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Twist in Yarns

INTRODUC]'ION

The subject ol,varn slructute is tiiscussed in chaptc'r 3 of tlils b<lok' lt is poir:tetl

out tlrat trr,ist pla1,s an intportant roie in affectillg the alranSenrctll of |iocrs trr

filamcrrrs in the yarn cros sectio,r. The stucly of t$ist and ho$'it ellccts sonre oi

the intlrortant properties ol textilc yarns is the subjeci of this chaptcr'

ln staple 1,arns. irvist is essential to hol<l tle tlbers toge tlter and to intpart sotltc

dcgree of cohcsiveness to thr'struc(trre. ott (he trthcr ltan<!. the l'ilantents ir'a

nrultililanrent 1.'arn rvould lray arvaf if thcre u'erc tlo cohesive lbrces hol<iing

thcnr rogcther. lrurrhernrore. thc forrtration of pliecl or cabled !'arns is alsct

achicvcdil' rwisting single or plied Y'arns together to prtrducc a cohcrerrt linear

structurc. hl othcr ',uorjr. tu'ist is a nlcans by *hich a bundle ol fibers' tjle'

*.n,r, or ),arns in a plied yarrr is held together so that thc ultinratcstluctulc is

nude capable r.rf s,irhstanding the stresscs an<i strains and the chaling action ol

the man5, processes lnvstved in rhe martufacture and use of textile fabrics'

TJrerolcoftu,istis\,cr!,prof<runrJindeternrinirtgthepropertiesoItinished
.r-arns uis-a.ui, l'abrics. fne iinlt betrvecn fiber properties and the end'usc beha'ior

ola textile tabric can be best explairted by the follorvingdiagranr (Figure 5't)'

When a number ot-conrponcnis (libers or filantents) in a continuous strand ate

trvistecl. radial forces d.uclop rvhich in turn al'fect tlte relative position of thc

contporlents in the yarrt structure. leatiirrg to a close packing ol all conrponettts

irr a giverr cross scclion. l'hus the insertion Of trvist in frbcr aSsenrblies (yarns)

alt'ects, in addition to the tensilc properties (strcngth-extension), the dianteler

andthespecificvolunle(inotlterrvords.soltnesorhardness)ofyarns.The
change in the fibcr packing irr turn deterntines thc cover of a fabric and such

Other properties as wamlth, crcaSe recovery. pcrnleability'. attd various other
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Rclationships xnlong fiber, l'rrn' and l'abric structurc and proPcrries Il:totn

rcIatedcharactcristics.].wistalsoaffectsthehairinessofl.arns.rvhichisavcry
inrporrant propcrty in deternlirrirlg thc pilling behavior and the econonfcs of the

singeing process.

lnhistrlathcrlecturc.titlcrl..TwistedStructurcs...Treloar(2)adequatell'
recog,ni7.es the role of tu'ist in yarns and the part it plays in tlte design of textile

structures. llc discuses the obr.ious necesit,v of twist in the natural and staple

fibers and poirrts out:

.'-l'rvist 
is cssential to provide a certain minirrrum cohcrcrlce bctween fibers' with-

out a ysrn having a significunr tensile strength cannor bc ntade. This coherencc is

depenclent on the frictional forces brougitt into play b1' the latcral pressures

bet,*.ccn fiben arising f-,nlft. apptication of a tensite stress along the !'arn axis'

with the introducrion ol continuous filanrent y..arns, horvcver. the rolc of trvist

nrust be reconsidcred. ln continuous-filament yanrs. tn'ist is not necessary for

rhe artainrne',r of tensiic strength (in fact. it rcduces it) btlt it is nccessarl' for

the achievcrnent of satisfactory rcsistance to abrasion. fariguc, or othcr typcs of

damagc associated ,"ith strcssls other than a sintple tensile stres' and rypified

by the brea}iaSc of individual filamenrs, teading ultinrately to total breakdor,r,n of

the structure. lligh twist produces a "hard" yarn. rvhich is higNy resislant to

darnage of this kfurd. The rolc of trvlst in continuous'filamcnt yarn is thus to

produce a coherent structure that canrrot readily be disintegrated b}, lateral

St rcsses.

Frornthcenginccrirrgstandpoint,thcintercstingthingaboutthisstructural
function Of trvist is thal. in contrast to rlrosl structute-building techniques' it

produces its effcct without significantly incrcasing the t'lexural rigiditl' or

resistancc to bcnding of the systenr. r\ yarn of 100 filanrent; hasorrly 100 timcs
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98 Trvist in Yarns

tht. t]exurlrl riSitiity'of a sinSJc fil:rrrtent: il the fillnlents \\,cre all cenlenlc(l lo.

S.il,., to forni a solrtl rod, ri .r<>ui.l 6avc 10.000 ( l0():) tii'cs !hc liexural rigid-

ity of r srrtglc filantcnt.

I:xrc,n.ling, rhts line oi thought lo \\'ovull fabrics, se fin<l rgain that tht' sti!'iness

of thc fsbric rs <ti lhc sarllJ or(lcr as thc toial stiffness crf :rll thc filerrrents irt a

g,iYerr cross section as sho$.n by' Livcscl, 3nd Qwen. anrl sinrilar coltsirlcrations

lirprl . nn doullr. to krrittctl Qr orhcr 15,pes of fatrric strucrulg. \tc see. thcrciore.

that thc [tajor I)ioccsscs ol lcxtile labricltion 3rc conccnlc(l with the protluction

of ctrhercnt stnrctures haring tllaximtltn tlexibilitl'or nlinintum rcslstancc to

Lrentiing strcsscs. antl hencc- also to cortlprcssive or btrukting strcsses' $'hile rr-tain-

ing''oicotrnc,rheinherentslrellf'th<;fthl.originaJiilarrtentnrelerialundertlrc
action oi tcrrsilL' strcsses.'this objccti|e ts tn curious c()lllrast t() that nlrnltally'

enc()urltercd in errgtnccrirrg structurcs' rvlte:r'thr: general l)roblenl is to pro<luce

maxi;trurrr resistlrnce to bcndrng.:.rrld !'L)tnPrcssivc stresses. cotlrbine(l uith nraxi-

;llumtcnsilr.strcngth.Theengincer39hicv€shrsobjectivctlinraxilttizin.ethu
rigi,irtl. [r1,, tire intr<;duction oi suitebl5' dlsposed frxcd linkagcs bet \\'ccn thL-

u,.iu,, colnpotlents of lhe structure. ln tcxtile structurcs. on the othcr hand. tlre

obicctiYe of rn3xinlum t'lexitrilitl is in6cniotrsly achicved Ll)'the !ntr()(lrr'-tion ()f

geonrctrical rcstraints, rr.hich, r.r'hile stroll*1rl)'resisting iorccs oi dis;rtpttorr, tlr>

itot inrcriere appreciablt.s,irh tht: small rclar!\'e nlo'enlents ol indivilur[ cic'

:llenis irssociatctl r,r.itlr bcntiing or othet t-vpes ot lateral dcfornlstiorl' lIo$cvcr' a

clificrence oi oLrjective docs not ncccssrrilf inrpil'a diflerencc in nrethod oi

approsch.antlrlrereisn<>reasonrr,hl'thr..ticsignof3tex!ilestructuresltoultlnot
bs rreatc(l b!. rh(. ssnle rig,oious snal)'ticat tcchniques as the design oi any other

cngirleering stnlctur.j. such lrs a bridgc or 3!l acropl3ne. Thc nlaterials u'ith \\'hlch

thc rextilc cttgilteer u.tlrks har,c lltr inhcrcnl strcrrSth atrd other mechanical pro.

prr,i". conrprr:rt>le s itll tho** oi tl picai strtlctural'etlginccring nratcriels' and

rcsc,,rch rs ctrrrtrrtuallyberrtg concentratcd on thc inlprovenlclrt oi thcsc itlhererlt

propcftitrs. If thesr- vlluatil.- chlracit-rislics arc t() be utiliz-cd to thc ftlllesl

cxtent,itiscquatll'iitt1><)rtantttlseethu!theglloillernoidesignfrtllntlte
cnginccnrrg stanr!pr>int rccciu"s scrnrcLltirtg, likc tirc sante kind oi altcntiort'"

The stuci,v of t\\'ist. therclbre' is ver!'inlPortartt Io ulldcrstJnding thc slructurc

and bchavior ol )'arns artd their ultin)ate inlluc'nce on the end'usc' propcrties of

fabr ics.

DEFI\ITIO\ OF TTIISl'

$herr tr,,,. ends oi a strright str'und (.)'3nr) arc rotxied rclative to otre anotiter' the

l-rbers on the surfacc'oi thc 1'arn lic irt ltehces about thc Y'arn aris' In othcr

\,ords,3 )rarn is tu.istc<j $,hen llbers on thc surlacc. rvltich rvcre originalll

parallel ro thc axis of thc ),arn. are no$ dclornled (rotated) so thal thel' nrake an

aneJe 0 s,irh i[e axis. apJ tfic arrrount oi tu'ist is a itrnction of this 3ngle ( Figure
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Figure 5,2. (o) Parrllcl bundle of tiburs, (D) twistcd bundlc of fibtts'

5.2). This definition of r$,ist orrll' applies to the idcal case of an originally

straight fiber assembl)'. Horvcvcr. irr actual yarns. variability of yarn diameter'

contraction because of twisr, rnigration of liben from one ?rne to the other.

radial conrpression of the yarn. and tiber slippage are somc of the factors that

tend to make the yarn geotnetry depart from the ideal'

The implications of somc of thesc facton have been taken into account by

Woods (3j. who srudied the kjnematics of twisr. He introduced the concept of
"tortuosity" and stated that when a yam is distorted its axis lies in a hebx rathcr

than in a singte ptane. On this basis. he has proposed a definition of twist. wltich

is considered valid for all starcs of a yarn. According to hi; definition: "The

twiSt is dcfined aS the rotation of the transvcrse lO any chosetl gencralor about

thc axis. per unit length of thc a,ris; that is to say that as we Pass along thc axis'

lhe transvcrses rgtate abour rhe axis ar a ratc rvhjch is propOrtiOnal to the tvist
in the srring ar the poir'tt considcred." The "generator" is defined as any line on

the surl'ace thar is parallcl to rhe axis rvhen the strirtg isstraight and untwisted;

the radius of any cros section is the transverse in lhat scction'

DIRECTION OF TWIST

In the designarion of yarns. il is essential to specify the direction of twist.

Bcsides its importancc in simplifying the lrade. it is of great technical signi'

l'icance in clesigning fabrics. For example, in a trvill fabric, the direction ol'twist

in the yarrr is of particular importance in determining thc predominancc of twill
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Figure5.3.Direcri<rrtoltwisi.(c)Righr.h::ndcdtNlst.s'(b)!cir.h3ndcr{tlr.ist.Z,(c)tNlst
in foldcd ylrns

eftlct. For a right-handed r$,ill, the b€st contrastingellect v;ill be obtairted vrhcn

a yarn wirh z. irvist is used: on rhe othcr hand. a left-handcd rrvist will produce a

fabric having a flat aPPearance.

Thc direction of trvist in a ,"-arn is designated in tu'o rval's:

l. Right'handed trvisr. S t\Yisl or clocku'ise (Figure 5'3a)'

2. Lctt-handed twist. Z twist or anliclock$'ise (Figure 5'3b)'

Single 1,arns are gencrall},tu'iste.J in anliclockrvise directiorrs, rvhereas the S<lr

right-hande<i tv.'ist is very comnlorr in ply' v-arns'

/.

5
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lircdon of Twist

Figurc 5..1.
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(a) and (D) Conditions thal ptccludc ncstinS' (c) irnd (d) conditions rh3l pro-

Fabric Appeannce atrd Twist Direction

Single rvarp yarns are Senerall)' given Z rwist' and the weft or filling )'arils' S

trviit (Figures S.ga ana b)' When the warp and weft )'arns arcinterwoven'they

generally lie at an angle approximarcly 90o at the interseclion, as shown in

Figur. i.a. tr is clear fio,n 
-figute 

5.44 and b rhat there is no posibilityof the

rvarp and rveft yarns bedding or nestirlg into cach other. Horvevcr. if the two sets

(waip and wefr) of yarn haue similar twist, that is. both Z or both S (Figurcs

5.4c'and d), thc fiben ar rhe point of yarn contact rvill be more or less parallel.

h is likely thar this situation may induce neslinS of yams into each other' con'

sequently. the fabric produced will be thinncr and finrter in hand rhan when

ncsting is prcvented.
Horvever. there iS One inrpOrtant cOndition that must be satisfied before the

kind of bedding, effect described abovc occurs. This condition, accordinS to

Brunnschrveil., lC). is that the sum of the mgles of trvist in warp and hlling

1t

tl
il
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yarns tnust approach 90o. But lh!' sngle <ll trvist in nornral staplC 1'arnS varies

t*,*u"n :Cl stiA .10". lt tollorvs that ii the anglc ot't$'ist in a 1'arn is 10". the

fibers r'r'ill cross at 90 (: X 101 = 56'. s'[ti'-lt is lar fr'rnr thc condition rcquired

fbr bccl,Jing. On the other hand. s'ith a 45o ls'ist angle (a ts'ist iactor tbr in

exca-ss Oi 7? tcx"' turns.,rcm usCd lor crepc !,ums), (he )'arn prgciuced \','ould trg

sO r.ontpecr lhat it r,;qttld inhcrcntl!' tesist llcsting,. \L'\'enheless. thc rclative

dirc.ction ol trvist in the rvarp and fillins ),arils \\'ilh ttorntal trvist does aft-ect tltc'

labric structure an<j tltc bettcting bchavior. as has bccn poillted out b)' llacker (5.

