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Introduction to Textile Engineering

Why spinning?
* Characteristics of natura) fibers and synthetic fibers are
different

* Natural fiber have some specific staple length while
synthetic fibers can be made in almost lengu:;

* Spinning processes weredwelnpcd keepmg in mind the
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Ring spinning
i * Ring spinning, Cotton spinning or 3 roller spinning
® Itis called 3 roller spinning because of the
arrangement of the rollers in the drafting zone
‘the -Suinhlufurmplelensthﬂrtﬂmhml
o * Applications:
ht + Woven, knitted, braided fabrics

» Apparel home texties and technic ﬁﬁ
A ‘r',l.










Define Enginaaring, deﬂu
Fiber, Yarn, Fabric and Garment
Understand Textile products
Pakistan's Textile Growth

Raw Differentiate plant, animal and mineral fibers.

Materials Explain the sources or origins of natural '!ﬁnrl.
Fummun uses of Nalural fibers.

Raw i 5.

Materials * Explain the sources or origins of manmade fibers.
Common uses of Man-made fibers

Yamn Understand process flow charts of basic
Production operations of spinning
Describe briefly basic preparatory operations; and
feed of dfferent spinning machines for
Diffarentiate basic types of spinning &.g9. Rolor and
Ring

Discriminate basic types of yams e.g, Fllamant
Ring Spun and an-n End

Woven Fabric

Froduction rn.irufa ,tu nng.
Understand basic operations of weaving 8.9
shedding. picking and-baat up

Woven Fabric

Production shuttie and shuttie-less weaving -}
Differentiate basics of construction of woven fabric |Bul

Basic Weaves).

Understand the basics of knitling operations
Differentiate the basic types of knitted fabrics

Define the nonwovens :
Explain process flow and machings for nenwovens {Tex
. ﬂ'lffmrlilﬂtﬂ processes of web fmmqm ' L
g and ﬂnhh




11 |Printing &

Understand textile printing and explain its types ||

Finishing according to machines,
« Differentiate types of texti and fin uﬁ e
machines ¥ oxtic inishes sedas =
12 |Clothing » Understand processes involved in clothing 8
Production production ;
= Differentiate fabric separation/cutting processes
and machines "
13 Clothing » Explain fabric joining processes
Production « Explain fabric forming processes
14 Technical « Define the technical textiles and their types
Textiles « Explain some common examples of different
categories of Technical textile
15 Textile » Explain the purpose and Types of textile testing
Testing (Physical & Chemical)
» Have know how of Textile testing standards
16 Disposal & « Understand different types of textile disposal
Recyc[fng of processes
Taxtiles » Describe examples of recycling

End-semesler examination
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Textiles have such an important bearing
on our daily lives that evervone needs to
know something about them. From ear-
liest times, people have used textiles of
various tvpes for covering, warmth, per-
sonal adornment, and even to display per-
sonal wealth. Today, textles are still
used for these purposes and everyone 1s an
ultimate consumer. You use textiles in
some form even if vou are not the direct
purchaser. Included among consumers
are merchandisers of many types, from
the wholesale textile manufacturer and
merchant to the sales force in any retail
store. Many industries, such as the auto-
mobile industry, are important consumers
of textiles in various forms. Some other
consumers are homemakers, dressmakers,
interior decorators, and retail-store cus-
tomers, as well as students who are study-
| g;g'fgr these and various other occupa-
imd pmfﬂssmns in whmh a knowl-
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wish to be success
knowledge will prey
are too often made i mr_ UYVITIE

REASONS FOR STU mn
TEXTILES

A study of textiles wall
why certain fabrics
therefore more servi
purposes. 1t will exp
rics make cool weal

as decoration.
and mainten
before purchasing
tant factor.
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ustry, and have markedly n.
U Iﬁ!'-l:? general cconomic gmwﬂj

prosperity and growth of related in-
dustnies, such as petroleum and chemis-
try, and dependent industries, such as re
tail apparel stores, have produced broader
employment opportunities.  Competition
for the consumer’s dollar has fostered the
ereation of new textile fibers with specific
gualities to compete with well-established
hbers. New hber blends have been
greated to combine many of these quali-
ties into new types of varns with new
trademarks, There are also new names
for the fabrics made of these new fibers
and yarns. New finishes have been devel-
oped to add new and interesting charac-
teristics to hbers, vams, and fabrics

This welter of creativity and the mvr-
iad of trademarks present a challenge to
the consumer. who is sometimes knowl-
edgeable but frequently confused.  Yel
one need not be.  Without being overly
technical, this information can be easily
understood and consequently very useful
to the consumer in business and personal
life. All of this information can be
adopted for such utilitarian benehts as
economy, durability, serviceability, and
comfort,
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as well as for such acsthetic
values as hand (or feel), texture, design,

this point, only a
BIven so as to provi

some insight. 1t be

with fiber productio

other fbrous pl

sheep, other anin

mining of metals and

for wood; in chemical rese
duction of syntheties:
processed into varns and

varms are made into fabﬂﬂs 0
and consumer uses by var

such as weaving and ki
are converted into finishy
provide particular appeat
formances, These fg

_applications. _
merchandised and sold:
these aspects of the textile.
field in atself, and there is
dency with: multiplying e
industries. Ly

As one leams about the

pects of the production of te
tile products, it becomes
these achivity play a maj
economy.  The industr
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- te. The . abﬁa manufachirers
rﬂduﬂen. and fabric finishers need
_ acigEahle people. The chemical in-
dusiry requires skilled personnel in a vari-
ety of areas. All of these fields utilize
marketing and advertising specialists to
promote textiles and textile-related prod-
ucts.

SEQUENCE OF FABRIC
CONSTRUCTION

In beginning the study of textiles, vou

should have in vour hand a sample of a

woven fabric. Note that it is constructed

by interlacing sets of vamms that run

lengthwise and crosswise. It 15 from the Figure 1-1  Many strands of {3} fibar are twists
: spun, together m{unnnﬁ‘-: arn that isma

I['II_"L'TiHL‘ITIE. Or WCaAvVINgE, ot YedTIlS HI;I' H.I_]{']l i) fabric.

textile materials are made. A close exam-

mation of any one of these vams will re- )

veal the fibrous substance from which the 3. l‘dl?ﬂc W|'I.'lch h}' 10 .i';'-'1 151111
yarn 15 made. Such varns comprise a cesses becomes m-’ s
multitude of fine, hairlike fibers or fila- (see Figure 1-1). e

ments that have been separated, made '

parallel, overlapped, and twisted together KINDS OF FIBERS

by various processes, e

There is a logical development of raw ~ The textile industry

material into finished consumers’ goods. kinds t}fﬁ}mrﬁﬁ |

Studying textile matenials in the interest-

ing sequence of “fiber to varn to fabric”

will help you understand the construction

and ultimate qualities of the fabrics with

which you will become familiar. Here are

the steps in the manufacture of fabrics
from raw material to finished goods:

o










from the cocoon o im;'
hﬁﬂm"&:n& the silkworm.

s Emera]l}' n:u‘lh'.'ated an-
ﬂher type, wild (or tussah) silk, is ob-
tained from uncultivated silkworm co-
coons. The latter produces a coarser
fiber.  Silk is essentially composed of pro-
tein,

Silk  fber s relatively  lustrous,
smooth, lightweight, strong, and elastic.
Historically, it has always been a highly de-
sired fiber which has been used for ap-
parel, home furnishings, and upholstery.
Its desirability 1s one of the factors that
}}rl'““.F}I'ﬂd H'Il,‘ ]_'.IF[H]'I_IL'r'H:lI'l I:I‘F II'I.L'II]I]'I.;HJ{_‘
hibers to simulate silk.

Mineral Fibers

a natural hber ob-
of rock. Itisa h-
of magnesim and
.Ji.'.lf“:”:ll]l'., .Illt!

Asbestos. Asbestos 1s
tained from varieties

brous form of silicate
E.f-iil{_'l'l.”]]. CONtaming 1ron,

Figure 1-2 Manmade fibers
{d) this pullover s made of
TFquird"nr-I estar and o

Aol i 2

are frg u,_—r ty used In sp

stricted. {Sﬁﬂlﬁa -f ' di ..
Chapter 17.) i -

THE MANMADE FIBERS

There are several calngdnual Anmade

fbers: cellulosic, Hunﬂﬂﬂuf
protein, rubber, metallic,

Within each category, tllﬂrﬁ
variations  designed to pro

characteristics (see Figure -1"‘21&;} '

Cellulosic Fibers

[he three types of manmade ce
hbers—ravon, acetate, and :

are denved either from I:h{':EEu se of t
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1 Introduction

1.1 Evolution of Textile Technology

Food, housing, and clothing are fundamental human physical needs. Clothes
both serve a utilitarian function and express personality and living standard.
The evolution of apparel manufacture can be traced back to the Neolithic Age.
Textle mass production started with industrialization. In recent years, technical
textiies are being used in many different applications ranging from protective
clothing and wearable computing to automobiles and aircrafts. The constant
development of textiles production will always be essential.

As early as 4000B.C., the hand-operated spindle (Figure 1-1) and the loom
(Figure 1-2) were the most important tools for the production of textiles in central
Europe. ! has been found that materals used were wool and flax (linen).
2000 B.C., siik wovens were produced in China and linen fabrics were made in

Egypt.

>

Fig. 1-1: Hand-operated spindie [1]

Fig. 1-2: Vertical loom [1]




Table 1-1: Evolution of textile technology (2]
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‘air started replacing the shuttle. The currently realizex

The industrial era started with the invention of the

decisively influenced by textile machinery engine

From the beginning of industrialization, textile technolc

with two demands: First, the constantly growing demar

population growth had to be satisfied, Second, textiles

priced, so everyone could afford them. The spinning and wea

to that time had been operated manually or with walterpower could

meel these requirements. Thus, it was necessary to mechanize th
machinery or to build new machines so as to use the new powering

(steam, electricity) effectively. An outstanding example is the development of the:
first mechanical weaving looms, which were used at a weaving mill in England:
and driven by a steam engine, =

For the next 180 years, the development was continuous. An innovative peak:
was reached in the 1960s with the introduction of mn:qnvanﬂqnai: ing
technigues and a weaving loom without shuttles, With these new technic 3
production could be increased almost fivefold, while the need for manpower Was
reduced drastically. L
In step with development of machines for spinning, weaving, and Kni
technology, raw materials had to be made available at a reasonable
successful example is the cotton gin, which for the first time
industrialization of cotton production. i
At the end of the 18th century, imporiant advances in the ama-:.nff-_.,‘ «»_. '
chemistry led to the development of chemical fibers from nntuml
Inventions in the 1920s and 1830s In macromolecuiar d‘mmhw :
Staudinger, initiated the deveiopment of chemical fibers from syn e

such as polyamide (PA), polyester (PES), polyacrylnitrile (PAN):
urethane (PUE). i

The introduction of nonconventional spinning technologies, &

rotor and friction spinning, and air-jet spinning, qﬂu&ﬂd a 10-to

in yarn production speed over the last three decades. .
In the area of weaving, the speed of weft insertion was Inort romlg oL
nonconventional weft insertion techniques using projece. BTHEEI D

min may still be increased.

i anctrer step toward incrsasiog

D0 Y =5



Textiles Chemical Auto-

I _
Tourism,  Infor mobiles

maticn

Fig. 1-3: Worldwide sales statistics for important industries

e _—
Y 1

In Germany, the textile industry is one of the most pnwnrful.
industrial branches. The total turnover of the textile and apparel INCUSIR
«textile machinery industry, and the chemical fiber production =

34 billion € in 2000. The number of workers employed s recorded

2000. -
Figure 1-4 demonstrates the importance of the textile maqhharj:‘" dustn

30% of the new textiles machines worldwide come from Germany, foll¢
Japan, llaly, Switzerland, and France.

Textile products can be divided into
* Apparel,
» home and furnishing textiles, and
technical textiles.
Figure 1-5 shows the use of woven fabrics between 1990 an
be d. The decrease in apparel pr fuction

s
r T X =7 e,
LJL rul-..-l_.]._l! =LIIL%S A"
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| Finishing

. .Flnu._h-nr- -

| Dyeing Printing

I Maqul’._a.clyfe of ready-made clothes

| Sewing  Making-up for \rade

Fig. 1-6: Raw materials and processing steps [5]

The production chain from raw m ' i
i aterial to wast posal i
“textile pipeling” or "value-added chain® {Flgumﬁ;?i' e

‘added chain” can be derived from B 7). T
for the manufacture of a three-piece Hgﬂ}?— 1,—3?_“___. 2 in
‘Raw malerials for the manufacture of (e |




In contrast to natural fibers, the properties of rnan-mad& S C
depending on the chemical constitution and the conditions of pe
In addition to fineness and strength, the fiber length can be adjus
Chemical fibers are produced and processed as filament
fibers (with mnt]nuﬂus :-.aarn cut or broken into pieces of duﬁ

After harvest and ginning, cotton fibers are
dsﬁvarad to the spinning mill and first ente
prassad md_mndmd
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“ (Tid .--. - ' i . rart
staple fength. Accordingly, the procedure is ¢
conversion”. The resulting staple fibers may be pro
combination with natural fibers. .
The next processing step Is the weaving preparation, Hﬁmw
ends necessary for woven production is built. This is a sys
longltudinal direction, which is combined to an assembly of par
wound onto the warp beam. The warp beam is inserted in the
weaving (Chapter 4), the subsequent manufacturing step, a texti
woven fabric, is produced. A woven fabric is characterized by the
crossing of two systems of threads (warp and weft yarn). Thawaﬂ:i whit
and weft yam is crossed is called woven structure or weave patierm. 1
An allernative method of producing textile fabrics is the manufactures
fabrics (Chapter 5). As a result of the way the slitches are constructed;
structures are rather loose and voluminous. Characteristics for knit fabrcs
soft handle, high porosity, thermal isolation, and good drapeability.

Textile fabrics may also be produced as what is known as no
(Chapter 6). The production process can be divided into:

« Manufacture of the fiber web,
» stabilization of the fiber web resulting in the nonwowven, and
» finishing of the nonwaven.

A fiber web is a coherent assembly of fibers. It may be constructed _
layers of fiber webs on top of each other or from several layers of NONWE
According to the different directions of fiber orientation, isotropic ! hs and
nonisotropic in cross and machine direction are distinguished. Fiber wet
be produced mechanically, aerodynamically, or hydrodynamically.

After the production of wovens, knits, or nonwovens, the fabrics an
(Chapter 9). Finishing may also be done earlier during the prody

fiber or yam finishing, B

The purpose of finishing is;

» Removal of dirt and contamination,
Soatyeuganadning, oS :
~ surface modifications in order to improve product prop

= | ==
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1.4  Textile Products

Depending on their field of application, textile products have to fulfill the fo
specific requirements:

Aesthetic properties

handle

L ]
* optical appearance and look
* color and luster
= susceplibility to dirt
Physiological properties for wear
* skin-friendly wear properties .
* air permeability
= waler resistance
* moisture takeup

Physical properties
strength

elongation

wrinkle resistance
abrasion resistance

Chemical/biological properties
resistance to chemical cleaning agents
resistance to microorganisms and pests
fastness against light, sweat, and friction
water fastness

Depending on the specific fields of appllnal.[qn these req

or laﬁsar importance. Tﬂ]:llig is summarized in. :

j jucts in the

d of te
SiCY Y .
ATl A d

.....




Physical Physiological Aesthetic Chemical

Fig. 1-9: Evaluation of product properties for jeans, carpet, and airbag

For carpets and rugs the evaluation of properties is nmnplﬂtﬂly
gesthelic parameters are very important, as well as the purchase
physiological character is rather unimportant, because it does nnt
physical comfort of an individual. Good physical properties are &

carpet has to be long lasting in wear and look. The chemical prope
distinguished between light ‘fastness, which is important, and msistmu
chemical cleaning, which is desirable but of minor importance.

The airbag is not affected by fashionable influences; therefore, aesthetic asp
may be neglected. Similarly, physiclogical properties are of minor imporane
no direct body contact occurs in normal use. The airbag is a safe
therefore, the physical properties are essential. The gairbag has
temperature resistant, Cleaning fastness Is unimportant for an Eirbgﬂ.-

The examples in this book give only a broad overview of the conditi
products have to meet in various applications. These aspects daterr
raw fiber materials need o be used. In addition, the price must h!l :
Table 1-2 compares material properties and ulility value of &
natural and man-made fibers,

A comparison of fiber materials in this table demonstrates lhul'.
man-made fibers have favorable as well as detrimental properti
designing a product, it is important to choose materials m
requirements. ,
-Flgura 1-10 shows the percentage distribution of fi

 apparel, 4555 natural and Eﬁﬂ-man'




physical characteristics and the flex

ed for a specific application. Or

applied in the medical field (e.g., wound
packaging material (bags), as well as for substitut
asbestos.

Table 1-2: Material properties and utility value of some natural and syn
il itural and s

Fiber material

Polyacryinitrile PAN
Po

. chionide  CLF =
l.':lﬂ 2
++ very high +high o medium  -low
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Fig. 1-10: Percentages of natural and chemical fibers by area of ap ' ls;.,_:--;.
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ies consume about 20 1o 25 kg of tex
a r increase in the share of chemical
world share of natural and chemical fibers was
fibers have become more and more dominant.
population will provoke an increase in production of t:
While predictions differ quantitatively, Figure 2-2 gives a rot

-

3000

Conmmption [1.008 1]
fil
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TG

g

Figure 2-1: Development of the consumption of major fiber materia
from 1900 to 2000 [1]
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For fibers with circular cross section - for example, wool, gl
micrometers is often used as characterizing parameter. Ml:lII
fiber and yarn numbering may be found in Section 3-6.

Natural Fibers

I
!
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Figure 2-3: Classification of natural fibers [3]
211 Plant-Derived Fibers




Fiber length
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breaking mm
length o -
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in North America, the cultivation of cotton did not start

century in the so-called cotton stales a, N
Louisiana, and Georgia [8]. Owing to the. laborious
hand. world trade of raw cotton initially was low. One WafiE
mﬂknmamauntnfglnmdmmnﬂmajf ar day, |
| by E. Whitney [10] in 1 93 and the |
g in the c ns.




Hand picking is advantageous compared to machine pq‘dcm
completely mature capsules are being collected. Usually,
fewer plant contaminants. For automated picking, two kinds uf h

are used:

» Stripper and

+ spindle picker.
For an automated harvest using the stripper, the cotton p!ants
artificially defoliated, whereas this is not necessary using the sﬂinl:lla Dic
capsule contains about 4 g of seeded cotton, resulting in a final amount
of fibers after ginning. The nonfiber portion is larger with the Sh'fppar_

than with the spindle-picker method.

After the harvest, the seeded cotton is ginned. The number of :

necessary depends on the condition of the raw cotton still cnntnininﬂﬂié
JThe cleaning is done with regular beaters, like those used by s
preparation machinery. There are two kinds of machines:

+ Saw gin and

« roller gin.
The saw gin is more economical, as fts mechanization and automatior ‘”“ more
advanced. Thus, it is the preferred processing method at presunt, i

The seeds obtained with the ginning are an important by-product. They supf
oil for the production of edible fats and oils as well as {ah " P -
candle manufacture.

']Tamnst important cotton growing countries are C
 Usbekistan, India, Pakistan, Brazil Turka--- :

£ M Ry (e g W R
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CH,OH

Figure 2-4: Steric cellulose structure [12]

Figure 2-5 shows a vertical view, revealing the convolutions nical for @ ot
fiber, and the cross section of cotton fibers. The structure o© :
composed of microfibrils, which build up the primary cell wi

layers of the secondary cell wall according to @ typical orienta on, G

in Figure 2-6.




e S OO

] | of the .
8 Bundie of fibrils secondary wall
7 Individual fibrils |

Figure 2-6: Structure of a cotton fiber according to W. Kiing et al. [13]

The most important textile finishing processes are singeing, St
bleaching, mercerization, dyeing, and resin finishing. Bmtqn_:iﬁ u
apparel as well as for home and furnishing textiles. Only W%Hfﬂﬂ
are processed Into technical textiles. Cotton fibers are made into
100% or in blends with chemical fibers, as for example with p
viscose at a cotton percentage of 33% and 50%. Common fields of @
taxtiles are shirts, blouses, undergarments, outerwear, business Wi

tapestry, sewing threads, and nonwovens.

2.1.1.2 Flax (Linen) (LI)

Flax is one of the oldest cultivated plants with a cultural importance dat
early prehistorical periods. Linseed was first found in the former M it
Fragments, linseed, and capsules estimated to be from the
B.C. were discovered during the excavation of All Kosch in Iran. In @
graves and seaside settlements in Switzerland, linen fabrics and it
bandages were found. They originate from around 5000 to 3000 B.C. Thy

fabric fragment found to date is from a settlement in ancient Egypt.

The supremacy of flax ended with the rapidly evolving ¢
beginning of the 18th century, the mechanization of prod
~potential to spin cotton to the same fineness as |
Cultivation of cotton expanded worldwide and that of fiz

fury
MY




‘approx. 8 cm, a rapid vertical growth sta .
‘mostly with blue blossoms. The time period for bloon

‘and is about two weeks for fiber flax. Maxim
reached after about eight weeks. Depending on the

up to 10 seed grains. gt vl

Depending on its use, there are the two kinds of cultivation,
The target for fiber flax is high straw and fiber yield with ¢

the target for oil flax is a high seed amount. From these
compromise cultivation such as oil-fiber flax with the name *

was developed by cross-breeding.

