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Types and properties of fibres 1
and yarns used in weaving

Pramod Kumar Hari
Department of Textile Technology, Indian Institute of Technology, Delhi, India

1.1 Introduction

Woven fabrics consist of interlacements of yarns in two mutually perpendicular direc-
tions. Their structure permits a variation in the length and distribution of interlace-
ments, resulting in a range of fabric deformations. Such control also offers scope
for the generation of a diverse range of patterns and properties in fabrics. Triaxial fab-
rics are a special class of woven fabrics in which the warp threads constitute two sheets
inclined at different angles, instead of being vertical. The weft thread is interlaced hor-
izontally with the warp; this configuration thus has yarns in the fabric in three axes,
hence the term ‘triaxial’ fabrics.

The building block of a woven fabric is yarn but the basic unit is fibre. Strength,
extension, fineness, length, and surface properties are some of the primary attributes
of fibres which, using different types or blends of fibres, create a wide spectrum of
useful and desirable physical and mechanical properties in the yarn and fabric pro-
duced. There are two basic types of fibres or filaments used in yarn:

+discontinuous fibres, that is, short/staple fibres (including most natural fibres); and
continuous fibres (such as silk and synthetic fibres).

Natural fibres have traditionally offered a variety of physical and mechanical proper-
ties. Using a natural, regenerated, and synthetic filament yarn increases the range of
physical and mechanical properties available and, indeed, allows functional properties
to be tailor-made for a particular end use. Man-made filaments can be modified by
texturing to alter bulk or stretch, or cut to the desired length to produce staple fibres
which, either alone or blended with other fibres, are then blended as spun yarns.
Knowledge of fibre properties enables a design engineer to select the proper materials
to create fabrics for specific end uses.

1.2 Types of natural and regenerated fibres

Cotton, wool, flax, and silk are the most important natural textile fibres, followed by
fibres such as jute and kenaf. Natural fibres vary in length and in their other properties.
They are not consistent and contain unwanted impurities from their original source.
Such fibres need to be processed to remove these impurities and reduce the variation

Woven Textiles. https://doi.org/10.1016/B978-0-08-102497-3.00001-5
© 2020 Elsevier Ltd. All rights reserved.
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in their length. Such fibres can be made coherent, continuous, and load bearing by
providing sufficient twist to the strand.

The mechanical properties of silk fibres are a combination of high strength, exten-
sibility, and compressibility. Jute and kenaf are strong fibres, exhibiting brittle frac-
ture and with a small extension at break; they have high initial modulus but show very
little recoverable elasticity. Cotton is the most important natural cellulosic textile
fibre. Length and fineness are important measures of fibre quality. Cotton fibres range
in dimensions from a length of 5-1.5cm and a linear density of 1-3dtex. Amongst its
many important properties, cotton fibre is hydrophilic and porous; on immersion in
water, it swells and its internal pores fill with the water. Chemical modification
can add many desired properties to a cotton fabric, including colour, permanent press,
flame resistance, soil release, and antimicrobial properties.

Regenerated fibres are manufactured from natural polymers. Two of the most widely
used regenerated fibres are rayon and acetate. There is a wide variety of different rayon
fibres, including regular rayons, high-tenacity rayons, low wet modulus rayons, high
wet modulus and modal rayons, high-strength/high-elongation rayons, polynosic
rayons, flame-retardant rayons, high absorbency (alloy rayons), hollow rayons, and
cuprammonium rayons. High-tenacity rayons are used where strength, toughness,
and durability are required. These fibres are dimensionally stable when used as rein-
forcement in tyres, conveyor belts, drive belts, and hoses. Other applications for this
type of rayon include industrial sewing threads, tent fabrics, and tarpaulins.

A range of cross-sectional shapes such as round, flat, Y-shaped, E-shaped,
U-shaped, T-shaped, and irregular (crenulated) shaped fibres are produced in rayon.
It is generally accepted that the crenulated structure is formed by greater shrinkage of
the fibre skin than of the core. Given its aesthetic properties, particularly its silk-like
sheen, finer denier fibres are used for shawls, scarves, blouses, and coat linings.
Blends with cotton, polyester, and flax help overcome inherent defects such as poor
dimensional stability and mushy hand. Polynosic rayon fibres have high wet and dry
strength, low elongation (8%-11%), relatively low water retention and a very high wet
modulus of 1g/den. They have the firm and the crisp hand of cotton in fabrics.

Cellulose acetate and triacetate textile fibres produce fabrics with an excellent hand,
good dyeability, softness (comfort), and draping quality. The traditional market for cel-
lulose acetate and triacetate fabrics is women’s apparel. Acetate yarns are used for both
tricot knit and woven constructions. Principal products within women’s apparel
include dresses, blouses, and lingerie. Acetate has replaced rayon as a liner in men’s
suits and in nonapparel applications such as curtains. Cellulose triacetate offers a
unique combination of ‘ease-of-care’ and aesthetic properties. A particularly important
application of triacetate is in surface-finished fabrics such as fleece, velour, and suede-
like fabrics for dresses. Triacetate is also desirable for print fabrics as it produces bright
sharp colours. Cellulose acetate and triacetate fibres are blended with nylon and poly-
ester for numerous end uses to compensate for the lower strength and durability of the
weaker acetate and triacetate fibres. Yarns of this type, which are textured by air entan-
glement and bulking processes, have unique characteristics and aesthetics which per-
mit their use in upholstery fabrics. Triacetate-nylon blended filament yarns are
lightweight with good strength and bulk and are useful in producing silk-type woven
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fabrics, such as plain taffetas, fine crepes, and delicate jacquard figured styles for
blouse and lingerie wear.

1.3 Types of synthetic fibres

An understanding of the chemistry and physics of natural textile fibres led to the cre-
ation of a range of man-made fibres such as viscose, rayon, nylon, polyester, acrylic,
and polypropylene. These synthetic fibres provide a range of specific properties,
depending on the purpose. Because they are manufactured and synthetic fibres can
be produced consistently and are free of natural impurities. Synthetics have much
to offer in terms of ease of care and durability but the problems of garment comfort,
fabric cover, lustre, drape, and garment tailorability have been major obstacles lim-
iting the types of woven apparel fabrics made from 100% synthetic filament yarn.
Instead, man-made/synthetic filaments are often cut into regular short lengths (sta-
ples) so that they are compatible with natural fibres and can be blended and spun into
yarns with the right mix of properties for apparel applications.

1.3.1 Polyester

Polyester fibre, specifically polyethylene terephthalate (PET), is the most important
synthetic fibre worldwide in terms of production volume [1] due to its low cost, excel-
lent performance, and the ease with which it can be processed. Amongst its properties,
PET is a strong fibre (5 g/decitex). Polyester fibres need to be treated with surface fin-
ishes or lubricants to allow high-speed processing. The various processing steps such
as drawing, bulking, and spinning would be impossible without spin finishes which
alter the frictional properties of the fibre.

Polyester technology is responsible for a large number of products that range from
cotton-blended staple to high-performance tyre cord. Drawn filament yarn can be
treated in a number of ways. It can simply be twisted on a ring frame, or bulked
by a process such as false-twist texturing. Many apparel filament yarns need to be tex-
tured to give desirable aesthetic properties, particularly for women’s wear markets.
The principle of false-twist texturing is to create minor side-to-side variations across
a filament yarn, causing the yarn to bend during controlled thermal shrinkage to create
a 3D structure with a bulky feel. For industrial use, such as for tyre cord, high-tenacity
yarns are drawn under conditions where low heat shrinkage, low extension, and high
modulus products are produced. Polyester staple fibre can also be crimped to blend
with cotton, wool or other natural fibres at the carding stage to prepare appropriate
yarn blends. PET staple blends with wool and cotton are highly successful but, in a
low twist yarn, the fibre has many loose ends and pill formation can take place.

Synthetic fibres like PET and nylon are normally round in cross section (while nat-
ural fibres have different cross sections). These fibre shapes affect yarn and fabric aes-
thetics in terms of feel, drape, handle, and appearance. Trilobal polyester yarns glitter
because incident light reflects off the fibre surface. By contrast, octalobal yarns pro-
duce fabrics with an opaque matte effect, as light is effectively absorbed by multiple
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reflections off the many acute angles in the yarn. Sharp-edged filaments have the same
prized rustle and high frictional characteristics of pure silk. Flat rectangular filaments
give fabrics an unpleasant slimy handle. Synthetic fibres, in general, and PET, in par-
ticular, are hydrophobic materials. PET has a moisture regain of 0.4% at 65% RH and
rapidly builds up static electrical charges by friction to give a very unpleasant electric
shock. Static charges can also lead to the attraction of dust and dirt, and, to avoid these
problems, polyester is blended with wash-fast hydrophilic materials.

1.3.2 Polyamides (including nylon)

Polyamide textile fibres include nylon 6.6 and nylon-6. Excellent mechanical proper-
ties, strength, fatigue resistance, and good adhesion to other materials such as rubber
are some of the reasons for the predominance of polyamide fibres in a wide range of
applications. Nylon fibres, for example, offer a number of attributes such as high
strength, abrasion resistance, lustre, chemical and oil resistance, washability, elastic-
ity, and dyeability in a wide range of colours. In general, most nylon fibre products
require high strength and round cross sections. However, for textile and carpet appli-
cations, fibres with modified cross sections have been developed to achieve different
aesthetics (such as lustre, opacity, and better insulation).

Polyamides are used for women’s hosiery, intimate apparel, and stretch fabrics such
as blouses, dresses, lingerie, ski apparel, and swimwear. Polyamides have also been
used for house furnishings such as bedspreads, carpets, curtains, and upholstery. Other
technical applications include truck and airplane tyres, seat belts, parachutes, ropes,
fishing lines, nets, sleeping bags, tarpaulins, tents, sewing thread, ropes, monofilament
fishing line, and dental floss. High strength, toughness, and abrasion resistance are also
the main factors for selecting polyamide fibres for awide range of military applications.
In the area of general apparel, polyester has gained considerable significant market
share at the expense of polyamides because of its easy-care characteristics.

1.3.3 Acrylic

Acrylics exist in a range of cross sections, from almost perfectly round to dog-bone-
shaped. Dry-spun acrylic fibres have a lower bending modulus due to their dog-bone-
shaped cross section; as a result, a softer yarn with better fabric aesthetics can be
obtained at a comparable fibre denier. The dog-bone-shaped cross section prevents
the fibres from packing closely to give a bulky yarn. Acrylics have a high resistance
to sunlight, making continuous filament acrylics valuable in outdoor applications such
as for tents and awnings.

In the general apparel markets, continuous filament acrylics and modacrylics find
use as artificial fur; the fibres in these applications are made in a coarse denier with
a special cross section and surface modification to simulate natural animal hairs.
Continuous filament yarn in very fine deniers is valued as a silk replacement for
high-fashion dress fabrics, satins, and poplins or to produce a cloth suitable for surface
rising to give a suede or fine velour effect. Fine-denier filaments may also be used
to produce fabrics with very high filament density and low air permeability, useful
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as an insulating material, for example, in quilted interliners for parkas and outerwear
for skiing. Other prominent uses for acrylics include rugs, curtains, and upholstery.

1.3.4 Polypropylene

Some properties, such as toughness, low density, and chemical stability are inherent to
all polypropylene products. Others, such as colour stability, UV, and thermal stability
result from the use of additives. The quality of polypropylene fibre has been improved
to enhance properties such as lightweight, mouldability, light stability, colouration,
flame resistance, and antistatic properties. Polypropylene is increasingly used for
automotive interior furnishings while for furniture, the current trend is to produce
upholstery with a polypropylene tufted fabric of medium-denier using both air-
textured and draw-textured yarn.

Woven fabrics from low denier polypropylene fibre (<1.5dpf) are effective
for thermal protection. They provide good aeration during perspiration and are water-
proof. In apparel, their use can prevent skin dryness and body odour from perspiration,
thus providing comfort and personal hygiene. Its major usage lies in winter wear,
sportswear for hiking and skiing, work clothes, and underwear. A smaller amount
of this fibre is used in blends with nylon or acetate fibres for fashion wear. Polypro-
pylene fibre itself does not ignite but shrinks, melts, and pulls away on exposure
to a flame, thus making it a more fire-retardant fibre than most synthetic fibres.
A high-shrinkage fibre fabric processed at high temperature gives greater fibre density
and bulk. There are two types of high-shrinkage polypropylene staple: cotton and
wool types. Cotton staple is typically a 0.13tex filament and 38 mm long. Wool staple
is typically a 0.39tex filament and 60 or 90 mm long. High-shrinkage polypropylene
fibre is mixed with conventional fibres in spinning to yield a fluffy yarn.

1.4 Key fibre properties and how they are measured

To be suitable as a textile yarn, a fibre must have some essential and other desirable
properties. The most important fibre characteristics [2] affecting fabric appearance,
properties, and performance include:

length/linear density (fineness)
cross-sectional shape
+surface characteristics
crimp
moisture content/regain
+shrinkage
lustre/colour
strength
v stiffness (flexibility)
+ elastic recovery
tenacity/elongation
+ abrasion/chemical/flame resistance.

The moisture regain and tenacity/elongation of fibres are given in Tables 1.1 and 1.2.
The following sections focus on fibre length/linear density, cross section, and crimp.
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Table 1.1 Moisture regain for fibres

Fibre Moisture regain (%)
Wool 13.6
Silk 11.0
Rayon 11.0
Linen 8.75
Cotton yarn 7.0
Cellulose acetate 6.5
Nylon 45
Cellulose triacetate 3.5
Acrylic 15
Polyester 0.4

Table 1.2 Tenacity/elongation for fibres

Tenacity (g/den) Elongation (%)

Nylon (regular) 4.5-5.0 25-18
Nylon (high tenacity) 6.5-7.7 20-14
Nylon (staple) 3.8-45 37-25
Dacron polyester 4.4-5.0 22-18
Dacron polyester 3.0-3.9 40-25
Orlon acrylic 4.7-5.2 17-15
Orlon acrylic 2.0-25 45-20
Viscose (regular) 1.5-2.4 30-15
Viscose (high tenacity) 2.4-4.6 20-9
Acetate rayon 1.3-15 30-23
Wool 1.0-1.7 35-25
Cotton 2.0-5.0 7-3
Silk 2.2-46 25-10

1.4.1 Fibre length and fineness/linear density

Length is a very important parameter for staple fibres affecting processability, as well
as governing the physical and mechanical properties of the spun yarn itself. The
lengths of staple fibres used in the production of spun yarns vary. Examples are:

for polyester/viscose, 31-51mm (for ring spinning) and 60-90 mm (for a worsted system)
for cotton, 20-45mm (for ring spinning).

Length variability is generally high for natural fibres (40% for cotton), but it should be
as low as possible to improve yarn regularity. Longer fibres are advantageous since
they require less twist for the desired yarn strength than shorter fibres. The low twist
makes it possible to produce bulkier yarns.
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The linear density, that is, the fineness of fibres, is expressed in decitex for natural
fibres or denier for synthetic fibres. Examples include cotton (1.4decitex); silk
(1 decitex); wool (1.7 decitex); and synthetic fibres (0.7-1.6dpf). Many important
properties of a yarn, such as packing and flexural rigidity, are influenced by fibre lin-
ear density. Finer fibres have a greater specific surface area which helps to improve
the cohesion between fibres and gives better capillary action within the yarn structure.
The total potential area of contact between fibres is governed by the specific surface
area (surface area/unit volume) of fibres. The cohesion between fibres depends on the
degree of interfibre contact generated by lateral pressure as a result of twist or wrap-
ping. Torsional resistance of fibres also increases rapidly with increase in linear den-
sity. A coarser fibre is more difficult to twist and, once twisted, stores a higher level of
torsional strain energy than finer fibres. This may be manifested in a yarn in the form
of kinks and snarls in a relaxed state.

The uniformity of a yarn improves with a greater number of fibres in the yarn cross
section. For a given linear density of yarn, there will be a greater number of finer fibres
in the yarn cross section. A uniform yarn automatically reduces the variation in other
properties too. To spin a yarn successfully there should be a minimum number of
fibres in the yarn cross section (40-90 for ring spinning; 100 in rotor spinning).

Rigidity and cohesion contribute significantly to yarn strength. Strength is needed
to withstand the spinning and weaving processes and to give strength to the fabric.
Flexibility and fineness enable the fibres to be spun and woven to give the fabric
its unique draping characteristics. Bending rigidity is proportional to the square of lin-
ear density of fibres. An increase in the linear density increases resistance to bending
which makes the fibres stiffer. Fibres having a linear density of <0.33tex are flexible
enough to be used in apparel products. For industrial applications, the linear density
ranges between 0.66 and 1.66tex or more. Higher linear density is also used to
improve the abrasion resistance of yarn and fabric.

1.4.2 Fibre cross section

Afibre’s cross section affects fabric appearance, hand, drape, flexibility, and moisture
transport. It also affects cohesion, bending rigidity and the packing of fibres in a yarn.
Cotton fibre has a U-shaped cross section with a thin cuticle and a primary wall on the
outside, and a hollow collapsed lumen inside. Jute fibre has a polygonal shaped cross
section. Synthetic fibres can be designed with any cross-sectional shape such as a cir-
cular, trilobal/multilobal, hollow shape, etc. The cohesion of circular cross-section
fibres is generally higher than those with noncircular cross section due to the greater
surface area of contact between adjacent fibres. Cohesion depends on cross-sectional
shape, fineness, and the flexural and torsional rigidity of fibres.

1.4.3 Fibre crimp

Natural fibres like cotton have crimp which facilitates processing and improves yarn
bulk. Crimp (3.5-5.5 per cm) needs to be introduced in synthetic fibres to aid
processing. Crimp geometry in staple fibre prevents fibres getting too close to each
other and enhances yarn bulk. Fibre crimp also improves fibre cohesion.
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1.5 Comparing fibre properties

The different properties of some common fibres are compared in Table 1.3. Polyester
fibres have the best performance in the range of highly desired properties, followed by
nylon, acrylics, cellulosics, and wool. Acrylic fibres score more poorly than polyester
or nylon but are superior to wool and the cellulosics. Acrylic fibres are poorer than
polyester in terms of strength, abrasion resistance, wash—wear performance and wrin-
kle resistance. Acrylic fibres rank highest in the categories of useful and specific prop-
erties. Some of the properties in these two categories are considered more important
for nonapparel markets, such as good resistance to sunlight degradation for drapery. In
summary, acrylic fibres exhibit a well-rounded combination of performance proper-
ties with no major deficiencies. However, for woven apparel, the key properties of
good wash—wear performance, abrasion, and wrinkle resistance favour the use of
polyester—cotton blends or cross-linked resin-finished cotton fibres.

Table 1.3 Comparative properties of common fibres, measured on a scale of 1-5, with 5 being
the best

Polyester Nylon Acrylic Wool Cellulosics

Category 1: Highly desired properties

Abrasion resistance 4 5 3 3 3
(durability)

Strength (durability) 4 5 3 2 3
Wash-wear performance 5 3 3 1 1
Wrinkle resistance 5 3 3 4 1
Pill resistance 3 1 3 3 5
Category 2: Useful properties

Bulk (cover) 3 3 5 4 1
Water transport (HS 3 2 5 3 4
comfort)

Static resistance 2 1 4 5 5
Speed of drying 5 5 5 1 1
Category 3: Properties for specific applications

Resistance to burning 5 5 3 5 1
Resistance to degradation 5 8 5 5 3
by dry heat

Resistance to degradation 3 4 5 2 4
by wet heat

Resistance to degradation 3 3 5 2 3
by

Sunlight

Resistance to insects 5 5 5 1 1
Resistance to 5 5 5 1 1

microorganisms
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1.6 New types of fibre

There are a number of emerging types of fibre, some of the most important of which
are discussed below.

1.6.1 Polyester fibres based on terephthalic acid

Polybutylene terephthalate (PBT) differs only slightly from PET in chemical compo-
sition but more substantially in its properties such as its higher crystallization rate and
lower melting point. It can be melt-spun at lower temperatures and is inherently whiter
than PET. As a fibre, it is much more elastic and has excellent resilience and recovery
from small deformations. It dyes easily with disperse dyes at the boil, unlike PET, and
resists photooxidative yellowing. Resilience and ease of dyeing are assets for
carpet fibre.

Another polyester, polytrimethylene terephthalate (PTT), is a fibre with excellent
recovery properties. Carpets made from PTT show excellent resilience due to the
unique spring-like crystal structure of the fibre. It has a lower static charge and is resis-
tant to stains. It is also used in intimate apparel and inner linings for clothing, and in
the automotive and upholstery industries.

1.6.2 Microfibres

One of the most important developments in recent years has been in the technology to
extrude extremely fine filaments of <1.0 denier while maintaining the strength, uni-
formity, and processing characteristics expected by textile manufacturers and con-
sumers. Microfibres are fibres finer than 1.2dtex for polyester and finer than
1.0dtex for polyamide. Normal polyester filament yarn is around 3-5 dpf, while a typ-
ical polyester microfibre is only 0.5dpf. Such fine fibres in the form of yarn give
excellent textile properties, being very flexible, and giving a soft hand and excellent
drape to fabrics. Microfibres also lend themselves very well to fabric aesthetics. Dyed
fabrics have solid bright colours due to the fine size of individual filaments. The vul-
nerability to damage from ironing is one disadvantage, the thermal capacity of the tiny
filaments being so low that it is easy to overheat them. They can snag easily and need
to be handled with care in processing.

The high density of filaments in typical microfibre fabrics makes them inherently
windproof and waterproof. There are only tiny gaps for air to move through and the
fabrics are largely unwettable since surface tension prevents water from penetrating
the interstices in the fabric. Such fabrics are comfortable to wear as water vapour from
perspiration evaporates easily. Microfibre fabrics also have heat-insulating properties.
A 0.5dpf polyester filament (density 1.4g/cm®) has a diameter of about 7 m,
right in the middle of the infrared (IR) wavelength (2-20 mm). Radiation is efficien-
tly scattered by the microfibres and the radiation loss of body heat is reduced. As a
result, microfibres are used in outdoor clothing and sportswear (e.g. skiing or
mountaineering).
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1.6.3 Bicomponent fibres

Bicomponent fibres are filaments made up of different polymers. There are many geo-
metrical arrangements. The three main configurations are:

'+ side-by-side
core-sheath
+multiple cores (or ‘islands in a sea’).

So-called ‘splittable pie’ configurations are also used in the production of microfibres.
Side-by-side bicomponent fibres can be used to produce self-bulking yarns. After draw-
ing and relaxing, two PET polymers of different molecular weights (spun as a side-by-
side heterofil) curl up like a bimetallic strip and give a spiral crimp. The core-sheath
configuration is adaptable because many different polymers may be applied as a sheath
over a solid polyester core, thus giving a variety of modified surface properties while
maintaining all the major fibre and textile properties of PET. The multiple core or
‘islands in a sea’ type of heterofil is of interest in connection with microfibres. Hollow
fibres are a type of core—sheath heterofil in which the core is composed of air. For end
uses like fabric interlinings, it is desirable to stabilize a filled hollow fibre structure by
incorporating an additional thermally bondable bicomponent fibre.

1.6.4 Technical/high-performance fibres

There are many kinds of technical textile products produced according to particular
applications [3,4]. The variety of textile structures in technical textiles is thus much
larger than it is in apparel textiles. There is also a wider range of materials from which
fibres can be manufactured. Examples are glass, ceramic, and basalt filaments. Glass
filament yarn can be textured, folded or cabled and finds application in aerospace,
automotive, marine, civil, sporting goods, and in the electrical/electronics industries.
The ceramic filament is resistant to very high temperature (2000-3000°C) and finds
application in thermocouples, furnace curtains/lining, seals and gaskets. Basalt fila-
ment finds application in high service temperature and high-performance machinery,
automobiles, shipbuilding, aviation, cryogenic technology, and on sea platforms.

Aramid and high-performance polyethylene filaments are organic polymeric mate-
rials. Aramid filaments are used in bulletproof jackets, helmets, automotive, electri-
cal/electronic, and medical applications. These filaments are also used in ropes and
cables, sailcloth, and tennis racket strings. High-performance polyethylene filaments
are also used in ropes, nets, and ballistic protection. Carbon is another useful quasi
organic-based polymer. Its strength is its thermal stability and it has application in
rockets, satellites, aircraft, fishing equipment, golf clubs, automobiles/bicycles,
machinery parts, and corrosion resistant equipment.

High-modulus, high-tenacity (HM-HT) fibres with a fully extended well-oriented
structure is produced in two contrasting ways. The first involves manipulation of rigid
rod molecules into fibres that are already highly oriented in the as-spun state, as in the
case of poly(phenylene terephthalamide) or Kevlar. The other method for manufactur-
ing HM-HT fibres results from the ease with which flexible, inert chain molecules can
be pulled out into a fully extended, oriented form by imparting very high draw ratios.
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Ultrahigh-molecular weight polyethylene (UHMWPE) fibres such as Spectra and
Dyneema fall into this category.

When processed into fibres, oriented thermotropic liquid crystalline polymers
(TLCP) such as Vectran (a wholly aromatic polyester) are characterized by very high
specific tensile properties and intrinsically low density compared with metals,
ceramics, and carbon. However, they have inherent weaknesses in shear and compres-
sion. The key application areas for LCP fibres include hard armour (vehicles, helmets),
soft ballistic protection (vests), cut protection (gloves) and a variety of composite uses
that include honeycomb structures, pressure vessels, and rubber reinforcement.

