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Foreword

This book deals with various aspects of the textile measuring methods and was written for students
who study textile technology.

There are still various quality challenges in the textile chain which can be conquered with a better
understanding of the textile processes and with modern measuring tools.

In the past few decades significant progress was made in the area of the textile measuring technolo-
gy, particularly in the domain of fiber and yarn measurement. In this book we will particularly direct
our attention towards this area. The main part of the book deals with fibers and spun yarns, but one
chapter is also dedicated to filament yarns.

Spinning mills had to manage many processes without testing instruments for quality control over
many decades, because the technology was not available for sophisticated measuring systems. The
first evenness tester for yarns was not developed until after the Second World War. This testing sys-
tem contributed considerably to the improvement of the yarn quality. Although the speed of some
textile machines such as cards and drawframes increased by 10 to 30 times between 1950 and the
year 2010, the evenness of yarns improved dramatically during the same period. Surveys have
shown that the evenness of knitting yarns made of combed cotton improved from CV,, = 20.2% in the
year 1957 to CV,,, = 13.8% in the year 2007. Without this improvement it would not be possible to
process the yarns today on modern weaving and knitting machines (Fig. 1).
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Fig. 1 Improvement in yarn evenness between 1957 — 2007 Source: Uster Technologies [1]
(50% values of the USTER® STATISTICS)

The most important quality characteristics for spun yarns are the evenness, the imperfections, the
strength, the elongation, the hairiness, the twist, the friction, the disturbing thick places, thin places
and foreign fibers.

The most significant costs in spun yarn manufacturing are the raw material costs. Therefore, it is of
utmost interest to also determine the quality characteristics of fibers.
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In the textile industry benchmarks play an important role to compare the quality of a mill with the
world production. For this purpose benchmarks are submitted after each chapter because quality
characteristics only make sense if the results can be compared with previous results or with interna-
tional benchmarks.

The USTER® STATISTICS represent benchmarks and are first and foremost a practical guide to
‘good textile practices’ in the field of fiber production and yarn manufacturing. The evidence of specif-
ic defects or shortcomings in overall yarn quality, which may become apparent through using the
STATISTICS as a comparative standard, can be translated into immediate corrective action in the
manufacturing process. Reliable cause/effect relationships have been established over the years and
documented in the application literature. Legions of textile technologists and instrument users in mills
around the world put that experience into action in their daily routine.

November, 2011

Richard Furter
Uster Technologies AG
Uster / Switzerland




Foreword / Contents

Table of content

1