Flax is cultivated worldwide except in tropical and cold climate zone
grows in humid, moderate climates whereas oll flax grows in |

The cultivation area worldwide is about 3.5 million ha, of which 80
CIS. 3

In almost all growing areas, the fiber flax is harvested by puliin
including the roots is pulled out of the ground in small bundles hyq Sy
pulling machines. Figure 2-7 summarizes the different harvesting m

the production of the flax fiber, the following treatment method
distinguished:

e Biological break-up or roasting,

e« chemical break-up,

« mechanical break-up (green flax break-up). -
Further explanations conceming the biological and the chemical break-u
given in Table 2-2. :

Roasting Is followed by drying. Before mechanical p
flax is ﬂ%p_led. or cored. At the same time, branches
To remove stem particles, the flax is snapped. T
broken flax and shives, which are short n
; ngling, which uncov
- ‘spinning mill. Be







= Addition of microorganisms
» Addition of chemicals
Dew roasting

After the harvest on the field Weather dependent

Transport on meadows approx. 3 — & weeks

o

tnnrgamc chemicals
Enzymes
Herbicides

1 acre growing stea produces approx 1800 kg stiaw fiax with seeds

100 kg nir-gried fax




' quality may be obtained a!tl'mmuf
mm;msbﬂmanﬁﬂandﬁcﬂﬂm

The finishing comprises the processing stages of b
previous singeing, desizing and mercerization, cala
finishing. Different tensile and abrasion properties are &
finishing processes.

Elementary fibril-f "-—I""_" ‘Lumenl
Micro-fibrl ¥ # — Tertiary Wall T
Macro-fibmi -I-”j

,‘_ﬂ-l S
"u'in' -

i o e o E4 Primary Wall P
L s ST -Middle Lamella M

Singla Calls

Figure 2-9: Model for flax fiber according to H. W, Haudeck: Ide;. [wi

=

Because of their specific properties, flax fibers are uaad nly for apparel
house textiles at a percentage of 85% versus 15% in te al textiles.
processed in blends with natural as well as chemical ﬁhm:- | J’L’h 1 the
linen characteristics on the one hand and to J,mp ve the wear an

“on the other hand. Short staple flax fibers are spun in b
cotton, wool, viscose, polyester, ﬂrpulywwc.

Atﬂmbenlnnlnguﬂhe 1980s, anutlampt
a research




a) scemalic cross section b) Cut through the m f 4y

Figure 2-10: Structure of a flax stem at half the plant helgh

Other Bast and Hard Fibers

Like flax, jute, hemp, and ramie also belong to the family o

been used for a long time, but their importance declined

and later chemical fibers. Today, they are becoming mm- and more |
again as regenerative raw materials. e=

After cotton, jute is the natural fiber with the second hjghm roduction
mainly because of its use as packaging material. L

In comparison to other hard fibers, the breaking up of Iha
complex. The raw fiber is separated from the stem imm: -.
which has to be done manually. The ramie fiber is used h-|
technical products, ropes, and sewing threads.

For the production of sisal fibers, the freshly harvested le

are pressed In machines to separate out the fibers. Subseq

fibers are washed, dried in the sun, bleached, nnd bed
brushes. The sisal fibar is used in ropes, mats, Ting
materials. i l

Owing to the versatility of potential uses of thn_ 50 3_1; rea
plays only a minor role. In the coconuts, ﬁbqrc j__af-':--‘ 1 be
ﬂﬂmmﬂrmwandmam ber Is usec
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21.2 Animal Fibers

Wool (Sheep’s Wool: WO) and Fine Animal Hair
Without doubt, sheep’s wool has been the rhnu:ytu;ﬂtha aterial
human apparel. The country with the oldest h  of wool processir
t;adinglsﬂahyianh[‘landnfwnui}. v iltiple clay tablets \







1) Cuticula, 1.1, 1.2, 1.3) Epi, exo- and endocuticula, 2.1, 2.2} Call
of para- and orthocortex, 3) Cortex cell, 3.1) Complex of:

membranes, 3.2) Nucleus, 4) Macro fibril, 4.1) Interfilam
material (matrix), 5) Intermediate filament (microfibril), &) Dimer, T)

Right-hand a-helix

Figure 2-12: Composition of fine merino wool [15]

Wool is a protein fiber, consisting of the chemical elem
oxygen, nitrogen, and sulfur (Table 2-4, Figure 2-1 |
atoms in a disulfide bond. }

is




between 2 and 50 dtex. Often, the fineness

and fluctuates between 18 and 60 um. The aver

55 and 300 mm. The crimp is rather flat, medium, or

crimp bows per 10 mm is 2 to 12. The density is
commercial wool is cream to yellowish white or ochre. The |

a wool fiber is shown in Figure 2-14. From the longitudin
which are responsible for the felting properties of wool, are visib!

Table 2-4: Chemical components of raw wool [15]

‘ Chemit:.a nmpnnen

Before the wool can be delivered to the spinning mill, it
purpose of scouring Is lo remove fatl.an_t_!_;. __

contamination. The production of wool
‘can be used in versatile ways,




Figure 2-13: Chemical configuration of wool [15]

After drying, wool for worsted yarn spinning is proces sad iﬁthﬂ o

The scouring and combing rooms are often located in the same
The scouring benches and the combing machinery are mostly &
The cleaned and dried wool is oiled, carded, and drawn in sewi

gill boxes before the short fibers are combed out. Tha combing
redrawing, smoothing, drying, and final drawing. The final product,
sliver, is rolled up as roll or muff (about 10 kg), packed into bales,
to worsted yarn spinning mills. Combed slivers may also be

(mélange print), The short fibers that had been combed out [cnmblnﬂ
used in the woolen spinning and in the felting industry. Further i
' the spinning of wool fibers is given in Section 3.2.
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An excellent overview of fine animal hairs and silk is given in [85];

Silk (Mulberry Silk) (SE)

Silk originated in China, where the fancy silk spinner Bombyx Mori L. has been
living for about 5000 years. Until the early 1950s, Japan was the
producer and exporter of raw silk. Tocay, the most imporiant pro
countries of raw silk are China, India, and Japan. The predominant exporti
country is China at 90%. The world production amounts to about 76,000 1

which accounts for only 1% of the world fiber production,

The mulberry silk spinner eats only the leaves of the mulberry tree, which
requires a balanced, mild climate for growth.

The morphological stages in the evolution of the mulberry silk spinner are:

egg — caterpillar — chrysalis — butterfly (Figure 2-15). The caterpillé
five life-steps and shed their skin after four to six weeks. D th
caterpillars need to eat fresh mulberry leaves constantly. After 3
they are mature enough for spinning. They stop eating and
fo produce their cocoons within a few days. Two sik

-In the air, tne watery protein secreion congez




the ¢
ihﬁ. _mvlnlntw degummed amnhm.

Silk is hygroscopic. At a relatively high hum ‘”‘k an absi
11% of water. Its tenacity is about 25 to 50 nN.'tm:. ]

a‘#pfﬁ'ﬂ,&%

g {ﬁ%}

L]
&

¢
catarpillar

butterfly 35 |

I
o
"’5:

larva {m:-crun}

Figure 2-15: Cycle of evolution of the mulberry spinner [16]

Reeled silk is a filament yarn produced by the simultaneous reel g

cocoons, also called grége yam. Spiral or twisted yamns are caliec

organzine, or grenadine. :
The fibroin filaments, which are attached to each other with
separated during removal of sericin {dagumrning} Wlﬂi'ﬂ'ﬁ

reduction is unavoidable, which is often compens:
metallic salts or other synthetic substances {ag Vi
‘Waste silk and parts of the cocoon not sul!ahlau or reeling may £
into. stapla ﬁberyamaanuurding to the s or bourette
slap[a IB_I: The  are




1+ .

‘man‘mtiﬂpm'tant mr material am

which had been used as early as 2500 ye

be found in Canada, Russia, and Zimbabwe. T

and can be spun into yarns. The yams can then

knits, and other textile fabrics. The fibers can also
such as concrete and are very suitable for insulation [17). i

Compared to natural and chemical fibers, asbestos MH!* axtremel
The diameter of the slementary fibers varies betwean Uﬂ.ﬂﬂ Fi
advantages of asbeslos are its high temperature stability an

reasons, large amounts of asbestos have been mined and p

In 1987, the world production was approx. 4 million tons, but this ame
declined in recent years. el =

Fine asbestos dust and fine dust containing asbestos are conside
carcinogenic. In this case, the size of the dust coms and the fibers &
asbestos material itself poses the problem. For this reason, the use @
in Germany has been reduced significantly. There has bean axtan

to replace asbestos with other natural and chemical fibers in vark
application, such as work and fire protection, with heat and elex

as seals, in filtration, in friction linings and technical products fﬂl‘
{asbestos concrete) as well as with chemical products,

2.2 Chemical Fibers

Chemical fibers are industrially produced textile fiber materials or textile fibs
and are divided into three categories according to DIN 60001:

« Chemical fibers from natural polymers (Section 2.2.2),
« chemical fibers from synthetic polymers (Section. 2.3.5
« chemical fibers from inorganic materials I_Sanﬁan

The division into the various kinds of fibers is shown in Figu
overview gives about chemical fibers can be fumd, .
ﬂbﬂn am dm:ﬁhad ln [ﬁ?]. anr.! a mnrlm overview Is given in |







drafting

Figure 2-17: Pﬁncip!e of malt spinning [19]

economical reasons, the 51::-1v9r11 has to ha captured and ra ycle
is used, for example, for polyvinyl chloride.

chemicals in the bath which results in tha solidification of the
a costly regeneration of the solvent is mandatory. Pﬂl?ﬂﬁm. tril

&umrding to this principle.
and cupro are also spun by means of tlmwu

EEHE. an intermediate product (derivate) is w that is- -







dissolvad
spinning compound

Spin pump




Noncrystalline
sactions

Figure 2-20: Madel of the macromolecular fiber structure

The pruperhes of the crystalline regions are the same as those nf n id

processing parameters. This means that p-rucaaaing Jete
the crystallite properties on the fiber properties and their

In this way, the mechanical properties of a fiber as well
mechanical stal:u‘lit:.»r can be manipulatﬂd as. das]red-~




interfibrillar regions are good for dyeing, but :
Since the orientation of the crystals in fibers is primarily ui

direction — the tenacity of fibers is much higher than that of ink
This is the main reason for the application of fiber-reinforced mate i

An up-to-date description of manufacturing technologies nanhafmm 1 [58
2.2.2 Chemical Fibers from Natural Polymers

Chemical fibers from natural polymers may be derived from plants as We
animals. For the textile sector, cellulosic fibers are the most imports

are divided into fibers from regenerated cellulose, for example, cuprg

or viscose filaments and fibers from cellulosic esters, such as ac
triacetate fibers. .

The raw material for the production of cellulose-regenerated fibers Is
cellulose. The cellulose is the skeleton substance of the plants. In
* chemical structure, cellulose is a carbohydrate (saccharine) and quant

the most wide-spread organic compound, Cellulose molecules are polvmers:

consist of the chemical elements carbon (C), hydrogen (H), and oxyaen (O) [11
b

The basic element of cellulose is the glucose molecule (dextrose) with
formula Cg Hy; O and a ringlike shape (Figure 2-21), i

When cellulose builds up to macromolecules, the —OH groups nf h e gluc

may cause the

I “"i-i-i.h

rings react with each other and give up water (condensation). Fron
glucose molecule, one H atom and one ~OH group amgpmof[) a5 HaO, Ak
result, the empirical formula for cellulose is (Cg Hyg Os)e T

The single glucose molecules are rotated at 180° (syndiotacti
- between the polymer chains. Because of this intens
- cellulosic fibers lack plasticity. Therefore, cellulosi
- and are difficult to iron.







Figure 2-23: Production scheme far viscose

With the separation of the filaments in the spinning bath, regeneration o
cellulose with sulfuric acid takes place by splitting the sodium celly
xanthogenate in cellulose, carbon disulfide, and sodium sulfate, ) 8

Sulfate in the spinning bath promotes the coagulation (solidific
viscose. The additives of the spinning solution, the composition of § din
bath, the spinning bath lemperature and the spinning speed are adjys
depending on the kind of fiber to be spun. T
After spinning, the filaments need to be drawn so as to achleve a regy
orientation of the chain molecules. The drawing procedure improves the fi _
«Properties such as tenacity and abrasion resistance. The total draw ratio |s abet
20% for standard fibers and up to 150% for high-tenacity fibers, T

Right after spinning, the filament yams or staple fibers are subjected fo'f rth

treatments to remove impurities, to even out certain uhammariﬁlm
the brightness, and to improve adhesive and frictional properties

treatmeants include:

washing,
desulfurization,
bleaching,

application of finish, and

drying.
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Figure 2-24: Viscose spinning method [23]

process parameters, which allows manipulation of the properties
fibers to a wide extent. On the basis of their properties, fibers are disi
as [23]; b
High-tenacity viscose fibers = technical filament yarns, -
highly crimped viscose fibers, .
hollow fibers,
modal fibers,
polynosic fibers, and
fibers with high wet strength,

The viscose spinning method is fiexible in terms of chemi



The name lyocell is a combin

and “cell” from cellulose,

Among a variety of procedures, the only tachnfmalty'-';-_'mg@_-::_l ;
manufacture lyocell fibers is the NMMO process, mmmamiali;ﬁﬂ i

Process applies the solvent NMMO (N-methyl-morpholi -IN-0Xide). The
production of NMMO from the substances N-methylmorpholine nd hydrogen
peroxide is shown schematical ly in Figure 2-25 [25].

0, P
O(C,H,INCH, —';’:ﬂa-—p O(C,HNOCH, + H,0

N-Methyi- N-Mathyil-
morphalin morphalin-MN-oxid

Figure 2-25: Production of NMMO from N-methylmorphaline and h ydrogen
peroxide according to R.L. ZIMMERMANN [25] R

Figure 2-26 depicts the procedure of the NMMO process, which cons }Hj 28

steps [28 - 30, 33]:
1. Production of a homogeneous solution of pulp, NMMO, and water:

It is necessary to prepare the aiready aclivated raw material {
the solvent. The cellulose needs to be disintegrated arie
mixing of the cellulosic material and the solvent |leads

the starting point for the production of the so
solution has to be stabilized, '
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Figure 2-27: Phase diagram for the NMMO process [29]

' Especially important is the potenbial of lyocell fibers to fibrillate, lf 1:1'--':-"'
are mechanically strained perpendicular fo their fiber axis,
parallel to the fiber axis split and lie away from the fiber Iihuﬂm




Figure 2-29: Fibrillated lyocell fibers [32]
The degree of fibrillation can be adiusted with the amount of energy ap

during fiber processing, which is the basis of creating specific surface affe

Based on the potential of variation durin ' - o o

_ g their manufacture, lyocell fibers can be
processed into fabrics as staple fibers or as filament varns H‘l *_
processes. Lyocell fabrics such as wovens, NoONWOVEns, l”!"‘ Bt
aven papers may differ in their handle and look. The degree of fibr

influences properties such as air permeability, filtration capability, Iﬁﬂ.ﬁ Fi-

[30].
As this fiber type is fairly new, further developments cannot be
especially regarding the design of new fiber properties and the d

lyocell fibers on the market. The world production in 2000 amounted to approx.

50,000 t [54].
Table 2-6 shows the properties of lyocell fibers.

Table 2-6: Properties of lyocell fibers [33]

Fineness ldx]
| Fiber length [mm)]
[Tenacity, dry [cN/tex]
| Tenacity, wet [%b-dry] Up to 85%

I
| Elongation, dry [%] 10-15
| Elongation, wet [%-dry]

Cupro Fibers (CUP)

Another process for the manufacture of regenerated cellu

‘cuproammonia (cuoxam) process [23]. The resulting fiber is
production scheme for cupro fibers is dqﬁ:ﬁfm n Fi

is shown in Figure 2-31.







In a later process, the cupro fibers are cleaned: for

copper are removed and recycled. The fibers are ¢
processing into staple fibers or filaments is similar to the ¢

rs are especially suitable

The properties of CUpro are summarized in Table

Acetate Fibers (CA)

The raw material for the production of acetate fibers is also cellulose, but acetate
fibers are not regenerated cellulose fibers, as they are composed of calil
derivate (cellulosic ester) instead. L :

The cellulose as bleached cotton linters or alpha pulp s mixed with acatic
anhydride and glacial acetic acid under addition of water- g chemics

(sulfuric acid works as a catalyst). This results in g highly viscous solut
cellulose triacetate (also primary acetate), which contains acetic acid.
exposure of this solution to diluted sulfuric and acetic acid causes a p
saponification (hydrating or “maturing”) of the primary acetate that is M
spin. This results in secondary acetate, also called 2%-acetate. The product on
scheme for acetate is shown in Figure 2-32 and the spinning process for acetate
Is explained in Figure 2-33,

The spinning according to the dry-spinning process is as follows: The spir
solution is transported to the spinning pump via filter candles and
through the spinneret. The filaments exiting the spinnerets are passed
Stream of warm air in the quench duct which leads to the evap
solvents acelone and alcohal and the “freezing” of the filaments. £
time, the preoriented filaments are being drawn, combined, olled,
onto bobbins. A chemical after-treatment as applied In viscose
production is not necessary.

.The properties of acetate fibers are summarized in_Tﬁhlﬁ;-ﬂ_iéiﬂ.:. |
Typical applications of acetate fibers ara.cigatatwmtﬂsi_ d linings.

e s
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polyacryinitrile [38). Because of their vary E?Bﬂ’n

[38]. polytetrafluoroethylene, polyolefin fibers (such
polypropylene) [40] and polyvinyl alcohol are used mostly

At the end of this section, an overview is given of Itjrmhullu

the nhﬁmi::aIl structure, specific properties, and various annles 3
The physical characteristics of chemi f
summarized in Table 2-8. e e '

Mechanisms for the Generation of Macromolecules

The polymers used for synthetic fibers are produced by lining up single atoms or
atom groups, so-called monomers. For the production of polymers for synthetic:
fibers, the three different reaction mechanisms deplcted in Figures 2-34 through
2-39 are being distinguished. T

Al + [A] + [ +[A] + [A] +[&

Monomer Monomer Monomar Monomar

Figure 2-34: Principle of polymerization (18]

Figure 2-34 shows the principle of the polymerization, identical monomers are
connected by covalent bonds between the single monoemers to form a long-chai
molecule. To initiate chain growth, double bonds within the monomers must fir

be broken.

|
...
HC=CH—CI+HC=CH—Cl+.. — CH,—CH — ::I-I,—i:H-—nl-il—T 1
Vimylchlorid e
cl
Palyvinylehlorid :
-
Figure 2-35: Production of polyvinyichloride [39] o

= {¥aes

i '.|l hion are:

Examples of polymers that are produced according to polyaddition
polyolefin, polyacrylinitrile, and polyvinylchloride as shown In _:!;-Ffr,.

T T o kR B oy
EM-LEl-EAN-E50-UAN-[E AIBTALSIALE + NN

‘Figure 2.36: Principle of polycondensation (18]




e

L-+E!]+E@]+:E+@+EE

Monomer Manomer Monomer Monomer

Figure 2-38: Principle of polyaddition [19]
Polyaddition (Figure 2-38
IS used mainly for po
exchanged between the
groups each. The result

), the third mechanism to produce s
lyurethane elastomers [41]. Hy

different monomers, which hwagt
are lang-chain Macromolecules with 1

The production of polyurethane is depicted schematically in
HO — R, ~— OH+ 0CN — R, — NGO+ HO — R, — OH + OCN
glycol  dHsocyanate

—+ .. —R— HH-—EG—-D——H,-—-E—'I:I?'-“:I;*-'?.

Figure 2-39: Prod uction of polyurethane Hﬂ,’.
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thraad guide

BpHning R ans

Figure 2-40: Principle of the glass spinning process [42]

The most important production method at present is deg '". :
455 '[ 11

Approximately 90% of all glass fibers, in the area of E-g
are produced according to this method. The glass melt is

of about 1,250 to 1,350 °C. Via grooves, the melt ﬂmm he
temperature of 1,200 °C is maintained. Owing tn ity 1
mmﬂh the ]Et bﬂﬁﬂl‘ﬂ Which is mtad Wﬂﬁ ¢ 5 O & 0Lt
diameter. The number of boreholes varies twe )0 and 2
the jet, ﬂ]!:# ﬂlm ﬂl&mmls am drafted anically anc




with extremely low density. This results in favorabl _

relative to their welght. Textile ﬂlﬂﬁi & i  lany
inflammable and does not release steam or poisonous gases when
heal. Glass is resistant 1o oils, fats, and sol ,l" U= SROEE N,
acidic and alkaline solutions. Because iis price is l‘ﬂﬂl also highly
yarns and glass staple fibers are used for S reaively o b
building materials, for insulation and so forth. foreement of plastics

Table 2-9; Glass fiber products and their corresponding filamant di: . L

lass fiber product

Filament
diameter

Carbon Fibers (CF)

Al present, there are two methods Tor the industrial production of carbon fibe
One of them is based on polyacryinitrile with the processing  steps
polymerization, (wel-)spinning, drawing, oxidation, carbonization, and g .. a
annealing. The other method is based on mesa phases pitch with the proces
steps thermal treatment, melt spinning and oxidation, izatio
graphitization annealing. The carbonization and graphitization anneall

as surface treatments. The graphitization treatment in the last step
temperatures of up to 3,000 *C. The main objective of both production

s to arrange graphite layers in the fiber direction. For carbon x

content is supposed to be at least 90%.