1.6.5 Biodegradable/medical fibres

Biodegradable polyesters comprise a diverse field, but the best-developed fibre
(monofil) market is in resorbable surgical sutures, which slowly disappear in vivo
and do not need subsequent surgical removal. Biodegradable yarn/fibres are also used
for disposable items such as wipes. These yarns are environmentally friendly and
hydrolysable at temperatures up to 50°C. Polylactic acid fibre (PLA) silk is used as
an implantable suture and as a scaffold for ligament tissue engineering and is produced
by electrospinning to 50-500 nm in diameter. Polycaprolactone (PCL) alginate is used
to fabricate scaffolds for tissue engineering.

1.6.6 Electro-conductive fibres

Electro-conductive yarns are used as sensors, for data transfer, wireless communica-
tion, and for electromagnetic shielding in intelligent and smart textiles. These are core
spun yarns in which the core is a conductive filament. Technical textile yarns such as
reflective, luminescent, phosphorescent, photoluminescent, and electroluminescent
yarns find application in areas such as reflective clothing, road signs, and markers.
Such yarns are produced by lamination of a silver transfer film onto polyester.

1.6.7 Smart fibres

Fibres are flexible, mechanically strong one-dimensional structures that can be
converted into a variety of two- and three-dimensional flexible structures such as lig-
aments (artificial muscles), woven fabrics, nonwoven webs, and membranes. Smart
fibres, which can change shape in response to various stimuli from the environment,
open up new applications in areas such as apparel which allows heat and moisture
release in warm weather but retains heat at lower temperatures [5].

1.6.8 Eco-friendly®

The natural fibre is appreciated for its traditional authenticity. Although cotton pro-
duction is natural but it consumes scarce resource water, so it is not eco-friendly. The
lotus fibre is more durable than cotton or linen when it is not dyed. The lotus fabric is
the first natural microfiber, the most eco-friendly in the world. It is amazingly

http:/www.fibre2fashion.com/interviews/sector-pulse/samatoa/awen-delaval/293-1/.
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resistant, soft, and sustainable. An important thing to know is that each stem harvested
needs to be used on the same day. Stems also need to be moistened; they are stored in
the water and cleaned. The spinners are trained in meticulous movements to break the
stem. The yarn is the result of this patient and rigorous application.

The banana fabric, on the other hand, is another amazing natural fabric that is
completely biodegradable and recyclable. The fibre is extracted from the trunk of
the banana plant. The fibres from the banana stems have been used to create table
cloths, saris, and kimonos. The banana fabric is especially great for raincoats and
outerwear.

The kapok fabric is a new and uniquely sustainable fabric. This delicate process has
been developed by the skills of Cambodian women. The kapok fabric interests fashion
designers to make innovative clothes and underwear. This fabric is particularly suited
for jackets, life-saving appliances, insulation, aviation suits, and other moisture-
resistant clothing.

1.7 Yarns and their properties

A textile yarn is a continuous linear assembly of fibres or filaments which exhibits
suitable characteristics such as good specific tensile strength and high flexibility
[6]. The various parameters used to characterize a yarn are given in Table 1.4. Some
of these properties are discussed in more detail below.

1.7.1 Linear density

Linear density, yarn count, yarn number, and yarn size are all expressions of the ‘fine-
ness’ of a yarn. A yarn or fibre’s fineness cannot be expressed in terms of diameter
because its diameter is not stable and uniform along its length and its cross-sectional

Table 1.4 Yarn characterization

Parameter
Dimensional parameters Linear density
Diameter
No. of filaments in cross section
Structural parameters Twist per cm

Wrap density
Core content
Core-sheath ratio

Special treatment

Fibre parameters Length

Linear density

Crimp
Cross-sectional shape
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shape may not be circular. Consequently, it is expressed either by measuring the mass
of a known length of yarn or by measuring the length of a known mass of yarn. These
two basic methods for expression of linear density of any textile strand are known as:

+ the direct system (mass/length)
the indirect system (length/mass)

These systems are discussed in more detail below.

In the direct system, the linear density of plied yarn is the simple summa-
tion of linear densities of the individual components, that is, linear density
(R)..T{+T,+Ts+ +Ty, where T4, T, ... Ty are the linear densities of n individual
components expressed in tex. The tex system has units measured in grams per 1000 m.
As an example, 20tex means that the mass of 1000m of yarn is 20g. The higher th
e value, the coarser the yarn. Prefixes such as kilo and deci are used when the numbers
become too large or too small to express fineness.

1ktex...1000tex
1decitex...1/10tex
+ 1militex...1/1000tex

Another expression of fineness for continuous filament yarn is the denier, which is
expressed as the mass in grams per 9000m. As an example, a 3 denier yarn means
that the mass of 9000 m of yarn is 3g. In the jute system, mass is expressed in pounds
(Ib) per 14,400 yards (yd); a 12-1b yarn count indicates that 14,400yd of yarn has a
mass of 12 Ib.

In the indirect system, fineness is expressed as the ratio of the number of standard
lengths per unit mass. A higher designated number indicates a finer yarn. Thus, in the
English system, an 840-yd length (Hank) per pound refers to the fineness of the yarn.
A ‘30’s’ yarn indicates that a 11b. mass will be 30 times 840yd in length, that is
25,200yd. of yarn. In the metric system, the number of units of 1000m is determined
in 1kg of yarn. Inthe indirect system the relationshipis: 1/R ... 1/T; +1/T,+ +1/T,, where
T4, T» ... Ty are the linear densities of k individual components. Units of linear density
are given in Table 1.5 and conversion from one system to another is shown in Table 1.8.

The number of filaments in a yarn is generally specified in the case of a filament
yarn. It can also be found by taking the ratio of the yarn to filament linear density:

n..n= ng=9 (1.1)

Table 1.5 Units of linear density

System Mass Length Unit Symbol
Direct tex g 1000 m 9/1000m Tex
denier g 9000m 9/9000m Den
jute Ib 14,400yd 1b/14,400yd Lb
Indirect English Ib 840yd No. of 840yd./lb Ne
metric kg km No. of km/kg Nm
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where n is the number of filaments/fibres, n, the yarn linear density (tex), and n; the
fibre linear density (den). A filament yarn designated as 130/24, refers to 130 denier
with 24 filaments in the cross section.

1.7.2 Yarn diameter

It is sometimes necessary to know the approximate diameter of a yarn even though it is
well known that yarn diameter cannot be estimated accurately due to the highly com-
pressible nature of the material. Diameter, however, gives an idea of the extent of
cover achievable, or the closeness of yarn packing in a fabric. Fabric thickness also
depends on yarn diameter. Yarn diameter in terms of linear density in tex for a general
case is given as

Ao — (1.2)

where d is the yarn diameter (cm), T the yarn linear density (tex), the fibre density

(g/lcm®), and  the yarn packing coefficient.

Numerical examples:

1. Calculate the yarn diameter of a 10tex cotton yarn, with yarn packing coefficient of 0.65,
fibre density of 1.52g/cm®

where d is the yarn diameter (cm), T the yarn linear density (tex), ¢ the fibre density
(g/cm®), and  the yarn packing coefficient.

r

1 10
d-5802 065 152 »0L135em

2. Calculate the diameter of a 40 worsted yarn with yarn packing coefficient of 0.6, fibre den-
sity of 1.32g/cm®
Tex of worsted yarn...22.145 (see Table 1.8)

s
10T
2802
-
1 22:145

2802 06 1:32...0:0181'3>(:m
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3. Calculate the diameter of 27 denier nylon monofilament yarn, fibre density of 1.14 g/cm®
... 1 for monofilament yarn.

1 ST
42802
1 "3
dm 1 1:14...0:0057890m

4. Calculate the diameter of a 30tex polyester/cotton (67/33) blend yarn, take fibre density 1.38
for polyester and 1.54 for cotton. Yarn pzi_cking coefficient as 0.6

Using Eq. (1.3) for blended yarn, 2... 2%

1 Xp 067, 033

“blend ™ | ps "1:38  1:54

Therefore, average density of blend, ~... 1:43g=cm?®

s r
T 1 30

m— —— ...0:1492
280:2 ¢ 280:2 06 1:43 0:149

dem

5. Calculate the diameter of 20tex polyester/wool (80/20) blend yarn, take fibre density 1.38
for polyester and 1.32 for wool. Yarn packing coefficient as 0.6

1 Xp 080,020

“blend ™ | p; "1:38  1:32

Therefore, average density of blend, ~... 1:3676g=cm?

s r
T 1 20

m—— —— ...0:01762
280:2 ¢ 280:2 06 1:3676 0:0176

dcm

1.7.3 Yarn packing

Packing of fibres in a yarn is an important structural parameter which affects the
porosity and bulk (specific volume) of a yarn. It influences properties such as com-
pressibility and water/air transport, etc. Compressibility influences flattening of yarn
in a woven or knitted structure. Porosity affects the flow of liquid due to capillary
action while yarn bulk affects thickness. Packing depends on the physical/mechanical
properties of the fibres, their arrangement in the yarn structure, and the level of twist.
The extent of packing of fibres in a yarn’s cross section is expressed by a packing
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Table 1.6 Packing coefficient values for various yarn

Type of yarn Packing coefficient
Monofilament 1.00
Tape 1.00
Multifilament

Untwisted 0.25

Regularly twisted 0.60

Hard twisted 0.90
Staple yarn

Soft twisted 0.33

Hard twisted 0.60
Ring 0.50-0.60
Rotor 0.35-0.55
Air jet 0.50-0.70
Friction 0.30-0.55
Wrap 0.40-0.70

coefficient. Some typical values for different yarn types are given in Table 1.6. The
packing coefficient is defined as.

specific volume of fibre  density of yarn

Packing coefficient. . specific volume of yarn " density of fibre

For blended yarns, average fibre density is given by the following:
X
E (L3)
1 P

where ~ is the average fibre density, p; the mass fraction of the ith component, ps; the
fibre density of the ith component, and n the number of components of the blend.

1.7.4 Yarn twist

Twist is quantified by the number of turns present in a unit length of yarn. Hence, a
20tpi means 20 turns per inch length of yarn. The unit length can be inches,
centimetres, or metres. The basic purpose of twist is to induce structural integrity
or coherence in a staple spun yarn so that it makes the yarn strong enough to withstand
various kinds of stress. In the case of multifilament yarns, the twist is primarily intro-
duced to bind the filaments together so that it facilitates processing by preventing a
tendency for filament fraying. As well as processability and strength, twist also influ-
ences many other properties of yarn. Hence, depending on the end use, an optimum
twist level is selected. The two most important aspects of twist are its direction and
level (i.e. intensity).



Types and properties of fibres and yarns used in weaving 19

Table 1.7 Specific volume of different types of yarn

Yarn Specific volume (cm®/g)
Spun

Cotton 1.10

Nylon 1.45

Polyester 1.30

Filament

Nylon 1.35

Polyester 1.16

The direction of surface fibres/filaments looking up the yarn determines the direc-
tion of the twist. If the inclination of the surface fibres matches the centre portion of
the letter *S’, it is termed an ‘S’ twist; the reverse is true for ‘Z’ twist. Most spun yarn
has a Z twist. In a single yarn, twist direction does not influence the property of the
yarn. If a plied structure is made from single yarns, the ply twist direction is generally
opposite to the direction of the single yarn twist. This gives a balanced (torque free)
structure when an optimum level of ply twist is chosen with respect to the single twist.
However, ply twist in the same direction as a single yarn is introduced for special end
uses. Plied yarns are usually designated by a number, such as 30/4, meaning that four
groups of 30 single yarns have been plied together to form a single twisted structure.
The specific volume of a yarn is mainly a function of twist, though fineness, crimp,
flexural rigidity, and length of staple fibres do have some influence. Some typical
values of the specific volume of different types of yarn are given in Table 1.7.

1.8 Types of yarn for spinning

There are two main types of yarn: filament and spun yarns. Filament yarns in the
medium to fine count range are used in fabrics for apparel. Filament yarns in the very
fine count range are more appropriate for hosiery and also for carpets, sportswear, and
as industrial yarns for technical textiles. Spun yarns are suitable for shirts, trousers,
suits, home textiles, and bed linen (Table 1.8).

1.8.1 Filament yarns

With the exception of natural silk, continuous filament yarns are man-made. They can
be sourced from natural polymers such as paper pulp to produce viscose, rayon, etc., or
from synthetic polymers such as polyester, polypropylene, polyethylene, polyamide,
etc. A filament yarn can be either monofilament or multifilament. There are also
flat yarns.

Monofilament yarns can be solid or hollow. Monofilament yarns have a single fil-
ament with a cross section which can vary depending on the end use. It is normally
circular but can be altered to a range of other shapes (e.g. triangular, multilobal,
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Table 1.8 Conversion formula for different numbering systems

Worsted
Convert English English
into Decitex | Denier Metric no. cotton no. count
known Tex (dtex) (den) (Nm) (Ne) (Nw)
Tex 10 tex | 9 tex 1000/tex 591/tex 885.8/tex
Decitex dtex/10 0.9 dtex | 10,000/dtex | 5910/dtex 8858/dtex
(dtex)
Denier den/9 den/0.9 9000/den 5314/den 7972/den
(den)
Metric 1000/Nm | 10,000/ | 9000/Nm 0.59 Nm Nm/1.1288
number Nm
(Nm)
English 591/Ne 5910/Ne | 5314/Ne Ne 1.69 Ne/0.6666
cotton
no. (Ne)
Worsted | 885.8/Nw | 8858/ 7972/Nw | Nw 1.1288 | 0.6666 Nw
English Nw
count
(Nw)

serrated, oval or dogbone-shaped). A noncircular cross section prevents close packing
and helps wicking. Monofilament diameters are typically in the range of 0.1-2mm.
The filament yarn is chopped to a suitable length to produce staple fibres, and these
staple fibres are spun alone or blended with natural fibres into yarn.

Continuous filaments are invariably used as a multistrand and termed a multi-
filament yarn. A multifilament yarn consists of a bunch of monofilaments with a nom-
inal twist to provide coherence to the structure. Alternatively, fibres in multifilaments
can be held together by intermingling or entanglement. A noncircular cross section
prevents the close packing of multifilament yarns.

Flat filament yarns can be textured to increase bulk or extension by false twisting,
intermingled by an air-jet or crimped by a stuffer box. Flat yarns can be twisted or
interlaced to produce different effects. Tape yarn is produced by splitting up a thin
ribbon-like narrow width of the polymer film. Tape yarns are used, for example,
for making fabric for packaging applications. A tape yarn can be further split or fibril-
lated mechanically to produce a regular network of interconnected fibres, a texture
similar to multifilament yarn.

1.8.2 Spun yarns

Yarns made by using short fibres (natural fibres such as cotton, wool, jute, coir, etc.),
staple fibres (rayon, polyester/nylon/acrylic/polypropylene) or a blend of different
fibres are designated as spun yarns. Short staple spun yarns are a linear assembly
of short discontinuous fibres. Such an array of fibres cannot sustain any load unless
coherence is provided by generating transverse forces. This is achieved by a twist or
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fibre/filament wrapping. Twisted yarns are hairy due to the projecting fibre ends but
the yarn surface typically shows fibres in a helical configuration. Twisting in a spun
yarn is achieved by conventional ring spinning, or by more unconventional methods
using rotor spinning, friction spinning, air-jet spinning, and hollow spindle wrap spin-
ning [7]. These yarns have different structures and properties.

A yarn made using a mixture of two or more different fibres is called a blended
spun yarn. The proportion of different components in the yarn depends on the desired
physical and mechanical properties. The most common blends are polyester—cotton,
polyester—viscose, and cotton—viscose, usually in proportions of 67:33 or 50:50.
A yarn designated as PC (67,33) is a 67% polyester and 33% cotton fibre blended
spun yarn.

A spun yarn can either be single, or two or more of such yarns can be twisted to
achieve certain desirable effects, that is, to create a plied or folded yarn. These effects
can be to increase strength or reduce hairiness or to create colour effects by twisting
single yarns of different colours. Plied/folded yarns are an assembly of several indi-
vidual yarns helically wrapped around each other to form a coherent structure. Several
plied yarns are twisted (generally in the opposite direction to the twist in the plied
yarn) to form a cable yarn.

1.9 Short staple spinning yarns

Short staple spinning uses 25-50 mm fibres during yarn formation by employing the
following techniques.

1.9.1 Ring spun yarns

The structure of ring spun yarns gives them visual, tactile, aesthetic, and elastic fabric
properties suitable for a wide range of end uses. The fibres which form the body of
yarn lie parallel along the Z/S twist helix (usually ‘Z’ twisted). The yarn can be carded
or combed, with the latter having lower hairiness, a higher uniformity, and strength
due to longer and more parallel fibres. In compact ring spinning, the single ribbon
of fibres is compacted before twisting to further reduce hairiness and increase yarn
strength. These yarns can be spun from most natural or man-made fibres, or from a
blend of short staple fibres in the 25-50mm range, and to a wide count range
(5-300tex). Two ribbons of fibres separated by a small distance can be ply twisted
to give a siro spun yarn, usually in the 20-100tex (2 10-2 50) count range. These
yarns are less hairy and more uniform and are equivalent to ply yarns.

1.9.2 Rotor spun yarns

Rotor spun yarns are bulky two-layered yarn structures. The core comprises a bulk of
parallel fibres aligned with the Z twist helix, with an outer layer of wrapper fibres
along the core length. The fibres in a rotor yarn are less packed than in a ring yarn.
Rotor yarn is known to be 5%-10% bulkier than a ring yarn. They can be spun to
a moderate range from coarse-to-medium (25-100tex) yarn counts.
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1.9.3 Friction spun yarns

Friction spun yarns have a core—sheath element. The surface of this yarn is similar in
appearance to a ring spun yarn. Outside fibres in these yarns have a uniform surface
appearance along a Z twist helix. The core fibres are disposed in parallel and do not
contain any twist. Friction spun yarn has a high extensibility due to the large propor-
tion of hooked and disoriented fibres in the sheath and the low level of tension at which
the yarn is spun. Friction spun yarns are the weakest yarns due to the presence of
highly disoriented and folded sheath fibres with a low degree of packing. The yarns
are spun in a coarse count range (over 40tex).

1.9.4 Air-jet spun yarns

Air-jet spun yarns have a two-layered yarn structure. The core fibres have no twist and
are wrapped with fibres as in a rotor spun yarn. Air-jet yarn is less extensible due to the
untwisted, straight and parallel arrangement of core fibres constituting 90% of the
yarn. The bending rigidity of an air-jet yarn is high due to the clustering effect of core
fibres tightly wound by binding fibres which offer very little freedom of movement.
Air-jet spun yarn’s abrasion resistance is small, causing disintegration of the yarn once
the wrapper fibres are broken. These yarns are spun in the fine count range (7-15tex).

1.10 Long staple spinning yarns

Long staple spinning uses 51-215mm fibres during yarn formation using the follow-
ing techniques.

1.10.1 Wrap spun yarns

Wrap spun yarns consist of two component yarns, with a core of parallel, untwisted
staple fibres and a binder wrap of either a filament yarn or staple fibres on the outside.
The wrap provides cohesion to the staple fibre core by radial pressures along the wrap
helix. The yarn has low hairiness. Surface fibre wrapping is carried out by hollow spin-
dle wrap spinning. The yarn has a bulky and crimped appearance though under tension
it is lean and smooth. These yarns are spun in the coarse to medium count range
(higher than 16tex).

1.10.2 Self-twist spun yarns

In self-twist spun yarns, two fibrous strands are separately false twisted by alternating
an S and Z twist along their length. They are then plied together by an untwisting tor-
que of single to alternating Z and S twists to create a twofold yarn. These yarns are
spun in the medium to coarse count range (20-100tex).
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1.10.3 Twistless spun yarns

Twistless spun yarn is formed by felting or adhesive bonding of fibres. An entangle-
ment process consolidates an assembly of fibres in the form of a felted yarn. This type
of yarn is well suited for carpets. For technical textile applications, staple fibres are
bonded to a core filament (glass, polypropylene, nylon, or polyester) with a polypro-
pylene resin binder.

1.10.4 Core spun yarns

Core spun yarn is a sheath—core yarn formed by twisting fibres as a sheath around an
existing core of either a filament or staple spun yarn. These are two-layered structures,
the core filament yarn normally providing strength and durability. Elasticated core
yarn is used for stretch comfort. These yarns can be produced by ring spinning, friction
spinning, wrap spinning, and self-twist spinning.

1.10.5 Plyyarns

Ply yarns are produced by twisting two or more yarns. Doubling or plying helps to
achieve special physical characteristics by exploiting the direction and level of the
twist in plying. Twisting in a direction opposite to the single yarn enables fibres to
orient along the plied yarn axis. This makes the plied yarn smoother, more uniform,
lustrous, stronger, more extensible, and less hairy. Twist lively plied yarn is produced
by twisting in the direction of the single yarn.

1.10.6 Fancy yarns

Fancy yarns are made with a distinctive irregular profile which is different from basic
single and folded yarns. This profile enhances the visual and textural properties of the
fabric. Fancy yarns are also termed novelty yarns, speciality yarns, effect yarns and
fashion-oriented yarns, and can incorporate deliberate ‘defects’ or variations distrib-
uted randomly or in a predefined order, along with colour to give visually and textur-
ally attractive difference to the fabric. Colour effects along the yarn length are
introduced by twisting different coloured yarns, spinning blended dyed fibres, or
by irregularly printing/dyeing spun yarns.

Fancy yarns are invariably used to create fashion fabrics. They are used in ladies
outerwear, mens jackets, knitwear, ties, furnishings, curtains, and upholstery. Typical
fancy yarns include snarl, spiral, loop, chenille, slub, and nep. Fancy effects can also
be created by changing fibre specifications such as type, length, denier, cross-
sectional shape, crimp, initial modulus, colour, lustre, affinity for dyes, and shrinkage,
etc. A deliberate difference in length, denier, cross section, and modulus of component
fibres can be exploited to position them at predetermined zones of the yarn cross sec-
tion, with short and coarse fibres occupying the yarn surface. For increased lustre,
fibres with a flat cross section, such as trilobal and ribbon-shaped yarns, are often
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employed. Slubs of varying dimensions can be produced by using differential fibre
length in the core and effect components.

Blending of regular polyester fibres with cationic dyeable polyester can be used to
get attractive colours, contrast and fancy effects. Similarly, a blend of fibres having
varying shrinkage when combined with colour difference can also give fancy effects.
Manufacture of fancy yarns often involves plying and cabling together different yarns
of varying count and twists. The density (tpi) and direction of twist (S/Z) are often
manipulated during plying and cabling so as to create particular effects. Differences
in individual yarn fineness are employed to make corkscrew and spiral yarns. If the
direction of twist in the component yarns is kept different, the plying operation will
produce an unbalanced twisted spiral yarn.

One of the most popular and well-known fancy yarns is slub yarn which has been
used in various types of apparel such as suits and shirts. Corkscrew, spiral, chenille,
gimp, loop, snarl, and boucle have all found acceptance in apparels and for the pro-
duction of furnishings and upholstery. Cotton melange yarn has been highly success-
ful in enhancing the appeal of knitted garments such as T-shirts, etc.

1.11 Physical properties of woven fabrics

Fabric cover, mass, specific volume, and thickness are important physical properties
and can be determined based on yarn count, thread spacing, and yarn crimp [8].

1.11.1 Fabric cover

In fabric, ‘cover’ is measured as the fraction of total fabric area covered by the com-
ponent yarns. For a circular cross-section yarn, the cover factor is given as

[}

d ET K

—.. 1.4
p "280:22F [ 28:02F (1.4
K...EpT 10 ! (1.5)

where T is the yarn tex, d is the yarn diameter in cm, E is the number of threads
per cm...1/p, K is the cover factor, and s the yarn packing coefficient.
For d/p... 1, the cover factor is maximum and given by

Kunax ... 28:02F° (L.6)

Fractional fabric cover is given by

d dp didp 1 KiK;
—+—= —..—— K;+K
b P2 pipe 2802 LT 28:02
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Multiplying by 28.02 we get a fabric cover factor

KK>

KitKe 2502

(1.7)

1.11.2 Fabric mass

Fabric mass [expressed as grams per square meter (gsm)] is a very commonly used
parameter and is given [9] by

gsm..4TiE; 1+cy +ToE, 1+c, 101! (1.8)
gsm... Tih1l+c Ki+ 1+c Ky (19)
where E4, E, are ends and picks per cm; T4, T, are warp-and-weft yarn tex; K, and K,
are the warp-and-weft cover factors, c is the fractional crimp and d,/d; ... . Inpractice,

the comparison between different fabrics is usually made in terms of gsm. A fabric
engineer tries to optimize the fabric parameters for a given gsm.

1.11.3 Specific volume

The apparent specific volume of fabric, vg, is calculated using the following formula:

fabric thickness cm

- 1.1
VF  Tabric mass g=cm? (1.10)
where fabric mass (g/cm?)...10 * gsm
and
Fabric packing factor, \\ll—f (1.11)
F

where v; and vg are fibre and fabric specific volume, respectively. A knowledge of
fabric specific volume helps in calculating the packing of fibres in the fabric. Such
studies are useful in evaluating fabric properties such as warmth, permeability to
air or liquid.