Textile INdUSLIY OVEIVIEW .......iiiieiiiiseiiinissiniisssns s s sssssasssissasesneesssnmssss sssssnes 1
1.1 L0 (o o T Lo e 1
1.2 Textile machines and productivity.........c.co ittt n s 2
1.3 L1 0eY o T- 118 1 eT=T gl T o To 10T (T 5 N 3
14 Natural and synthetic fibers 2010 ........ o cericrcrescrcenrerrsmenreresenenesssssmerensssamssssssnmeressnsnmssannnne 4
15 Natural fibers only 2010 ...t st aa s s e sam s s a s smsmsa s mns e sasnnesesssanannes 4
1.6 Manmade fibers only 2010......... it s erse s st ne s r e s s e mmr e s recnereanes 4
1.7 Global fiber conSuUMPON 2010 ...t e sesesce st e saseme s s asasane s sassmans anases 5
1.8 World natural fiber market by fiber 2010.........c..ccovisiniianea erbeerecneannes .5
1.9 World manmade fiber market by fiber 2010.........o e 6
1.10 World manmade fiber market by manufacturing countries and regions 2010........cccccceremcuene. 6
1.11  Cotton fiber production, import and export 2009/2010........ccocmeriiranre e cceecemr e seenesaasenns 7
1,12  IMPOIt Of US COMON ...ttt e s s st st s st st e e scn e e 7
1.13 Growth of manmade fiber production 2000 t0 2010............crrrrcrrcrecccrcncreceresesemeeeeesenmeresnnnns 8
1.14  Production of manmade fibers 2000 t0 2010 ..........cccemiriceiiiriccinscncnr it ressstsssss santsnsenenmeresmannes 8
1.15 Maijor textile and clothing trading countries and regions .............ccc e ccicerercsrccnrse e reemenee 9
1.16 Gross Domestic Product GDP and fiber consumption per capita...........cccoceiiieccrrnriscininnnnaes 10
1.17  Drivers in the textile iNdUSIIY ... e rsenr e s nee s ser e s s amenes 1
1.18  Size of the global fiber market ...t s e 1
1.19 Exports of textile goods from Asia to the most important buyer‘s markets .......................... 12
1.20 Chinese textile industry under cost and quality pressure ..........correireeteccsceccecrnneccecscneens 13
1.21 China’s most important cCompetitors..........cc e s e s e s sesanene 14
122 The most important spinning processes. heestreiesssstrssesesereseemsrniisesssesisnsasesssenaten tesanare 14
1.23  Products and spinning systems in the textile industry 2010........ccccirmriririrmmnnnceneninssnsiine. 16
124 Production of yarns / Ring spinning process for combed cotton yarns ............................... 18
125 Production of yarns /Comparison of different raw material processes........cccecccvrccrerccerercnen 19
Quality management ........ccooueeeemimiiiiiniieeeessiir s s s e s s e n e e naannns 21
21 The way to control industrial ProCeSSeS..... .. iciiriiiitisitnserrsmreersssmereresenmeresessssesssesnnes 21
2.2 How can we describe quality? ......ccccciaiemminiciiiicnimimmn e s snesn s ssssssstsnssas e ssnanes 22
23 Quality management on textile Machines......c i 24
2.4 Standardization of industrial Processes ... ———— 25
25 Supply chain Management ... e e s ses st ses e e seceremme s e semnananane 26
2.6 Methods to improve the quality level in the textile chain........ccoocmeiiiiirceeeeeee, 27
2.7 Supply chain management with vertical mills.........ccuevvmreiecererr e crccrcere e sneescesrene e e s 29
2.8 Better Cotton Initiative (BCI) .......ccccoriiimimeiniiniietiiiiiininessssccmerenesessssascnnencessnesessssesennnsmmmesenrenesn 30
29 BCl benefits fOr COMON QrOWEKS........c..iecrcecirirremressrecmrresesesersessseseressannssrnssmemeeessmnsmeanasnse sessnses 30