6). fle 3ives the follo$'ing rcasotls: ( l) Yarlls letld to flattcn at llte crossover

points. and tltis Causes arl increase in trvist alrglc. ()) Yarn crirnping also inclcascs

the anglc of tu'ist on the inside ol the bend.

Sornerinres 1'arns u'irlr opPosite tg'ist dircctions are uscd tcr produce spccial

sur!'acc tC.\lure eitects irt crepe iabrics. For cxantple. lhe us.'ot'lS:lZ. crelre

y,arrt ts,!st trrangerrrent in bOrh u'arp and tilling prodtrccs the tinest tig,ure

c{'fcct in a crepe labric.
The rclltive direciion oi tr',,ist has vcrS,iittlrortant inrplications in dctcrlnining

thc riisrirtctness ot'lhc diaSonal linu's irl a tu'ill fubric. There arc thrcc lnajor

conside13tions tltat rllust bc taken itlto accottllt v,'hen dUsigning trvill

conslr|'tctions. l'hese are :

l. 'l'he rrvist <iirectiorr irr relation to the trvil! hand.'[ltc'diagonal trvill effcct

u.ill bc predonrinant il the 1'arn tu'ist (u'arp or lilling) opposes the tvrill

dircct ion.
:. 'fhc' relativc. direction of ts'isl ili the rvarp and lilling. The usc ol rvarp artd

fillingyarnsu'ithtlrcdirecrionoltjbcrsopposingeachotltcru'ill resultina

<iisrirrct tr'.'ill clfect. Irr othcr rvords, both sets ol-)'xrlr shoui<i huvc (ltc'slnte

tq'ist direction.

-1. \estirrg or bc{cliltg of varns. 
-[fiis hctor is oi rninor cQnsequcncc. How'

ever. ii nesling is prcventeci b1, using \\,art) 3nd iiiling, 1,arns twiste<l irt

opposire <iirections. rhe 1'arn lloats beconte pronlittanl. thus entphasiziltg

ihe tr',ill linc.

Simitar trvist.ts'ill rcla(ionshiPs are valid in tlte desig,ning ot'satin antl satccn

$.,eayes iirr rvhiCh either thc supi)teSSiOn or protniltance of the irtcipiCnt trvill

lincs is x requircmcnl.

Detcrrrtinat ion of Trvist

AcCurate <iCtCrrttinatton ol'tuiSt. perticularl)'in Spun )arnS. iS itllOortanl. SincC it

is rclatecl lo strcngth arld orher pirl'sical characteristic5 (rf 1'artls anci hllrics'

There are ciscntiall),tu'o ntcthods that aic uscd in the industrl lor deterrttina'

ti1;n oi tv,'isl in srnqlc y'urtts. These arc l. dirc'ct c()tlniing nlcthod. and l- indircct

runt rvist.t s'ist lnc't lrod.
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direct counting nrethod, rwist can bc deterntine<t cither by directly

rhe number of turns in a unit lcng th under a nragnifyi-rlg glas or by the

l-fibe r rnethod in which tlte sPccime n is untwis-.ed to zero trvist urttil all

fibers are parallel. Because of the large variation of trvist betrvcen short

nts along the length of the yanr, it is neccsary tc' take a very lalge number

n'ations to obtain a rePresentative tcsl ave rage. ln the Parallel fiber

the lengt h of the specinren also plays an inrpoit ar'rt rolc. If thc sPecimett

b longer rhan the staPlc lengtlr ofthe fiber. there is a Possr biliry' of the entartgle

rnent of t'ibers. which ntakcs obse rvation of when thc t\'\'ist is remol'ed more

difficult On thc othcr hand. sPecimen lengths shorter ihan or equal to thc staple

bngth of thc fiber are easier to handle

Thc un t,,,'fist-twisl mcthod is lnuch sirnplc r and casier to perlorm' lt is bascd on

rhe assumPtion thal Nhcn the trvist in otre dilection is removed and retu'isted by

an cqual numb er of lurns in thc oPPosite dircction. the initial conditions of

length and tcnsio n will bc achicved. Thus thc average turns per unit length is ob-

tained. Worner (7) Po ints out sontc of thc limitations of the direct counting and

the indirect untwist-t rvist ntethods lbr detemtination of twist in carded cotton

yarns. Ilc rePorts lhat there is a good conclation betrveen the nonrinal (machine)

twist and that obtained bY the direct counting nrethod' I'loweve r. the correlation

between the machine lrvist and thc values obtained by lhe untl ist.tNist mcthod

$ Sove rned by the degree of teltsion applied to th3 test specinte ns: the bcst

agreenren t is obtained at thc highesl tensiott used in the experinrent He has also

shown tha t the nuntber of turrrs per urrit length obtaincd b.v- this method is

sr:rncrvhat lorve r than that obserred by the dircct nrcttod

GEOilIETRY OF TWISTED YARNS

The translation of the physical proPerlies <lf textilc fiben irtto textile structures

such as yarns uttl fabrics is a funttio'r ol both the fibcr propcrties and the geo-

nretric configuratiorr th.y asunre in the ultimate encl protluct' Earlicr studiesof

thc relationships berrveer'r !'arn structure md propcrties Save bcert along elttpiri'

cal or scnri.empirical lines. ilo\-evcr. nlan), technologists who are concerned with

the cvaluation of tlre plly'sical properties of tcxrile s'!ructurcs have since rcalized

that these relationships .r" gon:t'nttl b)' the same ph)'sical and engineeringl con'

cepts as those uscd ,o ,uci"futly in the cSaractcriz-ation of thc more clasic

slructural rnatcrials such as steel and concrele. etc. Hearle arrd Backcr (l) hat'e

given an exoellenr account of tlte progressivc developnrcnl of the ideas in this

field of study. Ncvertheles' it is considercd appropriate to introducc the reader

to some basic conceprr-,lrr, .ra reYclant lo rhe srud)- of yarn structure artd pro'

petties. One such *ptai it rhe. unclentatlding of thc geonlclr)' of tu'istcd yartts

llratissovitalinanalyz-inglltestrcss.strarnbcha.,iort)fyamsinadditiotlto

r.l

'l
:
i
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Ficure 5.5. Iderlized helical yarn Sieometry.' 
(a) ld-c-alizcd 8€onretry' (D) "opened'out" dia'

grim of cvlinder at rrdius '-i"i::ointc'oui" 
vt'n surface' [From Hesrle (l)l '

\rarious other physical ProPerties'- A pltil-Y of the Pertinent Physical charac'

teristics thal are innuen.Jiv twist will demonstrate its extreme importance:

ldealized Helical GeometrY

In defining the geomerry of a single yarn' the.model usually adopted-is that of

an ideal physical fo*.tfilir]r",il'.i*tA-fr"tix ,noaet itluitrated in Figure 5'5

(l). The assumptions #;;diie model are characterized bv the following

postulates:

I. The yam is circular in cros section and js uniform along its length'

2. lt is built up 
"f ' 

;;;;f tup"itpo'"a tonttntti" layers of different radii

ineachof'uniti-titfrbersfollowtuniio''nhelicalPathsothatits
ait*o from the center remains constant'

0

L

.l
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^Afilatllclltattheccllterrvillfollorvthestraightlirreofthc!,arna,ris.but
:;; ;", from the centel lhe hclix anglc graduallf increases' sincc the

l;;;;p.t unit length in aU the layers rernairts constant'

;ire;iit of rhc ciicular cylinden coirtcides with thc 1'arn axis'

ii,. nun.,u., of filamcnts of fibers crosing lhe urrit area is conslanr. thar is.

,rr. J.,rri,y of packing of t-rbers in thc yarn renrains corlstant rhroughoul

the nrodel.

I''e structure is asunled to bc ntade up of a large nuntber o!' filantents:

rhis sill avoid uty complicatiorts arising becattse of ant'descrepancies itt

packing of llbers.

Tlrisidealizedntode]carrbcrrsedto<lerivesontcveryusefulgcc)nletrical
fe.ations'Lctuslirstdcllnethclraramctersinvolvedincharacterizingthe
id:aliz.ed Beometr!:

R = varn radius (cm)

r = ra<.lius of c1,'linder containirtg thc helical path of a particular fiber (cnt)

7'= varrt tvist. turns lrer urtir lengtlt (cnr-r)

/r = length of t>tle turn ol tu'ist (cnt)

o = srrrface angJe ol trvist (the angle betrvecn thc axis of u llber ort lhe surlace

and a line parallel to the yarn axis (degrees)

0 = ltelical angle at radius r (degrecs)

/ = length of iiUer itt one lurn olt"r'ist' at radius r (cm)

I = lcrrirh of hber in rrtte turtl of trvist. at radius R (cnl)

It is clear liortt the rllodel thal

. I (s.l),,=T

ll.theconccntriccl,lindersilrFigureS.5aarecutalongalineparalleltotlte
1'arn axis and opcned out flat' thcl' s111 appear as shorvr' in Figurc 5'5b artd c'
'rro* 

trra geornc'tr."l' o[ the opened.out diag,rarr]s onc can obtain the lollorving

relatiolts:

l: =ir: +4a2f

L2 = h2 + 4t2R2

tan0 = 2t r,ih

tar)o = 2t Rlh

(5.2)

(-<.3)

(s.4)

( 5.s)

I

ll
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Trrist in Yrrns
r(b

{
ri

t:
li
I

I.
rl

t,

d'

I

d-d'
Fiqure 5.6. Itultifilcmcnr yain' shoning-diftbr'

un?" bar.**n ourer diamctet rnd thc dirmcter

(J*l') etf".rit" in mcasuring twist anSlc'
d

ln practice the relarion in equation 5.5 does not apply exactlv- in actual yarns

with a finite number of ilers. This conrplexiry of rwist Seometry has been dis'

cussed by schrvan tsl ."i'i.r", by woods (3) and Treloar (9). Schwarz (8)

argued that, in the **t'u"*"ni of yarn diameter' the value obtained

corresPonds to the diam"itt "i 'ft" 
circl; (d)' rvhich circumscribes the outer

layer of libers, as 
'noJn-in-rigure 

5'6' But in the measurement of twist angle

(by a micros.opi" tttnniqu")' ii i' the edges of rhe fibers in g:'"::t"tter that

are obsewed. fn",efore' the effective twist angle measurenlent is' made at a

diameter rePresented UV iftt cylinder co-nlai:ling the centers of fibers in the outer

i.vt".in modified lorm of equation 5'5 then becomes:

ran o = a(d'd')fit

= rdkT

(s.6)

(5.?)

where d=yarndiameter
d = liber diameter
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of T\r'blcd Yarns

8.0

0

7.0

6.0

5.0

q

S o.o
c

3.0

2.O

1.0

0 r.0 2.O 3.0 4.0 5.0 6.0

T (t.p. cml

Figure 5.7.
st. (l\lrxlel

Ertclnirl filamcnr rngle as functiort ol trvist t6S0dcn Tcnasco' tension = 100 5'

upts'istcr) From Riding (l l)

and k =(d4')id = $6[rvarz's constanl'

The value of k approaches unily for large nunlbers of fibers' Schrvarz' has

reporrcd the values "f 
t i"t't1"de' plied' and cabled yarns and has pointed out

its usefulness in twist analYsis'

ln real yarns, .*u*piion' (2) and (3) ma-d-e above are incornpatible in view of

lhe obscrvarions made ;; ;;;i", (ttil on "fibcr imigrarion" in staple^yarns' His

obsen'ations suggcst ,t,i itte patlioia fiber-in a yarn (continuous.lilament as

rvcllasstapleyarn)is-ini..tnotacylirtdricalhelix'butonewhoseradius
cltanges along the length of the )'arn'

Riding (l t) has reporrtA an'experimental stud1" in rvhich he cxamined the

validiry of cquation 5.;'i;;;rr*ining thc relationship between lwist and yam

structure. He points #;;;';; ug"i*tn'betrveen experimenl and theory is

very good for conlinuous'filanlent yarns tNisted by the continuous method'

Figure 5.? shorvs the "'i"* "f "n 
oiZnR plotted against ?'' turns of trvist per

unir lengrh for a l650l.n-r*nrr.o yarn. The extcmal filanrcnt angle and thc

yarn radius ,u.r, nt*"'i'-tJ rvith tne AO of a microscope' The value ol o and R
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Tsbt in Yarns
l0s

1.O

0.9

0.7

0.8

0.6
a

0.s

0.4

0.3

0.2

0.r

0.6

2;rth

Figure5.8.lntcrnalrualncntunSlcasfunctionol.t\\,istirctor.(Ilodulupt$islcr)l..'om
Ridins ( I l)

0.8 1.0o 0.2 04

weremeasuredattenPoinlsa]ons,theyam.Thetheoreticallycalculatedlineis
alsoplotted.Itisclearfromthis-ligurethattheexperimcnlaliymeasuredvalues
of twisr angle are, *.J agreeme;t wirh.the predicrions of rhe theory (equa'

tion 5.5). ln the same 
',uaii 

niaing has also exanrined the dependence of fila'

mentangleonpitchan<litsradialpositionintheyarncrosssectiox.Tomeasure
thefilamentanglearvariousradialpositionsalongthclengthofthe.yarn'the
traccr fiber technique developed b1'Nlorton and Yen (12) rvas used' (This is

discussed briefly i" crr.pt*, iJ rigur" 5.g shows rhe values of tan c plotted

agairrst 2a rlh. tr ."n u. 
'..n 

ihri...xcept for snrall values of r/r (i.e.. small

.ilpii*a.rl. rvherc lhe cxperimenral errors are rclarively large, there is no

,ysi.t"tic devialion from the theoretical formula"'

Ir

I

t.
ll

ii

ll

I'

i

)
n
I
I
ri

I
il
I
I'r

I
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and T$Lst ItultiPlier

SIZE AND TI{IST MULTIPLIER

ted out in ChaP rcr 4 that textile Yarns are gener alll' specified b1' their

t ot srzc' nantelY. mas per unit length or linear densitl' The reason for this

rhe diatneter (or radius) of a Yam is very difficult to de Iute because of its

naturc and atl indefi rtitc Packirrg densi t!,1 on the other h and. lincar densitl'

to llreasure and cotrtrol during sPinning. The various traditional 1'arn

s,vstcnrs (direct and indirect) are discussed thorouglil,v in ChaPtc r1

nrultiPlier or trvist factor is a measure o f the "twistfiardness' ' of a yarn:

is givcn by the Product of 1'arrr trvist and square root of 1'arrt sizc in tlte direct

the division of the turns pr trrrit length bY the sqtrate root of the

r in an indirect systenl Expressed in nrathentatical tertns

l. Direct systenl (tex systcrn)-turns per centinleler r:rultiplicd bl'

count yam. le\ = tu rrrsicrtt x tex!"

