
 

ABSTRACT 

BASAL, GULDEMET. The Structure and Properties of Vortex and Compact 

Spun Yarns (Under the direction of Dr. William Oxenham) 

Properties of spun yarns are mainly affected by fiber properties and yarn 

structure. Yarn structure is primarily determined by the spinning process. In fact, each 

spinning process tends to produce a distinctive yarn structure. Recent refinements in 

spinning technologies have yielded significant improvement in yarn quality; however, the 

mechanism for these changes is not fully understood. Vortex spinning can be viewed as a 

modification or refinement of jet spinning, and compact spinning is an enhancement of 

traditional ring spinning. The present research focuses on identifying those structural 

differences which can be used to explain the properties of these newer yarns.  

Prior to the main investigation preliminary trials were conducted to asses the 

differences between the properties of vortex and air-jet yarns produced from a variety of 

polyester/ cotton blends. Additionally a literature survey was conducted. 

 A specially designed experimental study was carried out with the role of twist on 

the properties of compact spun yarn compared to conventional ring spun yarn, and the 

results clearly show differences in tensile and hairiness characteristics. An attempt is 

made to explain these differences in terms of structural parameters and in particular faster 

migration within the yarn. Intuitively one may expect migration to be less for compact 

yarns because of the more compact yarn formation zone; however, the experimental 

results clearly show that this is not true and an explanation for the higher migration in 

compact yarn is proposed.  



 

 For vortex yarn a similar study is reported, however the differences found for 

processing conditions are very small and it is difficult to draw any definite conclusion. 

Possible reasons for this are given.      

A new approach to yarn structure analysis and quantification is also investigated 

and shown to offer great potential as a tool for this type of study.  
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1.0 Introduction 

The characteristic properties of spun yarns have significant influence on the 

performance of subsequent fabric manufacturing operations as well as the end-product 

quality. Several fabric properties such as strength, handle, elongation, covering power, 

resistance to abrasion, ease of dyeing, and wearing comfort are affected by yarn 

properties to varying degrees. Yarn characteristic properties depend on mainly two 

factors: fiber properties and yarn structure. The term “yarn structure” in the broader sense 

of the word includes the number of fibers in the yarn cross section, packing density, 

crosswise migration, fiber extent along the yarn length, irregularity of fiber displacement, 

twist and the outer form of the yarn. The structures of spun yarns vary considerably. 

Sometimes the differences are partly deliberately caused, depending on the intended use 

of the yarn, but most of the time they are predetermined by the spinning process. Each 

spinning process tends to produce a distinctive yarn structure. Hence whenever a new 

spinning technology is launched to the textile market, examining and defining the new 

yarn structure becomes obligatory.  

Vortex spinning, a successful commercial implementation of fasciated yarn 

technology, was introduced by Murata Machinery Ltd., Kyoto (Japan) at OTEMAS’97. 

This technology has significant advantages over ring, open-end, and air jet spinning 

systems. It is capable of producing yarns at around twenty times the rate of ring frames 

and three times faster than rotor machines.  The structure of vortex yarn is claimed to be 

similar to the ring yarn and unlike the air jet system, it is suitable for spinning 100% 

carded cotton.  
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Unfortunately most of the claimed advantages have been made by the machinery 

maker. Information coming from independent sources is limited to empirical work 

performed to optimize processing parameters in terms of process and product quality.  

Similarly for compact spinning, which is a new version of ring spinning, there 

have been several claims from different machinery makers associated with the benefits of 

their systems, but no study has actually been carried out into the structure of compact 

yarns. In particular for these yarns fiber migration may be different from conventional 

ring spun yarns and may account for some of the increase in tenacity of compact yarns. 

This study focuses on establishing a technique to study structures of both vortex 

and compact spun yarns and consequently utilizing this technique to investigate the 

relationship between the process parameters, yarn structure, and the yarn properties. 

1.1 Objectives 

Revolutionary improvements in terms of production rate and yarn quality were 

achieved with the introduction of vortex and compact spinning technologies, respectively. 

It is essential to have practical knowledge of relationships between machine parameter 

alterations, and yarn structure and properties in order to manufacture commercially 

acceptable products.  Currently there is little information available on vortex spinning 

particularly the importance of processing parameters on the structure and properties of 

vortex spun yarns. Similarly there have been several studies showing that compact spun 

yarns are superior to conventional ring spun yarns, but none of these studies have 

addressed the reason behind this exceptional quality, mainly the high tenacity values 

associated with compact yarns. Perhaps the migration behaviors of fibers in compact 

yarns differ considerably from the conventional ring yarns causing a better yarn quality 
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and structure. The primary purpose of the present study is to develop a novel technique to 

study the structure of vortex spun yarns. This technique is utilized to establish a “process-

structure-property” relationship model for vortex yarns to help engineer yarns for specific 

end uses and increase the possible application areas of vortex spun yarns. The same 

technique is also employed to investigate differences between the structure of compact 

and conventional ring yarns.  

1.2 Organization 

This dissertation will first present background information and literature review 

on vortex and compact spinning systems as well as methods for the analysis of yarn 

structure, which are given in Part II. Four manuscripts that the author plans to submit for 

publication include Parts III through VI of this dissertation. 

The manuscript given in Part III provides a general knowledge on the structure of 

vortex spun yarn and compares properties of vortex and air jet spun yarns. Part IV of this 

dissertation investigates effects of process parameters on the structure and properties of 

vortex spun yarn.  The manuscript presented in Part V explores the differences between 

the structure and properties of compact and conventional ring yarns produced at different 

twist levels. Part VI of this dissertation introduces a revolutionary method to analyze the 

yarn structure.  Finally, the conclusions of this study and the recommendations for future 

studies are presented in Part VII. 

Each part of this manuscript has its own list of references cited.  
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This section summarizes a literature review that was performed for the relevant 

research related to vortex and compact spinning systems. First the development of these 

systems is given. Then principles of vortex and compact spinning systems are described. 

Finally general approaches used in the analysis of yarn structure in spun yarns are 

explained. 

2.1 Introduction 

In order to turn a staple fiber bundle into a yarn, the natural strength of each fiber 

in the bundle should be made transferable to another. This can be achieved either using 

adhesives, as is done, for instance, in Twilo process [31] or by inserting twist. The former 

method has not found to be viable and it could only be used in a very small section of the 

textile market. Thus, for the time being the twist insertion method is the most practical 

way of making yarn from staple fibers. Twist increases the frictional forces between 

fibers and prevents fibers from slipping over one another by generating the radial forces 

directed toward the yarn interior [30].   

Two concepts should be taken into consideration as twist is defined: real twist and 

false twist. Real twist is a result of clamping one end of a parallel fiber bundle and 

applying a torque movement to the other end. Consequently, the fibers are no longer 

parallel to the bundle axis, but are arranged in a helical path. False twist is a result of 

applying twist to a fiber strand, which is clamped on both sides, at somewhere between 

those stationary points. The result of this is a net twist of zero since the strand will take 

up the same number of twist on each side of the twisting element with opposite directions 

(Figure 1-A). If the clamps are replaced by rotating cylinders, the fiber strand will take up 
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twist only between the first cylinder and twisting element, and this twist will be canceled 

after the fiber strand departs the twisting element (Figure 1-B).  

 

 

 

      

 

Figure 1. False Twist Mechanism [30] 
 

This principle is used to give a temporary twist to the fiber strand such as, in false 

twist texturizing, but it typically does not impart strength to a yarn since fibers are still 

parallel beyond the twisting element. It is possible to produce spun yarns by this principle 

if the system is modified. For example a fiber strand is fed through the twisting element 

from the nip line of the feed roller in a broad spread form. As a result of this, a substantial 

number of edge fibers do not obtain twist from the twisting element. Only the core part, 

which is the main part of the fiber bundle, enters the twisting element as the fully twisted 

form. The opposing turns imparting by the twisting element cancel the twist inserted to 

the core fibers earlier and give twist to the surface fibers which are originally untwisted.  

When the fiber strand departs from the twisting element, core fibers will no longer have 

any twist. “Surface fibers”, on the other hand obtain twist in the opposite direction and 

wrap around the parallel core fibers (Figure 2.2) [30]. The term “fasciated”, which stems 

from fasces meaning a bundle of rods wrapped with ribbons, is used to describe the 

resulting yarn structure, which is observed in the yarns produced by a false twist process 

[24].    

  

A B 
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Figure 2. Yarn formation by means of false twist mechanism [31] 
 

While compact spinning is a real twist process the principle of vortex spinning is 

based on false twist mechanism. As a result, structures of these yarns are quite different 

from each other.  The importance of yarn structure comes from its determining role in the 

yarn physical properties, and consequently the performance characteristics of yarns and 

fabrics. So far several studies have been conducted to examine the internal structure of 

ring, open-end, friction and air-jet yarns and then relate this structure to yarn properties 

by employing a variety of methods, which are given in Section 2.5.    

2.2 Development of Fasciated Yarn Technology  

The first idea of spinning yarns through false twisting by means of an air-jet came 

from Du Pont in 1956 [5]. Du Pont’ s invention consisted of a number of spinning 

methods which included either inserting false twist to a filament bundle or a filament / 

staple fiber bundle by air jet nozzles and then heat setting. It was found that the latter 

method could be used to produce yarns made from 100% staple fibers with the omission 
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of filament feeding, adhesive application, and heat setting sections. The resulting yarn 

was called “sheaf yarn” which consisted of staple fibers tied firmly by other staple fibers 

along the yarn length at random intervals. In 1963 Du Pont [62] introduced another 

method, which was particularly suitable for a tow prepared for stretch-breaking. In this 

method filament tows were fed into a stretch break unit, simply a robust drafting unit, 

where they were broken into staple form by stretching and expanded into a ribbon shaped 

bundle. Subsequently an aspirating jet removed the fibers from the front rollers and 

guided them to a twisting jet unit. The twisting jet applied a strong torque to the fiber 

bundle. This torque was effective on only the core fibers. Beyond the twisting jet this 

twist was shifted to the surface wraps.   

In 1971 Du Pont [24] patented the “Rotofil” process, which was very similar to 

the process mentioned above, but in this process staple fibers were used instead of 

filament tows. The Rotofil process involved drafting fiber strands and forwarding them to 

a torque jet by means of an aspirating jet.  Figure 3 shows the principle of this process. In 

the torque jet the fibers were consolidated into a fasciated yarn assembly by fluid 

twisting. The drafted fiber bundle was presented to the aspirating jet as a “spread out” 

web. The torque applied by the torque-jet mainly affected the core part and   the “edge 

fibers” (i.e. those fibers at the outside of the strand) took less twist compared to the fibers 

at the center. Consequently the yarn consisted of highly twisted core and less twisted 

surface fibers as it entered the air jet. When it left the air-jet unit, the surface fibers 

became untwisted first and then twisted in the reverse direction, while the core fibers 

continued to be untwisted. The resultant yarn consisted of surface fibers wrapped around 

core fibers at varying helix angles ranging from about 10° to 80°.  This process was 
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suitable for staple fibers ranging from 50 mm to 350 mm in length. Mainly acrylic fibers 

were used in the Rotofil process, and the resultant yarn was called “Nandel”.  

Although Du Pont was the first pioneer in fasciated yarn technology, none of Du 

Pont’s systems has achieved commercial success, and they have been abandoned due to 

economic reasons and the inadequate properties of yarns produced by these systems. 

Figure 3. Rotofil Process [24] 

 

However, the idea has been further developed by a number of machine builders 

including Toray Engineering Ltd [26,59], Toyoda Automatic Loom Works Ltd.,  Howa 

Machinery Co., Ltd [5], Suessen [31,40], and Murata Machinery Ltd [45].  Among them 

only Murata has achieved real commercial success with their MJS system 

Murata Air-Jet Spinning Systems 

The Murata Jet Spinner, the MJS 801, was introduced by Murata at ATME’ 82 

[33].  This system consists of a three-line drafting device and two contra-rotating nozzles. 
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First a drawframe sliver passes through the drafting unit. Then the delivered fiber strand, 

which is a broad-spread form as it leaves the nip line, advances to air-nozzles located 

directly after the drafting device.  The second nozzle imparts a false twist to the fiber 

bundle that travels back to the front rollers of the drafting unit. The first nozzle which 

provides airflow in the opposite direction with a weaker intensity than the second nozzle 

cannot affect the core fibers but prevents the edge fibers in the spinning triangle from 

being twisted in or even twists them in the opposite sense around the core fibers.  

Therefore, only the core part, which is the main part of the fiber bundle, passes through 

the second nozzle as the fully twisted form.  Edge fibers either do not have twist or have 

little twist. When the fiber strand departs the second nozzle, core fibers no longer exhibit 

any twist. They are arranged in parallel form.  On the other hand, edge fibers receive true 

twist in the opposite direction to that of the upstream twist and wrap around the parallel 

core fibers [31,40,45,63]. The principle of this system is given in Figure 4. Figure 5 

shows the distribution of twist during yarn formation. 

 

   

 

 

 

 

 

 

Figure 4. Operating principle of Murata Air-jet Spinning Machine [31]  
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Figure 5. Distribution of twist during yarn formation [31]  
 

At the time the MJS 801 was introduced, its delivery speed was 160 m/min, ten 

times faster than that of ring spinning [40]. Besides, it was able to spin finer yarns than 

the rotor system.  As a result of these advantages, the MJS 801system captured great 

commercial success quickly in spinning pure synthetic fibers, blends of synthetic fibers, 

or rich blends of synthetic with cotton fibers.  However, it is not suitable for pure cotton 

fibers or rich blends of cotton fibers. The only way to process 100 % cotton fibers is to 

use combed form, which still results in a lower yarn strength compared to ring yarns [31]. 

High energy costs associated with high consumption of compressed air due to two 

nozzles, and difficulty in obtaining regularly wound wrapper fibers when the fiber length 

increases owing to unstable ballooning during spinning are the other shortcomings of the 

system. In the late 80’s Murata introduced a new version of this system, the MJS 802 [5]. 
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The MJS 802 contains a 4-line drafting unit and a modified nozzle which provides better 

yarn control and increase in speed up to 210 m/min, and was claimed to enable spinning 

pure cotton [40].  

Murata later launched two other new air-jet spinning systems: the 802H [13,14] 

and 804 RJS [3,8,13] with production speeds of up to 300 m/min and 400m/m, 

respectively. The 802H system consists of : a 5-roll drafting system, which allows 

spinners to use even coarse slivers at high speeds, the grooved-front top cots for better air 

flow control at high front roller speed, and a modified nozzle to assist high speeds, which 

is also placed closer to the drafting unit to minimize ballooning [13]. The design features 

of 804 RJS were similar to the 802H except that the second nozzle was replaced with a 

set of rubber-covered balloon rollers (Figure 6). This new feature was claimed to reduce 

the energy use and yarn hairiness and result in more ring-spun like structure and 

appearance [13,40]. The 804 RJS has not however proven to be a commercial success.  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 6. 804 RJS spinning system [40] 
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2.3 Vortex Spinning System 

2.3.1 Introduction 

The vortex spinning technology is one of the most promising new inventions in 

the spinning market. This relatively new spinning system was also developed by the 

Japanese firm Murata (Muratec). Murata’s No. 851 Vortex Spinner made its first 

appearance at OTEMAS’97 [34]. Vortex spinning is a false twist process, and the twist 

insertion in this system is achieved by means of air-jets. The main attraction of vortex 

spinning is that it is claimed to be capable of spinning 100% carded cotton fibers at very 

high speeds (400m/min), and the resulting yarn structure is more similar to ring yarn than 

to rotor yarn [4,9,13,15,53]. Figure 7 shows vortex yarn versus rotor and ring yarns. 

Other claimed advantages of vortex spinning are a low maintenance cost due to fewer 

moving parts, elimination of the roving frame stage, and improved fully automatic 

piecing system [48]. In addition to these, yarns produced by this method have low 

hairiness compared to normal ring yarns. This is claimed to be due to being “air-singed” 

and “air-combed,” which in turn results in reduced fabric pilling; and fabrics made from 

vortex yarns have outstanding abrasion resistance, moisture absorption, color-fastness 

and fast drying characteristics [4]. Murata suggests that MVS is best suited by far to the 

high volume production of medium cotton yarns from carded cotton. Thus, it seems that 

this spinning system presents more of a threat to rotor spinning. 
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Figure 7. Comparison of the structures of vortex -, ring- and rotor spun yarns [43] 
 

One of the major setbacks of this spinning technology is the high speed drafting. 

In this system the drafting unit has to operate at a speed 10 times higher than in the case 

of ring spinning [28,65]. Other major problems are the fiber loss during spinning and the 

frequent contamination in the jet nozzles since fiber material may be fed to the spinning 

unit without being adequately cleaned (by combing for example)[9]. 

2.3.2 Principle of Vortex Spinning 

In the MVS system a sliver is fed directly to a 4-line drafting unit. Figure 8 shows 

a MVS spinning unit. When the fibers leave the front roller of the drafting device, they 

are drawn into a fiber bundle passage by air suction created by the nozzle. The fiber 

bundle passage consists of a nozzle block and a needle holder. The needle holder has a 

substantially central, longitudinal axis and a guide surface that twists relative to the 

longitudinal axis (Figure 9.) A pin-like guide member associated with the needle holder 

protrudes toward the inlet of the spindle (Figure 10) [64]. 
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Figure 8. Spinning unit of MVS [43] 
 

Following the fiber passage, fibers are smoothly sucked into a hollow spindle. 

Twist insertion starts as the fiber bundle receives the force of the compressed air at the 

inlet of the spindle. The twisting motion tends to propagate from the spindle toward the 

front rollers. This propagation is prevented by the guide member which temporarily plays 

a role as the center fiber bundle. After fibers have left the guide member, the whirling 

force of the air jet separates fibers from the bundle. Since the leading ends of all fibers 

are moved forward around the guide member and drawn into the spindle by the preceding 

portion of fiber bundle being formed into a yarn, they present partial twist and are less 

affected by the air flow inside the spindle. On the other hand, when the trailing ends of 

the fibers which have left the front rollers move to a position where they receive the 

powerfully whirling force of the nozzle, they are separated from the fiber bundle, extend 

outwardly and twine over the spindle. Subsequently, these fibers are spirally wound 

Drafting unit 
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around the fiber core and formed into a vortex spun yarn as they are drawn into the 

spindle (Figure 11 and 12) [15,64].  

 

Figure 9. (a) plan view, (b) front view, (c) side view, and (d) perspective view of the 
needle holder [64] 

 

Figure 10. Needle holder with the guide member [64] 
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Figure 11. Principle of Vortex Spinning [64] 
 

The finished yarn is wound on a package after its defects have been removed.  