Foreword / Contents

2.10 Purpose of the measurement of quality characteristics in the textile supply chain.............. 31
P8 T TR =TT 0 o 4T T (] Vo 33
3 Off-line measurement of fIbers ... e 37
3.1 L1 0T L1034 o 37
3.2 Reasons for electronic fiber testing / Fiber classing ......cccovviremvncenncmiirincirccceincinnnes 38
3.3 Reasons for electronic fiber testing / Spinning Mills......cccooooiiiiiniiiinenire e 38
34 Quality characteristics of the two fiber testing systems..........coeciiminciicniniie e 39
3.5 Cotton fibers and SPINNING PrOCESS ..c.cciiviciiisciriitiiistresn st srsemsnssnsesns e sms s snemsssessns sesnanesssenas 39
3.6 Fiber bundle testing SYyStem ... st sss s e e e 41
3.6.1  Quality characteristics, format and abbreviation of terms............cccccvieiiir v 41
3.6.2 Spinning Consistency INAeX {SCI) ...ttt et re s e e s et e s s esamaeaeeenns 42
3.68.3  MiCronaire (MIC) ..coooe i et er e et e et e re e e e et e e et e et re e te e ta e et atatarana——tanyos 42
3.6.4  Maturity INdeX (Mat) ..c...eoeeiee e e e e e re e e e 42
3.6.5 Upper Half Mean Length (Lem) ........c.oo ettt et 43
3.6.6  Uniformity INAeX (UNT) ...eererciiiieiciris i sn s s re s s rrrrs s srreres s sene e sesanensesssasensesn ssensens nunes 45
3.6.7  Short FIDer INdex (SFI) ... ettt sttt e eae et e e e e senas 45
B.8.8  SHENGEN (S .o e e et s b et e e te s e be e nn e nraes 45
3.8.9  EIONGAON (EIG) -.eeeieniiiiieii ettt ettt et st e bt e e e e e ne e sraas 46
3.6.10  MOISTUIE (MOIST) ...t ettt s e saa et e st e e s sra e e nanessnbeesenras 46
3.6.11 Reflectance (Ra) ..ottt ettt et e sta et e e sbe e e e s rabe e sraes 47
3.6.12 YelloOWNESS (4D) wouriiiiiiiiiie et ettt e e e e e e s et e e e et e e aae e e eetararestreaesansanrntens 47
3.6.13 Color Grade (O Grade) ....cocuieiiiiie ittt ettt e et e sae e s re s s e e rtnt e srabea s sbeeeesreeasaraesensas 47
3.6.74  Trash CouUnt (Tr COnt) e et re e eee e s e s s ar e e eeteasaeasssstaraneaeasseesasensasens 48
3.6.15 Trash Area (Tr ATBA)......cccciiiiiiiii e eie et ettt et st et e e e e e e e s serebeseeeaan s e s saararaaaeeaeesesannanens 48
3.6.16 Trash Grade (Tr Grade) ... it et s et s et e s e et b e e s eabe e e e antee s eans 48
3.6.17 FIUOTESCENCE (V) .eeiiieiiierrerirnieercrieeteeanreeeeanrrassessseenesstvnsessnsntessenssnsersensssesenssasessesssassnesssssenesesns 49
3.6.18 Sensors for the fiber bundle testing SYSEM......ooocii it 49
3.6.19 Explanation of terms on the Prilt-0UL...........oo i e e 50
3.6.20 USTER® STATISTICSOr fIDEIS ...covveveireeieecieeieeieesissesseess e i e sttt 51
3.6.21 Comparison with benchmarks, fiber bundle testing.......cccccvvrvicciiiini e 52
3.6.22 Instrument for the measurement of fiber bundles..........c.ooorrrir e 53
3.6.23 Conclusion, fiber bundle testing systems (HVI) ..o 54
3.7 Process control, fiber bundle testing .......c.cceiiircimmanneninnmms st 54
3.8 Single fiber testing SYStem ... e rene st e e 56
R3S T T oYY g 41T o =SOSR 57
RS I~ oY o loTo - | 1= o S U URTRPRUNS 58
T T - 3 To (o RSOOSR 59
3.8.4  Shortfiber CONtent ... e e anes 62
3.8.5  Maturity / IFC/ FINBNESS ...c. .ottt st st et e s sbe e e e e s re e sreas 64
S S B I = -1 = g o o [V U 68
3.8.7 Explanation of terms on the print-Outb...........oo i e e e 70
3.8.8 Comparison with benchmarks, single fiber testing ............ccooocoeiciiiniiiices ettt a e ste e aeaene 72
3.8.9 Instrument for the measurement of single fibers ..........coco i e 79
3.8.10 Conclusion, single fiber testing SYStEMS ...c.co. e ittt e e e e e e 79
3.9 Process control, single fiber testing..........o i s s ese e saseene 81
3.9.1 Formation and reduction of fIDer NEPS .......c.coiviiii e 81
3.9.2 Formation and reduction of s€ed COAt NEPS ......ceirrmiiiiiiiriiee e e et ee s as e e e enaeeeenaes 81