2. lndirecr syslenl (colton or \\orsted' etc" co\lnt systeln)-'turtrs pcr inch

divided b1'

coulll . cotton of )o vartl = tPi/count 
ti

Tablc 5. l. Sorrtc }tajor Ycrn Counl S'vstcnts

Colrvctsr(\n

Unit ttl'
Ts ist

ItultiPlict

Some exanlples of the maior yarn count s)stems and the twist ntultiplien and

thcir relationships(conversion of one systcnr to thc othcr) are gi{en in Table 5'l '

liarnc of
S)'slcm

Dilcct S!'stcttts:
Tex
Denier

Indircct Slrstcms:
Collort count
Norsted couttt
I,leiric numbcr

Unit oi
Couni

g/km
gi9000 nr

840 l'd htrnks.ilb

560 Id lurnksi lb

knt/kB

to tc\

\lultiPlY LtY

I

li9=0.lll
l)ilidc into

590.5
8S5.8

1000

r"rl{ turtrs/cnt

Conversion to

lcxi! turns.lcnt

Ilultipll'br'
I

!lultipl)'bY
9.,( 7

t t.?2

li
r piicount"
tpijcoutt t "

The idealized ,vanl gcotnetry can be used^to.express the relatiolt betrveen 1"am

."rr,, -O trvist ntultiplier as derivcd in tlrc following nrantrer:
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I tO 
Trvist in Yarns

Volume of unit lcngth of idearized y-arn = rR2 and if uu is the specific

volume or,r,. vtt?;;;;i; t#/s' then its nras is rR'1l5'

Frorn this it follorvs that:

Yarn count = C = mass of I km (ill tcx system)

= (dR2lvr) X lOs tex (5'8)

Rearranging equation 5'8 :

p = (urCi losa)% (5'9)

and contbinirrg tlris wirh equations 5'l and 5'5' rve gct:

tano= lo-3 (4on rr)h C' r (5'lo)

=o.oll2 r1,% i (5'll)

where r = (/' ,' lex% turns/cm (trvist multiplier)'

The arnounr or tr"iri n..i.a in " 
yun 

-depcnds 
on rhe larn lizet 

the staple

tengrh of the fiben ;r.;:;;t the desired .nd-ut appricarion. A y.arn may be

soft-twisted (such as n"ft ttt"tl or it may be hard'trvist (crepe yams)l the factor

used ro achieve ,n.r. i.rir.o characteristics is the "trvist multiplier"' lt is used in

the industry in such t "'V 
tf''tt it is independent of the yarn size' This is madc

clear by equarion s.irl Jr".i,horvs the'relation betrvcen twist multiplier arrd

trvist angle. ,.(rnesej ,."o-qurntities are.directly related irr v1rns..1f different

counlsburoftt'esamet*istfacto,willbeg,eometricallysimilardifferingonly
by a dinrensionr.o...i.'ir"tor,'as stated uy-Hearle (l), Hearle hasgiven values

for trvist factors and twist angles for some typical yarn specific volumes(Table

s.2).

Table 5.2. T$'ist ljrctor and Twist Anslc

Trvist Fector. Tcx /t rurnsicn,
Spcific
V<llurnc

lcnr'i8)

0.5
r.0
1.5

20 40 80

'f$ist An8les (dctrccs)

60

25

34

39

r00 120

44
53
59

0

0
0
0

9
l3
l5

t8
24
to

t)
4Z
48

38
48
54
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Yar16

(s.8 )

5.9 )

3.0-3.3d
J. r-J.o
4.0{.5

6.0-8.0

rnd 'l rvisr IlultiPliet
ltt

lYPica I talttes of rwisl rnutriplier used in the textile industry' are Siven in

5.3. Gcneralll', long staPle l'ibers have a tendency to bind themselves

better than short staPlc fiben. lt is rhereforc usual to ux a sligittll'

5.3. Ts'ist l;acrors oi'l'r-piurl Tcxtile Yrrns

Ts'ist Factor
(traditionel units

tpir'count::)

yJrns

l0)

I t)

Doubllnl'. s'c'i:

Rirul wcft
Ring twisi
V,'ilc
(ircpr'

W()r\lCd )':lrllS
H(.sic!)'
Soft rvoistcd
Mcdruirt Notslcd
llard \erstcd
[:xtl:r hard u'(rtsted

T\\.ist I:aclot
(rcrY: turns,'cnr)

29.3 2

3 2-35
JO{ J
.t9-5 3

,\1 -7',|

t'l
20
)1
26
29

t.4D
1.7

1.9

2.2
1(

rplc

be

tor
lin
rde

urd

,nt
rl)'
res

rlc

ot'sr,g,:otlr,1 aornt.
D 

1 I 5i11g rvtt rslr'tl c()un t. f to r'tl S tanLrur!' I nd B5'crle1' ( 2 ? )

Iower (rvisr lnultiplier tbr the fornter casc than lhat used for thc correspollding

yarn nrade from shortc'r sraplc fiben. Because of the helical alrangenrent of the

fibers. a y,arn suflCrs Sonre ;ontracti.rt. u,hich nlay range fr.rn 2 to 3% in a soft'

lwis( !,arn ancl up ro l0 to 12.% lor hard.trvist )'arns. consequently. there Mll be

a considerable diflbrence betg'een thc ltonrinall)' calculatcd trvist factor and

t$,ist bascri on rhe zcro-l\\,ist 1.'arn length and the aclual values in the twisted

y,arns. The effect ol contraction is ol irnportancc in adjusting draft during spin'

nirrg ol staplc !'arrls. Thc Subject of cOntractiorr because of lwist is discusscd in

secliotl 5.6.

Optirnunr Trvbl Factor

There iS a certain ntinin)urrt value of twist factor belorv 1'ltich it is inlpossiblc to

spin a staple .v..arn. .A,bove this ntirrinrultt lrvist factor. $'hich is Strongily'influenc'

cd b1'sraple lcnl:,rh. fincness. anrl l'iber surface (frictional) chsracleristics. the

cohesivcness (yarn srrength) betrvccrt fiben increases at a fairly rapid rate initial'

15,.. At lorv rwist hcrors. thc initial increase in yarn strcngth is detc'rnlned bl'

the resistance of fibcn to slippage.

t0

)

Ex. 2020-019



I I 2 I rr isl irr \'11;1,

.\i hi3h tr,,.isi I'actois. tiir' ;<-)irtriituiioli irc;arisr'()i :!'s:siiliica f () siil)!)3!c i3:lcites

li sic3(lY in:r\il:rir|il. llr)t,,c",'r'r'. es ihc i\,,ist l:r,-trtr lreirr;:lr's iiigir. tltc't'l'lc';i,r1'
llbci trhlii;irit\ i()r'i:is iltl,.r trr131. urttl tili: ilirs I t!'ll!icirjV tL) jurlsc i.t (ir'jri'ilsc lri i;:rn
sirL-r'rtth. Tiic tiitst.sttr'rrrtil rci:lti()nshi',r ts :jlc:cii>r.' iir.'rr's.ilt ()i llie sirttullt:t...
rlus r)i)aiJii()il rrt iil(' iv,\-) il:l{:als, .iiS;itssc'.1 ail0rg. 'l iir' t\\!si :il.'i\)i :rt ri iiiclt
i|13\iii)'Lt;i) sirsriltli :s :l"ilic\cJ, in an1 rtVcn sti|)ir' ) 11il1 is s(,nrL'il:lr!'s ;:tlir'.i tit..
"():)lirit,r'r'l twisi l'1.-ltrl." I h* ()r)ii;illliil irr ist luii,.ri ait.i tllc i()\',cst p:3j1.:j3blc
i'.i'jsi ,,rjii'lrriii tlc-ircrril (.)ir si:!-ir llirr':.'irri:r.:t:'lsiics ts liir*: ir'rtctir. ir;lrl]c.i..
bcrrr!:rtg .ifiii il!-\ur:ii L:giriiti. unri I'r:il.i()r'1iri irr'rrLrcrtics. Till rlrtiinrul1] i\\,ist
l'lettrrriijj 3]srrt:rr'','rrilhthc j\)uirl ()l ):lr:i)ci:lssttun.un.::tis.'n:iieivl)rrsSilrl...
li.r, 11,a i:)i.r\ii!ir.:lu r:rlrtt'rr!'i,:c::kirt! i\)r(: ilri rrc:rk:r:.; d\i{:lsi{}:t ir'()i\'llr ir'

.ii!'icr.'rti lr'i'gis rri i,','ist. .\ i:itr:r'rir-i:t:llil r::s.'i:iiii;it r.ri'1ii.'iir,iSi strr'trEti:
rciutiolisltil :n sllPl.' \'ai!r is :'(.)u|i\i in ('hlll)icl- 0.

coN I lt.\('l to\ IiE('.\t.s1: gl: t'\f ls I

(-)nc c!'li'ui r)l i.\'.ist iir l ilrrt i: to !lri.is\: J():rtiJct:i)n u\:: r'!'s:iil rri ilrr'lr>rt:lcr rrli:ir
(lrr'clirsc ')i- llr'l:Jlii i1(();rtc'r\ ) :i,,lltrrrc'ii 'or tlrc lli,.cLs.'l irc tircorct!cui ;rlcullriir';i
ol'i()ritiaill\)n irls irucn irult ,,r'itir irr''l'rciol: (ot. \li)r'r,)t) :irrtl Hc-rrie (l.l). air,i
Orlrcic (i-l). lirc tlico:eliclri lruitlilc:rt is irlx'; orr lhc J()nside::rti():r ,,i' ..:r

idcalizcc ti';isl gcrrt::.'irv lrt,i iitr'()icuI:!'ncc rrl'llirc'l r'niqr:rtirrit irl litt'r':rlrt. liic
c\istr'rlce ,tl'Iilc'l il)itiiiliior) :lc.:()llr)is ir.)l titc ct'l'L'ati\'!'nrc:lrgilig rv:t]ritr iitc y,'l:n

rri tltc'tiill"crcr)l llbr: Icr::ltlts lt tiil'tc'ic:tt ir1r5,11!ir;15; illr'd!'!ici!'r'liv r|r ierrgrh iirr
!jlarrtr'ttis Ild:rL tilc s'!lIiscd is rttutic up bV tirc- !'\'c!'ss ()icti:'irrtg r',iteit liter urt'irc'ui
ihe ccitt cr.

'l'lt"' y.:rrn i()nir.:lcll():r ;lrt irc ri.'i'ine,i rr: ir','r-, ,,r it s:

il il il

C\)il I I llCi:\)il I llji(.):

rcl r3iti\-)il

ic'rt:ll il, r i.zr'r t).i',', iSl.\.tI t:

!r.r:gll: rr! ii,, islcrj r':irrr

L>

ic:t,rtir rrt'lc:o lrvisl r lLrt -

, _ l:,tii!rl,l.U.-!ll.i-t.rr'.I_
ictt::tit tri'lcio l',\isl t'?iri

Irr <ltlrer ir,rrris

('. I (1 1lr.) (5. l: )

l'itc ctrtttructi()ti lJcl()r'is vetv uselitl rilt.'n .ir'uirrtll *illt steirlc ]'arr'!s. lts \':tlilr.
IJlllL'S i:O:i: I iirr ttt-.r J!)llt:3vli,)il irr i11':'t ,t' l(1l J(rnl:JCll():t i(r lCra).erf:ltlf. Iite
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Crrnlrsclioll BNeusc of T\\'is(

c\)nrrscliorr at.ic,crs..the size or coutrt oi the spurr stSple )'3rn: tltete!r'rre' ct.xl'

tracriL)rl aactor ltldlcatt'- tttt irctor b1' uhich ihc tJrall nrrrst be adjustcd ttr

plcvenil'ilel\\'ist.coiltractionl.Ic)illdccreasiirgthc}.lrrrlsizc.l:orcx3|nillc.lia
1.0 hlnk rov!ng ts ap'" 

-itt- 
lb singlc 1'arrt 5fi ctrtttlectiolt is allori'et!' lhe dreli

atliustei 3i lhe draitirrg rc'llers 
'rrust 

be:t::l:t tiran it: thri is' ii shcrtrld lrc

1s.90 illstt.e(] trf 18. Tlrc 1r:rllr:lctcl 
..rctI.ljtic)11.. iS irl.:tlt.l.lrlnl1' uscii 11.)1 gi.r11.

tintrous'l:lltlttc'tlt ) lrlts' and its I'aiu0 r'artg'es llonr 0 lrr i' Thc' lctrlrcti()t)

ruprescillsthqfLaclitlnaltlecicaseirr!cngthc,rittctcltscirriirclincaLtielrsitl,
(denier) r)rl tv;istirlg corltirluous'lllel:rent )tttt'' 

..^...,.,,r i,r r,,,!r1\ ()isr.r!i
l.hcth.'.tlreticalrclatiirrrshiptlrarc'xurcssesrcll3ctiollitttu'Itttstrisulllrcetr'''tsi

rnglc hus iirc ioliorving it>rnr (1)' I j ):

H.. = (eirlT

-secti ! -.!-c(rs(( =t.rr:(a,:) (i.i-i)
scd(r+ I i +c.tso

\\'hci,: ! = It)!'etl lc'ttqrit crf tllantellts ln thr' icrlgiil il tri tir isted ) irll' 3l)(i

c{ = sllriacc l\"'ist 3tlgle'

Tirc cerrtt tlctit>tt laCtr'rr iS givCn l:r':

contracliol) f:ctor = (', = l,t+sc;a)

(For t:eri'.aiitrrr ot titesr: c\plcssi()ns. iltc tc:rilcr is rclcrret!.to r':r:l::::.:'ltl .1'.',.,
l itc tlicoreiical r':ilucs tri cottit.acliott i:tctttl lll(l letraclion iof vallotls s\liiscL'

lrrist urrglus rJg' 5horrll in l'l'olc i ''l'

t
ll

(: . 1.1)

l ablc 5.{. \'riri ('otltl:rcilc':l-

'l.r is:

A nrit
((r I

('o rt I rr ii l(\ t]

1:;i6',qr; (('y)

Rci:ireti0ll
lR.:')

i.f
l0
l('
-i t_,

{L},

,s0

I rl

l.it(tS
11r._rl

I.DIS
l.ls3
t 1-a

(i

g.r.r0S

ii.u 3 I

(r.0 j l
lr t_\,

,t.: t -

dlr.,rlllc:rlctl).