During the yarn formation, as the twist propagation is prevented by the guide member, 

most of the fibers do not receive the false twist. Besides, the fiber separation from the 

bundle occurs everywhere in the entire outer periphery of the bundle. This results in a 

higher number of wrapper fibers in the yarn.  That’s why vortex spun yarns present much 

more wrapper fibers than air-jet spun yarns, and their yarn structure is similar to ring 

yarns [15,49,64]. Figure 13 represents an idealized structure of vortex spun yarn.  
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Figure 12. Yarn formation in vortex spinning [15] 

 

 

Figure 13. Idealized structure of MVS yarn [15] 
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2.4 Compact Spinning System 

From hand spinning to today’s modern spinning technologies enormous human 

inventive efforts have been spent to develop better twist insertion mechanisms in terms of 

production speed and yarn quality. A major breakthrough came with the invention of the 

ring spinning machine more than 160 years ago [29]. The ring spinning machine is still 

the most widely used spinning machine all over the world at present, and it seems that it 

will continue to dominate the long and short-staple spinning industries for some time. 

The popularity of ring spinning comes from its flexibility with respect to type of material 

and count range, and particularly its optimal yarn structure, which results in outstanding 

yarn strength [29,31]. At present ring spun yarn sets the standard against which all other 

yarn types are judged. Up to a few years ago, ring spun yarns were thought to have 

reached the ultimate perfection in the art of making yarns from staple fibers. However 

this changed with the invention of compact spinning. Compact spinning, a new version of 

the ring spinning process produces substantially better yarn quality and structure.  

2.4.1 History of Compact Spinning 

The idea of compact spinning emerged during the attempts made by Rieter under 

the direction of Dr. Fehrer to adapt a ring spinning frame for spinning from cans. In order 

to achieve this desire, some modifications on the ring spinning machine were necessary. 

Dr. Fehrer came up with the idea of dividing a drafted sliver on to two spindles by means 

of suction and compressed air. Several trials were run on a modified Rieter ring spinning 

machine. The results showed that this method was practically possible, but technically 

very expensive due to the large space requirements of cans and costly long distance sliver 

feed. On the other hand, the quality of the produced yarn was surprisingly good even 
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though the draft employed during spinning was very high, and the fibers were fed from 

the untwisted sliver. A closer study showed that the reason for this superior yarn quality 

was the condensation of the fibers subsequent to the division of the sliver. This incident 

led researchers to focus on developing a drafting mechanism with a 

mechanical/pneumatic fiber condenser unit to obtain excellent yarn parameters in ring 

spinning. It took many years to reach operational perfection.  Through these years it 

became evident that the same effect can be achieved by a range of technical solutions 

with a series of alternatives. Later these solutions were patented by other textile 

machinery makers [39]. With the invention of compact spinning, for the first time a new 

spinning process was not aimed at exclusively achieving higher production, but at better 

yarn utilization and yarn quality. 

 At ITMA’99 in Paris three textile machinery makers: Rieter, of Switzerland; and 

Suessen and Zinser, of Germany exhibited their compact, or condenser spinning systems 

[39,48,65].  These systems are somewhat different in each case, but all of them are based 

on the same principle of the “elimination” of the spinning triangle by pushing the staple 

fibers together, or condensing them to attain a much smaller spinning triangle than with 

conventional ring frames. This is achieved by adding an extra condensing process action 

between front roller and twist insertion.  As a result of this condensing, the width of the 

fiber bundle is reduced significantly prior to twist insertion, and thus the spinning triangle 

is nearly eliminated. With the elimination of the spinning triangle, even short fibers are 

capable of contributing strength, and all the fibers are tied up under the same tension. 

Moreover, the fiber ends are much more tightly incorporated into the fiber mass 

[28,39,48].  
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Among these pioneer companies, only Suessen claimed that its technology would 

be applied virtually to the entire current spread of ring spun yarn counts and types at 

ITMA’99 [48]. 

2.4.2 Uniqueness of Compact Spinning 

In order to better understand the uniqueness of compact spinning, the ring 

spinning process and the shortcomings of this system should be initially described. In 

ring spinning the roving is attenuated by means of a drafting arrangement until the 

required fineness is achieved, then the twist is imparted to the fine fiber strand emerging 

from the front rollers by the traveler, and the resulting yarn is wound onto a bobbin tube.  

Each revolution of the spindle inserts one turn of twist to the fiber strand. The traveler, a 

tiny C-shaped metal piece, slides on the inside flange of a ring encircling the spindle. It is 

carried along the ring by the yarn it is threaded with. Due to the friction between the 

traveler and the ring and air drag on the yarn balloon generated between the thread guide 

and the traveler, the speed of the traveler is less than that of spindle, and this speed 

difference enables winding of the yarn onto the package [29,40].  Figure 14 shows the 

principle of ring spinning. 

The major drawbacks of this system are the relatively low production speed and 

difficulty of automation. In fact, the ring spinning machine accounts for 60 % of total 

production cost in the ring spinning mill.  The production speed of the ring spinning 

frame depends on the traveler and spindle speeds.  In most cases the source of low 

production speed is the excessive heat generated between the ring and traveler during 

winding, due to high contact pressure at high speeds. The temperature in the traveler 

might reach more than 400 °C. The real problem is not generation of heat, but its 
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dissipation. Due to its very small mass the traveler cannot transmit the heat to the air or 

the ring in the time available [29,30]. Currently, the traveler speed is limited to about 

50m/s but most spinners seldom exceed 40m/s [30]. Major improvements above presently 

available levels are not easily attainable.  

Figure 14. Principle of Ring Spinning [40] 

Artzt [2] argues that at present further automation in ring spinning is not 

economical since this means a reduction in the number of staff, but also an increase in the 

qualification of the employees. He claims that the economic performance of ring spinning 

can be improved only by increasing the output per spindle. This can be achieved by either 

increasing the spindle speed or increasing the output for a constant spindle speed by 

reducing the number of twists. As explained above further increases in traveler speed are 

not possible. Thus, the only way to increase spindle speed without increasing the traveler 

speed is to reduce the ring diameter and the spindle size. However, due to economic and 
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technological reasons, the reduction in the size of the ring and the spindle is not possible 

beyond a certain point. The number of splices on a bobbin rises dramatically with 

decreasing ring and spindle diameters. Splices might cause yarn breaks in weaving. This 

sets a limit for the size reduction.  Even without smaller ring sizes, ring spun yarns have 

many more splices than rotor yarns due to their small cop size and yarn clearer cuts, 

which is a disadvantage for ring spinning. Thus, a reduction in the number of splices due 

to weak points is necessary. The sources of the weak points are the yarn friction in the 

yarn guiding elements such as yarn guides and balloon control rings, tension peaks, and 

particularly the spinning triangle. Increasing output by reducing the number of twist, on 

the other hand will cause a dramatic decrease in yarn strength since twist prevents fibers 

from slipping over one another by generating the radial forces directed toward the yarn 

center, which in turn increase frictional forces between fibers. However, strength loss due 

to reduced twist might be preventing by making the yarn structure more compact and the 

spinning triangle plays an important role in the compactness of yarn. 

Apart from these shortcomings, although ring spun yarn sets the standard against 

which all alternative yarn types are measured at present, it is far from perfect.  If the 

structure of ring spun yarn is examined under a microscope, it can be seen that integration 

of many fibers is poor; thus their contribution to the yarn strength is none or very little. If 

all fibers were fully incorporated in the yarn, the strength and the elongation of the yarn 

could be increased substantially. Besides the ends of the edge fibers are not always fully 

included into the yarn. They stand out from the twisted yarn core, and cause hairiness, 

which is a disturbing factor in subsequent process steps [28].  In ring spinning two main 

factors: the drafting procedure and the yarn formation affect the structure and the quality 
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of yarns. Currently, the drafting process has reached a very high quality performance. On 

the other hand, the yarn formation process is further away from the ideal performance 

level. The reason for that is again the spinning triangle [57]. Detailed information on the 

spinning triangle is given in the following section.     

Spinning Triangle 

In the ring spinning frame the fiber bundle follows a path between the drafting 

system and yarn take-up on the cop. This path involves the drafting arrangement, thread 

guide, balloon control ring, and traveler. These elements are arranged at various angles 

and distances relative to each other. All these distances, inclinations and angles are 

referred to as the spinning geometry. The spinning geometry has a significant effect on 

the end breaks, tension conditions, generation of fly, yarn hairiness, and yarn structure 

[32].   

Twist is imparted by the traveler, and goes up as close as possible to the nip line 

of the front rollers. However, twist never penetrates completely to the nip line. Since the 

width of the fiber bundle emerging from the drafting system is many times the diameter 

of the yarn to be spun, fibers in the bundle have to be diverted inwards and wrapped 

around each other. Consequently, at the exit from the front rollers there is always a 

triangular bundle of the fibers without twist, which is called “spinning triangle.” [29,40] 

Most of the end breaks initiate at this weak point because each fiber in the spinning 

triangle does not contribute to the yarn strength equally during the yarn formation.  Fibers 

in the center of the spinning triangle are not subjected to any tension, and thus bound 

together without being exposed to elongation, while the external fibers have to resist the 
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full force of the balloon tension. Besides, short fibers in the spinning triangle can 

contribute very little to the strength [46].  

The length of the spinning triangle is determined by the twist level and the 

spinning geometry.  While high yarn twist causes a short spinning triangle, low twist 

causes a long one. Klein [29] points out that a short spinning triangle represents a small 

weak point and thus fewer end breaks. He also indicates that if the spinning triangle is too 

short, the deflection of the fibers on the edges has to be very sharp during the binding in. 

This is not possible with all fibers.  Besides, with a very short spinning angle while some 

edge fibers do not obtain twist and become fly others might be bound-in at one end only 

and become hair. On the other hand, a long spinning triangle results in a big weak point, 

and thus more end breaks. However, with a long triangle, fibers are better bound into the 

yarn. This produces a smoother yarn and less fly. 

The spinning triangle is the weak point of a ring spinning system, but also 

provides an opportunity for further improvement in ring spinning. In order to obtain 

fundamental improvements in ring spinning, the modification of the ring machine is 

necessary. Compact spinning aims at eliminating the spinning triangle and the problems 

associated with it. The following section presents the solution developed by Suessen in 

order to achieve this desire.    

2.4.3 Principles of Suessen’s EliTe Spinning System  

This system consists of an additional “drafting zone”, which is mounted on a 

standard 3-roll ring spinning machine (Figure 15). In this drafting zone an air–permeable 

lattice apron (Figure 16) runs over a suction tube. The suction tube is under negative 

pressure and there is a slot tilted in the direction of fiber movement for each spinning 
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position (Figure 17). After the fibers leave the front roller nip line, they are guided by 

means of the lattice aprons over the openings of the suction slots where they move 

sideways and are condensed due to suction air flow. The openings of the suction slots are 

at an incline to the direction of fiber flow. This helps condensing by generating a 

transverse force on the fiber band during the transport over the slot and causing the fiber 

band to rotate around its own axis. The lattice apron carries the fibers attached to it up to 

the delivery nip line. The diameter of delivery (driven) top roller is slightly bigger than 

the diameter of the front top (driving) roller. 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 band in the slot area of the suction tube [28,55,58].  

 

 

Figure 15. Suessen EliTe Unit (ST: Suction Tube, A: Lattice Apron, FTR: Front 
Top Roller, DTR: Delivery Top Roller) [58] 
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Figure 16. Suessen lattice apron [58] 
 
 

 

 

 

 

 

 

 

 
 
 

 

Figure 17. Suction slot underneath the apron [58] 
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2.4.4 Advantages of Compact Spinning 

Compact yarns are claimed to be stronger and less hairy due to the improved fiber 

binding, and have better yarn elongation, work capacity, yarn irregularity and IPI values 

compared with conventional ring yarns [25,56,58]. Figure 18 shows the structures of 

conventional ring and compact yarns. The difference in yarn strength, elongation and 

hairiness values in comparison with conventional ring yarn is higher with carded yarns 

[28]. As a result, these yarns have tremendous potential to offer several advantages both 

in spinning and in all subsequent processing stages compared to conventional ring yarns. 

The ends-down rate in spinning can be reduced by up to 50% [9,28], which improves 

machine efficiency. It is possible to use low quality cotton while maintaining a yarn 

strength equal to the conventional ring spun yarn with the same twist level. The fiber loss 

and fly contamination is reduced. A smoother, combed–like appearance can be achieved 

with carded cotton due to less hair [9,58].  In high-speed winding occurrence of hairiness, 

neps and fiber dust are reduced due to the higher resistance to axial displacement. In 

certain applications doubled yarns might be replaced by single compact yarns. In 

weaving preparation owing to the lower hairiness and higher tenacity of compact yarns, 

the ends-down rate in beaming is reduced by up to 30%. In sizing the amount of sizing 

agent needed can be reduced up to 50% due to the low hairiness while the running 

behavior of weaving machines is the same or even better. This results in cost saving in 

sizing as well as desizing. Due to the better work capacity of compact yarns, in weaving 

ends down rate can decrease by up to 50% in the warp and by up to 30% in the weft, 

which in turn will increase the efficiency and reduce the weaving cost [58]. In singeing 

owing to reduced yarn hairiness, singeing can sometimes be left out, or it can be carried 
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out at a higher speed. In knitting increased yarn strength and reduced formation of fly 

allow to obtain higher machine efficiency. Reduction in ends-down rate results in fewer 

interruptions and less fabric faults. In some cases usual waxing in knitting might be 

omitted. It is possible to produce woven or knitted fabrics with a great strength, high 

luster and clear structures [28,54,56,58]. Figure 19 and Figure 20 display woven and 

knitted fabrics made from conventional ring yarn and compact yarn. 

Alternatively in spinning due to improved fiber binding it is possible to reduce 

yarn twist, particularly of knitting yarns, by up to 20%, while maintaining a yarn strength 

identical to that in the conventional ring spinning [58]. This will ultimately increase yarn 

production. In doubling the cost can be reduced by decreasing the initial twists in the 

single ends as well. Knitted fabrics with a soft handle and reduced skew can be produced 

by reducing twist [9,28]. In dyeing and finishing reduced twist and enhanced yarn 

structure improves the absorption of color pigments and chemical finishing agents. As a 

result, dying cost is reduced [58]. 

 

 

Figure 18. Yarn Structure of conventional ring (A) and compact yarn (B) of 100% 
cotton [58] 
 

 

A 
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Figure 19. Comparison of woven fabrics made from conventional ring (A) and 
compact yarn (B) [28] 
 

 

 

 

 

 

Figure 20. Comparison of knitted fabrics made from conventional ring (A) and 
compact yarn (B) [28]  
 

Apart from all these advantages mentioned above, the flexibility of the compact 

spinning system  concerning raw material and yarn count is still very high [58].   

Although as mentioned above the reduced hairiness offers tremendous advantages 

in spinning and subsequent process steps there are also some concerns about the negative 

influence of the low hairiness. Kadioglu [27] points out that the reduced hairiness might 

lead to a more frequent traveler change since the hairs protruding from yarn body provide 

some type of lubricating and cooling effect on the traveler and reduce traveler wearing.      

Also we should comment that the above views are primarily from machinery 

maker or “interested parties” and there are some questions about the economics of the  

A 

A B 
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process coupled with the fact that despite earlier claims the system is only effective for 

longer (or combed) fibers.    

2.5 Yarn Structural Analysis 

2.5.1 Introduction 

Yarn structure plays a key role in determining the yarn physical properties and the 

performance characteristics of yarns and fabrics. The best way to study the internal 

structure of the yarns is to examine the arrangement of single fibers in the yarn body, and 

analyze their migration in crosswise and lengthwise fashions. This requires visual 

observation of the path of a single fiber in the yarn. Since a fiber is relatively a small 

element some specific techniques have to be utilized for its observation. In order to 

perform this task, two different experimental techniques have been developed by 

previous researchers.  

a. Tracer fiber technique: This technique involves immersing a yarn, which contains a 

very small percentage of dyed fibers, in a liquid whose refractive index is the same as 

that of the original undyed fibers. This causes the undyed fibers to almost disappear 

from view and enables the observation of the path of a black dyed tracer fiber under a 

microscope. Dyed fibers are added to the raw stock before spinning to act as tracers. 

This technique was introduced by Morton and Yen [41]. 

b. Cross sectional method: In this method first the fibers in the yarn are locked in their 

original position by means of a suitable embedding medium, then the yarn is cut into 

thin sections, and these sections are studied under microscope. As in the tracer fiber 

technique, the yarn consists of mostly undyed fibers and a small proportion of dyed 

fibers such that there is no more than one dyed fiber in any yarn cross-section [1,38].     
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2.5.2 Fiber Migration 

Fiber migration can be defined as the variation in fiber position within the yarn 

[61]. Migration and twist are two necessary components to generate strength and 

cohesion in spun yarns. Twist increases the frictional forces between fibers and prevents 

fibers from slipping over one another by creating radial forces directed toward the yarn 

interior while fiber migration ensures that some parts of the all fibers were locked in the 

structure [18]. 

It was first recognized by Pierce [50] that there is a need for the interchange of the 

fiber position inside a yarn since if a yarn consisted of a core fiber surrounded by coaxial 

cylindrical layers of other fibers, each forming a perfect helix of constant radius, discrete 

layers of the yarn could easily separate. Morton and Yen [41] discovered that the fibers 

migrate among imaginary cylindrical zones in the yarn and named this phenomenon 

“fiber migration.” 

2.5.2.1 Mechanisms Causing Fiber Migration 

Morton [42] proposed that one of the mechanisms which cause fiber migration is 

the tension differences between fibers at different radial positions in a twisted yarn. 

During the twist insertion, fibers are subjected to different tensions depending on their 

radial positions. Fibers at the core will be under minimum tension due to shorter fiber 

path while fibers on the surface will be exposed to the maximum tension. According to 

the principle of the minimum energy of deformation, fibers lying near the yarn surface 

will try to migrate into inner zones where the energy is lower. This will lead to a cyclic 

interchange of fiber position.  Later Hearle and Bose [19] gave another mechanism which 

causes migration. They suggested that when the ribbon-like fiber bundle is turned into the 
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yarn the fibers on one side of the ribbon will go to the center of a yarn while those on the 

other side will appear on the yarn surface. From this geometric mechanism, they 

determined the length of the migration period. In ring spun yarns, the migration period 

was expected to be equal to period of roving twist X draft.  

In 1965 Hearle et al. [21] discovered that the fiber migrations due to tension 

differences and the geometrical mechanism are not mutually exclusive. In fact, fiber 

migration results from the combination of these two mechanisms. While the former 

mechanism gives rapid migration, the latter one depending on the initial twist, causes a 

slower migration. The rapid migration is laid over on the slower migration, and it is 

predominant (Figure 21.) 

 

 

 

 

 

Figure 21. Rapid migration superimposed on slower migration [21] 

 

Apart from the theoretical work cited above, several experimental investigations 

have been carried out during 1960’s to find out the possible factors affecting fiber 

migration. Results showed that the fiber migration can be influenced mainly by three 

groups of factors:  

•  fiber related factors such as fiber type [11], fiber length, fiber fineness 

[47], fiber initial modulus [10], fiber bending modulus and torsional 

rigidity [1];  

1 
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•  yarn related factors, such as yarn count and yarn twist [17]; and  

•  processing factors such as twisting tension [20,60], drafting system [1,60] 

and number of doubling.  

