2 Creation of yarns
2.1 General structure of technological process


Yarn production is relatively complicated and various industrial activity in which technology
 of spinning – technological process – plays the fundamental importance; an input fiber material is changed to output product – yarn, there. Also other types of fiber assemblies originate in spinning process. Some of them can exist separately; they can be taken-out from technological process and then taken-in once more. They are semi-products, e.g. lap, sliver, roving, etc.

Technological operations. Technological operations are partial activities in the technological process which step by step change fiber product. Two types of changes exist in spinning technology – changes of aggregation and modification changes as it shows Tab. 2.1.

Table 2.1 Types of changes in spinning process according to [2].
	Type of change
	Variant
	Activity

	Change 
of aggregation
	Divergence
	Opening

	
	
	Separation

	
	Convergence
	Concentration

	
	
	Joining

	Modification 
change
	Reconstruction
	Change of fiber shapes

	
	
	Change of mutual fiber configuration

	
	Changes of contacts
	Modification of character of contacts

	
	
	Change of number and 
configuration of contacts

	
	Mass modifications
	Modification of fiber surfaces

	
	
	Modification of whole fiber substance



Changes of aggregation pertain always to fiber groups and mean their mutual divergence or convergence. Fiber material stay be whole by opening and/or several new types of fiber assemblies can originate by separation. Similarly, only one formation is changed by concentration while more partial formations are united to a one higher complex by joining.

Modification changes pertain to individual fibers as well as to fiber assemblies. Reconstruction means a geometrical change either in term of geometry of individual fibers or in light of mutual arrangement of fibers. Change of contacts can be understood as a modification of character of individual contacts or in term of changes of number and/or configuration of contacts in whole fiber assembly. Mass modification includes large possibilities of physical, chemical, and different other modifications of fiber surface and/or modification of substance of whole fiber mass.
Table 2.2  Kinds of activities according to [2].

	Classification of activities
	Main types of transformations (Tab.2.1)
	Traditional terms

	Group
	Activity
	
	

	Preparation of fiber material
	Selection of raw material for yarns
	Opening, separation
	Cleaning, removing of short fibers

	
	Modification of fiber mass
	Modification of fiber surface and whole fiber substance
	Change of fiber properties x)

	Arrangement
	Fiber blending
	Joining, change of mutual fiber configuration
	Blending 

	
	Dividing and joining of fiber flow
	Separation, joining
	Creation of fiber flow

	
	Change of fineness and mass unevenness
	Separation, joining, change of mutual fiber configuration
	Attenuation, improvement of evenness

	
	Change of density
of fiber flow
	Opening

Concentration
	Opening, fiber concentration

	
	Directional ranking operations
	Change of fiber shapes, change of mutual fiber configuration
	Parallelization

	Joining
	Intensive mutual contacting of fibers
	Change of number and configuration of contacts
	Twisting,

strengthening

	Transfer 
	Manipulation, adjustment, transport
	
	Winding


x) Primarily, shortening of fibers due to carding, drafting.


This relatively general classification characterizes rather standpoint of looking on observed changes. Contemporaneous parallel running of more types of mentioned changes is frequent in technological process. Some of these changes are principally necessary for yarn creation, some other are necessary for good running of own technological process, and also some “undesirable” changes are generated in the process of spinning.

Different types of spinning processes exist in spinning practice today. They differentiate themselves by selected fiber raw material, technical equipment, and technological procedures used, but applied activities are often principally similar or same. Traditional literature mentions e.g. opening, fiber cleaning, sometimes washing and drying, removing of short fibers, blending, doubling, attenuation, improvement of evenness, condensation, strengthening, winding. Nevertheless, we can consider such activities also in light of realized transformations of fiber assemblies. There are exist four basic groups of activities: preparation of material, arrangement, joining, and yarn transfer – see Tab. 2.2.