'l'aitcrs:rl (15)and Riciirrg (ll)ltavc cartic'd L)ut exPcrinl.t1131 51ndig5 trithC

el'fcci ot- trvist olr thc rciraction cri c.rltttttuoUs'filalnent l arrts"lhel' ha\e cclnt'

ptred rheir cxperinrcntllll, OLrtaincd rcsults $irh tile prcrlictiotts oi' 'l Ielitar's
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9
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4.0

2.O

0

-1.0
0.60 o.2 0.4 0 o.2 0.4

2rR/h
6)

2aR/h

k)

Fiprc 5.9. Rctrrction on "st!(ic ts'isting" ol' 1650 denicr T!'nxsco: Riding (l l). (a)
'fsistcd undcr tcnsion of 100 g \tt. (x) Ts'i511n*, (.:) Untwlstin8. (-) Theroreticcl: (D)
'fu'istcd undcr tcnsion of S00 r wt.

theory (9). The nreasured retraction valucs ob(ained during "slatic twistinS'(a
length ol )'ern nlounted betwcen a trvist ltead and a lraversinq trollcy) plotted

against 2n Rih. that is. tan o. did not show a good aSrccntent with the theoleti-

cal curve. The retraction was found lo br'dcpendent on trvisting tension, as

shown in Figure 5.9. Twisting at lo$'lension Save retraction values considcrably

higher than prcdicted but shos'ed perfcct revcrsibility. on the other hand, at

trighc'r trvisting tension, the retraction was lo\Aer than the predicted value and

Bave neSatiye ralues on untwisting lo zero twist. This latter bchavior has becn

attributcd to thc irreversible straining of the filamcnts and kink forntation,
r,r,hich rvas confirnred by visual observation, Thesc kinks are forn)ed during static

twisting rvhen the filaments are locked in place and arc relativcly rcstrained irom
migrating freely. The free rnigration of filunents in a trvisted ,"-arn is essential lbr
averaging of path length. Horvever, rvhen rctraction valucs u'ere obtained by
untwisting yarns ntade on eithcr commercial nlachines or on special laboratory
machines (continuously trvisted yarns) as described by Riding. thc agreenlent

u,ith thc lheory rvas found to be excellcnt. This isshorvn in Figure 5.10. Trvist'
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Figurc 5.1 l. cont:action frcirrr rcstrlts. iitcr Ilcatlc. l'i'Bchcry' rnd'l'hltkur (16)' l'hc tinc

is dr:rs n accorctittl: ttl cqu:rtion 5' I 5'

conrraction values lor various tnaterials. viscosc rayon and Scetate )'arns sho\\'cd

good ag(eenlent with thcor.v. u,hcre:ts Tenasco s,3ve anolllalousll' high ralucs'

It is clcar frtrnr thc aboYc discussion that. witlt ntinor cxceptions, equatiotts

5.14 and 5.15 give g,ood pretlictions of thc contraction and rctracliotr bcharior

of continuouS-filurrenf y-arns. The disturbirrg fcatures lhat carr cause det'iations

are:

I . irregular tu'isting ol 1'arn

2. pelrnarlent extcnsion ol lilantents

3. kirrking or buckling ol the central filsttlerrls
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Figrrrt'5. l.l. (1,-'rtlitt'iit'lt duc :\t l\\iiitrll: e: ioiiull \itlt. L,nldr:ict't. l:*:rlti.l:rll Sir:;ps,'11
(i-l (.r) Plrri o1 1g11,gt1r)r'l Jf;rinst i\\l\1, (t) l,rr-lrrf Pl,t:.

The contractir.rrt beltavior ef sl)url c()ltorl van)s has bccn discusser! b1. I-elrcl-

strcct e t al. ( l?). Contraction is plottcc! rga!nst lurns l)er unit l!'nglh supplicd ar

zero t\r'isl for onr' set of )'arrrs irt fjigrrrc 5.1i. \lt'hr'n the <iata sho\\,n in Fi*,urc
5.1ia arc prcscntcd in thr,- lirrnr ()!'a los vs. l()g olot. es shorv;r in ljicurc 5.1-iD.
thc'rr' rs a Sood fit *,iilt art erttpirical cclrtatirrir crl'thc ti)rn1:

= k(.'l')" (-<.16 )

ln practicc. thr: cxponcnt rr is ibund to bc ol'the ()r(lL-r of 1.5. rvhich relrrescrrts

the avcrate condition in cotton spulr )'arns.

I'tvlsT.,\NlJ FIBER P,\CKING IN YARNS

Anotircr t'caturc o!')'arn structuie that calt be described iir a sirr:plc idcrlizcd
[t>rnt is the oackirtg oi fiLrcrs in 1,arits. Scirrr,arz (lS. I9) h:rs tlreorizecl thar tirc.

packiltg o!'circular l'ibcrs can bc describe<.i br,trr,o basic ibrnrs: (l )crptn plcking
and (l) hexrgtlrtal clrrse packilra.

a
o

o

a

a
a

o
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'l'u ist in Yarn,

Figrrre- -i.l?. (r."' )ccii\)n ('i il 11\)i slitic:lc(: l)"1(\n iirc \''11(:' \i)(rrriilj :i!:rtllilli 'il\:()

illl!'I I);i\rtll' 1 1t'1.11 \\rrori' (ior":lttrJ l)'rl:rsrlir t i6)

lligtr tc,nsr,rn 3r)(i :\\.ist c:llt causg <lclbrrrnrion irt tite llbc'r shrprc. cspc'cililil irl

thg1ll1qr1lllstiu),3rtls.3Sshtr$'nirt[:igtrrc5.i].'thisslto$suitosssccliollol'ahtri
strcrcheci 111'1r'plv n)'loll tilc cortl itt *hiclt thc filrrttcllts ltcsr tilL'ci'llt!'r sceill l\)

lra', e tlc lirrittcri irtto po!l ltlltl l sil3l)!'s llll(icl i)l esstl lu'

D i s t ur i; i tig l tt c t i trs

(i) ldcll packiirg is not achic\,ctl ii thc tc)t3l Iru:I)ber'oi'l'ilreis itl tltc llttrt crc'ss

sccti()t) tlit'lcr irrtnr tltc' iigurcs g.iVerr irt leirlcs i.-1 rnd 5 5' '\rrl dc'r'i3tit)ll IrQlll

rlte apprtrpriatc III'tl)lbcr r"'trrrlc! lttlrkt' th(- iii)el's ;)ack ltllevclll) ' Iesultit)!l ln ull

i rrcgul arll sltirlrc'd cr()li sL'ill(\!1'

tjt 1t.,.- sirnpic iclcal tirriirs tiiscusscrl erriicr tre truc ior:r circuklt l-r'n!'r slrapt''

Other llber shafrcs u'iii rrrodiiy'thc itlerl Packirlr' 3rrltlltl!'nlsnt'

(,j) l-5,isf Irs a pr.,iOri1<i Cilect oll the lrrrulluel]l8l'll ctl iittcrs ilt the 1':rtt uitrss

scctron. lJecausc trf trr!st. thc' llbcrs itl tllc oiricl la1'ets t.l!' the 1:rrn iolloe a

h.'iicrtl i>arit: 1|1i5 in1;lrriuces cllipllc!t\ lll lhu !'rQss st'ctiorl trt'thc fibcrs' Tire

cllli)ircal a,r.'155 5cgtiq)ll iurilter al-lc.:is tirc p:ickin:' rirlrs nrodifl ing thL' i(lcirl

:rIIJtlseillent ttl'lllrcrs iti ihr- Yurlt !'r()ss s!''li')t]'
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Trr bt enrJ f ibi)r P3ckins in Yirns

Figure.5.lS. ('losc pecked Cotton Yarn J:t66 56lqx1tz ( l9)

t4) 'l'lre orhcr distutbing el'tcct of tuist is thc.variati""':t ltl:-f:th 
length

bc'trvccn trLrcrs at ,lit-ttYt;'t"*Uttt oo"ttotts itr thc )'aln cross section' 
-[hesc

drfferences in thc l>ath';;;;;;;rt'be nuliifie<t cirher bv bucklinS of fibers in

tl:e ccntcr .r b' an ,11t.rcfi.,,S. oi radiai position of filters (rnigratioll)' r"'lticir

rcsults itt the eflccrivc averagine oi path lcngths'

(5)Sorrretinrcsirrcgularitiesintlre3rrangcnrcntoffibcrspricrrto!'amtOrilla.
titln (srrclr as irt roving) nla} pcrsisl irt thc lrnal \,arll stl,tlctt|re. trreg'ularitics in

rhe urrrrgerrrerr ot. Ir;.;;j;;iru'r.r,,t, froni ihe 
'ariatitrns 

in liber lengt'

s'lpplied 1c! thc l$'isting ztrrre irt stalrie 1'arn sptnnlllg'

(6) Other pru..r.ing, fttrt"'' tuttt-as the pasir)g oi )'3ltls ovcr guides or

l.elNeerl lccd rolls duLing \,ilrding. r)la),cause changcs in 1'arrr sltapc,'.ln xdditiotl'

the lbrnr of trvistirtg, ,rr.i ir. o'heihe' tilc fibcrs arc prcscntcd in a ribborr fornr or

tn a cl,lirrrirical shape, nra\.iulrociuce as)'nltrleir!' ant! irregularitf in tltc shape of

the varn.

l)bsencd Packirrg of Fibcn in Real Yartrs

Schr,,,arz- (19) lras rc,lrorte4 a teu, exanri:lcs oI the kirrd ol't-rber packing achicued

.rt acltrlr! l,arns' Fieure 5.18 slrt.lv,.s llrc cross seclion of a cotton ).arlr irl rvhich
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Iiigrrr.' S,19. "-i ::l.t:::ttt: \l\-.'!.' r ::il i:]"" i:l: -1 ll:t:1 \";! il : :: l" :: ":'': irr

5.;,'.r. 11;7 rl:)r

1';lr1';1, 3;titg3: t() |rj vj()se i):i.l(c(i i:i lr ilrlivjrrl1ltl sitllllr'1:til:li'st iil :,i:.lli::ld sltlll);.i

On ilrc rriilci itaitii . I:i*ir:; ).1() sii,rr,.s llrt ('\i]i)lt)l!'\)i :.1:l ()i)r':l'11:lckc'i sl:r.liiilli'

i'or r -5-1'!lluilciti l(\\\'.t\\iSI ',tsC(r\J lii\\rtl \':lr:i.'liilS Sirll.-tiilJ ilils il tillt!''ilil:i

J()lc \,,iiir li)l!i ()iit!.r lltl.'l's. l:s idt'lill!'ic'.i ilt iirl illlrslilril'rrt'
S,rrttc itttilt;: J\:ll1li)i{s ()i illc' i':l(iiliL: r.'l'lii:t;:lctlts i:t iitr' J:()Js sc''ii()ll\ ()i

cr),!i!lu()its-ill:i:.t:cl:l \ ii:ils h:lve i)i'cll :r'ir,rrtdu l'r llcl:'ic' lt:lii L]trsc' ( l(l) l'irc:c

t'it)s\ Sr'Jtir)ilS { [j:::l.ltc : ]()). lricfli:C'\: i)\'(':llird!id:i)]l \:ll:li::l :!''iii :::t'i ihc:t qi:l'

tiilg SCaii()its. 5ir1rv,' iit:li ill :tl:llt)Si :lii .jllsC5 iiie :':i'.':r ijll\i i(-) !lltck itt L sitrsC'

olt.l(r-t: li.r:rit. Titcre i{ s():)rr'cvl\icilcL'rrl'iite ilrcSrillt:il"' :ttt,i :ls}:l)i!lc:;\ lll li'.c

pllcl(il.j,:.. 3s it()iill!'(i ()rit i)\ iiii. ittiiit,tis. 'liti' :r'L':-'llJd \)! i.l\\::l:llL'il'. ltls irca:';

lrtli:)tl:,'(l trr li:c iiiril,'r:-l\'.:stlllr' !'licat.