2.5.2.2 Methods for Assessing Fiber Migration 

To study fiber migration Morton and Yen introduced the tracer fiber method. As 

explained in the previous section, this method enables the observation of the path of a 

single tracer fiber under a microscope. In order to draw the paths of the tracer fibers in 

the horizontal plane, Morton and Yen made measurements at successive peaks and 

troughs of the tracer images. Each peak and trough was in turn brought to register with 

the hairline of a micrometer eyepiece and scale readings were taken at a, b, and c as seen 

in Figure 22. The yarn diameter in scale units was given by c-a, while the offset of the 

peak or trough, the fiber helix radii, was given by 
2

ii
ii

cabr +−= . The distance between 

adjacent peaks and troughs was denoted by d. The overall extent of the tracer fiber was 

obtained from the images, as well. Morton and Yen concluded that in one complete cycle 

of migration, the fiber rarely crosses through all zones of the structure, from the surface 

of the yarn to the core and back again, which was considered as ideal migration.    

 

Figure 22. Measured parameters on path of a tracer fiber [41]   
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Later Morton [42] used the tracer fiber method to characterize the migration 

quantitatively by means of a coefficient so called “the coefficient of migration.” He 

proposed that the intensity of migration i.e., completeness of the migration, or otherwise, 

of any migratory traverse could be evaluated by the change in helix radius between 

successive inflections of the helix envelope expressed as the fraction of yarn radius. For 

example intensity of migration in Figure 23 from A to B was stated as  

R
i

R
rr BA =−   

where Ar  and Br  are helix radius at A and B, respectively and R is yarn radius.   

In order to express the intensity of migration for a whole fiber, Morton used the 

coefficient of migration, which is the ratio of actual migration amplitude to the ideal case. 

The coefficient of migration was given by    

RL
is

C ∑=   

where i is the radial distance that the fibers traverse in each migration  

s is the yarn length between two traversing points   

R is the yarn radius  

L is the yarn length. 

The coefficient of migration, C, was equal to 1 if migration is perfectly complete 

throughout the length of the tracer fiber, while C was zero if no migration takes place.   
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Figure 23. Actual path of fiber migration [42] 
 

Merchant [1] modified the helix envelope by expressing the radial position in 

terms of (r / R) in order avoid any effects due to the irregularities in yarn diameter. The 

plot of (r / R) along the yarn axis gives a cylindrical envelope of varying radius around 

which the fiber follows a helical path. This plot is called a helix envelope profile. 

Expression of the radial position in terms of (r / R) involves the division of yarn cross 

sections into zones of equal radial spacing, which means fibers present longer lengths in 

the outer zones.  Hearle et al. [18] suggested that it is more convenient to divide the yarn 

cross sections into zones of equal area so that the fibers are equally distributed between 

all zones. This was achieved by expressing the radial position in terms of (r / R)², and the 

plot of (r / R)² against the length along the yarn is called a corrected helix envelope 

profile which presents a linear envelope for the ideal migration if the fiber packing 

density is uniform (Figure 24). The corrected helix envelope profile is much easier to 

manage analytically.   
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Figure 24. Corrected helix envelope profile of an ideal pattern of migration (z is 
length along the yarn) [18] 
   

In 1964 Riding [52] worked on filament yarns, and expanded the tracer fiber 

technique by observing the fiber from two directions at right angles by placing a plane 

mirror near the yarn in the liquid with the plane of the mirror at 45° to the direction of 

observation. The radial position of the tracer fiber along the yarn was calculated by the 

following equation: 
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where x and y are the distances of the fiber from the yarn axis by the x and y co-

ordinates; and dx and dy are the corresponding diameter measurements.  

Riding also argued that it is unlikely that any single parameter, such as the 

coefficient of migration will completely characterize the migration behavior due to its 

statistical nature. He analyzed the migration patterns using the correlogram, or Auto-

correlation Function and suggested that this analysis gives an overall statistical picture of 

the migration. Riding calculated the auto-correlation coefficient, sr  from a series of 

values of r / R  for a separation of s intervals and obtained the correlogram for each 

experiment  by plotting  sr  against s.  Later a detailed theoretical study by Hearle and 
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Goswami [22] showed that the correlogram method should be used with caution because 

it tends to pick up only the regular migration.  

Hearle and his co-researchers worked on a comprehensive theoretical and 

experimental analysis of fiber migration in the mid 1960’s [18,19,20,21,22]. In Part I of 

the series Hearle, Gupta and Merchant [18] came up with four parameters using an 

analogy with the method of describing an electric current to characterize the migration 

behaviors of fibers.        

These parameters are: 

i. the mean fiber position, which is the overall tendency of a fiber to be near the 

yarn surface or the yarn center. 
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ii. r.m.s deviation, which is the degree of the deviation from the mean fiber position  
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iii. mean migration intensity, which is the rate of change in radial position of a fiber. 

   ( )[ ] 2
12

2
1

0

21 ∑∫ =

















= ndzdydz

dZ
dY

Z
I

nZ

n

 

iv. equivalent migration frequency, which is the value of migration frequency when 

an ideal migration cycle is formed from the calculated values of I and D. 

DIN 34/=  

where   Y=(r/R)²; 

r is the current radial position of the fiber with respect to the yarn axis; 
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R is the yarn radius; 

n is the number of the observations; and  

nZ is the length of the yarn under consideration 

By expressing the migration behavior in terms of these parameters, Hearle et al. 

replaced an actual migration behavior with a partial ideal migration which is linear with z 

(length along the fiber axis) but has the same mean fiber position, same r.m.s deviation, 

and the same mean migration intensity [1].   

Later Hearle and Gupta [20] studied the fiber migration experimentally by using 

the tracer fiber technique. By taking into consideration the problem of asymmetry in the 

yarn cross section they came up with the following equation: 

( )22112
1 RrRr

R
r +=   at  ( )212

1 zzz +=  

where  

1r  and 2r  are the helix radii  

1R and  2R  are the yarn radii at position 1z  and 2z  along the yarn. 

In 1972 Hearle et al. [23] carried some experimental work on the migration in 

open-end spun yarns, and they observed that migration pattern in open-end yarns was 

considerably different from that of ring spun yarns.  They suggested that this difference 

was the reason for the dissimilarity between mechanical and structural parameters of 

these two yarns.  

Among numerous investigations of migration, there have been some attempts to 

develop a numerical algorithm to simulate yarn behavior. Possibly the most promising 
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and powerful approach was to apply a finite element analysis method to the mechanics of 

yarns [7,36,37]. 

One of the most recently published researches on the mathematical modeling of 

fiber migration in staple yarns was carried out by Grishanov, et al [16].  They developed 

a new method to model the fiber migration using a Markov process, and claimed that all 

the main features of yarn structure could be modeled with this new method. In this 

approach the process of fiber migration was considered as a Poisson’s flow of events, and 

the fiber migration characteristics were expressed in terms of a transition matrix.   

Another recent study was done by Primentas and Iype [51]. They utilized the level 

of the focusing depth of a projection microscope as a measure of the fiber position along 

the z-axis with respect to the body of the yarn. Using a suitable reference depth they 

plotted the possible 3-dimensional configuration of the tracer fiber. In this study they 

assumed that yarn had a circular cross section and the difference between minimum and 

maximum values in depth represented the value of the vertical diameter, which was also 

equal to horizontal diameter.  However, the yarn is irregular along its axis, and its cross 

section deviates from a circle. Besides, it is questionable that the difference between 

minimum and maximum values in depth would give the value of the vertical diameter. As 

these researchers stated this technique is in the “embryonic stage of development.” 
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VORTEX SPUN YARN VS. AIR-JET SPUN YARN 

Abstract  

Vortex spinning can be viewed as a refinement of jet spinning or a natural 

development in the fasciated yarn technology. Like in all other fasciated yarns, the 

structure of vortex yarn consists of a core of parallel fibers held together by wrapper 

fibers. This has been revealed by examining an untwisted yarn sample under the 

Scanning Electron Microscope. Subsequently the physical properties of vortex and air-jet 

yarns produced from different polyester cotton blends were compared. Results indicated 

that vortex yarns have tenacity advantages over air jet yarns particularly at high cotton 

contents.  

3.0 Introduction  

The yarn structure is one of the primary factors which control the properties of 

spun yarns.   Vortex spun yarn has a two part structure. This can be simply revealed by 

untwisting a vortex yarn by hand.  Because the yarn is a relatively small component a 

more reliable conclusion requires visual help. As a first step of this study a piece of 

vortex yarn was untwisted and viewed under the Scanning Electron Microscope. Since 

none of the conventional twist measurement methods are suitable for vortex spun yarns, 

untwisting was performed with the aid of an optical microscope, and the completion of 

untwisting was visually confirmed. SEM pictures agreed that vortex yarns consist of two 

distinctive parts: core and sheath. In the pictures the sheath part appeared looser due to 

removed twist (Figure 1).  
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Only limited information was obtained through SEM pictures. In order to broaden 

our knowledge about this new and fascinating yarn technology the next logical step was 

to compare the properties of air-jet and vortex yarns. Although both systems are used to 

spin fasciated yarns, no work has been reported to date regarding the difference between 

these yarns. A study was conducted to reveal the difference between the properties and 

structure of the vortex and air-jet spun yarns.  In the first part of this study the properties 

of vortex and air-jet spun yarns made from various PES/Cotton blends were compared. In 

the second part, vortex and air-jet yarns produced from three different blends of cotton 

and black polyester fibers were visually examined under an optical microscope.     

 

 

 

 

 

 

 

Figure 1. SEM pictures of vortex yarn (A- before untwisting; B-after “untwisting”) 
 

3.1 Materials and Methods 

For the first part of the study, five different blend ratios: 83/17, 67/33, 50/50, 

33/67, and 17/83 were obtained from polyester and carded cotton slivers by blending 

them on the draw frame. Table 1 shows the properties of cotton and polyester fibers used 
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in this study. After three passages of drawing, slivers were transferred to MJS and MVS 

machines. Table 2 displays the process parameters used on MJS and MVS systems.  

Table 1. Fiber Properties  
 

Fineness Fiber Type Upper 
Quartile 

Length (mm) 

Mean Fiber 
Length (mm) denier micronaire 

Cotton 27.2 mm   3.8 
Polyester  38 mm 1  

 

Table 2. Process Parameters 
 

Spinning System MVS System MJS System 

Delivery Speed 325m/m 195m/m 
Total Draft 151 151 
Main Draft 51 44.87 
Take-up Ratio 0.99 0.99 
Nozzle Type 75,Holder130d, 8.8 H26 
Air Pressure (kg/cm2) N1 5.5 N1 2.5, N2 4.0 
Feed ratio 1.00 0.97 
Condenser/Spindle Spindle 1.3 mm Condenser 4 mm 
Roller Settings 36-36-49 39-42 
Yarn Count 36’s Ne 36’s Ne 
 

The spinning of pure cotton and the polyester/cotton blend with 83 % of cotton 

ratio was not possible for MJS system. In fact, when the blend ratio of polyester was less 

than 50%, it was very difficult to spin yarn with an acceptable end break level on this 

system. MVS system successfully produced yarns from 100% polyester and 

polyester/cotton blends, but spinning 100% cotton was not successful. One possible 

reason is the high short fiber content of cotton slivers.   
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The quality parameters of the produced yarns were evaluated on Uster Evenness 

Tester, Uster Tensorapid (Testing speed 250 mm/m) and Uster Tensojet (Testing speed 

400m/m). 

In the second part of the study,  in order to compare the basic structure of vortex 

and air jet yarns, blended yarns were produced from three different blends of black 

polyester (1.7 den, 1.5 in) and cotton fibers (4.1 mic., 0.91 in) (blend ratios: 33/67, 50/50, 

67/33).  These yarns were examined under an optical microscope to find out any possible 

tendencies of cotton or polyester fibers to become either wrapper or core fibers in 

blended yarns. Besides the visual examination of yarn structure, the evenness and tensile 

properties of these yarns were tested on the Uster Evenness Tester and Uster Tensorapid, 

respectively. 

3.2 Results and Discussion 

An analysis of variance (ANOVA) was performed to determine the statistical 

significance of any observed differences between the properties of vortex and air-jet spun 

yarns. The ANOVA revealed that yarns made by the MVS had superior evenness, fewer 

number of thick places and lower hairiness values compared to those made by the MJS 

(Figure 2 and Table 3). Vortex yarns also presented higher tenacity values for every 

blend ratio except the 100% polyester case, and as the cotton content increased in the 

blend, the difference enlarged (Figure 3 and Table 4). For 100% polyester yarn, on the 

other hand, the tenacity values of vortex and air-jet yarns did not differ significantly. In 

the case of yarn elongation the outcome was the opposite. Vortex yarns exhibited lower 

elongation values compared to air-jet yarns. Unsurprisingly, this led to an insignificant 

difference in their work of rupture values.  
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The unique yarn structures associated with these yarns are a possible reason for 

the difference in yarn quality parameters. The higher tenacity values of vortex yarns can 

be attributed to the higher number of wrapper fibers in these yarns. The number of 

wrapper fibers is critical to yarn strength since they hold the internal parallel fiber bundle 

tightly together. In air jet spinning edge fibers ultimately produce wrapper fibers, and the 

number of edge fibers depends on the fibers at the outside [1,2]. On the other hand, in 

vortex spinning the fiber separation from the bundle occurs everywhere in the entire outer 

periphery of the bundle [3]. This results in a higher number of wrapper fibers in the yarn. 

One possible explanation for the reduction in elongation is the decrease in fiber slippage 

due to better grip by wrapper fibers. Possibly the drop in hairiness values is another result 

of better wrapping.  

Table 3. Evenness, imperfection and hairiness values of vortex and air jet spun 
yarns  

CVm Thin Places 
(-50%) 

Thick Places 
(+50%) 

Neps 
(+200%) Hairiness Blend 

Ratio 
PES/Co MVS MJS MVS MJS MVS MJS MVS MJS MVS MJS 

100/0 14.45 15.48 13 38 25 226 6 168 4.59 5.03 
83/17 15.06 16.65 20 62 142 369 258 367 4.12 5.06 
67/33 17.03 18.2 71 122 352 558 558 531 4.08 5.36 
50/50 18.67 19.73 132 225 610 858 826 814 4.16 5.78 
33/67 19.06 21.93 188 571 687 1164 971 1350 4.42 6.64 
17/83 21.14 538 1010 1338  4.7  
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Figure 2.Comparison of  evenness of vortex and air jet yarns 
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Figure 3.Comparison of tensile properties of vortex and air jet yarns (from Uster Tensorapid)

Tensile  P roperties

0

5

10

15

20

25

100 /0 83 /17 67 /33 50 /50 33 /67 17 /83
P E S /C o  B lend  R atio

Air-je t

Air-je t
V ortex

V ortex

Tenac ity 
(cN /tex)

E longation (% )



 

 53

 

Table 4. Tensile properties of vortex and air jet spun yarns  
 

Tenacity (cN/tex) Elongation % 
Tensorapid Tensojet Tensorapid Tensojet 

 
Blend 
Ratio 
(PES/Co) 

MVS MJS MVS MJS MVS MJS MVS MJS 

100/0 23.43 23.4 24.95 24.03 8.85 9.71 9.63 11.37 
83/17 22.07 18.95 22.52 20.49 7.81 8.77 8.41 10.48 
67/33 18.2 14.67 18.73 16.37 6.35 7.51 6.13 9.72 
50/50 14.36 12.2 15.69 13.53 5.45 6.52 4.92 8.2 
33/67 12.47 8.93 13.71 9.86 4.88  3.98  
17/83 10.67  12.17      

 

Visual comparison of vortex and air-jet yarns showed that there were no apparent 

tendencies of cotton or polyester fibers to become either wrapper or core fibers in 

blended yarns. Although this study did not provide enough information to reach a 

consistent conclusion, examination of these yarns under the microscope showed that 

vortex yarns have more ring like appearance and a higher number of wrapper fibers 

compared to air jet yarns (Figure 4.)        

Figure 4. Vortex spun yarn versus air-jet spun yarn (28’s Ne, 30/60 PES/Co) 
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The results from the evenness and tensile testing agreed with the earlier findings 

that vortex yarns had better evenness and tenacity values compared to air-jet yarns 

(Figure 5 and Figure 6.)  
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Figure 5.Yarn evenness: vortex yarn vs. air-jet yarn 
 
 
 

 

 

Figure 6. Yarn tensile properties: vortex yarn vs. air-jet yarn 
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3.3 Conclusion 

This study revealed that MVS spinning technology is favorable for cotton 

spinning and produces a yarn with more ring like appearance compared to MJS spinning 

technology. However, more in depth study is required to understand the structure of 

vortex yarns. 
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EFFECTS OF SOME PROCESS PARAMETERS ON 

STRUCTURE AND PROPERTIES OF VORTEX SPUN 

YARN 

Abstract 

The effect of a number of process parameters, including the nozzle angle, nozzle 

pressure, spindle diameter, yarn delivery speed, and distance between the front roller and 

the spindle on the structure and properties of vortex spun yarns were investigated. A 

modified version of the tracer fiber technique [13] combined with the Image Analysis 

Application Version 3.0 [9] was utilized to explore yarn structure. The migration behavior 

of fibers was characterized using the following migration parameters: the corrected helix 

envelope profile, the mean fiber position, the amplitude of migration (root mean square 

deviation), and the mean migration intensity [6]. Results showed that the short front roller 

to the spindle distance caused better evenness, low imperfections, and less hairiness. 

High nozzle angle, high nozzle pressure, low yarn delivery speed and small spindle 

diameter reduced hairiness as well. High nozzle angle, high nozzle pressure and low 

speed also led to higher fiber migration. Surprisingly nozzle angle, nozzle pressure or 

delivery speed didn’t have any significant effects on yarn tensile properties. This is 

believed to be caused by the relatively small differences between the levels of these 

parameters used in the trials. Present study provides a window into the vortex spinning 

technology, but further research needs to be conducted to establish a “process-structure-

property” model for vortex yarns. 
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1.0 Introduction 

The Murata Vortex Spinner is the world's first spinning frame to produce yarns 

from 100% carded cotton at very high spinning speeds up to 400m/min in mill operating 

conditions with  a yarn structure claimed to be similar to ring spun yarn[2,8,11]. 

Unsurprisingly most of the MVS machines installed to date have gone into the U.S., 

particularly home furnishing and apparel operations. The output potential of the MVS has 

quickly captured the attention of spinning mill owners who are having a hard time staying 

in business due to the persistent and growing global competition. Any improvements in 

terms of the quality or count range would increase the demand for vortex spun yarns and 

broaden their application areas, which in turn would strengthen the domestic industry. 

Unfortunately, there is no comprehensive study available on this relatively new 

technology, particularly the influence of machine parameters on structure and properties 

of vortex spun yarn.  Most of the claimed advantages such as ring like structure, low 

hairiness, reduced fabric pilling, better abrasion resistance, higher moisture absorption, 

better color-fastness and fast drying characteristics have been made by the machinery 

maker [8].    