Among the exceptional properie of carbon ibers are thelf High CHC R
modulus of elasticity, the high brittieness, the low creeping tendency,
chemically inert behavior, the low heat-expansion, and
.Wﬂl’&h

For various applications, carbon fiber stay

and used as prepregs. Te
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I' -_.'-' Fllaments are often only pﬂfﬁall
10). Of importance are 5u—cnlludy-puigf-v£i“
ttakadup device. The desired final draw r :
achieved during a subsequent process. This s dena be deo )
winding, warp drawing, or draw texiuring [ng:m by draw Ing

R
II-I v I
IR et

Table 2-10: Filament yarns with different draw raios (PES)'

fully drawn yam

Uncrimped yarns used in textiles are mainly spun in the Spin=ci
low or partially oriented filament yarn is being drawn comg
spinning in the same process between two godets. Win
5000mmin”. For some years, PET-uncrimped yarns
commercially without any additional drawing devices. With
High-Speed-Spinning)-process, the takeup speed is above 6,000 m min
[45], It remains to be seen how popular this godet-less SpINAING 1

e




:smmmm rodu
“from chemical fibers m-.n to nhph gth
chemical fibers, which can be cures
mmammsmmmﬂmm& b
specific lengths, titers, and cross-sections, and wi'lh
strain behavior depending on their type and origin.

The development of spinning processes was based on these ck
This is another reason that the properties of chemical fibers |
those of natural fibers so that they can be mixed or blended and also prog

on conventional spinning machines,

The functions of the spinning machines are the prﬂpamﬁun of the fi ““,‘ for th
actual spinning process, the organization of the fibers in & coherent, conting
structure, and the production of packages or units suitable for further

The basic principle of producing a yarn by organizing, parallelizing, d
twisting of the fibers has not changed since the very beginning
thousands of years ago.

German technical terms used in spinning are explained in the German sta
DIN [1]. For further explanations about spinning, see also [2-12]. i

_3 1 Cotton Spinning

At present, the short staple, also called cotton or three-roller nplﬂ
the most common spinning method worldwide. The name three-
comes from the arrangement of the rollers in the dral‘l:lm
mmmnl'll'f usud splnnlng machine, Hm ring apinnlng fm

with regard to the prnparUes and applications of the pnnd
manufactured by ring spinning are processed into wmmnl, ry,
braidings in the areas of apparel, home textiles, and te | tastiles

Yamn properties are parameters to describe the yam, such
~ Fineness or titer, -

N
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311 Spinning Preparation Machines
The functions of the spinning preparation in the blow room are:

» Bale opening,
s + removal of contamination particles,

-

’ = dust removal,




surface of the fiber bulk

@) bale breaker b) remover for heavy contaminant particies
roller cleaner d) Bfold-mixer e) single-roller super cleaner

f) 4fold-mixer g) 4-roller super cleaner h) dust extractor ﬂl
1) bale breaker k) cleaner with free beater 1) 6fcld-mixer
m) super cleaner n) card

Figure 3-2: Typical blowroom for cotton [2]

3.1.1.1 Bale Opening

Bale opening consists of opening the bales and converting ther in

flocks. The type and intensity of the indfﬂdualizatlﬂrt::ng- ool
influence the further process; T

have been individualized, the more contamination

and may be removed, Targef

individualized flocks are about 0.02 10 0,03 g.

——




opening and Cleaning
The main functions of the opening and cleaning ma
separation of the fiber fiocks and the removal of contamination particles
from the cotton. High fiber throughput with as fittle fbr dom :
with the working principle free beat the flocks are caught in fre
accelerated by the cleaning elements. The opening is crealed
of forces of acceleration and inertia. Contaminating PB' .
affect of centrifugal and gravity forces can be separated by
machines with ane roller (single-roller cleaner) or with two ro ors (8
cleaner). rollers (douk

With the restricted beat the flocks are "squeezed” between two feed ro
between one feed plate and one feed roller during the operation of the.
Depending on the degree of opening, the beaters are nose beater, pins,
testh (Figure 3-4). Because of the squeezed position of the fibers, the

opening with the restricted beat is more intense, but also more &
compared to the free beat. This may lead to fiber damage if the flocks have
been sufficlently preocpened.

Fibre Delivery.

i

[
Toothed
Roller

\

Fibre Feed
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T, = Trash content befora ﬂﬂnhg.
T;, =Trash content after cleaning.

Ty

The degree of cleaning may refer to single machines as well as o e
machines, for example, to all preparatory machines, '

ps ol
1=

o

3.1.1.3 Mixing

The consistency in yarn quality depends heavily on the homogeneity of the
material composition. The objective of mixing is 1o optimize the homogeneity of
the material mixture by combining several bales.

Further objectives of mixing are:
* Decrease of iregularities in bales of different origin,
* BCONOMIC processing,
* recycling of comber waste and other offal,
» offect on the properties of the final product, and

* reduction of raw malterial costs

The expression mixing is divided into the two functions: dosage (blending) and
mixing thoroughly (mixing),

Blending is the adjustment of defined mass percentages of several raw material
components, It is achieved by the following processes: ol

* Manual layup of the various mixture components,
* aulomated bale reduction systems,

* hopper feeder, and

1) continuous metering hopper.
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purpose af mixing thoroughly is to-achiove a ho e 1)
yatious components in the final product. The machines mosl distribution of
are the mixing chamber and the mulliple mixer often U
r principle a very large volume (8.g., 230m") is fillked iﬁ
S subsequently radl.!:.ﬂd veﬂi:_:ally from one side. This
tv or noncontinuously, The largest mi :
[E;E:!Dﬂ 3:3). gest et WSS

Figure 3-3: Mullipie mi

.....

may be done

xar (Rieter system) [17]

Figure 3-6; Multiple mixer (Tritzschier systam|
A muliple mixer (Figures 3-5and 3-6) I8 Som

(1]

here are two working =t/

ﬂﬂﬁmml - ;_-_



sliver formation, and

2) sliver delivery,

The separation and parallelization of the fibers is caused &

The regions where carding action takes place are called

is caused by the mutual action of the sharp-pointed teeth ¢

that are oriented in the same direction and move relatively to each ot
3-7). If vz < vy, carding occurs between the card clothings. The inter
carding depends on the difference in velocity of the ca rding elemen
angles of inclination or the geometry of the teeth of the card. clof

If the working elements are opposed to each other, 1;,;-.;

one clothing surface to the other, which is called stripping acti qure 3
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o
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 havior is described by the transfer ratio, y

: ﬂﬁﬂbﬂm present on the tambour that A
ravolution of the tambour. Below tha card, conta

m the fiber material on the tambour with 'hélﬁ:

) ohute feed S) seeding area V) lickerdin T) tambour
A) doffer D) flats W) stripping brush raller K)
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D e T o g
@. The card sliver

srhdia

has recently introduced a card with an ntegrated drz
! ed to improve process efficiency and fo reduce th
combined with lower costs for can transport and so forth.
The latest developments in microfiber r.:ardin_l; mnba
developments in online measurement technology of cards ; :

31-1 1-1 -iE Dl'aw me&!

After carding, the processing usually continues with one or more ¢
passages (Figure 3-8). The draw frame has the following tasks:

* Doubling of multiple slivers and drafting for mixing and a. !
* removal of dust from the slivers;

* production of homogeneously mixed slivers from sl

materials, for example, 4 cotton slivers and 2 slivers of 2
for the production of a yam of cotton/chemical fibers 67/33, and.
additional control for slivar homogenization, .
Draw frames consist of a can creal
devices, the drawing field, and a can

- @ frame that holds the drive and co
coiler with automated changer (Figure &
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Figure 3-10: Drafling field [17]

3.1.1.6 Homogenization of the Sliver

The sliver is homogenized with a ni:tshﬂ-ﬁ_ml_#l*w

The closed-loop control is used at the card to keep

this mechanism, a sensor scans the sliver mass & 7
Is adjusted according to the measured 1B A
that the corrected value Inpu'tiat
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e Fmvidas multiple advantages in subsequent proces iﬁ”-;-"':ﬁ'--'

o

3.4.2.2 Combing Machine -

3-12 shows a cross section of the basic working elements
machine. Modern cotton combing machines work mﬂl'l!'lﬂ'lﬂnﬂ" - ravine
clamps. The web rolled off from the lap (1) is pinched betwe
the upper clamp (5). The circular comber covered with mmhl_ :
combs out the fiber beard that is protruding from the clamps. T X
that are now sticking in the circular comber are removed from

segments with a brush (B).

combing lag
pusiing plsis Wi Ringe
fead roliacs
iwat Cimmp
NPT cams
g vl
T orpuisr comber Wik
cOmbing saprTE

.....
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P sment of the detaching ro veb |
, the delivery rollers (10) transpor
o djustable feed rate. On closine

'”:.5'.!:._'_ .,..

s ' . bing
mm&r:a&?:tm“ n clamps at an a
mﬁigqneﬂmmhing sequence starts. T
. efficiency is characterized by the percentage of comber,
tage of comber waste is calculated as: a7

pJ_.mn % (3.2)
G

where: K = mass of comber waste (short fibers),

G = mass of lap fleece (feed).

The percentage of comber waste is determined gravimetrically and ,’5
1o 30% depending on machine settings and raw material. 2

3.1.3 Ring Spinning Process

Currently, the most popular spinning method is the ring spinning process it
markel share of approx. 80% of overall yarn production [22, 23]. The fiSt8
spinning frame was built in 1828 in the United States. Ring S|

»:iummatad because of its high production speed and is practiced ¥
_-ahul.ll 1lan million spindies (estimated in 1990). In recent years ©
conventional spinning methods have gained importance.

. WNW consists of three subsequent processing steps.. A

- LA

9, and winding. With nonconventional s
"0, and win pinning me
: combined in ane Processing step (Figure 3-1).



bttt of the ﬂy&r The winding itself h' ca !
w the fiyer top. The vertical movement ML
plished by the bobbin. Because the flyer operates
ma vertical movement and the revolutions w el T
continuously according to the bobbin diameter, Tha Iirﬂtﬂ’ ot
per minute for the flyer is about 1300 to 1500 rpm and ¢ e
maximum feed speed.

For a bobbin change, the flyer legs have to e e
automation difficult. Several more dlsadvantageshﬂum m ¥yt
spinning principle include that the stopping of the entire machine is nec .t i
a sliver breaks, For decades, people have been working on elim m. hﬂﬂr
process and spinning drawn slivers directly on the ring spinning frama '*‘l:ﬂ“‘

direct spinning). -

drafisd sliver
draw frama |8
i II.-[; al i
bbb I
fingir guide . T
tsctsbain el T
Benhin Qave =

spinche amrve ~_

Figure 3-13: Schematic view of a fiyer spinning frame {24]

3132 Ring Spinning Machine

hthu nexi processing step, the ﬂwmhmﬂhﬂ'uﬂ:_.j fiyer bobb
una!’rnmnandfndtumnrmg i




= yamn twist,
feed speed,
actual spindle diameter, _
revolutions per minute of tray
revolutions per minute of s




The maximum production of ring spinning Is fim .,
the travelier, which Is about 40 mJs today, pmmw i
450 "C. At higher traveller temperatures the heat Pl'nd
dissipate sufficiently, which will result in the destruction ﬂﬂ:&f Tectior
yam. Lk

The utilization of the fiber material or the percenta i e
compound that supports the tensile loads of the h’ﬂrﬁﬂisﬁ;mmg the am
ring yams. Because this value is substantially higher than with othet i gt

methods such as OE rotor spinning, ring spinning produ I
uniform, and strongest yams. 9 produces the finest, the most .

i o
«dng Today's ring spinning machines contain many automati :
automated splicing of yarn breaks. Modem aEtnmmmnl?:stLErﬁzjr;:ﬁm
combined systems of flyer spinning machine, ring spinning machine, ‘and
winding machine. The cop and bobbin transport and change, as well as t}m yam
splicing, are automated in this system. S

i
! - :
1 2 3.4 5 &

Figure 3-15; Diagram of vertical movement for the elements ring (C). r
resirict the thread balloon (B) and thread guide (A} ;F

':'r, ~ For the production of woollen yams, fing spinning can also
- thei relatively low twist which reduces the econom|
fonventional spinning machines.




Ring spinning [64]
Figure 3-16: Principles of ring and compact spinning

T
14 '|.I-
|

Currently, there are three different systems on the market (Figt




31.4.1 OE Rotor Spinning

The first functioning rotor spinning machine was presanted

yam formation according to the rotor spinning p;-]ndpﬁ = e
conventional spinning methods. Worldwide, mare than 7 million spindia
operation. In recent years about 300,000 spindles were instaled each

The feed for rotor spinning is card, drawn, or combed ulivurH{ 1 prilin
plate unit transports the sliver to the opening cylinder vq- o
cylinder rotates at 20 to 30 mis circumferential speed (5,000~ 8,000 mpm)
provides a very intense combing and separation of the fibers. ow the ¢
cylinder contamination particles are segregated. The fibers are.

the clothing with an air stream and accelerated in a conical guidin

channel ends in a rotor rotating with up 1o 150,000 rpm. Be

=

gentrifugal force, the fibers slide along the outside of the rotor wal
ringlike structure in the rotor groove. Because the fibers are
accelerated during this process, their position in the rotor Qro

stralghtened.

pull-off nozzle
rotar

bre-guidaing
channel




Nyam _

Ttarget = Voul-off Vouli—off

Tlargnl £y
Tistaa-twist = T

where: g =d=<¢g<1, L3
dw = effective diameter of the pull-off nozzi
ds = yarn diameter
T =vyarn twist
N =revolutions per minute
V = delivery speed




Figure 3-19: Formation of wrapper fibers [45]

Eor OE rotor spinning, a minimum of 70 t
nacessary. Because of this process-inherent restriction, rotor yams ¢
spun as fine as ring :
tenacity of rotor yarns Is
spinning Is much more €c
spinning process is omitte
gross-wound
step.

With. OE rotor spinning, multiple different raw materials can be pr
(cotton, wool under special conditions, flax as additive, f

example, viscose, polyacrylnitrile, polyester), and very |

produced, For different material and different yarn chare

elements such as opening cylinder, rotor, pull-off nozzle

be adjusted in shape and material. In spinning practice
spinning components is avallable on the market.

lower than that of comparable ring yal
onomical than ring spinning, however, as {
4. Rotor spinning Is fully automated an

o 100 fibers in the yarn cross: ection is

varns (minimum of 50 to 70 fibers per cross sect

bobbins ready for further processing without any additional ‘winding



In contrast to ring and OE rotor spinning, twist prgpagat;nn b;ﬂ-ﬁ:
motion by adherence only. The necessary frictional fumas_.ap_-‘__.
friction components with surfaces perpendicular to the dire

transport. Most often, two cylindric friction drums rotating in the sa
are used. The fibers are fed into the wedge between the two perfc
=ecause there is negalive pressure in the wedge region, fibers
against the drum walls through the perforation holes, As a result
normal and frictional forces, the fibers start rotating and becom
open yam end (Figure 3-21), In the machines of the Fehrer COrpo

Separation is accomplished with an opening roller (DREF z} an ade

drafting unit (DREF 3),

the yarn pullo
dom orientation of many fibers
ver, 20110 yam strength tha
rhiction yams are yery Voluminous. Friction spinnin
o ol very suitable fo the o




& b _\.L.
fncton drums _I’

revolutions per minutes of the drums [rpm)
revolutions per minute of the yam [rpm|

friction coefficiant

x5

My, Nz normal force acting on the yam
TR PR -] frictionai force acting on the yam

Figure 3-21: Frictional forces acting on the yam [46]
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3.1.4.3 Air False-Twist Wrap-5Spinning

In recent vears, air false-twist wrap-spinning has gained more and mo
importance. The feed sliver is first drawn 1o the final yarn titer viaa

(Figure 3-22). Two air nozzles, Ny and Ny are located immedialely's

the drafting field. The twisting nozzle N, provides a tangential alf

causes a false twist in the yarn that propagates down 1o the axit to

zone. This twist is only temporary and disappears on its own after

zone. The nozzle N. provides an air stream through tangen

diagonal to the yarn transport. This setup is designed to orient

protrude from the surface of the false-twisted fiber assem
Aransport direction. After the release of the false twist

muf the yarn has lost its twist agﬂin.ﬁﬂ#ﬁ




Figure 3-22: Principle of the air false-twist wrap-spinning [s}'ntﬁm ata) [2,

'31.44. Summary of Other Nonconventional Spinning

In addition to the Spinning mathods
that are not of general industrial impg
production of specialty articles Thase ara

* Filament-wrap spinning,
Twila principle,
Bobtex Pﬁﬂ%:




ity, etc.) and indirect (tensile force

a_ - 3-24 presents a comparison of four

Zcormity, twist level, and yamn structure. T

Characteristi !
cs of vyarn 2



b S

R

Figure 3-24: Uniformity and twist level of the most important yam WP'H

3.2 Worsted Yarn Spinning

in worsted yarn spinning, virgin wool and long staple synthatic ﬂhﬂrs,'l_' 4
palyester and polyacrylnitrile, are processed. Worsted yarns are very
have high tenacity and elongation, and a low degree of hairiness. T\
products from worsted yarns are high-quality woven fabrics for men's ax
women's outerwear (e.g., drapery, sult fabrics)

Before processing, wool has to be scoured to remove contaminating ps
such as dirt, sweat, and wool fal. The wool s dried in perforated cylinder
and then opened in the breaker card. Afier these stages the fibers are ¢
alter the frictional properties of the firers and to prevent electrostatic ¢

The fibers ara then pneumatically transported to the mixing chamber (5
3.1). Because raw wool Scouring systems are very expensive and s BCled
stricl. environmental protection laws, most worsted spinning mills purchase
Scoured wool, card slivers, or combed slivers,

canihetic fbers are defiversd either a5 staple fibers in bales o 88 GM
card, Filamers renis. Staple fibers are opened, ofled, and fed di ly to
mixed 25 siivers wiroc o, CVeed inlo staple fibers first and then G

b S
Y

LT FEr LA
...............

w Ifame
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Figure 3-25: Flow chart for worsted spinning [3]

and spinning is divided into raw-white spinning
- In the manufacture of ¢ »
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old and stil ma?dmm mﬁ

i-'mrld production of woven fabrf::a is PP'-"?K-'

direction and are wound on the warp beam 6 Id' ired number
density (Section 4.4). e

The German nomenclature is explained in the DIN papers E‘L -r riF
about the weaving preparation and process are given in [4 =gl

4.1 Production Principles

Figure 4-1 shows the typical basic structure and the possible vari
preparation process for weaving. Figure 4-2 gives an oven
manufacturing process of woven fabrics. Warp and weft may he=,:p

white or as coloured yarns. For the production of the watg

alternative methods are used.

. Preparation process |

|
Winding Twisting Warp preparation
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Figure 4-2: Processing steps for the production of woven fﬂhﬂmﬁ;‘

42 Preparation for Weaving
421 Winding

M’E winding, yams are wound from the feed onto a t N,
“anical or cylindrical tube made of cardboard, plastics, or s¢
""{ s for winding are: el

*  Enlarging the yam economical
e e cops ot

airng




e gor: Geined as layers i
ﬂﬁmhﬂﬂr ratio.

where:
= number of turns,

w ] -
nss = bobbin speed [min),
Mo

D

speed of up-and-down stroke of the thread guide ;
= bobbin diameter [m], ' Ak
v = gpeed.

, Precision winding is characterized by (Figure 4-3):
* Number of tums W is constant with increasing bobbin diameter,
helix angle o decreases with increasing bobbin diameter,
" e e of 'mage wrappers® with the help of a constant R
i ge wrappers®
| non-integer, e.g., 1.3, 1.5).
e f“"d‘?’fl‘_h“:"ﬂiﬂg have a more stable construction than bg Sbins Wi
St “1‘”1"9 Surlace drive of the random winding is muct
elaobll drive of the precision winding. The es
N9 IS the evolution of imag
bins are not suitable for.




Figure 4-3: Comparison of the winding principles [10]

422 Twisting
Ply-yarn is a collective expression for all two-dimensional taxtile :T‘.:?‘-:._
produced by the twisting of at least two yams with S- or Z- twist (Flgure 445
The feed yams are twisted into a ply-yarn, which produces one- l ..,. i .
ply-yams depending on the twisting patten (Figure 4-4b). The German
vocabulary is defined in DIN 60900, part 1 [3].

