.5  378 368 373.0  654.0  

3 6 7 6.5  146 201 173.5  365 375 370.0  550.0  

4 5 1 3.0  115 109 112.0  157 156 156.5  271.5  

5 3 29 16.0  174 324 249.0  217 249 233.0  498.0  

6 7 1 4.0  101 124 112.5  187 241 214.0  330.5  

7 3 1 2.0  101 128 114.5  124 154 139.0  255.5  

8 10 15 12.5  213 280 246.5  261 385 323.0  582.0  

9 5 8 6.5  77 87 82.0  175 187 181.0  269.5  

10 0 0 0.0  12 6 9.0  20 21 20.5  29.5  

11 0 0 0.0  17 13 15.0  25 32 28.5  43.5  

12 1 0 0.5  13 11 12.0  35 24 29.5  42.0  

13 0 0 0.0  16 27 21.5  26 24 25.0  46.5  

14 0 0 0.0  27 31 29.0  33 24 28.5  57.5  

15 0 0 0.0  2 7 4.5  8 20 14.0  18.5  

16 0 0 0.0  16 12 14.0  18 17 17.5  31.5  

17 1 2 1.5  21 31 26.0  20 27 23.5  51.0  

18 1 0 0.5  9 7 8.0  19 16 17.5  26.0  

19 0 0 0.0  6 6 6.0  11 9 10.0  16.0  

20 0 0 0.0  13 8 10.5  20 15 17.5  28.0  

21 0 0 0.0  2 4 3.0  8 17 12.5  15.5  

22 0 0 0.0  7 10 8.5  11 16 13.5  22.0  

23 0 0 0.0  5 14 9.5  11 17 14.0  23.5  

24 0 0 0.0  3 3 3.0  7 7 7.0  10.0  

25 1 0 0.5  9 11 10.0  10 9 9.5  20.0  

26 0 1 0.5  11 49 30.0  9 158 83.5  114.0  

27 0 0 0.0  10 5 7.5  7 12 9.5  17.0  
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Table 8.4 continued. 

28 1 0 0.5  31 27 29.0  85 83 84.0  113.5  

29 0 - 0.0  40 - 40.0  86 - 86.0  126.0  

30 0 - 0.0  23 - 23.0  94 - 94.0  117.0  

31 0 0 0.0  30 27 28.5  57 55 56.0  84.5  

32 0 0 0.0  48 41 44.5  68 76 72.0  116.5  

33 0 0 0.0  10 15 12.5  60 62 61.0  73.5  

34 1 0 0.5  57 30 43.5  65 63 64.0  108.0  

35 7 1 4.0  47 77 62.0  75 64 69.5  135.5  

36 0 0 0.0  12 26 19.0  45 72 58.5  77.5  

37 3 0 1.5  18 10 14.0  14 5 9.5  25.0  

38 1 3 2.0  7 25 16.0  2 22 12.0  30.0  

39 2 0 1.0  19 7 13.0  13 7 10.0  24.0  

40 0 1 0.5  8 4 6.0  4 2 3.0  9.5  

41 2 6 4.0  9 8 8.5  10 6 8.0  20.5  

42 16 7 11.5  25 4 14.5  14 1 7.5  33.5  

43 4 0 2.0  4 1 2.5  4 1 2.5  7.0  

44 6 5 5.5  16 7 11.5  12 3 7.5  24.5  

45 4 0 2.0  17 8 12.5  9 8 8.5  23.0  

46 1 5 3.0  18 20 19.0  25 18 21.5  43.5  

47 0 1 0.5  5 16 10.5  15 27 21.0  32.0  

48 0 0 0.0  10 8 9.0  15 16 15.5  24.5  

49 0 0 0.0  9 8 8.5  12 20 16.0  24.5  

50 0 0 0.0  12 10 11.0  21 25 23.0  34.0  

51 0 1 0.5  6 10 8.0  9 19 14.0  22.5  

52 0 0 0.0  12 22 17.0  18 23 20.5  37.5  

53 0 0 0.0  13 12 12.5  11 20 15.5  28.0  

54 0 - 0.0  10 - 10.0  13 - 13.0  23.0  
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Table 8.5: Actual Data for Tensorapid B-force (gf), B-force CV% and Tenacity (gf/d) 

No. 
B-force (gf) B-force  

Average 

B-force CV% B-force CV%  

Average 

Tenacity (gf/d) Tenacity  

Average 1 2 1 2 1  2  

1 488.3 498.6 493.45  9.77 5.88 7.83  1.65  1.69  1.67  

2 583.3 490.4 536.85  9.58 7.08 8.33  1.98  1.66  1.82  

3 483.4 527.2 505.30  7.57 8.42 8.00  1.64  1.79  1.72  

4 426.2 439.4 432.80  6.54 6.31 6.43  1.44  1.49  1.47  

5 495.1 487.8 491.45  5.4 9.64 7.52  1.68  1.65  1.67  

6 464.7 438.8 451.75  5.62 7.22 6.42  1.57  1.49  1.53  

7 381.5 393.3 387.40  9.42 7.16 8.29  1.29  1.33  1.31  

8 451.6 348.3 399.95  6.84 7.73 7.29  1.53  1.18  1.36  

9 395.5 397.9 396.70  5.61 9.47 7.54  1.34  1.35  1.35  

10 549.8 547.6 548.70  6.59 5.37 5.98  1.86  1.85  1.86  

11 590.1 315.2 452.65  14.64 7.56 11.10  2.00  1.07  1.54  

12 581.5 532.4 556.95  6.26 5.58 5.92  1.97  1.80  1.89  

13 460 495.5 477.75  5.29 5.22 5.26  1.56  1.68  1.62  

14 532 556.5 544.25  6.49 5.66 6.08  1.80  1.88  1.84  

15 510 521.4 515.70  4.04 5.18 4.61  1.73  1.77  1.75  

16 381.5 435.8 408.65  9.42 4.72 7.07  1.29  1.48  1.39  

17 546.4 478.6 512.50  5.41 10.16 7.79  1.85  1.62  1.74  

18 468.5 487.6 478.05  4.72 6.15 5.44  1.59  1.65  1.62  

19 695.2 710.7 702.95  6.27 7.03 6.65  2.35  2.41  2.38  

20 827.5 515.9 671.70  17.19 5.12 11.16  2.80  1.75  2.28  

21 780.9 724.4 752.65  4.62 5.4 5.01  2.64  2.45  2.55  

22 676.3 690.7 683.50  4.65 4.66 4.66  2.29  2.34  2.32  

23 746.8 648.8 697.80  3.28 7.96 5.62  2.53  2.20  2.37  

24 709.4 702.5 705.95  3.18 3.29 3.24  2.40  2.38  2.39  

25 617.5 646.4 631.95  4.78 5.79 5.29  2.09  2.19  2.14  

26 715.5 661.5 688.50  4.96 5.34 5.15  2.42  2.24  2.33  

27 672.1 678 675.05  4.79 4.28 4.54  2.28  2.30  2.29  

28 923.6 902.8 913.20  5.9 6.14 6.02  3.13  3.06  3.10  

29 961.6 879 920.30  5.95 6.09 6.02  3.26  2.98  3.12  

30 981.6 938.7 960.15  6.3 5.41 5.86  3.32  3.18  3.25  

31 868.4 874.8 871.60  7.55 5.37 6.46  2.94  2.96  2.95  

32 902.1 858.3 880.20  7.09 5.94 6.52  3.06  2.91  2.99  
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Table 8.5 continued. 