The present study employed an experimental approach to examine the structure of 

vortex spun yarns, and determine the correlation between process parameters, yarn 

structure and yarn properties.  It is hoped that results of this study will allow us to set the 

first step towards establishing a “process-structure-property” model for vortex yarns 

which can be used to optimize and improve the vortex spinning technology.  
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2.0 Materials and Method 

2.1 Yarns Studied  

In order to investigate the effect of a number of process parameters on the 

structure and properties of vortex spun yarns, vortex yarn samples (28’s Ne) made from 

50/50 polyester/cotton blend and 100% cotton were spun under various spinning 

conditions. The properties of cotton and polyester fibers are given in Table 1. Cotton 

yarns consisted of mostly undyed fibers and a very low percentage of black fibers 

(around 0.5 %.) Black fibers were obtained by dyeing a small amount of cotton fibers 

with the black reactive dye. The first attempt to dye cotton fibers taken directly from 

bales was not successful. It was observed that dyeing cotton fibers in a raw stock form 

caused entanglements and uneven dye absorption.  Therefore, in the second attempt, 

cotton fibers were dyed in the sliver form on the Mathis Lab Jumbo Jet-JFO. Black fibers 

were blended with undyed fibers at the opening stage. These fibers served as tracer fibers 

during the structural analysis of vortex spun yarn. After opening and carding, the 

materials were subjected to three passages of drawing, and then taken to the Murata 

Vortex Spinning Frame for spinning. 

 

Table 1. Fiber Properties 
 

Fineness Fiber Type Upper Half Mean 
 Length (inch) 

Mean Fiber  
Length (mm) dtex Micronaire 

Blend  
Cotton 1.10    4.1 

Polyester  38.1  1  
100% Cotton 

Cotton  1.44   3.4 
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Five different process parameters: the nozzle angle, the nozzle pressure, the 

spindle diameter, the yarn speed, and the distance between the front roller and the 

spindle, which were thought to influence the properties and structure of vortex yarns, 

were chosen to be investigated. Some of these parameters can be seen in Figure 1. Vortex 

yarn samples were spun on No. 851 Murata Vortex Spinner using two different nozzle 

angles (65° and 70°) at yarn speeds of 350 m/min and 400 m/min, with jet pressures of 

4.5 and 5 kg/cm2, two different front roller to spindle distances (19.6 mm and 20.5 mm), 

and two different spindle diameters (1.2 mm and 1.3 mm). Table 2 displays the process 

parameters and their levels. The 32 different spinning conditions are shown in Table 4.  

An obvious feature is that the magnitude of change in the parameters is relatively 

small but these were maxima that could be achieved on the machine due to the 

availability of machine parts and it is not possible to spin yarns outside of certain limits.    

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure1. Yarn formation zone in vortex spinning (L denotes the distance between 
front roller and the spindle) [14] 
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Table 2. Process Parameters  
 
Process Parameters  Levels 
Spindle Diameter (mm) 1.2 1.3 
Nozzle Angle 65 70 
Distance between front 
roller and spindle (mm) 19.6 20.5 

Yarn Speed (m/min) 350 400 
Nozzle Air (kg/cm²) 4.5 5 
Needle holder 9.3 130° 
Total Draft 134 
Main Draft  55 

 

It was not possible to spin yarns with acceptable break rates in certain spinning 

conditions. In polyester yarns this was the combination of low air pressure, high delivery 

speed, short front roller to spindle distance, small spindle diameter and large nozzle 

angle; in 100 % cotton yarns it was the combination of low air pressure, high delivery 

speed, short front roller to spindle distance, large spindle diameter and small nozzle 

angle. One possible reason is that the high speed along with the low air pressure might 

worsen the spinning stability since yarn receives fewer twists in those conditions. 

2.2 Observation of Migration 

The main reason to study the structure of vortex spun yarns was the lack of 

information on the areas of fiber migration behavior and individual fiber and yarn 

parameters such as helix angle and yarn diameter in these yarns. The structure and 

characteristics of these yarn produced under different processing conditions will not be 

fully understood until these areas are explored.  

The tracer fiber technique was chosen to study yarn structure for the current study 

because it has been proved that this technique provides extremely useful results, even 

though it is time consuming and can be subject to operator errors.    
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For the present investigation, it was decided to take measurements on 14 tracer 

fibers from each of 31 different yarns. Only 100 % cotton yarns were used for this study 

and seven tracer fibers were randomly selected from each of the two packages.   

2.2.1 Tracer Fiber Technique  

A modified version of the tracer fiber technique originally introduced by Morton 

and Yen [13] combined with the Image Analysis Application Version 3.0 [9] was used to 

investigate the yarn structure. The experimental arrangement is shown in Figure 2. The 

yarn sample, which consisted of mostly undyed fibers and a very low percentage of black 

tracer fibers, was first sent into a container containing a suitable immersion liquid and left 

there until the wetting out was complete. Then it was pulled through a glass trough also 

containing the immersion liquid, which was, in turn placed on a microscope stage. Yarn 

guides were used to maintain the yarn sample on a set path through the trough. Images of 

the tracer fibers were captured via a half inch black and white CCD camera (Charged 

Coupled Device) mounted to the objective of a Zeiss Compound Polarized Light 

Microscope. These images were transferred to a computer and stored. The computer used 

for this work is a Dell Dimension XPS R400.  In order to process the analogue video 

signals from the CCD camera and digitize them into pixels for subsequent transfer to 

computer memory, the Matrox Meteor II PCI frame grabber was installed on the 

computer.  The captured images were digitized into 450X640 pixels with 8 bit per pixel.   

The experimental set-up allowed the collection of tracer fiber images in one 

plane. In previous studies some researchers observed the tracer fiber from two planes, but 

Hearle and Gupta [7] showed that the migration parameters obtained from both planes of 

view separately did not differ significantly. They stated that with a large number of fibers 
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being examined there is no need to observe the path in two planes. Previously Morton 

and Yen [13] made their observation in one plane, as well. They assumed that each fiber 

follows a helical path of varying radius and the image of each fiber obtained by the tracer 

fiber method will take the form of a damped sine wave.  Goldberg [1] checked the 

validity of their assumption using a special apparatus by studying the projection of a fiber 

path in 18 planes separated by angle of 20°. He displayed that the projection of the fibers 

in all planes was similar and the differences were in phase. Goldberg stated that Morton 

and Yen’s assumption that a wave like form of projection that connects a helical path in 

space is valid; therefore to observe tracer fibers in only one plane is sufficient for the 

general studies of migration. As a result, it is believed that making observation in only 

one plane would produce satisfactory results for present study.  
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Figure 2. Experimental set up for the study of structure: 1 is yarn sample coming from yarn package; 2 is a small glass 
container filled with  methyl salicylate 3 and 4 are yarn guides; 5 is the yarn take-up roller 6 is the microscope stage; 7 is a 
glass trough containing methyl salicylate; 8 is a microscope objective; 9 is a CCD camera; 10 is a Dell PC computer; 11 is the 
monitor  
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In order to utilize the tracer fiber technique, the next step was to find a liquid 

which has a refractive index similar to that of the undyed fibers. Some difficulties arose 

in finding a suitable liquid which causes the undyed fiber to become transparent since for 

cotton the refractive index parallel to the fiber’s axis differs significantly from the 

refractive index perpendicular to fiber’s axis. This along with the presence of convolution 

in the fiber and the twist in the yarn resulted in poor transparency producing insufficient 

isolation of tracer fibers for detailed examination. After several refractive index liquids 

were tried and earlier researches were reviewed, Methyl Salicylate was found to be the 

most appropriate liquid for cotton in the tracer fiber technique. It gave fairly acceptable 

results. However, because Methyl Salicylate is a toxic chemical some additional caution 

had to be taken prior to observations. A polarized light microscope and a computer were 

assigned fully for this research, and the microscope was placed inside a chemical hood. 

Observations were performed inside the chemical hood to minimize the exposure to 

Methyl Salicylate. Obtaining effective wetting-out of the yarn samples was another 

problem due to wax and other impurities which the natural cotton fibers contain and the 

twist in the structure. To overcome this problem, the yarn samples were scoured and 

mildly bleached. It was thought that these treatments might improve the transparency as 

well. Scouring and mild bleaching helped in wetting-out but did not provide any better 

images. Additionally, it is believed that wet treatments might cause some changes in the 

yarn structure. Therefore instead of using these treatments, specimens were being left in 

Methyl Salicylate for a long period of time before any observations in order to attain a 

complete wetting-out.  
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2.2.2 Image Processing  

To observe one whole tracer fiber it was necessary to capture several consecutive 

images (approximately 11-13 images).  Due to the high magnification employed this 

process each captured picture was covered only a part of the tracer fiber. Later these 

images were processed through Spin Panorama 2.1 to create composite images. This 

software creates panoramic images utilizing a four step process; getting images from a 

panoramic series, stitching images together, cropping the stitched images, and creating 

(saving) the final panorama. Although our final image was not a panoramic image Spin 

Panorama 2.1 software produced fairly good results in joining individual images.  

Migration was quantified using migration parameters introduced by Hearle et 

al.[6] Because of the complexity of images and presence of optical noises due to poor 

resolution associated with optical anisotropy of cotton fibers along with the presence of 

convolution in the fiber and the twist in the yarn  it was difficult to separate the paths of 

individual fibers and yarn boundaries by using an automatic subroutine. Thus, a manual 

technique was employed. Yarn boundaries, and peak and troughs of tracer fiber were 

marked manually utilizing Adobe PhotoShop 6.0. Subsequently all images were 

transferred to Matlab; the coordinates of yarn boundaries, peak and troughs were 

extracted from these images and stored in the matrix form. The quantities of yarn and 

migration parameters were estimated through a specially designed Matlab processing 

routine.  The same program was also used to generate the plots for the corrected helix 

envelope profiles, distribution of helix angle along the yarn length, and the frequency 

distribution of helix angle. Some typical plots are given in the Appendix.     
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2.3 Yarn Properties  

Evenness, imperfection, and hairiness properties of resulting yarns were measured 

on the Uster Evenness Tester; yarn tensile properties were tested on the Uster Tensorapid 

tester. All these tests were performed under standard conditions (70°F and 65 R.H.). The 

results from these tests were given in Table 5 - Table 8. 

2.4 Statistical Treatment  

The analysis of variance was performed on test results from Uster Evenness and 

Uster Tensorapid tester as well as the calculated values of fiber migration and yarn 

parameters using the GLM procedure. Because trials were not replicated high order 

interactions were pooled to obtain the error term. The significance of independent 

variables and their interactions on the yarn structure parameters and physical properties 

were tested at a 0.05 probability level. A probability (p) value smaller than 0.05 led to the 

conclusion that the independent variable had a significant effect on the dependent 

variable. The results of the Analysis of Variance test are reported in Table 9 - 11.  
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3.0 Results and Discussion  

3.1 Classification of Vortex Yarn Structure  

Some typical fiber configurations in vortex yarns are given in Figure 3-6. As seen 

from figures vortex yarn structure varies along the yarn length. The configuration of each 

tracer fiber was studied and grouped according to the classification illustrated in Table 3. 

Results of fiber configuration classification showed that the percentage of straight, 

hooked(trailing) and hooked(both ends) is very close to each other.   

 

 Table 3. Fiber Configuration 

Tracer Fiber Configuration  Class  % of fibers  

 Straight  21 

 Hooked (trailing) 20.5 

 Hooked (leading) 6.4 

 Hooked(both ends) 23 

 Looped 11.5 

 Entangled 10.25 
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Figure 3. Fiber configuration in vortex yarns (I) 
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Figure 4. Fiber configuration in vortex yarns (II)  
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Figure 5. Fiber configuration in vortex yarns (III) 
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Figure 6. Fiber configuration in vortex yarns (IV)  
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3.2 Migration in Vortex Yarn  

The images captured during analysis of yarn structure suggest that the fiber 

migration in vortex yarns differs from that in both air-jet and ring yarns. A close look to 

the twist insertion mechanisms in these spinning technologies reveals the reason behind 

this discrepancy. In ring spinning, twist is inserted a thin ribbon shape fiber bundle 

coming from the front roller of drafting device by the traveler.  As fibers are transformed 

to roughly circular shape most of them are grasped at the nip of the front rollers and in 

already formed yarn structure. During yarn formation fibers on the edges are subjected to 

the tension and fibers in the core are subjected to “compression”. The edge fibers try to 

lessen the stress by migrating to the inner layer while the core fibers are displaced to the 

outer layers and these now become edge fibers. This process of fiber movement in the 

cross section (migration) is repeated.  As a result fibers leave their helical path and give 

an interlocking structure.  This structure includes fibers migrate periodically, going 

inward from the surface into the center of the yarn and then back out, with some random 

fashion[10]. In air jet spinning, fibers leaving the front roller of the draft zone advance to 

the two contra-rotating nozzles. The second nozzle imparts a false twist to the fiber strand 

that migrates back to the front roller. The first nozzle, which has lower intensity than the 

second one prevents edge fibers from receiving false twist. Therefore as the fiber strand 

enters the second nozzle only core fibers have full twist; edge fibers either do not have 

any twist or have twist in opposing direction. When the fiber strand leaves the nozzle 

core fibers become untwisted and edge fibers receives twist and wrap around the core 

fibers. The resultant yarn has a central core of mostly parallel fibers wrapped with 

wrapper fibers[12,15].  In air jet spinning the great majority of the wrapping fibers are 
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leading-end fibers since the control of aprons prevents a trailing end from becoming an 

effective and long free end [5]. Unlike ring yarn structure, in air jet yarn the “migration” 

does not repeat. Although vortex spinning can be considered as the modification of air jet 

spinning there are key differences between the principles of yarn formation in these 

spinning technologies. In vortex spinning fibers emerging from the front rollers are 

sucked into the spiral orifice at the inlet of the air jet nozzle and move towards the tip of 

the needle protruding from the orifice. In the meantime, these fibers are subjected to 

whirling air flow and receive twist. Twist tends to move upwards, but the needle prevents 

this upward twist penetration. Therefore, the upper parts of some fibers are kept open as 

they depart from the nip line of front rollers. After these fibers have passed through the 

orifice, the upper parts of the fibers spread out due to the whirling air flow and wind over 

the hollow spindle. Subsequently these fibers are wrapped around the fiber core and 

turned into yarn as the already formed yarn part is pulled trough the spindle [4,14,17]. 

The main difference between the air jet and vortex yarn is the number of wrapper fibers 

which is much higher in vortex yarns. In air jet spinning only the edge fibers (fibers lying 

at the edges of the ribbon like fiber bundle as it leaves the front roller) become the 

wrapper fibers. In vortex spinning, on the other hand, the fiber separation from the bundle 

occurs everywhere in the entire outer periphery of the bundle. It is very likely that during 

yarn formation the leading part of fibers will not be able to escape from the false twist 

penetrating upwards and eventually located in the core. The trailing parts, on the other 

hand, won’t receive twist and become wrapper. The images captured during analysis of 

yarn structure confirmed this assumption. Most of tracer fibers first showed core fiber 
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characteristic, lying parallel to the yarn axis then wrapper fiber characteristic, being 

helically wound onto the core.     

3.3 Structure and Properties of Vortex Yarns    

Yarn Properties 

Statistical analysis of the data from yarn testing showed that in 50/50 

polyester/cotton blended yarn the shorter front roller to the spindle distance gave lower 

irregularity, imperfection and hairiness values. The imperfection values also were low but 

hairiness was high at the low nozzle angle and large spindle diameter. The high nozzle 

pressure produced less hairy yarns. The yarn speed affected yarn evenness, hairiness and 

the number of thick places.  The low yarn speed resulted in more regular yarns with 

fewer thick places and low hair. The interaction of the front roller to the spindle distance 

and the spindle diameter had a significant effect on elongation and the number of thick 

places. When the front roller to the spindle distance was short the smaller spindle 

diameter resulted in the higher elongation; on the other hand when the front roller to the 

spindle distance was large the large spindle diameter produced the higher elongation. The 

tenacity values were affected by the interaction of the spindle diameter and nozzle angle. 

While at the high nozzle angle, the large spindle diameter caused higher tenacity at the 

low nozzle angle it was opposite. The interaction of the nozzle pressure and nozzle angle, 

and the interaction of the spindle diameter and nozzle angle had a significant effect on 

hairiness. The combination of the high nozzle pressure and angle, and the combination of 

the small spindle diameter and high nozzle angle produced yarns with less hair.   

Like 50/50 polyester/cotton blend yarns, in 100% cotton yarns the short front 

roller to the spindle distance produced more even yarns with fewer imperfections and less 
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hair.  The nozzle angle had a significant effect on evenness and hairiness values. The 

high nozzle angle caused more even and less hairy yarns. The interaction of the high 

nozzle angle and short front roller to spindle distance led to improved evenness. Nozzle 

pressure and spindle diameter only affected hairiness. Hairiness was low at the high 

nozzle pressure and the small spindle diameter. The yarn speed had a significant effect on 

the number of thick places and hairiness. A low yarn delivery speed caused fewer number 

of thick places and low hairiness.  The interaction of the yarn speed and nozzle angle had 

a significant effect on hairiness as well.  

In vortex spinning fibers coming from the front rollers are first sucked into the 

spiral orifice at the entrance of an air jet nozzle by the air jet stream. Following the air jet 

nozzle the fiber bundle enters a hollow spindle. The false twist insertion starts at the inlet 

of the spindle. Twist tends to propagate towards the front rollers, but this penetration is 

prevented by the needle protruding from the orifice. Therefore the upper portions of some 

fibers are kept open as fibers move towards the spindle. When the fiber bundle leaves the 

orifice the upper portion of the fibers begin to expand and wind over the spindle. These 

fibers are whirled around the core and form into MVS yarn as they are drawn into the 

hollow spindle (See section 2.3.2)[14]. The distance between the front roller and the 

spindle is critical since it determines the number of wrapping fibers.  If this distance 

shorter  both ends of fibers are tightly assembled resulting in fewer open ended fibers, in 

turn, a yarn consisting of mostly parallel core fibers held with fewer wrapper fibers as in 

the case of air-jet yarn. In the mean time yarn evenness and imperfections are better since 

there is less chance to lose control of fibers during the bundling of the parallel core fibers 

which forms the main part of the yarn with a few wrapper fibers.  Waste is less because 
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of better fiber control as well. The yarn has less hairiness and a leaner appearance. If this 

distance is longer the number of wrapper fibers increases, but also less fiber control is 

present. The resultant yarn is softer due to increasing wrapper fibers and has more 

hairiness with longer hair. The waste fiber rate, however, is higher compared to that in 

short setting [16].  

When nozzle pressure increases, both the axial and the tangential velocity 

increase. As a result the fiber bundle receives more twist and yarn becomes stronger but 

stiffer. The nozzle angle plays critical role on characteristic of the air flow as well. A high 

nozzle angle causes higher tangential velocity, in turn, higher twist. Surprisingly results 

showed that neither the nozzle angle and nor the nozzle air pressure had any effects on 

yarn tenacity and elongation. Another surprising result was in 100% cotton yarn, the high 

nozzle angle caused better evenness, which was the opposite of what would be expected.  

A lower nozzle angle should result in better yarn evenness due to the increasing axial 

velocity of air flow. Probably the levels used in this study were too close to show the real 

effect of these parameters. Hairiness values, on the other hand, were low at high nozzle 

angle and high air pressure supporting that twist increases as nozzle angle and pressure 

go up, and fibers are integrated more tightly into the yarn structure. 