Foreword / Contents

3.9.3  Selection of raw Material .........oooueeiie e e e et e 82
3.9.4 Neps versus visible foreign matter in spinning Mills ... e 83
3.9.5 Comparison of Neps in card SliVErs ..........cccco i 83
3.9.6  ComMDBEr StUAY ......ooiiiiii i e e e s 84
Off-line measurement of yarns, rovings and SliVers.............cccoiiiiiicineeeiimenierccsccccceneees 85
4.1 Determination of the UNEVENNeSS ... e crr e oo s e s emm e nenes 85
o T T Y T o O OO O OO P S E 85
4.1.2  Properties of the diagram ... e emer e er e s eee e e ree e 85
T I T AV T 4 B 1 [ = To - U S O SRR ....86
4.1.4 Mass diagrams with suppressed short-term variations ............ccoooi i, 87
4.1.5 Coefficient Of VANAHON GV ccoiiiiiieiieiieei i er s eeerereeess e ee e e seneesa s e aeaeeasaeeeaeeaaaeaesessansaesenes 87
4.1.6 Definition of the coefficient of variation...........cccoeoveririinciii e e 87
4.1.7  Variance-length CUV ... s 88
4.1.8 Comparison of variance-length curves of an entire measuring Series ........cccocccevvriverricsenineenn, 89
4.1.9 Calculation of the theoretical limit with cotton and synthetic fibers..........c.cccoviiiiii s 89
4.1.10 Index of irreQUIANTEY | ... ..o e e s s e e s e er e 90
4.1.11 Coefficient of variation CV, index of irregularity |, entire process ..........cccocveiiivreininiciinececnneeanns 91
4.1.12 Unevenness Of PIY YAIN ...ttt ettt et e n e ran e et et e ean 92
4.2 Determination of frequently-occurring yarn faults (Imperfections) ........cccoccvevcrevscircsmerennnnae 92
421 ReqUINEMENTS . ....oiiiiiiiiiiiiii e b et s en e 92
4.2.2 Definition of thin places........cociii e 94
4.2.3 Definition of thiCk Places . ....coo i e et en et ra e 94
4.2.4  Definition Of MEPS . oottt r e e s e e st e s e e saete e ae s n s e r e s sannr e s e ennree s 95
4.2.5 Standard imperfection report column SeNGS .......cc.ooiiiiiiiiiiie e 95
42.6 Assessment of the size of the frequently-occurring yarn faults ...........ccccoooooeeiiii e, 95
4.3 Determination of periodic mass variations...................... S - .- .97
4.3.1 Comparison of the diagram and SPeCtrogram ..........c..cciiiiiiiiniiiin e e 97
4.3.2 Normal spectrogram and ideal SPECITOGIamM ......c.ccveiieiirririir s e s sr e 99
4.3.3 The degree to which the spectrogram is dependent upon the Material..........oeeererereereeeeereerereen. 99
4.3.4 Influence of periodic faults on the spectrogram...........coociiiiieiinc e 102
4.3.5 Distinguishing disturbing periodic faults from tolerable faults...............cccooiiiin e, 103
4.3.6  MURPIE PEAKS ... ittt et er et e et tr s ettt e e st e e s sabaae e e va s e e et enrntaeeeannraeanan 103
4.3.7 Influence of periodic mass variations on woven and knitted fabric...............cccooveviineiierniie e, 104
4.3.8 Periodic mass variation as a result of the combing Process ........cccccoeeeeceirieiviccie e 104
4.3.9 Periodic faults in a fiber assembly/fault Categores.........cvviecieiii i 106
4.3.10 Machine faults in the SPeCtrogram ..........o i e 109
4.3.11 GeAr drive PIANS ....ooiiiii et et cr et st e e st e e e e e e e e se et arentaeaee e e eaanns 110
4.4 Determination of the count and count variations ... e 111
441 INITOAUCHION c..eeteitiee et rers ettt te e ettt et tesu e e ste e e st aestmee s sae 2 snaesseneassaneanse sessasessssaasssnsersseennnns 111
4.4.2  Gravimetric MENOA .........ooo et se e s see e e e eetb e e e e eteeesenenreeeesenns 111
4.5 Determination of the diameter, density and roundness of yarns..........c.cccinneaninnnnennsncnsnenns 112
4.5.1 Measuring princCiple of the SENSOT ..o e 112
4.5.2 Definition of the opto-electronically determined quality parameters ......c.cccceecccevieeiiiiiiiececieeeeene 113
453 Roundness and density of COMON YaINS...........uiiiiiiiiie e 114
46 Determination of the yarn hairiness ...t s semens s e e nemene 115
4.6.1  Hairiness MEASUMEMENL......ccoiii it ettt ettt te et e e e s s st et et ee e e eeeeeesanensseseseesasesn sansnnes 115
4.6.2 Definition of the hairiness value H ............ooo i e e e e e s 117
4.6.3 Causes of hairiness and hairiness variations ........cc.ccccvvveiiiiiir e s 118




Foreword / Contents

4.6.4

4.7

4.71
4.7.2
4.7.3
4.7.4
475
4.7.6

4.8

4.8.1
482
483
484
4.8.5

4.9
491
49.2
4.9.3
494
495
4.9.6
4.9.7
4.9.8
499
4.9.10
4.9.11
4912
49.13
4.9.14
4.9.15
4.9.16
49.17
4.9.18
4.9.19
4.9.20