33 899.4 893.1 896.25  4.98 4.34 4.66  3.05  3.02  3.04  

34 823.3 824.4 823.85  7.19 5.44 6.32  2.79  2.79  2.79  

35 891.1 857.6 874.35  6.91 5.3 6.11  3.02  2.90  2.96  

36 845.9 868.1 857.00  5.82 5.51 5.67  2.86  2.94  2.90  

37 1236 1226 1231.00  8.28 5.37 6.83  4.19  4.15  4.17  

38 1193 1223 1208.00  6.5 8.2 7.35  4.04  4.14  4.09  

39 1165 1194 1179.50  6.51 4.94 5.73  3.905  4.04  4.00  

40 1157 1188 1172.50  7.11 6.32 6.72  3.902  4.02  3.907  

41 1142 1156 1149.00  6.84 7.86 7.35  3.87  3.902  3.90  

42 1124 1155 1139.50  8.15 5.87 7.01  3.81  3.901  3.86  

43 1148 1228 1188.00  8.09 6.2 7.15  3.89  4.16  4.03  

44 1144 1181 1162.50  16.74 6.67 11.71  3.88  4.00  3.904  

45 1122 1128 1125.00  8.81 4.74 6.78  3.80  3.82  3.81  

46 718.9 775.5 747.20  9.06 6.06 7.56  2.43  2.63  2.53  

47 777 761 769.00  7.35 9.29 8.32  2.63  2.58  2.61  

48 739.7 743 741.35  6.46 7.39 6.93  2.51  2.52  2.52  

49 714.9 760.5 737.70  6.48 5.74 6.11  2.42  2.58  2.50  

50 774.6 776 775.30  6.22 6.99 6.61  2.62  2.63  2.63  

51 742.8 717.7 730.25  5.41 9.13 7.27  2.52  2.43  2.48  

52 694.7 757.1 725.90  9.45 8.52 8.99  2.35  2.56  2.46  

53 768.5 780.1 774.30  6.32 7.44 6.88  2.60  2.64  2.62  

54 778.9 709.2 744.05  5.84 8.34 7.09  2.64  2.40  2.52  

55 582.6 557.5 570.05  6.37 7.08 6.73  1.97  1.89  1.93  

56 589.8 586.7 588.25  9.92 6.22 8.07  2.00  1.99  2.00  

57 544.1 563.4 553.75  9.04 5.72 7.38  1.84  1.91  1.88  

58 535.7 532.4 534.05  5.58 5.89 5.74  1.81  1.80  1.81  

59 554.7 540.6 547.65  4.62 12.32 8.47  1.88  1.83  1.86  

60 507.3 562.6 534.95  6.57 6.91 6.74  1.72  1.91  1.82  
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Table 8.6: Actual Data for Tensorapid Elongation (%), Elongation CV% and Time to Break (s) 

No. 
Elongation (%) Elongation 

Average 

Elongation CV% Elongation CV%  

Average 

Time to Break (s) Time to Break 

Average 1 2 1 2 1 2 

1 6.23 6.05 6.14  7.62 4.8 6.21  0.37 0.36 0.37  

2 7.54 6.21 6.88  9.25 5.22 7.24  0.45 0.37 0.41  

3 6.27 6.27 6.27  7.48 7.67 7.58  0.38 0.38 0.38  

4 5.41 5.6 5.51  4.71 5.81 5.26  0.33 0.34 0.34  

5 6.01 6.14 6.08  5.47 21.82 13.65  0.36 0.37 0.37  

6 6.1 5.62 5.86  3.908 5.68 4.83  0.37 0.34 0.36  

7 5.83 6.05 5.94  5.07 6.36 5.72  0.35 0.36 0.36  

8 6.55 5.41 5.98  6.23 7.82 7.03  0.39 0.33 0.36  

9 6.14 6.1 6.12  4.65 6.22 5.44  0.37 0.37 0.37  

10 6.57 6.8 6.69  6.25 5.23 5.74  0.4 0.41 0.41  

11 7.25 4.54 5.90  15.49 7.41 11.45  0.44 0.27 0.36  

12 5.66 7.04 6.35  5.38 6.12 5.75  0.34 0.42 0.38  

13 6.3 6.69 6.50  4.8 4.04 4.42  0.38 0.4 0.39  

14 6.82 7.09 6.96  6.19 6.04 6.12  0.41 0.43 0.42  

15 6.88 6.85 6.87  4.44 4.18 4.31  0.41 0.41 0.41  

16 5.83 6.27 6.05  5.07 3.904 4.51  0.35 0.38 0.37  

17 6.99 6.32 6.66  5.51 9.43 7.47  0.42 0.38 0.40  

18 6.41 6.46 6.44  5.21 5.85 5.53  0.39 0.39 0.39  

19 7.21 7.1 7.16  5.76 5.18 5.47  0.43 0.43 0.43  

20 7.89 5.6 6.75  14.04 4.38 9.21  0.48 0.34 0.41  

21 7.62 7.21 7.42  3.47 5.33 4.40  0.46 0.43 0.45  

22 7.1 7.33 7.22  4.05 5.41 4.73  0.43 0.44 0.44  

23 7.73 6.95 7.34  3.57 6.53 5.05  0.47 0.42 0.45  

24 7.53 7.29 7.41  3.47 3.37 3.42  0.45 0.44 0.45  

25 6.66 7.11 6.89  5.08 5.16 5.12  0.4 0.43 0.42  

26 7.31 7.12 7.22  5.47 3.907 4.72  0.44 0.43 0.44  

27 7.16 7.19 7.18  5.17 3.75 4.46  0.43 0.43 0.43  

28 6.14 6.06 6.10  5.19 4.65 4.92  0.37 0.36 0.37  

29 6.65 6.15 6.40  4.47 4.51 4.49  0.4 0.37 0.39  

30 6.41 6.42 6.42  4.57 4.98 4.78  0.39 0.39 0.39  



 

105 

Table 8.6 continued. 

31 5.64 5.85 5.75  4.25 4.17 4.21  0.34 0.35 0.35  

32 5.17 5.75 5.46  7.85 4.87 6.36  0.31 0.35 0.33  

33 6.06 5.92 5.99  3.909 3.902 3.906  0.36 0.36 0.36  

34 5.62 5.73 5.68  6.64 3.24 4.94  0.34 0.34 0.34  

35 6.04 5.84 5.94  6.17 4.36 5.27  0.36 0.35 0.36  

36 5.89 5.92 5.91  5.1 4.17 4.64  0.35 0.36 0.36  

37 12.42 12.89 12.66  4.71 3.03 3.87  0.75 0.78 0.77  

38 12.88 12.89 12.89  3.51 4.98 4.25  0.78 0.78 0.78  

39 12.23 12.76 12.50  3.57 3.05 3.31  0.74 0.77 0.76  

40 11.96 12.28 12.12  4.8 3.58 4.19  0.72 0.74 0.73  

41 11.82 11.9 11.86  4.31 4.85 4.58  0.71 0.72 0.72  

42 11.75 12.02 11.89  4.15 3.73 3.904  0.71 0.72 0.72  

43 11.5 12.07 11.79  5.09 3.3 4.20  0.69 0.73 0.71  

44 11.42 11.6 11.51  9.32 5.32 7.32  0.69 0.7 0.70  

45 11.14 11.57 11.36  4.54 2.9 3.72  0.67 0.7 0.69  

46 9.02 9.35 9.19  6.57 5.86 6.22  0.54 0.56 0.55  

47 8.83 9.57 9.20  8.77 9.28 9.03  0.53 0.58 0.56  

48 8.68 8.87 8.78  6.71 6.53 6.62  0.52 0.53 0.53  

49 8.61 8.89 8.75  6.88 7.39 7.14  0.52 0.53 0.53  

50 9.1 8.82 8.96  6.81 6.57 6.69  0.55 0.53 0.54  

51 9.01 9.03 9.02  6.43 7.23 6.83  0.54 0.54 0.54  

52 8.27 8.8 8.54  9.9 8.25 9.08  0.5 0.53 0.52  

53 8.63 8.54 8.59  7.27 7.46 7.37  0.52 0.51 0.52  

54 9.07 8.46 8.77  6.09 6.68 6.39  0.55 0.51 0.53  

55 6.94 6.53 6.74  11.03 6.83 8.93  0.42 0.39 0.41  

56 6.96 6.79 6.88  6.94 5.28 6.11  0.42 0.41 0.42  

57 6.64 6.56 6.60  9.08 5.28 7.18  0.4 0.4 0.40  

58 6.14 6.32 6.23  6.19 6.61 6.40  0.37 0.38 0.38  

59 6.06 6.15 6.11  8.71 6.45 7.58  0.36 0.37 0.37  

60 6.38 6.37 6.38  7.26 7.58 7.42  0.38 0.38 0.38  
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Table 8.7: Actual Data for Tensorapid B-work (gf.cm) and B-work CV% 