Spindle diameter determines the tightness of the wrappings [16]. A small spindle 

diameter gives less freedom to the fiber bundle to expand as it enters the spindle. This 

generates higher friction between fibers and results in tighter wrappings, higher twist and 

in turn denser yarns with less hair. With a large spindle diameter the fiber bundle has 

more freedom to move inside the spindle and therefore some twist is lost, wrappings 
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become looser and yarn becomes bulky and more hairy. Results supported that a small 

spindle diameter resulted in low hairiness.  

Yarn Structure  

Results from 434 individual tracer fibers were obtained through the computer 

analysis. Statistical analysis of results showed that none of the process parameters had 

any significant effects on the mean fiber position, r.m.s. deviation, helix angle or helix 

diameter. Mean migration intensity and equivalent migration frequency, on the other 

hand, were influenced by yarn speed and nozzle angle. Both were high at the low yarn 

speed and high nozzle angle. The possible reason for this at low speed the movement of 

fiber bundle inside the nozzle chamber is slower so that the fibers in the bundle are 

subjected to whirling air current at a longer period of time, and at high nozzle angle twist 

increases due to rising tangential velocity and this might cause an increase in the values 

of the mean migration intensity and equivalent migration frequency. The nozzle pressure 

and the interaction of nozzle pressure, speed and front roller to spindle distance also had a 

significant effect on the mean migration intensity. The mean migration intensity was high 

at the high nozzle pressure. The interaction of the high nozzle pressure, low yarn speed 

and short front roller to spindle distance gave the highest mean migration intensity 

values.  Yarn diameter was mainly affected by yarn speed.  It was smaller at the low 

delivery speed. Again this can be attributed to the fiber bundle being exposed to the 

whirling air force for a longer period time at the low yarn speed.   

3.4 Yarn Structure-Property Relationships 

The value of correlation coefficient between the yarn structural parameters and 

physical properties was calculated. No correlation between these values was present. One 
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might anticipate that a high mean migration intensity value should result in a higher 

tenacity. Once again relatively small differences between the levels of process parameter 

made impossible to see the expected effects of the process parameters.         

4.0 Conclusion  

The current work attempted to investigate the effects of five different process 

parameters: the distance between front roller to spindle, nozzle angle, nozzle pressure, 

spindle diameter, and yarn speed on the properties and structures of vortex yarns. Among 

these parameters the distance between the front roller and the spindle affected mainly 

yarn evenness, imperfection and hairiness values. They were better if this distance was 

short. The high nozzle angle, the high nozzle pressure, the low yarn delivery speed and 

the small spindle diameter reduced hairiness. In 100% cotton yarn the high nozzle angle 

and in polyester cotton blended yarn the low speed improved yarn evenness. In blended 

yarn the low nozzle angle and the large spindle diameter reduced the number of 

imperfections.   

Among migration and yarn parameters the mean fiber position, r.m.s. deviation, 

helix angle and helix diameter were not affected by any of process parameters.  The mean 

migration intensity and equivalent migration frequency, on the other hand, were mainly 

affected by the nozzle angle and yarn speed. These values were greater at the high nozzle 

angle and the low speed. It is possible that the yarn receives more twist at those 

conditions.  The mean migration intensity was also influenced by the nozzle pressure. It 

was higher at the high nozzle pressure. The yarn diameter was mainly affected by the 

yarn speed. The low speed caused the smaller diameter.   
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Trials were run in Cotton Incorporated‘s fiber processing laboratory. This 

restricted the experimental design to use only two levels for each parameter due to the 

unavailability of machine parts and the fact that previous experience indicated that 

spinning was not possible outside a narrow range of parameters.  Differences between 

levels were very small for some parameters.  If the differences were bigger results could 

be different. In addition due to the time constraint it was not possible to conduct more 

replications.  Clearly more experiments are required to reach a solid conclusion and attain 

a “process-structure property” model for vortex yarns. Moreover, drafting conditions 

were not included to this study.  Thus further work with more levels for each parameter 

and the addition of drafting conditions would be valuable.   

As mentioned in vortex yarn the number of wrapper fibers is higher compared to 

that of air-jet yarn. However the ratio of wrapper fibers to core fibers is still unaddressed. 

In preliminary study vortex yarn was untwisted and photographed under the SEM. It is 

likely that a similar technique can be utilized to investigate the wrapper fiber to core fiber 

ratio.     
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Table 4. Spinning Conditions 
Condition 

No. 
FR to 

Spindle 
Dist.(mm) 

Spindle 
Diameter 

(mm) 

Nozzle 
Angle 

Nozzle Air 
Pressure 
(kg/cm²) 

Delivery 
Speed 

(m/min) 
1 19.6 1.2 70 5 350 
2 19.6 1.3 65 5 350 
3 20.5 1.2 70 5 350 
4 20.5 1.3 65 5 350 
5 19.6 1.2 70 4.5 350 
6 19.6 1.3 65 4.5 350 
7 20.5 1.2 70 4.5 350 
8 20.5 1.3 65 4.5 350 
9 19.6 1.2 70 4.5 380 

11 20.5 1.2 70 4.5 380 
12 20.5 1.3 65 4.5 380 
13 19.6 1.2 70 5 380 
14 19.6 1.3 65 5 380 
15 20.5 1.2 70 5 380 
16 20.5 1.3 65 5 380 
17 19.6 1.3 70 5 380 
18 19.6 1.2 65 5 380 
19 20.5 1.3 70 5 380 
20 20.5 1.2 65 5 380 
21 19.6 1.3 70 4.5 380 
22 19.6 1.2 65 4.5 380 
23 20.5 1.3 70 4.5 380 
24 20.5 1.2 65 4.5 380 
25 19.6 1.3 70 4.5 380 
26 19.6 1.2 65 4.5 350 
27 20.5 1.3 70 4.5 350 
28 20.5 1.2 65 4.5 350 
29 19.6 1.3 70 5 350 
30 19.6 1.2 65 5 350 
31 20.5 1.3 70 5 350 
32 20.5 1.2 65 5 350 
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Table 5. Evenness, imperfection and hairiness values for 50/50 Polyester/cotton 
blend  

Noz_Air 
(kg/cm²) 

Speed 
(m/min) 

FR to Sp 
(mm) 

Sp Type 
(mm) 

Noz. Type 
 

CVm% 
 

Thin Plc. 
 

Thick Plc. 
 

Neps
 

Hairiness 
 

4.5 350 20.5 1.2 65 14.4 7 158 270 4.02 
4.5 350 20.5 1.2 70 14.46 5 174 274 3.64 

4.5 380 20.5 1.2 65 14.73 4 216 252 4.26 

4.5 380 20.5 1.2 70 14.72 4 246 274 3.86 
4.5 350 20.5 1.3 65 14.77 6 171 223 4.42 
4.5 350 20.5 1.3 70 14.44 4 176 282 3.88 
4.5 380 20.5 1.3 65 14.91 2 193 196 4.66 
4.5 380 20.5 1.3 70 14.54 3 214 230 4.21 
4.5 350 19.6 1.2 65 14.2 4 140 274 3.93 
4.5 350 19.6 1.2 70 14.18 5 156 286 3.33 
4.5 380 19.6 1.2 65 14.32 4 143 222 4.22 
4.5 380 19.6 1.2 70 spinning was not possible   
4.5 350 19.6 1.3 65 12.99 0 70 120 4.4 
4.5 350 19.6 1.3 70 13.85 3 108 246 3.8 
4.5 380 19.6 1.3 65 14.26 2 124 178 4.51 
4.5 380 19.6 1.3 70 14.08 2 121 230 4.1 
5 350 20.5 1.2 70 14.45 6 192 266 3.4 
5 350 20.5 1.2 65 14.22 5 156 258 3.6 
5 380 20.5 1.2 70 14.78 6 258 306 3.6 
5 380 20.5 1.2 65 14.56 4 218 248 3.85 
5 350 20.5 1.3 70 14.37 6 196 271 3.56 
5 350 20.5 1.3 65 14.39 2 156 254 3.88 
5 380 20.5 1.3 70 14.67 6 243 266 3.84 
5 380 20.5 1.3 65 14.58 1 212 247 4.28 
5 350 19.6 1.2 70 14.18 6 144 261 3.3 
5 350 19.6 1.2 65 14.05 2 118 216 3.65 
5 380 19.6 1.2 70 14.32 4 162 265 3.47 
5 380 19.6 1.2 65 14.12 2 128 240 3.85 
5 350 19.6 1.3 70 13.76 3 110 252 3.47 
5 350 19.6 1.3 65 13.98 2 104 260 3.9 
5 380 19.6 1.3 70 13.96 4 126 234 3.79 
5 380 19.6 1.3 65 14.2 4 122 211 4.22 
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Table 6. Evenness, imperfection and hairiness values for 100% Cotton   

Noz_Air 
(kg/cm²) 

Speed 
(m/min) 

FR_to_Sp 
(mm) 

Sp_Type 
(mm) 

Noz_Type
 

CVm% 
 

Thin_Plc. 
 

Thick_Plc. 
 

Neps 
 

Hairiness
 

4.5 350 20.5 1.2 65 13.31 0 108 207 4.08 
4.5 350 20.5 1.2 65 13.59 0 200 238 4.27 
4.5 350 20.5 1.2 70 13.07 0 86 175 3.78 
4.5 350 20.5 1.2 70 13.83 0 174 210 3.9 
4.5 380 20.5 1.2 65 13.22 0 134 163 4.78 
4.5 380 20.5 1.2 65 13.63 0 244 255 4.93 
4.5 380 20.5 1.2 70 13.3 0 120 154 4.22 
4.5 380 20.5 1.2 70 13.95 1 237 200 4.3 
4.5 350 20.5 1.3 65 13.49 0 121 227 4.58 
4.5 350 20.5 1.3 65 13.41 1 176 210 4.84 
4.5 350 20.5 1.3 70 13.07 1 93 192 4.06 
4.5 350 20.5 1.3 70 13.78 1 171 236 4.13 
4.5 380 20.5 1.3 65 13.51 0 152 186 5.3 
4.5 380 20.5 1.3 65 13.99 1 258 237 5.42 
4.5 380 20.5 1.3 70 12.99 0 94 174 4.64 
4.5 380 20.5 1.3 70 13.96 0 233 214 4.76 
4.5 350 19.6 1.2 65 13.28 2 86 204 3.91 
4.5 350 19.6 1.2 65 13.15 2 100 162 3.66 
4.5 350 19.6 1.2 70 12.54 0 56 150 3.65 
4.5 350 19.6 1.2 70 12.21 0 54 143 3.6 
4.5 380 19.6 1.2 65 13.3 0 114 175 4.48 
4.5 380 19.6 1.2 65 13.46 0 189 194 4 
4.5 380 19.6 1.2 70 12.38 0 75 141 3.87 
4.5 380 19.6 1.2 70 12.25 0 94 151 4.04 
4.5 350 19.6 1.3 65 13.17 1 76 152 4.27 
4.5 350 19.6 1.3 65 13.38 1 104 166 4.09 
4.5 350 19.6 1.3 70 12.65 0 66 155 3.87 
4.5 350 19.6 1.3 70 12.18 0 64 184 3.8 
4.5 380 19.6 1.3 65 
4.5 380 19.6 1.3 65 

SPINNING WAS NOT POSSIBLE 

4.5 380 19.6 1.3 70 12.43 0 90 144 4.19 
4.5 380 19.6 1.3 70 12.41 0 86 141 4.37 
5 350 20.5 1.2 70 13.28 0 98 167 3.65 
5 350 20.5 1.2 70 14.09 2 207 229 3.69 
5 350 20.5 1.2 65 13.5 0 140 182 3.82 
5 350 20.5 1.2 65 13.38 0 190 228 4.03 
5 380 20.5 1.2 70 12.94 1 131 147 3.95 
5 380 20.5 1.2 70 13.86 0 251 205 4.07 
5 380 20.5 1.2 65 13.33 1 154 185 4.43 
5 380 20.5 1.2 65 13.75 0 248 221 4.62 
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5 350 20.5 1.3 70 13.12 0 82 133 3.89 
5 350 20.5 1.3 70 13.88 0 166 185 3.98 
5 350 20.5 1.3 65 13.06 0 98 186 4.04 
5 350 20.5 1.3 65 13.18 0 178 205 4.15 
5 380 20.5 1.3 70 13.04 1 114 158 4.3 
5 380 20.5 1.3 70 14.01 1 260 218 4.36 
5 380 20.5 1.3 65 13.29 0 126 187 4.91 
5 380 20.5 1.3 65 13.37 0 170 222 5.08 
5 350 19.6 1.2 70 12.55 0 64 139 3.59 
5 350 19.6 1.2 70 12.17 0 54 163 3.47 
5 350 19.6 1.2 65 13.3 0 91 180 3.71 
5 350 19.6 1.2 65 12.99 0 101 175 3.53 
5 380 19.6 1.2 70 12.59 0 105 143 3.71 
5 380 19.6 1.2 70 12.01 0 71 136 3.78 
5 380 19.6 1.2 65 13.18 0 108 186 4.23 
5 380 19.6 1.2 65 13.36 0 174 165 3.78 
5 350 19.6 1.3 70 12.65 0 67 184 3.77 
5 350 19.6 1.3 70 12.35 0 60 158 3.66 
5 350 19.6 1.3 65 13.22 0 75 188 4.02 
5 350 19.6 1.3 65 13.6 1 164 201 3.84 
5 380 19.6 1.3 70 12.62 1 116 149 3.94 
5 380 19.6 1.3 70 12.1 0 52 124 4.02 
5 380 19.6 1.3 65 13.51 0 109 158 4.8 
5 380 19.6 1.3 65 12.99 1 129 90 4.45 
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Table 7. Tensile Properties for 50/50 Polyester/cotton blend   

Noz_Air Yarn_Sp FR_to_Sp  Sp_Tp Noz_Type Tenacity Elongation 
4.5 350 20.5 1.2 65 1.96 7.91 
4.5 350 20.5 1.2 70 1.88 8 
4.5 380 20.5 1.2 65 2.02 8.01 
4.5 380 20.5 1.2 70 1.94 8 
4.5 350 20.5 1.3 65 2.02 8.38 
4.5 350 20.5 1.3 70 1.97 8.25 
4.5 380 20.5 1.3 65 1.97 8.26 
4.5 380 20.5 1.3 70 2 8.04 
4.5 350 19.6 1.2 65 2.02 8.3 
4.5 350 19.6 1.2 70 1.91 8.23 
4.5 380 19.6 1.2 65 2.03 8.33 
4.5 380 19.6 1.2 70  
4.5 350 19.6 1.3 65 1.94 8.02 
4.5 350 19.6 1.3 70 1.98 8.26 
4.5 380 19.6 1.3 65 1.88 7.78 
4.5 380 19.6 1.3 70 2.07 8.34 

5 350 20.5 1.2 70 1.9 8.07 
5 350 20.5 1.2 65 1.95 7.84 
5 380 20.5 1.2 70 1.96 8.2 
5 380 20.5 1.2 65 1.98 8.25 
5 350 20.5 1.3 70 1.95 8.19 
5 350 20.5 1.3 65 1.99 7.96 
5 380 20.5 1.3 70 2.03 8.39 
5 380 20.5 1.3 65 1.98 8.23 
5 350 19.6 1.2 70 1.95 8.44 
5 350 19.6 1.2 65 1.97 8.53 
5 380 19.6 1.2 70 1.92 8.09 
5 380 19.6 1.2 65 2.08 8.48 
5 350 19.6 1.3 70 1.92 8 
5 350 19.6 1.3 65 1.98 8.16 
5 380 19.6 1.3 70 2.02 8.27 
5 380 19.6 1.3 65 1.99 8.4 
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Table 8. Tensile Properties for 100% Cotton  

Noz_Air Yarn_Sp FR_to_Sp Sp_Tp Noz_Type Tenacity Elongation
4.5 350 20.5 1.2 65 2.23 6.05
4.5 350 20.5 1.2 65 2.21 6.19
4.5 350 20.5 1.2 70 2.21 6.15
4.5 350 20.5 1.2 70 2.2 6.31
4.5 380 20.5 1.2 65 2.27 6.47
4.5 380 20.5 1.2 65 2.18 6.45
4.5 380 20.5 1.2 70 2.24 6.55
4.5 380 20.5 1.2 70 2.16 6.64
4.5 350 20.5 1.3 65 2.24 6.28
4.5 350 20.5 1.3 65 2.29 6.26
4.5 350 20.5 1.3 70 2.19 6.29
4.5 350 20.5 1.3 70 2.18 6.66
4.5 380 20.5 1.3 65 2.17 6.34
4.5 380 20.5 1.3 65 2.13 6.59
4.5 380 20.5 1.3 70 2.22 6.5
4.5 380 20.5 1.3 70 2.14 6.67
4.5 350 19.6 1.2 65 2.3 6.57
4.5 350 19.6 1.2 65 2.22 6.45
4.5 350 19.6 1.2 70 2.22 6.09
4.5 350 19.6 1.2 70 2.12 5.83
4.5 380 19.6 1.2 65 2.34 6.67
4.5 380 19.6 1.2 65 2.34 6.85
4.5 380 19.6 1.2 70 2.25 6.22
4.5 380 19.6 1.2 70 2.18 6.32
4.5 350 19.6 1.3 65 2.28 6.47
4.5 350 19.6 1.3 65 2.24 6.31
4.5 350 19.6 1.3 70 2.24 6.13
4.5 350 19.6 1.3 70 2.2 5.95
4.5 380 19.6 1.3 65   
4.5 380 19.6 1.3 65   
4.5 380 19.6 1.3 70 2.17 6.04
4.5 380 19.6 1.3 70 2.15 6.22