The purpose of twisting is to

* Increase the tenacity (especially with staple fiber yams),

» adjust the elongation properties,

» reduce yam unevenness, and

*» obtain a desired surface structure and color effects. R
The number of twists is measured relative to a length of 1 m. To ide tify a ply-
yam, its structure is described by a combination of numbers [3]. B
The twist direction is usually opposite to the previous twist direct
the same direction results in very hard and stiff ply-yams w
Values, Because for the warp in weaving, the mechanical
farge, relatively high-tenacity and highly twisted ply-yar

' WY ply-yarns are used in apparel as waﬂasm
“xlles (e.g., window treatments). They produce an

/ the use of different feed yams or iodical varie
(delivery speeds. Special yam effects su loops
flRoduced (Figure 4-40). ol




One-step ply-varn Double-step ply-yarn

c) Specialty ply-yarns




pmﬁm of the entire number of threads ta
antire width (partial warp beam), Several warp
uﬂl‘ﬂ mu final warp beam. This procedure s
. mmhﬁ"ﬂd with a sizing process. This procedurs is 1"
#'MH" simple designs, as the number of patterns produced by tha v

Jois
']'lﬂﬂ'ﬂﬂ'
25 Section Warping

section warping, narrow warp sections of the desired len g!.h'
st 1o each other onto a warping drum with the final th read \
B of the warp sections is prevented by a conical arrange .
are deposited next to each other, until the whole width nfi]u =

drum s filled.
Mier section warping, the warp threads are rewound from the

the warp beam. The potential for patterns is uniimited, which | !
procedure sultable for smaller lots and for complicated warp designs, =

426 Sizing
Sizing is the preparation or coating of the warp threads, for better effic
gunng weaving [20 — 25). _ L
Saing has the function of enhancing the mechanical properties and the oading
‘apacity of the thread, without reducing the thread elasticity. It also rves 1
\educe yarn hairiness. In addition to their positive influence
Processing, lubricants need to be recyclable, as about half of &

! during desizing. The sizing procedures can be divided
804ps of sashing products [20 - 25; ,

rtF Hﬂt-malt sizing:
n af a meli-liquid, water-free bonding m

: nfa small amount of bonding ugant { roor







wmzfnrtwill ‘and 3 for satin weave {F]ﬂl"'ﬂﬂ-ﬁ}i-
| Exampls 30-0106-01-03
”"“”""":j
Warp up 0
warp down 1

Mumber of warps up
and warps down

mumber of repelitve threads
meret fo each other

Shift pounter

Figure 4-5: Identification of weave patterns according to DIN I1SO 9354 (3]

431 Basic Weave Patterns

From the three basic weave pattemns and their variations described below

variety of woven structures can be designed.

Plain Weave

The plain weave patiern is the most basic as well as the tightest cr
warp and weft threads. The plain weave and its variations can be
only tv-ru shafts, as thE lhreads or groups of thmads a\‘larnu'ﬁﬂ In ty

are used. This pattern is also called tabby or linen weave.
diagram of the plain weave and its simplest variations.




Figure 4-7: Twill weaves

~ Atlas or Satin Weave
l ~ Satin weaves have a closed, smooth, and dense 3
-;E_-ﬂmmnh'izad by regularly distributed crossing p

Ppearance, ::-; W
oints that do not ¢

...I'I ¥
R e

other (Figure 4-8). The distance of one interlacing point to another g the me

weft line is called shift. In one direction, this distance is alway
- Polential shift counters “", *j" '
* obey the following conditions:




is tightly tensioned, while the 5 s
. wﬁ-.g pile height, a group of threa, ﬂ;rn& 'I'[
a defined distance from the pra«rbuua group
wﬂﬂ'd ‘s rot | coped before the last weft stands up in order to
(Figure 4-10). Terry wovens are use '

ﬁl.?ica for terry weaves
and bed sheets.

mﬁm'ﬁ

Figure 4-10: Traverse section through a double-sided terry woven

Two-Ply Fabric
Two individual woven fabrics are connected by pile threads dufing

manufacturing (Figure 4-11). .
eads are cut between the two b

In carpet manufacturing, the pile thr
The distance of the two basis wovens corresponds lo twice mu
two carpats. In technical applications, double wovens With unc

more and more often.




T on of the nstabilty in warp tension during shag e
ating motion, and

= mﬂggwam let-off motion. " i v
- stoppers are positioned between the warp beam ;

e e ¢

T

in Figure 4-12).

Figure 4-12: Principle of the weaving loom [4]

~ Theshafts are equipped with healds, through whose eye-holes the warp thread
- arepulled. The shed s built b

: ¥ the up or down stroke of the shafts. Figure 4-12
the pars of the shed _

Ot the shafts is generated by cam or shaft machines. The
Soresponds (o the number of shafts or to a mul :
'S 6an be produced with

e ey b 4
e T i
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shed b) front shed c) top shed d) lower shed e) length of back shed
Y Im{':ﬂ length of front shed g) woven fabric h) closed-shed position

' Figure 4-13: Components of a weaving shed [50]

' Tne following section explains various functions of the weaving k:nomta - 51).




a) warp beam b) geared wheel for warp beam ¢} worm drive d) wa
e) damper f) tension spring g) back rest h) distance sansor
J} control device k) motor 1) gear box

Figure 4-14: Principle of the warp let-off motion [35]

Drive principle |

Working principle Positive (control)

constani-siep weft pattarn







Harness threads

. Figure 4-17: Principle of the Jacquard weaving loom [36]

Shuttle Loom

The weaving shutte that carries a cop of varn (weft cop) is beat i
shed with a picking motion (Figure 4-18a). With each weft
mass of shuttle and weft €op has to be accelers

1

LB
LT
4 i
a

Projectile Weaving Loom

With this weft Insertion principle,

1hen shot through the sheq
2L off the external bobbiy
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same lime. In sheds

like across the whole warp width. In each wave, a small weaft

with the shuttle loom. Production machines have already _
European loom manufacturers. However, this principle Il Dy
because of a lack of quality and flexibility. An automated
breaks is hard to imagine. ' LS ]

Sequential shed

.. TMA 85, 8,
PN producton capanr 2O

"'t insertion
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Shuttin Projeciie R Watar | mir m:m—.
Weft insertion principles

Figure 4-20: Development of weft insertion speeds

45 Development Trends

In winding, knots were replaced by splices. The goal is to
automated, offset, yarm-similar, high-tenacity splices during twisting,

Sizing with defined and minimized size application and exact knowledge of
the resulting yarn properties, introduction of compact spinning principles

Use of cold sizes and biodegradable sizes.

Complete elimination of the sizing process, for example, by tangling of
filament yarns. dhaiyi

Use of automated changing systems for warp beam, harness Eﬂﬂ

(QSC), to reduce setup and shutdown times and move setup wndw 3

of the noise impact area. i

- Automaled systems that optimize the loom settings for a c.hanga in ; -*':""' it
line [44 — 49,

{-Fﬂdunﬂnn of finish consumption due to pmwatling wlm waiur




wswln looms for novel t
e mpe mansiunal and spherically shaped
wit mmssecﬂun[ﬂ 55].
» Imﬂ of the number of patterns with tufting.

46 Examples

Jeans
Cotton fabric for jeans is woven in twill weave with a pattern repeat of ;

three warp threads and three weft threads. In jeans fabrics, the Intarhc[nﬁ
are mostly in the Z-direction (Figure 4-21).

20-02 01-01-01

Figure 4-21: Twill weave for jeans fabric

Twill weave allows f;
ght process;
fabric, INg resulting |
S which was originally used for farm 9 In a very firm and
) er and worker pants in th




Axminster-,

' Rapier-Axminster-,

. Chenille-Axminster-,
Double- and
Knotted pile carpet

Figure 4-22: Types of carpets

« Wire carpels:
These carpets have a layer of wire plush piles.

Axminster carpets: .
These are woven cut pile carpets, where several warp pile ‘thmadh 1 one-
longitudinal nep row are pulled out or lifted to form the pile.

Rapler-Axminster carpets:

The pile threads are inserted by a rapier, while the choice. uf :
threads Is controlled by a jacquard system. Each pile nep co

carpets; : )
sde chenille ribbons are used as weft pile yarn.

I 'l"__.




finishing, ﬂﬂm}'ﬂﬂ‘
-‘L"’ﬁm are jute as well as many ¢

i rmrluriu rials such as PP bands or spun bonds.

:Fnr -::u;pa! design the following parameters are significant:
| height of the pile above the hag[mu [mi

Number of punches:
Yarm mass,

Weight:

Beats/m?;

total weight minus weight of backing
number of tufts/m - tufted rows/m

Surface pile density: weight of wear layer: pile thickness 'i]

During carpet production, the following parameters are important:

» Spacing: distance of two pinpoints  in inches, for
5/64 In. = 1.98 mm

N
Pih.haight . number of stitches per 10 centimeter

Width:  working width = fabric width without support edges

Needie shift
Pattern possibilities

All velour fabrics have to be sheared loop pile I'abﬂr.:

processing step

The ﬂmuftufpﬂangﬂmachma was developed by the Cobble brothers iﬂ
_ 5 Was very restricted. At presenl, d n
hed that still need further development [59]; - cog

"_ Plain Pﬂttﬂrns

0
[l




properties of the bag are

with uncoa ted mgs of low alr permeability. The
the air permeability of the bag, which also needs to
malerials are polychioroprene and silicone. e L.
Uncoated fabrics:
For the manufacture of bags from uncoated fabrics of define
~meabllity, wovens for filters are used that fulfill special tolerances with
respect to air permeability and aging stability. S
use of its economic efficiency, uncoated fabrics are becoming more and
more popular com pared o coated materials. ' e
Woven fabrics for airbags are produced mostly in plain weave with projectile and
rapier looms. The most important parameters for weaving are thread d'“"m’ and
air permeability of the fabric [56]. i

“hr"r

number of threads 1
Thread density: — . = l-ﬂ
fabric width




e G =grid periodiclty, equals: -
P = pore size. T
The shown woven has the following parameters:
G =500 pm,

P = 10um,
d =490 um. J

The mathematical two-dimensional grid accordin to .
during unpacking and inflation at a dynamic strain rgte: s el is g Blohe

AG = Ad + AP,

The stretch of the fabric caused by this tensi ponds

: ) S10MN Co ey

grid constant that is caused by an increase in pore si:-:ﬁnr ﬂima!: ' L

:Lt:ﬂufli:hr:afghu”@n;ter Were constant, the pore size would have |

! ric stretch. This would lead to a multiolicating of g

itsuﬂn extreme increase in air permeability. As ex Ip:'mhu" qf"ﬂ'.'.'-':f el
not the case: Ad > Q. ‘Derimental practi 8 pro

by rearranging, caused
During weavin
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Vioden developments riety of patterns

il r P L h vﬂ u * - a8 g
E’aﬁ%ﬁ‘rm that of 8 mantial knitier. =5s Sug
b industrial Standard DIN 60000 knits are
According to the German several thread systems

made of one or several threads or one of S€ te
formation” [1]. This terminology can be found in the DIN texts [1],

explanations of knitwear production see [2 — 13]. The work and |
Weber [8— 11], former lecturer at the RWTH Aachen, especially provide a graat

Vel

deal of information.
Next to the classical fields of application such as clothing (pullover, Underwes
SRR

stockings, sportswear, baths fashions, etc.) and home textiles (net oy
bedspreads, awnings, tablecloths, covers for furniture, etc.) knitwear is alsy
used for technical textiles, for example, for helmet structures, medical '
geo-textiles for dike and road construction, filter materials, material for inst

and nels (Section 1.1).
5.1 Stitch Formation

A stitch is one thread loop linked with oth
_ _ i er thread loops. The loop
fa;;td hFW bottom crossing points and is composed of a head, two thj
(Figure 5-1), A stitch loop has only two crossing points. :
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Plain stitch
Fwﬂ 5'2 Piain and pun suich :-1. &1

uuu_ﬁ#

g W g8 .:.r Sttch row

A,

’ Ilr:-.tlb. :l—_'.lh I:JE.
Stitch wale

Figure 5-3: Stitch row and stitch wale [1, 13)

According o the arrangement of right and left stitch sides in a knitwear these
can be distinguished by their binding group, that is, back and ¥
jrsey, and lefi-left knitwear. Back and face knitwear has only piain

one side and pearl stiiches on the other (Figure 5-4a). Double jersey
Mﬁtﬁdmmaamsﬁtﬂisﬂﬂmm}m}x
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e 57¢) and Em miﬂﬂ the lung'iﬁ; 'ﬁ
o ich loop ClOSE: ), and moving over the hook (ks
gure 5-71). Sinkers s
. Jith compound and spring needies is analogous to

edles. The main difference is that the hook of the com
needles.

ith a separa
hhfmmizﬁ:dsmanf ﬂ'IpE hook in the slot of the shank.

Frnmsus .
o mlnin;dle mobility and feed of the thread, there are Iwn._ neg
Dap_endingm in knitwear production. The first process (knit
mrgmm by the movement of single needles that pass the drﬁemnt
of stitch formation one after the other. All needles knit with one thread (s

thread feed).

Warp and weft knitting processes are the two methods of the alternative knitting:

process (warp knitting). In weft knitting the needles move simul

te pusher. The hook of the spring needle is ¢ ___-;'_;L

conirast 1o single thread knitting. The needles work with a single H‘Im

avoid high tension or tear on the thread during the knitting process, first i
 Ihread has fo be formed into loops before the knitting process, that is, the loops.

have 1o be kinked.

i 1he warp knitting process, the needles mave simultaneously. Each needie h

o lhread, that is, warp knitting machines work with thread groups |
end presentation). Guide bars Present the thread groups in front of the need|

52  Machines for Stitch Formation
”ﬂﬂ‘m for tee, formation can be sybdivideq according to their

0 addition by the type of needle and bindie

B

o



e st R
nithing MBCIinoE fRnit)

[Rirwicm Dk | Ik b

Figure 5-8: Classification of machines for stitch formation [B - 11)
Knitting machines with only one needla bed can praduce only back a
itwear. Two needle beds are necessary for the production of double
ang needie bed is switched off, back and face knitwear can also be produced
y machines. Two needle beds and additional special

double |erse ; :
(double tongue needles) used with a transfer lechnique are necessary for Ihe

production of iefi—left knitwear
) Cam of fiat bed knitting machine  b) Cam of circular kniting machine:

1: moving companent

1and 4: lower moving component
2: pull-oft device

2 and 3: top moving component
a) knitting (stitch)

 b) caiching (float stitch)

o) not kniting (float stitch, back and face) -

Figure 5.9: Cam of a flat bed and a circular knitting ng machine (8 =111

s




Bie 0 o 2 one sncther (Figure 5-108). Thot

angle of about one another on lefi-left flat bati{lh ting

horizontally 0 © other in an aligned position, T makes |

canals face each needles from one needle bed to ﬁﬂﬂﬂur ot
mmublafﬁﬂﬂ“: pear in the knit fabric according tn-the_ EMBN dira,
or plain stitches LE-, e double tongue needies do not have g needle, by o
the % them. Cams move the pushers.

] Double jersey flat bed knitting b) Left-left flat begd
a

Figure 5-10: Double jersey and lefi-left f
5.2.1.2 Circular Knitting Machines

Back and face circular knitting machin
fotating needle cylinder ang stationary

es (Figure 5-11a) work mostly

cams. Some of them are adjusted ¢
fce of the machine. The needles move vertically on

nit severa) limes according 1 the number of cams. Static thread

*"*‘-“Wﬂf the threads 1o the needles. |nsi

de the cylinder, pairs of rol

+ Up, or fold the finished knit fabric,




a) rib needls a) upper cylindar

b} o cam b} lower eylindar

c | rib dial c) pushersiamper/siothar
d) oylinder needia

1} oylimoier

Figure 5-11: Circular kniting double jersey knitting, and lefi-left circular knitting
machine [8— 11]

52.1.3 Pattern Possibilities of Knitting Machines

Table 5-1: Patiern possibilities of knitting machines

Pattern Implementation
o Calching position of needle (needie will be pushed
Float stitch Joop anly so far that the thread does not glide over the
tongue on the shank)

Nonknitting position of needles (needle will not be |

Floatstiich lost stitch | e

Z r.l stitches pﬂ“ﬂ‘fﬂ

Nesdie bed movement with catching position

Al e
-

Transfer of stiiches from one nee




5.2.2 Warp-Knitting Machines
Weft- and warp-knitting machines belong to the second I;yp. of k
a) Lock up b) Feed thread )

??'_




5222 warp-Knitting Machines

. warp kniting machines exist only as flat-bed machines.
m and face-binding group have one needle bar and these
prsar-ﬂ"dmﬂ group have two needie bars (lubular knitwear),

are three different types of warp knitting machines: tricot
doubie rip kitting machine, and crocheting machines (Figure

5} Tricot knitting machine b) Double rip machine

tpich of the ?F
gl=cali- I

L

r I'|
p—
ﬂ‘-l-fj..!_,

l- | FEET
o |
) Crocheting machine
Evenst Cofmb EDNG Moo b e

—

puide noedis

. Figure 5-13; Warp-knitting machines [8 — 11] |
The process of stitch formation of warp-knitting machines starts
Movement of the needles that are flexibly arranged on needie
e e A that of weft-knitting m







Guide bar without sideward
underlap and overlap position
Guida bars aquipped with diff

Development Trends

Compiete solutions for the system of flat bed knitting rrnr:ﬂn-
production of garments with low or no sewing expenditura (s
fashionad knittings) [15].

High binding varieties (e.g., by elecironic single needle se
short preparation time for circular knitting machines [15].

Higher production speed and longer life of neadles,
knockover bits, and cam box. Progress in matenal
hﬂwquuisanuﬁpalnd for example, needies consist
with 1% carbon, They are pressed, mlumm
Mbnlniamnmmmumlnuu{w
430 ym in the head size. Protection m.:
wmhnﬂahﬂ
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g to DIN 61210 [1], nonwovens are “fab
| part of fibers.” Fibers that define the
mized or orientated in a certain direction.” The conne over
s effected by positive (interlacing) or non-positive ways (Congiutinaties

k density is the parameter that separates n ans Fo DN
tﬁ.s io be less than 0,40 gicm® and the anw Sl
has lo exceed 30% [2]. er-de
A product within the definitions of nonwovens and cotion wadding & a nonwaven

@ « if It is not only reinforced on the surface but alsc to a hrng xtant in ite

interor, or
if preferably the layer Is close to the surface but only if it is comple

even bonded and simultanecusly smoothed. A ok = |

adhesive and/or cohesive binding Is possible; solidation: M
According to DIN 61205 [1], felting is a two- or three-dimensional fabric made o
mechanically stabilized fiber webs. A needled nonwoven without '"ﬂ'
binder needs & bulk density of <0.15 g/em” [2). If the bulk density Is higher
regarded as a fell. As soon as an adhesive binder is added, the pro
aiways 8 nonwoven. In addition, nonwovens are all products manufactured with
the spunbonding process or those that became popularly known as “spiniaced®
(water jat bonded). &
The DIN papers provide further explanations of terms [1]. Detalls of the
manufacturing of nonwovens can be found in [2-6] B fii
The main advantages of the production of nonwovens in contrast

textile fabrics and knitwear are
* The elimination of one process step (yam production),

* the significantly higher production speed, and -
* the possibility to do the finishing during the consolidation process.

loc

thl Raw Materials
Primarily man-made fibers are used for the production

their potential for application-specific optimization

[ %}

$elulose (e.g., viscose) are used as well as those

amide, palyester, polyolefin, or pe
 bicomponent, micro- and shrinkage




Polyester |

20%
Figure 6-1: Fiber materials for nonwovens [8]

6.1 Processes and Machines

In practice, nonwovens are distinguished according to their mes
processes. Today the division as presented in Figure 6 If&-—.u el
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'.|.|: --'-..- -th" I“EI ; Th
1o the ;ding willow. This machine achieves the ne gk,
mixing and therefore permits the feeding of the loose materiaf 4
mixing chambers. This concepl is very suitable for larger amounte uy.
a frequent change of mixing ratio and many fiber components, !
The fibers are evenly opened and mixed by the fiber praparaties
supplied via the automatic hopper-feeder or volumetric tower feadear s ¢
web forming machines, the roller, or flat card, e ROy

gLl |

From Fiber to Surface
Figure 6.4 shows the structure of a roller card. In contrast to the fiat carg

main drum creates the fiber opening by means of worker and strin
arranged on the main drum (see also Sections 3.1.1 and 3.2), i
Today's roller cards, developed especially for the nonwoven od
possible to form random orientated nonwovens with randnmigm._
rotate with high speed in the direction opposite that of the main ﬂ!‘l.lm
transport one part of the randomized fibers to the next stage. High-n
fandom web double doffer cards are used in particular, As. .

always two doffers take off the material from one or two r;:n:fﬂm- ne imp

el
I
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MOr® 4 by an arrangement of roller or flat cards
PO dicular to the Installation direction. This is a redirec
b F"'p of 90°. So-called lap layers (up to a maximum
| .{ W"y for bigger laying widths) cross-lappers (Figure |
ﬁSﬂrr- e

plaiting
feeding

lower
conveyor belt

doffer conveyor belt

Figure 6-5; Cross-lapper [2]

Batt Drafter
Batt drafters can be used to increase the delivery spee

crosswise with a simultaneous reduction of the mass




Figure 6-6: Principle of aerodynarmic web formation [2]

Fneumatic or aerodynamic web f:::n'ninl : _
with strengths as even as possible in all directions. After the n

opening, airflow supplies the fibers to a sieve drum or a sieve sliver

lie in random orientation. The sieves convey the web to the next o a |
while the air is carried away by suction through the perforation of ﬂ-tg :

system, The air cycle can be open or closed, Figure 6.6 shows ﬂu
‘aerodynamic web formation in a closed air cycle.