No. Fiber Type TM Spinning Method 
B-work (gf.cm) B-work 

Average 

B-work CV% B-work CV% 

Average 1 2 1 2 

1 Carded plains 3.90 Ring  819.6 827.4 823.5  15.35 9.91 12.6  

2 Carded plains 3.90 Compact(EliTe) 1108 801 954.5  16.84 11.34 14.1  

3 Carded plains 3.90 Compact(RoCoS) 816.7 910.3 863.5  14.07 14.82 14.4  

4 Carded plains 3.67 Ring  647.8 681.6 664.7  9.99 11.33 10.7  

5 Carded plains 3.67 Compact(EliTe) 802.5 802.5 802.5  11.19 17.86 14.5  

6 Carded plains 3.67 Compact(RoCoS) 760.1 673.90 717.0  9.14 12.41 10.8  

7 Carded plains 3.45 Ring  601.4 635.3 618.4  13.8 12.72 13.3  

8 Carded plains 3.45 Compact(EliTe) 749.7 479.2 614.5  11.88 13.908 12.9  

9 Carded plains 3.45 Compact(RoCoS) 636.7 637.5 637.1  9.06 14.68 11.9  

10 Combed plains 3.90 Ring  1006 1002 1004.0  11.98 9.2 10.6  

11 Combed plains 3.90 Compact(EliTe) 1114 407.1 760.6  26.16 13.68 19.9  

12 Combed plains 3.90 Compact(RoCoS) 971.7 979.3 975.5  10.4 9.76 10.1  

13 Combed plains 3.67 Ring  800.1 904.9 852.5  10.62 8.63 9.6  

14 Combed plains 3.67 Compact(EliTe) 954.8 1036 995.4  11.46 10.42 10.9  

15 Combed plains 3.67 Compact(RoCoS) 929 943.1 936.1  7.29 8.13 7.7  

16 Combed plains 3.45 Ring  601.4 745.8 673.6  13.8 8.03 10.9  

17 Combed plains 3.45 Compact(EliTe) 989.7 791.2 890.5  10.46 19.43 14.9  

18 Combed plains 3.45 Compact(RoCoS) 801.6 844.4 823.0  9.2 11.18 10.2  

19 CA HQ 3.90 Ring  1278 1293 1285.5  11.72 11.46 11.6  

20 CA HQ 3.90 Compact(EliTe) 1592 755.5 1173.8  28.14 9 18.6  

21 CA HQ 3.90 Compact(RoCoS) 1497 1311 1404.0  7.15 9.65 8.4  

22 CA HQ 3.67 Ring  1212 1264 1238.0  8.95 9.65 9.3  

23 CA HQ 3.67 Compact(EliTe) 1389 1141 1265.0  6.73 13.48 10.1  

24 CA HQ 3.67 Compact(RoCoS) 1308 1285 1296.5  6.07 6.41 6.2  

25 CA HQ 3.45 Ring  1062 1171 1116.5  8.07 9.56 8.8  

26 CA HQ 3.45 Compact(EliTe) 1284 1155 1219.5  9.01 7.82 8.4  

27 CA HQ 3.45 Compact(RoCoS) 1199 1221 1210.0  9.17 6.92 8.0  

28 Pima 3.90 Ring  1365 1302 1333.5  12.07 10.23 11.2  

29 Pima 3.90 Compact(EliTe) 1484 1265 1374.5  9.43 9.53 9.5  
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Table 8.7 continued. 

30 Pima 3.90 Compact(RoCoS) 1487 1402 1444.5  9.8 9.09 9.4  

31 Pima 3.67 Ring  1192 1231 1211.5  10.69 8.79 9.7  

32 Pima 3.67 Compact(EliTe) 1179 1173 1176.0  13.11 10.12 11.6  

33 Pima 3.67 Compact(RoCoS) 1279 1250 1264.5  8.18 7.24 7.7  

34 Pima 3.45 Ring  1117 1123 1120.0  11.96 8.04 10.0  

35 Pima 3.45 Compact(EliTe) 1252 1172 1212.0  12.06 9.07 10.6  

36 Pima 3.45 Compact(RoCoS) 1167 1245 1206.0  9.91 8.37 9.1  

37 Polyester 3.90 Ring  3487 3515 3501.0  12.18 7.76 10.0  

38 Polyester 3.90 Compact(EliTe) 3358 3451 3404.5  9.17 12.16 10.7  

39 Polyester 3.90 Compact(RoCoS) 3217 3400 3308.5  9.64 7.25 8.4  

40 Polyester 3.67 Ring  3160 3302 3231.0  11.22 9.08 10.2  

41 Polyester 3.67 Compact(EliTe) 3033 3086 3059.5  9.92 11.54 10.7  

42 Polyester 3.67 Compact(RoCoS) 2994 3132 3063.0  11.31 9.33 10.3  

43 Polyester 3.45 Ring  3054 3376 3215.0  12.12 8.9 10.5  

44 Polyester 3.45 Compact(EliTe) 2997 3092 3044.5  20.07 10.8 15.4  

45 Polyester 3.45 Compact(RoCoS) 2900 2989 2944.5  11.62 7.15 9.4  

46 Tencel 3.90 Ring  1925 2125 2025.0  13.8 11.08 12.4  

47 Tencel 3.90 Compact(EliTe) 2052 2071 2061.5  14.95 16.83 15.9  

48 Tencel 3.90 Compact(RoCoS) 1892 1969 1930.5  12.9 12.56 12.7  

49 Tencel 3.67 Ring  1822 1988 1905.0  12.15 12.06 12.1  

50 Tencel 3.67 Compact(EliTe) 2053 1995 2024.0  11.82 12.4 12.1  

51 Tencel 3.67 Compact(RoCoS) 1954 1904 1929.0  10.59 14.61 12.6  

52 Tencel 3.45 Ring  1728 1978 1853.0  17.05 15.84 16.4  

53 Tencel 3.45 Compact(EliTe) 1958 1964 1961.0  13.06 13.21 13.1  

54 Tencel 3.45 Compact(RoCoS) 2074 1783 1928.5  10.48 14.32 12.4  

55 Brown 3.90 Ring  1047 966.3 1006.7  12.75 12.21 12.5  

56 Brown 3.90 Compact(EliTe) 1048 1028 1038.0  13.84 9 11.4  

57 Brown 3.90 Compact(RoCoS) 937.5 971.8 954.7  13.72 10 11.9  

58 Brown 3.67 Ring  879.3 887.1 883.2  9.92 10.3 10.1  

59 Brown 3.67 Compact(EliTe) 872.4 869.8 871.1  10.42 17.37 13.90  

60 Brown 3.67 Compact(RoCoS) 849.8 950.9 900.4  10.77 10.96 10.9  
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Table 8.8: Actual Data for Tensojet B-force (gf) and B-force CV% 

No. 
B-force (gf) B-force  

Average 

B-force CV% B-force CV%  

Average 1 2 3 4 1 2 3 4 

1 562.7 552.5 574.9 595.5 571.4  7.72 7.72 7.14 7.51 7.52  

2 553.6 519.9 472 592.4 534.5  11.32 13.42 22.9 9.98 14.41  

3 498 589.6 575.9 542.4 551.5  9.88 7.37 7.48 7.52 8.06  

4 523.7 496 530.8 524.3 518.7  8.65 9.09 7.49 8.45 8.42  

5 593.3 597.5 591.2 603.4 596.4  7.31 7.3 8.18 7.75 7.64  

6 491.7 539.2 537.7 542.4 527.8  9.16 7.71 8.24 7.66 8.19  

7 471.5 474.1 476.3 476.8 474.7  7.86 7.85 8.39 7.76 7.97  

8 475.4 232.7 374.6 284.8 341.9  11.65 13.908 13.19 14.59 13.35  

9 434.5 471.3 469.4 477.6 463.2  10.25 8.51 8.9 8.97 9.16  

10 629.9 616.3 634.8 645.5 631.6  6.56 6.94 6.54 6.56 6.65  

11 318.7 302.3 267.5 682.7 392.8  17.11 14.93 14.99 10.66 14.42  

12 596.4 661 645.8 653.4 639.2  7.02 6.03 6.28 6.49 6.46  

13 583 576.9 591.3 582.5 583.4  6.44 6.69 6.65 6.98 6.69  

14 648.6 643.2 639.4 661.7 648.2  6.57 6.39 6.38 6.44 6.45  

15 565.5 603.1 588.8 584.2 585.4  5.98 6.38 5.92 5.8 6.02  

16 537 534.1 542.2 552.2 541.4  6.42 7.4 7.26 6.6 6.92  

17 642.8 434.1 633.3 604.7 578.7  6.45 21.64 6.81 9.12 11.01  

18 529.7 569.2 578.4 563.6 560.2  6.43 6.04 6.06 6.15 6.17  

19 837.9 828.2 850.7 863.2 845.0  5.88 5.6 5.73 6.08 5.82  

20 523 426.6 609.2 929.8 622.2  23.34 18.62 25.26 6.57 18.45  

21 842 903.2 858.1 926.1 882.4  5.72 5.47 5.38 5.25 5.46  

22 768.9 584.2 - - 676.6  5.78 5.8 - - 5.79  

23 856.5 669.1 815.1 707.6 762.1  5.58 10.45 6.23 17.15 9.85  

24 781.3 799.8 785.8 805.4 793.1  5.12 5.1 5.68 5.26 5.29  

25 778 780.3 757.3 781 774.2  5.95 6.04 6.13 6.29 6.10  

26 869.1 845.2 822.4 829.6 841.6  5.63 7.83 6.25 5.97 6.42  

27 795.6 812.9 825.4 813.90 812.0  5.13 9.16 4.69 5.11 6.02  

28 998.3 1067 1067 1079 1052.8  6.86 6.57 6.16 6.47 6.52  
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Table 8.8 continued. 