5 350 20.5 1.2 70 2.22 6.4
5 350 20.5 1.2 70 2.18 6.84
5 350 20.5 1.2 65 2.16 6.27
5 350 20.5 1.2 65 2.15 5.9
5 380 20.5 1.2 70 2.22 6.77
5 380 20.5 1.2 70 2.12 6.61
5 380 20.5 1.2 65 2.24 6.66
5 380 20.5 1.2 65 2.28 6.6
5 350 20.5 1.3 70 2.12 6.29
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5 350 20.5 1.3 70 2.05 5.9
5 350 20.5 1.3 65 2.23 6.36
5 350 20.5 1.3 65 2.23 6.35
5 380 20.5 1.3 70 2.23 6.56
5 380 20.5 1.3 70 2.19 6.89
5 380 20.5 1.3 65 2.18 6.36
5 380 20.5 1.3 65 2.16 6.25
5 350 19.6 1.2 70 1.88 5.99
5 350 19.6 1.2 70 2.18 5.82
5 350 19.6 1.2 65 2.27 6.74
5 350 19.6 1.2 65 2.16 6.46
5 380 19.6 1.2 70 2.16 6.53
5 380 19.6 1.2 70 2.23 6.28
5 380 19.6 1.2 65 2.22 6.79
5 380 19.6 1.2 65 2.2 6.79
5 350 19.6 1.3 70 2.27 6.06
5 350 19.6 1.3 70 2.15 7.41
5 350 19.6 1.3 65 2.33 6.66
5 350 19.6 1.3 65 2.21 6.43
5 380 19.6 1.3 70 2.2 6.41
5 380 19.6 1.3 70 2.19 6.14
5 380 19.6 1.3 65 2.2 6.46
5 380 19.6 1.3 65 2.2 6.39
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Table 9. GLM test results for 50/50 Polyester/cotton blend vortex yarn properties   
 %CVm Thins Thicks Neps Hairiness Elongation (%) Tenacity 
Noz. Air  ns ns ns ns s ns ns 
Speed s ns s ns s ns ns 
FR to Sp  s s s ns s ns ns 
Nozzle angle ns s s s s ns ns 
Sp dia. ns s s s s ns ns 
Noz. Air *yarn sp. ns ns ns ns ns ns ns 
FR to Sp* Sp dia. ns ns s ns ns s ns 
FR to Sp*Noz. angle ns ns ns ns s ns ns 
Sp dia.*Noz. Angle  ns ns ns ns ns ns s 
Noz. Air*FR to Sp.   ns ns ns ns ns ns ns 
Noz. Air *Sp dia. ns ns ns ns s ns ns 
Noz. Air *Noz. Angle ns s ns ns s ns ns 
Speed* FR to Sp ns ns s ns ns ns ns 
Speed*Sp dia. ns ns ns ns ns ns ns 
Speed*Noz.angle ns ns ns ns ns ns ns 
FR to Sp*Sp dia*Noz ang.  ns ns ns ns ns ns ns 
Noz air*FR to Sp*Sp dia ns ns ns ns ns ns ns 
Noz air*FR to Sp*Noz ang ns ns ns ns ns s ns 
Noz air*Sp dia*Noz ang ns ns ns ns ns ns ns 
Speed *FR to Sp*Sp dia ns ns ns ns ns ns ns 
Speed *FR to Sp*Noz ang ns ns ns ns ns ns ns 
Speed*Sp dia*Noz ang ns ns ns ns ns ns ns 
Noz air* Speed *FR to Sp ns ns ns ns ns ns ns 
Noz air* Speed * Noz ang ns ns ns ns ns ns ns 
Noz air* Speed * Sp dia ns ns ns ns ns ns ns 
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Table 10. GLM test results for 100 % cotton vortex yarn properties   
 %CVm Thins Thicks Neps Hairiness Elongation (%) Tenacity 
Noz. Air  ns ns ns ns s ns ns 
Speed ns ns s ns s ns ns 
FR to Sp  s ns s s s ns ns 
Noz. Ang s ns ns ns s ns ns 
Sp dia ns ns ns ns s ns ns 
Noz. Air *yarn sp. ns ns ns ns ns ns ns 
FR to Sp* Sp dia. ns ns ns ns ns ns ns 
FR to Sp*Noz ang s ns ns ns ns ns ns 
Sp dia.*Noz ang  ns ns ns ns ns ns ns 
Noz. Air*FR to Sp.   ns ns ns ns ns ns ns 
Noz. Air *Sp dia. ns ns ns ns ns ns ns 
Noz. Air *Noz. Angle ns ns ns ns ns ns ns 
Speed* FR to Sp ns ns ns ns ns ns ns 
Speed*Sp dia. ns ns ns ns ns ns ns 
Speed*Noz.angle ns ns ns ns s ns ns 
FR to Sp*Sp dia*Noz ang.  ns ns ns ns ns ns ns 
Noz air*FR to Sp*Sp dia ns ns ns ns ns ns ns 
Noz air*FR to Sp*Noz ang ns ns ns ns ns ns ns 
Noz air*Sp dia*Noz ang ns ns ns ns ns ns ns 
Speed *FR to Sp*Sp dia ns ns ns ns ns ns ns 
Speed *FR to Sp*Noz ang ns ns ns ns ns ns ns 
Speed*Sp dia*Noz ang ns ns ns ns ns ns ns 
Noz air* Speed *FR to Sp ns ns ns ns ns ns ns 
Noz air* Speed * Noz ang ns ns ns ns ns ns ns 
Noz air* Speed * Sp dia ns ns ns ns ns ns ns 

 

Table 11. GLM test results for 100 % cotton vortex yarn structure   
 Mean  

fiber 
position  

Mean  
migration 
 intensity  

Equivalent 
migration 
 frequency 

R.m.s  
deviation 

Yarn  
diameter  

Helix 
angle  

Helix 
diameter 

Noz. Air  ns s ns ns ns ns ns 
Speed ns s s ns s ns ns 
FR to Sp  ns ns ns ns ns ns ns 
Noz. Ang ns s s ns ns ns ns 
Sp dia ns ns ns ns ns ns ns 
Noz. Air *yarn sp. ns ns ns ns ns ns ns 
FR to Sp* Sp dia. ns ns ns ns ns ns ns 
FR to Sp*Noz ang ns ns ns ns ns ns ns 
Sp dia.*Noz ang  ns ns ns ns ns ns ns 
Noz. Air*FR to Sp.   ns ns ns ns ns ns ns 
Noz. Air *Sp dia. ns ns ns ns ns ns ns 
Noz. Air *Noz. Angle ns ns ns ns ns ns ns 
Speed* FR to Sp ns ns ns ns ns ns ns 
Speed*Sp dia. ns ns ns ns ns ns ns 
Speed*Noz.angle ns ns ns ns ns ns ns 
Noz air* Speed *FR 
to Sp 

ns s ns ns ns ns ns 
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COMPARISON OF PROPERTIES AND STRUCTURES OF 

COMPACT AND CONVENTIONAL SPUN YARNS 

Abstract 

The properties and structural parameters of compact and conventional ring yarns 

produced at five different twist levels were compared. A modified version of the tracer 

fiber technique [9] combined with the Image Analysis Application Version 3.0 [3] was 

utilized to explore yarn structure. Results obtained from these analyses showed 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. The other 

important finding was the superiority of compact yarns in terms of tensile properties is 

less noticeable at higher twist levels and in the case of 50/50 polyester / cotton blend.  

1.0 Introduction 

Compact spinning is recognized as a revolution in ring spinning. This technology 

is claimed to offer superior quality and better raw material utilization [1,4,8,10,11]. 

Although the properties and appearance of compact yarn have been compared with those 

of conventional ring yarn, there is no study available concerning the inner structure of 

this yarn. In ring spinning the main source of the fiber migration is acknowledged to be 

the tension differences between fibers during the yarn formation.  When a thin ribbon like 

fiber bundle is transformed into roughly circular shape by twist insertion fibers at the 

edges of bundle are faced with tension whereas fibers in the middle are subjected to 

compression unless there is excessive yarn tension. To release the stress, fibers subjected 

to tension try to shorten their path length in the yarn while fibers under compression try 
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to lengthen it. As a result of this, fibers leave their perfect helical path and migrate 

between layers of the yarn [7].  In compact spinning, tension differences between fibers 

during the twist insertion is smaller than those in ring spinning due to the elimination of 

the spinning triangle. Therefore fiber migration in compact yarns could be expected to be 

less than that in conventional ring spun yarns.  If this is the case why are compact yarns 

stronger?  This phenomenon was the prime reason to carry out the study of structure of 

compact yarns.  

One of the proclaimed advantages of compact spinning is the possibility of 

attaining yarn strength identical to that in conventional ring spinning through reducing 

the twist by approximately 20 % [11]. This, in turn, means a softer yarn, increased 

production and reduced energy consumption. Hence, another aspect of this research was 

to explore the role of twist on the structure and properties of compact and conventional 

spun yarns.  

 

2.0 Materials and Methods 

28’s Ne yarn samples made from 50/50 polyester/cotton blend and 100% cotton 

were spun on the Suessen ELITe® and the “conventional” ring machines using five 

different twist levels: twist factors of  2.8, 3.2, 3.6, 4.0, and 4.4. Raw material properties 

are given in Table 1. 100% cotton yarns contained black tracer fibers of the same type in 

the proportion of 0.5 %. Tracer fibers were added to raw cotton fibers during the opening 

stage which was followed by carding, two stages of drawing, roving and spinning. Trials 

were run at Cotton Incorporated using their Suessen ELITe® spinning frame on one side 

of which half of the spinning units act as in the conventional ring spinning frame (i.e. not 

compact spinning). This gave the opportunity to spin both compact and conventional ring 
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spun yarns on the same machine side by side. Half of the polyester cotton blended 

compact yarns were produced without the suction being applied (i.e. the strand issuing 

from the drafting system is pretensioned prior to being twisted). A single bobbin of 

polyester/cotton blended yarn and three bobbins of 100% cotton yarn were spun at each 

condition. Properties of resulting yarns were tested on Uster Tester 3 and Uster 

Tensorapid under standard conditions (70°F and 65 R.H.)  

 

Table 1.Fiber Properties 

Fineness Fiber Type Upper Half Mean  
Length (in) 

Mean Fiber 
 Length (mm) dtex Micronaire 

Blend  
Cotton 1.10    4.1 

Polyester  38.1  1  
100% Cotton 

Cotton  1.44   3.4 
 

Observation of Migration  

The entire process of capturing tracer fiber images and obtaining migration and 

yarn parameters were performed according to the method described earlier (Part II and 

Part IV). A CCD  camera  was fitted with a microscope objective and  operated under 

control of a PC. Image Analysis Application Version 3.0 [3] was used to capture tracer 

fiber images. Images were taken as the yarn was manually drawn through an optically 

dissolving liquid contained in a trough placed on the microscope stage. Due to high 

resolution it was impossible to obtain a complete image of one tracer fiber on a single 

image. Thus images from a single fiber were combined by Spin Panorama 2.1 Software. 

Subsequently, the boundaries of yarn and the coordinates of peaks and troughs of tracer 
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fiber were extracted by means of a suitable software. This data used to calculate 

migration parameters [2] and yarn parameters such as yarn diameter, helix diameter and 

helix angle.         

Only 100% cotton yarns were used in this analysis.  For each of the ten yarn 

samples 15 images of tracer fiber were obtained at random to represent each different 

yarn. They were equally divided among three bobbins, five from each. A total of 150 

tracer fibers were studied.   

3.0 Results and Discussion 

 Properties of polyester/cotton blended and 100% cotton compact and 

conventional ring spun yarns at various twist levels are given in Table 2 and Figures 1–6, 

and Table 3 and Figures7-12 respectively. Although it was not intentional to produce 

compact yarns without the suction being applied it was thought that it would be 

interesting to see the effect of the suction on the yarn properties of compact yarns. By 

simply looking at the plots given in Figures 1-6 it can be concluded that the evenness and 

imperfection properties of compact yarns produced without suction were worse than 

those of both compact and conventional ring yarns. A similar trend was present in tensile 

properties of these yarns. These yarns were more hairy as well. Most likely the perforated 

lattice apron prevented fibers from being pulled through easily and caused this 

deterioration.  
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Figure 1.Comparison of yarn evenness for 50/50 PES/Co blend  
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Figure 2. Comparison of No. of thick places for 50/50 PES/Co blend 
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Figure 3.Comparison of neps for 50/50 PES/Co blend 
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Figure 4. Comparison of hairiness for 50/50 PES/Co blend 
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Figure 5. Comparison of tenacity for 50/50 PES/Co blend 
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Figure 6. Comparison of elongation at break for 50/50 PES/Co blend 
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In present study in order to establish more reliable conclusions statistical 

comparisons were conducted using the SAS System (version 8 for Windows) for both 

50/50 polyester/cotton blended yarn and 100% cotton yarn. Analysis of variance 

(ANOVA) was carried out using SAS PROC GLM (alpha level of 0.05) to evaluate any 

changes in yarn physical and structural properties due to type of spinning system and 

twist. For most variables the effect for twist was partitioned into linear and lack of fit to 

linear components. For tenacity and elongation, twist was partitioned into linear, 

quadratic and lack of fit components. Lack of fit was compared to sampling error and F 

tests were carried out using the larger of sampling error and lack of fit in the 

denominator. Compact yarns produced without suction were not included in this analysis.  

The analysis of variance for the data obtained from the 50/50 polyester/ cotton 

blended yarn showed that twist had a significant effect on yarn evenness. However, 

further analysis revealed that only the evenness values of compact and conventional ring 

yarns with the lowest twist differ considerably from those with higher twist. The rest of 

the yarns had similar evenness values.  Twist also affected the number of thin and thick 

places. They decreased with increasing twist. Both twist and spinning system had a 

significant effect on hairiness. As twist increased hairiness decreased. Compact spinning 

system produced less hairy yarns. The effect of twist on elongation at break was 

significant as well.  Elongation increased with the increase in twist. Tenacity values for 

conventional ring spun yarns followed the same trend, but this trend was not present for 

compact yarns. It seems that compact yarns reached maximum strength at a lower twist 

multiplier (TM) than conventional ring yarns. As a result the analysis of variance showed 
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no significant difference among twist levels.  The effect of spinning system on yarn 

tenacity and elongation was also insignificant.          
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Figure 7. Comparison of evenness for 100% cotton   
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Figure 8. Comparison of No. of thick places for 100% cotton  
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Figure 9. Comparison of No. of neps for 100% cotton 
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Figure 10. Comparison of hairiness for 100% cotton 
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Figure 11. Comparison of tenacity for 100% Cotton 
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Figure 12. Comparison of elongation at break for 100% cotton  
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Statistical analysis of data for 100% cotton yarns indicated that, apart from the 

number of neps, the evenness and imperfection properties of compact and conventional 

yarns with different twist factors did not differ significantly.  Although the effect of twist 

and spinning system on the number of neps was found to be statistically significant this 

effect was too irregular and trend was too unclear to accept the presence of any 

meaningful effect of these variables.  More likely this is due to the limitations associated 

with the experimental design such as the number of samples. As expected hairiness 

decreased with increasing twist level in both compact and conventional ring yarns. 

Compact spinning system produced less hairy yarns. A second-order polynomial trend 

was found between twist and tenacity. Tenacity increased with twist up to the twist 

multiple 4.0 than it decreased. Elongation showed the same tendency. Both tenacity and 

elongation values of compact yarns were better compared to those of conventional ring 

yarns.  

The effect of interaction of twist and spinning system was significant for only the 

hairiness and tenacity values.  The difference between the hairiness values of compact 

and conventional yarns decreased as twist increased.  The same tendency was present for 

the tenacity values of these yarns up to twist multiple 4.0, where the difference was 

almost zero.  Then it became larger. It seems that advantages of compact spinning system 

are more noticeable at lower twist levels.     

It was believed that a close look at migration parameters would reveal the reason 

behind the higher tenacity and elongation values associated with compact yarns.  Values 

of the migration and yarn parameters for compact and conventional ring yarns are given 

in Table 4. The distribution of mean fiber position and helix angle along the yarn length, 
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and the frequency distribution of helix angle are given in the Appendix. Statistical model 

showed that neither spinning system nor twist had any significant effects on mean fiber 

position. However, it was noticed that compact yarns had slightly smaller mean fiber 

position values. The value of mean fiber position was below the value of 0.5 for both 

types of yarns indicating the density is greater near the center of the yarns since the mean 

fiber position in a uniform yarn with complete migration would be closer to 0.5. The 

migration intensity increased as the twist increased. This was reflected in a corresponding 

increase of equivalent migration frequency. The r.m.s. deviation, however, was not 

affected by twist. Compact spinning system produced yarns with a higher mean migration 

intensity values. The r.m.s. deviation, the amplitude of migration, was higher for compact 

yarns as well which indicates that the fiber migration in compact spun yarns is deeper 

across yarn cross section compared to that of conventional ring spun yarns. The 

equivalent migration frequency values of compact yarns did not differ considerably from 

those of conventional ring yarns since the increase in the mean migration intensity was 

compensated by the increase in the r.m.s. deviation.    

Yarn diameter was affected by both twist and spinning system. As the twist level 

went up the yarn diameter became smaller. Compact yarns had smaller diameter 

compared to conventional ring yarns. Increased twist resulted in increased helix angle as 

anticipated.  Statistically neither twist nor spinning system was found to have any 

significant effect on helix diameter. However, as helix diameter was plotted versus twist 

it seemed that a downward trend was present; an increase in twist caused a decrease in 

the helix diameter (Figure 13.)  
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Figure 13. Twist vs. helix diameter  
 

It is likely that the higher rate of migration in compact yarns could be beneficial 

in promoting the high tenacity values of these yarns.  The concept behind the compact 

spinning technology is that the strand of fibers issuing from the drafting system is 

condensed pneumatically before twist insertion. As a result of this the spinning triangle 

becomes very small and almost disappears. A close look to the twist insertion mechanism 

in ring spinning reveals that the rate of migration depends on considerably the size of the 

free-length zone (spinning triangle). In ring spinning first the size of the fiber strand 

(roving) is reduced to the desired yarn count by drafting. At the same time the roving 

twist is removed to a large extent and cohesion within the fibers is mainly lost. Thus the 

individual fibers lie relatively far apart from each other when they reach the delivery 

clamping line. Twist is imparted to the fiber strand by the traveler and rises towards the 

clamping line, but since the width of the fiber strand on the front roller nip line is bigger 
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than that of the yarn, twist never penetrates to the nip line and a spinning triangle forms at 

the exit of the front roller [5,8].  When the leading end of a fiber laying outside layers 

reaches the tie-in point the fiber is subjected to the tensile forces and it elongates. A fiber 

laying in innermost layers, on the other hand, remains without tension and therefore 

without elongation. In fact, it might become slack depending on its layer and the 

slackness in the fibers of innermost layers encourages fibers to migrate during yarn 

formation.  According to the minimum potential energy of deformation law, fibers under 

stress change their position with fiber under buckling strain [6,7]. This does not occur till 

the fiber reaches the tie in point and goes under tension and attains maximum elongation. 

The same mechanism is present in compact yarns, but a major difference is that 

everything happens in a very short length.  As soon as fibers in the outside layers leave 

the clamping line they get some tension and reach the maximum elongation and try to 

migrate to the inner layers.  This is because only a very short length of the fiber rapidly 

becomes stressed (i.e. under tension). Consequently the rate of change of fiber radial 

position is higher in compact yarns. This can be illustrated schematically as seen in the 

Figure 14.  
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Figure 14. Spinning Triangle in Conventional Ring Spinning (A) and Compact 
Spinning (B) (L denotes the length of the spinning triangle)   

    

The other interesting finding was the amplitude of migration (r.m.s. deviation) 

was higher in compact yarns, which means the migration in compact yarns is deeper 

compared to that in conventional ring yarns.  As mentioned the diameter of compact 

yarns were smaller than those of conventional ring yarns. In other words the density of 

these yarns is higher and consequently the r.ms. deviation values are higher. The higher 

density would also infer higher fiber to fiber interaction  and thus higher strength.  