1.11.4 Thickness
Fabric thickness for a circular yarn cross section is given by h, +d, or h, +d,, which-
ever is greater:

4
hy .. §p2p01 (1.12)

4
hy ... §D1PC2 (1.13)
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When the two threads project equally, then h; +d; ...h, +d; and, in that case, the fab-
ric’s minimum thickness is given by

Minimum thickness ... 1=2 hy +d; +hy +d, ... .D dg

Such a fabric produces a smooth surface and ensures uniform abrasive wear. In a fab-
ric with a coarse thread in one direction and a fine thread in the other, maximum crimp
is obtained for the coarse thread by stretching the fine thread straight. In this case, the
fabric’s maximum thickness is given by

Maximum thickness ... D + dcgarse , SINCE eoarse ... D

1.11.5 Packing of yarns in fabric

The maximum number [9] of warp-and-weft yarns in a fabric depends on the weave-
and-yarn count. For plain weave, the maximum number of threads which can be
packed in a fabric depends on the following equation:

r r

2
1 % 1 2o (114)

where p; and p, are the spacing between the neighbouring warp-and-weft yarns,

respectively, and D is the sum of the yarn diameters.

Numerical examples:

1. Calculate the fabric mass, fabric specific volume, and fabric cover factor for a cotton square
fabric made from 30tex and 25 threads per cm. Take yarn packing coefficient 0.65 and
1.52g/cm?® density of cotton fibre.

1
p1...P2 .. 25 ..0:04cm

s r
1 T 1 30

G502 2802 065 sz OOHO%eOM

In a square faanS d...dy, since hy +d; ...h, +d,. therefore h;...d; ...h,...d;
Using h.. 3p C gives

d=p...

0: 01966 4p
0:04 .. 0:4915 .. 3

Therefore c...&  0:4915 ?...0:1359
Crimp percent...13.6

hi..hy.. %ppc g 0:04p0:1359 ...0:01966cm



Types and properties of fibres and yarns used in weaving 27

Fabric thickness...h+d...0.01966 +0.01966 ... 0.03932cm o
Also Ky .. Kp...d=p 28:02P . h=p 28:02P ..4=3 27:85"¢

Kl...Kz...37:2pc...37:2 Io0:1359...13:72

Fabric cover factor ... 13:72 2  13:72 13:72 =28...20:72

Fabricmass g=m? .2 4TE 1+c 10 '..2 430 251:136 101!
.. 170:4

Fabric mass g=cm? ...0:01704

0:03932
10:01704 "~

Fabric specific volume ..

2. Calculate the maximum threads per cm in a square jammed plain weave cotton fabric. The
warp-and-weft yarn tex is 20, yarn packing coefficient 0.65 and cotton fibre density
1.52g/ecm?®

s r
1T 1 20

Ay oy — ...0:016057cm

tT2og02 72802 0:65 152

v 2 r 2
Using 1 % +o1 % 1
v 2 r 2
p p
1 Py RO
D D

v 2
p
> 1 27
D

Therefore p...D  0.866...0.032114 0.866...0.027812
Threads per cm...1/p... 36

1.12 Mechanical properties of woven fabrics

Woven fabrics are subjected to a combination of in-plane extension/tension, shear,
compression, bending in a perpendicular plane and out-of-plane buckling deforma-
tions [10]. The tensile properties of woven fabrics depend on the yarn and the fabric
structure, that is the yarn twist, yarn strength, weave, crimp, and cover. The degree of
yarn twist affects fabric elongation. A reduction in twist improves cover and reduces
air permeability.



28 Woven Textiles

An increase in picks/cm and twist density within a normal limit significantly
improves both tensile strength and surface durability, but a reduction in pick den-
sity improves the tear strength in the filling direction. The breaking strength of a
textile fabric is enhanced by an increase in the strength of its component yarns and
the number of yarns per unit width. Fabrics made from ring-spun yarns give a
higher breaking load than those made from open-end yarns, though the effect of
scouring and bleaching in increasing the breaking load is more pronounced with
the former.

Cloth strength is affected by the degree of binding of cross threads which aid inter-
fibre frictional force and contribute to tensile strength. The degree of binding is depen-
dent on the density of weave and cloth setting. The elongation at break increases with
the increase in these variables. The tensile strength of a fabric decreases with an
increase in the fabric cover. Crimp decreases the strength of the yarn and fabric.
The initial modulus of the fabric decreases with an increase in the crimp. The straight-
ening of longitudinal threads during tension applies compressive forces at the points of
contact with the cross-yarn. If the cross-yarn jams before crimp exchange is complete,
then a reduction in fabric strength and extension occurs.

The buckling, bending, and drape characteristics of woven fabric influence its per-
formance during the making-up process and in the actual use of the garment. These
properties are important, particularly when the fabric is limp, resulting in large-scale
deformation even when a small force is applied. The engineering concept of buckling
helps to explain the behaviour of fabric during garment manufacturing as well as dur-
ing its use as a garment. The folding of a garment, bending of sleeves, bending of trou-
ser legs, cutting and sewing operations, etc., all involve buckling phenomena. In
bending, a woven fabric exhibits initial nonlinearity due to frictional restraint,
followed by the linear deformation-recovery behaviour of the material. The puckering
tendency of a cloth during stitching shows similar behaviour as does formability, a
measure of the ability of a fabric to absorb compression in its own plane without buck-
ling. The formability value is used as a direct indicator of the likelihood of seam
pucker occurring during the sewing of a garment.

Fabrics are subjected to bending deformations in most uses. Bending is a very com-
mon phenomenon during the use of garment fabrics. Additionally, it has some influ-
ence on the drape of upholstery, furnishings, and curtain fabrics. Creasing and
wrinkling of fabrics and garments are also associated with bending deformation.
Bending resistance is made up of the bending resistance of threads lying in the direc-
tion of bending, frictional restraint and interaction between the threads. The four main
factors directly influencing minimum bending rigidity G, are fibre tensile modulus,
fibre linear density, yarn linear density, and the number of threads per unit cloth
width [11].

Interfibre adhesion can increase elastic fabric stiffness considerably. Textile yarns,
being visco-elastic, exhibit time-dependent effects such as stress relaxation. This cau-
ses decay in the interyarn force at the cross-over point and results in setting. In addi-
tion, fabrics can be set by finishing treatments to relax internal stresses in the
fabric and lower its internal energy level.
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1.13 Effects of fibre and yarn properties on the use
and application of woven fabrics

The physical and mechanical properties of a fibre, as the unit cell of a textile material,
clearly contribute to a fabric’s mechanical properties. However, according to the spin-
ning system used, the yarn structure and properties can be varied considerably to alter
packing, surface, and mechanical properties. The fabric itself imposes another set of
variables, such as sett and weave, to further diversify the overall list of fabric properties.

The use of textiles for apparel, home furnishing, and industrial/technical applica-
tions depends on a unique combination of required properties. Fabrics for apparel, for
example, require comfort, hand, drape, breathability, easy care, durability/abrasion,
aesthetics, dyeability and, of course, tailorability. The requirements of fabrics for
home textiles (such as curtains and upholstery) are drape, aesthetics/colour/design
and resistance to stain/soiling and degradation from light. Fabrics for industrial and
technical applications require specific characteristics which usually include strength
and durability. This section reviews some of these properties and how they are
influenced by fibre and yarn properties.

In general, spun yarns of either single or blended fibres are the major building mate-
rials in woven fabrics. Continuous filament yarns are used either as textured or as core
spun yarns. There needs to be maximum packing of yarn in fabric for several applica-
tions. The properties of a textile which govern its conformation to a technical specifica-
tion are the function of the yarn network (interlacement, diameter, and spacing),
thickness, and mass. A large group of fabric properties are more dependent on pore struc-
ture than on yarn network, for example, resistance to the flow of liquids, gas, and light.

Woven fabrics are made from interlaced yarns which are flexible. The yarns are made
by twisting together long, thin, flexible, and strong fibres. The properties of yarn and
fabric depend largely on the properties of the constituent fibres. Textiles are low-density
materials and contain a large proportion of air within their total structure and thus the
characteristic textile properties arise from two basic fabric elements: fibre and air.
Another set of attributes rely on the interchange in yarn and interstices geometry: tear
resistance, fabric drape, and sewability. Fabric strength and extension is a function of
crimp and yarn twist. Itis very important to have an in-depth knowledge of the principles
involved in the selection of raw materials and their conversion to desired yarns and fabric
structures, followed by dyeing and finishing. Additionally, knowledge of polymers and
coating helps when designing technical fabrics for different applications.

1.13.1 Creasing and wrinkling properties

In practical use, textile fabrics are subjected to a wide range of complex deformations
such as bending, folding, creasing, and wrinkling which may be added deliberately
during manufacturing or produced by body movement during use. Of these, wrinkling
and creasing can affect the aesthetic characteristic of a fabric. The ability of a fabric to
resist creasing or wrinkling and to recover from such deformations is determined by
many factors, the most important being the mechanical properties of its fibres, such as



30 Woven Textiles

their tensile strength, bending and torsion, the geometrical and constructional param-
eters of the yarn and fabric, and the presence or absence of finishing agents on or
within the fibre.

Resistance and recovery from creasing are largely influenced by the type of fibre,
yarn, and fabric structure. Bending elasticity plays an important role in the creasing
phenomenon of a fabric. Amongst the commonly used textile fibres, linen exhibits
creases easily due to a very high degree of orientation of cellulose in the fibre. Cel-
lulosic materials are highly susceptible to creasing. The materials which resist creas-
ing also resist deformation and therefore they behave as a rigid material. Ideally, a
fabric which is deformed should recover from its deformation rapidly. Wool is well
known for its very good elastic recovery and therefore has the ability to resist and
recover from creasing.

1.13.2 Shear properties

Shear behaviour is one of the most important characteristics contributing to the per-
formance and appearance of woven fabrics. Shear properties influence drapeability,
pliability, and hand behaviour of apparel fabrics. The study of shear behaviour of fab-
rics has special significance, particularly for mass-produced apparel. This is mainly
because cloth is deformed in all directions during handling on machines, as well as
in actual use. In fact, the ability of a fabric to be deformed by shearing distinguishes
it from other flat flexible materials such as paper and polymer thin films. Shear angle
is one of the main criteria for characterizing the formability of fabrics. This property
enables a 2D fabric to undergo complex deformations and helps a 3D garment to con-
form to body contours, imparting the desired mechanical comfort.

1.13.3 Compression properties

Compression is defined as a decrease in intrinsic thickness with an increase in
pressure — intrinsic thickness being the thickness of the space occupied by a fabric
subjected to barely perceptible pressure. Compression of fabrics is an inevitable phe-
nomenon during fabric handling and processing. Compressive properties are con-
cerned with the surface smoothness, softness, and fullness of a fabric. The
compressive properties of textile materials have direct relevance to bulk and handle
of fabrics. In a woven construction, warp-and-weft yarns are compressed due to inter-
yarn pressure. The softness of a fabric is determined by its compressibility which
depends on the compressibility of the yarn and the fabric construction. Compressibil-
ity of fabric is an integral component of fabric hand.

Tailorability of cloth significantly depends on fabric compressional behaviour.
Compressibility of fabrics significantly influences drapeability. When a fabric is
draped on the edges of a contour, there is compressional deformation at the point
of bending. Fabrics with higher compressional energy give a higher drape coefficient.
A highly compressible fabric has high compressional energy and can absorb or with-
stand compressive forces to a greater extent at the deforming points. This prevents
folding at the deforming points and a higher drape coefficient results.
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1.13.4 Abrasion properties

Abrasion is a kind of wear in which rubbing away of component fibres and yarns of the
fabric takes place. During abrasion, a series of repeated applications of stress takes
place. Therefore abrasion resistance is the capacity to absorb energy. The abrasion
resistance of a fabric is dependent on many factors including fibre properties, yarn
structure and size, fabric mass and geometry as well as fabric finish (including lubri-
cating and sizing agents used). For hydrophilic fibres, the amount of moisture present
also affects abrasion resistance.

1.13.5 Fabric comfort

The subjective feeling of fabric comfort is a complex result of psychological and phys-
iological responses of the human body and the physical properties of the fabric. Com-
fort [12] has two attributes: mechanical (evaluated by visual and tactile means) and
thermal (assessed by the permeability of fabric to air, water, and heat). Comfort is
evaluated in part by fabric hand — a traditionally subjective evaluation made by judg-
ing the feel of a fabric between the fingers. The fabric hand is expressed by an index —
total hand value (THV) — based on a combination of mechanical properties derived
from tensile strength, shear, bending, compression, surface friction, and the surface
deformation recovery of fabric at low stress. These fabric properties are also useful
for tailorability and formability, that is, the forming and sewing of flat fabric pieces
into 3D-shaped garments. Thermal comfort is evaluated in terms of air permeability,
thermal insulation capacity, water repellency, and water vapour transmission.

Fabric characteristics such as fibre type, yarn linear density, thread (yarn) density,
weave type, and yarn twist affect fabric hand since these constructional parameters
determine fabric surface characteristics, which significantly contributes to the per-
ceived touch of a fabric. Surface properties also help to judge the smoothness and
crispness of a fabric. Geometrical roughness is another important factor affecting
the perceived softness of a fabric. For a given fabric construction, the denier,
cross-sectional shape, and crimp of the fibres influence the softness of the final prod-
uct. Very fine filaments are effective for good draping, anticrease properties and soft-
ness of handle, but these yarns are more susceptible to abrasion than coarse-filament
yarns. The desired softness of handle can also be achieved through modified fibre
Cross section.

1.14 Effects of fibre and yarn properties on woven
textiles: Apparel and sports textiles

In the apparel market, polyester in staple or filament form has a clear advantage
because of its easy-care qualities and low cost. Although 100% polyester has limited
appeal because of its less desirable handle, it is extremely popular in blends with cot-
ton. Filament yarns are used for outdoor clothing applications or where a fur-like or
silky appearance is desired. Fibres with enhanced or modified properties are in great
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demand. Yarn bulk is enhanced by using bicomponent or biconstituent fibres. Pilling
is reduced by producing fibres that are more brittle, while a yarn with exceptionally
soft handle is produced by using fine-denier fibres or fibres treated with special
friction-reducing finishes. Abrasion resistance is enhanced by modifying the spinning
conditions to produce a denser filament microstructure.

Sports textiles are textiles used in sports goods and in sportswear. Sportswear is
clothing, including footwear, which is worn for sport or exercise. It includes shorts,
tracksuits, T-shirts, polo shirts, and trainers. Sportswear is also often worn as casual
fashion clothing. For most sports, athletes wear a combination of different items of
clothing. These should have protective properties against variable atmospheric con-
ditions during use as well as for protection against physical damage. In addition, they
require a high tear strength, resistance to abrasion, shape stability, and colour fastness.
Almost every piece of sports clothing is designed to be lightweight so the athlete is not
encumbered by its weight. The best athletic wear for some forms of exercise, for
example, cycling, should not create drag or be too bulky. On the other hand, it should
be loose enough so as not to restrict movement. Various physically dangerous sports
require protective gear, for example, for fencing, American football, or ice hockey.

Garments should allow the wearer to stay cool in hot weather and warm in cold
weather. In cold climates, the best athletic wear should not only provide warmth
but also transfer sweat away from the skin. For activities such as skiing and mountain
climbing, this is achieved by using layering. Moisture transferring materials must be
worn next to the skin, followed by an insulating layer and wind and water resistant
shell garments. The waterproof fabric prevents the penetration and absorption of lig-
uid water. The term ‘breathable’ implies that the fabric is actively ventilated. Breath-
able fabrics passively allow water vapour to diffuse through them yet prevent the
penetration of liquid water. Water-resistant and moisture-permeable materials may
be divided into three main categories: high-density fabrics, resin-coated materials,
and film-laminated materials. These are selected according to the finished garment
requirements in casual, athletics, ski or outdoor apparel.

Densely woven waterproof breathable fabrics consist of cotton or synthetic micro-
filament yarns with compacted weave structure. One of the most famous waterproof
breathable fabrics, known as Ventile, was manufactured by using long staple cotton
with minimal space between the fibres. Usually combed yarns are woven parallel to
each other with no pores for water to penetrate, and Oxford weave is preferred. When
the fabric surface is wetted, the cotton fibres swell transversely, reducing the size of
pores in the fabric and requiring very high pressure to cause penetration. Therefore,
waterproofing is provided without the application of any water repellent finishing
treatment.

Densely woven fabrics can also be produced from microdenier synthetic filament
yarns. The individual filaments in these yarns are <10 m in diameter so that fabrics
with very small pores can be engineered. The use of superfine or microfibre yarns
makes the production of dense fabrics possible enabling capillary action which gives
the best wicking properties. The wicking behaviour of a fabric is dependent mainly on
the base fibre’s moisture properties. While most fabrics, both natural and synthetic,
have the ability to wick moisture away from the skin, not all of them are fast-drying
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and air permeable (two factors which have a direct influence on cooling and perceived
comfort). High-tech synthetic fabrics are lightweight and capable of transporting
moisture efficiently and dry relatively quickly. It is generally agreed that fabrics with
moisture wicking properties can regulate body temperature, improve muscle perfor-
mance, and delay exhaustion. While natural fibres such as cotton may be suitable for
the clothing worn for low levels of activity, synthetic fabrics made of nylon or poly-
ester are better suited for high levels of activity. They absorb much less water than
cotton, but can still wick moisture rapidly through the fabric. No single fibre or a blend
of different fibres provides an ideal sportswear fabric: the right type of fibre should be
in the right place. A two-layer structure is better, with a synthetic fibre layer close to
the skin with high wicking properties (e.g. a microdenier polyester, which is ideal for
wicking perspiration away from the skin) and an outer layer usually of cotton or rayon
which absorbs and evaporates.

1.15 Future trends

Electronic-textile (e-textile) technology holds out the promise of truly wearable com-
puters as well as inexpensive large-scale computational devices. New fibres are being
created for inclusion in e-textiles, including battery, conductive, and mechanically
active fibres. Methods are being developed to attach discrete components to
e-textiles, including processors, microphones, and speakers. In the category of wear-
able computing, a garment providing the user with precise location information within
a building is being developed. Virtually all woven e-textiles are expected to use the
new fibre batteries and solar cells that have been developed.

Conductive woven fabrics are being made by utilizing metallic conducting wires as
flexible wearable electrical circuits; the properties of these nanotube-based yarns can
be leveraged to produce more robust systems far lighter and more flexible than metal-
lic wires. As a step in the direction towards the creation of nanotube-based electronic
components for fabric applications, supercapacitors have also been woven into a tex-
tile fabric. The capacitors have capacitances and life cycles comparable to commer-
cially available supercapacitors. Since nanotubes are also known to have effects
similar to piezoelectric materials, such materials can be integrated into structures
to produce sensors that monitor stresses. Chemo-, piezo- and thermo-resistive fibres
are now available in a textile compatible form and their integration into fabrics and
garments is being actively pursued.

1.16 Sources of further information and advice

The best source of information is the internet. The following list of links to fibre pro-
ducers, machinery manufacturers and technical textiles producers gives plenty of
innovative information, of interest to both academics and industry:

'+ http://lwww.ibena.de/techtex/english/fabric/fabric.html
http://www.innovationintextiles.com/


http://www.ibena.de/techtex/english/fabric/fabric.html
http://www.innovationintextiles.com/
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+ http://ec.europa.eu/enterprise/sectors/textiles/research-innovation/technical-textiles/

v http://www.technicaltextilesguide.com/

+ http://www.huntsman.com/textile_effects/eng/Technical_Textiles/Technical_textiles/
index.cfm?PagelD...629

'+ http://www.technical-textiles.net/htm/j20050119.557671.htm

+ http://lwww.aramid.com/

'+ http://www.highbeam.com/doc/1P3-618128741.html

* http://lwww.ascendnif.com/

+ http://lwww.universalfibres.net/industrialFibres.php

'+ http://www.ifai.com/

'+ http://www.sagezander.com/

+  http://www.torayusa.com/tomac/products/synthetic.htm

'+ https://www.bing.com/images/search?q...yarn+numbering+conversions&qpvt...yarn+num
bering+conversions&FORM...IGRE
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Yarn preparation for weaving: 2
Winding

K.L. Gandhi
The Textile Institute, Manchester, United Kingdom

2.1 Introduction to yarn preparation

When a fabric is to be woven on any loom, whether it is a handloom or a power loom,
two sets of yarns are required. One set of yarns, called warp yarn, is used in the length-
wise direction and the other set of yarn, called weft yarn, is used in the horizontal
direction. The warp yarns are put on a package called a weaver’s beam which is
put at the back of the loom as shown in Fig. 2.1A. The number and length of warp
yarn to be put on the weaver’s beam depend on the quality of the cloth, i.e. the number
of warp yarns/cm, also called ends/cm, width of the fabric and the length of fabric to be
produced from the weaver’s beam. Fig. 2.1B shows the front of the looms as the fabric
is produced [1].

In order to produce a weaver’s beam with a few hundred to a few thousand numbers
of warp yarns and their length (m) on the beam, the spun yarns on small packages
produced during the spinning process undergo the following yarn preparation pro-
cesses for weaving purposes:

'+ winding

warping

sizing.

During the spinning process, as the yarn is produced, it is generally wound on a pack-
age called a spinner’s package. The length of yarn put on this package can be from a
few hundred to a few thousand metres depending on the length and diameter of the
spinning package as well as the count, i.e. linear density of the yarn. These small pack-
ages produced on the ring-spinning machine are mostly unsuitable for the efficient
running of the next processes, i.e. warping, twisting, and weft winding (pirn winding),
making a winding process necessary.

The sizing process is optional and is carried out mostly for single spun cotton yarns.
Woollen and worsted warp yarns are normally produced as twofold yarns (two yarns
twisted together). As such, they do not require a sizing process, in which case only
winding and warping preparatory processes are carried out.

Woven Textiles. https://doi.org/10.1016/B978-0-08-102497-3.00002-7
© 2020 Elsevier Ltd. All rights reserved.
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(8)

Fig. 2.1 (A) Back and (B) front of loom.

2.2 The winding process

Winding is a process of transferring yarn from one package to another or from a num-
ber of small packages (spinner’s packages, spools or hanks) to a big package (Fig. 2.2)
[2], i.e. a cone or cheese that is more suitable for the next processes such as warping or
knitting or for any other suitable use such as on shuttle-less looms.

Winding is also important in removing defects in the yarn. During the spinning pro-
cess of traditionally spun staple yarns, for a variety of factors, some defects or imper-
fections, such as a thick place, thin place, slub or nep, are induced into the yarn. The
length and thickness of these defects can vary significantly (Fig. 2.3) [3]. If not
removed from the yarn which is going to be used as warp or weft during weaving
or knitting, these defects will get woven/knitted and produce a defective fabric. These
defects or irregularities from the yarn are therefore removed during the winding pro-
cess (also called ‘yarn clearing’). Not every defect is removed from the yarn. The
degree of clearing of such defects is dependent on what the yarn is going to be used for.



Yarn preparation for weaving: Winding 37

Fig. 2.2 Yarn from spinner’s packages onto cones.
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Fig. 2.3 Defects in yarns of different length and thickness.
Courtesy of Uster Technologies AG.

When spun, filament yarns are not produced by twisting of fibres during their pro-
duction. As a result no yarn irregularities, i.e. thick or thin places, are induced during
the spinning process. The winding process for such yarns is carried out to produce
bigger packages, if these are required, by transferring yarn from a number of small
packages onto big packages suitable for the next process.
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2.2.1 Clearing yarn defects during winding

Thick places/slubs in the yarn having a diameter bigger than the normal diameter of
yarn are removed either mechanically by a device called a slub catcher or electroni-
cally using optical or capacitance sensors.

2.2.1.1 Mechanical clearers

When cleared mechanically, the yarn is made to pass through a small slit with a def-
inite opening depending on the degree of the clearing. Thick places [4,5] and slubs
larger than the opening of the slit are arrested, cut, and replaced by a knot or a splice
(Fig. 2.4A and B). Thin places are usually removed by applying tension to the yarn
during the winding process. On a traditional manual winding machine, the yarn is
made to pass between the two discs (Fig. 2.4B and C) [5,6]. Suitable weights are added
on the top disc. As the yarn passes between the discs it is subjected to tension and the
thin places, having a breaking strength lower than the tension applied, are broken and
replaced by either a knot or splice.

All modern automatic winding machines are equipped with very efficient tension
devices. Oerlikon Schlafhorst offer on their Autoconer 5 a very precise and unique
tension control: Autotense FX (Fig. 2.5A) [7]. The yarn tension in cN and its variations
are permanently recorded by a sensor and adjusted to the desired level by the electro-
magnetic tensioner. The yarn tension is measured online and adjusted to the required
level in a closed control loop.

The Savio Machine offers a unique tension device called TensorFlex (Fig. 2.5B)
[8] on their Automatic winder Orion E/I. The tension sensor (Tensor) continuously
detects actual winding tension since it is positioned immediately before the drum.
The Tensor interacts, through the head computer, with the yarn tension to vary the
pressure exerted on the yarn as required. The operating range of the yarn tensioner
can be set on the machine’s computer. When the yarn tensioner reaches the minimum
value of this range, it can, if so required, activate the preset speed reduction curve. The
Tensor has no moving parts that could influence operation and therefore provides cor-
rect reading and correction of tension.