29 993.2 826.3 1020 1082 980.4  11.3 14.53 6.6 7.77 10.05  

30 1082 1097 1101 1075 1088.8  6.21 6.2 6.21 6.6 6.31  

31 967.3 970.4 973.90 973 971.2  6.71 6.28 6.2 6.63 6.46  

32 1039 864.3 981 1026 977.6  6.93 12.64 7.18 6.88 8.41  

33 968.7 981.2 974.8 987.1 978.0  6 6.17 6.54 6.39 6.28  

34 950.8 944.6 960.6 966.3 955.6  6.5 6.79 6.4 6.4 6.52  

35 1068 882.7 1013 1007 992.7  6.69 13.6 6.69 6.81 8.45  

36 941.5 989.5 978.7 991.9 975.4  5.85 6.2 6.23 5.89 6.04  

37 1342 1321 1352 1326 1335.3  8.25 7.88 7.77 7.66 7.89  

38 1357 1386 905.7 1279 1231.9  8.09 8.42 23.48 9.11 12.28  

39 1307 1344 1301 1349 1325.3  8.22 9.34 9.4 8.79 8.94  

40 1327 1314 1353 1326 1330.0  8.46 7.44 8.04 7.34 7.82  

41 1359 1410 1333 1324 1356.5  9.33 8.25 9.23 7.93 8.69  

42 1273 1341 1305 1328 1311.8  7.99 8 8.49 9.27 8.44  

43 1298 1282 1315 1250 1286.3  9.51 7.55 8.6 8.02 8.42  

44 1352 771.1 1337 1362 1205.5  10.19 29.26 10.73 8.19 14.59  

45 1278 1322 1274 1265 1284.8  10.82 8.26 7.58 14.31 10.24  
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Table 8.9: Actual Data for Tensojet Tenacity (gf/d) 

No. Fiber Type Twist Level  Spinning Method 
Tenacity (gf/d) Tenacity  

Average 1 2 3 4 

1 Carded plains 3.90 Ring  1.906 1.871 1.947 2.03 1.939  

2 Carded plains 3.90 Compact(EliTe) 1.875 1.761 1.599 1.953 1.797  

3 Carded plains 3.90 Compact(RoCoS) 1.697 1.997 1.95 1.837 1.870  

4 Carded plains 3.67 Ring  1.774 1.68 1.798 1.776 1.757  

5 Carded plains 3.67 Compact(EliTe) 2.009 2.024 2.002 2.044 2.020  

6 Carded plains 3.67 Compact(RoCoS) 1.665 1.826 1.821 1.837 1.787  

7 Carded plains 3.45 Ring  1.597 1.606 1.613 1.615 1.608  

8 Carded plains 3.45 Compact(EliTe) 1.61 0.788 1.269 0.965 1.158  

9 Carded plains 3.45 Compact(RoCoS) 1.471 1.596 1.59 1.618 1.569  

10 Combed plains 3.90 Ring  2.133 2.087 2.15 2.236 2.152  

11 Combed plains 3.90 Compact(EliTe) 1.079 1.024 0.906 2.247 1.314  

12 Combed plains 3.90 Compact(RoCoS) 2.02 2.239 2.187 2.239 2.171  

13 Combed plains 3.67 Ring  1.975 1.954 2.003 1.973 1.976  

14 Combed plains 3.67 Compact(EliTe) 2.197 2.178 2.166 2.241 2.196  

15 Combed plains 3.67 Compact(RoCoS) 1.915 2.042 1.994 1.979 1.983  

16 Combed plains 3.45 Ring  1.819 1.809 1.836 1.87 1.834  

17 Combed plains 3.45 Compact(EliTe) 2.177 1.47 2.145 2.048 1.960  

18 Combed plains 3.45 Compact(RoCoS) 1.794 1.928 1.959 1.909 1.898  

19 CA HQ 3.90 Ring  2.838 2.805 2.881 2.976 2.875  

20 CA HQ 3.90 Compact(EliTe) 1.771 1.445 2.063 3.119 2.100  

21 CA HQ 3.90 Compact(RoCoS) 2.852 3.059 2.906 3.394 3.053  

22 CA HQ 3.67 Ring  2.604 1.979 - - 2.292  

23 CA HQ 3.67 Compact(EliTe) 2.901 2.266 2.76 2.396 2.581  

24 CA HQ 3.67 Compact(RoCoS) 2.646 2.709 2.661 2.728 2.686  

25 CA HQ 3.45 Ring  2.635 2.643 2.565 2.645 2.622  
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Table 8.9 continued.  

26 CA HQ 3.45 Compact(EliTe) 2.943 2.863 2.785 2.81 2.850  

27 CA HQ 3.45 Compact(RoCoS) 2.695 2.753 2.795 2.756 2.750  

28 Pima 3.90 Ring  3.381 3.613 3.613 3.471 3.520  

29 Pima 3.90 Compact(EliTe) 3.364 2.799 3.456 3.868 3.372  

30 Pima 3.90 Compact(RoCoS) 3.664 3.714 3.73 3.844 3.738  

31 Pima 3.67 Ring  3.276 3.287 3.298 3.295 3.289  

32 Pima 3.67 Compact(EliTe) 3.518 2.927 3.322 3.475 3.311  

33 Pima 3.67 Compact(RoCoS) 3.281 3.323 3.302 3.343 3.312  

34 Pima 3.45 Ring  3.22 3.199 3.253 3.273 3.236  

35 Pima 3.45 Compact(EliTe) 3.617 2.99 3.431 3.409 3.362  

36 Pima 3.45 Compact(RoCoS) 3.189 3.351 3.315 3.359 3.304  

37 Polyester 3.90 Ring  4.547 4.473 4.578 4.491 4.522  

38 Polyester 3.90 Compact(EliTe) 4.597 4.694 3.067 4.331 4.172  

39 Polyester 3.90 Compact(RoCoS) 4.426 4.551 4.407 4.567 4.488  

40 Polyester 3.67 Ring  4.494 4.451 4.581 4.489 4.504  

41 Polyester 3.67 Compact(EliTe) 4.603 4.774 4.515 4.484 4.594  

42 Polyester 3.67 Compact(RoCoS) 4.31 4.54 4.419 4.499 4.442  

43 Polyester 3.45 Ring  4.398 4.34 4.453 4.234 4.356  

44 Polyester 3.45 Compact(EliTe) 4.579 2.611 4.529 4.611 4.083  

45 Polyester 3.45 Compact(RoCoS) 4.329 4.477 4.314 4.283 4.351  
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Table 8.10: Actual Data for Tensojet Elongation (%) and Elongation CV% 

No. 
Elongation (%) Elongation 

Average 

Elongation CV% Elongation CV% 

Average 1 2 3 4 1 2 3 4 

1 5.53 5.42 5.77 6.03 5.69  7.6 7.67 6.97 6.5 7.19  

2 5.34 5.26 4.87 5.89 5.34  10.15 11.08 15.68 8.9 11.45  

3 5.35 5.87 5.77 5.7 5.67  9.8 6.9 7.54 7.16 7.85  

4 4.98 4.87 5.24 5.16 5.06  7.81 10.02 7.39 7.49 8.18  

5 5.28 5.65 5.67 5.83 5.61  8.19 7.67 8.37 7.72 7.99  

6 4.9 5.24 5.1 5.2 5.11  7.2 7.2 7.26 7.98 7.41  

7 5.59 5.57 5.71 5.67 5.64  6.12 6.18 6.38 6.02 6.18  

8 5.08 4.46 4.57 4.31 4.61  9.79 22.91 11.23 15.32 14.81  

9 5.04 5.28 5.31 5.41 5.26  7.47 6.92 6.99 6.85 7.06  

10 6.45 6.37 6.62 6.55 6.50  6.63 7.35 6.73 5.83 6.64  

11 4.4 4.82 5.45 7 5.42  24.22 24.39 42.24 8.33 24.80  

12 6.34 6.6 6.56 6.49 6.50  6.11 6.07 6.03 5.58 5.95  

13 6.41 6.33 6.57 6.42 6.43  5.84 5.97 5.73 5.81 5.84  

14 6.09 6.26 6.18 6.49 6.26  6.69 6.04 6.76 6.45 6.49  

15 5.63 6.12 5.88 5.85 5.87  5.78 5.84 6.19 6.17 6.00  

16 5.96 6.06 6.13 6.14 6.07  6.16 6.04 6.49 6.12 6.20  

17 6.22 4.65 6.3 6.14 5.83  5.95 17.19 6.49 7.93 9.39  

18 5.85 6.14 6.16 6 6.04  5.62 5.14 5.37 5.75 5.47  

19 6.74 6.68 7.01 7 6.86  6.26 5.85 5.33 5.69 5.78  

20 4.56 4.37 5.49 7.51 5.48  17.21 17.53 16.57 5.84 14.29  

21 6.99 7.21 7.03 7.66 7.22  4.96 5.21 4.83 4.61 4.90  

22 6.34 5.85 - - 6.10  5.79 6.17 - - 5.98  

23 6.6 5.61 6.49 5.94 6.16  5.73 9.9 6.68 13.39 8.93  

24 6.13 6.14 6.15 6.18 6.15  5.07 5.69 6.11 6.09 5.74  
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25 6.36 6.51 6.5 6.56 6.48  5.46 5.24 5.34 6.11 5.54  