EFFLC't 0F l'\\ tsl' o\ Y..\l{\ Dl.\\lI I EII ,\\l) sl'[('ll;l(' \'oLLj]ltl

lli ,.rO',e:r i:ti):i.s. !'sl)c..iuli) i:r tirliriil $,()\d:l \llilJ:iilL-s. tltc i:ricitltrJ:i.i l):cssil:c\

sL-! ilp iiu;irt:: r,.carinr,. ilrr'r cllllSC cr)ilSirigl:rbic' iilre lrl lilri:crri:rg. 
-l lti: tll'lc';i

Cici.:t:riti!s J()nSi(icflri)iC 3llL':lii()lt lil illl.i!'lSi?ll(ii:l:'. il.lr' gurr:l)eiir rrl i:'llliir'

silitc(utcs. 
.l'h.. 

e i}ltit:lc.ii i:()s-\.s(:clir)!]:ll sh:rpc !)i ] i.liil\ i;i I'llilii;s itas a sirlrlil'tc:lrii
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l:igure 5.20. \':rrrl erirss:ctlir)ns 1,'irr;nrlcti irr llc:r;lt :lnd B.rrc (lti) (r') [<ti'lr'o J''tlt lS0'

I'i rpi. ,,,ri*is,.J. if,' T.,r*r'.. J()l') lS0, l(, tpi' ttpt\\isrcJ' tc) 
'11 

1'1n [i{0 t36' 1t} ipi'

t:lrl\\'i\t.j(I. r(/) n\l\)n S{0 136. l0 ipl.:in:: l$'t:tcti. (r') r'iscrrst'i00'S0' l0 ipi' uPt\\isicd' (D

i(r\lcnc loil qS. tti rpi, r,pr*r.ic.!.'trjrisc.rx'100'10. li)ii)i.uPi\\i\:c(i'(ir)nilcrn 100 'f i'
l,-'',i,,,. ,i"i ,,;;,i;.'l;; 1,1"n...., .100 ls(.t. -i(r ipi. upt$rstcJ, (i) rilc(rsj -itl0-5t)' -iLr tpi'

trpt\\)str(1.1/;i'[cr1.lcnc rOO,iS.iOrpr.u!)l$islcd.lJ)Jrsct''sr 100"2{'-l0ipi'upt$isicd

t25
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Twist in Yarns

cffcct on rhe aesthctic as wcll as some physical characteristics ol l-abrics' Some

ot,t',.r* efl'ects are discussed in a later chaptcr'

The bulk dcnsit,v ", 
;,;-rp;;. o.otunl. of a yarn is a direct manifestatiorr of

the rval' thc fibcrs pack in ihu l'"n cross section' The factors that are likely to

affect the yarn density u'c tt'te fit"' typt' the densiry of the fiber material itself'

y'am twist. and some t;;;; r"cto's :{1.,: 
thread tension and conrprcsion

encountered during rvinding' rvarping' rve.aving' or trvisting' Thc yarn specific

volumc is given b)' tht';;ii;;'irrg ielaiionship'ivhich is obtatuted by rearranging

eo.uation 5.9:

,),

1,.r.=aR2;fXlOs

= ran2 a/q; CI2 X tOs (s.r7)

\Vith the excepdon of monolllarnent yanls' which have a spccitic volunre equal

to that of rhe tiber *t;;;;i' ;h" 'p"titit 
volume :f,"tt :tlti^:T:: 

varns is

deternrined by rhe votumJ'".."pi.0 f y rhe tibers and the air spaces incorporated

inro the body of trr. yrrn.-Crnsequently. thc yarn spccific volunre is always

rnorc than thar ol ,fr. iii.rr if,e,ns.lr.s. This ielationship can be analytically

;;;;i" i.*l, or a Paramerer' packing fraction' d' as follorvs:

6 = tilt't' = liber volumeiyarn volume

or

v, = vy'Q (5'18)

The specific volumes of tcxtile libers range from as low as 0'4 for Sias fiber to

:s high as l.l for PolYProPYlene'

It nrust be pointed oui 
-thar, 

in addirion to the influence of yarn twist' the

l.arnspecilicvolumei,ur,o.irt...dbysuchlactorsasthestaplelength.fibcr
fineness. the sysrem o" 

",r.,i.r, 
a staple iarn has bcen spun. and thc conditions of

tension and colllpression in different Proceses'

From equation 5'17'tt ;; be reiiz'ect that the nleasurement o[the specific

volume ol a yarn requires the determination of 1'arn linear derrsity (C' count of

yarn) and either yun diameter of yarn t$'ist and iwist angle. Expcrinrentalll" the

yarnlirreardensitl,i,easityoutaine<t'Horvever.rrvistan<lyarndiameterpresenl
sorne dil't'rcufry. prnitJi"fy in the case of staplc yarns' Experimental crrors in

(he rneasurem.n, oi toi'i'ond diameter of staile yarns result"fronl the diffuscd

nature of thcir surface outline. Twist nreasuremerit is especially a problem rvith

open+nd spun staple ,"'nl' Utttft et.al' (21) and Hearle and }lcrchant (?2)

have used a sintple micrt"copit techniquc to cvaluate thc 'varn 
diameter and
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53.1 6s
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Limitinq yrrn $>rvrfic voiumr'

Frbr. sprtrf rc lolumc

I

ri0 'fs ist in Yarns

3

'{

6

2

1.2'r

0 8€!

o266810121416
Tv/ist f3cto(

liigtrrt' 5.2{. Ccrllccit'C crrrrc\ ()i ii)ccllri r'()lur:lc Jtuins: irr iil. IIr'.r:ir' .rla }tcrch3ni (l: )

tu ist ang.le. Th!'! ot)scr!c(l that tite tttictosco!)ic iechni(-luu- tcndcti to giVc a

raihc'r higlr value ol'sDecillc volurnc, \'!ilcrcas tltc'iu'isl anqle ar)i)eared to bc lou'.
llearlc ( I ) has sugg.cstcd reesorls lr)r lhis, ns illustlate(i rli ljigurc -i.l l.

Verr lssunr and (lh3nrhc'rlain (l-i) hate dcscriberl a ohotog,raphic teclrniquc in

s'hich l biurrcd irrtagc cti a rur)ning varl is obtain!'d. This tends to a!'cragc tllL'

cfteci of protruding flbc'rs at thc surlacc.'l'he l)hc)tou.reph is then !)hotolnelric;tl-
11' scartncd lbr diulnct,-'r rllu.'s.

Hqrg,ever. t<l urrdcrstand thc stiuctrlrtl q!'()illeil'\ oi'labrics it is esserttiai to
considur thc threld flattr'ning, caused b; tlr.- intcr) 3rtl prcsstrtc irr tllc Iabr ic.

Hanriltcln (2.i) has ci,.'scribcci a incthod lor rtteasuting bilih the ntajtrr artd the

nlinor diarnctcrs oi a ),ant urlder c(rr(!iiions oi'threari tensi()n and corttpicssiolt

silnilar ro lhose \,,hich occur ciuring rvcar,ing,. packagc rr!ndirtg. rvarping and

krritting. The nrethod consis(s o!',,r'inciirtg the yant in adjacerrt coils ()tiIo 3

spindk: ot'suitablc diarttcier, as illustrate(l irt Fiture 5.11. This lncthod is appli-

cablu' lo bcrih iiiarnent and stap!e )'arns or'!'! a s'!tic raitgc oi I ern sizc's. Tlre

nrajor clianreter c is calculatcti l'ronr tlrc nunrbcr ot'turnsot'colls pcr unit lr:ngth.

t
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I
'I
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.P 1

dianreter is sh.u'rr in lrig.urc 5.r-j: tlru- (ic'pcnderrcc of specitic vr-rrunre of ,.1'lon 1',arn orr r$'isr is irrustratca in t.iguic.>.:1 (:r). orr the orher handresults oi thc erfccr rrr *'iltding tensi,n u'ti rr,.,ist ,rs,esured b).ttre c.ir u.irrnreth<.rd arc sl.rou,n irr Fjtuic 5.15a altd .5.1-so.'fltc' r'alues of specitic vorun)c' reportcci ir, rori.,u, r,.,qrkers are sirrrrrrrlrizeTeblc 5.6.5.7. anri 5.ti. Ir is clc.ar thar rl,.'.u-,ri,, spcci fic volume. us rvcli as

l'ablc 5.6. \'::rnSpscri.ic \johtrncs iilnori,lg l.ttc(.t ot.Trr jsr)
(ra:t lssurn :rnrl Ch3yy1[a;1;i1,.,. 23;

lJill l\5c
Spccilic

\'()!. (i::ir,rl:)
Pu r-k in;:

ljralcli{),t (O)

Spulr::r',rit
CL!: l()n
\l'rrrsir.d
\\'oolcn

I .S.r

I . ri"l
i.r0
l..t 0

{).{.1?
r) lit
0..1-i:
0.32I

'l'ablc 5.7. Djrncnsicrnsof Stlplc l-rbut \,:l:sicoiion.ruun.Trrlsl [;3.1-, = .jj tcr,.iI ults,i(-,))) ( llarnrl t.rn, l.l)

Yrin

Diaincit'i (!)

-

I{ajo: Ifinor

l- ilrc:l
D c'n si i1'

lrer)

Yrrn
S1: Vol
(cni..ti )

Ijibcr
Sp \'<>l

(ctn I,rS)

Pack

F ec:,
(.oi

Ra1'on. .l i,: Cen. l'.:" in.
Ray'on, I dcn, 2ii in.
Ray'orr..3 ricn l',,," in.
..\ccratc i dcn, l',i" in.
Triacetllt'. i dcn, t .;rr_ in
Cc'ul tcllc (ac:.v-lrc).

J dt:n. t ',i'. rn.
,r..ilon, 3 Ccn, llt in.'ferl'lcnc 

( pol),csrer )
3 Ccn. I |i in.

Cotton.'l'arrguis
: ti{
J/-t

ti6
165

JJ.O
_i 2.0

- ',.U
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l.6 t
I.,i5

t.i()
1..2:

:i0
:.r I
ir )
l6.i
26)

)Q 1

2,:6

r62
l?i
166
I )J
I ;-9

-'Q <

-11.:i
_1r-r. -t

3 1.9
)Q r\

t.rJs 0.66
0.(i(r
0.66
(). ," ('

t_).: ;r

0.61

0.59
0.5 s
().s9

t). s _(

I

I

I

I

lt
l1
30
_i9

I jJ

I (16
0.$ 7

0.Sri

0.?:
0.65

0.5{
(i.60

0..56

0.s i

packine iracrions. var-v- v;iirel1'- rbr borh spun an(r firarrre^t ),arr)s. Thc packin:fracrions range rio" about 0.-r0 rbr s<.rnre'spun 
'arns 

up ro apr)ro.\inratcrl. 0.!tor hig'11" rr'isted I'ilanrcnt )jarns. 'rhe theorcticar rnruc, fbr hexagonar crostpacking is 0.gI. rn additiolr (o yarn tc'siorl and. conlprcssio.. rhc, 1,arn packinllracrion is arsc'r at'recrc'd by fiber wrisbles ana btrnaing. r'hese incruclc iiLrc.r

[:,::[:".".ss. 
crinrr;. anct rhc blcnctin.e .ri nf,.,, r,;irh ciifiercnr bulking charac.
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li{

c Sell frbet Yarn
6 Unrform blcnd ot a rrith st'fler lrbers

c Elend wilh Jtitler tiberi in cote

d Elend rsrth srifler fibers in outet shcrth

Y3rn surlace hel ix scale

Eflects ol tv/rst on blcnded yarn rrgidi:v

comptele tre(dorn ol {rbe: motron

'fs'Lst in Yar:n<

o Sell frtrcr Yarn
, Unilorm blend of; vrith slI{fet libets
. Btend v/rth slillcr trbers in core

J gtcxl'nith slillcr trbers in oJter shcnlir

Ydtn !rtacc heirx anglc

EffectJ ol tvrist on blended y3rn tr!;idrlY

oo lrocdom ol liber molron

Rc'

!11

sri
cll
c('

rh

Ir
d

ri
c

0

g
R

.l

E
3
.9

.gEc
.E

€

d
b
t

I"igurc 5.26, \ ilrn \tlrlrcc itr'lir l:lr:ic' [ :'r::t Plail cl iil' (:S)

intiividuel 1l!g15 s'ill in tttrtr bc aficcte':l by ihc gc()nrctric fornr in whiclt the

iibcr is nlade to lie in a irr,.| .nc subscquerlrl! in a labric. hl astsPlc )'arn.thc

corl.tpor)crrt libers rlrr noi lie strsight bur assurnc a helical conl'lgural ion ilnposed

b). rwisr. lt is thcretbre esscnli3l ihar a kno$.h:clgc ol thc citect of t$'ist orl thc

bcntl,arngeonlctrylbetrbtaine<itolrelpiltanuly-zilrgthestrainandconsc(.lut'ntl}'
tlte strc.ss tlisrrilrutioll in a textile structurc. Bgcker (]5) lr:rs rcported a geollletric

anall,sis ol rhe iclealizcd structulc of a bent ),artl. Thc anal!,sis dcals irarticularly.