Another electronic yarn tension device (Fig. 2.5C) [6], called TENS CONTROL,
with an ‘on-line’ tension sensor, is available in the market. With this device, it is pos-
sible to constantly control and regulate the yarn tension from the beginning to the end
of the package formation, independently from the tension variations coming from the
feeder bobbin. On the computerized digital terminal in the drive end, it is possible to
set the desired yarn winding tension, which is in turn controlled by a special online
electronic tension sensor located on each single winding spindle, which again operates
a motorized tension device. With this continuously regulating system, the tension
device sets in at the slightest variation, keeping yarn tension within the set parameters.

2.2.1.2 Electronic clearers

In the capacitance clearer, the yarn passes through an air-spaced condenser. The
change in the capacitance is related to the mass of the material between the plates.
If the mass changes to values beyond preset limits, the cutter operates, thus cutting
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Fig. 2.4 (A) Mechanical slub catcher, (B) slub catcher, and (C) disc tensioning and waxing.
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Fig. 2.5 (A) Autotenser, (B) TensorFlex, and (C) tension device TeNS CoNTrol.
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the yarn. It is the mass of the material that is measured and not the physical
dimensions, i.e. width or diameter of the defect [9].

In the photoelectric or optical electronic clearer, the device measures the diameter
or profile of the yarn. The yarn is scanned by a light source. The scanned portion inter-
rupts the beam, which thus changes the signal from the photoelectric cell. If limits are
exceeded, the cutter is brought into operation. Almost all modern winding machines
are equipped with electronic clearers. Fig. 2.6 shows yarn clearer units on Savio wind-
ing machines [8].

Knitting yarns are subjected to a lot of friction during the knitting process and, to
reduce it, yarn is usually waxed during the winding process. Fig. 2.4C shows a modern
tension and waxing device [6] equipped with large diameter feed roller to eliminate
the tension variations and two waxing units.

The winding process is carried out not only for transferring the yarn from a number
of small spinning packages onto bigger packages such as cones and cheeses. It is also
carried out, when required, for transferring yarn from bigger packages such as cones
onto small ones, i.e. pirns or weft bobbins for use during weaving as weft yarn. In this
case the defects from the yarn have generally already been removed when preparing
the cones on the winding machine. In some cases, the yarn is wound from bigger pack-
ages produced on an open end spinning machine onto weft packages (pirns) without
clearing the defects. Equally, it is common to produce weft bobbins on the spinning
frame which are taken straight for weaving.

Fig. 2.6 Electronic clearers.



42 Woven Textiles

2.3 Types of winding machines

The following types of winding machines are commonly available:

+ Drum winding machines: these produce packages called cones, cheeses, etc.
Hank winding machines: these unwind hanks, skeins, etc., produced on reeling machines.
Fig. 2.7A shows a hank to cone winding machine SINCRO with electronic yarn guide, a

(A) (B)

(©)

Fig. 2.7 (A) Hank to cone winding, (B) assembly winder, and (C) econoflex residual package.
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precision crossing angle, a positively driven bobbin, and an unwinding speed of up to
1000 m/min [6].

Assembly winding machines: these assemble yarns from two, three or more packages onto
one larger package. Fig. 2.7B shows an assembly winder model SINCRO B from Fadis, Italy
[6]. The machine is equipped with a three-ply creel with an individual yarn sensor, TENS
CONTROL, an online tension device, yarn cutter, and automatic doffing. Fig. 2.7C shows an
Econoflex residual package winder [10] for winding expensive residual yarn left on pack-
ages such as cones and cheeses in the warping section. The model is completely automatic
and changes the feeding package automatically each time the yarn breaks or ends, reducing
the amount of hard waste.

2.3.1 Winding mechanisms

Irrespective of the type of winding machine, two mechanisms essentially are involved
in the transferring of yarn from one package onto the desired one. These are:

the rotational movement to the package onto which the yarn is wound
+ guiding of the yarn on the package being rotated.

This mechanism is called traversing of the yarn from one side of the package to the
other and back. This process continues all the time. Every type of winding machine
named above has a rotary and a traversing mechanism.

2.3.2 Cone and cheese winding machines

There are two types of winding machines to wind the yarn in cone or cheese form.
These are:

drum winding machines
precision winding machines.

2.3.3 Drum winding machines

On a drum winding machine, the rotary movement to the package, whether it is a cone
or a cheese, is provided by the frictional contact between the package and the revolv-
ing drum surface. The traversing mechanism is provided by the grooves cut into the
drum (Fig. 2.8A) [5]. When the package is brought in contact with the drum, the yarn
enters the grooves (Fig. 2.8B) [8] and is guided from one side to the other of the pack-
age and back again to continue the process. As the yarn lies in and travels with the
groove, moving at approximately the same speed, it is not subject to abrasion likely
to cause injury and its properties are unimpaired.

Since the surface of the package is driven with the surface of the drum which has a
constant speed, the yarn speed on such machines is always constant. However, the
revolutions of the package decrease as the package diameter increases. This kind
of winding, normally classed as random winding, is carried out for most staple-spun
yarns and is not suitable for continuous filament yarns as the friction between the
package and the drum tends to damage the yarn surface. When the yarn breaks as
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Fig. 2.8 (A) and (B) grooved drums and (C) drum winder with cam traverse.

a result of removal of the defect or any other reason, i.e. when the supply package runs
out, the package is lifted off the drum and the winding process stops.
The characteristics of random winding are as follows:

+ As the package diameter increases, the angle of wind remains the same but wind per double
traverse decreases.

'+ Yarn speed throughout the build of the package remains constant.

* Minimum tension variation occurs during unwinding of the package in subsequent
processes.

'+ The process is capable of producing large diameter packages.

+If dyeing takes place, dye liquid penetration is not very ideal.
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2.3.4 Drum winding machines with cam traversing mechanism

Fig. 2.8C shows the traverse to the yarn achieved with the help of a grooved cam [5]
which is mounted on the camshaft rotating at a definite speed. The grooved cam has a
small pin positioned into it and to which is attached a thread guide. When the camshaft
rotates, the pin is guided in the grooved path of the cam, which transfers the motions to
the thread guide from one side to the other and back again, thus traversing the yarns on
the package.

There exist important relationships between the traverse and the winding speed
[11]. The greater the number of coils of yarn in the width of the traverse, the higher
the winding speed possible. It is usual, therefore, to operate the traverse mechanism at
the maximum speed, to keep this speed constant, and to alter the number of coils or
winds by varying the speed of the driving drum, thus altering the ratio between the
traverse and the drum speed. The characteristics of the yarn, the type of yarn package,
and the subsequent purposes for which the package is required are factors which deter-
mine the most satisfactory ratio and, in conjunction with the maximum traverse speed,
determine the production of which the machine is capable.

2.3.5 Precision winding machines

On these machines, the package is inserted onto a spindle which is rotated at a uniform
speed measured in revolutions per minute. When the spindle rotates, the package
rotates and the yarn is wound on it. The traverse to the yarn is provided by an inde-
pendent mechanism and usually involves a specially designed cam with a groove
mounted on a shaft (Fig. 2.9) [5]. A small pin with a thread guide lies in the groove.
When the shaft rotates, the cams rotate and the small pin (thread guide) is guided in the
groove to transfer motion to the thread guide, thus traversing the yarn on the package.

Driving pulley

h Expanding
~T r_ead la’ gainer
guide ring-3£

Gainer
. & belt

‘\Gainer
pulley
—  3£=3winds

Tension ZRatio 1-6

s

7

Fig. 2.9 Cam traverse mechanism.
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On these machines, since the package is fixed on the spindle which has a uniform
speed in revolutions per minute, the yarn speed increases as the package diameter
increases. Precision winding is mostly suitable for continuous filament yarns where
the package is rotated independently and there is no frictional contact with any sur-
face. There are some precision winding machines on which the spindle speed
decreases as the package diameter increases, in which case the yarn speed is kept con-
stant. This indirectly helps to keep the yarn tension constant through the build of the
package. Fig. 2.10 shows a different mechanism of traversing the yarn on the Schaerer
Precision Cross Winder [12] using counter-rotating propeller blades. It is easy to
change the traverse length.

Precision winding offers some of the following advantages:

higher density of packages
no pattern zones
'+ reduced end breakage rate
higher density of the package gives advantages in twisting operation, i.e. cost of twisting,
dyeing, etc.
'+ easy overend unwinding
regular dye liquid penetration
excellent for winding continuous filament yarn.

Fig. 2.10 Counterrotating propeller
blades traverse mechanism on a
precision winder.
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2.4 Terminology commonly used in the winding process

2.4.1 Wind

During the winding process, the package rotates, whether by the friction of the drum or
when mounted onto a spindle and the yarn is traversed on the package from one side to
the other and back. In one stroke of the single traverse, a certain number of coils are
wound on the package and this number is defined as the wind. The wind is therefore
defined as the number of coils wound around the package in a single traverse.

2.4.2 Wind ratio

This is defined as the number of coils wound on the package per double traverse. This
can be found by counting the number of times the package is revolved to traverse and
return the yarn to the same point.

2.4.3 Random wound package

This kind of package is mostly produced on a drum winding machine. The wind
ratio, i.e. the number of coils per double traverse, decreases as the package diameter
increases but the angle of wind remains the same (Fig. 2.11A) [6].

2.4.4 Precision wound package

This is mostly wound on a precision winding machine where the package is driven
independently. The number of coils per double traverse (wind ratio) remains constant
from the start to the finish of the package, i.e. as the package diameter increases, the
angle of wind decreases (Fig. 2.11B) [6].
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Fig. 2.11 (A) Random wound and (B) precision wound package.
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2.4.5 Angle of wind

This is the angle between the direction of yarn lay on the package and a perpendicular
drawn to the package axis (Fig. 2.11). It is formed by the ratio of two components:
speed of yarn guide (traverse velocity)/surface velocity of the package, and is defined
as tan Q. The quality of the package during winding is determined by several vari-
ables, the most important being the angle at which the yarn is wound onto the package.
As arule, the higher the wind angle, the better the package. The maximum wind angle
is determined quantitatively by the package configuration, the properties of the yarn
material and the process conditions connected with the winding operation [13].

The normal range of winding angle is 30-50 degrees. Minimum package density is
reached when the winding is 90 degrees or the two sets of threads are perpendicular.
Compact packages for warping, shuttleless weaving are normally wound with the
angle of wind of about 30 degrees. A change in winding angle from 30 to 55 degrees
reduces the package density by about 20%-25%. Too low an angle of wind will pro-
duce a deformed package of ‘diabolo’ shape when coils will tend to run towards the
middle of the package. On the other hand, too large an angle of wind will produce a
stitching (webbing) effect when the coils tend to slip over the edges of the package
thus causing end breaks during unwinding of the yarn from the cone.

2.4.6 Overend unwinding

Overend unwinding occurs when the yarn is unwound, but the package remains sta-
tionary (Fig. 2.12B) [2]. It can be compared with side unwinding when, during
unwinding of the yarn, the package rotates (Fig. 2.12A).

Guide

Emerging yarn
rotates causing
a yarn balloon

to form

(A)
Side withdrawal
(spool must rotate)

(B)
Over-end withdrawal
(spool need not rotate)

Fig. 2.12 Over and side unwinding.
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2.4.7 Open wind

During winding, when each succeeding coil of yarn lies nearest to the preceding coil,
the package is said to have an open wind. This will occur when the wind per double
traverse happens to be a whole number.

2.4.8 Close wind

If the adjacent coil of yarn lies adjacent to the preceding one, then the package is said
to have a close wind. This will occur when wind per double traverse happens to be a
whole number, plus or minus a small quantity called gain.

2.4.9 Patterning (ribboning)

This is a sort of defect which occurs during winding on a random winding machine
when the wind per double traverse becomes exactly an integer. Some coils of yarns
tend to superimpose on each other thereby creating a sort of short band or a ribbon. If a
package with such a defect is used in subsequent processes such as knitting, warping
or weaving, they adversely affect the unwinding properties of the yarn. During
unwinding of the yarn at high speed, the coils of yarn from the ribbon tend to slough
off in a bunch and cause a machine stoppage.

Almost all random winding machines are equipped with antipatterning devices of
one form or another. The method most commonly employed is that of periodically
varying the speed of the driving motors through a control switch which interrupts
and restores the current at suitable intervals. The variation in speed of the driving rolls
which this action brings about breaks up the synchronism between the rolls and the
cones due to the time lag which occurs before the cones respond to the changed speed
of the driving rolls [11].

2.5 Cone types and build

Cones produced by modern high-speed winding machines differ in build and taper
according to the type of material and the purpose for which they are used. There
are generally three main types [11]:

'+ cones produced with a close wind on spindle machines with individual cam and reciprocat-
ing traverse
cones with convex base and increasing taper

'+ cones with little taper, built up with a uniform or slightly accelerated traverse.

The last two types are of open wind and are produced on machines of the drum or
driving roll type.

In order to facilitate the overend withdrawal of fine and delicate yarns used, for
example, in hosiery, cones of about 9° 15' taper, built up with a convex base and
increasing taper, are used. For warping, cones of smaller taper around 5°, which con-
tain a greater length of material, are generally used. They are built with a uniform
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traverse and there is a tendency for the degree of taper to decrease as they increase in
size. There is evidence that cones with an accelerated taper of 4°20°/9°15' give good
results when used on shuttleless weaving machines [14].

2.6 Manual, semiautomatic, and fully automatic
winding machines

During the ring spinning process, when the ring bobbins have reached their full size on
the spinning frame, they are ready to be taken out from the ring spindles. The process
is called doffing of the packages and involves running the ring rail down and then run-
ning on some wraps of yarn around the base of the bobbins so as to be sure that the end
will not be broken in removing the full bobbin from the spindle. During this process,
the yarn wraps around the bobbin as shown in the Fig. 2.13A. This is referred to as
back wind. However, all these extra wraps of yarn must be removed by the winder
before this is put on the supply spindle of the winding machine. When hundreds of
bobbins are handled by the operator during the working shift, much of his/her time
is wasted in removing the back wind, thereby affecting productivity significantly.
The choice of buying a manual winding machine, or using a semiautomatic or fully
automatic winding machine to replace some or all of these tasks, depends on the type
of activities the particular company is engaged in, i.e. in the production of coarse,
medium or fine fabrics, etc. and other requirements.

2.6.1 Manual winding machines

One of the greatest disadvantages of a manual winding machine is the number of oper-
ations which have to be performed by a winder by hand per day. This depends on fac-
tors such as yarn quality, size of the supply package, winding speed, etc., which
determine the workload, i.e. number of spindles that can be allotted to a winder.
On a manual winding machine, almost all the operations are carried out by the oper-
ator. These include [5]:

removal of the backwind from the spinning package (Fig. 2.13A)

'+ positioning of the package on the spindle and passing of the yarn through the tension device
and slub catcher which eliminate thin and thick places from the yarn (Fig. 2.13B)
positioning of the yarn on the cone to commence winding (Fig. 2.13C)

'+ when a yarn breaks as a result of the removal of the thick or thin place, or when the supply
package runs out, taking the yarn from the running supply package, passing it through the
tension device and slub catcher, locating the free end of yarn from the cone and knotting it
with the end of yarn from the supply package to commence winding (Fig. 2.13C)
when the cone or cheese package becomes full size, removing it from the cone or cheese
holder, taking a new empty cone or cheese package and starting the whole process of guiding
the yarn from the supply package onto the cone/cheese (Fig. 2.13D)
cleaning the machine.



(A)

(B)

(©) (D)

Fig. 2.13 (A) removal of back wind (wraps of yarn have been unwound from the base of the
bobbin on the left), (B) operator feeding the spindle with new package after removal of the back
wind, (C) operator trying to join the end from the cone with the end from the package and
(D) operator doffing.
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2.6.2 Semiautomatic winding machines

On these machines, some of the above operations are carried out automatically and
some manually. The automatic operations might include:

+ feeding of the supply package onto the winding spindle

'+ automatic knotting of the yarn from the supply package with the yarn from the cone in case of
the yarn breaking as a result of removal of thick or thin places

'+ automatic knotting when the supply package runs out and a new end from the supply package
is tied to the end from the cone

+doffing of the cone, i.e. removal of the cone when it becomes full.

2.6.3 Fully automatic winding machines

On a fully automatic winding machine all of the following functions are performed
automatically:

+ removal of the backwind from the spinner’s package
feeding of the supply package to its appropriate spindle

'+ joining of the two ends, i.e. from the package and the cone or cheese either by putting a knot
or a splice when a defect is removed or when the supply package finishes
doffing, i.e. replacing the full cone (when it has reached its desired diameter) with an empty
cone to commence winding.

Fig. 2.14A shows a Murata fully automatic winding machine equipped to carry out all
of the above actions. The automatic doffer as shown in the figure keeps on patrolling
the spindles and doffs the cone when required [15]. On modern winding machines,
yarn speeds are adjustable from 300 to 2000 m/min, depending on yarn type, bobbin
build, and machine specification. Fig. 2.14B shows a typical automatic backwind
removal unit equipped on a fully automatic winding machine. Spinner’s packages
are dumped into the unit and, after removal of the backwind, the mechanism automat-
ically feeds the packages onto the spindles.

2.7 Hazards from knots during weaving and knitting
processes

During the winding process, each time a defect such as a thin, thick place or a slub is
removed, or when the spinner’s supply package is finished and replaced with a new
one, the yarn end from the cone and the supply package is commonly joined either by a
fisherman’s knot or a weaver’s knot, depending on the circumstances. The
fisherman’s knot is considered to be more reliable and acceptable in most cases other
than for coarse yarns used on fine gauze applications. Its knot diameter is three to four
times that of the yarn. The weaver’s knot, on the other hand, is considered less stable
but has the advantage of a diameter of two to three times the yarn diameter and is thin-
ner than the fisherman’s knot. This makes it easier to process subsequently through
confined spaces. If not knotted properly, knots do tend to untie during the weaving
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(A)

(B)

Fig. 2.14 (A) Murata fully automatic winding machine with automatic doffer patrolling the
spindles and (B) automatic back wind removal unit equipped on a fully automatic winding
machine.

process. Technically speaking, a knot itself can be considered a defect and hazard in
subsequent processing of the yarn during knitting or weaving. The only point in its
defence is that a knot is much smaller in diameter and length than many of the yarn
defects which can extend to over a centimetre in length as well as having a larger
diameter.
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2.7.1 Frequency and behaviour of knots during weaving

The frequency of knots introduced during winding usually depends on the yarn count,
weight of yarn on the spinner’s package, and the degree of the clearing. It is estimated
that on average about 15-35 knots/kg of the yarn are introduced during winding. When
transferred to weaving, this represents 10-20 knots/m of warp. It is believed that while
weaving cotton warp yarns, knots cause about 20%-50% of all the warp breaks which
include:

+ knot slippage
'+ jamming of knots between reed wire
entanglement with other warp threads.

With woollen warps, it is believed that up to 40% of all breaks are attributed to knots.

2.7.2 Behaviour of knots during knitting

During knitting, knots either catch in the knitting elements or jam between knitting
elements as well as causing temporary interruption of yarn feed thus breaking the yarn,
and sometimes even knitting needles. Assuming a knitting machine with 24 feeders
each using a weighing 2 kg, of 50 metric count, which normally might contain between
40 and 50 knots, the total number of knots will be 960-1200. If the yarn usage per loop
was 0.2789 cm, with 1800 needles and machine speed of 654 rpm, it is anticipated that
a knot will run through the needles of the knitting machine every 19s with the prob-
ability of a defect being caused by the knot. During finishing, knots cause holes if the
fabric is to be sheared. Fig. 2.15 shows the appearance of knotted and spliced yarns of
the same quality and their effect when knitted or woven into the fabric.

2.8 Yarn splicing for knot-free yarns

In order to get rid of the problems caused by knots, practically all modern winding
machines are equipped with a splicing technique which joins the two ends of yarn
without knotting. Fig. 2.16 shows the different techniques of splicing the yarns
[16-18].

2.8.1 Pneumatic splicing

In this method, the two ends from the supply package and the cone to be spliced are
inserted into a chamber and then overlapped to join them together by means of a strong
current of compressed air. The splicing time and air pressure are determined according
to fibre type and yarn characteristics. The splicing operation consists of the vertical
application of air to the fibres and simultaneous rotational movement of the air to
twist/untwist the yarn.

Pneumatic splicing can be applied to a wide range of fibre and yarn types without
precise adjustments or settings, thus facilitating efficient winding.
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With knot With splice

With knot

With splice

Fig. 2.15 Knotted and spliced yarns when woven and knitted into a fabric.

2.8.2 Mechanical splicing

In this process, the yarn ends are untwisted to open the fibres. The two ends are over-
lapped and then twisted together again to essentially the same twist level as in the
basic yarn. The technique is ideal for short staple fibres. For long staple yarns, it is
somewhat difficult to separate fibres at the yarn ends, which has a negative effect
on the binding of fibres. Different twisting wheels are required for opening and twist-
ing of yarns of different twist levels and made from different staple length fibres. It is
also not possible to splice plied yarns as opening by untwisting is not possible.

2.8.3 Electrostatic splicing

In this method of splicing the yarn, ends are separated and untwisted in the opening
zone. The opened yarn ends are then spread out evenly in an electrostatic field, after
which they are intermingled and bound again by a pole change, while the twist is
simultaneously inserted corresponding to the twist in the basic yarn. The method
has some limitations. For yarn containing a large number of fibres in the cross section,
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Fig. 2.16 Different splicing techniques.

the intermingling of fibres at the yarn ends is a problem as fibres obstruct one another.
Secondly, plied yarns cannot be spliced due to difficulty in opening fibres at the yarn
ends by mechanically untwisting. Thirdly, the time taken for splicing is quite long,
thus decreasing winding machine efficiency.
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2.8.4 Gluing

In this technique, yarns are overlapped and glued together. The process takes a long
time and produces a rigid joint.

2.8.5 Welding

In this process, the two ends are welded together by heat and are suitable for
polyamide yarns.

2.8.6 Wrapping

The two ends of the yarn are overlapped and an auxiliary thread is wrapped around
them. This process is normally suitable for joining carpet yarns used on tufting
machines. It takes more time and produces a bit thicker, more rigid joint that is stron-
ger than a knot.

2.9 Applications of splicing techniques

Splicing can be applied to a variety of yarns such as:

long and short staple yarns (wool, cotton, synthetics)
'+ plied yarns of cotton, wool, synthetics, and blends
siro spun yarns
+woollen spun yarns
'+ core yarns
open-end yarns.

It has been conclusively proved that spliced yarns play a significant role in reducing
the cost of production and the number of fabric defects caused as a result of yarn
breakages during the weaving and knitting process. Knot-free yarns have also helped
to reduce the processing costs during warping and sizing processes.

2.10 Developments in the yarn preparatory processes

Over the years, in the preparatory processes winding, warping, and sizing there have
been some revolutionary developments in the design of their machines leading to
improve the:

ergonomic standards of the machines,
increased flexibility and productivity,

' automation to reduce man power requirement,
noise levels,
energy consumption,

'+ waste reduction and
make machines more user friendly.
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The overall aim has been to provide the best price-performance ratio to the user. As the
years have gone by the levels of revolutionary developments in the preparatory
machines have reached almost to their saturation limit. However, the machinery man-
ufacturers still do their best to incorporate incremental developments in one form or
the other in their respective machines.

An account of the incremental developments incorporated by the manufacturers of
different preparatory machines used in the winding, warping, and sizing processes is
presented in this and the following chapters on warping and sizing. The author has
been a regular visitor to ITMA exhibition since 1979 and the information presented
in the chapters is based as witnessed and collected in different forms from ITMA 2015.

2.10.1 Automatic winder PROCESS CONER Il QPRO

Murata Machinery, Ltd. from Japan exhibited their latest Automatic Winder PRO-
CESS CONER Il QPRO Plus incorporating some incremental developments, all lead-
ing to High quality, High productivity, Energy reduction, and Easy operation and
maintenance (Fig. 2.17A and B] [19].

2.10.2 Stable winding at high speed

The winder realizes stable winding from start to end of the winding process by giving instan-
taneous feedback of yarn tension from the bottom to package by PC Module.

'+ The unit activates the bobbin automatic centring function which allows for the yarn unwind-
ing at higher speeds to offer 15% more production in total.
The drum motor, splicer, and suction mouth are independently driven to optimize the
splicing cycle.
The “system of Tension feedback’ from the PC Sensor to PC Tensor, enables a very precise
control over the unstable yarn tension at the start and end of the winding process

'+ Feedback is performed so that a uniform tension for the winding by any bobbin can be
maintained. Regardless of the shape of a bobbin, high-quality winding is realized.

2.10.3 PC Bal-Con

The winding unit is equipped with a unique device called PC Bal-Con (Fig. 2.18A and
B) [19] which moves along the bobbin, creating a ballooning in order to maintain a
uniform winding tension from start to end of the winding process. Whenever changing
the bobbin size, the height of the Bal-Con can be adjusted without using any tools.
Along with Auto Bobbin Centring Function, this contributes improvements in produc-
tivity. The unit provides the following advantages:

High-speed winding

+High productivity

+ Sloughing suppression
Hairiness reduction

* Reduced hairiness generation
Reduced nep generation.
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Fig. 2.17 (A) Even and stable winding. (B) Uniform tension for winding.

2.10.4 Slough suppression

When unwinding the supply bobbin, the Bal-Con minimizes the contact between the
yarn being unwound and the yarn layer on the bobbin. This results in a remarkable sup-
pression during high-speed winding of undesirable tension in the package (Fig. 2.19) [19].