Spinning technologies. Traditionally, it is possible to characterize operations, running by dominant part of existing spinning methods, in two groups: a) preparation processes (fiber preparation and spinning preparation) and b) process proper of spinning.

Opening, and blending is pursued within the scope of fiber preparation. Impurities are mechanically removed by opening, and cleaning. Moreover, wool material is scoured and then dried. Further, it follows a carding process which reduced fiber clumps to individual fibers and/or small fiber assemblies, removed finer impurities and separate undesirable (short, etc.) fibers to card strips. Simultaneously, the partly oriented fiber sliver is created. (More special processes are used by preparation of linen bundles.)

Fiber slivers are doubled and drafted whereby fiber materials are mixed, longitudinal orientation of fibers increases, and the unevenness of fiber flow decreases. Possible combing exclude shorter fibers and it also increases fiber parallelism even more. Fiber slivers can be dyed in specific cases. Concluding operation of spinning preparation represents usually roving formation, i.e. sliver attenuation and partial strengthening to the form of roving. Mentioned traditional principles of operations of preparation process stay generally preserved, in spite of development of new construction of machines, higher speeds, etc. (Probably we find more intrinsic differences only by preparation of broken tow on crush-cutting or crush-breaking convertors.)

More heterogeneous development can be observed in processes proper of spinning which contain a final preparation of material, final reshaping and final strengthening of yarn. Traditionally, the final preparation of material during spinning creates very fine and thin strand by drafting of roving on ring spinning frame, at first. Nevertheless, such thin strand can be also prepared from “thick” (drawn) sliver by its combing using combing roller on an OE-rotor-spinning machine; then very fine and thin strand is created in rotor groove.
Note: In narrow sense, the term “spinning” means creation of single twisted yarn – twisting – from a thin strand of more or less parallel fibers. Then the traditional term “OE – open end – spinning” is not fully correct. That is the interruption of fiber flow, i.e. “open ends”, originates already before twisting, already by creation of the thin strand of fibers.

Final reformatting and strengthening realizes a process of twisting by production of single staple yarn. Different spindles are used for the traditional (monotonous) twisting –mule-, ring-, flyer-, centrifugal-, two-for-one-spindles, etc. Some ring spinning frames can condensate fiber strand and then twist-in lot of fibers from hairiness sphere to the twisted yarn body; this is known as so called compact spinning
.

In some cases, the strands, going out from drafting system of ring spinning frame, are further more divided to very slim strands (e.g. Solo-spinning) or two exceedingly slim fiber strands are putted together (e.g. Siro-spinning) and such structures are immediately twisted together. Resulting yarns are likened to plied yarns however they are not that; they are single twisted yarns with a better organization of their internal structure. (See e.g. chapter 2.3.5 in the book [2].)

Yarns, twisted alternately by false-twist, i.e. twisted by right and left twist direction along yarn, create other group. Such yarns can not exist independently but couple of them, plied immediately after twisting, creates a relatively stabile formation – so called self-twisted yarns. (E.g. Repko machines puts falls twist by rolling of two yarns among moving cylinders. In other alternatives, the recurrent “whirlwind” is used.)


An alternative group of type of twisting goes out from rotation of free end (OE – open end) of yarn. It is mostly realized by rotors of different construction, by rotated frictional cylinders, or by force generated by swirling airflow. Different machines of so called rotor spinning represent the first case. Friction spinning machines, often called as Dref spinning, represents the second case. It exist also machines which are spinning in “whirlwind” and machines which work with electrostatic field (electro-spinning).

Except of “proper” twisting, a “partial” twisting is also used for strengthening of staple yarns. Only fibers and fiber ends from yarn surface sheat are intensively twisted round non-twisted yarn core by so called air-jet spinning (type Murata, etc.)
. 