The process of fiber opening Is of great importance for this method |
conveyance in the airflow between bpening roller and sieve drum o
to an essentlally better opening of the fiber structure. Aerodynamig £
machines are suitable for the processing of short, thick and less curled fib
order to obtain rougher webs. '

6.1.1.3 Hydrodynamic Web Formation Processes

Hydrodynamic web formation is derived from the simple and very we
production process. In principle, it is a filtration of a fiber sus Iy
folaling sieve. To reach an even web, the fibers h

n
g processes are used 10 prodye



Figure g-7; Comparison of horizontal and angular siey AT

The water moves in a cycle to reduce the water cﬂnsurnpﬂpn
Only the water that is carried out of the plant with the web

The water industry has to recognize and satisfy these high d M
ihe web forming process itself filters the water, a filtration is not ne

Further requirements are a perfect distribution of the fibers in ﬂ‘Hi
The mixer speed, the line cross section, and the pump parameters F

adjusted to it. |
In contrast to other web-forming processes, a prebonding is performed in’

wet web technique during web formation because a simple drying &
treatment as a dry web would be uneconomical. Flocculated bin

special binding fibers can be added to obtain a prebonding. The blnding stre
is activated during the drying process. Other methods of wet hlndlm

nonwovens are also applied

6.1.1.4 Production of Spunbonded Nonwovens
The production of filaments corresponds to traditional fiber productiol
common wet spinning process and the more important melt spinnir
are used for this. Synthetic pellets are melled and delivered to, the
The spun fibers are then pulled off aerodynamically or mechanic
simultaneously drafted. The formed filaments are supplied
folding, which consists of a sievelike collection device. The
can be sucked off through this “sieve.” The filaments
circular curves because of a collection delivery speed that
flament delivery speed. As a consequence, the
n. This justifies the name “random orie
speeds (e.g., for hygienic prt:dut:!:elL
tﬂudimutlm hnvmvar In this way, a




canveyar bealt

Figure 6-8: Scheme of the production of spunbonded nonwovens {2] k.
Apart from the aerodynamic and mech o I

anic Spunbgnaing

processes are also gaining importance.
developed between two charged electrod
axample, between a spinning nozzle and a

6.1.2 Web Bonding Processes

‘To produce a nonwoven out of a fiber web produced | ..o SO
n the web-forming o

“mﬁ::;‘;:has I!‘u be compacted, This can be done mechanically (nas:

» Shemically, or thermal| Fi e S

flonwoven is a woolen feit Y (Figure 6.9). A typicaf example of this ty

= F. P
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Figure 6-11: Principles of web bonding by means of stitch knitting {2]
6124 Hydrotangling

I-Immglmg is the interlocking of fibers of a loose web by means of fine water
s using high pressure in a manner that the material nunsﬂl’lﬂam'« fficiently
without additional binding technology T

"‘f._ﬂ,_ df nearly all types of fiber webs is possible but malnly faid webs are

.;1"_ ‘"f. = 1 =
Dnstructon. ]
|} Sy |




Process Water

Figure 6-12: Principle of hydrotangling [2]

i ciple of this process ﬁemanﬁs an expensive w alans
Qf?ﬁﬁgfﬂ;ﬁshﬂ pressure production and complex water pra .
water of the circle has to be sucked off, separated from [h_g
cleaned, back-filled, and filtrated. The last step is the drying_,n; ﬂm

6.1,2.5 Chemical/Thermal Bonding

The chemical bonding of webs is the generation of bonding nr ) gl
fibers by means of chemicals. This process can be cohesive or ad

Conglutination of Fibers by Etching of Fibers (Cohesive Bonc

=

Cohesive bonding of fibers is the treatment of fiber material
dmninpl agent that etches the fiber surface and there
conglutination of fibers with each other. This can be achieve

"
P

Soluble PVA fibers that plasticize the wabs by solvent treatment of I

mﬁﬁ*ﬂ drying process. =

-
]
)




e
"
e

: spray nozzles are flexibly arranged over the fabric to avoid streakin

4.

hnpmanﬂﬁm with foamlike binder: _
The web moves in a clock between a smooth and e
which a frothed-up binder is supplied. The foam

in 8 certain manner so that after the pas sin'g' of the

impregnation is guaranteed.
gpray bonding:

avoid destruction of the web structure, they do not wark

air. A suction box that is arranged below the web fixes the web ¢

sigve belt.
Printing of binders (Figure 6.13)

#']'Eu'ﬁarca b) Flexographic ¢) Rotary
printing printing screen-printing

Figure 6-13: Printing systems used for nonwovens (2]




L}:ﬁ: with the necessary evaporation enany .
process Is suitable for thin and compa
Heated air is blown on the fabric or hrough j
necessary for the water evaporation as wel|
transport of water steam.
; diation of highly heated solid bodles

o HT;E l:li:rlng goods as infrared radiation
effects the evaporation. Owing to its low effig]
process Is used mainly in combination with e olher

processes.

6.1.3 Finishing

Finishing is the subseguent treaiment of textile Ipmdur.lzts to attain cerigin
characteristics, for example, flame resistance or dyeing. I is necessary jf

characteristics cannol be obtained solely by choosing a suitable raw material or
an adequate bonding processes. -
The common textile wet finishing methods, for example, dyeing, Fﬂnﬂm -.
Impregnation, and so forth, are used for the finishing of nonwovens. In o

It Is the flat fabric and not the rope form that is finished because of the surface
stiffness of the structure. Due 1o the elongation of the web, ﬂﬂﬂ’ﬂﬂﬂﬂ'ﬁf-t!ﬁ,
also suitable for the finishing of knitwear are used i

There are also some other finishing methods suitable far:

Processes for the Improvement of Textile Drapability
1, Calender treatment:
Al 8 moderate temperature, the nonwoven passes a smoothing:
calendar and becomes smoother as a consequence. This treatmer
8quIred o avoid a resuiting compression and flattening of the nonwoven




Heat-Sealing Coating

A

nonwoven is conveyed between two transport d e 0
d diractly in the slit between the drums so th

is situate i
can be siit in two or more layers. Their surfaces are smoath d the ;

have to be pﬂllEhE‘d.

polish:
js pressed with internal siress of led along by me

The nonwoven .
mating roll 1o 8 high-speed running abrasive roll that is sat with
per. As 8 result, one obtains a homogeneous surface with a v

character.

Heat-sealing coating is the
thermoplastic bonding agent that, for example, makes It '

interlining with a face fabric.

Powder strew process:
From a reservoir funnel, a po

wdery bonding agent is applied by a Vo
or strew roller over the complete machine width. It stribu
n the fabric.

the nonwoven fabric led under the strew device. The

sinter oven.

1 Powder point process:

Roller screens or engraving rollers dose the

 nonwoven, After that they can be melt together in a sir

-

nt process:

trimming of a noninterconnected layer of @






45 cal Surgical Compress:

ﬁ;ﬁ-fﬂmnﬂnm Short viscose fibers and cellulose (both are
their high absorptive capacity) are hH'ﬁt =
former into a web, then predehydrated by suction,

gonding: To achieve a wet bonding, water jets fire at the web that mov
between two sieves. b

Finkshing: The drying occurs, for example, on sieve drums. A subsequer
treatment can also be applied to guamntm-;;w Rl Rl

(Foulard, second drying). Mt

Geo-Nonwovens:
Web formation: Spinning device spins polypropylene into fila 5'*'__‘,__.{;'_':-
collected on a sieve belt in full width. S

Bonding: The web is then compacted mechanically with needles.

The examples listed are summarized in Table 6.1.

Table 6-1: Examples for web applications according 1o their pmduuﬂnnm
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Western Europe 240
South Amernca

Nonwoven production in Gormmany b . o

axti : an S a proportion ¢

textile production (Figure 6.14). 4 fiso increased BSig ki

The following develo ment directi ] _—

market for nonwoven EP directions are evident that will elp to exten
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a

by the Sommer Company, France, w

were soon copied by nearly every nonwove
vens made of polyamide, polyester, or

needled and impregnated in one direction (siop pes 1e. i

side only consists of fiber loops.
For higher qualities, processes were developed that made i «

be effected

rib fabrics or velourlike structures. This can
rails instead of g needie

that are constructed as drop wire

conventional machines.

The basic: material is a preneedled web
400 g/m'. The needle bars are set with special needleg wi

stitch through the fiber material they form fib :
itct 1 er loo

the insertion depth Ichnsen. The arrangement n::u!:rri'ﬁti-‘.;'i;:t'h ﬁ'

character of the fabric concerning the rib fabric on the one

on the other,
The produced web hag tobe b '
: onded with chemi -
low stuct T 28 the “loop-technique” and caﬂ?ﬂ"-'d“i &
Cluring by various machine Parameters such asmvﬂ.’-f!s_.

* Height adjustment of the drop wire raijl

*  Work advancing motjon mechanism for the needle web, and

arrangement of needjes in the needle bed

with a mass Per Unit are



1, the stain-reje e
; width, length, and weight pe e
ampn: Erj:lrﬂ;n:iﬂf manufacturing properties are achisve

hehavior and cutting ability. el .
ishing steps can be executed in all levels of the textj .: .' w
Eﬂmgmﬁpnﬁmariar. fiber or flake, at woven fabrics, knm OF Webe 5

the ready-made article.
SUM of sau

The achievement of the finishing effects s always the UM Of saves

parameters. These are

The physical and chemical effects of the finishing machines,
effect of the handling media such as air and water, '
effect of the finishing media, and

effect of the textile material,
The desired requirement specification should be fulfilled as ap .

free of poliution as possible. In textile finishing special attention
environmental aspects, as finishing processes are very energy-, wat
chemical-intensive processes il
The finishing of textile fabrics represents th
; : pre € largest propg '

Production process, For this reason, in the fﬂllnwingg rna;;niy 3
most important processes from inis sector are explained in great
most Imﬂurtapt terms are determined in the German Industry i
treated within ths immdf::g::nteﬂnmgy 219 process engineer -

; ; - More detgj i R
respective (&Chnical literatyre [2-10] elailed Information can be found

9.1 Fretreahnent
pﬁlnu’ili%n Pretreatment, Mmany suh




Hﬂ"""""“ mechanical pretreatment is the first proce e -
WPfibic finishing. It 1s executed on fabrics andknitweac i &'k
Brushing _
al of loosely adhering mechanical impurities (lint fly, thre:
prushing machine. For this purpose the fabric is led along e

L Scutching

A scutching machine treats the fabric to remove mechanical impurities, fos
axample, after the singeing or carbonizing. The fabric is lad oty
q,dmdarswﬂhl&ngth'-.wse-applied beaters, ioosely over rotating
s Nepping i

e fabric is treated on napping machines to obtain a fluffy feel. This process
also belongs to the mechanical after-treatment and are explained -,T'Tf"!"..‘.' X
+ Shearing

Special knives remov
processes also belong
chapler in detail,

o Singeing

17|

e fibers and threads that stick out of the fabric. These

1o the mechanical after-finish and will be explained in'

Spun yams and textile fabrics made of these yams have :l_:__j;__‘- \
the yarn, These fiber ends can cai

because fiber ends protrude ca
thraads because they complicate a free run of the yam through

and (needie) eye. During the printing of textile fabrics, the f
complate wetting of the fabric with dyestuffs. The andumld
nondesired cloudy surface and a pilling effect. A flufty surface W
 surfaces such as that of satins is also unwelcome. Eilhlr ;

- contact with igneous metal bodies, pulled mmm '
beaied ceramic bodies (indirect radiant singeing process A2
possible methods, flame singeing with an open gas | -’H: *'E- 1

.‘




ﬂﬂ&hghmmﬂ: :::::::T?::ﬁ starch sizing), d
. ﬁ;:id::?;?é ?:l-"ﬂiﬂl' soluble and synthetic Elziﬂﬁ:l- . o
:gﬂ;n?:sfiz:ng::at:‘nziiﬁn; r::l Ef?gguﬁgtﬂwﬁﬁrﬂ?ﬁ_ ;E:_r ; 2)

Figure 9-1: Roll rat [3]

In the role rat, the fabric rotates around several pairs of ro
which is always located underneath the liquor mirror, The impr
Pumped against the to




g2 Foulard (3

, Sefting

in the setting P
ad by spinn

stabilized In

determined. This process
temperatures are applied, this state remains fii

rocess, the internal tensions of the ibrous |
ing, texturing, and the fabric production pn

this new state. The measures and forr
results from a heat effect followed

as no higher :
s can be executed either as prefixing in the preparatory

ch single fi
sses (after fixing in the after-finish). It is used mainly

between 83
finishing proce '

fibrous materia
« Brightening

is such as PES and PA.
J'_'

nishing process (intermediate-fixing) ¢ roin

S B 1
L 3 Ll

This is the pretreatment with oxidizing or reducing bleaches for lightening the

fibrous materials for a later pastel dye. 1

« Bleaching
Fabrics and knitwear made of wool, cotton, or silk are not p uru,

their natural fiber color or contamination in preceding process anicle
e fabric has to be bleache

that have fo be dyed in pure white or pastel dyes, th
lo attain the following desired results:
A high brightness,

a good stability of the white color,
a good absorbency for the following dyeing,

' " s 8 fewest possible fiber damaging, and L
_» ahigh economic efficiency of the process.

[l pdizing bleaching
th s siepsof cesizing ol




. sulfur dichioride (
a’mmf:.-fum acid (HzS0s). and
hﬁmulﬁda.

; saturated in both biaa_mhing_ processes with HI .
:g:lfa:r;’;ﬁﬂ and bleaching ions diffuse in chemical reactions. Thesa in
am:af negatively charged anions in oxidation bleaching or posi gk

The ions have chemical bonds with the du.

cations in reduction bleaching. The ; _
contaminants in the textile fabric. The liquor concen R

temperature, and the retention period of the fabric in the process ea;
the intensity of the bleaching. Subsequent to the actual bleaching
fabric has to be washed to remove the liquor with the pollutants
are bonded to the liquor. The fabric itself is always affected during th
process so that the bleaching process has to be strictly surve

damages by strict control of the liquor concentration, the process te
bleached discontinuously in g

and the residence time, The fabric can be
piece treatment as well as in semicontinuous or | s
operation. N continuous. modes ¢

: drawing.an
s behvidpe pukle wqueezer :
[ I'I-I'"‘l'.‘ﬂhll.'ng machirs m‘*wm T
e~




Wit = nd changing fabric quantities can be treated without
lage e anding continuous bleaching plant. =
tities are processed with the continuous procs

ching can take place directly afler d

Large fabric quan
advantage that blea
~ Wﬂsﬁ-;il"iﬂ
hing prepares the material for the next production step and &
ﬁwam of already completed production process .
propesses. washing and rinsing processes must be carried
Therefore washing is not a typical pretreatment process. During
rinsing unwanted natural and production-caused poliution, for
jubricants, and slashing residues is removed. -

The washing and rinsing conditions depend on

The kind of contamination,

the fiber material,

the type of makeup and structure, and

the desired cleaning effect.

‘ocess consisting of various subprocesses Suchias
wetting, washing, suspending (dirt particles are removed from lha j" n
Anging. In the washing process, ane has to distinguish between anparal
machine. Whereas in the apparatus, the material rests and the wa

srculates, machines move the material in the liquor, Th

intermittently or continuously in each case in hanks orina broad condi

textile fabric.
Only the textile raw materials wool and cotton &re washed. Cotton

only if dry cleaning is not sufficient, which s very rare. On the |
extensive washing plants are necessary for wool (see Section 8.1.3).
~ Machines for washing hanks are used for yarns in which the stran
 They are pulled, hosed down, and squeezed ter e
. Inaddition, one uses a yarm bobbin washing apparatus in WG
adjusted on goods carriers and flushed by the liquor.
multiude of washing units and machines exist fer P
| mentioned here. These are,

Washing is a complex p




Figure 8-4: Spray washing unit (a) and suction drum washing "ﬁ“'{t_'il ':H_

in Fi during the washing process the fabric is au
As shown in Figure 9-4, during e

' ' i he spra
der with small tensile load. Inside t ni
ﬁgﬁﬂ:ﬁf pressure remove the contaminants that adhere superfi

- | liquid passage priry
suction drum washing unit works according to the 9 inci
flow pumps pump the washing liquor from the outside to the inside §

fabric into the perforated cylinder. _
Knitwear is especially sensitive because it has a lower dimensional ¢
compared 1o textile fabrics. For this reason, washing should be nearly
free and crinkle-free with short guidance and intensive flow, mgrgﬁ_y:-;__

‘treatment should be possible in a completely relaxed state. w
drum combinations with dwelling compartments in the K me
requirements.

9.1.3  Fiber-Specific Processes
9.1.3.1 Cotton

aikaliﬁa's'ﬁiﬁthm,_ » rests of
o ohing out. Also, during this.
LU | P’“d \ T :




it Is possible to reach react
! ¥ process is called kier bolling. The fic

bl et constanty, andapplied on the Tt ot
centrifugal PUMPS. Not tension-sensitive finishing bl

5 strand reatment machine.

Mercerizing 1
The gloss. dye affinity, and tensile strength of T
mgmeﬂzing, Furthermore, this treatment gives knl" 3
higher dimensional stability. Mercerization Is app B g
products such as bed-linen and table cloth, fabrics for skirts 2
underwear. The material is treated with concentrated
under tension. The caustic solution macerates the fibers
longitudinal shrinkage from 20% to 25 %. Here the lumen dis
core and the fibers assume the shape of a circular cross
ctretched position (Figure 9-5). The fiber surface Sacoia
light reflecting ability and thus the gloss is increased. A b
can achieve higher traction forces so that the strength of
To obtain a permanent mercerizing effect with a low fabric s i y
solution has to be washed out for stabilization in hot water under tension,

parameters that are crucial for the process are:
The concentration of the caustic solution,

the temperature,
the extent of the extension,
the treatment time, and
=

the mercerizing means. e
b
i

-

L]

Mercerizing can be applied between various production steps:
9

+ On the raw material, i
» gfter desizing,

s after bolling off, - oo
~+ after bleaching, i3 N
I_' 1:. ﬁnﬂtdﬁ]ngr ur i i-_ '-GT:J!-' e R

Ly

L =
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Figure 9-5: REM photos of untreated (a) and mercerized cotton (b) [4]
I

9.1.3.2 Wool

= Raw wool washing

and rough Impurities such as sand and parts _c:f plapls, The pollutans =:|
impurities of the raw wool vary as follows depending on its origin; &

* 12% and 47 % wool grease and sweat. |
. % and 24 % vegetable components and dirt, and
* 2% and 24 % humidity,
The share of wool hair in
These impurities are wa

Raw wool includes wool grease (lanolin), animal excrements, sweal

the raw wool varies between 15% and 72%.

shed out of the loose raw wool before
process (a raw wool opener is connected in series at which rough
removed in addition) in slightly alkaline liquor with '
Here mechanical loads have to be avoided.
mostly in sieve dry

which the




Figure 8-6: gieve drum washing maching for raw wool [8]

. Miting .
felting of fabrics made of wool or bhnﬂnﬂ:-ﬂ,ﬁlj!|

the compression and
of pressure, friction, squeezing,

ifing 18
e fulling machine by means tio
f wool fibers serve as barbed hooks. °

with the
impact, and humidity. The scales o _ _.
p and weak alkalis or neutral milling detergents as

d. Milled textiles can shrink up

milling process requires Soa
roll makes the material

wall as formic acid, ethanoic acid, and sulfuric aci
1o 40% but they become more voluminous. A strong

pond invisible.

Two machine types are used for milling: the rolling mill and the drum ng

machine. In the rolling mill the fabric is fed as an endless rope into the mm:lint L
nts on the woolen textile fabric. Afterwards,

A sprinkler spatters milling deterge i
milfing rolls press and squeeze the rope together. Further mechanical treatment

takes place inside the stuffer canal.
Sensitive woolen knitwear is treated mostly with the drum washing ma
fumning of the drum creates a continuous opening and compressing.

» Chlorination
~ Woolen fabrics are treated with oxidizing agents to reduce or remove the
 unwanted tendency to felt (under humid conditions with mechanical reatment)
and to shrink. This process is called chlorination shrink proofing. he scale layer
of the hairs is removed either completely or partly so that they can no longe
mierlock with each other and felting falls to appear. Chiorine is used mosth
- ent. Owing to environmental and. health-en g e

P










= Rolling drying machine [4]
s of the stenter are the foulard (draining and applying of finishing
inlet array (guide rolls, overfeeding device, selvedge spreadef,
contrivance, and needle or clip chain), drying and fixing fields (up fo 10
ting with steam, gas (very flexible, but fire risk), oil (slow-acting
d cooling), the cooling field, and the outlet. In this plant the fabric s
an open width with a needle or clip chain and guided to the s

';- | lﬁé.machinu.
: by specd

I (Figure 9-8) air that is heated by a burner (1) is guided
2) on the fabric whereby the distribution of the circula
8d so that an optimal humidity deprivation can take e}
S (3) are arranged in the air passage that take up the &5
abric with drying. < 0
NSJTE of the clip chain and the distance ﬂfﬂﬂm‘?
® of drying and the fabric characteristics, for eXaM s,
ed. Often several processes occur simultaneously 5
W--@nﬂﬂn&inﬂ, and fixing. e
_such as terry weaves are often =5

ting air 5

e il




=re 9-8: Stenter [5]

_";3 Coloration

‘ Dyeing
Grugial factors during dyeing are leveliing, dye penetration, and a
With the achievement of these parameters attention must be paid to
and the environmental compatibility. Here, the makeup of e textile
materials is of no importance. They can be present as flake, sliver, yarn, tb
o texile fabrics. Chemical fibers can be colored directly in the spinning li
lution during yarn production, Dyed yarns are used for high-quality, patt
s, The fabric for unicolored textiles is treated in piece dyeing. It
ade textiles can be colored, Yam and piece dyeing have th
/eing materials are used for different fiber m
as the fibers possess different react
"hes .ﬂpf :r-.,.,. lla r the &

=t




[Polyester. dye :
B ' ity of the dyes for the fat

result of an affinity of the dyes for ine fabric)

A fabric can hﬂ:ﬁﬂﬂﬁnﬁ;} or via genuine chemical Iink&g&i uf.