2.10.5 Auto bobbin - Centring function, less hairiness

The bobbin is continuously held in the ideal position by the sensor sensing the bobbin
position. The bobbin can be maintained at the centre of the Bal-Con by the sensor
(Fig. 2.20) [19].



Others PC Bal-Con

Conventional machine

(B)
Fig. 2.18 (A) PC Bal-Con. (b) QPRO Plus and conventional machine.
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Fig. 2.19 Slough suppression during winding.
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Fig. 2.20 Auto Bobbin Centring
Function.

2.10.6 Less hairiness

The chase surface does not generate hairiness as a result of noncontact with the
unwound yarn, and hairiness is reduced in all sections, from the top to the bottom
of the bobbin (Fig. 2.21) [19].

Increase rate of fly waste generation Total IPI Increase rate
17.9% 15.3% 11.3% 0.5%
Bobbin Package Bobbin Package Bobbin Package Bobbin Package
1500 m/min 1700 m/min 1500 m/min 1700 m/min

*Depending on the winding condition.

Fig. 2.21 Comparison of QPRO Plus winder with other machines-less hairiness.
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2.10.7 Clear package — PC module

PC Sensor continuously monitors yarn tension and sends feed back to PC Tensor and
PC Bal-Con. Their combination realizes stable winding tension. Package density is
made uniform (Fig. 2.22) [19].

2.10.8 PLC 21 - The Perfect Length counter (optional) and kink
preventing system — Hard waste reducer

The Perfect Length counter is a noncontact photoelectric type and precisely detects the
length of yarn to be wound without making contact with yarn. Based on the detected
data, the VOS (Visual On demand System) controls the winding length of a package to
rewind at a uniform speed so that a precise fixed length winding ( 0.3%) can be real-
ized (Fig. 2.23) [19].

Accuracy holds the bobbin end at the optimum timing in order to minimize waste
yarn, prevents kink generated when the yarn is spliced, and as a yarn waste reduction
device, prevents yarn on the bobbin side from being sucked in the joint pipe more than
necessary.

Conventional machine

I“v"""—"" "“"""‘\M_Jq [ il e rd

|

H

L_

=

—— Tension feed-back
PC Module

Fig. 2.22 Monitoring of the yarn tension by PC Sensor.
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of the brush prevents
kink generation and
reduces hard waste

Fig. 2.23 Length counter and kink preventer.

2.10.9 Power saving design

The machine-based design minimizes pressure loss of the blower and in addition, each
device of the unit is modularized and independently driven to suppress electrical
power consumption thus offering outstanding energy saving performance with
high-speed operation (Fig. 2.24) [19].

2.10.10 Smart guide panel

The smart guide panel build in each unit is an LED display and remarkably improves
visibility, this lights blue to indicate a full bobbin. When the LED lights to red, it indi-
cates a maintenance call and informs of the trouble spots (upper, middle, and lower
sections) in the machine base (Fig. 2.25) [19].

2.10.11 Automatic doffer - AD

The automatic doffer achieves a top travelling speed 52 m/min. The packages doffed
in a 10-scycle are automatically loaded into either the conveyor or the shelf installed
at the rear of the machine (Fig. 2.26) [19].

2.10.12 Waxing device

Stable and uniform waxing is made possible by a rotary-driven positive motor
(Fig. 2.27) [19]. When wax is not being applied, the motor stops and saves energy.
It is available for both S twist and Z twist directions.

Can use wax with max. 45mm in length up to 3mm in thickness, and is equipped
with a wax remaining alarm.
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UKG...Unit per KG/
Power required for production
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§ §
20%off | 1 5%off

Other machine QPRO Plus Other machine QPRO Plus

Depending on the winding condition.

Fig. 2.24 Power and waste saving on QPRO Plus and other winding machines.

2.10.13 Splicer

The winding machine can be equipped with air splicer or water splicer or hot splicer
or with a three-tier nozzle type of splicer as per the customer’s requirements
(Fig. 2.28) [19].

2.10.14 Multigrooved drum

Muratec’s multigrooved drum has a control system that switches the drum groove to
the diameter at which patterning (ribboning) occurs and produce the quality package
to facilitates the unwinding (Fig. 2.29) [19].
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Operator alarm
(package)

Yarn end finding
error

Unit alarm

Operator alarm
(bobhin)
Bobbin feed
failure

Fig. 2.25 The smart guide panel for improving the visibility.

Fig. 2.26 Automatic doffer
with a speed of 52m/min.
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Fig. 2.27 Stable and uniform
waxing.

Air Splicer

Core spandex yarn type (optional)

=

Water Splicer Hot Splicer
(optional) (optional)

Fig. 2.28 Air, water, and hot splicer.
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Fig. 2.29 Different types of multigrooved drums with changing drum grooves diameter.

2.11 Saurer Schlafhorst — Autoconer 6

SAURER Schlafhorst presented at ITMA 2015 their new Autoconer 6 [20] E® —
Energy, Economics, Ergonomics — offering triple added value comprising energy
saving, highest kg/m? output and biggest staff savings. The Autoconer 6 offers the
following interesting new incremental developments incorporated in the newly
designed winder.

2.11.1 New eco-drum-drive system

With the provision of the latest drive and bearing technology, the new eco-drum-drive
system saves a huge amount of energy costs. The unproductive downtime drops to
zero thus offering massive productivity gains.

2.11.2 MultiJet: Reduction in compressed air consumption
with new MultiJet

With this system, it is possible to set the frequency of the “puff’ pulses for cleaning the
winding unit to match the demand. The consumption is controlled centrally at the
informator which results in conserving valuable compressed air (Fig. 2.30) [20].

2.11.3 Yarn pick-up, new suction tube: Flow-optimized
to conserve yarn

The new suction tube with its aerodynamic internal and external design offers con-
vincing, highly efficient air guidance. This guarantees the utmost reliability in the
upper yarn pick-up offering reduced energy and waste costs. Fig. 2.31 [20] shows
the reduction in energy consumption due to vacuum reduction with secure yarn
end pick-up.
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Example 1:
150 ms, 3 pulses

Example 2:
100 ms, 2 pulses

Compressed air consumption (qualitative)

a Bl Autoconer X5 —
b MultiJet active in every cycle

B Autoconer 6 —
MultiJet active every 2nd cycle

Fig. 2.30 Comparison between Autoconer 6 and Autoconer X5 in energy consumption with the
new MultiJet system.

Energy consumption (qualitative)

B Autoconer X5 (55 mbar) 5

B Autoconer 6 (35 mbar)
Type D (60 spdl.)

Fig. 2.31 Energy consumption on Autoconer 6 and Autoconer X5.

2.11.4 Maximum productive capacity

Autoconer 6 offers 6% more productivity right from the start as a result of Short cycle
times, top acceleration, short braking, high-speed winding process as well as more
kg/m? (Fig. 2.32) [20]. With the Eco-Drum-Drive-System tuned to maximum capacity,
the unproductive downtime drops to zero and energy costs are reduced significantly.

2.11.5 New yarn tension control

For regulating the yarn tension an innovative tension control is provided (Fig. 2.33)
[20]. A sensor at a reference winding unit determines the typical tension progression
and the yarn tension curve. This information is transmitted to the other winding units
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Higher productivity (m2) Flg 2.32 Short CyCIe time effect
on the increase in productivity.
80 spindles RM

70 spindles RM

60 spindles RM

1 1 1
90 95 100 105 110
(= Index)
Productivity (%)

Fig. 2.33 New yarn tension control
for regulating yarn tension.

via the informator to influence the yarn tension. The electronic yarn tension control
produces a package with much more homogeneous package density compared with a
winder without a yarn tension control system.

2.11.6 Balloon control with Speedster FX

Yarn balloon during unwinding of the yarn from beginning to the end of the package is
controlled by the provision of smartest winding turbo — Speedster FX which ultimately
facilitate minimum yarn tension stress at maximum winding speed throughout bobbin
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womlie

Fig. 2.34 Control of the balloon with Speedster FX.

unwinding (Fig. 2.34) [20]. This ultimately results in fewer tension breaks, less neg-
ative centrifugal force and up to 6% more productivity.

2.11.7 Package doffing — X-Change

An intelligent high-tempo package doffing unit X-Change doffs all common package
and tube formats within a very short time, with intelligent advance request mode with
a high travel speed of 43 m/min and 10-s doffing time thus providing maximum doffer
capacity with minimal manual effort (Fig. 2.35A and B) [20].

If the tube magazine of a winding unit is empty, X-Change automatically fetches an
empty tube of the same format from a neighbouring magazine and starts package doff-
ing straight away resulting into cutting of waiting time and speed up production.

2.12 SAVIO automatic winder Eco PulsarS

Savio Macchini Tessile S.P.A. from Italy exhibited their latest winding machine Eco
PulsarS (Fig. 2.36) [21] with some very interesting incremental developments purpos-
ing a revolutionary concept of the winding process, offering energy saving up to 30%,
including room air conditioning, together with improved production performances,
high-quality packages, utmost flexibility, and enhanced productivity up to 10%.
The combination of the new features and design of the EcoPulsarS has created an
environment in which each part of the winding machine can operate at its optimum
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level and without limitations. Spindles and bobbin feeding systems set independently
the level of suction required. Suction is generated as needed and used without losses.
The winder is designed to handle natural, synthetic, and blended staple yarns ranging
in count from 286 to 4tex (Ne 2-147).

The newly developed Controlled Cut System, Yarn Tension Control System,
Waste Collection and Separation System, and Upgrading Splicing solutions, each con-
tribute to the overall reduction of the process downtime. The automatic winder Eco
PulsarS offers some of the following novel developments in its design.
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Fig. 2.36 Savio automatic winder Eco PulsarS.

2.12.1 Controlled Cut System

The electronic clearer intervention represents a critical factor for the full control of the
‘cut yarn end’. The high-speed winding process, lively and/or elastomeric core yarns,
can create a ‘spring-like-rebound’ of the yarn end; yarn might be trapped on package
flanks and adaptors. In this case, the splicer cycle becomes uncertain and with low
efficiency rate, because of the difficulty to retrieve the end.

The ‘Controlled Cut System’ (CCS) with its yarn cut function, separated from the
electronic yarn clearer detection, has an independent smart cutter, which works in syn-
chronism with the winding process. In this way, the cut is controlled, being done only
when the yarns is perfectly aligned with the middle drum traverse stroke. This assures
that the yarn end can be easily found and retrieved during the subsequent splicing
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Fig. 2.37 (A) Yarn cut function along with clearing and (B) separated from clearing.

cycle, with minimum suction, avoiding unnecessary repeating cycles that might dam-
age the package quality.

Fig. 2.37A and B [21] shows the yarn cut function along with clearing and sepa-
rated from clearing respectively. The provision of CSS guarantees that the hard waste

generation is reduced, the cycle efficiency is increased, and the operator intervention
minimized.

2.12.2 New tensioning system

Yarn tension (Fig. 2.38) [21] is controlled by a variable interference system, which
works in synergy with the tension sensor. A precise set motor adjusts the interference
in order to maintain the set tension. The system ensures total control of the yarn in all
conditions, even in the case of slub or core/elastomeric yarns. A combination of fixed
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Fig. 2.38 The new yarn tensioning system.

and moveable ceramic fingers traps stabilizes the yarn allowing higher winding
speeds. The friction points have been reduced in order to preserve the overall quality
of yarn.

2.12.2.1 Waxing

A dedicated step motor on the PulsarS new winding system allows a very fine wax
uniformity on the yarn. It is possible to optimize the waxing, as both sense of rotation
and speed are settable. It is also possible to select the position of the waxing device
above the clearer or under the clearer as shown in the Fig. 2.39 [21].

Above the clearer Below the clearer

Fig. 2.39 Waxing unit.
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2.12.3 Up graded splicing solutions

Air and Moistair boasts a Duo Air Feeding System, for yarn tail preparation and splic-
ing (Fig. 2.40) [21]. The separation allows the individual setting of the most appro-
priate value of air pressure and makes these splicers able to easily process any
different fibres and blends combination.

2.12.3.1 Air splicer

Settings are completely centralized in the PC and the main application range are Cot-
ton 100% and blends, Cotton compact yarns, Fancy yarns, Core yarns, Synthetic and
artificial yarns, Wool 100% and blends, and Silk.

2.12.3.2 Moistair splicer

The innovative air splicer uses a very small quantity of water (spray). It is endowed
with a water valve with a dosage setting to moisturize the splice. Settings are
completely centralized in the PC with consistent uniformity of splice in each different
spindle. Settings are completely centralized in the PC and offer fast and simple change
as well as consistent uniformity of splice in each different spindle. The application
range includes short and long staple yarns, TENCEL, elastic single and dual core
yarns, very fine cotton yarns, coarse and slub yarns.

Fig. 2.40 The innovative air and Moistair splicer.
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2.12.4 Suction on Demand System - Energy saving up to 30%

Provision of the ‘individual and independent suction unit per spindle’ represents a real
break-through vs the conventional system (Fig. 2.41) [21]. The yarn suction is created
and managed individually, only when required by the individual spindle and bobbin
feeding system. The self-sufficient units can individually optimize the suction
required according to the process, and to the cycle mode and status. Each unit operates
at optimum suction values without influencing the rest of the machine.

All of the above improvements in the machine design offer better efficiency, a
smooth winding process, an overall superior package, and yarn quality. Since the suc-
tion is generated only when needed, up to 30% savings in energy costs are achieved
and theoretically, there are no limitations on the number of spindles per each machine.

2.12.5 Suction on Demand System — Smart and flexible cycle

The Suction on Demand System (SDS) gives the possibility of smart cycle settings in
terms of suction values and timing relevant to potential different splicers attempts. The
cycle time is also adjustable, in accordance with processed yarn type (Fig. 2.42) [21].
The smart flexibility is coupled with the flexibility coming from the individual and
independent movements of each cycle devices thus offering the following:

'+ Greater productivity.

Consistent package quality.
'+ Power and compressed air savings because unnecessary splicing cycle are avoided.
+ Minimum wear of the parts.

Minimum yarn waste.

Package nozzle

Suction fan ON

Suction box

Bobbin nozzle

Fig. 2.41 Every single suction fan collects its spindle yarn waste and dust in a dedicated suction
box. The individual spindle waste is evacuated when required through a centralized
pneumatic transportation, to guarantee the cleaning with the lowest energy consumption.
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Fig. 2.42 1 - Independent movement of the package yarn suction nozzle, 2 - independent
movement of the splicer, 3 — independent movement of the bobbin yarn suction nozzle,
4 — independent movement of the yarn tension device, and 5 — suction fan.

2.12.6 Computer aided tension (CAT)

The winding tension is detected continuously by the Tensor, which interacts with the
yarn tensioner device, through the machine PC, in order to adjust the load on the yarn
as required. The Tensor, being positioned just before the drum detects on line the real
winding tension (Fig. 2.43) [21].

2.12.7 End finder station

Yarn bobbins coming from the ring frame are automatically delivered to the end finder
stations located along the machine. Each end finder station has its dedicated suction
box. Through PC settings the system allows a dedicated and specific suction tunings
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Fig. 2.43 1-Drum, 2 —traverse, 3 —tension sensor (TENSOR), 4 —waxing device, and 5—yarn
tension.

without any compromise with other services. Each end finder station is positioned
along the spindle housing. The machine can be equipped with different numbers of
end finder stations depending on capacity for longer ring frames.

2.12.8 Savio identification system (SIS)

It is an identification system of the spinning frame spindle and control of bobbin qual-
ity. Each bobbin delivered by the ring frame is numbered and recorded in the PC. The
winding head reads the code of the bobbin peg on the process and identifies the posi-
tion of the spinning spindle which has generated it.

In the presence of ‘Off standard’ alarms, the winding process is interrupted and the
bobbin is rejected and delivered to a dedicated area, allowing the operator intervention
for removing it and recognizing the spinning spindle. The smart Backup Station
(optional) is able to remove the faulty yarn bobbin.
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Yarn preparation for weaving: 3
Warping

K.L. Gandhi
The Textile Institute, Manchester, United Kingdom

3.1 Introduction

Warping is the second stage of the processes used after winding. The process involves
transferring yarn from a predetermined number of tubes, cones, or cheeses positioned
on the creel onto a warper’s beam or a weaver’s beam. Winding involves either
preparing a package called a weaver’s beam which is set up on the back of the weaving
machine, or preparing a number of packages called warper’s beams which are then
sent to the next process known as sizing. There are normally two methods of warping
employing different technologies:

+direct warping or direct beaming (also sometimes known as beaming)
indirect warping/sectional warping

Both methods can be used for spun or continuous filament yarns, depending on the
circumstances and the quality of fabric to be produced.

3.2 Direct warping

This method of producing cotton warps is used mainly when the yarn to be woven
requires application of starch which is applied in the next yarn preparation process
known as sizing, after which it is sent to the loom for weaving. However, as mentioned
above, the method can also be employed in the production of beams from continuous
filament yarns. A warping machine consists of two units (see Figs 3.1 and 3.5 [1, 2]):

+ warping creel
'+ head stock

The number of cones that should ideally be put on the creel to produce a number of
warper’s beams can be worked out by a simple calculation. For example, a fabric with
20 ends/cm and 100 cm in width is to be produced. This means that the total number of
warp yarns in the fabric width will be 2000 and a weaver’s beam with 2000 ends would
be required and positioned at the back of the loom. If the length of fabric to be
produced is 20,000 m, this length of yarn would have to be put on the weaver’s beam.
In actual practice, a small percentage of contraction takes place during the weaving
process and is added to the above warp length.

Woven Textiles. https://doi.org/10.1016/B978-0-08-102497-3.00003-9
© 2020 Elsevier Ltd. All rights reserved.
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Fig. 3.1 Direct warping machine (A — Creel and B — Head stock).

If the yarn for the above fabric was a single cotton yarn, it will have to be sized after
warping. However, the preparation for sizing would be done in the warping depart-
ment. A number of warper’s beams are produced and sent to the sizing department
to produce a weaver’s beam ready to be positioned at the back of the loom. How many
warper’s beam should be produced? There is no written formula to obtain the answer.
It depends on the skill and experience of the person handling the job. However, it also
depends on factors such as the creel capacity, that is, how many cones it can take, as
well as how many cones are available. If the creel capacity was, say, 400 cones and we
were to process the above fabric with 2000 ends, it would be reasonable to take 400
cones and fill the whole creel (see Fig. 3.5).

3.2.1 The direct warping process

In the direct warping process, an end from each of the packages positioned on the creel
is drawn from the warp stop motion and tensioning unit located on the creel. It is
brought forward to the headstock of the machine located in front of the creel, passed
through an expandable V shape comb (Fig. 3.2) [1] and over the measuring roller. The
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Fig. 3.2 V-shaped expandable comb.

process is complete when all the packages in a sheet form are wound on to a warper’s
beam (Fig. 3.1). Typically, a 20,000 m length of warp containing 400 ends is wound
onto the first warper’s beam. After this, the warp is cut, the full beam taken out and a
new beam put in (Fig. 3.3) [1]. Since 2000 ends are required on the weaver’s beam,
five warper’s beams, each with 400 ends and 20,000 m length of warp, will have to be
produced. The process is repeated after each beam is produced.

In the above case, the five warper’s beams will be sent to the sizing department and
positioned on the creel at the back of the sizing machine (Fig. 3.4) [1]. Warp ends are
collected from all five beams and passed through the sizing machine. In all, 2000 ends
in sheet form are wound onto the weaver’s beam. A number of weaver’s beams can be
made from the given length of warp on the warper’s beams.

3.2.2 Drive to the warper’s beam

Two methods of driving the warping beam are available. The majority of warping
machines are drum driven, where the rotational motion to the warper’s beams is
imparted by the frictional contact of the drum (Fig. 3.5) [2]. As the beam diameter
increases, its rotational speed decreases. This means the warp’s linear speed remains
constant which maintains constant tension on the warp sheet from the beginning to the
end of the warping process.

On some warping machines, the beam is driven by a spindle or with gears
(Fig. 3.1). In order to keep the tension uniform throughout the warping process,
as the beam diameter increases, its rotational speed decreases and the yarn speed
remains constant.
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Fig. 3.3 Full beam being taken out (doffed) and new one put in.

3.2.3 Beam warping for yarns not requiring size application

Ifthe yarn to be processed is a twofold yarn or another type which generally does not require
any application of starch, then beam warping can be carried out in two stages. In the first
stage, a number of warper’s beams with the desired number of warp ends and warp length
on each beam are produced on the direct warping machine. In the second stage, all the
warper’s beams are positioned on a frame and the warp ends from all the beams are
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Fig. 3.5 Drive to warper’s beam with frictional contact of drum (A — Creel and B — Head stock).
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simultaneously unwound and transferred onto either a single weaver’s beam or anumber of
beams which are then ready to be positioned at the back of the loom for weaving.

3.3 Indirect/sectional warping

This method of warping is generally carried out for yarns under the following
conditions:

'+ where there is no need for any application of starch, such as twofold cotton or woollen/
worsted warps
for shorter runs of high-class goods

+for coloured yarns, that is, patterned warps for wool and worsted fabrics, etc.
where a small number of cones is to be used because of the quality of the fabric to be pro-
duced, mostly coloured warps

Compared to direct warping, the number of cones used is generally much smaller.
A sectional warping machine consists of three basic units:

creel
+winding drum
the beaming unit

Warper’s beams are not produced in this process and the warp is directly transferred
from the drum onto the weaver’s beam(s).
The process involves two stages:

1. Warping of a number of sections with the required number of yarns onto a conical drum.
2. Beaming off, that is, transferring the yarns from all the sections in a sheet form onto a
weaver’s beam.

An example is the need to produce a fabric 5000m in length, 100cm wide with
20ends/cm, and 100 available cones or cheeses. To produce this fabric requires a
weaver’s beam with 2000 ends and 5000m length of warp. To produce this weaver’s
beam, 100 packages will be positioned on the creel (Fig. 3.6B). Yarn from each package
is drawn through the tension and thread stop motion, brought forward to the front of the
machine, and condensed into sections with a small width by passing through one or two
different reeds (Fig. 3.6A and B). A section containing 100 ends and 5000m in length
will be wound onto the conical drum (Fig. 3.6A [3] and B [4]). When the desired length
of section has been wound, it is cut and another section adjacent to the previous section
is wound for the same length (Fig. 3.6A). Since the total number of ends required on the
weaver’s beam is 2000, the process is repeated until 2000 ends of the same length have
been wound onto the drum. In total, there will be 10 sections wound onto the drum.

3.3.1 Beaming off

The next stage, known as beaming off, consists of transferring the yarn from all the
sections in a sheet form from the conical drum onto a weaver’s beam (Fig. 3.6C [3] and
D [4]). Whether the entire length of the warp yarn is transferred from the drum onto a
single weaver’s beam or a number of beams, depends on the production planning, that
is, how many looms are to run from the same quality of warp.
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3.3.2 Waxing of warp

Sometimes a coating of wax is applied to certain types of warp yarns, for example,
woollen yarn, during the beaming off process to improve their weavability. The warp
sheet is passed over a revolving roller loaded with liquid wax as shown in Fig. 3.6E [3]
and is then wound onto the weaver’s beam.

Fig. 3.6 (A) Sectional warping starting a new section, (B) sectional warping with section being

wound on to drum,
Continued



Fig. 3.6, cont’d (C) beaming off from drum onto weaver’s beam, (D) beaming off of solid warp
from drum to weaver’s beam, and (E) waxing of warp.
(B), (D) From HUYS machinery & Vanhevel n.v., Tiegem, Belgium, Brochure — a new

generation of section warping machines.
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3.4 Warping creels

A creel is basically a metal frame of varied design to accommodate a few hundred tubes,
cone, or cheese packages. The frame is fitted with package holders. The number of pack-
age holders on the creel frame can vary from 100 to 800 and more in exceptional cases,
their number representing the capacity of the creel. The creel is equipped with a tension-
ing device and thread stop motion through which each running yarn is passed. In modern
machines, these devices are equipped with automatic control and centralized tension
variation. Depending on the area of application, package type and size of the processed
material, and the space conditions, a creel must satisfy various requirements. The fol-
lowing types of modern creel design are available from various manufacturers:

single-end creel

+ fixed frame creel
magazine creel

*duplicate creel

+creel with removable bobbin trucks (RT)
swivelling frame creel

3.4.1 Single-end creel

This type of creel is generally used when the factory requires the running of short
lengths of warp or where it is necessary to make frequent changes in yarn counts
or quality. Only one cone holder is provided for each package. When the packages
are exhausted, the empty cones are removed and replaced with fresh ones. During this
period, the warping machine remains idle.

3.4.2 Fixed frame creel

Fixed frame creels are often used in pairs enabling one creel to be running, whilst the
other is being preloaded. Fig. 3.7 shows the design of a fixed creel (FC) with a fixed
double-sided package frame [5]. By opening the tensioned frames which are
mounted on ball bearings, the distance between the package top and the yarn tension
units can be adjusted, depending on the ballooning of the yarn. The creel can be
hydraulically opened and closed by means of a push button. Another widely used
new fixed frame creel is available from Huys & Vanhevel, Belgium. The model
FC [4] has two designs:

+ fixed creel outside (FCO)
fixed creel inside (FCI)

These feature a fixed steel construction with suspended tensioned frames (Fig. 3.8).
By moving the tensioned frames laterally, a loading gangway is created between the
packages and the tensioners. Similarly, the distance from the package to the tensioner
can be adjusted for optimal yarn balloon formation.
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Fig. 3.7 Fixed creel.
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Fig. 3.8 Fixed creel with outside (left) or inside (right) yarn sheet.