4.10

4.10.1
4.10.2
4.10.3
4.10.4
4.10.5
4.10.6
4.10.7

4.11

4.11.1
4.11.2
4113
4.11.4

4.12

Purpose of measuring hairiness in the mMill.............coooi e e 118
Determination of dust and trash particles in yarns.........conimincinnicincn e 119
INETOTUCHION ...ttt e et e e ettt e e e easteea s eabeseae sameneesa savese s anta e e e rabeae e snenae e sananarean 119
Measuring principle of the opto-electronic SENSOT ... 120
Technical measurement CharacteristiCS .......ooiivieiieiii e e e e 120
Determination of trash and dust in cotton yarns ..........co.oeverii e 121
Examples of different contaminants in yarn...........ccccooi 122
Practical appliCatiONS ..........oiiiuiiiiiiieiiiiii i 123
Summary, multi-purpose laboratory system for spun yarns ........ccocoreoonceieeiiceeeeeeee 125
Explanation of terms on the print-0Ut...........ooo i ettt e e 125
Simultaneous measurement of various quality characteristics.......cc.cccoeoveiiii i, 127
Comparison with benchmarks / Multi-purpose laboratory systems .........cccocveevvivrccviiecccee e 127
Multi-purpose laboratory system for yarn measurement .........ccccooiiiiiiienicicreee e 129
Conclusion, multi-purpose laboratory system for spun yarns .........ccccccooiiieceeeee 129
Determination of the strength and elongation of yarns...........coviirceiin i cinciienecneens 130
MEASUIING SYSTEIMS ...ttt ettt e et e st e s e et e st e smee e sateesameeesmeeeenaee 130
Y= T3 P PR 130
e £ = SR PPSPP 130
BlONGatioN ..o e 131
WOTK AONE ...ttt ettt ettt et et ettt n e e ae bt et sere et tessteetererene s st s et ae s nemasneeneanenan 132
Conventional measuring Method ............ooo i e e 132
Explanation of terms ... 134
Experience values for breaking force and elongation tests ...........ccooivvciiiiiiiiineccc 138
Strength and elongation values of spun yarns of various raw material .........cc.ccovevvieiieiniiciiniinn, 140
The statistics of strength and elongation 1eStiNG.......ccc.ovevvvrcir e e e 144
Relationship between yarn breaking strength and twist..........c.c.coociiiiii e, 148
Relationship between yarn breaking force and end breaks on weaving machines ...................... 150
Relationship between yarn breaking tenacity of single and ply yarns.........ccccoocccveieininiien e, 151
Effect of long-term mass vanations ... e s 152
Instrument for strength and elongation measurement at 5 m/min.......c..cccccceeeiiniiinii e, 153
Ultra-high speed tensile 1eStiNg....... oottt e e 153
Explanation of terms on the print-0Out....... ... e e 158
Comparison with benchmarks / Strength and elongation testing .........c.ccovemneeeieniciiiinscenee, 160
Instrument for the measurement of strength and elongation at a speed of 400 m/min................ 161
Conclusion, yarn strength and elongation testing ..........cooeci e 161
Testing of filament yarns ... e e s 162
IETOAUCTION ..o ee ettt ettt e et ee e e et e e s e mbeee e etete e e ceusesesasuseseesanasane e sebaneesensnsnesaanssanenan 162
Production process for filament yarns ... 162
The melt SPINNING PrOCESS......ceiiiiiiier ittt e e erer e s e s e senateesesasaenaneans 162
Evenness testing of filament yarns ... 164
Strength testing of fillament yarns ... e 169
Instrument for the evenness measurement of filament yarns ..........ccccocoviicin i, 173
Conclusion, filament yarn teStNG .......ccicuiiicie ettt e e 173
Determination of the hairiness length ...........cimnisc s s 173
Hairiness length measurement SYSTEM ..ottt e s an s 173
Explanation of terms in the print-out ... 176
Instrument for the measurement of the hairiness length ................c.ccooii 177
Conclusion, hairiness length measurement..............ooo e 177