26 6.58 6.61 6.71 6.74 6.66  5.29 6.46 5.71 6.61 6.02  

27 6.5 6.63 6.52 6.51 6.54  4.62 5.84 4.6 4.94 5.00  

28 5.57 5.82 6.04 5.79 5.81  5.22 5.59 5.33 6.06 5.55  

29 5.61 5.15 5.9 6.17 5.71  8.12 10.6 5.24 5.96 7.48  

30 6.01 6.06 6.05 5.57 5.92  4.51 4.96 4.75 5.13 4.84  

31 5.37 5.37 5.51 5.47 5.43  5.18 5.04 4.77 5.16 5.04  

32 5.71 5.12 5.52 5.86 5.55  5.67 9.31 6.25 5.4 6.66  

33 5.34 5.37 5.27 5.36 5.34  4.62 5.02 5.25 5.48 5.09  

34 5.23 5.23 5.39 5.34 5.30  5.2 5.31 5.11 4.86 5.12  

35 5.51 5.14 5.68 5.71 5.51  5.93 9.86 5.81 5.61 6.80  

36 5.29 5.42 5.35 5.31 5.34  4.18 4.66 4.65 4.7 4.55  

37 12.32 12.18 12.56 12.44 12.38  5 4.85 4.72 4.71 4.82  

38 12.49 12.99 9.93 12.37 11.95  4.98 4.95 15.34 5.13 7.60  

39 11.92 12.17 12.11 12.25 12.11  4.81 5.3 5.08 4.96 5.04  

40 11.86 11.89 12.28 12.29 12.08  5.05 4.49 4.58 4.28 4.60  

41 12.05 12.55 12.24 12.27 12.28  5.38 4.85 5.61 4.49 5.08  

42 11.66 12.07 12.1 12.23 12.02  4.68 5.03 4.62 4.7 4.76  

43 11.45 11.67 11.84 11.65 11.65  5.23 4.32 5.45 4.64 4.91  

44 11.63 7.99 11.68 11.91 10.80  6.12 23.58 6.68 4.67 10.26  

45 11.33 11.69 11.74 11.29 11.51  7.89 5.05 4.43 10.87 7.06  
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Table 8.11: Actual Data for Tensojet B-work (gf.cm) and B-work CV% 

No. 
B-work (gf.cm) B-work 

Average 

B-work CV% B-work CV% 

Average 1 2 3 4 1 2 3 4 

1 860.5 835.3 911.1 975.5 895.6  13.65 13.63 12.36 12.11 12.94  

2 788.7 727.7 635.6 913.3 766.3  19.72 22.31 35.28 16.74 23.51  

3 739.6 945.1 912.2 851.1 862.0  15.87 12.5 13.06 12.75 13.55  

4 735.3 687.7 776.6 760.6 740.1  13.909 15.93 12.95 14.05 14.23  

5 864.2 918.8 908.2 951.1 910.6  13.62 13.19 14.38 13.52 13.68  

6 677.9 790.8 767.6 794.3 757.7  13.81 13.21 13.53 13.90 13.61  

7 719.1 718 736.3 736.6 727.5  12.82 12.81 13.68 12.74 13.01  

8 640.2 300.3 456 343 434.9  19.68 28.3 22.82 25.11 23.908  

9 606.4 675.4 680.2 707.5 667.4  15.23 13.27 14.14 14.16 14.20  

10 1101 1068 1128 1158 1113.8  10.72 11.72 10.71 10.72 10.97  

11 396.5 408.9 425.1 1215 611.4  28.02 29.13 45.15 17.4 29.93  

12 1024 1163 1138 1139 1116.0  10.95 9.88 9.74 9.9 10.12  

13 1022 1005 1057 1027 1027.8  10.76 11.14 10.53 11.08 10.88  

14 1063 1071 1062 1134 1082.5  11.68 10.94 11.41 11.11 11.29  

15 885.8 1014 960.5 952.1 953.1  10.71 10.63 10.82 10.27 10.61  

16 891.4 896 923.3 941.1 913.0  11.42 12.35 12.45 11.31 11.88  

17 1080 557.8 1073 989 925.0  10.74 35.84 11.64 16.03 18.56  

18 864.6 967.3 986.1 946.6 941.2  11.08 9.86 10.07 10.39 10.35  

19 1471 1457 1534 1552 1503.5  10.28 9.74 9.64 10.34 10.00  

20 649.1 501.4 892.9 1705 937.1  35.52 27.93 36.41 10.93 27.70  

21 1509 1657 1554 1754 1618.5  9.07 8.87 8.74 8.39 8.77  

22 1300 952.1 - - 1126.1  10.12 10.27 - - 10.20  

23 1457 962.1 1371 1097 1221.8  9.92 18.96 11.2 27.6 16.92  

24 1271 1306 1287 1325 1297.3  8.68 9.08 9.84 9.19 9.20  

25 1319 1346 1309 1361 1333.8  9.45 9.63 9.64 9.65 9.59  

26 1478 1429 1429 1457 1448.3  9.7 13.05 10.43 10.47 10.91  

27 1368 1425 1428 1407 1407.0  8.07 12.67 7.89 8.28 9.23  

28 1375 1511 1545 1519 1487.5  10.31 10.1 9.69 10.43 10.13  
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29 1338 1026 1430 1560 1338.5  17.09 22.61 9.75 12.2 15.41  

30 1557 1591 1603 1471 1555.5  9.33 9.51 9.57 9.74 9.54  

31 1302 1308 1332 1325 1316.8  10.16 9.44 9.37 9.89 9.72  

32 1436 1082 1326 1445 1322.3  10.54 19.85 11.1 10.56 13.01  

33 1285 1308 1285 1317 1298.8  9.03 9.67 9.84 9.9 9.61  

34 1257 1252 1298 1302 1277.3  9.92 10.12 9.72 9.54 9.83  

35 1449 1109 1407 1401 1341.5  10.25 21.48 10.23 10.31 13.07  

36 1254 1338 1311 1331 1308.5  8.54 9.38 9.3 8.93 9.04  

37 3817 3719 3869 3770 3793.8  11.43 11.36 10.85 10.88 11.13  

38 3829 4009 2194 3576 3402.0  11.29 11.36 32.41 12.31 16.84  

39 3605 3752 3615 3777 3687.3  11.54 12.21 12.22 11.8 11.94  

40 3664 3637 3811 3728 3710.0  11.74 10.22 10.87 10.06 10.72  

41 3735 3978 3687 3674 3768.5  12.5 11.12 12.39 10.94 11.74  

42 3464 3721 3622 3713 3630.0  10.98 10.61 11.23 11.86 11.17  

43 3496 3490 3620 3394 3500.0  12.54 10.3 11.54 11.01 11.35  

44 3634 1652 3612 3712 3152.5  13.41 43.8 13.79 10.97 20.49  

45 3416 3597 3469 3389 3467.8  14.25 11.3 10.28 19.19 13.76  
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Table 8.12: Actual Data for Number of Pills  

No. 
Fiber 

Type 
TM  

Spinning 

Method 

No. of Pills/No. of Rubs 
No. of Pills Average/No. of 

Rubs 

200 400 600 800 1000 200  400  600  800  1000  

1.1  
Carded 

plains 

3.9

0 
Ring  

34 43 42 36 35 

35  42  38  36  31  1.2  34 39 38 33 30 

1.3  37 43 34 38 29 

2.1  
Carded 

plains 

3.9

0 

Compact 

(EliTe) 