Principally there are exist also methods of twist-less creation of staple yarns, e.g. glued yarns, however similar technologies are not too much spread abroad. (It used to be e.g. system Bobtex earlier.)
2.2 Outline of principles of fiber twisting into yarn

We mentioned again that the dominant principle of yarn creation consist in traditional monotonous twisting. One or more continuous thin strands input to the twisting process. Approximately helical organization, which originates by mutual turning of strand cross-sections, implicates strengthening of such formation and creation of yarn by this way. 

Principles of fiber twisting. Whole action of yarn creation proper can take place in a very small space, containing only very short length segment of thin strand (strands). We call such principal as twisting “in the point”, here. In other case, we turn relatively long length of thin strand (strands) by gradual inserting of twists. We call this style as twisting “in the length”. 

“Coaxial” twisting assumed a common axis of thin strand (strands) and resulting yarn. Different directions of thin strand (strands) and resulting yarn is called as “non-coaxial” organization. More, we classify the coaxial twisting into “symmetrical” and “asymmetrical” variants and the non-coaxial twisting into “more strands” and “one strand” variants. So, it originates eight principles of twisting together, published in [2] and shown on Tab. 2.3, now. 
Table 2.3  Principles of fiber twisting into yarn according to [2]
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Variant 1 starts from thin cylindrical strand which concentrates and twists fibers to the yarn in small, slightly conic space. By common types of spinning the idea of cylindrical form of thin strand is not usually complied. Nevertheless, it is possible to find this variant in many works – as a certain simplification of reality.

Variant 2 consider about an asymmetrical thin strand, e.g. in a form of flat ribbon. A helical body with more or less rectangular cross-section originates at first according to alternative ad a) but further it deforms itself to cylindrical shape of twisted yarn. Alternative ad b) shows the first-hand reforming immediately to the yarn shape. This way of twisting corresponds to traditional views about yarn creation in spinning triangle being on output from drafting mechanism on ring spinning frame.

Variant 3 assumes twisting of two or more thin strands together. This is known from traditional production of plied yarns but asserts oneself by creation of Siro-spun technology, too. Traditional yarn twisting in spinning triangle is sometimes idealized as a winding of couple of flat ribbons which corresponds also to this variant.

Variant 4 assumes winding of one flat and thin strand – usually ribbon – round the axis of future yarn. Generated “tube” is then (continuously) compressed to “compact” cylindrical body by following turns. Balls [3] and later Hearle and co-workers [4] thought over this type of twisting by ring-spun yarns. Ripka, Kasparek and co-workers [5] showed reality of this way by rotor spinning. About mathematical modeling of ribbon winding see also sections 2.2.4 and 2.2.5 in the previous book [2]. 

Note: The twist of second order, derived in section 4.6 and illustrated on Fig. 4.12 in this book, follows such mechanism, too.

Variant 5 represents a gradual long length twisting of cylindrical strand. It corresponds roughly to yarn creation on spinning mule, used previously. This is the oldest model from which resulted considerations oriented to Koechlins twist coefficient and other basic yarn quantities.

Variant 6 think about a gradual twisting of long lengths of non-cylindrical strand. It is partly more accurately description of twisting of real thin strand on spinning mule. This variant can be an alternative to earlier commented variant 2a).

Variant 7 is a gradual twisting of couple (or more) of strands on long length. This type is usually not used by yarn spinning. Nevertheless, we can see it by hand-made producing of ropes, lines, etc.

Variant 8 expresses twisting of thin strand in analogy to winding of ribbon in variant 4 but on relatively long length. It can be locally real by twisting on spinning mule, in relation to geometrical and tension conditions. It had been used in some models as a simplification of twisting according to variant 4.