 Twisted Yarn 

Point of yarn formation  

Nip of front rollers  
Nip line between top roller 

and suction tube 
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4.0 Conclusion  

The result presented here clearly indicates that there is a correlation between the 

higher tenacity values observed in compact yarns and the structure and migration 

characteristics of these yarns.  The rate of fiber migration as well as the amplitude of 

migration was higher in compact spun yarns. The former can be attributed to minimized 

spinning triangle in compact spinning and the latter could be the result of the higher 

density associated with these yarns.  Another finding worth to mention is the superiority 

of compact yarns in terms of tenacity is more pronounced in lower twist levels and 100% 

cotton yarns.    
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Table 2. Properties of Compact and Conventional Spun Yarns Made From 
Polyester/Cotton blend   
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2.8 14.04 2 210 229 5.12 9.25 2.3 
3.2 13.62 1 205 250 4.7 9.36 2.32 
3.6 13.62 0 181 246 4.27 9.71 2.33 

4 13.58 1 171 231 4.04 10.28 2.42 
Conventional 

4.4 13.5 0 156 220 4.06 10.44 2.48 
2.8 14.06 1 245 229 5.12 9.4 2.5 
3.2 13.78 0 191 258 3.92 9.71 2.48 
3.6 13.44 0 188 241 3.48 10.15 2.51 

4 13.56 0 170 192 3.52 10.04 2.37 
Compact  

4.4 13.63 0 184 211 3.35 10.6 2.46 
2.8 14.5 5 242 255 5.44 9.23 2.29 
3.2 14.35 6 235 228 5.76 9.4 2.24 
3.6 14.58 4 262 248 5.1 9.56 2.45 

Compact W/O 
Suction 

4 14.28 5 232 244 4.86 9.51 2.31 
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Table 3. Properties of Compact and Conventional Spun Yarns Made From 100% 
Cotton  
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2.8 12.93 0 89 75 5.55 6.18 2.07 
2.8 12.74 0 69 50 5.94 6.19 2.23 
2.8 12.48 0 66 63 5.85 6.33 2.39 
3.2 12.53 1 63 64 5.08 6.57 2.67 
3.2 12.93 0 96 84 4.8 6.69 2.63 
3.2 12.44 0 66 54 5.09 6.59 2.68 
3.6 13.57 1 96 114 4.28 6.87 3 
3.6 12.23 0 65 95 4.39 7.1 2.77 
3.6 12.66 0 86 87 4.39 6.97 2.87 
4 12.37 0 62 80 4.37 7.07 3.03 
4 12.64 0 77 68 4.18 7 3.06 
4 12.76 0 74 71 4.38 7.15 3.1 
4.4 12.84 0 93 78 4 7.08 2.93 
4.4 12.57 1 71 76 3.94 6.99 2.78 

Conventional 

4.4 12.97 0 90 87 3.99 6.83 2.84          

2.8 12.78 0 85 99 4.31 6.67 2.67 
2.8 12.76 0 67 82 4.23 6.66 2.87 
2.8 12.79 0 81 115 4.13 6.41 2.7 
3.2 12.54 0 59 72 3.85 6.89 2.94 
3.2 12.66 0 77 79 4.11 6.88 2.87 
3.2 12.65 0 66 73 3.7 6.92 3.07 
3.6 12.71 1 69 102 3.37 6.95 3.15 
3.6 12.63 0 70 85 3.45 7.32 3.03 
3.6 12.82 1 81 96 3.38 7.17 2.97 
4 13.2 0 82 74 3.4 7.29 2.93 
4 12.74 0 64 70 3.5 7.63 3.13 
4 12.6 0 75 79 3.39 7.09 3.15 
4.4 12.88 1 77 92 3.14 7.38 2.95 
4.4 13.25 4 88 81 3.24 7.16 2.98 

Compact  

4.4 12.88 0 78 94 3.17 6.86 3 
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Table 4. Effect of Twist and Spinning System on Migration Parameters 
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0.1734 1.112 0.0893 1.79735 13.4199 28.5472 0.2752 0.1067
0.31 1.42 0.2201 0.93121 16.7637 24.9153 0.2734 0.1463

0.3418 1.405 0.1669 1.215065 15.766 20.6091 0.2748 0.1479
0.3962 1.841 0.155 1.714358 16.6495 29.3518 0.2408 0.1374
0.6565 1.821 0.1285 2.045437 23.0898 26.6221 0.2765 0.2248
0.1673 1.146 0.1217 1.359169 13.4691 24.3322 0.2733 0.1157
0.3186 1.55 0.1268 1.764379 16.314 33.0782 0.229 0.1257
0.1492 1.085 0.1074 1.458159 11.7528 33.8599 0.2431 0.0878
0.4527 1.516 0.1263 1.732508 19.7804 29.8893 0.2617 0.1632
0.1622 1.265 0.1027 1.777868 12.5738 27.0195 0.2983 0.1232

0.366 2.404 0.126 2.753869 17.9708 11.1954 0.2292 0.1189
0.258 1.622 0.1444 1.621299 16.5932 24.9446 0.292 0.1347

0.4494 1.464 0.2177 0.970649 19.5061 17.1075 0.2952 0.1647
0.2227 1.462 0.1216 1.735374 14.6729 21.2117 0.2977 0.1395
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2.8 

0.4319 2.019 0.1952 1.492918 18.7393 26.8469 0.3027 0.1811
0.354 1.891 0.2016 1.353881 15.8803 30.2117 0.2339 0.1203

0.3365 0.933 0.1087 1.238886 16.2335 24.4528 0.2733 0.1627
0.4463 2.037 0.2381 1.234841 16.1946 21.6678 0.2069 0.1325
0.3829 2.214 0.1636 1.953321 16.8492 23.342 0.2314 0.1323
0.3256 3.177 0.2371 1.934038 19.3046 24.4919 0.2008 0.1045

0.339 2.339 0.1766 1.911696 18.457 28.2182 0.2562 0.1272
0.1307 2.165 0.1001 3.121787 15.0416 21.0033 0.2487 0.0784
0.2396 1.675 0.1495 1.61716 13.1431 30.8697 0.2151 0.1059
0.6017 1.633 0.1975 1.193434 16.9063 26.6156 0.2185 0.1517

0.406 1.903 0.2335 1.176336 16.8678 19.4039 0.2279 0.1386
0.4745 1.299 0.1483 1.264292 17.5152 34.2899 0.2637 0.1831
0.3415 1.528 0.1777 1.241124 13.9709 19.4658 0.2369 0.1322
0.4142 1.962 0.1752 1.616383 16.4375 20.8274 0.2283 0.1414
0.2738 4.159 0.2013 2.982116 21.5139 18.2378 0.2243 0.0749

C
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ct

 

2.8 

0.3018 2.205 0.1196 2.661073 14.8578 17.1564 0.2009 0.106
0.6484 1.679 0.1085 2.233574 21.9427 32.1205 0.2309 0.1743
0.4543 1.813 0.2079 1.258701 18.123 19.6254 0.2571 0.1605
0.1823 1.842 0.1224 2.172139 12.5838 31.1889 0.2618 0.0967
0.3109 1.646 0.15 1.583864 15.5093 25.6482 0.2653 0.1318
0.2657 1.405 0.1237 1.639404 17.1996 27.6775 0.2872 0.1382

0.283 1.284 0.106 1.748391 16.0352 21.1466 0.2714 0.1412
0.2533 1.814 0.1796 1.457842 14.4884 30.5212 0.2235 0.1016
0.2643 2.785 0.2345 1.714201 17.1419 24.7296 0.2372 0.1107C
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3.2 

0.3241 2.659 0.1722 2.228767 16.0746 23.2736 0.2395 0.1256
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0.3085 2.343 0.1463 2.311572 17.7659 29.9088 0.2261 0.1193
0.1474 1.404 0.1016 1.994586 12.128 27.8502 0.292 0.0957
0.3799 1.825 0.1533 1.718304 21.7735 22.4723 0.2842 0.1669
0.2335 1.843 0.1956 1.35999 13.3714 25.1401 0.3202 0.1366
0.3157 2.275 0.1728 1.900278 17.8122 28.2769 0.2786 0.1317

  

0.1615 2.462 0.1551 2.291161 12.4579 28.9674 0.274 0.0865
0.3614 3.049 0.1954 2.252227 21.3106 26.4658 0.2314 0.1264
0.3782 2.265 0.1341 2.437916 19.5101 22.8404 0.2258 0.1355
0.4094 2.554 0.1754 2.1017 19.5651 24.7231 0.1999 0.1176
0.3582 2.3 0.1764 1.881952 18.34 30.987 0.2459 0.1396
0.4735 2.362 0.225 1.515224 20.0759 24.7557 0.2668 0.1741
0.2668 2.184 0.1739 1.812727 15.2441 30.798 0.2445 0.1091
0.3827 2.203 0.2044 1.555654 18.9155 35.0847 0.2591 0.1456
0.3952 2.14 0.1385 2.230198 18.2212 22.2476 0.2149 0.1196
0.3212 2.202 0.1976 1.608458 16.0196 26.2476 0.265 0.1412
0.3303 2.341 0.1977 1.709126 18.262 25.8143 0.2589 0.1382
0.4013 2.493 0.2051 1.75443 18.763 27.3876 0.2524 0.1478
0.2032 1.905 0.1386 1.983861 13.9305 22.5244 0.2538 0.1076
0.2969 2.26 0.1509 2.161716 18.1527 22.0586 0.2253 0.1238
0.5448 1.666 0.1674 1.436478 19.1731 14.6384 0.211 0.1414

C
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3.2 

0.2149 2.503 0.132 2.736946 16.1847 28.1498 0.2371 0.0927
0.424 2.116 0.1258 2.427808 23.5444 24.8371 0.238 0.1499

0.3654 2.334 0.1547 2.177659 20.3079 30.6743 0.2286 0.134
0.2842 2.605 0.1821 2.064796 16.7145 23.557 0.2034 0.1036

0.412 2.702 0.201 1.940299 20.9948 18.8893 0.2823 0.1602
0.1981 1.9 0.1469 1.866858 16.8445 23.7687 0.2709 0.1114

0.312 1.922 0.1172 2.367038 18.7594 25.7362 0.2455 0.1285
0.2049 2.26 0.1089 2.995435 16.7814 25.2313 0.2326 0.0933
0.3624 2.455 0.1516 2.337393 18.8079 23.2345 0.2339 0.1274
0.4343 2.63 0.1358 2.795345 21.804 27.6775 0.2372 0.1477
0.3239 2.372 0.1662 2.05998 19.1257 23.0228 0.2298 0.1185
0.3851 3.55 0.2209 2.319594 23.9176 22.8111 0.243 0.1415
0.2865 2.724 0.2115 1.858986 19.0393 19.5309 0.2302 0.1078
0.4864 2.991 0.2413 1.789116 22.9252 18.2345 0.2001 0.1326

0.231 2.905 0.1462 2.867993 20.6869 24.4984 0.2795 0.1294
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3.6 

0.4597 2.254 0.2198 1.48015 23.8797 18.6678 0.2399 0.1625
0.3511 2.676 0.2166 1.783229 17.1445 35.9544 0.2077 0.1079

0.354 2.811 0.1958 2.07218 18.9124 20.0977 0.2062 0.1119
0.4326 2.735 0.1553 2.54194 23.3699 29.3583 0.2157 0.1434
0.3457 2.488 0.1853 1.938003 17.9231 25.0423 0.2547 0.1427
0.5232 2.857 0.1925 2.142194 19.2044 17.2932 0.227 0.1452
0.3609 2.231 0.2039 1.579289 18.9397 28.6319 0.2674 0.1487
0.3523 2.423 0.1637 2.136408 18.4507 33.8143 0.231 0.1232
0.3113 3.494 0.1911 2.639013 20.6465 26.9381 0.2095 0.0932
0.3198 2.449 0.1481 2.386784 17.9893 36.6156 0.2215 0.1154
0.4537 2.572 0.2046 1.814449 21.9344 24.8567 0.253 0.1726
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0.4374 2.736 0.2329 1.69561 20.9221 23.9674 0.2121 0.1294
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0.3455 3.34 0.2047 2.355093 19.337 26.2899 0.2098 0.1159
0.2464 2.427 0.1352 2.59103 19.4752 24.4397 0.2184 0.0947
0.3671 2.844 0.1821 2.254234 19.9886 30.4723 0.2306 0.1308

  

0.3406 2.654 0.2229 1.718582 18.7041 23.8664 0.2375 0.1331
0.2313 2.039 0.152 1.936212 16.4683 32.0423 0.2392 0.1035
0.3724 3.596 0.2099 2.472787 21.6834 25.3257 0.2279 0.124
0.3505 2.785 0.2212 1.81727 24.5352 16.1726 0.2658 0.1553
0.3377 3.142 0.1402 3.234726 22.446 19.4951 0.2225 0.1163
0.2316 2.935 0.1457 2.907555 17.6473 28.886 0.2129 0.0989
0.3258 2.035 0.1416 2.074343 22.0194 20.1075 0.2253 0.1131
0.4313 2.347 0.1562 2.16876 20.5876 25.0749 0.2166 0.1361
0.5206 2.759 0.1553 2.564246 26.9601 22.7199 0.2389 0.1664
0.4141 2.664 0.1477 2.603353 21.268 34.4039 0.2199 0.1357
0.3586 2.403 0.1823 1.902596 20.0955 31.4723 0.2327 0.134
0.1743 1.74 0.0874 2.87354 15.0288 17.9609 0.2711 0.099

0.221 1.694 0.1473 1.659931 18.4261 33.2476 0.3087 0.1364
0.26 2.828 0.162 2.519671 18.4252 34.0423 0.2216 0.0977

0.2736 3.387 0.1785 2.738775 19.3765 23.7459 0.2148 0.103
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nt

io
na

l R
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4.0 

0.2551 2.203 0.1506 2.111392 14.3328 25.3713 0.2289 0.0981
0.3278 2.87 0.1654 2.504527 18.6969 31.0065 0.2264 0.1138
0.3309 3.534 0.1909 2.672022 20.2477 21.873 0.2221 0.1167

0.366 2.914 0.1984 2.119958 20.0002 28.9349 0.2031 0.1075
0.3133 3.839 0.1662 3.334007 25.4869 23.0098 0.2001 0.1041

0.401 3.061 0.2032 2.174298 21.0954 22.5179 0.1895 0.1089
0.1548 2.41 0.0996 3.492505 18.2392 23.4202 0.2905 0.0924
0.3749 3.499 0.2021 2.498947 21.8267 23.5798 0.2264 0.1318
0.3528 3.63 0.1839 2.849078 21.0901 17.7134 0.2326 0.1191
0.4648 3.186 0.1856 2.477691 21.6737 25.8111 0.2136 0.1286
0.4711 2.685 0.1954 1.983349 22.7509 14.9479 0.2259 0.1431
0.3518 3.805 0.2006 2.737809 22.0483 28.7883 0.2165 0.1167
0.4158 3.249 0.2129 2.20269 21.2522 26.8534 0.2173 0.127

0.246 3.584 0.1653 3.129497 17.6248 22.3485 0.195 0.0814
0.5021 2.648 0.1636 2.336222 23.5787 28.1564 0.1999 0.1358

C
om

pa
ct

 

4.0 

0.3877 2.357 0.1884 1.805752 19.1874 30.2085 0.2322 0.139
0.2248 2.858 0.146 2.825457 19.1056 29.0391 0.2373 0.0974
0.3082 5.355 0.1965 3.933474 23.1318 13.8795 0.21 0.1122
0.2982 2.542 0.1456 2.519959 21.3758 14.7296 0.2036 0.1032
0.3544 2.386 0.1514 2.274699 24.031 24.2443 0.2457 0.144

0.271 3.268 0.1772 2.661937 19.1121 31.3094 0.2178 0.1036
0.2444 2.681 0.136 2.84536 19.0138 16.1173 0.2173 0.0981
0.5101 3.227 0.1939 2.402152 27.6907 17.7687 0.1985 0.132
0.4112 3.026 0.1905 2.292732 24.1198 27.7752 0.2433 0.1492
0.5358 3.336 0.1727 2.78813 26.2213 19.5016 0.2392 0.1647
0.3855 3.833 0.2331 2.373427 22.014 14.6221 0.2145 0.1137
0.3274 2.963 0.1621 2.638323 23.607 21.1596 0.2448 0.1336
0.3255 3.296 0.204 2.332042 22.113 18.1531 0.2272 0.1167

C
on

ve
nt

io
na

l R
in

g 

4.4 

0.2601 2.062 0.1799 1.654386 17.9345 28.0717 0.2438 0.1052
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0.3477 3.174 0.1726 2.654273 21.8657 30.8371 0.2207 0.1186  
0.3401 1.957 0.1356 2.083102 22.0525 23.1531 0.2481 0.1341
0.4266 2.657 0.202 1.898539 19.5169 28.0489 0.1878 0.1154
0.3788 2.7 0.1606 2.426597 22.143 27.4984 0.2176 0.131

0.328 3.173 0.1749 2.618543 21.3887 18.684 0.2277 0.1191
0.3264 3.173 0.1996 2.294505 21.3972 25.9251 0.2219 0.1109
0.3679 3.102 0.2086 2.146381 22.4285 24.6352 0.2169 0.1223

0.397 3.116 0.1476 3.047126 23.685 31.2182 0.2104 0.1288
0.2407 3.915 0.1618 3.49247 20.8486 28.3681 0.2063 0.0868
0.3559 3.692 0.1912 2.787104 22.4215 32.4853 0.1986 0.1071

0.476 3.225 0.1871 2.487914 26.6788 19.4397 0.269 0.1685
0.4103 2.742 0.1838 2.153284 24.4755 22.9381 0.2041 0.132
0.2736 3.91 0.1988 2.838832 23.3836 22.4691 0.1957 0.0863

0.456 2.394 0.1251 2.762143 24.1448 19.658 0.2254 0.1524
0.1983 4.491 0.1419 4.568147 21.0271 29.7003 0.1939 0.0722
0.3526 4.649 0.2114 3.174197 25.0258 20.4853 0.1811 0.0962

C
om

pa
ct

 

4.4 

0.2913 3.577 0.158 3.267693 19.572 26.3746 0.1872 0.0925
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A NEW APPROACH TO EXAMINING THE MIGRATION 

BEHAVIORS OF FIBERS IN YARNS 

Abstract  

As an alternative to the traditional tracer fiber method developed by Morton and 

Yen[3] a new technology, the Digital Volumetric Imaging (DVI) System, was explored to 

determine whether this is a viable approach to examining the migration behaviors of 

fibers in yarns (in this case vortex spun yarns.) Results reveal that from technical point of 

view the DVI technology is desirable for examining yarn structure even though there is 

still room for further improvements. However, the main concern at present is the 

economic disadvantages of this technology for a large scale investigation.  

1.0 Introduction  

The traditional tracer fiber method is based on immersing a yarn sample 

containing a low percentage of colored fiber in a liquid of approximately the same 

refractive index as that of the uncolored fibers. This procedure causes uncolored fibers to 

almost disappear from view and enables the observation of the path of a single colored 

fiber under an optical microscope [3]. Although the tracer fiber method has been used by 

numerous researchers to asses yarn structure to date there are several problems associated 

with it. First of all this method is very time consuming and subject to operator error. 

Utilizing the tracer fiber method for cotton yarns creates additional problems. The 

combination of high double refraction of cotton fibers and the presence of convolutions 

in the fiber along with the twist in yarn structure makes finding a suitable immersion 

liquid for cotton fibers extremely difficult. The apparent result of this is the poor 
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visualization of tracer fibers which presently makes using automatic subroutines to 

separate the paths of individual fibers impossible.  