Cor (with phy:tiiva acid, and cationic dyes). These mechanisms pi
sflai rl?a 1]195:5 In the case of dispersion dyes a salutig_n IroK
mmgthe' dira molecules are dissolved in the textile fibrous mat

' ‘ he different affinities, the
The dyeing of fiber blends Is difficult owing to : S, the )
dyeing r}r:lagt:rial stabilities of individual dyes in the liquor, and so forth. In this:
case, both fibrous materials have to be dyed directly and evenly.

In the dyeing process attention has to be paid to an even distﬁtﬂ_:_ﬂ_ﬂj of the dye
'In the dye liquor. The first step is a dye adsorption at the fiber surfa
second step is the diffusion of the dye molecules into the fiber core
there is an interaction between the dye and the textile fibrous mate
Individual processes are completed if a complete equilibrium has o6e
between the dye liquor and the textile fibrous material. In the dyeing 'DCESS (-
relevant process parameters are the composition of the dye liquor (textll
chemicals, dyeing auxiliaries, for example, levelling agents and dye,
temperature, the dyeing time, the pH value of the liquor, and the trans
and rate of the fabric,
Basically one differentiates between two different dyeing princ
fRlion process and the coat process. The absorption proc
._1?.-1_:%,1 s a discontinuous process that is executed, for exe
- § and also in let-dyeing machines, The liquol
the dyeing material (kg) bears 1o the liquor qu
> the opportunity to absorb from the g




ml grtanrmiml requirements are
e -' . “in the different makeups. A w _
ying to the makeups and to the fiber mata"_

for any dyeing systems different wet
. during the subsequent treatment.

w"mn criteria for dyeing are that the

consumption of water (cooling and washing water),

consumption of energy (heat energy),

consumption of dyes, and

consumption of dyeing auxiliary (fixing and washing am}
have to be as low as possible. This can be achieved by the selec
“machines and by favorable planning.

In Table 9-1 some dyeing methods and examples are arranged for the

appropriate machines and articles.
Table 9-1: Dyeing processes

Process Examples for machines ood
- Synthetic fiber spinning machine | Yams spun from ﬁ}‘d ‘material
_ Flock dyeing apparatus  nighest colok RIS




e o ining (sampling
aqueous dye liguor = the locally limited sta ampiing
material, textile pﬂntl:rﬂm‘iun from one or more colors. ‘IE*Ih& mtm
fabric The pattern o in dyeing also take place etween th

processes that ocour
ns Or SUSPENSIONS are proce

ol dye solutio
For printing textile fabrics the ¢ye in colloidal substances

he addition of certain C
;hﬂ:ﬂﬂnmﬁtsa;?{;mmg other things auxiliary means). As in d:"ﬁ“ﬁ

a according to the type of fiber, the required che
of color E:?:::uﬂta: of the finished prgduct, and S0 fortl'lti_'Tha_Drh!nﬂng; ye b
bound to the textile fabric and suitable t::-n:-Fs_ apply the printing m he
::rfaw These tools are predominantly rollers or stencils that are ins 8a
printing machine. . .
The process steps for the printing of textile fabrics t:!y means of prin ing
machines are the printing pretreatment, the actual pr|f1t|ng process,
subsequent printing. In the printing pretreatment the textile fabric is pre

the printing process. The textile fabrics have to receive a clean and smooth

'auﬂaua so that after the printing the outlines of the pattern are clear anﬁ",
Further, the textile fabrics have to be very absorbent so that the locally
dye adheres fast on the fiber even if the printing process is very fast. The
also need a high surface stability, so that a distortion of the pattem
avoided, Pattern distortions can be caused, for example, by a dis rtio
warp and weft of the textile fabric dur ng the printing cycle. Individual
.I__t_g;,sam, for example, washing, bleaching, mechanical cleaning
fechniques oy wir,2 NG process uses a certain printing technig

it be described in the following are roller printir

printing, and [oary stendil printing, The printing after-tres
L9 Process steps: drying, setting of the dve (steaming), Wa
0, an o o . SN of the dye (seamingl

| hﬂuamahast constantly repeating unit of
fﬁﬁn!ﬂa}fﬂr iing ui




= o imprint, heliogravure, and resist printing, whi
2 'in accordance with the pattemlike printing dl:l
¢ prin the surface of the textile fabric is printed In

: jlal printing paper that is provided with the

g
il h SPBE H a 5
o pattern runs together with the fabric over a large driv

88T ris process takes place in a vacuum chamber, Applica
I dwelling time cause the dye on the base material to

>

i ws

g3.21 Printing Technology

Textile fabrics can be printed by means of different tamniquns--'ﬂﬂ_-,' be

distinguished principally by the type of the tool that transfers the p.attem v

\extile fabric during the printing process. Today's most important pri
printing, rectilinear stencil printing, and rotary stencil

fechnologies are roller

prnting o

+ Roller printing

Roller printing is counted among the gravure technigues. Patterns are

wansferred on the textile fabric by printing rollers that contain the printing
i pattems as undercut (engraving). One engraved printing roller Is

nacessary for each color of the corresponding pattern. The printing

pressed with high pressure against a counterpressure cylinder. (net
1o be printed lies on a flexible base between printing roller and press
inting pastes are carried by color transmission rollers to the printin:
Then they are transferred from the engraved patiems with high pr
lextle substrate. A film applicator (doctor blade) ensures that the pr
ed from the unengraved surfaces of the printing roller..
cle Is implemented, and thus high print rates can b ;
the size of the repeat has to be selected in such &

3

1ate and move (diffused) into the fiber core of the ta;t'ﬂg.-m
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A pattern stencil has to be manufactured for each color that
Generally the printing process starts with the darkest color o
border (outline) and continues with the next-brightast color, an
brightest color is the last one. >
The exact adjustment of the spacing of repeating is particul iy impe
no cross stripes develop in the pattern. Owing to the time sequence
cycle the printing cycle in rectilinear stencil printing happens e
During the printing cycle the blanket on which the textile §
still.

Rectilinear stencil printing allows the printing of very large repealings

printing areas that causes difficulties for other printing techniques & & il
oversized roller diameter. The production of flat stencils Is cheanar
engraving of rollers and the production of rotary stencils. Comparati
printing the changing times for the patterns are also shorter. For these
rectilinear stencil printing is also still profitable for small printing s
color numbers. D|Eﬂd‘;‘ﬂnlﬂg&gu5 are the lower printing Mg\

Space requiremant for the machine. Cy snais

= Rotary stencil printing

e 15

Rotary stencil printing is an advanced vers 2
I arsion of rectilinear il B
H‘ﬂl‘-m melal cyﬂndars {rnunﬂ 5[anj|5j with a small wall thick A " :
;:nni_ls for the pattern transfer onto the textile fabric. These o ‘}*
printing pattern in the form of small and closely arranged S b
the flat (bed) film printing with its typical work cycles, rotary sien
es the large advantage of a continuous prinlh'u Ve y
advaniages are. far 0. 128 @ very wide field of appiication. |
:.;. __ h W .m. huh wvﬂy mm ﬂ -11 g

Satup time with pattern

a . e
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Mechanical appret

Fom, P 1 (LN

Gigging
Shearing
Breaking
Brushing
Beating
Calendering
Embossing
Doctoring
Milling
Padding
Polishing

Emerying

. :
-;_;ﬁ:-;:l;-'fmligr;*' ‘appret |

Yam appret

Finishing
Qiling
Lustring

Thermal
appret

Burning
Carbonizing
Dampening
Decalizing
Dirying
thermofixation




Flling of tabric porms wilh watér-ropafion substantbs
tightross

| Optica brighienars convert ultraviokel Iight into vislble vio
tabre appears whiler i

Sof grip, better draping properties dus to oil, greasa,
partly lsundry-proof




Leads o a rough fabric surface, e.g.. for loden clathe.
[he fabric runs under slight tension over Brushilke relkers
tension, roller rom, and surfacs, the T (DR,

i e S

Leads ta a paricularly smooth and tight fabrig surface.
Imprinting of palierns onlo tha fabric surface, i

The fabric is put under pressure In Batwaen fwo
depends on pressure, lemperature, {relative)
tylinders, coating, and engraving of the roliers,

943 Thermal Finishing

Thermal finishing includes finishing processes that require warmh ol o 3
also dampness. The previously mentioned drying processes H:_ﬁﬁﬂf*
steaming, burning, carbonizing, and decanting belong to this group.

i
]
f‘l

8.5 Coating - L

ey A

Coating s single- or double-sided application of coating bulk or foam folls ©
fabrics, knitwear, nonwovens, or yams by means of coating | S
methods such as rotary stencil printing, gun spraying, rolier waste
nd transfer process are used for this step. Coating pn
compietely new characteristics and thus creates new types
them, for example, as imitation leathers, rain protection

800k covers, technical articles, and high-quality woven

Textle substrates are coated in two process steps.
VBtous, molten, or powder mass of plastic is apr
Stbsequently, a consalidation of the plastic coat takes
Which forms a permanent bond material with
ar0re consist of the segment's unroll

channel, and takeup unit with &




‘material by heating up the loa and SSRGS
.' St o | ﬁflﬂ- w‘ --.:..-: hl,_:.__.| _I'.
mplahas the decoration fabric is pasted automatically
that it can be attached by paste on walls. :

B
i
N

9.6 Development Trends R

¢ Further development of machines lo save time (e.
energy, water, dye, and auxiliaries, for example, “Dyeing o
CO;" (*Férben aus Uberkritischem CO,"). Several exa ples w
on the occasion of the Aachen Textile Cnnfﬂram&';f;_ over
1997, with the title “Economic Advantages by Ecolo -
("Okonomischer Gewinn aus okologischer Optim arung”)[11].
lextlle finishing, textile recycling, the ready-made industry,
yams, laminates for the operating theatre, and others.
Integration of processes and machines in communicatio N
companies. Further development of sensors and act
high-order process control system. Explanations col -5!5_1.-:
control system are given in Section 3.5. ) ISR

Special efforts have to be made in order to develop
measurement of quality characteristics that describe, for ¢
and appearance. One deals with the construction of an
inspection for a long time.

Textile finishing processes have o be more M:dbl; .
manufacture small sections more economically.

Fluid flow processes can be anal optimized by
ware Invented more than ten years ago in the aireraf
OFD is used in many different industries, Ag

L il s [12]

=
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tively rough and should have a rustic quali

~ not necessary. To avoid staining of s
indering by the consumer the fabric is prewashed by
::ﬂﬂmhgu manufactured article is laundered to give

appearance. To increase this effect bleaching agents or MRl
washing) can be added to the washing water. Sometimes jeans arficles z b
sybmitted to 8 sand jet treatment. B s

Carpets
chemical fibers for carpet production can be directly spi
etion. Wool is colored with large amounts of a color in the flake

strand, Colored yarns are used for patterned woven carpels.
yams with different staining behavior are frequently used for the production of
wall-to-wall carpeting according to the desired patterning. Eubsaqq.wnﬂg-i

material is colored in several steps in which one type of fiber in i
always absorbs the color. The advantage of this so-called differential

procedure is that according to customers' requests or fashion de
similar raw materials can be dyed in different shades of colors.
producer thus has the possibility of an economic manufacturing of la

of 2 raw article but nevertheless can respond to changed market cor
Wall-to-wall carpets can also be printed with rotary printing machines or
with dyes. The disadvantage of these methods is mainly the fact
_ﬁuﬁnam the surface of the carpet so that it loses its smooth ha
After the production of the gray fabric, especially in the case.

cutting process can follow to confer an even surface 1o the c

ation and material composition, wall-to-wall carf
' flame retardant o




cold dwelling
Mmoess

e

___dampening |

| rinsing |

i_cIr'_f'ing and |
Stenlering |




My

" -- -' ﬂnhhing gﬁ]’ gDDdS .rm. rtE ; m m'_-h-' - :--:ug.-. =

the washing process all s.pimh-. :

i‘-gmuvad carefully. A spraying of these sut
lrﬂ“"" of the airbag can be avoided because u

jead to a deflagration. At present, airbag

g finish. To achieve a defined air Pﬁﬂﬂﬂﬂhml.y

A ss can be triggered during the washing proces b

wre. During the drying process of the fabric a simults g

Firic takes place o confer the necessary dimensional ltuhiﬂyf, T
Ajbag fabrics are neither finished chemically nor treated with a c:
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athing, home textiles, and technical textiles. [The ma
- ot includes the following production steps:
“m' gluing, welding), and furmi_ng: The h"ﬂﬂw
sgwing of pieces in two dimensions, although
~ jndustry are three-dimensional. This is the reason for an import
automation that will be explained in detail in Section 104, "
in the middle of the 18th century Wiesenthal built sewing appa
Saint invented a kind of warp stitch machine in 1790 [8].
machines were produced in the 19th century [8]. TR
i Until today, makingup was dominated by the manually opy
=t machine, Sewing machines were anly partly accepted (Section 10
Mt The major part of the clothing industry has already been relocated
e with low wages (Eas! Europe, Asia). For that reason, companies
§ continue their production in countries with high wages need |
strategies to continue [6]. -
Since the 1870s, when the production was relocated to muntuq.;n th o
wages, the rate of clothing import increased. This process started
commission finishing but soon afierwards new companies were founded |
countries and joint ventures followed this trend.
The share of domestic production in the EU countries in 1994/95 is p
Table 10-1 (source: L. Briicher (Fa. Brandtex A/S, DK) [9], &
Eurostart, in statements by labor unions and KSA). It
‘domestic production depends not only on the level of income .-

Denmark) but also on successful strategies. L. Briicher (8

Examples in the fields of product and cost management.

* YD. Hartmann and M. Kramer (Fa. Steilmann GmbH & Co KG)
o ___'ﬂtra_tagi&s: = &

.'i.'-'_i,
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10.1 Separation

The task of this production step is the production of ol
separation process is required. The separation itself and the
finishing processes are known as "cutting.”

bale crane
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1041 pattern Design

contours of the component parts that are necessary for th

ot out of 8 flat textile fabric. For the generation of patter
is the minimization of material loss because up 1o 709

o the apparel industry are used for material. Therefore, the
<arted 1o develop consumption norms for predefined contours
clgthes and introduced economical processes for optimal fabr
owing to these developments, losses of material can be WP
mtemal costs reduced. The arrangement of contours on the texdile
e schievable fabric utilization factor. The possible m
msiricied by a limitation of the contour orientation.

The texture of the textile fabric must also be taken into &t
construction of the pattern. The orientation of contours on textile fabrics ¢
imited by a necessary direction or pattern orientation,

10.1.2 Directional Orientation
The threadiine, the load direction, or the grain of the fﬂhﬁﬁ'_f ed "
fivers) fimits the direction of the arranged contours on the textile fabricThete
ane ihree possible types of orientation: y
1. Nolimitation of orientation: — ...
The contours are oriented on the textile fabric in any direction (e ‘:1»-.:”4
2 Two possibilities of crientation: -
The contours of each component can be oriented in two d
€t (e.9., with lining, coated fabrics, and some technical text

& One possibilty of orientation: —

h“‘i contours of each component can be urlant&d In onl Ol
fabric (fabrics with grain, e.g., rough wool clotfl, PitSH




il .
iman the fabric is folded in

g
have only the mmpnnanis of one clothing size. .
10.1.5 Processes for the Construction and Transfer x"" te

The easiest process for the construction of patterns _la-_g_mg.

patiern stanm!ils Mare economical is the pattern production

First the pattern is made to a scale of 1:5. The reduction of the

facilitates a better overview of the achieved fabric utilization 1 th
achievable pattern can be photographed and again enlarged bhotographically ic
its original scale. ]

State of the art pattern production uses computer-aided decslgrt C

video workstation that generates the pattern fully autom ;
interactive image processing, production can be nptlmlzed furthar.

reaches fabric utilization factors of more than 90 %

Patierns in the manual or semiautomated cutting are transferred by bi
copying on an intermediate medium such as fabrics, foils, or pm

coordinates directly to the cutter head. The intermediate me-dil.ﬂﬁ'_.'___; 1 be or

‘/I:?ner information on this topic can be found in [33, 34].
1.6 Cutting

In tailoring, separating means the cutting of single or various te
(layers) according to measures or patterns. The basic operatit
separation. Common characteristics of all separation proce sse
are the local destruction of material by exceeding m

values. Figure 10-2 shows a classification of cutting pr

,Cmppmg_ or cutting with blades are used as: ph;
separation processes with defined cutting. Convenie

! mﬂfﬂfﬂﬁmnﬂ are nﬂ[mg]h! produced
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Figure 10-2: Classification of cutting methods [11]

Apart from the already mentioned mechanical cutting g
~ temal cutting processes (e.g., laser or plasma cutting) are also Apple
, ".1?-"‘-7'/’ Marking
tking serves as an optical labeling on or in biar
exact and simple further treatment of the cut p:
%0ints and are invisible in the finished product
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10.2.1 Sewing

The joining process “sewing” can be characlerized on th. as
about the sewing thread, the textile fabric, and the const _ _: !
(thread/laying of textile fabric). A connection by sewing ¢
chaining of one or more sewing threads with the tu-.xtﬂg
position, and number of linking or interlacing points in the te

the joint produced.

Table 10-2: Stitch forming components [1]
Construction Elements | Function
Mipadioe Leads the throad through the fabric, forms hresd io

Taking of thread inop of neadie thread nd I
thread with itseif or with other thrsads, il

it reloases the necessary amaount of thn
entanglement and withdraws afisrward
Takeup lever the amount of needla thread -
from the yarn reel against the fa
thread lightaner.

The adjusted remaoval strength Is f
position of the intertacing point in: h

Grippar




Figure 10-3: Functional elements of a double lockstitch sewing machine [2] =

The different phases of the interlacing of needle thread and bobbin thread Dy @
lockstitch (Figure 10-4) are A
ist Phase: The needle penetrates the fabric. =
ind Phase: After the needle has reached its deepest point, a Ihrald i
appears due to the upward movements of needie and neadle t ._
cooperation with the needle design on the side of the short
groove. The top of shuttle catches the thread loop.
3rd Phase: The rotational movement of the shuttle widens the loop. TliE
lever provides the necessary amount of thread. »
: The shuttle leads the loop around the mmm =
reservoir. At this time the take-up lever “the maxim
needed thread. g
The takeup lever starts with the laarh‘ngup
takeup movement of the takeup lever OCCU
loop from the shuttie. So an interiac
haa thus occured.




........

e

Figure 10-4: Phases of stitch formation for a doublelock sﬂtuhwftrrd ary hook
[2]

Unlike the double lock stitch, the looper thread for the dnuhla—ﬂlﬁh

Alare b -

10-5) is fed from a supply reel on the reai stand over E“miﬂﬂ:-iﬁ;{, u,l .
elements to the thread guiding gripper. The different phases of the interlaging ¢

needle thread and babhin thread by a double-chain stitch ﬂl"!jf-'j' a
IstPhase: After the needle reaches jis turning point at hl it po

needle thread logp appears caused by the joint ct of nee
design and the friction in the fabric. The thread guiding
catches the loop so that jt stajra.bg_lpwma_ﬁbd;;" _

previous |I‘It_l_lﬂaqi_ng process is slip ”HI edie

l00p that is held by the shuttie,

T g
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Figure 10-5: Phases of stitch formation for the double- chain stitch (with shuttie

thread) [2]

Takeup Lever

For the Interlacing of needle and shuttle thread, the takeup lever releases s
much thread as necessary for the shutile to entangle the bottom thread. Afier:
the Interlacing, the shuttie pulls off the loop. During the pufling off; one task of
fhie shuttie is 1o guarantee that the interlacing of both threads is placed in the

middie of the fabric layers. Simultaneously, it pulls off the amount of thread |
itch formation, Chain &

the top thread reel that was necessary for shich hain  stitch
machines use the needle bar movement for the driving of the lﬂ:ﬂm lever.
Double lockstitch machines have joint, glide, and contoured, mtnﬂng_

levers and special machines use cam-controlied takeup levers.

uring the interfacing or
by the takeup lever and/or
| sks




if the needie is outside the fabric. The next par graph des
movement between the fabric and the sewing machine.
The transport of the fabric happens by the cooperation of feader
fool. The easiest case is if the feeder penatrales the throat plate
fabric against the pressure foot, and moves It by a stitch lor
Exceptions are the needle transport machines.