Described eight variants characterize a typical situation of yarn creation by twisting. Evidently, it exist also possibilities of continual transition among variants. 
2.3 Notes to methodology of yarns study

Difficulties by obsevations. Different transient states among described principles assert oneself by yarn creation in relation to instantaneous conditions; one complication consists in it. Other difficulties bring the spatio-temporal problem. Variants of twisting “in the point”, which are most widespread, reformed thin strand (strands) to the yarn in very short time – usually in several milliseconds and most important actions only in tens of microseconds. Further, the dimension of space, in which the conversion from fibers to yarn is doing, is commensurable with yarn diameter, i.e. in tenth of millimeter, and some of processes are doing in still smaller regions. Also optical opacity makes studying of yarn creation more difficult. Lot of partial processes takes place into yarn body so that they are not observable by traditional optical methods and instruments
. Nevertheless, only a limiting sphere of knowledge is possible to obtain due to analysis of samples from different places and moments of spinning activities because the yarn creation is markedly dynamic process and different formations are not stabile in the sense of static equilibrium. So, direct observation is no match for enough deeper understanding of yarn and its creation
. Therefore it is efficient to use also non-directional methods of cognition and understanding, adherent to creation of suitable models.

Modeling. The term “model” indicates an object of different nature which corresponds with reality to a certain degree and in a determined sense. Except material models (dummy copies) it exist different ideal (non-material) models. Those are often divided to structural (iso-morphs) models, equivalent in their internal building and their properties with original, and functional (hetero- or homo-morphs) models, equivalent only in their properties with original. From standpoint of cognition degree they can be distinguish models of observation and experiments, which express knowledge in a suitable configuration and generalizations, and theoretical models, containing model hypothesis and models of verified theories. 

In this book we prefer ideal, structural, and theoretical models, formulated above all mathematically; we speak about mathematical models
 in short.

Models of yarn “oscillate” between two concepts – continuous and discontinuous ideas. There are too little particles – fibers – for a “clear” idea of continuum (solvable by using of mathematical analysis) and too many particles for a “clear” discontinuous idea (solvable “from particle to particle”); a special calculus for such objects does not exist. Therefore different hybrid variants of both approaches are often applied, mostly in concept fiber – bundle – yarn. We create a representative discontinuous model for several fibers as an “average” building unit of whole formation, at first. Then we interpret found behaviors as the behaviors of differential element and use them for solving of whole yarn by using of continuum tools (integrations etc.). 
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� According to very old edition of Mayer’s Lexicon [1], J. Beckman introduced the term “technology” and its detachment as separate scientific branch in seventies years of 18th century. Conversion of initial material to useful object creates a common attribute also by different other definitions in literature. Change of material substance (“chemical” technologies) or change of form and shape (“mechanical” technologies) represents different traditional interpretation of technology. Latterly, these conversions are comprehended in a larger sense of natural sciences.


� Such yarns are smoother which means that the final woven textile can have a better, i.e. settled appearance. Nevertheless, compact yarns need not be every times advantage. It is because: 1) Handle of textiles from compact yarns can be partly harder (hairs function as a soft and flexible layer on yarn surface). 2) Compact yarn surface can absorb only smaller volume of viscose liquids, like e.g. glue substances, which can be necessary in a technical use. 3) Cover effect of non-compact yarns is partly higher in woven or knitted structures because yarns with hairs have a little higher “cover diameter”`; so, we can sometimes use a little smaller quantity of yarns for production of the same type of textile.


� This technology is more advantageous for finer yarns because they have larger surface in relation to their volume. So, relatively more fiber material is twisted round yarn core.


� Beside all general method of microscopy the Morton’s “tracer fiber technique” [6-8] was and still is very important – see e.g. [4]. On this principle, Stejskal and Kasparek [9-10] developed special instrument “Omest” which they and later Neckar [2] used for experimental analysis of yarn structure. On the present, there is exist more other technique – e.g. “micro-CT” (Computed Tomography) – which can be used for studying of yarn structure.


� Methodologically similar situation is known in many other natural sciences. E.g. it is often not possible immediately observe and interpret nuclear and sub-nuclear particles in nuclear physics on one side and some processes and objects of universe in astrophysics on the other hand.


� Mathematical models can be used for numerical calculations, too. But it is not their main sense. That is mainly making sense of modeled process and/or object first and foremost; mathematics is a “language” of our understanding. 
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