Determination of yarn friction ... 177




Foreword / Contents

T 3 =0 B g1 (oo (0T (o o OO OSSP 177
4.12.2 Importance oOf Yarn friCtON ..ottt b e e eane e 178
4.12.3 Basics of flICHON ..ottt e e st e e en e 179
4.12.4 PrincCiples Of OPeration ........cooecoeierii ittt ettt et ettt e mte s e ermaeaneas 180
4.12.5 Waxing of the staple fiber yarns ... e e 183
4.12.6 Comparison wWith BENCAMATIKS .........uiuiiiiiiiii et e vevb et nar s bsbesesesassannneons 187
4.12.7 Instrument for the measurement of friCtioN..........ccoeorriii i e 188
4.12.8 Conclusion, yarn friction 1eStiNg..........cccuiiiririi e 188
4.13 Determination of yarn tWist ... e e e 188
L B T I 14 { oo 1E o340 ) o OO OO O TSROSO 188
4.13.2 EXpIanation Of tWisT........ooo i e n e e e e nnree s 189
4.13.3 TWISE PATAMEIETS ..ot ittt r et cr et e sre e e s e b e s bt eeas e e b e s bt e se e seeaneeenseeaseesnseasenns 189
T B T S I == 4 = 1 T o [ OO 190
o e R o (=1 (=1 g =1 ] D USSR OR ORI 191
4.13.6 Test method: Single untwist-retwist method.............coociiiiiiii et 191
4.13.7 Influence of twist on other quality characteristics ...........ccovveiiiiii e 192
4138 TWISTIBVEIS ..ottt rrre s s s e e e et st e b e e e et e s s rre e b are s re e oas 193
4.13.9 Accuracy of the tWiSt MeaSUIrEMENT........ ... et eee e e 195
4.13.10 Explanation of terms on the Print-OUL............ooorrir i 196
4.13.11 Comparison with benchmarks, twist testing ......cccccooovviiririiiii e 197
4.13.12 Instrument for the measurement of tWist ..o e 199
4.13.13 Conclusion, yarn tWist tESHING ........ooioiiiiiee ettt et ee s sre s e s e s erenean 199
414 Process control, yarn measurement in the laboratory .........c.cocviiieecrc e 199
4.14.1 Development of a Yarn Quality Profile.........cccoeiriiriiii et ree e e tee 199
4.14.2 Numeric values / Noil percentage and impact on yarn data..........ccceecveeieiiiieiieeeceeeceeeeeee 201
4.14.3 Finding the origin of periodicities / Mass variations .........c..cccovvvviicieiiee et 203
4.14.4 Finding the origin of periodicities / HAINMNESS ........o.oeiveiiieeeee et enee s 204
4.14.5 Quality comparison, 1910 10 20710 .....uii ettt e e tee e e e ssae e s ereeeestmeessaesseaeaeas 205
4.14.6 Calculation of the SPINNING SPEEM.........ooiiieeeeeee et s et s e eeeneas 207
4.14.7 Improvement of the end break rate on weaving machines.........ccccccevvieeivieeccci e 208
4.14.8 Determination of quality problems in filament yarn manufacturing........ccccoeveeviieecciiceee e 210
On-line monitoring of slivers and yarns ...t eese e, 217
5.1 1L G To LU T2 (o] OO VOSSR 217
5.2 Monitoring of the spinning preparation machines...........ccccciiineiiniicecmrrcrcnssrresceeressrenceenes 218
5.2.1  MONIONNG Of SIIVEIS ... et e e s e be e e sente e e eesnneneas 218
5.2.2 Focal point of on-line quality monitoring in spinning mills..........c.ccccociiiriniiiiiicre e, 218
5.2.3 Methods to monitor and improve the Sliver.......c..i i e 219
524 AUOIBVEIIING. ...ttt ettt ettt e e e re e e e et et eraresbesereaans 219
5.2.5 Sensors for the on-line measurement of SIVErs ...........cco oo 220
5.2.6 Deviation and Variation ..........cccoieiiicicir s et e e et e e s e e s e aee e e s e e e e eeean 221
5.2.7 Autolevelling and MONItOrNG SYSIEIMS ....cccciiiiiiiiici et ettt e v et ee e 223
5.2.8 Comparison of on-line and off-line sliver monitoring ..........ccccoceveiiieiciiccin e 225
5.2.9  Count Deviations A [Z] .. cererirmceerertieeete ettt e et e e et e e te e steeete s saresareeesaeebesetesanesbeserenans 227
53 Monitoring of the ring spinning MAcChINes...........cco v oeeceeeeere et cr e smene s sesese s ene 228
5.3.1  PrincCiples Of OPEIration .......c.coiii ittt ece e e e e e et e e e e e e s et e e s te e e e e eenenenn 228
5.3.2 Comparison with benchmarks / Ring spinning machines...............cccoovveeeeiiieeiecceeeeeeeeeeeeee. 230
54 Monitoring of Winding MACRhINES ...........o e et errse e sas s e s e e s s n s e saeassamnns 234
L 3 B 1111 oTo [N o) (o] o SOOI O 234