with lhe prediction crf ltlcal and aversgc fibcrstrairts lltat occur irr highll't$'isted

structures- thirr arc delbrnred in bcncting. specitic c3ses of thc relative rlrLrtiotr

berrvccir ijbcrs in both tlre lotrsel) alld tighil) twistccl struct\lres ltl|e bccn con-

silcreci. Relarions6ips pr.,f icring'fncal ti6er cur'aturc bccattse ,i belrdirtg have

bcen deri'cd. Tnis arrjl.sis rererl, th3r thc lc.vcl of 1,arrt srrai' bccQnrcs lcss as

tlc radirrs ot. bel.lr i,a,n itu,ur) is increaseil rclati.'c ttr rlc rltjius of t5c v-arrt. on

tlretltherhanti.tlreltlcalsirainlevcl<iccrcasesaStltcler.eloitrr'istinth0!'arn
incrc.ases'Furtltertrrclre.itisslrorvntirattlbcrsoccupl'ingtlrepositionattlte
nc\lrral a\is oi'the )-arn c.\pericnce no s(rain: rhe trbers !y'ing at the upperlnost

andtheIou,crtrrostprlsirionss\rffcIll.la\inluttlstrllitrbclrhirllhetcltsitrnattd
c<ltltpressiotrrrro<jes.I]ackerltasalstlconsideredthecrseol.rtoi:'ictiorlbctween
tltefibcrsiltay,arn'Tt..i,assun'pritlnhclpetlinca!cu[atirlgtheclralt3eirtthelrrcal
heli.r anglc of r1c llbcr at tle inside and outside o!'r1c'bcncl TSis ty'pe t'iprc'

tlicticrn can hclp irr rhe urtclerslanciing oi in(ernal rvear itt a iabric as v'cll as lhe

crc.ase antl u'rinkle rccover) of rcxtile StIuc'turcS' Platt ct al' (28) ltave rcpcrrte<i a

thctrretical anal),sis oi thc ciiect of fibc'r proPJtties ancl 1'arir structll[e on singlcs

I
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Y
I .jS \1.'eir.rrrie:ri l)roPr.rticr ()f \'Jll\

:rn\i !'\lluJtu iiiu iluixiii,': L.;l ilic tlltiiiliic tc\tllu \t:r.ii:',1:'-'. liir r,iniicisi:ln,:iric,rl
litr' sirtritlrrc lrrt,i iitc ilit;it:rrtt;:ii itr.ltlrrii:i ()i ', lti:t\ is cs:dni:i.tj. So;;1.' ",1ii:!'i t)l'
tiri gt'r':::cl.:r ()i ) Ji:l sl:tlc'rtir(' :rru iii:.r.issc.j ::r ('lru1li.':. .l . lj:c tni.'ni:()it itL'i{ i\
t\) lci)(\!i tn!.: (ii\jil:s \..):r)!'()l ll:c:tirrlir's,lc:rii:tg v,iti.l iirr'iit!'()iL'i:.'i:l i)rc\ilal:()r:
!)l'llt!':l:cjil:1nl-i:. ;lr,r:r3r:ist rri'\':lti)s.:lili\!.\j :t: irr iitc llirirl:.ltlirrit ir::i:'r.'1,_,
::i!'eirtrti\\. Jii\i til( r.rii]ril i)cilr',.1o: i.rl'iilcic sl.:'.j!it::c\.

\'.\ll\ sTIt[\(;TII

TitJr: lirr' as.ir'iltluii\ l'.\'.) i!3\'\
:t:r'ltLll'. ;:;'i:Ltio:. 'l ltc:: lt:u:

L l.u:: rr:':kci:r :a)t ineir.i!:lr:.: iirc iruli:sti; tcst

.1. Si;trllc iltrclrri icsl.

l.c':l Strr'ngth Iest

-l-lr.: ilrsl iit!'!11r)(i ls .'r'i):r:(\r'ri\ iisc,i irt:ltc',rlti,:: Sciiirr;ti ,t rlr,',',r1i1r;1. \\L\(1i.

.r:l\! :.l.r.\ lc\tlta iir(:ir\L:iu:. iri iir:s ic::. :1 i:uil\ {); il siri:r ,rl I l() r'u:.:s t:l:j(ia ir'tiu
,rt) .irtrfr r,,iti: :irc \t:l:i::l!:i:t.: :l::i::t::tf .'ll-: i!'.rrllcr:l li i:t,lid:t (\r::l Fi|t\iii]t::;l
la\'Ji iL'sia! iir)rl \',iricii ilr.'i*l sitr-rt:ltlt li'lite lt:riri< li,ri,lilrrt.'ti. lius ir'sl ii.'.'r
!l(rl !l\'!' rl it)r'rlsilie' ,'i titr' :tbstrittiC r':tiiir' ii: l:t!. \'ll:i'r si:Cli,-1ih. :.tii r i*lris lr

rclirlj\.'',lrlt:c lluri is \r:.jilc [is(lul lr): c;ur:lit1 r'(\:]ii\)l i)il:t)(rs;\.'l'iir'strr'niiir rrj'

litc r':rrI.r rrt lr ig:r lcsl is \ir'ieti:)lrr9(l irr!!-iV itV titg iitiitltesi :)i3,'!'i iti lirt r.rlIt u;r.i

lltc i:ictrrrn;ll iiri;.'s ir.'t.,r'gtn thc lh:caiis Jns ii1!' irrrrri: rrr'1 tltr' ir-s!c:. 
.l 

irr:

si:!'il::iil trl iltr' tlilti l\ d\i):aisc(l tit liri;:i ,ri'iitt' illQrlt:.'t ,'i l('lr Sticn::!.il iiil(j
!()uiti. \\ir:.it is cuiir'ti i:i('"i.)l:iri.\trci)!:lir i)r()\ill.i" (.)l "i):!'at ::ril,\\:."

Til!' C{)it;li.Sli!'r):liil i-';\\(:tl,'t ii r.tSr'.: i'r.r i,r::rlxtriri:l }':l:'rl\ ,r:'sitrlittir ,ilt'iCr.':tt
!\)1.1ilts. liii\ (iuJirilt) i: lilso tt:gii iri ccic:':ri!itini iil('":Di:lrliil! !'iliat!'nJ\"'t)i il

J()li()lt i)\ !'()it)i)3ri;r:l ih.' l)rg:tk l'lici,lr ,)! u \':iil) \\iiit J SiJr'tuitil rllttt'. lil(: j()Ll:li

iirlt ir:rs a iri.'lk::l.lrrr i!:iii.ri t() thd \t'l,r'",rri r.:iirc- is;:rlir-ti til."'itrlirr.si srrrl\i:lr(l
,'\.)uirl' Jit.i i) tricil lrr tl:e ;:tcr.rst,llc 0i lltt'si)ir:iliilI qlrllitl'()! ',hi]l J\)il()n.

'I hc eou:ri sircl:gtir pit-rr!ti;t is ::rc:clr tirc tcirsriu iirair{lh ilnit!c'ti r)\. ih!'
i',c:thi 1r.'r ir')!i i!'r):r.ll: i): \':!1r1. This utt:rrjtli\-itirs litc'tiii:ti'rtsir:r:s t:1 lr'irrtilt ul;rl js

lcrir)r'tl iiti "ir:c'uliri:l lr'it::iir",ri lr \ilrtr. liris js iirc lcilrtir !rl )tril:r.r',tirg lt

,,rci::hl ciilial '!() th!' i):d:.tiin{ l,'l.i tit:it is oirsc:iL'(i ir) i:1.!\c' iiie r li;ti irr i;:glrk
tiittir' : l'r ae sit:i,'crisii.rrl.

I'ilc ir:illk ()l \'3ri) a:irt :rii,' itc' ii'sic'.i ttl'ttig: i;:tiru.:l iLr;11iir'",rli tr irlliist:e tcsirL.
'llrrs tcst .():rr:)i1'rc\ llti tlrric cilurrctcristi;: t:! lirc \.:r:n. r):rnr!'l\. ht!'lrKi!:t l():r.1.

:.iL-:lkln!. ix.rcitsrr)rt. al:.: \r,()ik i:rci,r. I ltc ', ltllr.' ,ti,.:lliiri',i iroiii llrr' itlilisir; tcst
ji lllc llti,,l:iti r-rl g'1' .", c'i ',r9rk :Ci:triiuC icr Iil)l,pc lt ii:ttik rti'\.lt'1. l'ilii iL'si ii

Ex. 2020-046



I .i.)

Sirl':i.' l,it.'::ii li'

ri,.'..'....
.'..:t:1

=--

Ex. 2020-047



l{0 \lccltlnical I'ropcrtics r)i Yarns

20 rt'iQ

,U 2C0

I

't
i

l

cL
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i: . ()rraJ i. C -

I

a
c,..i..

Exten3ioi {:!

a?

0

liiCurr- 6.1. i ..,.1,i-;1,,::t.rii..:t,:l.llr.!):) :,-ri :'.lji;l \l'!'!::::c::,'!-1" :-'. r;:::

.fltc.ei(rii.jJti()r'l ()i tllL'si)c'cj:licll is cxlrrcsst'.i J\ isllsiid s'rl3i!l ()l:)ciJc:lL

,J\lcrlSi()rt. siiicir i:tkes !lrro 3Ji()li:li tltc "ii::ittlli lr-ltg'rlt irl litc'stl':!ii:tl:t

'l'cnsilc si iuitt
r'lr)! l!li t irri I

--+- ---
irtiirui i*:rglir

Tltc. j,rl.i.r'krrl{iIii()n !\ii!'e JAll titUS i:g -'r)l!\'s.ilCtl lr) 1l S'!:i\S'Sil:llll i!l:\!''\)

Charrg.rng iltc Lr;titS ()tjl),. lilC sil3'Jc c)!'lltg ctirvg rllt):tiils lll!'5:.:l:l'j. 'i sit'rr"lt:t

Frgurc ir i.
l:t tri.irti.rit t() litc:lilo,,'c:ilctlii()ncd uuiiliiiias. lilctq'rle s()il)c t)tllcl tisai',li

t)3Il]r':lcic!s tltat r|c.rillllilleti:':()n) tii!'5]111pg rl! lrrittl+irrilslliir\l: iliiics 3!ki tllt

i)osition oi tiic C;t.i p(iitlt \r'ilClc irrc3kacc ()Jctl:s. Thu'sr'arc' ,i:ll:tcc aS i()llt)\is:

l. Str..rr.gill. sircrrSth is I nrcusLir'c ,ri tirc sicuri\ :irr;c rr:ilililr'.: to t;lc.ti:t

),ar:l: li)r art irttiir':riull !3rr1. if ls gi',01t ilv iirc iricrki;ili,rlri iit': si \)i o'4 \\i' I()

cc)irti):ttr- t!iitcrcrri \':lilis. sl)cciilc sircss 3l l-)icl:k ls JS0tl iill.i is a3iic\i tL'll3--:l\'!'i
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:r k i it i1 i,' ::,1 ){ i. :'c :rsi !l g ( i()t I Llt i i!): i

li:ul l:'!'r)\i lirii,ri'..'.i irr :lt,rs: si:c\s'siiJ:l: alll',ds). I jlJ \':!'l.i l)()i:li is ii'':rti.; i::

1i1,. :'1'n: :).,'i r'' iitc Jgt"c JII\i l\ .i!':(':::llll'Jii 'j".)::lct;ie.rlir. .\iuo;.:i::':' t,r

\lcrr.:rrir t.it. ti:c \ic',ti ;-rq.1111 tr.iciltlci irr ilt"'irtri:rt lti',\irlill iilc tlr:tr,cllt lt: tite
juj',u ts i):r::rlir'l t,r iitc iilte i,'iitlrt:l illc o:l!1t: :rll\i iit.':ricllkillc;::.):lli. \'i'ri\! i).'i!:i
ir:ris., sgltgtitit!'s iciiitr.\i iit!- "ii:11il 1r1'tiqrl:l;ii')ittili). ilt:ri is. \\'ilctc lil,'c\icll'
5i\r:t !i'il\!'s i{) i-.!'l]:\ii)\)!ti,.ritrti i,r \i:.t'\i iliirl "r'llstic ii:r:it."'lltr'r'ir'l,l i)():tlt ii
iit:r;:lctdirlc\: i,)) i)iriii."r.ii:a!'i':t:ucs tr1':ircs: .rilri sili'lll', lilf f iciri :tr'l:s ll:rti ,riclti
,...:-,)ll.1.r'.

(r il,,r.l. !'it:ttr. ii(\: :: n:.llc:i:ri r'i;ei irll: ll.rlkc'r ilr",. tltc .olri';ir'l:ll:tiitrir
.'ll:\'r' ,.\()ui\: 1c lr \l;lri:liri l::tc' i:r\:l] siJli i.) '!!ic i:l;;rl'iil!l l,r.rri. :::1.: '1'. 1,r(\fi ():'

,,., i I 1... ,,....,,, ;,,,.r1r.... rir,r.!:.