3.4.2.1 FCO type (exterior yarn sheet)

The FCO type comprises a fixed central package frame with movable exterior ten-
sioner frames. This is the most widely used construction with easy yarn sheet access
which facilitates rapid yarn break repairs.

3.4.2.2 FCI type (inside yarn sheet)

The FCI type comprises a fixed exterior package frame with central movable tensioner
frames. This solution provides minimum deviation in angles and is, therefore, partic-
ularly suitable for fine and delicate yarns.
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3.4.3 Magazine creel

The magazine creel is most effective when long runs of a single count or quality
are required. Two cones/holders are provided for each yarn, one for the running
yarn and the other for the reserve cone. The tail end of the running cone is tied
to the leading end of the reserve cone, so that when the running cone finishes
unwinding, the yarn from the reserve package starts and continuity is thus provided
without stopping the machine. There will be few leftover packages. This also
allows replenishment of the cone holder on the creel with the reserve cones as
required. Depending on the application, the creel may be configured for exterior
or inside draw off. Fig. 3.9 shows model GP-M [6] of a magazine creel made
by Benninger AG, Switzerland.

3.4.4 Duplicate creel

The use of this type of creel is the same as that of the single-end creel, that is, where it
is necessary to change the quality of the material or yarn counts either at relatively
short intervals or when frequent changes are necessary. The design places two creels
side by side. The headstock of the warping machine can be moved from one creel to
the other. Whilst the running creel is being used, the duplicate creel with the desired
yarn quality is prepared ready for use. The headstock is moved to the made-up creel so
the warping process may be started without any waste of time. The spare creel then
becomes available for the positioning of new packages.
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Fig. 3.9 Magazine creel GP-M for continuous production.
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3.45 Creel with RT

The design of this creel is almost identical with that of the FC. However, the fixed
bobbin frame is replaced by removable package trucks [5] or trolleys in the centre
of the creel (Fig. 3.10). Individual trucks can be taken out of the creel. The design
of this creel also allows the use of a set of spare trucks. These can be loaded with pack-
ages outside the creel whilst warping is carried with the other set. This increases the
flexibility and productivity of the warping process. The downtime is reduced to that
required to move the trucks in and out and to knot the yarns with the finished set. This
creel design is particularly useful when there is insufficient room to permit the use of
two standard creels. The creel can be hydraulically opened and closed by means of
push buttons.

3.4.6 Swivelling frame creel

Fig. 3.11A shows the design of a swivelling frame creel-type CS [4] which is
marketed by the huys Matthys Group-from Belgium. This design permits the setting
up of other packages when the machine is running. The next set of packages, running
for a different quality of fabric, can be loaded on to the creel whilst the warping
machine is still running the previous set. When the running packages are empty,
the package frame can be rotated to bring the new set of packages into the active
position. The rotating frames have a locating catch for ease of positioning. The creel
is particularly suited for large packages of filament yarn. This creel is available in
two versions:

* With an exterior yarn sheet: this type is used when the yarn run needs to be accessible for the
repair of broken ends.
With an inside yarn sheet: used with heavy packages to facilitate handling and accessibility.

(A)

Fig. 3.10 Creel with removable package trucks: (A) creel with removable bobbin trucks and
(B) spare trucks to increase flexibility and speed for warping.



Yarn preparation for weaving: Warping 93

[ ] [
BE & g
o ac (m
ao a0 g
ao ao o
ao ao o
o a0 «ap
' o0 oo N
& Qo ao ){><O<>
&) 88 g9 RS
O 0} L O
O ac a0 (&
a0 OO a0 a0
ac a0 a0 a0
Qo a0 a0 a0
o 'n'n a0 a0
. Oc n'm’ o ao {mim]
(A)
(B)

Fig. 3.11 (A) Swivelling frame creel and (B) swivelling frame creel GP-D.

Fig. 3.11B shows another model of swivelling frame creel GP-d [6] in two versions
from Benninger. This creel is ideal for package sizes between 5 and 25kg. The seg-
ments are turned manually but an automatic option is also available.

3.5 Tensioning units of creels

All modern creels are equipped with a tensioning unit for each package. These can
be mechanical or electronic. A number of different tensioning units are available,
covering a large range of yarn types and counts. The simplest is the disk tension
device [7] as shown in Fig. 3.12A. The thread is drawn from the package, through
an eyelet and led around two small pins before going forward from the creel. If an
increase in tension is needed, weighted disks are placed on top of the yarn as shown
in Fig. 3.12B. This method is generally suitable for cotton and wool. However, for
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(A)

Fig. 3.12 Disc tension device.

sensitive yarns such as filament and silk, the steel posts or pins are fitted with por-
celain adapters.
There are various types of tensioning device:

+ self-compensating tensioner-type DTR
adjustable disc tensioner-type DT

*mechanical self-compensating tensioner.
+electronic tension units.
Tsudakoma new tensioner device.

3.5.1 Self-compensating tensioner-type data terminal ready

Fig. 3.13A shows a self-compensating tensioner-type data terminal ready (DTR)
fitted on a warping machine [4]. It is designed to maintain a constant yarn tension
on a given setting with cops, conical, or cross-wound packages and to maintain a
constant yarn tension from full to empty packages, regardless of speed or package
size. The decrease in diameter of the package during warping is compensated by the
tension unit so differences in tension are kept to a minimum. Tension peaks are
absorbed by the hydraulic damping action of the compensating wing, enabling
smooth running of the yarn sheet. Different types are available to suit a large range
of yarn counts.

3.5.2 Adjustable disc tensioner-type DT

This tensioner DT (Fig. 3.13) has been developed for technical applications with
high tensions [4]. The yarn is deflected over a ceramic roller with a large deflecting
radius of 12mm. It is ideal for fibreglass, industrial, or heavy filaments and
spun yarns.
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(A)

Fig. 3.13 Self-compensating tensioner, (A) DTR-1000, (B) DTR-Z, and (C) DT-tensioner.

3.5.3 Mechanical self-compensating tensioner

Two different mechanical self-compensating tension units, V001 and V002, are
offered by VTA, Belgium (Fig. 3.14A and B) [5]. These units keep the tension con-
stant, independently of the various colours on the creel, the different types and
counts of yarn or the difference in diameter between the various packages. When
at standstill, the tension units return to their starting position, thus keeping the yarn
stretched.

3.5.4 Electronic tension units

Most modern warping machines are equipped with different types of electronic ten-
sion units for packages on the creel. Fig. 3.15 shows an electronic tension unit [5] from
VTA equipping a modern warping machine creel. It has the following features:

+fully programmable tension control

'+ stores 999 styles

+custom application for quick installation

'+ automatic profile of tension from front to back
' constant tension across the yarn sheet
+constant tension regardless of speed
+computer calibrated

* motion sensors for detecting broken ends

+ individual end identification

+ programmable response time to reduce lost ends
+ touch screen
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(A)

(B)

Fig. 3.14 (A) Mechanical tensioner V001 and (B) mechanical tensioner VV002.

3.5.5 Tsudakoma new tensioner device

Tsudakoma have introduced a new type of tensioner unit (Fig. 3.16A) on their creel
TVC-e Creel [8]. The figure shows the two-rod type, but three-rod and four-rod types
are also available. A rod tensioned system with a movable rod is used. By setting three
positions for the movable rod at stopping, running, and opening, the tension is equal-
ized and yarn breakage may be easily repaired. This device breaks the yarn according
to the machine stop/start setting to prevent the yarn from loosening in acceleration and
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Fig. 3.15 Electronic tension unit.

deceleration. An optional tension control device is also available. The creel tension is
detected on the warper’s main body section. From the beginning to the end of the
package, the combined use of the rod position control and the speed control draws
out the yarns at a stable tension for winding on the beam.

The Tsudakoma tensioner unit also includes a device for automatic adjustment for
ballooning distance. This unique device calculates the optimum distance between the
yarn package and the tension rod based on the yarn package diameter, which is
detected by the yarn package diameter sensor (Fig. 3.16B). The tension rod is then
brought close to the yarn package [8]. As the distance between the package and
the tension rod is maintained so as to prevent multiple balloons, yarn breakage is
decreased.

3.6 Thread stop motion

Every warping machine is equipped with a thread stop motion. In the event of a thread
breaking, the stop motion immediately stops the machine before the broken thread
becomes lost under subsequent layers of yarn on the beam. A light at the stop motion
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Fig. 3.16 (A) Two-rod tensioner and (B) automatic adjustment for balloon distance.

unit illuminates to identify the exact location of the break and assists the operator in
repairing the broken end. Whenever an end breaks, the operator locates the broken end
from the cone, passes it through the tension unit and thread stop motion and takes it
forward to the beam, tying it with the broken end from the beam. The same process is
carried out when any cone or cheese is finished and the machine stops.

Huys (Belgium) offer two types of modern warp stop motion/detection systems:

FRD-O
+ ECD-16

The first type uses a mechanical dropper to generate the stop motion signal. A LED
lamp on each stop motion rack indicates the vertical position of the yarn break. The
ECD-16 type (Fig. 3.17) is based on the magnetic reed contact. Because this contact is
hermetically closed, the sensor is not sensitive to dust or other environmental
conditions [4].

Another modern yarn break electric stop motion, with drop needles and dust-proof
contactors or electric stop motion with ceramic eyelets and a vertical drop, is offered
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Fig. 3.17 Warp stop motion.

by VTA Belgium (Fig. 3.18) [5]. Benninger offers a unique broken yarn detection
device called FILGARD (Fig. 3.19) on their Ben-Creel [6]. When an end breaks,
two prominent LEDs flash on the outside of the stop motion assembly, clearly indi-
cating the tier with the broken end. A digital display on the electrical panel shows the
tier and the number of the broken end. Repeated end breaks at the same position are
specially signaled, which enables troublesome packages to be identified with certainty
and replaced if necessary. The minimum tension detection is only 3cm, which allows
even the finest yarns to be monitored. The detector needle can be adapted to cope with
divergent yarn counts.

3.7 Single-end warping machines

Traditional warping methods all have their strengths and weaknesses. Even after many
years of technological improvement in the design of warping machines, the basic prin-
ciples and ways of producing warps have not changed. It remains necessary to prepare
and use a considerable number of packages, whether in the form of bobbins, cones, or
cheeses, which constrains the process.

Customer requirements are changing rapidly for a variety of reasons. For example,
the demand for small quantity orders of specialized products at short notice is becom-
ing very common. New production techniques with high flexibility are continuously
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Fig. 3.18 Yarn break detector.

being introduced into the industry. Firms engaged in the production of fancy and pat-
terned fabrics cannot afford to follow the traditional method of warping to produce
10-20m of fabric as a sample. The answer to this problem is single-end warping tech-
nology which has come into the market in the last few decades.

This requires a minimum single package to prepare a sample warp of the desired
density. It is equally possible to produce a patterned warp in any sequence according to
the design of the fabric. The process is highly automated and dramatically increases
the efficiency of sampling and small volume production. In addition to the use of
single-end warping by the fashion and design industry, the equipment is ideal for aca-
demic institutions actively engaged in running courses in the field of woven textile
design.

A number of manufacturers are marketing single-end warping machines. Fig. 3.20
shows a Lutan [9] model which is available in two versions: v 3.6 and v 5.0 from CCI
TECH, Inc. in Taiwan. This can produce warp lengths from 11 to 200m with a
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Fig. 3.19 FilGARD yarn detector.

working width of 2200 mm on model v 3.6, and 15-500m on model v 5.0. In the sim-
plest version, a stationary creel accommodates one package of each colour. Changing
of the colour is automatic and allows any possible warp arrangement to a maximum of
eight colours. Fig. 3.20 shows a patterned warp wound on a drum which is then trans-
ferred to the weaver’s beam positioned in front of the drum.
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Fig. 3.20 Lutan single-end warping machine.

Fig. 3.21 Single-end warper VMI 601.

3.8 Newly designed single-end sample warper VMI 601

Rabatex Industries from India offer their newly designed sample warper VMI 601
(Fig. 3.21) [10] with the option of either a stationary creel VMI 701 or a Rotary Creel
VMI 801 along with optional accessories — accumulator with control panel for station-
ary creel and rotational creel having eight ends with IRO ROJ — Italy make accumu-
lator and control panel.

The sample warper is designed to produce warps with short lengths less than 100 m.
The single-end sample warper reduces the sampling cost and eliminates yarn wastage
to produce ‘replica’ of the sample fabric one would like to weave in bulk.
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The single-end sample warper has the following technical features:

Drum circumstance 7000mm
Warping width 1900-2600 mm
Warping length 7-105m
Warping speed 1000 m/min
Thread pickup speed 500 m/min
Thread change speed 500 m/min
Number of thread feeder 8 ends

Max. beam flange dia. 600-1000mm

3.8.1 Rotary creel VMI 801

The unique creel can accommodate maximum of 8 ends that can be warped for at the
same time which increases the warping efficiency significantly (Fig. 3.22A) [10]. The
creel is precisely synchronized by a variable frequency digital AC drive and quick
response thread accumulator.

3.8.2 Stationary creel VMI 701

It can hold maximum of eight different colours of warp and is programmable for var-
ious patterns selection (Fig. 3.22B) [10]. The specially developed sensor does not
allow miss or double end. There is an option of thread accumulator available with
eight cone holder frame.

(A) \ (B)

Fig. 3.22 (A) Rotary creel and (B) stationary creel.
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3.9 Developments in sectional and direct warping
machines

At Itma 2015, there were 19 exhibitors promoting their sectional warping machines
and 21 exhibitors direct warping machines. However, majority were providing tech-
nical information, etc. about their machines through catalogues whilst very few
exhibited their actual machines. As already stated in the previous chapter that in so
far as radical developments in the preparatory machines are concerned, in author’s
views, these appear to have reached near to their saturation limits.

However, at every Itma, one gets an opportunity to see some incremental develop-
ments which the machinery manufacturers tend to incorporate in their latest models of
winding, warping, sizing, and weaving machines. The general emphasis adopted by
most leading manufacturers of these machines is to show improved machine design,
production data logging, quality monitoring, and automation through the use of micro-
processors and electronics as an integral part of the machines. Use of microprocessors
and electronic controls is now almost taken for granted for use in every aspect of yarn
preparation machines and this has been clearly reflected in the last few ITMAS and
more so was evident at ITMA 2015.

The following sections cover the salient features/incremental developments in the
sectional and direct warping machines that were being promoted by some leading
manufacturers at ITMA 2015.

3.10 Sectional warping machines
Karl Mayer from Germany were marketing their two new models PROWARP

(Fig. 3.23) [11] and ISOWARP (Fig. 3.24) [11] of the sectional warping machines
offering new interesting features incorporated in the two models.

PROWARP®

Fig. 3.23 Karl Mayer sectional warper PROWARP.
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ISOWARP

Fig. 3.24 Karl Mayer sectional warper ISOWARP.

3.10.1 PROWARP

The manufacturer was offering a study in concept and design in the shape of its new,
stylish flexible PROWARP sectional warper (Fig. 3.23) [11]. Equipped with ‘best of’
technology the Warper is intended to offer maximum design flexibility throughout the
production process, that is, the rotating direction of the warping drum on this new
innovative machine can be adjusted to suit the warping requirements of the client.
It can cater for a broad range of applications: during beaming, yarns can be processed
for producing shirtings, whilst technical yarns as well as all kinds of materials and
material combinations equipped with the latest communication, measuring, and con-
trol technology.
The newly designed machine offers:

'+ up to 5% higher efficiency in weaving
up to 30% more performance in warp preparation
beaming speed of max. 500 m/min
'+ beam diameter from 800 to 1250mm
working width of 2200-5600 mm
+ tensile force values variable from 20 to 1800 N during warping

3.10.2 ISOWARP

ISOWARP sectional warping machine (Fig. 3.24) [11] ideally suited for shirting and
sheeting application provide:

*up to 30% increased performance in warp preparation for weaving

+ possible to achieve up to 3% greater efficiency in weaving
+warping speed of 800m/min and beaming speed of 200 m/min

+ working width up to 2200mm and warp beam diameter of 2000 mm
+ yarn tensile force 600N during warping
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Fig. 3.25 Lasertronic Plus sectional warper.

3.11 Lasertronic Plus sectional warping machine

Prashant Gamatex under Technical Collaboration with Gamatex s.r.l, Italy were
claiming to present Asia’s first and most advanced sectional warper Lasertronic Plus
(Fig. 3.25) [12] with cradle-type beaming and laser technology. The machine is incor-
porated with a highly accurate, online pitch measuring device. The system incorpo-
rates continuous measuring and monitoring of yarn built-up by a contact-less laser
sensor system right from the first section and offers a very high accuracy.

The newly designed warper offers the following interesting features.

3.11.1 Kick back-type feeler roller for compact beam

A feeler roll guided by pneumatic closed loop A/C servo drive is provided on warp
table to offer high precision, uniform, compact, and tidy warping (Fig. 3.26) [12]. This
actuates controlled pressure over warp section on drum. On stopping of warping oper-
ation, the feeler roll retracts automatically so as to avoid partial abrasion on yarn
resulting in the formation of a compact package at low thread tension.

3.11.2 Programmable leasing device

Pneumatic leasing device (Fig. 3.27) [12] is provided to ensure precise and smooth
operation and is programmed by programmable leasing control (PLC) for tilting
the split rod frame simultaneously for seven lease operations.

3.11.3 Section tension control

This control features guarantees unvarying thread tension at all the times, regardless of
package diameter and speed (Fig. 3.28) [12]. The required yarn tension in warp section
once set is continuously monitored by load cell which in turn gives signal to creel PLC
in close loop of main machine PLC, thus regulates the yarn tension precisely.
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Fig. 3.27 Programmable leasing device.
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3.11.4 Reverse drum rotation

Reverse drum rotation makes everything easy to reach. It minimizes the distance
between fix-reed to drum surface and thereby avoids yarns spreading. It also sim-
plifies the entering of seven lease, which saves considerable time whilst warping
(Fig. 3.29) [12].

3.11.5 Adjustable waxing device
It features:

+three roll waxing devices with wax container tray and storage tank (Fig. 3.30) [12]
waxing speed is variably adjustable for uniform wax throughout the length
rear guide roll to maintain uniform wax contact area irrespective of yarn diameter built-up
'+ to bypass the waxing process, wax roller with tray can be lowered pneumatically

3.12 COMSAT sectional warping machine UNI-EVO

COMSAT from Spain offer their sectional warper UNI-EVO (Fig. 3.31) [13] with fast
synchronized machine movements, in conjunction with the high warping and beaming
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Fig. 3.31 COMSAT sectional warper UNI-EVO.

speed providing maximum productivity and warping of a diverse range of yarns from
coarsest to the finest. Warping speeds up to 1200m/min can be achieved. Beaming
speed up to 300m/min with a maximum tension of 8000N, special configuration up
to 200m/min with a maximum tension of 12,000N is available. The sectional warper
offers the following salient features incorporated in the newly designed machine.

3.12.1 Automatic warp section control

The device guarantees an identical length and tension of the yarns independent of the
bobbin diameter and the warping speed. It allows speed changes in the middle of
the warping process and keeps the tension constant during the acceleration and stop
of the machine.
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3.12.2 Automatic beam tension control

With this device a constant tension during the entire beaming process is assured with-
out affecting any external factors. It allows speed changes in the middle of the
beaming process.

3.12.3 Minimum loss of yarns

Through an effective system of hydraulic brakes, a fast stop action is obtained, min-
imizing the loss of yarns inside the warping drum. The split up of the warp stop
motions installed on the creels speeds up the warp stop when a yarn is broken.

The broken yarn memorization in the warping process and its repair in the beaming
process, avoids warping defects when a yarn is lost on the drum.

3.12.4 Other features
These include

partial stops in the beaming process for placement of separation markers
minimum turn at slow speed during the final section achieved due to the drum inertia
compensation

+ alignment of the warping table to reduce the angles of the yarns coming from leasing device
using the simple system of recipes built into the software of the machine, it can accurately
reproduce previously produced beams which results into reduced machine set up times and
eliminating the possibility of faulty data entry

3.12.5 Optional devices
The following devices are offered as optional devices:

'+ Press roller device — it increases the beam hardness without increasing the winding tension
(Fig. 3.32A) [13].

'+ Antistatic device — to eliminate antistatic charge accumulated on the yarn (Fig. 3.32B) [13].

'+ Waxing device — totally independent group for the waxing of warp, with pump and lever
detector. Waxing speed is synchronized with winding speed (Fig. 3.32C) [13].

'+ Printer — it prints the most relevant data of each beam (Fig. 3.32D) [13].

Fig. 3.32 Optional devices: (A) press roller, (B) antistatic, (C) waxing device, and (D) printer.
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* Warp section rotating device — allows the construction of symmetrical warp sections.
* Working with two creels — reduces machine downs time.
Semiautomatic leasing device — automatic stop and opening for lease and sizing splits and
allows working with odd yarns of warp section.
Weighing of the beam — obtains the gross and net weight of the beam.
Direct beaming from creel — allows directly beaming from the creel without previously
warping on the drum.
Regenerative beaming:
— Motor braking providing energy saving.
— Rewinding of the warp to the drum.
— Beaming low tension.

3.13 Developments in direct warping machines

Karl Mayer offer their latest universal model of the direct warping machine
WARPDIRECT (Fig. 3.33) [14] for staple yarns. It has high-production performance
with warping speeds up to 1200m/min, working width 1800-2400mm and beam
diameter 800-1400m. It ensures perfect warping quality provided by intelligent press
roll system and optimal yarn depositing device, meaning.

completely cylindrical beams
precise yarn arrangement

+same warping length for all beams
reduced maintenance costs

WARPDIRECT offers the following salient features.

WA RS PR

WARPDIRECT

Fig. 3.33 Karl Mayer Direct warping machine “‘WARPDIRECT".
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Fig. 3.34 Consistent optimal yarn arrangement during warping.

3.13.1 Consistent optimal yarn arrangement

The machine has a unique consistent optimal yarn arrangement system: during stop-
ping or starting, the threads between the shaft and the reversing roller may get crossed
(Fig. 3.34) [14]. During sizing, this quite often results in yarn breaks. The automatic
detangling function ensures that the thread arrangement is reestablished immediately
after start-up.

3.13.2 Indirect pressure with active kickback

The increasing yarn batch on the beam shifts the pressure roll backwards against the
resistance set for the contact pressure. This indirectly acting pressure ensures that
completely cylindrical yarn packages are achieved at all times. Since the press roll
is hydraulically driven, it will swing out of the way immediately on braking
(Fig. 3.35) [14]. This prevents any kind of friction between roll and yarn.

3.13.2.1 Other interesting features

These include:

Computer controlled length measuring system provides length accuracy of 0.1%.
+ The indirect pressure system and precisely aligned press roll ensures absolutely
cylindrical beams.

Fig. 3.35 Indirect pressure device with active kickback on “WARPDIRECT’.



Yarn preparation for weaving: Warping 113

'+ Lap-protecting press-roll function when stopping due to the press roll (kickback system)
swinging out of the way within seconds.
Reduced maintenance costs.

3.14 COMSAT direct warping machine — ‘UNI-EVO DIRECT’

COMSAT from Spain offer their UNI-EVO DIRECT warping machine (Fig. 3.36)
[15] incorporating interesting incremental developments thus providing high
productivity of beams of medium density along with the following novel technical
features:

warping speeds up to 400m/min with tension up to 3000N
'+ beams with a 1000mm maximum diameter
' antiyarn crossing device with blowing
hydraulic beaming brake
+ pressing and waxing device
'+ possibility of working with two creels simultaneously
waxing device
+ zigzag reed adjustable in width and oscillation of the zigzag reed speed and constant tension
during the full beaming process

3.15 Selvedge warper

COMSAT offer their interesting Selvedge Warper S-200 (Fig. 3.37) [15] for filling of
the selvedge bobbins, with standard creels for 12, 24, or 36 bobbins with the following
technical data:

+ 0.18 Kw motor
+signalling operator at thread break
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Fig. 3.36 COMSAT direct warping machine UNI-EVO.
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Fig. 3.37 COMSAT - selvedge warper.

warp stop motion
+oscillation
+automatic stop at filling

press group for uniform winding
*universal system tensioner

3.16 T-Tech, direct warping machine — TW30F

T-Tech Japan Corp. offer their latest direct warping machine TW30F (Fig. 3.38) [16]
with some new incremental developments incorporated in the machine which enables
to achieve quality warping for a wide range of yarns kinds: chemical and synthetic,
nontwist and high twist, and super fine to thin yarns by holding the yarns with the
nip roll. Some of the novel features include:
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Fig. 3.38 Direct warping machine TW30F from ttj — Japan.

3.16.1 Fixed-position stop system for fluff

When any fluff, broken filament, fluff ball, or loop is detected, the machine is stopped
at a fixed position. Defects on yarns are easily removed (Fig. 3.39) [16].

3.16.2 Take-up tension control system

The take-up tension can be easily set with touch-key operation of the T-machine data
station (MDS) with the nip tension control system and the roll tension control system.
When the take-up tension control is provided, the tension is more accurately con-
trolled by feedback control.
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Fig. 3.39 New fixed position stop system for fluff.
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Fig. 3.40 Nip tension control system.