It is clearly evident that a more reliable and faster method for assessing yarn 

structure would yield several benefits for both academic research, and product and 

machinery development. A new technology, the Digital Volumetric Imaging (DVI) 

System [Resolution Science Corporation] which is currently used in high-fidelity three-

dimensional digital microanalysis of unprecedented volumes of biological tissue and 

manufactured materials captured the attention of authors. This method was believed to be 

capable of producing a model that can expose the internal yarn structure with all 

accuracy. Therefore it was decided to investigate the possibility of using the DVI analysis 

for examination of yarn structure. 

2.0 The DVI Analysis  

2.1 Introduction  

Essentially, the DVI analysis is similar in some respect to the cross sectional 

method which has been around for a quite a time [2]. The major difference with the DVI 

System is while conventional cross sectional method relies on the creation of glass slides 

on which thin sample sections cut from a sample block are mounted, the DVI System 

captures high-resolution virtual sections directly from the block's surface rather than 

imaging the sections cut from the block. This process, also known surface imaging 

microscopy, permits the collection of a much greater amount of information from each 

sample by automating the collection of large numbers of serial sections. Since the DVI 

System images a section before it is cut from a sample, rather than after, it eliminates the 

need to produce thin sections and enables automated serial sectioning of entire sample, 
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and the production of unique three-dimensional digital representations[1]. While, in 

theory, this could be possible with traditional sectioning, there are obvious problems in 

sample collection, identification, analysis and indexing that preclude this approach from 

being routinely applied.  

2.2 Technique  

The DVI analysis consists of following steps: A “stained” sample is embedded 

into a black polymer block and the block is mounted on a microtome. Next the cut face 

on the block is imaged and a section is cut to the depth of the first image.  With this 

procedure a 2-D image of a volume of the sample located under the cut surface is 

obtained.  This process is repeated throughout the samples of the trial. Later a 3D replica 

is created by combining the data generated from the sequenced 2D images. Sectioning is 

carried out physically in a robotically controlled microtome on a diamond blade and 

repeated 1000 times or more per sample. Images are captured through a 2029 x 2044-

pixel MegaPlus: 4.2I CCD camera with 200-mm-focal-length lenses, which is attached to 

a computer-controlled surface-imaging microscope. During sectioning the stage of the 

microtome is moved by a DCX-AT2000 motion-control board under the control of a PC 

[1]. 

A PCI-DVK digital camera interface is used to digitize analogue video signals 

from the CCD camera into pixels for subsequent transfer to computer memory. The stage 

also contains a dichroic beamsplitter and several optical bandwidth filters to capture 

multichannel data sets. All these elements work under computer control. Figure 1 shows 

the DVI System.   



 

 119

During image capturing the image size is reduced to half of the original size. Then 

DVI images are stored on disk for post processing. The data set can be viewed as 3-D 

images in RESView 3.2 Beta software package, which is based on a shear-warp method. 

This implementation can handle 8-bit gray-scale volumes of up to 384 x 384 x 768 pixels 

or 24-bit color volumes of up to 384 x 384 x 384 pixels, rendered at several frames per 

second. Once the 3-D model is created it can be controlled like a real object. It can be 

rotated and cut to produce 2-D images. These 2-D images are similar to those obtained 

through an optical microscope[1,4].  

 

 

 
Figure 1. The Digital Volumetric Imaging System [1]  
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3.0 Experimental  

3.1 Material  

Cotton fibers with an upper quartile length value of 1.13 inch and micronaire 

value of 4.3  were used for the investigation.  Optically stained tracer fibers of the same 

type were included at the first drawing stage to the regular card slivers to obtain a 

sufficient number of tracer fibers (0.5 %) in the yarn.  Uvitex 4BMA, a fluorescent 

brigthtener, was used for staining. After the three stage of drawing the resultant sliver 

was transferred to the Cotton Inc. and a 28’s yarn was produced on the Murata Vortex 

Spinner.  Subsequently the yarn sample was shipped to Resolution Science Corp. for 

following investigation.    

3.2. Experimental Method 

Since the purpose of the present study was primarily to determine the viability of 

this new approach the results obtained are limited. This is due to the fact that the present 

set-up at Resolution Science Corporation has a limited chamber size and thus only a 

relatively short length of yarn could be examined. After discussion with the technical 

staff at Resolution Science Corp. it was agreed that a 12 mm sample would be 

appropriate for the present validation studies (Figure 2). The yarn sample was embedded 

diagonally in a  cubical chamber 8mm on edge, sections of yarns were cut according to 

the process explained above and the yarn sample was converted into the DVI dataset. The 

dataset was imaged at .9 microns.  Up to this point the work was performed by 

Resolution Science Corp.’s RESLabs™ data processing center.  Then the data carrying 

the information about the yarn structure was delivered to NCSU and analyzed at NCSU’s 
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College of Textiles Image Analysis  laboratory on  RESView™ Workstation which is 

equipped with RESViewª image analysis software. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2. Yarn Sample 

 

4.0 Results 

Because the resolution used in this study was relatively high (0.9 micron) only a 

portion of the sample fit in each image field. Thus, the yarn sample was imaged in 

multiple imaging and several datasets were taken at the same .9 micron resolution from 

the same sample.  Only one of the datasets which covers 1.2 mm yarn section showed the 

tracer fiber. Since tracer fibers were randomly distributed in the yarn it was difficult to 

find a yarn sample contains the tracer fiber along its whole length. Using the traditional 

trial-error method and running multiple yarn samples did not seem economically feasible. 

Besides, the purpose of this study was only to find out the capability of the DVI 

approach.    

 
 

Raw cotton fibers 

12mm section 

Tracer fiber 
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Figure 3 (a) shows the three dimensional model of the yarn sample obtained from 

the DVI System. It is also possible to extract the tracer fiber from the whole yarn and 

view it alone (Figure 3 (b).) This 3D model of the yarn can be sorted through section by 

section (in the x, y, and z planes), and rotated like a real life object. There are 1153, 1137, 

and 896 sections in x, y and z planes respectively. Each section can be viewed separately 

as a 2 D image and coordinates of the tracer fiber can be obtained from these images as 

seen in Figure 4. Table 1 shows the values of x, y and z coordinates of the tracer fiber 

obtained from y plane at interval of 10 layers. The same data was plotted in Figure 5 – 10 

using at interval of 10, 20, 30, 50, 70 and 100 layers, respectively. Figure 7 shows that 

increasing the thickness of each layer from 0.9 microns to 0.9 x 30 microns would still 

produce satisfactory results for our purpose and reduce the amount of time and work.  

The thickness of each cotton fiber is roughly around 18 microns. During sectioning the 

worst case scenario would be the fiber lies almost perpendicular the yarn axis. As seen 

from Figure 11 even if this is the case imaging at 27 microns would still capture the 

tracer fiber.  

5.0 Conclusion 

A tremendous amount of information was collected by the DVI Analysis.  This 

technology is not only very fast but also gives incredibly accurate results.  Yet there are 

some limitations associated with it, such as sample size and at present the cost. In our 

experiment the maximum sample size was 1.2 mm in length which covered only a part  

of the tracer fiber and the estimated processing cost (i.e. the cost that would have been 

charged by a commercial company) was $2000 per sample.  It is apparent that this 

technology well could replace the traditional tracer method in the future. However at the 
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present time the existing DVI analysis is considered too costly to be used for a large scale 

investigation and the present equipment, which was not designed for tracer fiber analysis 

in spun yarns, would need adapting to accommodate larger sample sizes.     
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  Table 1. Coordinates of tracer fiber 
Layer number x y z 

10 84.83208 -54.4461 -68.8058
20 105.264 -58.9108 -81.1789
30 120.9509 -59.693 -86.612
40 137.5096 -61.1518 -90.6231
50 154.4457 -62.9035 -98.4226
60 165.7649 -60.2959 -100.704
70 181.8878 -61.4164 -105.426
80 199.0082 -63.3111 -109.989
90 214.6951 -64.0933 -115.422

100 227.2635 -62.4552 -120.07
110 241.3912 -62.0272 -125.111
120 252.9619 -59.6148 -129.918
130 263.8452 -56.6689 -132.91
140 274.7286 -53.723 -135.903
150 287.3556 -52.1303 -136.051
160 300.3599 -50.8305 -139.988
170 312.6767 -48.9971 -142.11
180 322.0008 -44.8411 -144.71
190 330.3272 -39.9107 -147.469
200 339.777 -35.8523 -151.332
210 348.8495 -31.501 -151.406
220 356.6143 -26.1347 -153.613
230 366.1228 -22.1218 -152.976
240 374.3235 -17.0939 -154.473
250 382.5241 -12.0659 -155.969
260 390.5991 -6.94042 -156.202
270 399.4201 -2.39394 -153.751
280 407.495 2.731583 -153.984
290 415.57 7.857105 -154.218
300 425.0784 11.87006 -153.581
310 431.1581 18.54407 -154.133
320 438.6714 24.10552 -153.814
330 448.1799 28.11848 -153.178
340 454.2596 34.79248 -153.73
350 463.4579 39.04616 -155.067
360 474.9615 41.51064 -154.111
370 486.7167 43.77991 -155.682
380 495.7892 48.13119 -155.756
390 504.736 52.58007 -154.568
400 514.6217 56.30022 -157.719
410 521.1374 62.63591 -157.56
420 527.5273 69.0692 -156.138
430 535.1663 74.53304 -157.082
440 541.9921 80.62801 -154.95
450 550.3772 85.51281 -153.209
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460 560.3216 89.18745 -151.861
470 569.2684 93.63633 -150.673
480 578.2151 98.08521 -149.484
490 586.9104 102.7293 -145.77
500 598.1039 105.4345 -146.789
510 607.6123 109.4474 -146.152
520 618.8058 112.1526 -147.171
530 632.9921 112.5351 -147.712
540 644.4958 114.9996 -146.757
550 656.997 116.6898 -145.642
560 667.3773 120.0261 -143.584
570 675.2008 125.3468 -141.291
580 686.3271 128.1041 -136.548
590 699.0128 129.6512 -132.197
600 708.0182 134.0546 -126.509
610 719.7063 136.3759 -122.317
620 733.574 137.0057 -114.571
630 750.7446 135.072 -104.373
640 783.5582 120.9977 -83.3398
650 810.269 111.6599 -72.2609
660 867.0335 78.99719 -57.6692
670 904.2317 61.51999 -60.3111
680 946.2922 40.26917 -60.8944
690 991.5969 16.50043 -63.5256
700 1018.073 7.344694 -70.4443
710 1048.724 -5.05113 -73.4895
720 1077.95 -16.341 -87.6666
730 1098.256 -20.7081 -98.7769
740 1115.628 -22.7981 -105.865
750 1133 -24.888 -112.954
760 1148.377 -25.4295 -120.361
770 1162.504 -25.0015 -125.401
780 1175.383 -23.6041 -128.075
790 1188.949 -22.7401 -132.564
800 1203.202 -22.4098 -138.867
810 1215.645 -20.674 -142.252
820 1228.649 -19.3742 -146.189
830 1243.774 -19.7204 -151.071
840 1255.655 -17.5488 -153.904
850 1268.224 -15.9106 -158.552
860 1279.543 -13.303 -160.833
870 1293.109 -12.4391 -165.322
880 1303.12 -8.81657 -169.736
890 1313.752 -5.67546 -170.203
900 1324.51 -2.63194 -171.933
910 1337.64 -1.42972 -177.133
920 1349.521 0.741954 -179.966
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930 1362.525 2.041781 -183.903
940 1373.718 4.746974 -184.921
950 1384.04 8.12881 -187.362
960 1394.672 11.26993 -187.829
970 1407.115 13.00567 -191.214
980 1418.308 15.71087 -192.233
990 1427.196 20.20527 -195.543
1000 1438.951 22.47454 -197.114
1010 1448.024 26.82582 -197.188
1020 1456.971 31.2747 -196
1030 1468.164 33.97989 -197.018
1040 1478.922 37.02341 -198.748
1050 1487.307 41.90821 -197.008
1060 1496.254 46.35709 -195.819
1070 1505.636 50.46765 -193.919
1080 1515.27 54.38301 -194.546
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Figure 3. (a) 3D model of vortex yarn with tracer fiber; (b) 3D model of tracer fiber extracted from the whole yarn 

Fig. 3(a) Fig. 3(b) 
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Figure 4. 3D model of the yarn and 2D image of yarn cross section   

Tracer fiber  

Tracer fiber 
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Figure 5.Tracer fiber configuration (created from every 10 layers) 

 

Figure 6. Tracer fiber configuration (created from every 20 layers) 
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Figure 7. Tracer fiber configuration (created from every 30 layers) 

 

Figure 8. Tracer fiber configuration (created from every 50 layers) 



 

 131

 

Figure 9. Tracer fiber configuration (created from every 70 layers) 

 

Figure 10. Tracer fiber configuration (created from every 100 layers) 
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Figure 11. Sectioning at 27 microns  
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PART VII 

CONCLUSION AND RECOMMENDATION 
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7.1 Summary and Conclusion  

Vortex spinning is currently capable of producing acceptable yarns from carded 

cotton in medium count range at delivery speed of 400m/min. This can offer a 

tremendous speed advantage over other staple spinning systems. Unfortunately 

information available on this technology is very limited, and most of it comes from the 

machinery maker itself. There are also some early works on this technology conducted in 

selected spinning mills in the USA, but results from these works are not usually 

accessible due to the confidentiality of the work. Apart from the limited availability of in-

depth information on this new spinning technology, in the very competitive business of 

textiles further improvements in terms of yarn quality and productivity are always 

welcome. The main purpose of this research was thus to increase the possible application 

areas of vortex spun yarns by systematically investigating the roles played by various 

processing parameters on the yarn structure and properties. This goal was later broadened 

by including the importance of structural differences between compact and conventional 

ring yarns on the quality of these yarns. Several studies carried out so far showed that 

compact yarns are superior particularly in strength compared to conventional ring yarns. 

However, none of these studies has addressed the reason behind this phenomenon in 

terms of possible differences in yarn structure.         

Prior to conducting an investigation into the roles played by various processing 

parameters on vortex yarn quality, the initial part of this research was devoted to 

assessing the differences between the properties of vortex and air jet spun yarns produced 

from different polyester cotton blends. Before the introduction of vortex spinning air-jet 

spinning was the only fasciated yarn technology which has met with commercial success. 
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However, it still had limited application areas. Not being able to spin 100% carded cotton 

yarns is the major drawback of this technology. Vortex spinning was introduced by the 

same machinery maker in an attempt to overcome some of the limitations associated with 

air jet spinning.  This study revealed that vortex spinning is favorable for cotton spinning 

and yields greater tenacity advantage over air jet spinning as the cotton content increases 

due to the improved number of wrapper fibers.   

The work proceeded to assess the effect of process parameters on the structure 

and properties of vortex yarns. This investigation showed that among five process 

parameters chosen (the nozzle pressure, nozzle angle, yarn delivery speed, spindle 

diameter and front roller to the spindle distance) yarn evenness, imperfection and 

hairiness properties were mainly affected by the distance between the front roller and the 

spindle in both 100 % cotton and 50/50 polyester /cotton blended yarns. They were better 

if this distance was short. In 100 % cotton yarn the high nozzle angle produced more 

even yarns with less hair. The high nozzle pressure, small spindle diameter and low 

delivery speed caused a decrease in hairiness as well. The number of thick places was 

also low at the low delivery speed. Surprisingly neither nozzle angle nor nozzle pressure 

had any effect on yarn tenacity and elongation values. Only the interaction of the front 

roller to the spindle distance and the nozzle angle had a significant effect on the 

elongation.  In polyester / cotton blended yarn, the number of imperfections was low, but 

hairiness was high at the low nozzle angle. The low nozzle pressure produced less hairy 

yarns.  The low yarn delivery speed resulted in more even yarns with less hair and less 

number of thick places. The large spindle diameter improved imperfection values but also 

increased hairiness.   
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The analysis of structure of 100 % cotton yarns revealed that the mean fiber 

position, r.m.s. deviation, helix angle and helix diameter were not affected by any of 

process parameters.  The mean migration intensity and equivalent migration frequency, 

on the other hand, were mainly affected by the nozzle angle and yarn speed. These values 

were greater at the high nozzle angle and low speed. The mean migration intensity was 

also influenced by the nozzle pressure. The high nozzle pressure increased the mean 

migration intensity. The yarn diameter was mainly affected by the yarn speed. It was 

smaller at the low speed.  It is probable that the high nozzle angle, the high nozzle 

pressure and the slow delivery speed improved those migration parameters and caused 

more compact yarns by increasing twist.   

In the next part of this research the structure and properties of compact and 

conventional ring yarns produced at five different twist levels were compared. Findings 

indicated that the higher tenacity values observed in compact yarns can be related to the 

migration characteristics of these yarns.  Compact spun yarns have a higher rate of fiber 

migration due the minimized spinning triangle, and a higher amplitude of migration 

owing to the higher density.   

The last part of this research was devoted to investigate the possibility of utilizing 

the Digital Volumetric Imaging (DVI) technology to examine the inner yarn structure. 

This technology is currently being used to convert unique volumes of biological tissue 

and manufactured materials into highly accurate three-dimensional spatial and chemical 

data. At present the traditional tracer fiber method is the most common technique used to 

examine the inner yarn structure. However, this technique is very time consuming and 

subject to operator errors. Findings of this investigation showed that the DVI analysis can 
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provide a very accurate 3 D model of the yarn sample. It is believed that in the future this 

technology well could replace the traditional tracer fiber method, but at present it is too 

expensive to use in a large scale investigation.   

7.2 Recommendation for Future Work 

This research attempted to investigate the importance of process parameters on 

the structure and properties of vortex yarns.  The findings showed that process parameters 

somewhat affect the vortex yarn structure, which in turn affects yarn properties. Yet some 

effects were not obvious. Possibly levels used for some process parameters in this study 

were too close to reveal the real feature of some effects. Clearly more experiments are 

required to reach a solid conclusion and attain a “process-structure property” model for 

vortex yarns. Given the time constraints imposed by the research project, however, 

conducting a more extended series of experiments was not possible. Consequently, some 

limited generalized insights can be drawn from this research, as it provides a window into 

the vortex spinning technology. 

The other part of this research investigated the differences between the compact 

and conventional ring yarns. Findings showed that compact yarns are stronger and less 

hairy compared to ring yarns. However, it should be born in mind that the cotton used for 

this study was Pima. Thus the average fiber length was considerably high.  There are 

some concerns raised over the effect of average fiber length in compact yarns. It is 

claimed that if the average fiber length gets shorter or the short fiber content increased, 

yarn quality will dramatically decreased since straightened effect in the additional 

drafting zone won’t be very effective on fibers which have a length shorter than the 
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distance between the nip points of the delivery top roller and the front top roller. 

Obviously a further work aiming to address this issue would be also very useful.   

Furthermore the last part of this study revealed that the DVI technology is a viable 

technique to investigate the yarn structure, but also expensive and needs some adapting to 

accommodate the larger sample sizes. Thus the possibility of building a system similar to 

the DVI technology but simpler and specifically designed for yarn structural analysis 

should be considered.  
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PART I: VORTEX YARNS 
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PART II: COMPACT AND CONVENTIONAL RING YARNS 
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