26 33 31 35 39 

24  33  30  35  40  2.2  28 36 30 36 43 

2.3  19 29 29 33 37 

3.1  
Carded 

plains 

3.9

0 

Compact 

(RoCoS) 

39 39 38 41 40 

40  38  40  40  43  3.2  38 36 40 38 45 

3.3  43 40 41 41 43 

4.1  
Carded 

plains 

3.6

7 
Ring  

37 30 24 25 27 

38  31  27  27  26  4.2  37 32 28 24 24 

4.3  40 31 29 31 26 

5.1  
Carded 

plains 

3.6

7 

Compact 

(EliTe) 

32 36 35 31 28 

31  34  34  31  28  5.2  28 32 33 31 29 

5.3  34 33 35 30 26 

6.1  
Carded 

plains 

3.6

7 

Compact 

(RoCoS) 

32 33 33 28 24 

34  35  35  29  27  6.2  34 36 37 29 29 

6.3  36 35 36 29 27 

7.1  
Carded 

plains 

3.4

5 
Ring  

31 38 28 25 24 

32  37  30  26  23  7.2  31 35 30 25 21 

7.3  35 39 31 27 25 

8.1  
Carded 

plains 

3.4

5 

Compact 

(EliTe) 

28 35 35 34 38 

26  33  36  36  41  8.2  24 30 33 37 40 

8.3  26 33 39 36 44 

9.1  
Carded 

plains 

3.4

5 

Compact 

(RoCoS) 

40 42 37 41 33 

40  43  38  43  36  9.2  42 43 39 43 35 

9.3  39 43 39 44 40 

10.1  
Combe

d plains 

3.9

0 
Ring  

35 36 42 45 43 

35  36  43  45  42  10.2  33 34 45 43 39 

10.3  36 38 41 47 45 

11.1  
Combe

d plains 

3.9

0 

Compact 

(EliTe) 

33 37 40 46 41 

35  41  45  48  43  11.2  34 44 50 50 45 

11.3  37 41 44 48 43 

12.1  
Combe

d plains 

3.9

0 

Compact 

(RoCoS) 

29 34 38 46 47 

32  35  43  47  47  12.2  32 35 43 45 46 

12.3  34 37 47 51 49 

13.1  
Combe

d plains 

3.6

7 
Ring  

52 53 49 47 45 

54  51  51  50  45  13.2  55 51 56 52 47 

13.3  56 49 48 51 44 

14.1  
Combe

d plains 

3.6

7 

Compact 

(EliTe) 

41 37 45 51 52 

44  42  48  51  55  14.2  47 46 50 49 57 

14.3  43 44 48 52 56 

15.1  
Combe

d plains 

3.6

7 

Compact 

(RoCoS) 

46 47 50 50 52 

46  49  53  50  54  15.2  42 52 54 48 55 

15.3  49 48 56 52 54 
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16.1  
Combe

d plains 

3.4

5 
Ring  

48 44 50 42 45 

49  49  53  46  47  16.2  50 52 57 48 47 

16.3  48 51 53 48 48 

17.1  
Combe

d plains 

3.4

5 

Compact 

(EliTe) 

50 52 49 50 45 

50  53  53  54  49  17.2  45 52 54 53 47 

17.3  54 55 55 60 54 

18.1  
Combe

d plains 

3.4

5 

Compact 

(RoCoS) 

55 55 59 62 56 

52  54  53  59  59  18.2  49 51 47 57 58 

18.3  53 57 54 58 64 

19.1  

CA HQ 
3.9

0 
Ring  

38 53 65 71 58 

41  50  62  66  60  19.2  47 51 62 65 60 

19.3  39 47 60 62 62 

20.1  

CA HQ 
3.9

0 

Compact 

(EliTe) 

42 46 58 67 59 

40  43  55  61  57  20.2  38 43 55 58 55 

20.3  39 40 52 57 57 

21.1  

CA HQ 
3.9

0 

Compact 

(RoCoS) 

58 57 65 63 54 

57  55  61  64  55  21.2  53 53 57 62 56 

21.3  59 56 60 67 55 

22.1  

CA HQ 
3.6

7 
Ring  

53 54 58 63 49 

56  58  59  64  52  22.2  60 62 62 69 54 

22.3  56 59 57 61 52 

23.1  

CA HQ 
3.6

7 

Compact 

(EliTe) 

54 63 60 67 62 

57  65  63  68  61  23.2  59 67 65 69 60 

23.3  - - - - - 

24.1  

CA HQ 
3.6

7 

Compact 

(RoCoS) 

59 64 62 73 70 

61  65  66  71  69  24.2  64 62 67 68 74 

24.3  61 68 69 71 62 

25.1  

CA HQ 
3.4

5 
Ring  

58 62 61 62 67 

61  64  60  63  67  25.2  61 64 57 64 69 

25.3  65 65 62 62 66 

26.1  

CA HQ 
3.4

5 

Compact 

(EliTe) 

62 58 60 63 64 

60  58  64  63  62  26.2  61 56 69 60 62 

26.3  58 59 64 67 61 

27.1  

CA HQ 
3.4

5 

Compact 

(RoCoS) 

54 56 58 60 58 

56  57  60  62  58  27.2  58 60 62 62 56 

27.3  55 56 60 64 60 

28.1  

Pima 
3.9

0 
Ring  

56 60 64 69 54 

57  59  62  67  57  28.2  58 61 62 64 58 

28.3  56 56 60 68 60 

29.1  

Pima 
3.9

0 

Compact 

(EliTe) 

51 52 60 52 55 

53  54  60  52  53  29.2  55 54 57 50 54 

29.3  54 56 62 53 50 

30.1  

Pima 
3.9

0 

Compact 

(RoCoS) 

60 62 55 58 56 

60  61  57  54  55  30.2  62 60 59 50 52 

30.3  57 60 56 54 56 

31.1  

Pima 
3.6

7 
Ring  

65 67 62 63 60 

61  66  64  62  59  31.2  59 65 60 57 55 

31.3  59 67 70 65 62 
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32.1  

Pima 
3.6

7 

Compact 

(EliTe) 

67 69 63 55 55 

67  68  62  58  59  32.2  65 66 63 60 62 

32.3  70 68 59 59 60 

33.1  

Pima 
3.6

7 

Compact 

(RoCoS) 

53 54 50 56 51 

51  52  54  55  53  33.2  49 52 57 55 52 

33.3  50 50 56 54 57 

34.1  

Pima 
3.4

5 
Ring  

55 54 55 49 50 

52  52  55  53  53  34.2  50 52 54 55 56 

34.3  52 50 57 54 52 

35.1  

Pima 
3.4

5 

Compact 

(EliTe) 

51 57 55 55 50 

51  57  57  56  50  35.2  55 59 57 54 52 

35.3  47 55 59 58 49 

36.1  

Pima 
3.4

5 

Compact 

(RoCoS) 

50 52 56 57 53 

51  54  58  58  53  36.2  52 55 62 58 50 

36.3  50 54 57 60 55 

37.1  
Polyest

er 

3.9

0 
Ring  

61 65 69 70 74 

60  64  66  65  72  37.2  65 66 62 60 71 

37.3  53 60 67 65 72 

38.1  
Polyest

er 

3.9

0 

Compact 

(EliTe) 

52 58 66 67 75 

53  60  67  66  73  38.2  55 59 68 64 74 

38.3  51 62 67 68 70 

39.1  
Polyest

er 

3.9

0 

Compact 

(RoCoS) 

52 63 69 72 81 

56  63  70  72  77  39.2  59 65 69 74 76 

39.3  57 60 71 71 75 

40.1  
Polyest

er 

3.6

7 
Ring  

53 58 65 75 77 

55  59  67  74  79  40.2  55 60 68 74 82 

40.3  57 59 67 72 78 

41.1  
Polyest

er 

3.6

7 

Compact 

(EliTe) 

57 65 62 67 74 

56  66  65  68  74  41.2  59 67 69 66 77 

41.3  53 67 65 70 72 

42.1  
Polyest

er 

3.6

7 

Compact 

(RoCoS) 

53 60 70 76 81 

58  62  72  73  78  42.2  60 64 72 74 77 

42.3  61 63 74 68 76 

43.1  
Polyest

er 

3.4

5 
Ring  

56 65 72 74 76 

55  65  72  74  74  43.2  50 67 68 75 72 

43.3  58 64 77 72 74 

44.1  
Polyest

er 

3.4

5 

Compact 

(EliTe) 