Foreword / Contents

5.4.2 Requirement for new Clearing SYSIEMS ...t e e 236
5.4.3 Yarn faults and yarn Clearer.........coo it e 238
5.4.4 Origin of seldom-occurring yarn faults ... 240
5.4.5 Disturbing thick and thin places ...........cccocci i 243
5.4.6 Disturbing thick PlaCes........coicriiiii e 247
B.4.7  COUNE VAINAHONS ...eeiureeeecie ettt ettt et e et e st e et r e st e e be s st e e sbee e een st e eabe e e sateeenmeeenbee s 247
5.4.8  SPICE CIBAMNG. ... .eeiiiiereieriee s rire e ree et e et e e e bt e e s bt e e s et e s aeee et st e e teeaaneeesabeeeasaeeesabene st benamer e sate s 251
5.4.9  Periodic Yarn fAURS ........ooiecirieeccie et e e rer e e n e e 259
5.4.10 Quality parameters Of @ Yarn.... ... et 260
B.4A11 FOreign fDEIS ... ettt ettt e st e st ren e r e e s 270
5.5 Monitoring of the entire winding process........ccocvmomomiiericicmrecernenne S 278
5.6 Conclusion, ON-lNe SYSIEMS ... et s e s s s sasana s 279
5.7 Process control, yarn manufacturing, on-line systems included.........c..ccccceriimmrisciricniannnen 279
5.7.1 Impact of comber noil reduction on the entire spinning process ..........ccovvvinriiiiiiicinccciereieee 279
5.7.2 Impact of the number of cuts of yarn clearers on the efficienCy ......cccccoo v 281
6 Statistics, textile measuring technology ......ccccceceveiiiiiniiiiiiineiiinsiee s 283
6.1 INErOAUCTION ... et n sttt e ees et n s sm s s e e s mne s s s raams s s ansnsasmananns 283
6.2 Population ... ennan e N eersasmrereseeeisssEssseNassEsEEeEsRSESRRcEssEenssmssssseasss 283
6.3 £ 1] ¢ L= 283
6.4 SAMPIING ..couiiiiiiisineieriiineiis s resensssesessstaasas s sasnssssnsssnesse sest issntsessstsssassassansssnsasssnsnssansaene 283
6.5 £ LT o] L= 284
6.6 07857 ] T {[o T3 T S . 284
6.7 Characteristic values of the normal distribution...........ccooemcmircricrrcr e 284
6.8 Practical application of normally distributed test results ..........ccoomriciccn i emcncercnerciee 287
o B I V1= T o IR -1 (1= SRR 287
6.8.2 Variation between DOBDINS CVy ..o esrssnersesssiesssseresire s sesssssssesssesesssas 287
6.8.3 Normal distribution / Calculation of variations............ccoii i 288
6.8.4 A few basiC CONSIABTALIONS ... ...oioueiriiiirie ettt st ettt e e e et et e s re e e saee s s nnesranean s 289
B.8.5  PlausIbility 108t .....ccceeiieiiiecree et e ettt ettt ettt st e e a e e e bt e e et a e rae e e srae e e rrereran s 291
6.8.6 Constant end break level on the weaving Maching ... 292
6.8.7 Selection criteria for a weaving Mill............cco i 293
6.8.8 Ejection of outlier bobbins on a winding machine.........ccoceecevriiriiiniie e, 295
6.8.9 ConfidencCe INEIVAl Qgsss...c.ceeieeerireeereieiaiereiireriessresr s e s rarara s sra s s s raraeaeeseeesanaaanasas 296
6.9 Practical application of test results which are not normally distributed ............................ 297
6.9.1 Characteristics of the Poisson distribution ..., 297
6.9.2 Effect of inconsistent yarn quality on the weaving efficiency ..........cccccociiiincii e, 299
6.9.3 Confidence range of the mean value with the Poisson distribution ............cccccevvvvinviiiinincccen, 300
6.10  Central limit theorem...... s s s s s sn s s mne s s sane ra s anans 301
7 Y oo 1Ty T [ S 303
71 Terms used in this textbook and definitioNs ... e rneee 303
7.2 International Systems of UNitS ....c.ccccicvcemeiincimeinintmimieninsnsessiinnesssnensssssissssssssssssssnsassssssssssass 305
7.3 Conversion table for yarn count systems...........covvccocicnmicinmmnc i e 307
7.4 LI Y = 1L 0 =T o T o 309




Textile industry overview 1

1 Textile industry overview
11 Introduction

The textile industry is the third largest industry worldwide. It also belongs to the first industries. The
first textile machines were invented in England in the 18™ century. James Hargreaves invented the
“Spinning Jenny” in 1767 and Samuel Crompton invented the Spinning Mule between 1775 and 1779.

The Spinning Mule was used till 1900, particularly the self-acting mule, also called the selfactor ma-
chine. The next generation was the ring spinning machine. This machine was already invented in
1828, particularly for coarse yarns, by John Thorp in the USA.

The textile industry has conquered the European continent and the USA in a very short time and also
some parts of Asia in the 20" century, particularly Japan.

England had more than 60 million spindles in 1920. England at that time was also perceived as the
tailor of the world. The years after the Second World War have seen a permanent shift of the textile
industry to low-cost countries, particularly to Asian countries (Fig. 1-1, ring spindles only).

[mn spindles]
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E‘f‘ﬂ-‘
Others

B China 150

By India

B8 Japan 100
USA

B Europe 50+

N cs

0-+
1900 1910 1914 192 1
OEM'’s located in

Fig. 1-1 Production of textile machines and installed spindles worldwide. Source: Gherzi/l TMF/UT [2]
Grey bars: Rest of world.

The history of the textile industry is a history of migration to the countries with the lowermost labor
costs. China does not have the lowermost labor costs anymore. Therefore, it is also a challenge for
China to remain an important textile country in the future.

Fig. 1-1 shows that the spinning mills have nearly disappeared in Europe, USA and Japan, and China
is now the country with the biggest yarn producing industry.