Front reed Tension roll
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3.16.2.1 Nip tension control system

By holding the yarn with the nip roll, high quality of warping is possible for a wide
range of yarn kinds without damaging the yarn due to slippage of the running yarn on
the roll (Fig. 3.40) [16]. When the warper is stopped, the nip roll positively releases the
yarn immediately even during an emergency stop, so the yarns will never the dam-
aged. The contact angle of the tension roll that is close to the creel is variable to adjust
the sheet looseness after stoppage. The system responds to all yarn kinds and is spe-
cially efficient for twisted yarns and other yarns that require high tension.

3.16.2.2 Roll tension control system

The motor that drives the two tension rolls positively controls the tension (Fig. 3.41)
[16]. Because the roll that is close to the creel has a swing structure to change the con-
tact angle, the friction between the yarn sheet and the roll is adjusted according to the
yarn kind and the system is best suited for nontwist yarns.

Fig. 3.41 Roll tension control system. Front reed
Tension roll
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Fig. 3.42 Guide roll system.
Front reed

Guide roll

3.16.2.3 Guide roll system

Two guide roll negatively rotate to arrange the yarns into a sheet (Fig. 3.42) [16]. The
take-up tension can be adjusted with the creel pensioners and the system is ideal for
nontwist and low-twist yarns.

3.17 Take-up tension indicator

The T-MDS displays the take-up tension [16] during the warping process thus helping
to maintain the desired tension for the production of quality beams.

3.18 Tension setting and control in increments of 1N

Delicate yarns, such as super-fine yarns, require the tension to be set according to the yarn
fineness. Setting in increments of 1N allow finely tuned setting and control. Delicate
yarns, such as super-fine yarns, require the tension to be set according to the yarn fineness.

3.19 Beam inertia compensator

The beam braking pressure appropriate for the winding diameter reduces excess ten-
sion during deceleration.
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Yarn preparation for weaving: 4
Sizing

K.L. Gandhi

The Textile Institute, Manchester, United Kingdom

4.1 Introduction

It is almost impossible to weave single spun warp yarn from cotton, viscose, polyester
blends, and acrylic/wool blends without the application of size (starch). Most single
spun yarns are, therefore, sized to enable successful weaving of warp yarns. The appli-
cation of starch, an adhesive material, is carried out in a process called sizing (slash-
ing). Although sizing is a complex process which is key to successful weaving, it is
also considered to be a nonvalue-added process. First, the single spun warp yarns are
sized, and after the yarn has been woven into fabric, the protective coating of starch is
later removed by a de-sizing process. This enables the selected finishing cycle to be
completed without problems, but obviously adds to the cost. Weft yarn is never sized.
Correct sizing can help in making cloth from low-grade cotton, even where older
machinery is used. However, even with new machinery, inadequate sizing will cause
serious trouble during the weaving process with resultant losses in material, quality,
and production time.

In this chapter, the author covers only the basic information related to the technol-
ogy of warp sizing. No attempt is made to cover the chemistry and technology of
sizing in any depth. For detailed information on this technical subject, the reader is
referred to the books: Textile Sizing by Bhuvenesh C. Goswami, R. Anandjiwala,
and David. Hall, Sizing of Spun Yarns by Henry Hacking, Technology of Warp Sizing,
edited by J.B. Smith, Warp Sizing Mechanisms by T. Ramsbottom, Textile Warp
Sizing by Paul V. Seydel and Weaving: Technology and Operations by Allan Ormerod
and Walter Sondhelm, along with other references given at the end of this chapter.

It is generally thought that sizing is carried out in order to increase the strength of
the yarn, but this is not entirely true. There is no correlation between tensile strength
alone and the end breaks occurring during the weaving process. The efficiency of
sizing treatment cannot be judged by an increase in the breaking strength of the yarn.
Flax yarns have a higher strength than cotton and wool but are difficult to weave. The
strength of the yarn is many times greater than the normal tension imposed on it by the
loom parts during the weaving process and yarn does not usually break because of a
lack of tensile strength. On the loom, the warp yarns are subjected to a wide range of
mechanical stresses, the most significant being bending, fatigue, oscillating tension,
and frictional resistance.

Woven Textiles. https://doi.org/10.1016/B978-0-08-102497-3.00004-0
© 2020 Elsevier Ltd. All rights reserved.
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4.1.1 Reasons why single spun yarns in their unsized state cannot
be woven

The efficiency of the sizing machine at the weaving stage is largely judged by a single
criterion, which is the warp breakage rate. A warp break on the loom will occur only
when the resistance of the weakest spot in the yarn is less than the tension generated in
it. High tension is caused mainly by imperfections in the yarn which create obstruc-
tions to the crossing of the warp ends during the shedding process and in their passage
through the drop wires, healds, and reed. Among the imperfections which are induced
during the process of yarn manufacture, the presence of loose fibres called hairs,
which protrude from the yarn surface, is considered to pose the most serious difficul-
ties in weaving spun yarns in their unsized state. Yarn hairiness is affected by factors
such as fibre properties, spinning parameters, and yarn properties.
Hairiness arises from three classes of fibres:

1. Fibres whose ends project from the yarn.

2. Fibres which reach the outer layer of the yarn and then arch into loops emerging from
the yarn.

3. Fibreswhich are only attached to the yarn core, and in the majority of cases, are wound round
outside it. These fibres are classified as wild fibres [1, 2].

The length of these protruding hairs can vary from 1 to 5mm or above. The greater the
number of hairs per metre, the more hairy the yarn will be. Yarn hairiness, measured
by the number of hairs per metre, can be tested on the Shirley hairiness meter. This
equipment does not give a figure representing total hairiness but counts the number of
hairs exceeding 3mm in length when the standard setting is used. It appears that hairs
emerging more than 3mm in length from the yarn surface are more susceptible to
entanglement with adjacent yarns during weaving. Fig. 4.1A and B shows the differ-
ence in appearance between the same yarns with and without hairiness.

Fl"!“”h’!
(A)

Fig. 4.1 (A) Yarn hairiness before and (B) after singeing.
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Properties such as abrasion resistance, breaking strength and elongation, and hair-
iness in twofold spun yarns are considerably better than in single spun yarns. Sizing is
not, therefore, essential when weaving twofold spun yarns, although in many cases
even these yarns may be sized for better performance.

4.1.2 Weaving trial on unsized warp yarns

A research project conducted a full-scale weaving trial on unsized warp yarns. A beam
containing 1600 ends of 38 tex yarn was prepared. The ends were drawn with one end
per heald eye and two ends per dent, weaving plain cloth with 16 ends and picks/cm on
a standard Picanol loom running at 220 picks/min (rpm). Fewer than 1500 picks had
been woven before the effect of yarn-on-yarn and reed-on-yarn abrasion was clearly
noticed as follows [3]:

Behind the heald shafts, protruding hairs from adjacent ends were interlocked and prevented
the formation of a clear shed (Fig. 4.2A and B). Fig. 4.2B shows the fibres being pulled out
from the yarn structure.

Accumulations of detached fibres from the yarn structure as a result of yarn-on-yarn abrasion
and the reed-on-yarn abrasion were forming beads in between the front heald and the reed
(Fig. 4.2C).

Behind the healds, a cloud of detached pieces of fibres were thrown into the air by the upward
movement of the warp yarns, forming a reservoir for further obstructions. These detached
(wild fibres) and broken fibres were seen to be collecting on the loom parts and on the healds.
Some fibres fell on the warp and were quickly wrapped around the yarn (Fig. 4.2D and E).

As the weaving progressed, a considerable degree of obstruction was caused by the
beads formed on many of the warp ends across the entire width of the warp
(Fig. 4.3). Beads also formed at the back of the healds where ends had interlocked.
Obstructions were cleared by hand but these became so numerous that after 4000
picks, weaving had to be abandoned. It is noteworthy that for 4000 picks inserted, only
one warp break occurred and this was directly caused by one of the beads (Fig. 4.4B
(i)). The main deduction seems to be that the yarn was able to withstand the normal
weaving tensions and did not suffer significantly from fatigue in its passage from the
beam to the fell of the cloth, despite being unsized.

During the formation of the beads, it was observed that in the initial stage of their
formation (Fig. 4.4), they were not firmly attached to the yarn. A bead, while still
small, could slide from its place of formation under the influence of the reed, but
as the bead increased in its length and width, it became fixed on the yarn and travelled
forward along with the parent yarn. The size of the particular bead and the movement
of the reed put the end under high tension which resulted in its breaking. Beads as big
as 15 3mm in size were formed on the yarn.

Some of the beads were seen to behave in a typical manner, that is, due to yarn-on-
yarn abrasion, the ends adjacent to the one carrying the beads detached some of the
loose fibres from the outer surface of the bead. This resulted in the loose fibres being
discarded, either falling under the loom, or, as was observed in some cases, wrapping
themselves around the yarn itself or interlocking the two ends. Fig. 4.4B(iv) shows the
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(A) (B)

© (D)

(E)

Fig. 4.2 (A) Protruding hairs interlocking with warp during shedding and preventing clear
formation of shed, (B) fibres being pulled out during shedding, (C) formation of beads on warp
between front heald and reed, (D) detached fibres settling on heald parts and intermittently
falling on the warp yarns, and (E) clouds of detached pieces of fibres thrown into the air during
shedding.

appearance of a typical bead from which the fibres had been detached. This bead ini-
tially had more or less the same appearance as the one shown in Fig. 4.4B(ii) or (iii).
The structure of the beads formed in the course of weaving unsized warp was analyzed
to prepare a Baer-sorter diagram in order to find out the effective length of the fibres.
This was found to be 20mm (Fig. 4.4).

This analysis clearly showed that these long hairs must have been pulled out from
the structure of the yarn and not merely broken off. It became clear that the protruding
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Fig. 4.3 Beads formed in front of reed across the whole width of warp as a result of reed-on-
yarn abrasion.

hairs from adjacent ends interlocked and, during the crossing of the warp (shedding),
threads were put under tension which either pulled the hair completely from the yarn
structure, or after a certain length had been pulled out, caused it to rupture. The sever-
ity of entanglement depends on the amount of yarn-on-yarn abrasion, reed-on-yarn
abrasion, and heald-on-yarn abrasion during the weaving process and the number
of ends and picks/cm.

Thus, it was concluded that because of the hairiness of the yarn, unsized single spun
warp yarns, cannot be woven unless they are treated to improve their hairiness, yarn-
on-yarn, and reed-on-yarn abrasion resistance. After the treatment, the protruding
hairs will not become entangled with each other nor will they be peeled off from
the yarn surface during the reed-on-yarn abrasion, which causes the formation
of beads.

4.1.3 Effect of singeing on yarn hairiness and weavability

Singeing sewing threads and fabrics burns the protruding hairs to achieve a better
appearance in the end products. It is considered desirable to carry out this process
to remove the protruding hairs from the yarn and then study the weavability behaviour.
As an example, a 37-tex break-spun yarn was singed at a speed of 130 m per minute.
Fig. 4.1A and B shows the hairiness of the yarn before and after singeing. The decrease
in yarn strength and breaking extension was found to be insignificant.

4.1.3.1 Weaving trial on singed unsized yarn

A large-scale trial was conducted in which a beam with 1600 ends from 38-tex singed
yarn was prepared to produce a plain cloth with 15.7 ends and picks/cm. A standard
Picanol loom running at 220rpm was used. It was observed that no difficulty was
experienced in weaving the warp. Even in the unsized condition, the warp sheet
divided clearly and in the absence of hairiness, yarn-on-yarn abrasion did not cause
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Fig. 4.4 (A) Different stages of bead formation, (B) various beads, and (C) Baer-sorter diagram
of fibres removed from beads.

any entanglement of the adjacent warp ends (Fig. 4.5C-E). There was no formation of
beads on any of the warp ends across the entire width of the warp. A total of 50,000
picks were inserted and only five warp breaks recorded. Compared to this perfor-
mance, the trial on unsinged and unsized warp as described earlier had to be aban-
doned after only 4000 picks [3].
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Fig. 4.5 (A) and (B) fibre removed from unsinged sized yarn with only 0.8% of size collected
on top and bottom of the heald shafts, respectively, (C) and (E) heald shafts free from fibre
deposit when weaving singed unsized yarn, and (D) singed unsized warp at the back of the loom
free from entangled fibres.

In another weaving trial, an unsinged sized warp had only 0.8% of size applied to it.
During weaving, a significant number of fibres were detached from the warp as a
result of yarn-on-yarn abrasion (Fig. 4.5A and B). This significant undersizing caused
many problems during weaving. The trials confirmed that it is the initial hairiness of
the yarn which impedes the weaving of spun yarns in their unsized state. An ideal per-
centage of size must be applied to single spun yarns to improve their abrasion resis-
tance and fatigue properties if weaving results of a high standard are to be obtained.

4.1.4 The sizing process

Preventing the protruding hairs from entangling with each other and improving the
yarn’s abrasion resistance is achieved by applying an adhesive (starch) paste around
the yarn surface. This is prepared by boiling suitable starch material in water along
with other ingredients which are used to enhance the film properties. The process
known as ‘cooking’ prepares the size paste to a viscosity which will have a significant
effect when applied to the yarn.

The application of the adhesive involves immersing the warp yarns in the size
paste. The surplus is squeezed out, the warp sheet is dried, then the yarns are separated
and wound onto the weaver’s beam. After drying, a film of starch is left around the
yarn surface and it is this film which improves the abrasion resistance of the yarn. It
also enhances its tenacity and fatigue properties as well as the elasticity to withstand
the stresses of the weaving process.
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4.1.5 Size ingredients for yarns

The main ingredients used in sizing cotton warps are adhesives (starches) and lubri-
cants/softeners.

4.1.5.1 Starch adhesives

Most adhesives used in sizing are starches. Starch is a hydrophilic polymer which is
readily influenced by moisture or water. The adhesion capacity of the sizing product is
important. Starch, a natural product obtained from several sources, is still the major
sizing ingredient in the formulation of size paste along with other materials, the use of
which depends on many factors. Starch is used for fibre-to-fibre cementing action and
for laying the protruding hairs firmly on the yarn surface. A number of natural starches
are available, that is, sago, potato (farina), maize, tapioca, wheat, and rice. Starches
vary widely in their physical properties, exhibiting differing adhesion, viscosity and
other characteristics. The most commonly used are sago and maize. In general, sizes of
low viscosity are chosen as they are easier to handle, the take-up of paste is smaller and
thus the drying of the warp sheet is easier. It is also more economical and achieves
better penetration into the sheet and into individual yarns. However, high viscosity
is an advantage in certain applications where only a low, or very low, concentration
is necessary and the yarn is of a type in which surface coating rather than a high degree
of penetration is of value.

4.1.5.2 Modified starches

Modified or water-soluble starches have a humber of advantages over unmodified
starches. These include uniformity, size consistency, ease of removal, and a shorter
preparation time. While the modified starches as a whole have adhesive properties
similar to those of the natural starches from which they are derived, they fall short
in their film-forming properties. To compensate for this, other film-forming sub-
stances such as water-soluble ethers and polyvinyl alcohol (PVA) are used as film
strengtheners and binders with modified starches. Starch ethers are excellent water-
soluble sizing materials. Solvitoses are important members of this group which
require mild de-sizing treatment.

4.1.5.3 Thin boiling starches

Thin boiling starches are also known as soluble, high-fluidity, or oxidized starches.
Fluidity is the reciprocal of viscosity, so a starch with low viscosity has high fluidity.
Once the thin boiling starch mixture has reached its required viscosity, it will remain
more stable than a raw starch mixture, reducing only slightly in size viscosity. Most of
the soluble starches are made from corn starch but other starches may also be used.
Starch is added to water and is usually treated with chemical agents which tend to
oxidize the starch while it is in a water solution. These starches usually produce a more
flexible film and are suitable for the sizing of fine counts of yarn.
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Thin boiling starches are converted to more soluble types by acid hydrolyses. These
are necessary when sizing heavy yarns for penetration and binding power. In principle,
they are used to obtain more weight or a thicker film on the yarn. They need less
cooking time than regular starches to stabilize the viscosity [4-6].

4.1.5.4 Size materials for synthetic/filament yarns

Filament yarns are composed of continuous filaments aligned in parallel rows which
run straight except when they are coiled by the insertion of a twist, giving the yarns
an appearance of evenness, smoothness, and the absence of hairiness. Most of the
filament yarns may not require sizing. However, sizing improves their efficiency
by a further 15%-20%. Sizing improves the frictional resistance of the yarn and
bonds the filaments which prevent the peeling back and intermingling of any broken
filaments which are present on the yarn before weaving or may break during weaving.
In order to achieve this, the selected size must have sufficient adhesion to the fibre to
make the filaments cohere.

Requirements for sizes for the treatment of synthetic yarns are different for contin-
uous filament and for spun yarns. Continuous filament yarns (a) have a strong
cohesion due to continuity of their filament, (b) possess good elastic behaviour to
cyclic extension, and (c) have a higher degree of elongation. Spun yarn has a greater
capacity than continuous filament yarn for absorbing size. The traditional starch-
based size material suitable for spun yarn has inadequate adhesion to smooth synthetic
fibres and cannot be used successfully on synthetic yarn/filament yarn.

Size materials adapted to the specific properties of the fibres are used for synthetic yarns.
The choice of the correct size material depends on the type of synthetic yarn, that is, poly-
amide, polyester, etc. A satisfactory size recipe for filament yarn, in addition to providing a
good adhesion to the yarn, should possess good film-forming properties. It should also
impart strength, elasticity, resilience, and lubricating properties to the yarn [7].

The film-forming materials used for filament yarns are generally high polymeric
substances capable of being dissolved in water or some other suitable solvent. They
are classified into three main groups:

*natural polymer (protein group)
regenerated polymer
synthetic polymer

Table 4.1 lists the classification of sizing materials available for the sizing of filament
yarns [8].

4.1.5.5 Sodium carboxymethyl cellulose

This is a cellulosic adhesive, water soluble, and capable of being easily removed from
the cloth during finishing. It is supplied in a range of viscosities and has a high film
strength and considerable adhesive power. It can be mixed with PVA and in conjunc-
tion with modified starch and PVA, can be used on spun viscose and acrylic fibre.
Sodium carboxymethyl cellulose (SCMC) produces a tough, clear, and flexible film.
It tends to absorb and hold moisture so its water binding ability makes the need for high
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Table 4.1 Classification of sizing materials.

Generic name Examples Fibre
Natural polymers Gelatin Acetate and viscose
Modified starches Viscose, glass

Regenerated polymers Gums Viscose

SCMC*? Viscose
Synthetic polymers PAAP Polyamide, acrylic

Vinyl copolymers® Polyester, acetate, acrylic

PVOH (PVA)? Viscose, acetate, polyamide, glass

2Sodium carboxymethyl cellulose.

®Polyacrylic acid.

°Acrylic copolymers, vinylacetate copolymers, styrene copolymers.
9Polyvinyl alcohol.

humidity in the weaving room less critical than with other sizes. In solution, the viscos-
ity of SCMC is decreased by raising the temperature and increased by lowering it [4, 5].

4.1.5.6 Polyvinyl alcohol

PVA is synthesized from petroleum and produces size films that are very strong, have
good abrasion resistance and are easily de-sized in hot water. It is basically a synthetic
polymer resin and can be used satisfactorily on spun yarns in conjunction with soluble
starches.

4.1.5.7 Polyacrylic acid for sizing

This is an excellent adhesive for spun nylon yarns and can be used in the sizing of
hydrophobic fibres and their blends such as nylon, acrylics, acetate, polyester, etc.
The size gives good binding to these fibres and can also be made water insoluble, per-
mitting their use in water-jet weaving applications [9].

4.1.5.8 Lubricants and softeners

When applied on its own, starch tends to make the yarn somewhat harsh and brittle
which is detrimental to the yarn during the weaving process. To overcome this, lubri-
cant/softener materials are added to the size paste. Their use reduces friction between
yarn-on-yarn, reed-on-yarn, and heald-on-yarn, which facilitates the beat-up of the
weft. They also reduce the dusting-off due to easier and better separation in shedding.
Softeners give a soft handle to the yarn, and help decrease the brittleness of size film,
reduce abrasion resistance, increase elasticity, improve size penetration, and reduce
the sticking of yarns in the warp sheet and on the drying cylinders. Softeners also tend
to lubricate a yarn and allow it to slide through the various parts of a loom without
chafing. The most common lubricants are tallow, spermaceti, and paraffin wax. Emul-
sified tallow and soluble mineral oils are sometimes used [5, 10].

Tallow is probably more extensively used as a softening agent than any other mate-
rial. It acts as a lubricant as well as a softener. Its proportion in the size paste is
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generally between 8% and 10% of the dry weight of the adhesive used. Other common
softeners such as castor oil, glycerine, and paraffin wax are also used. Glycerine is an
excellent softener as it possesses the desired softening qualities and is hydroscopic in
nature, thus maintaining a high regain in the yarn. Caution is required in the use of
softeners. If used in quantities in excess of 8%-10% in weight of the starch, they will
tend to weaken the size film and its strength and abrasion resistance.

4.2 Characteristics of a good sized yarn

The primary characteristics of a good size are

tensile strength and elongation
v flexibility
+ adhesion

proper viscosity
'+ removability

consistency

abrasion and sticking resistance

The secondary characteristics of a good size are

transparency
resistance to mildew and bacteria
v cost
lack of odour
softness
+ubrication
noncorrosive and nonabrasive to machine parts

The most important of these characteristics which contribute the most to weavability
in sized warp yarns are

substrate adhesion
elongation

v flexibility

'+ viscosity
desizeability

+ abrasion resistance

4.3 Size mixtures: Composition and quality

Size mixtures, their composition, and the quantity to be applied to the yarn depend on
many factors and conditions and may vary significantly. The most important factors to
be considered are

+ Typeofyarn (i.e., counts, material, and turns/metre): a size mixture may be required to size a
high-twisted, high count yarn efficiently, while another mixture may be required for a soft,
low-twist, low count yarn. Each yarn is used for an entirely different purpose and should
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fulfil all the requirements. The size mixture for each type of yarn is varied for the appropriate
characteristics.

Fabric parameters (ends and picks per centimetre): the higher the number of picks per
centimetre in the fabric, the greater is the amount of heald-on-yarn and reed-on-yarn abra-
sion for each inch of woven cloth. This is because the warp yarns are not drawn forward as
rapidly as they are in cloth having a low number of picks per centimetre, and the reed moves
forward and backward a greater number of times during the beat-up operation. During this
operation, the reed dents severely abrade the warp yarns. Similarly, the higher the number of
ends per centimetre in the warp, the greater is the yarn-on-yarn abrasion and friction during
the shedding process when the healds change their positions. Therefore, if yarns are to with-
stand the strain and abrasion forces under such conditions, they will normally require a
greater amount of size.

There is no single sizing ‘recipe’ which is valid for all processes. A recipe suitable for
the sizing of all cotton-warp yarns, or blends or synthetic yarns cannot be formulated
because of the multiplicity of the fabric constructions and yarn compositions and the
different types of weaving machinery. The size recipe and the amount of size depos-
ited on a yarn will vary according to the abovementioned conditions, along with the
type of loom used.

4.3.1 Quantity of size mixture applied to the yarn

It has been established that it is impossible to weave single spun yarns without the
application of size. The question arises as to the quantity of size applied to the yarn.
If too little is applied, the warp would perform better than in an unsized state but prob-
lems would remain which prevent successful weaving. If too much size is applied, it
will seriously affect breaking extension and flexibility, so leading to an increased
number of warp breaks and a loss of productivity. This suggests that there is an ideal
amount of size application for optimum results in weaving.

If the warp breakage rate were studied in similar warps sized to varying percent-
ages, it would be found, as shown in Fig. 4.6 that the warp breakage rate is reduced as
the percentage of size is increased [6]. This is due to reduction in yarn hairiness and a
significant improvement in the yarn abrasion resistance due to the coating of size film
as well as to an increase in yarn strength.

The reduction in warp breakage rate with an increase in the addition of size reaches
a point beyond which any further addition of size will not show a significant improve-
ment in yarn performance on the loom. In fact, it will tend to increase the number of
warp breaks. An excessive size add-on leads to an increased penetration of the size
inside the yarn structure, which significantly decreases the yarn’s breaking extension.
Between the two extremes, a certain size percentage gives the minimum breakage rate
and this percentage is called the optimum or ideal size percentage for application to
the yarn. The curve plotting the breakage rate against the percentage of size on the
warp is defined as the ‘sizing-weaving curve’. Warp breaks are generally expressed
as breaks/1000 ends/10,000 picks.

The weaving efficiency, which is inversely proportional to the warp breakage rate,
reaches its peak when the warp breakage rate is at its minimum. The highest weaving
efficiency consistent with the optimal addition of size is usually achieved by trial and
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40 Fig. 4.6 Sizing-weaving curve.
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error [11]. In practice, it is not simple to identify the ideal size percentage for achiev-
ing optimum weaving results for a particular fabric style. The relationship between
warp breaks and the amount of size on the yarn will vary greatly, depending on the
composition of the size, the type of yarn, the fabric particulars, pickup of size paste
from the size box, type of loom, and many other factors.