\\',r: L rri ti.lltt,lri'

..\n',. .iuriatlol ii,):il iild
lltilo:" i

': i ' 1ir1s';qilli:t. i():l(: .'. rtclkit:g clrrt:!ltilr.rit )

irjc::i stltc :\ dclltic\i i-'r .i .:t::tttitiv li': li:r'ti illd "',\ ()l i

.l irc i'.,rrk i'::;ttr ii'r llr irlcui :l:lic rrril ile () :. li- ::1.- Jilt\''J si3\s i.!ir)',!' liij
5l.r:iliilt lrrtc. iit.' \',(,ii :ilil\):'\',1i: i)i lll():i'iirl:l ().r. iil)\! ii'i)i'l('ri :i.,t'si ii::l:l 0 i
( I :r:rrrr' (r..i ).
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aCrrit': (r.j .- 1.)) oi iit.'1u:;t i: ci:tIrl lo iiia rlli.tr'(,: \3:il !'\1('tl\i(':1.:ltl!l :il3i ii
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l4s \tet'lrenical Propcrtics of Ylrns

of t$.isl!.d },iJrl.! struciurcs has bccn recogl)izcd bl.rnaltl. lese3Ich \vorkcls. llcallf

irit nr, ,*,,.,ric<i out rhe rrrosi cxrensirc lriall.sis tri' t!re prudictron .,i ) r:n

strcrtglh. takirlg tlte lai,cI3l iorccs l11 t() 3ci()ulll

!lrs proccdure \A.as !o csrablisil first a rei:itir.rilsilip bctu'ccrt lll)er strlrin artd

!.3ltt strsitl. taking inrcr sccourll thc y'artr ctrtrlrl;litltr l3tio o.]'(Poisst-rt:'s rltio):

Frl:,ur struirt = t, = c.,. (.ctrsl A o, srl: {l) (61)

irild Vaill coiltiSctioll ISllt)

t he re lbrc,

vA rn rutliai colllrilction
r.arn a.rirl lcttsit)lt'jr' 

=

I-le t'crr calcrrlat...i the iibr'r siraiir :rl, assulllng til:it tilc fiil"r cxterrsirrll i()lio\"s

llourke's !as'(lincarl)' c'lastic tlbc'r)' silil rcporied the follor"itl! cx;>resstorts '':r

rhe basis oi clasiicitl' tlteorr' :

ljibu-rstrairt = u, = * 1i' "'

x'itc r e

)' = l-rbcr tcrlsiL' s!rc\s

1:',' - f':irc-: tc-nsiL- il)()dulus

/: r' = 1'16at trlil'lst"cIse tll\)dtrlus

G = c..ypprcssive iraltsvetsc stress

o. = tr3tl;\.erse I'oisson.s r3rio. thili is. {.axil! stitin t;anslclsu str3irl) !or ii

tlSllsvctse s!Icss'

Ilc iurthcr lssurir,"'tJ thilt (he l-ibr"'i has 3it axis oi svnlrn!'lr'\' that coirrcicles u'illt

its gcortietric a\is: tllis qivus

rlrll-."' = 6'.7:'

,i,r=-
,Ll

-O r

- -------:-- ( (tl ( (;.5 )

s'l:cte

'7r = sXial Poisson's 13lio. th3t is. (rtansrcrse strairt ltxili sttaln) !oI a tcll'

sile stress 
-: --.- . t -,,.1 /, < .,.,. ..

ariti bv cotnbiltirrq cqustions 6'-l :nd (r'5 uc c3t1 gct lire expressit>tt tt

st ress ,{.
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Mcchanics of Yarn Structurcs
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dt L

Jt
I
t

I
I
c

G

H G

X

(bt

;
i
i
/
i
I
.i

I

.;

!

T
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(a)

Figure 6.7. (d) l{clically trvisled yartr tno

I'.n1.rrged licrv olclcrnenl. l:rom Heallc (51
dcl slrorting elcmenl dcfined vy '1r' )o' tlz' lh\

.5)

en.

silc

x = El er' [cosz 0 - ov sin2 0)l - 2o1G' (6'6)

Hearle normalized thc fibcr tensile stress X rnd fiber compressive stress G b)'

<lividingeach by a factorXl (Xt= Etey-which would be prescnt in a filarnent

subjected to Yarn axial straitt er):

X = XiX.s

g = GiXt

Next he estabtished the force acting on the yarn elenrent, shorvn irt Figure 6'7'

and <icrived a aifferenrial gororniig the radial equilibriurn in the yanr. after

which he solved rhe differeiliat cqu-ation by asumirtg thal the fibers and yun

F
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rir'lilrtti ltt d()llStllll',()l'!lii)c'
sti!'\,\!'s ilt lr 1:itti ilr:i,,:ttc:

.r.. - 'l JirSl

l-(ri lile cJsc ') - 0.S. iitt' r'xi;rcssir'rns !rrr titc'

({ll +(t /.)rj

(^[l (\ /.]:l
( ().: )

(o s)

\', llsic

:, = 'r dt:S-

lr':t:tit of li'lr': lrl ;liii'.r: r
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l5: \luclr:nic;rl I>tol)crtt('s ol' \':lrils

h,

A!to 2ir.t

I
I

<.----=-----------'>
lit.

It is ir,.,;:it :ioti:l!a.i:13[ iirc si:irp]c li;l:l:]\:: irkil:3 lirc ;)llr:tillcli'i j()s- (i sc!'::ls

ttr !i.r.e t.dasotlsi)ly gotl(l a.lrcgir:r';lt rt,i:c:l ;,rit:pllcti i() tllc lill!lr-s )i'i'tiii!'(l h\ llli'

l.ir()rc ao:r.li)i!.1 .1'.i 5,.rpii\tic3tL'\l aa:li) sis :lt sitrliti(' irtl:li!'s bci()\\' -lU T6c

ii,:.rcc:rlcllt lbr-rVc .\0' i'oi tire CoSr rr d:isc ri.\'::ltcs ,-t]tl),.lat,,l1i ;'r (rlll I'lk' :ll{)I!-

.r'r,,tple* trisi)'sis. ',\ilh (li!it':cllics rr\ iri5ir ls :) j0:' 3i ;0' 'ril(i rr"r': i5:

3i )u

l;rgurc(r.9. (;(-,.r:::ili', ,': \'.r:;l \::lriii: 
"'.'I.r:.ae\:ii:\i!)!l 

i:'-riil iir'::lr t')'

i, (:,is: ii; .r..s:l): '.;

..\il(ti1.s.,s iliioiiittillg :rt:.i:rtc':ltl 1)lr'sStl:cS it:ir'.'lllst'r hur't1 tullorir'ri 'irr

( i0 ) llr.l (irtrsbc.r:t t i I ). ()r,.rsirulr,. i)rs ICi)()l tc(i il:i i'.il:jl\'5i: i(.)l l1

:usisiiinid to i'iircr iiii)i):l!c :tt lr lori'i\\isi sit"'sr'

Suiii',;irt
:d!i:ciillr

lrrqc-strain'\ trall'sis

Tire atrlllSrs iiiSCftSSr't! ttt iilC ilLcri,,tls SJir'it1li 11;r::licr L') ti)('J:ls" t')l')i)lilii St:ilills

tsi:cir:rs c:lj(r(lr'ltstcd cirrilrr': rilririrr.-. v,li:rkiirtr. ct.'.) iir titc lil.rrilr':li llll\: \:rrrl'

i|)r,,.rj!.cr.;;',r11g;prtsitir.rs lltc'riti)ttlie Ir!'ila'.i()! rri yi.lfils iil:li;ust:il:i:lP)iiill'
,lioits, iire tui)iuic' siiai:l\ r'!ti\.uiliL'reii iIl ilte irilt:rtc:tls 3le (\: lllL- oitic:' u'i l5'

j,j,:. lt \,,i)Jir! iilcra:*>rc sc"'tlr ticsirnll.. tilut uit :lllal:)sis tltll iulics lllc ! sril

str!.!tgtit ti brcrk i:iltr L;eulltli sl'rrr'.lli:rls'.t llc JSir:eri ()il i [-lel]l !c t:)i!';l\)i!:

:r rig;r'(.)iis iltlillVtii 1111i ilgili:'ti titr' l,ri:trr"i:t,l 
'\irLcs:ir-r;) 

l-Ql illl'':ilulli si:::i!: :i'\ii'

iilc i'al'ir r:ijo:l:ciii tiriSrir'c ('.\)l:::lt! :i:ic r:::tl !'\:ii:5i(':l'

{ (r.9

Ex. 2020-060



\1,.- . i.. r1: ) li::l \irlt. it'r'''

:t
I

I

,l
rl

I

I

Ex. 2020-061



1.5.1
llc;lraruc:rl Propr'rttr's of Yrrrr

l.c

05

05 ! 0

!.1."1 ;; 1i,,-.i.r'r i rSer L:":,'. :':; ? ti,iiSr()l)

tjigUrc 6. I l. I r;lc,':.'.! ccir.rr i,r; 'r: r::tt:'.r tilt J.r:.iii!1)ir:lli :::l)ill"

--,.10

0
0

sir['lSiitrrr c)l tllc trsllslutsL. i(\rics inlkcs iilc all3l)sis:r'l()rc iol)]i)lcx.'ctll Ilcr:

h35 srr!l*cstcd it lletterslilcd li.rrr:t :uti ()i)l:iin!'d 3ll c\i)less!Lllt i,lr ilt"')drtl strc

b1 sril.lstit'.rtirtg it irt tltc ulrill) sis I'()i slilarii s'rrltills'
'l'ire uuove rclatiorlship lirr titc' i)rt'(!latit)ll ol'r'lr!l silcss sl'lLgr'sit'i! b1 lltur

is :irr irrge c\tL'itSi()t1s elld iilclil(i('s tltc' t lrtr laic'tal crrtttiaCticltl :lttti :ttr

il,.rokeur bcltlrior.'l'ircs.'.'xpr..s.iitrrts:roi-'i1't() lilL')'ltrll sltc'ss's!rritt Lrc'itlvir

il' to thc rul)turr' of lhc lirst illnrerrt. tlutt u'iricir is al tlte d!'tllL'i ()l til!' ) Jr

"Url 
,l,a lltost iliShl!' strlrittr'd v,'itli \:\tL'tlsi()rt c<1ual t() iltat \)i'til!'\'3rlt !'\tcir\i(

((-rJ, = rr ).'[lris $oulrl ilten bO l'ollt-rv.'c'tj bl tltC cat:rstroPl\ic Itti)tu!'j cri the rvht:

l irrr. ii' 1|1g irlirkr'n rcgi!)lts in tirc varrt (l() r'tol aotttributc lt) lht- icltri<'r;t. ll

st[r'ss-sliuit] curvr \\ill <!rop dor', lt lirr.'arl]" t{\l!()\\:11 irl []igure (.r'l l'
It shotrltj be tttcnritritc'tl ihat tirrs 3ll::i)'si\ tlitl rtoi tlkc itlttl ll!'d()\ll)l lllc ci'lc

L)l' pressurC .itrc t,; lrJnS!c'rSC l-orccS. 'l hiS ;actttr ltas beelt ilttrtri'lttCc'ti br 'l'reLl

.,.,.i Ridi,,g (lil in alely,z-i1g the nrcciraitics rtl' att crls'tttled tr'.istc'tl r':rtt b1' t

cncrg.)'lllrrtir()d. Tltis lttctIt-tcj involvcs llttr c:tictrluticrn \)t tilc cll!'rsv oi'(lcloln

u()n. \,.iricli is irt-.tairietl bl.cqtrltinl tirc rror.k.!oltt'lr) lll r'xtclttSi l'rrrcr's

cxtcr)(lin! thu \'3ttl io iilc cl3sll'- uncrg)'sl()Ic(i in the delirrrrt"'i'i iiilnrents"Il

is a Sir;t:rler lnctho(l . Sillcc tllC cncrqv is a SCai:rr (ltluttil) ilrl(l cu) bC sttttttrt

tlunlerictll), trlt"'rc-as tilr' Sircss lS 3 lL'i)S()! arld tc'(luircs vcCtolilli stt:rttttltit

ilcarL'(Si) iras sii,rrrn tirat it rs ptrssiblc'trr r',,rrrii otll ihc csscl)ti3l rei3ti('

rli thc uil!'rf.)' ntctlt()d in I siltlplc'r mtl blic!er iornl tilalt that rcporiCd

Tr.'ioa: and Ritiirlg (l?). .l'hc tirllorving rc'iaittrnsltips tlescrlbc titc lrreriicti

ol'ii)r.at.l )Jin stiess i(rr c\tet)si()n L)l Ji) itlc:rlizt'u lrtisteri conlin\r()lls't'ii3ll)i

!'xnl bv lltc ertergv ijlclil()(i .
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l ;-gn1g (r. l{(c) (' '::l:'.i::\":l '!: c\!\(:lirl':li'rl i'ri\r'\ ": :

::.:::rcl\ ..,\i t ::\'::l a\ii:.11:'rit r(' i) 'l:i': l-r''' ';: ''' ) I:::

i:,':l :,,: :l' ::::.lil.'i(: l.r::: \::"\\ i :r'':l: iic'::ll '';l'l ilc'r:lr t

r I r;:i I : ( i.1: i. ';: \,

' i 'r,'::'. c.ii:.r'

'[]:c ill.!rii.i.,titi :():l!i.c\l!':tsi()il cL::\'c: lll\() sll\)"\ sot:rc rltriltiltili] ' ll: sll()\\':l il)

lri:tri:'c tr.l i. l !': silll'Jld i():llt)3:i!():1. it ii :l J():l)iil()ll i)rJJiice ttr rrbi:tttt t!tr'

:r\:,i:l!c \,JitrL's ()i liri tc|l\liL. !):ir:lr:tci!':s (:lt()(luiils. tcllSjll\. lriclrktiti d\icllsl()l:'

\\i):!( ()l :tiDluic. clc.) lir'lti (i:J\\':tl] :ltclll!r'e eu:"( lil!'i\)l{(i't'l()ll!3ti\);i i)I()")ctiic\

()i-ilid:i)cl)i ).iti;l:::rJ rjt:il)'rlclslilr-,i ttsiit:-t. illl\ r-rl lilc stlritti:trti i:tsltt'ilttr'tits

!i:dilI l( rllJ\i ('iri ii!' l.
'[it,, ur]rcc:rreni i-rr-l\,,cc;l iltr- titgrr:r'ii;lilV c:rictiilircii :"'ilrli,.'lt:it:| (): tilc l!'llsi!t'

Slic;t{tlt aJt\l t\\':st llt)(l iilc Cxl)L'1i:llclii:.lllr',rbtlririe'i vLIiteS oi strcll!:rll IeS CC"'t:

(ir':ii()r)\ir3iL-\i b1 l)ililt lrl. [:tLillc (r'l 'l sltor"\ :1 i)ioi ()! \Jiil ilrdllttil (()l itli