Fig. 1-1 also shows that Great Britain and the USA have ceased to be a country of textile machinery
manufacturers. Europe and Japan have lost market share to machinery manufacturers in India and
China or had to establish production centers in these territories.

OEM's: Original Equipment Manufacturers (in this case textile machinery companies).
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The perspective from the point of view of South Asia, Asia Pacific and Japan with respect to textile
machinery manufacturers looks different. Fig. 1-2 shows that the number of textile machinery manu-
facturers has increased with the number of spindles installed in Asia. The blue bars represent the
installed ring spindles in Asia (Turkey not included).
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Fig. 1-2 The rise of Asian textile machinery manufacturers Source:GherzilTMF/UT [2]

1.2 Textile machines and productivity

Fig. 1-3 shows the development of the productivity in spinning and weaving mills in the past 250
years.

Hand weaving Weaving

Hours worked per 100m’ of woven cloth

Hours worked per 1 kg yam

Fig. 1-3 Productivity in spinning and weaving / Territory: Western Europe Source: ETH, Zirich / UT [3]
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Reading example: With the hand wheel a person required 100 hours to produce 1 kg of yarn. With the
introduction of the electric ring spinning machine it only required 1 hour of an operator per kilogram of
yarn to monitor the machines and to repair yarn breaks in the late 19" century.

A ring spinning mill of today with 30000 spindles for medium count cotton yarns needs 50 operators
per 8 hour shift to produce 12 metric tons of yarn per day or 500 kg per hour. Since they employ 50
people per shift (administration not included), the production per hour and per capita is 10 kg. In order
to produce 1 kg of yarn it needs 0,1 hour of a person (Fig. 1-3, with automatic chute feed system).

1.3 Global fiber production

The most important textile materials are cotton and polyester. Polyester is available as staple fibers
and filament yarns. Cotton is grown in more than 30 countries.

The natural raw materials consist of cotton, wool, hemp, ramie, sisal, flax, kapok, coir and silk. The
synthetic raw materials consist of polyester, polyamide, acrylic, cellulosics, polypropylene, polyacrylic
and polyurethane.

The textile raw material is also a measure of the growth of the textile industry. Fig. 1-4 shows the in-
crease of the two groups of fibers, natural and manmade fibers, from 1960 to 2009.
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Fig. 1-4 Increase of textile raw material, figures in million metric tons. Source: Oerlikon [4]
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14 Natural and synthetic fibers 2010

The textile industry has an enormous requirement of textile fibers. All figures in million metric tons.

Natural fibers 31.235*
Manmade fibers 49.568
Total 80.803

* Figure includes cotton, wool, flax, hemp, jute, ramie, abaca, agave, coir, kapok, sisal and silk

1.5 Natural fibers only 2010

Cotton is by far the most important natural fiber. All figures in million metric tons.

Cotton 25.000
Wool 1.083
Bast 3.835 Flax, hemp, jute, ramie and allied fibers
Others 1.317 Abaca, agave, coir, kapok, sisal and silk
Total 31.235

1.6 Manmade fibers only 2010

Manmade fibers can be subdivided into cellulosics and synthetics. The raw material for cellulosics is
wood, and the raw material for synthetics is crude oil. All figures in million metric tons.

Cellulosics 4.397 (Viscose, Modal, Micromodal, Tencel)
Synthetics 45171 (Polyester, Polyamide, Acrylics, others)
Total, manmade fibers 49.568
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1.7 Global fiber consumption 2010

Nowadays cotton covers only 36% of the entire textile fibers. Without manmade fibers it would not be
possible anymore to satisfy the fiber requirements of the textile industry (Fig. 1-5).

Total: 80.803 million metric tons. Market share in percent.

Cellulosics,

5.4% Others, 1.6%

Cotton, 31.0%

Synthetics,

55.9% Bast, 4.8%

Wool, 1.3%

Fig. 1-5 Global fiber consumption, natural and manmade fibers in 2010 Source: Oerlikon [4]

1.8 World natural fiber market by fiber 2010

Among the natural fibers cotton dominates the market. The wool fiber sector could not grow in the last
four decades. Among “Others” there are various fibers which all have a limited market (Abaca, agave,
coir, kapok, ramie, sisal and silk).

Total: 31.235 million metric tons. Market share in percent.

Bast, 12.3% Others, 4.2%

Wool, 3.5%

80.0%

Fig. 1-6 World natural fiber market by fiber 2010 Source: Oerlikon [4]
Wool: Clean weight
Bast: Flax, hemp, jute, ramie and allied fibers

Others: Abaca, agave, coir, kapok, silk and sisal