4.4 Effect of size on adhesion between fibres in the yarn
structure

On the basis of information gathered while weaving unsized yarn, it is obvious that
sufficient interfibre adhesion is required to prevent the hairs being pulled out. This is
achieved by adding a suitable percentage of size to the yarn. The size forms bonds
between the fibres (Fig. 4.7A) and the strength of the bonds depends on the type of
size used. A breakdown between fibre and size or in the size itself reduces the
adhesion between fibres, making them liable to be pulled out from the yarn structure.
This causes yarn breakage. An investigation into the value of this function of sizing
was carried out. The amount of force required to extract individual hairs from
unsized yarn and from yarn with different degrees of sizing, using sago as the
adhesive, was taken as the criterion to evaluate the effect of size on adhesion
between fibres. This force was measured on the Instron tensile strength tester, as
shown in Fig. 4.7B.

A single hair, over 3mm in length, was taken at random from a 20 cm length of yarn
surface and gripped by the jaws. As can be seen from the figure, when the hair is pul-
led, it does not remain perpendicular to the yarn axis as the force increases. The angle
between the hair and the yarn axis changes constantly and is difficult to observe at the
instant when the hair either breaks or is detached. Therefore, the force required to pull
the hair is defined as the component at right angles to the yarn of the tension in the hair.

Results from 100 tests carried out are summarized in Table 4.2. Some hairs were
pulled out completely, but others broke only when partially extracted. With unsized
yarn, some hairs, between 5 and 20mm in length, were pulled out without registering
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Fig. 4.7 (A) Size film bonds
being formed between fibres and
(B) hair being pulled out from
the yarn.
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Table 4.2 Force required to pull or break a hair from the yarn structure following single-end
sizing.

Average length of
hairs removed from
Force required to % Hairs yarn when
Size Pull out Break Pulled Broken Pulled Broken
added to the hair the hair out (cm) (cm)
yarn (%) (9f) (9f)
0 2.0 3.7 54 46 1.30 1.23
7 2.6 4.18 16 84 1.16 1.0
14 3.0 4.0 7 93 1.0 0.78
21 4.4 4.78 5 95 0.9 0.7

Size formulation: sago/tallow (10:1). Yarn: cotton, open-end spun, 38 tex.

any force. It is presumed this could happen with loose hairs (wild fibres). The number
of hairs completely pulled out from the unsized yarn with a force of 0.1-1.0gf was
found to be 33%. With an addition of 7% size, all hairs were anchored to the yarn
and none of the hairs were pulled out or broken from the sized yarn in the above range
of force. Although a significant increase in the average force required to pull out or
break a hair from sized yarn was observed when compared with unsized yarn, it was
found that this increase was not proportional to the amount of size added to the yarn.
No significant difference was observed between yarn with 14% of added size and that
with 21% in respect of the ratio of the number of extracted to broken hairs or to their
average length.

The results suggest that beyond a certain point, the further addition of size does not
significantly increase adhesion between fibres. Thus, any additional amount of size
added to the yarn in excess of that ideally required will not serve any useful purpose.
It is also likely to decrease the yarn’s breaking extension, so leading to a higher warp
breakage rate during weaving.

4.5 Size paste preparation: Cooking

Size preparation (also known as cooking) is carried out in large wooden or stainless
steel kettles fitted with suitable types of agitators to stir the paste.

Depending on the concentration of the size paste, the required quantity of water and
size materials are mixed in the kettle and the solution is cooked by injecting steam.
The viscosity is controlled and when the size is cooked to the required degree, it is
transferred to storage tanks from where it is then pumped into the size box to the sizing
machine.

Pressure cookers are also used for cooking size paste. These substantially reduce
the cooking time for starch, especially for unmodified starch. Water and size ingre-
dients are added to the vessel and boiled. The steam inside is allowed to build up
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the pressure to a desired level which is maintained for the required period. When the
cooking is complete, the paste is transferred to a storage tank from where it is pumped
to the sizing machine.

A number of size preparation systems have been developed to allow quick cooking
of starches to a reasonably low and stable level of viscosity. These systems have been
automated to a certain extent and are effective not only with starch, but also with
ingredients which are not easy to mix.

4.5.1 Preparation of size paste when supplied in liquid form

Some sizes are supplied in liquid form for special usage. These are not heated during
preparation and the vessels required can be very simple. From a main storage tank of
size, specified quantities are passed to a preparation vessel, mixed with water and
(if necessary) a suitable lubricant, and then after agitation the size will be ready
for use.

4.6 Sizing machines

Fig. 4.8A shows a typical two-cylinder sizing machine which was in use a few decades
ago but is now obsolete. Cylinders of different dimensions were used but the typical
arrangement was a large cylinder about 7 ft. in diameter and a smaller one with diam-
eter of about 4 ft. The width varied according to the width of the sizing machine and
the production requirements of the individual mill. The cylinders were steam heated
and the drying temperatures varied from 100°C to 105°C, depending on the yarn
count, density of the warp being sized, the machine speed and the percentage of size
applied, etc.

Fig. 4.8B is a schematic diagram of a modern seven-cylinder sizing machine for
spun yarns [12]. Most modern machines, depending on various factors, are capable
of working at 100-120m/min. On any sizing machine, the warp has to pass through
five zones or sections: the creel, the size box, the drying cylinders, the leasing section,
and the headstock.

4.6.1 Creel section

This is the first section of a sizing machine and is located at the back of the machine to
accommodate the warper’s beams. There are various creel designs commonly in use
on modern sizing machines. In the over/under creel design, the beams are positioned
as shown in Fig. 4.9A. This type of creel is preferred when the warper’s beams com-
monly used for sizing of spun yarns of cotton and synthetic fibres are exactly the same
length [6]. Warp ends in sheet form are drawn from the first and second beams, then
drawn forward and combined with the third beam. The process is continued until all
the ends have been collected from all the beams in sheet form which is then fed into the
following section of the machine, which is the size box.
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Fig. 4.8 (A) Schematic layout of two-cylinder sizing machine and (B) schematic layout of a
modern seven-cylinder sizing machine.

When the warp is drawn forward from the back beams, itis leased. Lease strings are
placed between the yarn sheets from each beam and the yarns are drawn forward until
the lease strings reach the headstock of the machine. At this point, the lease strings are
removed and split rods (lease rods) are inserted in their pledje Fig. 4.% shows
other designg6] of creel, methods of collecting warp ends from the back beams
and feeding all the yarns in a sheet form to the size box.

4.6.2 Size box

The size box [figs 4.8A and 4.10A) consists of an immersion roller, steam-heated
pipes, and a pair of rollers known as the size roller and the rubber-covered squeeze
roller [12, 14] The configuration of the size box may vary, but its basic function is

to apply the size paste to the yarn. As the warp sheet enters the size box, it is passed
under the immersion roller which impregnates the warp sheet with the size solution.
The immersion roller can be raised or lowered as required. The depth of the immersion
in the size solution and the speed of the machine govern the actual time the yarn takes
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to pass through the size box. The longer the yarn is in contact with the size solution, the
more size it will absorb. In general, the greater the speed of the machine, the higher
will be the take-up of size paste.

The size paste is kept at a desired temperature by means of steam passing through
the perforated steam pipes. Usually, the higher the temperature of the size paste, the
greater the degree of size penetration into the yarn structure. The warp loaded with
size paste is then passed through the nip of the size and squeeze rollers.

In a size box, there may be either one pair of squeezing rollers or a double squeezing
roller. In the double squeezing process, the yarn is immersed twice. Some modern sizing
machines are equipped with several size boxes. The purpose of extra immersion and
squeezing is to facilitate as full a penetration of the warp sheet as possible.
The squeeze rollers on modern machines are covered with rubber of shore hardness 45°.
Rubber rollers on modern machines often have a basic weight of 230-320 kg with extra
loading facilities to increase the effective weight well beyond 450kg [5].

The squeeze roller exerts a defined amount of pressure on the warp sheet so that
most of the excess size is squeezed off the surface of the yarn and a certain amount
of penetration into the yarn also takes place (Fig. 4.10B) [5]. Thus, a sized yarn has a
coating of size film and penetration of adhesive into the yarn structures. The amount
may vary. Penetration of the adhesive into the yarn structure prevents disintegration

To size box

B

Separated warp sheets
Key
1,2,3,4,5,6 — Warper's beam

A,B,C,D,E — Lease rods
F — Cooling fan

(A)

Fig. 4.9 (A) Over and under (zigzag) creel and
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Fig. 4.9, cont'd (B) different creel designs.
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Fig. 4.10 (A) Size box of a sizing machine and (B) schematic representation of squeezing roller
action.

on occasions when the outer coating fails to withstand the forces of abrasion. It
also binds the fibres and prevents them being pulled out. Coating helps to lay the
fibres, reducing the hairiness of the yarn and affording initial protection against
abrasion.























































































The fundamentals of weaving 5
technology

K.L. Gandhi
The Textile Institute, Manchester, United Kingdom

5.1 Introduction

Whether carried out on a simple hand loom or a power loom, weaving consists of inter-
lacing two sets of yarns at right angles to each other. The yarns that run the length of
the woven fabric are called warp yarns, and the yarns that run across from side to side
are called weft yarns (also known as filling). Warp yarns are generally stronger than
weft yarns because warp yarns experience a lot of stress and strain during weaving as a
result of the different loom motions during the weaving cycle. The manner in which
the warp and weft threads interlace with each other is known as the weave. Broadly
speaking woven fabrics can be categorized into the following three types:

1. Fabrics in which warp yarns (also referred to as ends) and weft yarns (also referred to as
picks) intersect one another at right angles.

2. Fabrics in which some warp yarns interweave to the right and left of the adjacent warp. Such
fabrics are called gauze and leno fabrics.

3. Fabrics in which warp or weft yarns project outwards from the foundation of the cloth and
form a loop or pile on the surface of the fabrics. These fabrics are called pile fabrics (exam-
ples are carpet, terry towel, velvet, and corduroy).

Fig. 5.1 [1,2] shows the passage of warp yarns through a loom that is basically the
same whether it is a table loom (Fig. 5.1A), a hand loom (Fig. 5.1B), or a power loom.
All the warp ends are drawn through the eyes of the heald shafts, which are raised or
lowered as one unit. A minimum number of two heald shafts are required to weave a
fabric. The need for more than two shafts depends on the weave structure of the fabric.
All the warp ends are then passed through the dents of the reed. The reed is primarily
composed of parallel strips of steel wires with gaps (or dents) between them. The reed
keeps the warp yarns evenly separated and held parallel as they pass through the dents
of the reed. The operation of drawing each warp yarn through its appropriate heald eye
and through the dents of the reed is known as drawing-in, before the weaver’s beam is
positioned at the back of the loom.

Woven Textiles. https://doi.org/10.1016/B978-0-08-102497-3.00005-2
© 2020 Elsevier Ltd. All rights reserved.
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CAD/CAM in the woven
textiles industry

Pammi Sinha
University of Leeds, Leeds, United Kingdom

6.1 Introduction

Weaving is one of the oldest crafts known to man. Fragments of woven cloth have
been dated to the Neolithic/Eneolothic period [1]. The woven fabric has been regarded
as possessing mystical qualities: woven rags are offered as part of the prayers in some
Buddbhist shrines, form the requisite set of ceremonial accoutrements for many differ-
ent religions’ prayer settings, and as observed by Kramrisch [1a] “in the Rig Veda and
the Upanishads, the universe is envisioned as a fabric woven by the gods. The cosmos,
the ordered universe, is one continuous fabric; the uncut fabric is a symbol of totality
and integrity” [1a, pp. 67-68]. Knowledge and mastery of the skill has long been a
matter of intellectual pride — as illustrated by the Greek myth of the weaving compe-
tition between the goddess Athena and the human Arachnida. Arachnida won the com-
petition but her demonstration of pride in winning was punished by Athena who turned
Arachnida into a spider and cursed her to forever spin and weave. To understand and
be knowledgeable about woven design is a matter of mastering weaving techniques
and mathematics and the competitive environment within which the textiles industry
operates requires computer-aided design and manufacture (CAD/CAM) skills to
develop new products and new textiles applications.

This chapter introduces the reader to some of the key issues regarding the use of
CAD/CAM within woven textile design. The chapter will begin with an overview of
the scope and standing of the textiles industry within the global trading environment
and the role that CAD/CAM plays. The chapter then discusses key management issues
when using CAD/CAM within the woven design process such as: cost, expertise and
skills training, impact on the supply chain, and development of new products and new
market areas. The chapter will conclude by discussing some of the current research
being undertaken with CAD/CAM applications for woven textiles with a view
towards future trends and sources of useful information for readers wishing to explore
the issues raised in greater depth.

6.2 The textiles industry and innovation

6.2.1 Scope and size of the textile industry
The textiles sector is wide and diverse with applications as diverse as clothing, geol-
ogy, architecture, auto industries, civil engineering, medicine, aerospace, etc. [1b].

Woven Textiles. https://doi.org/10.1016/B978-0-08-102497-3.00006-4
© 2020 Elsevier Ltd. All rights reserved.
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Modelling the structure of woven 7
fabrics
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7.1 Introduction: Fundamentals of woven structure

A woven fabric is produced by interlacing two sets of yarns called the warp and the
weft at right angles to each other in the plane of the fabric. The warp is along the length
and the weft along the width of the fabric. Individual warp-and-weft yarns are called
ends and picks. The interlacement of ends and picks with each other produces a coher-
ent and stable structure. The yarns are held in place due to the inter yarn friction [1,2].
The repeating unit of interlacement is called the weave. In this fabric formation pro-
cess, there is a great scope in choosing fibres with particular properties, arranging
fibres in the yarn in several ways and organizing in multiple ways interlaced yarns
within the fabric. This gives the textile designer great freedom and variation for con-
trolling and modifying the fabric structure. Fig. 7.1 shows plain weave in plan view
and in cross section along warp and weft. The weave representation is shown by a grid
in which vertical lines represent warp and horizontal lines represent weft. Each square
represents the crossing of an end and a pick. A mark in a square indicates that the end is
over the pick at the corresponding place in the fabric that is warp up. A blank square
indicates that the pick is over the end that is weft up. One repeat of the weave is indi-
cated by filled squares and the rest by crosses.

The properties of the fabric depend on the fabric structure. The formal structure of a
woven fabric is defined by weave, thread density, crimp, and yarn count. The inter-
relation between fabric parameters can be obtained by considering a geometrical
model of the fabric. The geometrical model is concerned mainly with the shape taken
up by the yarn in the warp-or-weft cross section of the fabric. Mathematical deduc-
tions obtained from simple geometrical form and physical characteristics of yarn com-
bined together help in understanding various phenomena in fabrics. The basic model
of Peirce’s [3] analysis is shown in Fig. 7.2. It represents a unit cell interlacement in
which the yarns are considered inextensible and flexible. The yarns have circular cross
section and consist of straight and curved segments. The main advantages in consid-
ering this simple geometrical are:

It helps to establish the relationship between various geometrical parameters.
It enables calculation of the resistance of the cloth to mechanical deformation such as initial
extension, bending, and shear in terms of the resistance to deformation of individual fibres.
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3D woven fabrics, structures,
and methods of manufacture

M. Amirul “Amir” Islam
Bally Ribbon Mills, Bally, PA, United States

8.1 Introduction: 3D woven fabrics and structures

Three-dimensional (3D) fabrics and textile structures have been used in various indus-
tries, such as aerospace, NASA, medical, automotive, armoured vehicles, marine, boat
and shipbuilding, construction, wind energy, electronic textiles (E-textiles), smart tex-
tiles wearable, and other industrial applications. The aerospace and other industries
have been using three-dimensional (3D) structures for some time. Putting several plies
of fabrics on top of one another, cutting them into shapes, and stitching them together
were the original methods of forming 3D structures. These techniques are labour
intensive, time consuming, and expensive. Moreover, the fibres are damaged due
to stitching, and the joints are weak because no continuous fibres run through the inter-
sections. Current 3D structures are generally created by weaving, using a specially
built loom, braiding, knitting, filament winding, and pultrusion, amongst other
methods. In this chapter, only those 3D structures created using a loom, loom mech-
anisms, and specially built machines are discussed.

The term “‘yarn’ is commonly used to describe both warp and fill (weft) in a regular
woven fabric. In a 3D woven composite structure, it is preferable to use the fibre tows
without any twist. The term “fibre tows’ is used to refer to the fibre throughout this
chapter. The warp yarns or fibre tows are referred to as ‘Odegree” or ‘X direction
fibres” or as ‘machine directional fibres’. Warp yarns or fibre tows numbers are
expressed in ends per inch. The weft yarns or fibres are called “fill fibres’. The fill
yarns or fibre tows are referred to as ‘Y direction fibres’ or ‘90degrees fibres’. Fill
yarns or fibre tows numbers are expressed in picks per inch. The yarns or fibre tows
through-the-thickness are referred as ‘Z direction fibres’ in this chapter.

8.1.1 Definition of 3D fabrics and structures

There are various definitions of 3D fabrics and structures because researchers and sci-
entists differ in their opinions [1-4]. In this chapter, any fabrics which take the shape
of three dimensions are considered to be 3D fabrics. Woven structures with substantial
thicknesses, thick structures, orthogonal structures or, which have been made using
standard loom or special loom mechanisms and any woven three-dimensional shaped
structures, are considered to be 3D woven structures in this chapter. Layers are also
referred to as ‘ply’ in the composite industries.
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Woven textiles for automotive
interiors and other transportation
applications

J.M. Hardcastle
The Textile Institute, Manchester, United Kingdom

9.1 Introduction

The transportation market covers a wide range of products with each sector having its
own special requirements in terms of design, colouration, fabric surface characteris-
tics, technical requirements, price, weight, density, air permeability, abrasion, etc.
Although, using large quantities of decorative fabrics, the transportation market
has been broadly classified as an industrial user of textiles. These products include
woven fabrics to a very large degree, and the sector as a whole is the largest consumer,
in terms of quantity, of all industrial uses of textile products, and has, therefore, devel-
oped worldwide into a very important part of the textile fabric market.
The transportation market can broadly be split into the following categories:

'+ Automotive —mainly cars, 4 4 vehicles, etc., but also including commercial goods vehicles
such as trucks often made by a subdivision of the same companies. Automotive is by a large
margin the biggest user of textile products within the entire transportation sector.

'+ Buses and coaches — predominantly use woven pile fabrics but also more and more flat
woven fabrics. The fabrics are mainly decorative but have to be made to high levels of per-
formance particularly in terms of fire retardancy.

Aircraft — use decorative fabrics in the seating areas and industrial fabric types in other areas
such as escape chutes, etc. Use is also made in aircraft of composite materials, some of which
incorporate woven fabrics, to replace metal and other heavy weight items in the aircraft in
order to reduce overall weight.

Marine — use traditional furnishing fabrics where considerations of design and colour are
very important in such areas as drapes and bedding, etc., in cruise liners to industrial fabrics
in the more specialized craft.

'+ Rail — in terms of volume the use is largely confined to specialized decorative fabrics with
special properties, for example, woven wool fabric with Kevlar woven into the back of the
fabric to prevent/reduce knife damage.

9.2 Automotive applications of woven fabrics

The automotive business is awash with statistics but, by any measure it is a vast busi-
ness and one which textile suppliers the world over eye with envy in terms of fabric
consumption. However, itis a very difficult industry to supply successfully due to very
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Woven apparel fabrics 10

Nicola A. Redmore
School of Art, Design and Architecture, The University of Huddersfield,
Huddersfield, United Kingdom

10.1 Introduction

Woven fabrics for apparel are extensive in range and diverse in nature, and have
developed over the centuries to meet a wide range of requirements and end uses. Func-
tional, decorative, traditional, or high performance, the combinations of fibre, yarn,
texture, weave, colour, and finish provide a vast range of possible options. This chap-
ter will focus on the more widely used woven apparel fabrics, their characteristics,
performance, and applications.

10.2 Performance requirements

10.2.1 Overview of the manufacturing process

The majority of woven apparel fabrics are produced on one of three loom types: a tap-
pet loom, dobby loom, or a jacquard loom. Tappet looms are used to produce designs
that require 12 shafts or less and are more economical than dobby looms. Dobby
power are used for small-scale patterns beyond the capability of the tappet loom
and are generally used for designs that require over 12 shafts and up to 32 shafts.
Fabric types produced on these two loom types include are fabrics of all weights
and in any type of fibre from natural to man-made fine voile’s, silk satin’s, and cotton
shirting, through to heavier weight denim and woollen tweed jacketing. Jacquard
looms are used to create larger figured designs, which cannot be produced on a dobby
loom and where the warp threads are controlled individually through a patterning
mechanism, which can be a mechanical one or linked to a computer-aided design sys-
tem. Fabric types produced on this type of loom include the ornate and decorative,
brocade, damask, and cloque. The fabrics produced on both of these loom types
are termed flat woven but there is another category of apparel fabrics that require
specialist looms in order to form a pile on the surface of the cloth.

Pile woven fabrics including velvet and corduroy consist of a base ground fabric
with an extra layer of loops formed in either the warp or the weft direction by an extra
set of yarns. The loops formed by these extra yarns may be left intact, that is, uncut, as
in the case of terry towelling or cut (either on or off the machine in the finishing pro-
cess) creating a raised surface of yarn tufts or pile for fabrics like velvet and velveteen.
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Woven textiles for medical 1 1
applications

S. Rajendran, S.C. Anand
University of Bolton, Bolton, United Kingdom

11.1 Introduction

With the increasing demand for novel textiles, structures, and their associated prod-
ucts for various applications, it is worthwhile to mention that conventional woven
textiles are still largely used to a significant extent in healthcare and hygiene sectors
such as antimicrobial and associated textiles used in hospitals, although nonwoven,
knitted and emerging spacer structures are increasingly dominant. Weaving technol-
ogy is also employed in manufacturing various hi-tech medical devices such as
vascular grafts, tendons, and wound dressings. Woven structures are used for a wide
spectrum of healthcare, medical, and surgical products. Woven fabrics are commonly
used for gauze dressings, capillary dressings, support and compression bandages,
plasters, vascular prostheses, scaffolds for tissue engineering, surgical gowns, drapes,
hospital textiles such as sheets, blankets, pillowcases, uniforms and a wide range of
operating room (OR) garments, hospital bed linen, and staff uniform garments.
A variety of different structures/shapes such as flat sheets, narrow tapes, straight tubes,
bifurcated tubes, tapered tubes, and fenestrated tubes can also be produced by using
woven technology. Woven fabrics are extremely versatile in terms of the type of yarns
and structures that can be engineered on the loom but suffer from the tendency of
fraying when cut into shapes and the anisotropic nature of their properties. The woven
structure tends to scissor when extended in the bias direction which could be detrimen-
tal for some applications such as mattresses for pressure sores and garments for
hypertrophic scarring treatment.

The market potential for healthcare and medical textile devices is considerably
high. It is forecasted that the world medical textiles market would be worth USD
20.23 hillion by 2022 [1]. In the EU alone the sales of medical textiles already account
for 10% of the technical textile market. The United States is the largest consumer of
medical devices followed by Western Europe. With the rise in income levels and
increasing adoption of health insurance, the demand for healthcare is expected to grow
in Asian countries such as India and China. The Indian healthcare market is growing
faster mainly because peoples’ living standards, mainly in cities/town, are improving
and patients from abroad are attracted by high quality and low-cost medical treatment.
The healthcare market is expected to increase to US$ 133.44 billion by 2022 [2]. The
development of the medical textile industry in recent years in China is relatively rapid.
The US Health Industry Manufacturers Association (HIMA) acknowledges that China
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Woven textiles for filtration 12

J.P. Singh
Department of Textile Technology, UPTTI Kanpur, Kanpur, India

12.1 Introduction

Fabrics made from the interlacement of yarn, either two sets of yarn or more than two
sets of yarn, are woven fabrics. Different from core uses of woven fabrics like clothing
or garments for the purpose of decoration and covering; these woven fabrics can be
used in many other fields, such as sportswear, medical textiles, textiles for electronics,
air bag construction in automotive engineering, and also as a filtration fabrics for the
purpose of filtrations. Woven fabrics, generally more durable and stable, are used for
the purpose of filtration and can be added with some properties for more efficient work
as a filter media. Examples of such properties include: oil absorbing, chemical bind-
ing, bacteria and virus killing (antibio fouling). These textiles with extra properties are
termed as the ‘intelligent textiles’. They can also have the capability to withstand
various conditions, such as heat, powerful chemicals, and abrasive properties of the
insoluble particles [1, 2].

Fig. 12.1 depicts the picture of various forms of woven fabrics as filter bags. The
structure of woven fabrics is different according to their end use in different fields, and
it depends upon the weave, thread density, crimp, and yarn count. Fig. 12.2 shows the
various [2] structures of woven filter fabrics. Their usage varies from material type to
structure as per its end uses for air filtration or for water filtration. Even though filter
fabric appears to be very small in size, they have a major role of filtration in many
industries. Woven filter press cloths are used in distilling the solid from the liquid.
These filters are designed in a manner to trap the solid particles easily, efficiently,
and also allow the smooth flow of the water through the filter press cloth.

12.2 Applications of woven filter fabrics according to
their structure

There is diversity in the form of the fabric filter cloths according to their end uses.
Some different types of fabric filters which are used as filter press cloth are as follows.

12.2.1 Centrifugal bags

Centrifugal bags are the most common used filter media for the separation of solid
from the liquid or, in better words, for the separation of solid components from the
suspension. Fig. 12.3 shows the diagram of a centrifugal bag [3, 4].
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