38 53 57 55 63 

44  57  60  58  66  44.2  44 54 62 57 66 

44.3  50 63 60 62 69 

45.1  
Polyest

er 

3.4

5 

Compact 

(RoCoS) 

55 64 62 70 74 

54  61  66  73  74  45.2  58 62 67 75 79 

45.3  50 58 68 73 69 

46.1  

Tencel 
3.9

0 
Ring  

46 49 54 52 61 

44  50  55  52  60  46.2  42 52 53 49 63 

46.3  45 48 57 55 57 

47.1  

Tencel 
3.9

0 

Compact 

(EliTe) 

47 52 55 57 55 

45  52  57  56  56  47.2  38 50 60 57 57 

47.3  49 54 57 55 56 
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48.1  

Tencel 
3.9

0 

Compact 

(RoCoS) 

49 56 58 56 54 

46  52  56  56  55  48.2  41 49 56 54 54 

48.3  47 52 53 59 56 

49.1  

Tencel 
3.6

7 
Ring  

54 56 62 65 64 

52  57  61  62  67  49.2  56 62 64 60 69 

49.3  47 54 57 62 67 

50.1  

Tencel 
3.6

7 

Compact 

(EliTe) 

49 57 54 58 64 

52  54  54  59  63  50.2  53 50 56 59 65 

50.3  54 55 52 61 60 

51.1  

Tencel 
3.6

7 

Compact 

(RoCoS) 

61 62 69 64 67 

61  63  67  66  70  51.2  63 66 64 65 72 

51.3  60 60 67 70 72 

52.1  

Tencel 
3.4

5 
Ring  

54 57 62 67 71 

55  54  65  65  69  52.2  52 49 67 65 67 

52.3  58 57 66 64 70 

53.1  

Tencel 
3.4

5 

Compact 

(EliTe) 

46 49 56 64 66 

47  49  54  64  68  53.2  49 47 54 66 69 

53.3  47 51 53 61 68 

54.1  

Tencel 
3.4

5 

Compact 

(RoCoS) 

54 57 66 64 71 

55  57  64  65  70  54.2  56 59 62 65 69 

54.3  55 54 64 67 69 

55.1  

Brown 
3.9

0 
Ring  

24 22 18 19 16 

22  23  19  19  18  55.2  19 22 21 20 18 

55.2  22 24 19 18 20 

56.1  

Brown 
3.9

0 

Compact 

(EliTe) 

17 20 26 30 33 

19  21  26  30  33  56.2  19 23 28 32 31 

56.3  22 21 24 27 35 

57.1  

Brown 
3.9

0 

Compact 

(RoCoS) 

25 32 31 33 30 

24  31  32  34  28  57.2  23 30 33 34 26 

57.3  - - - - - 

58.1  

Brown 
3.6

7 
Ring  

31 38 36 32 33 

33  39  37  31  29  58.2  33 37 39 31 28 

58.3  34 41 37 29 26 

59.1  

Brown 
3.6

7 

Compact 

(EliTe) 

38 44 47 37 35 

32  40  43  34  33  59.2  28 37 36 29 30 

59.3  30 39 45 35 34 

60.1  

Brown 
3.6

7 

Compact 

(RoCoS) 

37 41 47 35 33 

38  40  46  35  33  60.2  40 40 45 37 34 

60.3  37 38 45 34 31 
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Table 8.13: Actual Data for Pilling Grade  

No. Spinning Method 
Pilling Grade/No. of Rubs Pilling Grade Average/No. of Rubs 

200 400 600 800 1000 200  400  600  800  1000  

1.1  

Ring  

4 3.5 3.5 3 2.5 

4.00  3.50  3.33  2.83  2.50  1.2  4 3.5 3.5 3 2.5 

1.3  4 3.5 3 2.5 2.5 

2.1  
Compact 

(EliTe) 

4.5 4.5 4.5 4 4 

4.67  4.50  4.50  4.00  4.00  2.2  4.5 4.5 4.5 4 4 

2.3  5 4.5 4.5 4 4 

3.1  
Compact 

(RoCoS) 

4.5 4 4 3.5 3.5 

4.50  4.00  4.00  3.50  3.50  3.2  4.5 4 4 3.5 3.5 

3.3  4.5 4 4 3.5 3.5 

4.1  

Ring  

4 3.5 3 2.5 2.5 

4.00  3.50  3.00  2.50  2.50  4.2  4 3.5 3 2.5 2.5 

4.3  4 3.5 3 2.5 2.5 

5.1  
Compact 

(EliTe) 

4.5 4.5 4.5 4 4 

4.50  4.50  4.50  4.00  4.00  5.2  4.5 4.5 4.5 4 4 

5.3  4.5 4.5 4.5 4 4 

6.1  
Compact 

(RoCoS) 

4.5 4 4 3.5 3.5 

4.33  4.17  4.17  3.67  3.67  6.2  4 4 4 3.5 3.5 

6.3  4.5 4.5 4.5 4 4 

7.1  

Ring  

4 3 3 2.5 2 

4.00  3.00  3.00  2.50  2.00  7.2  4 3 3 2.5 2 

7.3  4 3 3 2.5 2 

8.1  
Compact 

(EliTe) 

4.5 4 4 3.5 3.5 

4.50  4.17  4.00  3.67  3.50  8.2  4.5 4.5 4 4 3.5 

8.3  4.5 4 4 3.5 3.5 

9.1  
Compact 

(RoCoS) 

4 4 3.5 3.5 3 

4.00  4.00  3.50  3.33  2.83  9.2  4 4 3.5 3.5 3 

9.3  4 4 3.5 3 2.5 

10.1  

Ring  

4.5 4.5 4 4 4 

4.50  4.50  4.17  4.00  3.83  10.2  4.5 4.5 4.5 4 4 

10.3  4.5 4.5 4 4 3.5 

11.1  
Compact 

(EliTe) 

5 4.5 4.5 4 4 

4.83  4.50  4.50  4.00  4.00  11.2  5 4.5 4.5 4 4 

11.3  4.5 4.5 4.5 4 4 

12.1  
Compact 

(RoCoS) 

5 4.5 4.5 4.5 4 

4.67  4.50  4.50  4.33  4.00  12.2  4.5 4.5 4.5 4.5 4 

12.3  4.5 4.5 4.5 4 4 

13.1  

Ring  

4.5 4.5 4 4 3.5 

4.50  4.17  3.83  3.67  3.50  13.2  4.5 4 3.5 3.5 3.5 

13.3  4.5 4 4 3.5 3.5 

14.1  
Compact 

(EliTe) 

4.5 4.5 4 4 4 

4.50  4.50  4.17  4.00  4.00  14.2  4.5 4.5 4 4 4 

14.3  4.5 4.5 4.5 4 4 

15.1  
Compact 

(RoCoS) 

4.5 4.5 4.5 4 4 

4.50  4.50  4.33  4.00  3.83  15.2  4.5 4.5 4 4 3.5 

15.3  4.5 4.5 4.5 4 4 
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Table 8.13 continued. 

16.1  

Ring  

4.5 4 4 4 3.5 

4.17  4.00  3.83  3.67  3.33  16.2  4 4 3.5 3.5 3 

16.3  4 4 4 3.5 3.5 

17.1  
Compact 

(EliTe) 

4.5 4.5 4 4 4 

4.50  4.33  4.00  4.00  3.83  17.2  4.5 4 4 4 3.5 

17.3  4.5 4.5 4 4 4 

18.1  
Compact 

(RoCoS) 

4.5 4.5 4 4 3.5 

4.50  4.17  4.00  3.83  3.67  18.2  4.5 4 4 4 4 

18.3  4.5 4 4 3.5 3.5 

19.1  

Ring  

4.5 4 4 4 4 

4.50  4.33  4.17  4.17  3.83  19.2  4.5 4.5 4 4 3.5 

19.3  4.5 4.5 4.5 4.5 4 

20.1  
Compact 

(EliTe) 

5 4.5 4.5 4.5 4 

5.00  4.83  4.67  4.50  4.17  20.2  5 5 5 4.5 4 

20.3  5 5 4.5 4.5 4.5 

21.1  
Compact 

(RoCoS) 

5 5 4.5 4.5 4.5 

5.00  5.00  4.50  4.50  4.33  21.2  5 5 4.5 4.5 4 

21.3  5 5 4.5 4.5 4.5 

22.1  

Ring  

4.5 4.5 4 4 3.5 

4.50  4.33  4.00  4.00  3.67  22.2  4.5 4.5 4 4 4 

22.3  4.5 4 4 4 3.5 

23.1  
Compact 

(EliTe) 