Syslematic of Seams

The characteristics of connecting constructions that form the concept |
a fourstep order matrix for seam joints (Table 10-4), Exp
characteristics and the access component are given for Ty
Junctions to convey an impression about the variety of the joining lechnok
sewing,

Table 10-3: Stitch type, arranged according o class and mane umb
Sewing thread systems [1, 2] bodkarali L,

—

class Type/number of sewing thread system
Lock stitch; |

Simple lock stilch
Double lock stiich




Form of seam

Seam construction

Seam construction in
the garmant

Stitch furmm.im "_

Fosition of [thrﬂndj
entanglement






B Blind single chain stitch seam

7. Blind doubde lock stitch seam

The position of thread interlacing points can be, for ex; P
the middle of the fabric. o€, for example, ¢

Table 10-8: Division of seam constructions [1,2]

3, Zigrag seam

,'"_'l'ahla 10-9: Division of seam cross section without additional fat
(according to DIN 1SO 4916 (1, 2)

- ol y it

A o . . L

L sechion with agaitic
2










- 10.3 Forming _
- Forming changes the form of work pieces without ¢
work p%m parts or a change of material mass [2]. |
change of fiber layers of textile fabrics or the change ¢ f
components and products with the influence of temperatur 8,1
and humidity.

On the one hand the task of forming is to make a further r produ
finished product easier (e.g., ironing of edges) or to adju
certain forms by on board pressing, form pressing, or form se

Ironing processes are forming processes applied mostly in ap
Smoothing, steaming, and ironing remove crumples, crease,
therefore determine the final appearance of the surface of

choice of the necessary ironing process happens depends on
the fabric structure, and the finishing of the textiles. One d

processes with or without steam. Steam accelerates the hesz A
fabric and so ensures a damping if necessary. The ironing processes ¢
divided according their main function as follows [2): -

* lroning processes with a smoothing effect

;Sri'nmtl'ling is the simplest case of forming. The mah‘f-'-f'
process is to straighten and smooth the, for example,
crinkled by previous work steps, "

e Irening processes with form maintaining effects _
g Duting ‘!ﬁ&ﬁmﬂ,”'?ﬂm of a garment this is designed thre

machine

B -l

.......
?:a‘
‘-

M
e e o pa——— o e
Ironing or ICESSES WIh farmm mre et ot .
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' o A N LU proaucing eff ots
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"'sﬂm'-"-- pndmts applicatiuns seam

An automation in tailoring was based on tf ment
steps as well as the consolidation of the single prodt

~ gach ﬂﬂ"rﬂr

The two main problems of sewing process automation ai
textile fabrics and the manipulation of different siming
sewing necessary In the joining process. Handling & ¥
interest because in the manual sewing process only 15%.{.;._
time falls to the sewing process itself,

Various cooperative research efforts have been dealing with 2
American TC* project developed a transfer line with several

machines for the production of sleeves and trouser legs [14]. Ag'fm-. 5 W '

there is no commercial conversion [15].
Modules for transfer lines were developed in a Brite/Euram project

nstallations for folding, turning, positioning, and thinning out devices [1

Further handling automations are described in [17].
In Japan, a sewing robot was developed within an MITI

should be able to sew (in) jacket sleeves automatically {1511. ir

systems [19] do not function safely-to-use. N
In 1994, the German Minister for Education, Science, and T_
e program “Produktion 2000 - Strategien fir diS HEISEER
21, Jahrhundert® (Production 2000 — Strategies for Prod wu- :;
Century). This program supports two projects for a mm : [N
Mﬂuﬂnn 3D-Nihsystem" (Integrated 3D Sewil
coordination: Institut fiir Néhtechnik e.V., Aack

"Ul‘-t tailored products are “covers” vﬁh.m:

Mlﬂlﬁarﬂ fixed on ﬂhap&maﬂd#{,
3[} sewhg syntam as ffaﬁn\“




All textile products, which are designed for the mos

conform to their functionality, are technical ,_

During the international “Techtextil” fair for technical textiles in
Germany, basic terms for technical lextiles were defined. In May 1€
presented in the following (extended) version: | )
Agrotech:  Horticulture, landscaping, agriculture, Drestry,

breeding. b
Buildiech:  Membrane, lightweight and massive construction,

lemporary construction, indoor work, hydraulie

example, textile-reinforced concrete. L
Clothtech*: Clothing, shoes.
Hometech Upholstery, interior decorating, carpets, floor covering

Geotech:  Underground engineering; road, dike, ang
construction; mining, for example, protective
textiles in erosion prevention, shore, and bank reinfe

Indutech:  Filtration, cleaning, mechanical engineering, |
Industry, composites, gear belts, conveyor belt

Medtech:  Medicine, hygiene, linen, work 8s, dre
dialysis, implants

Bicycle, '
vehicles, hot-al

»
T
=gl | T
¥

i
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membranes for surfing sails and

412 Examples of Technical Textiles
4121 Fiber-Reinforced Material
44214  Fiber-Reinforced Plastics

used before their invention; among those are [1]:

Low mass density,
...“J adjustable stiffness,
Nl good attenuation properties,
choalk low thermal expansion in fiber direction,

Ly | high vibration and duration stability; ability to insert force transduei

threads in the lines of force, 4
» high chemical resistance,
» high energy absorption at destruction (e.g., during car ¢

The textie structure of fiber-reinforced plastics is built
(Chapter4), knitwear (Chapter5), nonwovens [Ghaptarﬂj. o
and two-dimensional reinforcing textiles of multiaxial structure (Gha
the matrix, both thermosets and thermoplastics are used.

The characteristics of the structures corresponding 1o the applied fex
-are shown in Figure 11-1. i
ﬂbar-rainfmd plastics (FRP) are applied in aero-

cons 51 tion, mechanical engineering, and in FI v

il
fws, e
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T

Tensile stiffness 4 -+ $s
Flexural strength ++ Depands on the fiber mate .-I .::

Fibar volume - 5

Drapability £ =

Production effon iy o

PI'DEEE.EH'PQ affor o s

Figure 11-1: Properties of textile fabrics appliad in FRM st:wmag_
11.2.1.2 Conveyor Belts

Conveyor beits are used, for example, in the paper and buildin
baking streets and so forth. to transport more or less massive n
they consist of one or two linings with an intermediate la
bonding layers of elastomeric materials. The textile lining can |
PA for low expansion in the longitudinal direction (warp) and (
shrinking and high elasticity in the transverse direction (weft), ° i
can be produced/made of PES or PA In longltudinal direct| n (warg
extension and of CO or PA in horizontal direction weft) for low shrin
‘high troughability,. The top, intermediate, and %ﬁ ne 11 Jar
‘elastomers (rubber, synthetic rubber, PVC, PES, or silicon),
fixed on the substrate by vuicanization. '

To fulfil the fire preventive and health and safety.

e




- dimensional stability (high Young's mo
fatigue resisting,
adhesion on rubber, and
resistance against rubber chemicals.
Depending on the field of application, there are various
diferent structures. To limit the amount of information here,

example for the tires of bicycles, motorbikes, aircrafts, cars, lories,
is the tire of a car. '

Radial ply Diagonal ply :
1 Radial casing 1 Diagonal casing’

Belt 2 Running thread
Running thread 3 Flank =
4  Flank 4 Heels

5 Heel

N F'iﬂv"'ﬂ 11-2: Car tires

- M present, for cars two different types of tires are us
' °d with diagonal tires, radial tires show

better lateral traction, and a smoother ¢
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tire CO EI . '

io change the shrinkage and modu

impregnating plants can be up to 100 °m long

sre cord fabric Is pulled of woven fabric and
; g bath with a recorcinol-formaldehyde-latex
s adnesiveness on the rubber. This impregnating i
e mide but polyester and aramide have to be pr
ﬁm agents based on epoxy resin. =
sar the drying zone the fabric passes a heat-setting zone in
1o gefined temperature and tension treatment for the adjustr
shrinkage. According 10 the material used it may be
sormalization zone for the compensation of inside tensions and/or
impregnating bath with an additional drying zone. After passing the |
ihe fabric is coiled on & cylinder. o
The impregnated fabrics are coated with a thin rubber layer by cale
he last processing step before the actual tire production the fabric
certain angle in tapes with a demanded width [33], :

11.2.2 Protective Textiles (Mobiltech, Protech)
11.2.21 Mobility Textiles

Mobility textiles are textiles that are used in mobiles of any kind. Mobil

automobiles (passenger's cars, trucks, busses, etc.), aircra

ralways, and so forth. Because automobiles are the best know

mobiles and a large number of textiles are used in their manufac

examples for automobile textiles are discussed here in detail.

Owing fo their special characteristics technical textiles or text nposites

Teplace ecologically and economically unfavorable materials in the automaoi
- Technical textiles and textile composites are used for: :
* Airbags,
*  safely belts, i S
*  seat covers (upholstery, inside roof fining, carpets , door covenng

i ]
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Airbags

o Bl NIOage e I
Bl ot diwmt ] % C PRSI

- hhmﬂ head of an occupant. The risk of d anc
significantly lower when a car is equipped wgh
airbags and the production processes were discussed In Sectic

9.7, and 10.6 of the respective chapters. .

The airbag svstem basically consists of sensors, electrical coniro sl

ignition release, and the airbag module. The airbag module

impact. The airbag is released and inflated in case of a severe fi
plezoelectric transmitter triggers the release,

At impact the vehicular delay and its duration are evaluated,
predetermined limits are exceeded, first the belt tightener (low lim .
then the airbag (high limit value) are activated. The ignition occurs abos
40 ms after impact with a speed of 15 to 25 km/h (different in rmat
producers). The process of triggering, inflation, and deflation of the
contact with the occupants occurs in 70 to B0 ms. '

During the triggering, inflation. and deflation the airbag is exposed
thermal stress (owing to figh temperatures of the gas from the g
accompanying particles) and a high dynamic stress. Therefore the

for the airbag has to have a high melting point and a high specific

(to provide safety against burning). The material needs a hig
Sufficient expansion, and a low initial  Young's modulus o
explosion ‘energy. Locally appearing spikes can be distributed
range, and so tearing caused by high stress can be omitted.

be light, that is the material used needs a low density so that In

can be inflated quickly, '

Dominated by American developments, at present the car industry |
that are for the most part neoprene or silicon coated with varr
The lack of space in the steering wheels and es ) )

I ~ i
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Lﬂﬂrm and UV irﬂhmm
testing (tensile stress ni' tha and
- nerty of the fabric, volumetric content nf thu
can plate test at —35 °C and +85 °C (testing of
pressure tank), and Y.
. infiation test at =35 °C, +20 *C, and +85°C.

1 rg_z,s Armoring of Automobiles
,':h s o e

For reasons of personal security, today more and more cars are armored W
wﬁ ar lextile-armored and reinforced composite materials.
Basically two different protection categories are used for the a:momg#
1. Protective textiles without additional material:

» Ground mat bonded with the bottom plate against hand |

fragments, e
» textile fabric mat bonded with the roof plate as security against gi '“"“1{
with an insertion angle of 45°. .

"
- -"‘-r.l

"ll-'."'L

2. Textie-armored composite structures:
» Gunshot-resistant plates in the doors and under the dashbaard i‘ﬂl
* armoring of tanks.

The ground blasting mat is built up in five layers of a textile fabric mo
ill weave made of aramide filament yarns without addition afa I.'I'Il Hh,‘ alerial
5ewn with each other in one or two directions:

- * Thickness: 3.9 mm,
. * basisweight: 3.2 kg/m?®.

Wil weave of the ground blasting mat is very advantageous
lication a high deformation stability of ea
To improve the drapability of such a texti




mlﬂ"ﬁﬂm T.1 and T.2: »Angriffhemmende Vnrg

vitrification”). i
The plates are examined with regard 10 Pﬂﬁ;:d “W i
Depending on the protective capacity there 'Iasses'am
respectively, protection classes. Resistance C
resistance of a material to violent influence. .

let hits the protective fabric, It is strassqd y a blast weave.
:L::m :nt:.ﬂgn;'i at:—sn::rpticﬂu. a hard (and brittle) armoring quradas this __ .
further. Therefore, more elastic and tenacious matenals such as ara are
used. The high stability of the aramide fiber guarantees quick energy ab sorption,
the high tenacity prevents premature breakage. X

il
During an operation a firefighter will be exposed to, among other thi ___" heal
and water. The most important requirements for to protective garments are:
« Nonflammability (fire proof),
* waler tightness, and
* low weight.

11.2.24 Protective Garments for Firefighters

To fulfill these demands the apparel likewise consists mainly ﬂfﬂ:
construction made of fabrics and membranes. The apparel has a fi _'

a waler resistant layer, a thermal blocking layer, and a IIninq'{im.'-._l.l.f
and convenient wear). .

Fiber materials that resist high temperatures and are no mable ars use
: nflammable &
a fire-resistant layer. Suitable fiber materials ' . id
(sometimes also modifi

In the field of water blocking Ia . e
; layers, in add .

materials are also available, They can be ftion ta

hmmpﬂr:am with a carrier woven - : lamina

yosier, polyurethane, PTFE mem

for the s




‘hll'FlB"E behavior of textile products”).

" 1123 Textiles for Civil Engineering (Buildtech)
11231  Textile-Reinforced Concrete

‘Mineral materials are very suitable for compressive stress. But they |

under slight tension and deformation. Already al an early stage

vegatable fibers were added to wall plasters and mortar o reduce Gracking:

i increase the bearing capacity.

The reinforcement is most efficient if it consists of long fibers in the direction of

the main tensile stresses. A special reinforcement effect occurs if short fi e

distributed randomly in the matrix. Fibers are added for the following reason

1) b LS

« Increase of green bond (e.g., pipes/tubes), .

* increase of elongation capacity of young concrete (eg.. lates and
shells), B
reinforcement of the hardened concrete (e.g., facade plates),
additional reinforcement of steel-reinforced concrete (e.g., bee ms),
Eﬁ;ﬂ&ﬁe of fire resistance time of high-tensile concrete (e.g., Supporting

rs). i
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try to reinforce concrete Mmm:ia:qial tatﬂi::;
multiaxial multi-ply fabrics, braids, :nn::[rnmwl siyggmdﬂ i
carbon filament yarns are increasingly being ] s ]',ﬂﬁf
Because of the above mentioned problems, one l['iﬁﬂl;‘ﬂ ]:d!imné-ﬁ
textile structures. Current investigations [14] examine the : duuéef
carbon reinforced concrete. Multiaxial muiti-ply fabrics — p h-?: Sl
technology as well as with Malimo _ter.?hnnlngy — are aTi.l _:_
Depending on the loads, the use of biaxial I_nshaad of multiaxial _
already be sufficient. For applications with multiaxial I-:;uad..v:. mulﬂ'.nqu[_ &in
fabrics are nevertheless a must. AR glass fibers with an alkali-resi

composition are especially suited for concrete armouring. Carbon fibers are less

suitable.
Textile-reinforced concrete can be used, for example, for the

lighter construction elements (facade panels). This allows a smaller

dimensioning of the fixing and therefore leads to a cost reduction.

The further development of three-dimensional textiles has been a recent is
They should be used for the reinforcement of thin-walled structure com
made of concrete with any desired profile. Compared to the very
reinforcement textiles for composites, the textile reinforcement of ce
bonded matrices needs a more “open meshed" textile structure [14 - 22]
economic reasons, textile structures should be arranged only in the
sections of components in which tractive forces have to be transferre
cannot be absorbed by the concrete. Areas of compressive stre

with & low mechanical stress should be widely free of textiles. The &

textile-reinforced concrete are:

In contrast to steel-reinforced concrete it is o
with essentially thinner walls becayse m-ﬂ;ﬁ“ﬁ;ﬁf“
ihat s necessary agains siea corosion s
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Figure 11-4: Force-deflection diagram of the five test pieces [15]

The Institut fir Textiltechnik and the Institut fir Bauforschung EFEHH‘ IWTH

. Aachen constructed special U-profiles made of 3D braids and m multi-p -.‘
- warp-knitted fabrics (MAG). The profile length was 450 mm and ﬂ'm.
thickness was 7 mm [15]. For the bending tests of the four-point bs te
\different U-profiles — one without reinforcement and another rainfﬂlﬂﬂ'

- fibers — were additionally tested with the three textile reinforced U-pro

- The results of the bending tests (Figure 11-4) showed that both M i
= unreinforced and reinforced with short fibers — fail after the first crac
lﬂu! the 3D braids and the glass MAG absorb twice as much ﬂ:ll'ﬂl
lﬂ!’_lﬂlippnar On the one hand, the carbon-reinforced MAG absort
;’ much force after the appearance of the first fraclures. Elr-h he oth
s ot fall immediataly after the maximum tensile Eimﬂﬂ il
In a collaborative research project of the d
f ), the RWTH{gauh}anmﬂM. and ﬂ!&
. ﬁﬂﬂﬂﬂ TFI), m
. msm[h rpi -







~ abrasion resistance,
weather and soiling resistance,
weldability and resistance to inflammability, and
freedom of design (coloration).

Such constructions have many uses, such as storage depots, coverad
and lce hockey indoor hall as well as swimming pool depots 2
gonstructions at the Expo 1892 in Seville especially ggmm
roofing of the Gerry-Weber stadium in Halle, the Gottlieb-Daim
Stttigart, and the membrane constructions of the airport in Sat g

interesting as well.

11233 Ecological Laboratory House of the TU Dresden

in-autumn 1986, the “ecological laboratory house” of the TU Dresden was built
The different textiles of the Institut fur Texti- und Bekleidungstechnik and of
oler departments of the TUDresden and the achsisches
Textiforschungsinstitut e.V. in Chemnitz will be tested here. In addition, the
construction companies and the authorities will be informed about new
materials. For example, the following technical textiles are undergoing tr
[23; 24): i
* Solar collectors and solar absorbers,
. * heatinsulation knittings and mats,

* mais for drainage,
* ropes for seepage,
* pavement armoring,
"o hﬂl'.hg mats for floor heating,
* insulation for heating tubes,

material for plants for roof greenery.
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FIONe CHamea, Pore diameatear,

permissivity, b
Main parameter ... cirength, permissivity,

elongation al tear | permeability

or armor. To fulfill these tasks the geﬂtextiles have to poss
characteristics in response to soil, water, and stress. Table 11-&*-
main characteristics that are relevant for achieving the main objective.

The function “separation” means that two soil layers wlih -I "PF‘* t p
J'-|'.i'

=l el

construction and therefore also with different characteristics shau e sep

from each other (Figure 11-5).

The mechanical standard is to prevent a material blending. Hﬂ rough materiz
should be pressed into fine material and a mixing of the layers sho ;’} be avert:
even under dynamic stress. The washing away of fine matﬂrlll
fransport of fine material into rough material should be limit
Furthermore, a one-sided banking should be prevented nl'l the
this task a high mechanical resistance of the textile is gl A0
mechanical separation task the textile needs a special fﬂt&f 0| 15,,;5 ng v
is also essential for the completion of the hydraulic ﬁm'awl\'J 35K

~ opening width is also necessary. High mechanical stre |
prevent damage to the geotextile when it is under stress Gurif
dughe, mmpnnants in the finer soil. Flguraﬂ-ﬁ_dqp_ ne s

maans that a textile fabﬂc sapamtm gl

....-;,".-,..._
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Fire-grainad sof

Figure 11-5: Schematic drawing of the separation function [25]
gectaxiile
fine-grained soll I coarse-grained sol

normal pressure o

Figure 11-6: Schematic drawing of the filtration function [25]

“Draining” means the carrying away of water inside a "E i
fine-grained ground. A fundamental hydraulic demand S onsur
drainage with minmal pressure loss in the geotextile. In this =
demand is the prevention of glutting of the fine ma
prevention of its transport to the center of the geote .
important permeability in the level of the geotextile, Hy

~ bepossible (Figure 11-7), From the mecha




oulfall g

Figure 11-7: Schematic drawing of the draining function (25}

"Ammoring” indicates that the geotextile is supposed to absorb
and thus strengthen the ground in such a way that it can take
of an armored component. For this it is necessary ta &bﬂmb
with as little as possible deformation, These tensile s
ransferable via shearing forces in the surrounding gmund
geolextile has to possess sufficlent permeability to prevent water b
the geotextile. It is Iherr:fc-*a possible to prevent a dangerous.

special coefficient of friction between the geotextila and 1
during fts usable life. A high permeability vertical to the gec
The effect of geotextiles in street construction depends on
of the layers with a filtration efficiency according to the g
by armoring effect, and both the draining and filtering effec!
geotextiles in street construction is manifold [25]:
* Construction runways on soft and swampy gmmﬁi
geotextiles and a first pour position.
~* Construction runways are drivable wm!tivﬂ't
* The loss of pour material if sinking in soft ground
mmnmlnetﬂﬁurncyvdllh& creas




T The undélrﬁped load transmission (no
dynamic stress, and

» a significantly higher traffic load.
The following problems require solutions [25]:
» Securing of subsoil-bearing capacity (analogous to streat C

* desiccation of the dam (analogous to street cnnstrut:lim; ), ev
infiltration water,

resistance to frost of the supporting body (analogous to street

avoidance of rising of the fine material from the subsoil caused b\
increasing dynamic load because this causes a ﬂ&ﬁciﬂnby_ of the )
effect of the bed of road metal: simultaneously a pressure-free wat
and water drain should be possible,

* avoidance of dynamic setting influences on the subsoil, anﬂ'
* reinforcement (load distribution, improvement of carrying capa

The main tasks of geotextiles in the field of dam t:unstruntlﬂf
structures are the reinforcement and armoring of the soil mate '_

the so-called upholstery walls (i.e., very steep supporting construct
dam piling up. -

Dams on soft and less sustainable subsoil mainly cause the danger
crack especially during construction. The charamenaﬁca"'ﬂf-
significantly limit the possible pouring height and the ad '

The integration of strong geotextiles in the dam bof

security against cracking. In the past, to avoid the afn'_

dams were very wide with flat slopes, built with a an

With simple fills, a gradient angle always deve
mabﬂal_smaparcunstmctumamnnt ossibls




Figure 11-8: Use of geotextiles for the construction of steepe
able to withstand stress [25) i

Drainages in the soil have the following purposes:

Lowering of ground water table as well as slope wnlu"
limiting water table heights,
protect components and complete constructions &
and

« reduction of pore-water tension.

The two main tasks the geotextiles have to fulfill in this co
and draining. By means of filtration the fine material shou
nearly pressure-free water flow. The draining serves o Bxh‘ﬂﬁ
of the geotextile.

With these filtering and draining tasks geotextiles allow lhE eplace

mineral filter and draining layers. So the construction of functio
systems will be simplified and result in cost savings. Figura 11
simplifications.




Toplsft  drainage trench
Botom fefi: surface filter

Special superstructures for the utilization of the filtering ef
presented in Figure 11-10. The textiles permit the wal
transport of fine material. The use of geotextiles for th

presented in Figure 11-11. Here the aim is a defined deduct
the geotextile.

kg
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g e e T
~Igure 11-11: Construction for drainage (water c
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fixed tu a plastic sheeling so that the term

cover effects long-term security and efficiency of the tunnel

following hazards can occur if the water is not drained:
+ Penetrated mountain water endangers brickwork &

explosive effect of the frost, particularly within tha Fﬂﬂ i

lunnels.

Mountain water forms Icicles in the winter that endangers the

The mountain water forms marks at the inner su
This Is connected with the leaching of the co
the brickwork. -
The aggressive mountain water that contains suliale StacK
concrele vault. g
In the context of hydraulic nnglmnrlnm ;
Protection. Because of this it is possible :




mﬂun or cellulose. For a long time the inside la

cellulose. At present more and mﬂr_a webs are n

fibers and so-called “super absorbers”, . .
The back moistening and permeability of the oV
dependent on the covering as well as the irfsldla layer, |

6) are produced by four different technologies: dry, wet,

blown process. The latter two processes are single-stage
the production of a finished nonwoven made of raw materials,

ot

Nappies are multistage products. They should fulfill the fol oW .jf_':-,_:_f_ -

« Be very light (up to 20 g),

: . ) ._;-:"I- .... PRt
* consist of a multilayered nonwoven that fulfills various functions of lic

transport and retention,
* possess an absorption layer, and
* provide a8 maximum of comfort (freedom of motion) and fit.

B ey 1]

In the case of sanitary napkins, back wetting should _alsn:.-.'.' :
mside layer consists mainly of superabsorbing products that ne

govering layer as a result of this. PP and PES materials are st it

Tampons, on the other hand, normally consist of aanilaq:-:
net tube or with mull.

Incontinence products should be distin
and wear, prevention of bacterial
aesthelic requirements. G

Same raw materials,
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s Zobli nhuphﬂhh:t flamu-ralnnrdlm

r‘:’ characteristics. In . the
Sl “gkin and coating materials !hut

; ﬁm it is necessary on the one hand not to
e temperature modulator, mndansaﬂun

* hand, humidity must not be allowed to build up.

Wadding consists of cotton or viscose. All other dressing
contact with wounds. consist almost entirely of bleached

from fine cotton yams in plain weave. It is suitable for

for example, for wound dressings, as ointment or me
homemade compresses or swaps. The warp of gauze ba
consists of cellulose and the weft of cotton or cellulose. Ga
also woven as plain weaves. Constructions for mull and gat
closed selvedge became generally accepted. Only for special
for gypsum dressings, are constructions with open salvedguasﬁﬂ

The field of dressings includes plasters, bindings, compres
flesces for medicines. The ideal wound dressing should not s
and should be permeable to water vapor, carbon dimidh-
dressing should be able to create a microclimate that kaapa
and at body temperature. Depending on application, dr
with flexible and inelastic dressing materials. For
malfunctions, wound curing, and motor functions it ll
autside controllable pressure on the body. Such dres
using elasthane materials. Dressing materials mnsill
~ Such as cotton, viscose, polypropylene, polyester,

that contain alginate fibers form & g
1"1 H'In healing of the wound.




‘or in mixtures are po

polyalycolide (PGA), polydioxanon (PDS), 2
'mmmrmm indicate different mechanical
resorption characteristics so that it is possible to sele

each application. 0
A well-known textile product in medicine is surgical seam me
smooth or braided threads of natural or synthetic materials.
mucous membrane, muscles, and intestines are usually cor
resorbable seam material, skin seams are usually made with
threads. However, the use of fine resorbable material for certain s
shows cosmetically more favorable resulls.

With approx. 40 million beats per year, the human heart ranks among
active and usually stressed organs. To be able to pump about 5 |

per minute the heart valves must open and close pﬂrfﬂcﬂy u
conditions. The four heart valves are exposed to substantial pressure
about 70 times per minute. In the case of innate or iliness-co
deformations of the heart valves, sometimes a replacement becomes n
The artificial heart valve consists of pyrolytic carbon. The knitted.
made of Teflon has a certain flexibility whereby the valve shell can be &
ireguiarities at the implantation site. It preverits a possible flow of blood.
seam ring and tissue. Also, the seam ring can be punctured very-aaaﬁy
surgical needle. The Teflon yarn material prevents the Icngrnwﬂ't-'df':
within the area of the mobile heart valve. This Is particularly ne

otherwise the function of the val A Lk
closing. & valve could be affected, especially its

For the bypass of locked vascular segments | ratims '
. b LI
;.r;van grrLci knitted vascular prnsthe?s.es t!fatnnayﬁafﬂsaghpaa diar
mm. These prostheses are sealed either b col ol
I;-:}ass;;zltl'”y tIs th; s0-Called preciotting. The pmyﬁthafsaigﬂi: :::ﬁnf?!!. {in
ient and can be | 2d clottine faulo
s Impianted after the blood dntﬂhg{
The mos! frequent use of artificial i e
_ Igaments
Injuries to the ligament structure of g: knee IaBTﬂ'
detected and recovered in due time, injurice. cf 1
increased stiffening of the knee joint. A |
. stabilization is the implantation of g |jqar
~ material.

i l.l||i .lll -...‘ v
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i is completely absorbed. sy, 8
“he multidiscipiinarity of the RWTH Aachen enables the &
Iﬂﬂ"ﬂ""ﬂ products within the area of medical t“h"“hﬂﬂ"ﬁt
canter for biomaterials Aachen (bwA) and the interdisciplinary centre
resparch of the medical faculty Aachen cooperate in a
fiedd of new biocompatible materials and products., Within this P! - o
institut fr Textiltechnik of the RWTH Aachen (ITA) is working on the
of already available and newly developed resorbable and nonre :
. By means of the mell-spinning process the polymers continue fo be
ssed to filaments with defined force and extension characteristics. It I8
possible 10 produce two- and three-dimensional structures with dtﬂmqmm
ing techniques. These can be used as implants with balan bt
Special coatings can improve the compatibliity of the implant materials, Also of
| iImportance is the surface design. The boundary surface compatibility
can be controlled directly. A close cooperation with the industry can ensure the

development of marketable products.

11.3 Development Trends

The market for technical textiles has grown significantly in recent years, The

share of technical textiles of the complete textile production was 9% In 1980,
15% In 1985, and 22 % in 1990. -
According to a survey of David Rigby Associales in Manchester at the Te il
exhibltion In Erankfurt a. M., Table 11-3 states growth rales of technical textiles.

Table 11-3: Increase in production of technical texties




292 1%

terials for special applications (e.g
Advancement of polymer ma 9. alkaj.
> re?stant for textile reinforced concrete or resorbable for surgical seam

material)

A good overview about current developments in knitting is given in [35, 37]. New
three-dimensional structures are described in [36] and [38].
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total tumover of about 34 billion € This makes it o
‘industries in German. But because of the pressure ¢
have declined, companies have been closing and layir
despite Increasing competition from abroad, Germany

more than 11billion€. On the other hand, the imports n
17 billion €. This amount has been rising continuously in recer
The total amount of new textiles on the German market s
p-a. . The same amount has to be disposed of every year. This A pad i)
used but also new lextiles that do not enter the market due to |
The disposal is generally attained through: B

*  Material recycling,

merization), and
* thermal recycling (recovery of production ﬂnergy}', and
* landfills.
In the textile industry, recycling is has been in existence for a relali

time. There are enterprises that have bean recycling for more tha
for example, a company in Bocholt [1]. ﬂ an

In the industrial and In the private sector. The reason for reuse of te

was a lack of fesources, especially of natural material, At ﬂlﬁﬂmj

loned above (1] used the recycled rai

tery of coaches. In Pralo near Florence/italy, recye

been applied for the last 800 years. To save on 1’*-:.'4"l gn ¢
independent of the need for of raw material import from i

textiles played an important role in the Third Reich and Bﬂﬂhbﬂf -

121 Circulation of Material in the Textile Industry
12.1.1 Life Cycle of a Product S

» chemical recycling (recovery of chemical components, e.g,, by denaiv

In Germany and Europe, the reuse of textile resources has a ' history = hatf




Production steps

R

Energy Water Alr

Fig. 12-1: Production

in this regard, it is essential to think about the difficullies of supplying
gomponents. The Institut fir Klima, Umwelt, Energie (Institute’ fc
Envionment, and Energy) in Wuppertal deals in detail with this nd
defined the name MIPS (material and energy intensity per done sarvice uniis) ﬁ 3

a common evaluation quantity [2]
M the end of & production process there are always the m; e
accumulated production waste, and unavoidable emissions. Over
several years, the field of emissions has been gaining greater imp
staried with the reduction of pollutants (through technical instructions:
tachnical instructions on “sewage”; discussion about acid rain in
reached new dimensions with concemns about the greenhouse
increasing amounts of carbon dioxide in the atmosphers. C
emerges from all conversion processes of fossil fuels into energy.
 Distribution is the spatial distribution of a product from its place
1o is actual place of application (Figure 12-2). Prior to the
- Simple transport the product itself has hman h:en ph:r:kad or made 1
The combined product and packaging rans d 10 U
Pior 10 the sale or actual use with the corresponding
Packaging has to be separaled again from e




Product + Wrapping

li f m ”

Enargy Water Air Energy

Fig. 12-2: Distribution

During use, a product is stressed so that after some time it can no
used (Figure 12-3). Appropriate care (e.g., washing of textiles) can

Iifespan of a product. A natural limit is set by the cost effort/benefit or c ‘

ratio for 8 new product.

Machanical load Chamical laad

U ||
= :I Product _'|—__——
=5 h

| Impurities Radiation

Energy  Water  Ajr




Clothing

Men's outer
Wwear
Women's
n outer wear
& b Inlays
f‘-t{r. i Lining
T Underwear
T Ties/scarfs

Fig. 12-4: Use

House and
home textiles

EBed and tabla
clothes

Towels

Inlet

Mattress drilling
Upholstery
fabric
Decorative
fabric

Curtain fabric

Waste disposal

hthe following, the material flow for Germany is axplalnad llﬂ
typic -E_ra_li'l'lpl‘a Figure 12-5 shows that in Germany alone, ever

#hms thnt 23% are given to the sacﬂnd..-hal_ﬂ
4_'_% are mechanically raﬁyclﬁﬂ'




£HD Secondary

Wadding/insulation
fibers

Material
recycling

Landfill/
incineration

Fig. 12-5: Disposal in 1,000 t in Germany in 1994

* The share of textiles disposed on a landfill has to be reduced. In Germa

(urban waste) regulates the disposal of household waste.

* Sorting needs to be promoted, Those textiles have to be sored ou
be recycled substantively and thermally. Suitable proce:
available for chemical recycling but due to high energy consum
YeTY Expensive. In Germany the “Kreislaufwirtschafts-
(economic cycle and waste law) regulates the st

- developments [3], . - tne s

this is already regulated by law. The technical instruction ‘-* Jlungsabie



Fig. 12-6: Future disposal in 1,000 t per year (estimated)
The processing of used textiles as well as the treatment of reproc

materials with new production processes should occur in close L‘,'“.
the groups and institutions involved. We have been maldng goa -i'f: 'OQress |
- 'I" =

the development of new spinning machines for the
raw materials in cooperation with the textile industry, -then .- 1.11.

- engineering, and research institutions.

1212 "Kreislaufwirtschafts- und Abfallgesetz” (Enmmﬂc

The “Deutsche Bundestag” (German Parliament) and
m_ uf ﬂ'm German Parliament) passed the
* in 1994. This new law became .

er ," _ wasta law mmpletaly It distinguishes be




BT

-' T 'ﬁk@ﬁli‘nﬂmantﬂlu sound textiles (Markenzeichen
schonende Textilien, MUT), k-
Eco-Tex-Consortium,
EPEA-eco label,
Euro-label of the ELTAC, and
EU-eco label.

in addition, there are other private labels from producers of collections an

textiles.

W. D. Hartmann [4] gives different arguments for and against eco labels. The
main advantage is probably good customer information. Disadvant

possible customer confusion because of the different terms used. Basica
ecolabels are a positive development insofar as they are distinctive .
plausible and also contain a complete declaration. Today's huge number of
labels is still very confusing to customers, however. T

12.2 Examples of Recycling
12.2.1 Production Waste

Waste n cotton spinning mills is often pretreated to enhance the &
usable fibers. This material can then be added to the process in the openi
rooms or it can be sold to a specialized spinning mill. B

The polymerization of polyamide € is complete, For example, in
of technical gargs. there is a waste percentage of about
reproce y breaking up caprolactam molecules into their
can be added again to the polymerization process. This lec

ool Kén up either partially or eve




9 ction criteria is the sorting completed.
s very difficult to obtain definite numbers about "e‘-"o':*;u:- dine
i band Sekundarrohstoffe und Entsorgung ‘eV. (National Ur

BUndeSVEr o aw Materials and Disposal) 300,000t of apparel we

1999, The shares are as follows [3]:

arel in second hand shops,
apparel for export to threshold countries,

apparel for export to developing countries,
recycling of textiles with no further use for cloths,

racycling and waste disposal site
A sorling company 18 schematically depicted in Figure 12-7. The re
collected material is: 4

Used clothes,

Cloths,
secondary textiles and used wool,

rags, and
trash for waste incineration

leghran percentages are based on surveys.

rgused in
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Fig. 12-7: Schematic drawing of a sorting company

12.2.3 Carpeting

Carpets have a minimum weight of 200 g/m®. Generally, the surfaces and the
backs of carpets are made of different materials. The class grade

top priority for the recycling of carpets. In the field of tufting carpets with g
backs made of polyester, the hasic material (monomers) Is recycle

chemical engineering methads. The price of monomers produced according to

this process is many times higher than that of the basic manomer.
The waste of the carpet production can be divided inio two groups:
1. Production waste (pure classes) -+ recycling is possible,
2, mixed waste lammable

The greatest problems during material rec depolvmeri:
the existing additives, nﬁﬁrﬁrﬁﬁnﬂm




4emands for the disposal of carpets [9]. The fallcus,
ﬁmghnmuldhahanﬁlad together: Bl
Collection, .
identification and sorting,

chopping/crushing,

textile treatment/processing,

separation,

pelletization,

depolymerization, and

thermal recycling. a3

The carpet pile yarns are fed into separate recycling processes dependin

the material. Polyamide 6 is depolymerized and afterwards rep:

Polyamide 6.6 and polypropylene are regranulated for engineer
Woolen fibers are respun with special spinning machines. Otf -

§
e

thermally recycled where inorganic materials are used as &

in Premnitz and belongs to the Polyamid 2000 AG. ’

Due to the lower pile varn weight in Europe compared fo th:l
States. used carpets are shredded first and then the material is
United States it is more economical to shear the carpels before recycli

malenal.

12.2.4 Automobile Textiles

In Germany alone, there are about 3 million cars 1o hn_l_.
are Tto 8 kg of textiles of which the largest part is seat
5108 m?); 0.8 kg of this is for safety belts, and the
caverings, inside roof linings, door covers, hat rack,

sound dampings.

12241  Seat Covers iy ok
Five million cars are registered in Germany. They requit e
for seat covers alone. The fibers used these covers are

e

building industry. A plant that works according to these principles is in ope



The AKZO Company in cooperation with

recycle for safety belts. Every car contains an approx. D El:q,_ 500

safety belts that consist of polyester (before 1870 or in East o

consisted or still consist of polyamide). They can be separate
for effective rmgﬂlnn

simple cutting. This is a basic condition
An analysis of both companies showed that a complete mﬂnﬂ-

the recycled granule is already more etpanslva than the hﬂh

the working steps of cutting and collecting. The single working st

+ Detaching,
collecting,
sorting out of damaged or wrong pieces,
washing,
cutting into pieces,
crushing,
agglomerating, and
pressing.

12243  RECYTEX[10]

RECYTEX-Textilaufbereitung GmbH & Co, KG in Viersen |8 :
company that professionally disposes production wa:l.tl lrid

made of plastics and textiles from the car manufacturing Ini /
and recycling, the materials reach the production cycle a
raw malerials [13). Plants using various tud'mobqlu yllaby
recycling of the deliversd wasiew, In_ 1907, Sbouk m " of ¥
delivered, recycled, a rausod in pu'nduulhn A clo
g ELE e mm




Collecting and sorting,
cleaning and disinfection),
batching,

cutting,

tearing,

dedusting, and

pressing the bale.

First, the collected used textiles are sorted
necessary criteria for which are condition

structure (woven fabric, knitwear, nunmyén}
Normally, there is a division of more than 200 ﬂlﬂ’fara;-;t
plants convert several thousands of tons per year.

The sorting itself occurs manually because today no suitable

s available for a differentiation of each individual criteria. Thi
number of workers. In modern plants, the transport is v @
the sorting, the textiles are pressed into bales and in acoards

further treatment they are transported to the next process step. In ;
cieaning and disinfection is necessary before the pressing. Tl'ﬂt

required if textiles are to be exported for second-hand use.

Greasing agents (olls, emulsions, or fatty acids) are applied to strengthen i

lextile waste against mechanical stress. Natural fibers especially
batching owing to a larger staple length after the tearing process.
Normally, one or more cutting processes are connected in ser
learing process. The pre- or rough cutting replaces the manual
cutting machine. Complete bales arriving from the sorting store
cut into slices. -
The material is fed automatically to the cutting machine, The p
510 get an even size of the single waste components ;
feeding process. In principle there are three different types.

Rotating knife-cutting machines,
guiliotine cutting machines, and

L) _F,;u HE R -_\-:'.-_..,:

ine:
NG T IE:
i
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| el

The a of the clamping in the front-feed device, the height of th
web, the choice of pins, the distance between front-feed device and |

last but not least the quantity of the material contribute to the fact
material pieces can be torn out of the front-feed device without be

Normally they function according to the principle of centrifugal s
Today, It is possible to buy machines with pneumatic elimination or
combination of centrifugal and pneumatic elimination, :
Subsequent to the tearing process, a dedusting and pressing of the t aring fib
material into bales occurs, Figure 12-8 shows the principle construction of & il
automatic tearing plant. bk~




spinning process is one of the m g
juced more than 100 years ago and is w
= of Europe, for example, in the area of Praio.
E- m dominating industrial branch. of Prato in }a
: ﬁ"wﬁﬂlﬂﬂ spinning Process uses used lextiies as the |
yarn production process. The cleaned and tom textile
400 % or in blends with other materials, such ﬂﬂ{l’m&‘ sttt
o made fibers, wool, and cotton waste. The gquality of
pmducls with & very high share of mprﬂﬂﬂﬁ-ﬁﬂd raw mat
ias such as flannels, for example, are made of 1!]0'%&
 aterials. Also, the quality of the used textiles is very el
\extiles have to be reprocessed into single fibers as m unh_m;:" i
jally is very suitable as starting materials. Compared fo

o aggressive dissolvabillty is possible. This results in higher fiber

the torn material.




General process steps (with different raw mater
Wool, Mar-made fibers mu-h y f'_:,'t' i
AT har C -

{

Saning
Wastung
Drying

i V

CHmaiing of Nl biaies
Cwaning and mi eng/Diending of liber fakey
battirg of fipers

i

Disaesl vl g of fitsne Bimban irvin i vichum| Hbars with
Irbeil ve ooy Of Fibee Sosmporisnts and 1o m“
Forming of roving by tape o viders snd naibing
Winding up of Wraadn (in)io mm

{l

Fafie w60 T desraned yaen fins faenoes
Turning mnd winding up of yarne

Faresnidl of brgge yarn bodes conmidenng yam oefecl







"
« the limited capacity of waste sites, _
« the strongly increasing costs of disposal, ar_l_d___
» the problems of disposal companies regarding

product.
A good example for carpet recycling is CRE (Section 12.2.2).

12.4.3 Airbags

The number of airbag modules o be disposed in the near future ca
estimated. Important is that the number of driver's and front
alrbags will increase rapidly within the next years. For example
31,200 airbags had to be recycled whereas in 2010 there will
about 2,700,000 (Table 12-1).

driver's and front seat passenger's modules (estimation of the
research group "Airbag Recyeling” 1993) '

ar of cars with passenger

=




The airbag will be removed from the car without dismantling .o &
mes gy bttt R i e 4L -

» Disassembly of the module from the car with nump[ah fismantiing!

The airbag is dismantled oul of the car - AR Er e
and taken apart into componants.
Each component Is then recycled separataly, ' Eh Rl

For further information about recycling of car components see Section 1228
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