5 4.5 4.5 4 4 

5.00  4.50  4.50  4.25  4.25  23.2  5 4.5 4.5 4.5 4.5 

23.3  - - - - - 

24.1  
Compact 

(RoCoS) 

5 4.5 4.5 4 4 

4.67  4.33  4.17  4.00  3.83  24.2  4.5 4.5 4 4 4 

24.3  4.5 4 4 4 3.5 

25.1  

Ring  

4.5 4 4 3.5 3.5 

4.50  4.00  3.83  3.67  3.50  25.2  4.5 4 3.5 3.5 3.5 

25.3  4.5 4 4 4 3.5 

26.1  
Compact 

(EliTe) 

4.5 4.5 4 4 4 

4.33  4.00  3.83  3.83  3.67  26.2  4 3.5 3.5 3.5 3.5 

26.3  4.5 4 4 4 3.5 

27.1  
Compact 

(RoCoS) 

5 5 4.5 4.5 4 

4.67  4.67  4.50  4.50  4.00  27.2  4.5 4.5 4.5 4.5 4 

27.3  4.5 4.5 4.5 4.5 4 

28.1  

Ring  

4 4 3.5 3.5 3 

4.00  4.00  3.50  3.50  3.17  28.2  4 4 3.5 3.5 3.5 

28.3  4 4 3.5 3.5 3 

29.1  
Compact 

(EliTe) 

4.5 4 4 3.5 3.5 

4.50  4.17  3.83  3.67  3.67  29.2  4.5 4 3.5 3.5 3.5 

29.3  4.5 4.5 4 4 4 

30.1  
Compact 

(RoCoS) 

4.5 4 4 3.5 3.5 

4.50  4.17  3.83  3.67  3.67  30.2  4.5 4 3.5 3.5 3.5 

30.3  4.5 4.5 4 4 4 

31.1  

Ring  

4.5 4 4 3.5 3.5 

4.50  4.00  4.00  3.50  3.50  31.2  4.5 4 4 3.5 3.5 

31.3  4.5 4 4 3.5 3.5 
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32.1  
Compact 

(EliTe) 

4.5 4 4 3.5 3.5 

4.50  4.17  4.00  3.83  3.83  32.2  4.5 4 4 4 4 

32.3  4.5 4.5 4 4 4 

33.1  
Compact 

(RoCoS) 

4.5 4 4 3.5 3.5 

4.50  4.00  3.83  3.67  3.67  33.2  4.5 4 3.5 3.5 3.5 

33.3  4.5 4 4 4 4 

34.1  

Ring  

4 3.5 3.5 3 2.5 

4.17  3.67  3.50  3.33  2.83  34.2  4.5 4 3.5 3.5 3 

34.3  4 3.5 3.5 3.5 3 

35.1  
Compact 

(EliTe) 

4.5 4.5 4.5 4 4 

4.67  4.33  4.17  4.00  3.83  35.2  4.5 4 4 4 3.5 

35.3  5 4.5 4 4 4 

36.1  
Compact 

(RoCoS) 

4.5 4 4 4 4 

4.50  4.00  4.00  3.83  3.67  36.2  4.5 4 4 4 3.5 

36.3  4.5 4 4 3.5 3.5 

37.1  

Ring  

5 5 4.5 4.5 4.5 

5.00  5.00  4.50  4.50  4.50  37.2  5 5 4.5 4.5 4.5 

37.3  5 5 4.5 4.5 4.5 

38.1  
Compact 

(EliTe) 

5 5 5 5 4.5 

5.00  5.00  4.83  4.83  4.50  38.2  5 5 5 5 4.5 

38.3  5 5 4.5 4.5 4.5 

39.1  
Compact 

(RoCoS) 

5 4.5 4.5 4.5 4.5 

5.00  4.50  4.50  4.50  4.50  39.2  5 4.5 4.5 4.5 4.5 

39.3  5 4.5 4.5 4.5 4.5 

40.1  

Ring  

4.5 4.5 4.5 4.5 4.5 

4.50  4.50  4.50  4.50  4.50  40.2  4.5 4.5 4.5 4.5 4.5 

40.3  4.5 4.5 4.5 4.5 4.5 

41.1  
Compact 

(EliTe) 

5 5 4.5 4.5 4.5 

5.00  5.00  4.67  4.50  4.50  41.2  5 5 5 4.5 4.5 

41.3  5 5 4.5 4.5 4.5 

42.1  
Compact 

(RoCoS) 

5 5 4.5 4 4 

5.00  4.67  4.50  4.33  4.00  42.2  5 4.5 4.5 4.5 4 

42.3  5 4.5 4.5 4.5 4 

43.1  

Ring  

4.5 4.5 4.5 4 4 

4.50  4.50  4.50  4.17  4.00  43.2  4.5 4.5 4.5 4.5 4 

43.3  4.5 4.5 4.5 4 4 

44.1  
Compact 

(EliTe) 

5 5 5 4.5 4.5 

5.00  5.00  4.83  4.50  4.50  44.2  5 5 5 4.5 4.5 

44.3  5 5 4.5 4.5 4.5 

45.1  
Compact 

(RoCoS) 

4.5 4.5 4 4 4 

4.67  4.50  4.33  4.17  4.17  45.2  4.5 4.5 4.5 4 4 

45.3  5 4.5 4.5 4.5 4.5 

46.1  

Ring  

4.5 4 4 4 4 

4.50  4.33  4.17  4.00  4.00  46.2  4.5 4.5 4.5 4 4 

46.3  4.5 4.5 4 4 4 

47.1  
Compact 

(EliTe) 

4.5 4.5 4.5 4.5 4.5 

4.67  4.67  4.67  4.67  4.50  47.2  5 5 5 5 5 

47.3  4.5 4.5 4.5 4.5 4 
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48.1  
Compact 

(RoCoS) 

5 5 4.5 4.5 4.5 

4.83  4.67  4.50  4.50  4.50  48.2  5 4.5 4.5 4.5 4.5 

48.3  4.5 4.5 4.5 4.5 4.5 

49.1  

Ring  

4.5 4.5 4.5 4.5 4 

4.67  4.50  4.50  4.33  4.00  49.2  5 4.5 4.5 4.5 4 

49.3  4.5 4.5 4.5 4 4 

50.1  
Compact 

(EliTe) 

5 4.5 4.5 4 4 

4.67  4.50  4.50  4.17  4.17  50.2  4.5 4.5 4.5 4.5 4.5 

50.3  4.5 4.5 4.5 4 4 

51.1  
Compact 

(RoCoS) 

5 4.5 4.5 4 4 

4.83  4.67  4.33  4.17  4.00  51.2  5 5 4.5 4.5 4 

51.3  4.5 4.5 4 4 4 

52.1  

Ring  

4.5 4.5 4 4 4 

4.50  4.50  4.17  4.00  4.00  52.2  4.5 4.5 4.5 4 4 

52.3  4.5 4.5 4 4 4 

53.1  
Compact 

(EliTe) 

5 4.5 4 4 4 

4.83  4.50  4.17  4.17  4.17  53.2  5 4.5 4.5 4.5 4.5 

53.3  4.5 4.5 4 4 4 

54.1  
Compact 

(RoCoS) 

5 4.5 4.5 4.5 4.5 

4.67  4.17  4.17  4.17  4.17  54.2  4.5 4 4 4 4 

54.3  4.5 4 4 4 4 

55.1  

Ring  

4 3.5 3 3 2.5 

4.00  3.50  3.00  2.83  2.50  55.2  4 3.5 3 2.5 2.5 

55.2  4 3.5 3 3 2.5 

56.1  
Compact 

(EliTe) 

5 4 3.5 3.5 3 

4.83  4.17  3.67  3.50  3.17  56.2  5 4 3.5 3 3 

56.3  4.5 4.5 4 4 3.5 

57.1  
Compact 

(RoCoS) 

4.5 4 3.5 3.5 3 

4.50  4.00  3.50  3.50  3.25  57.2  4.5 4 3.5 3.5 3.5 

57.3  - - - - - 

58.1  

Ring  

4 3.5 3 3 2.5 

4.00  3.50  3.17  3.00  2.50  58.2  4 3.5 3 3 2.5 

58.3  4 3.5 3.5 3 2.5 

59.1  
Compact 

(EliTe) 

4.5 4 3.5 3 3 

4.83  4.33  3.83  3.33  3.33  59.2  5 4.5 4 3.5 3.5 

59.3  5 4.5 4 3.5 3.5 

60.1  
Compact 

(RoCoS) 

4.5 4 3.5 3 3 

4.50  4.00  3.50  3.00  3.00  60.2  4.5 4 3.5 3 3 

60.3  4.5 4 3.5 3 3 
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