3.ic(ai* Jolttiill..ir)ijs-:ilalitetti ) slll ) c:llJ[ll3teti tite r'r:eti;;]ll) ll()lll l)lltl't's d\p!cS'
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TenSron 0 03 g'den,er

.1crual C)bscrvstion ol thc Tensilc tschavior of Conlinuous'l"ilalnt'nl Yarns

1.2

0.8

06
6

04

o.2

r59

0
0 10 20 30

Lr (li:erees

(b)

40 50

I:igure 6.1{(b). Lxpc:i::l('ll:::l tr:1d iitr-orc"ic:rill eiilculJteJ r'rilr"l\):l !'i }r;n: tiltl:rttlii

l:rotirrllrs \\iih tNis:. l:!'tll /.():(\\\ski.rrrd Ilu:u1::rlle lS:)' l:.r lind I"o ts lll( t:)ilo itf;:tt'Cttltts

\,,llll \lrt:-:r((' :rrtst :Jn::lc r) t(r::r(t(ltlllls ': 7c'\! i\ll'i\l:tn;-lc I'r'itt:s J:('c\penlncntll l-ine- is

t ll r'<.r t c t r !'t l.

sion (r,arialiOn ot'strenqth \\,ilh cos: Cr):rnd the corlcspOlliling c'xnerin)c'ittlllr'

t!etcrr:rined valucs es a tirnctiort ul't$'ist le\'('i'

llearlc e't al. (31) have tepcrlte'J rhc rcsulis ol cxlrerintc'tltal in'"csligatiolts oi
litt' r'rriatiotr ol' rntldul'.rs t* ith ttuisr f:rctor lor ordinal)' \isct)se t3)'crn' hich'

tetracit\,\'iscLrSc r:t)'c)tl. ilcet3tc. ll)'lon 66' lnci !rOl):eslet )'3rns' Tilc results'

sht-xr,n irr Fig.ure 6.ii. exhibir 3 decrcass'trf n:crcltrlus $ith I$ist as r'\lEctcJ on

tlrs frcsis o!' thc theorcticaill tic-rivCtl exprcsSiorts. I lcar lc' lias also plot teil llrr'
rc.leli,;e \.alues oi'nlodulu-s (L'1..'lir) against !\'.'ist allllle. as sll()wtl in ljigure 6'l'1a'

It is ,b'ious ir<.rn tlis ploi tfirr i,e s,nrple eNprcssiorl (!ir.i'l:'i - cosr o) exhi-

[tits t]re Serleral trCrrd. but the ttlorc elaborati' e\prcssions girt :lte bc-st agtee'

nteni \\'iih thc cxpc.rinrcnlsl resulls. A l'trrther dctnt)nst13tion ()l' lilC Charlqe

(decrease) i' r:tcr.jUlus r,,.itlr ilrcreasi'!l t\\:ist !bt rrrht:r t'arlls is silO*'rt itt IriStlre

6.! 5. Frc,rr .bser'ation trf'thcsc cttt\'.'s. llc'arle (5) lelllarks tllal tltc'slarpness tri

f irlc p.,ipr is rrrlrrkerlly cic'ar for le,rr'-l1ist )arns. \r'[cIeiS iIc ]righ-tu'!sl ]xrns
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uptttrc Bcltavior of Conlinuous'Filamcnt 
Yrrns

rr SttPPt)r 1 3 llrad at thc Polr'l t ol t)rcakrrgc but. Prt'rlitleti tircrc is sQrrlc iriciiL\lt

uill still rerrraitr an efi'cctive part oi the varn at Pt)si t ions rcttrole frotn tlle

roini oi b
test sPecirlrctl

reak." llearlc ltas rcP'rt

as rvell as thc rate cr

tcci tlte c
i cxtctlsion on the obsc

ifect oi S atn t rvist arttl gauge length

rlc d r trirt .trc [r r'it avir'r r

;i' corttinttclt'ts' hlanten t )'errls. His res rtlis on Tcrtasco I (>50 i?S0 )-3rlts are shc)Nn

,rt Fir.ures 6'l ? arrd 6.i"q. lt can bc 655g1ved that. rvlterc ,, ,5g [c)ng sPectll]cll

l0 cnt) slttrrvs a shllP break' the l'c rut gaugc lenQt h spcctnten rlcpit ts 3 long tail

(hi3.he I cxtcttsictn ) with a Patt ol tlte )'arrl bretkin g sharPll'. The c:fect of tu'ist

on tuplrtrc can be seerl in l:igtrre 6 18. Whcreas tltc hieh'tv"ist -factot' l atns

(higlte r than 'l-1 lcx
:': 

1ur115, 61q1) sht'r$ a sltatP Partirl drtrP, the rupt rrrc iloilrt itl

lou'trvi sted ! 3lns hls rn extertded tor nr r,.'ith cornPlc te abst'rtcc ol sltarPttess at

he ltrsesl tr';ist ir'ctor ( ,) text ' tttttts,:cttl ). 
'l ables (r..1 arld (r.5 3,ive sonle adoition

tlcarlc also P\)inis ttut
lsilc Pro!x'
rhlr lte u'es ab

I tics of titesc vartts

le to arr!-sl the Ptocess ol ruPturine rrrid
al irtlbrrltation g11 thL- lcl

of thc brcak l'his cun be seen in F:g.ure 6'19' in

N3\ utti stop tlte lrrog'rcss
asco )'lrns s'i tll irlterluPted brcaks arc illrrstratcd

shi

11c1i131 11t'Pl

ch u series cri t*'isted Tcn

the basis oi the obserra

trre beltavior oi Ya

rions rrlaCc

nls. llcalle statcs that "rvltereas lor
fLortr thc loltd'e xtcnsttrn culr.r's alrd tht'

On rhc ku:91 slrcci

:1errs and hieh ratit'rs crf cxtctr siorr thc brc akag,c is sharP artti cotn rletc. for short

spccintcrls attd loN ratcs oi ext ensiorl the brcak t'lccttrs irr a scnc ; oi stePs. f ile

change t'rtltlr otle ntecltatrisnt to thc trlhct as lirc g,lugc lcrlgtir is al tercd is duc to

).

of 'tull: 1'91

lrigure 6.19. 'l'('ll:l\J\) )rrlrs' tcslcd :ll I cnl
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2t2 Ilechanical Propcrrics of yarns

l:igure 6.{.3. \farilii!rll !)l' !ilod(llu\ \r'iilr
isiit. l'r.rnr Hc;];l!- Jnd t:l.Shcrkh (?.ll

t20

o

i\c. 1

o qn

=
o3n \o. 4

o ?0 40

He:rr .ing:e r' i' )

6c

valucs oi these paranreters. and thc corrcspcrnding, strcss-struil curr.cs are illu.
strated in ljigurc 6.,1?. 'l'hc plol ol rlrodrrlus vs. I\vist (trvist angle) is sltow,rr in
ligure 6.-18. It is evident fronr these reiationsh.ips that thc ccncral trcnd of the

curves in liigurc 6.47 is sintilar to the torrn Dredicted in l-igure 6.-16.

Hearle and tl.Shcikh (7-l) havc' presented arsurncnts explairting tltc' c'xperi.

ntental rcsults in light of a irrt'rposed theorl . an<i lbr thc sakc ol'claritl'thcir dis.

cussion is reproduced herc.

ln thc s'<>rslt:ti ;'arn \<>. I thc're is little rcsistancc to slippegc rvhcn litc Irvist
- -.o -

anglu is 10",'out it subsr.qucntll, builds up to aclticvc rttaxirttuttt efl'ect at a irvist
anglc of airout 30". -l hereafter thc I'lrn tt:nsion icvels fail due to obliqrrrt;-. i'hc
nroriulus oi tire rvoollen yarn \o. '1, is nruch lorver :rnd this mtlsl bc tluc partly'

to thc morc irrcgular fitrre arrangcment anti partl5 to thc greater proportion oi
short hbres. Thc trvist anglc for ritlxirnurtt nrodulus in the soolicn y'artl is ttcersr
40o, slrhough the cun'e is vcr!' l'lat l)r't$'een l0o and -i0". In both 1'lrrns tltc
rllinilrlunr tu'rst ang-le shich is likcll' to i>e pr:rcticaliy usable rs aborrt l0o.

ln both ):ants. the inltial region of cas5, cxtsnsior'r (called )'rrn crintlr) gcncrallS'

incrcgscs in arrtourrt as the t\s ist is incrcascd.

Yarn tcnacity', q'ltcther intlicated b5 thc maxillluin i<>a<l or thc lt>ad at s hjult
therc is a sh:rrp brcek, rises !o a nlaxinlunt tlrlrtc et ar<>untl'10'. Brcaking extt-n'
sion is l<>u' in thc vcr), u'eak y'arns with lc)\ tv;ist, enrl continuss to rise steadill'
as ts'ist is incrcasccl. This is si;nilar io the behaviour of pol.vanritlc. poll'cster and

acr)'lic filam(:nt yarns $'hCre the :rsing [rrcaking cxtcnsion Ilas oeen n11Iiir111srl io
thc contraction of tht- )'aln fotlov.ing tltc release oi thc tv.istinS tcnsic)n: in prrli'
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Tcli(urin8 and lts Purpose 383

charactcrislic ol fabrics ntade lrom natural fibers. Sonre of the acstltctic and

comfort characteristics could be devel<lped in labrics b1,' using s)-nlheli: fibers in

crimped and staple fornr. Spun J-anls (front staple fibers) are inhercntly' bulkl'

and tave iulier appearancc. Staplc ),3rns also have good heat insulation and com.

fort charactcristicS. These proPcrties rcsult nlainl)'frcrnt the large volulrrc of air

entrappcd belrveen the intcrstices of the )'arn.
As is eritlcnr. achieving such characteristics involved an additional proccss of

crinrping and thcn cutting or breaking (hc conlinuous filaments into staple fibers

to rnakc yarns rvith intproved bulk and warnllh charactcristics. To utiliz.e the

s1'nthctic fibers rrrore advantagcorrsly in their continuous-l'ilantertt fornr. nerv

techniques havc bccn developed that modily (heir structural charactcristics to

nrake thcnt bulkier (inrparting tcxture) and fuller in appcarancc's'ithout co:lverl'

ing :henr into staple fibers. Consequentl)'. conlirluous-filarrtent )'arns arc' sub'

jectcd to a rnodif),ing process. thc purpose of u'hich is to introduce pcrlnlnenl

s'aviness (crinrp). loops. coils. and rvrinkles and thereb)' to nrodif,"- lhe gcoilclr)'
of the constituent filanrcnts. In addition. this process also itni>oses c:rtain
structural changes that becomc epparent irt the modified tensilc and other

related properties of thc lllanrents.
This process has thc effect of nrodifying the geontetrl. and structural :harac'

teris:ics ol the cOnstituent l-llarnents of a yarn. In other words. tltc gCorrtetriC

shape of the filanrents is dcforntcd by either bending thcn) or inserting crimps,

loops. and curls inlo lhenr by' a nunrbcr of nreans to provide a higher spccilic
volunlc ro the )'arns (to rnake thern bulkier). Thus thcy acquire nlany of the

charrctcristics associated s'ith spun staplc )'anls. The process by rvhich thjs kirtd

of ntodification in the character of continuous-lilarncnt 1'arns is achieved is

known as "texturing" or "texturizing,."
Ccncomitant rvith thc chans.es in the bulk charactcristics of )'arns are othcr

advantagcous effccts:

l. Tcxturizing helps intprovc thc pill and crease resistance and confcrs better

dinrensional stabilitl'. lullcr and better appearancc. and greater durability.
:. Tcxturcd yarn fabrics have bcttcr shape retention abilit;'than thosc lnade

lronr straight filanrent )'arns.
3. Fle.r.ibi.lity is a vc'ry inlportant Propcrty desircd in textile I'arns and labricS.

It depcn<is on the abilitl'' ol'thc filanrcnl (in the outer layer) to dclbrnr
(extend) easil1.. rl straigltt filantent is cornparativcl5"less llexible than a

crinrpcd, loopcd. and curll' lllanrent. '[his casc oldeforntation of fila:rrents

is a function of their bcnding 3nd lorsional riSidities dctcrnrined by'thc
linear densitl'of thc filantcnt and the geonretry of thc lilamcnl in lhc'1'arn.

In a tc.\turizcd 1,arn, filantents lie in all sorts of gcontctrical configurrtions
and arc l<loscll'packcd so as not to inhibit their rclutivc tnoletnent. This

technique confers better llc.ribilitl' and extertsibilitl' to )'arns and ulti'

)
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('ltssil-rcati()n ol'.fcr(urrd Yrrns .i$.i

r'il3rcly ttr llbrics :llil(le !'r\rlll titc'lit. Tltg !-\iensii)liit\'(\t \'1-ir)t:s ic'xiilrcl

) arrls is illustr:tlcii irr l:ieure I .l.l .

.1. 'l'cxtur!zirrg !r'sults !n s()l't!': ).:rrts. Otil!'r l'itctc)ls i)citi!:'J(lu3l. ti:c sriltci

titc 1 lrlt. llte itr'ttc: it5 c()\'ci i;tl lltts'.'1.

:. l'cxtirred vartl lri)tics 3le c:.isv to ',t lslt. attd tit.'r' tilv r.cutiil',

ti. Titcl rcllcct lhc liigh lllrlsitrti r!'sist3liJe. st!cllrill. ltttai t 'rttr:ltnc'ss tri' titt'

thcrrr(')l)llisiic :lrrivlt)c't Ilbels ll(\lll v;irich tltcf irrg tttltii.-.

:. \iosi ttt'tlrr. thcr:rtoplsstrc slrttircli!' 1'lirr'rs lt:r'.'tctt ltrrr" l;i()jsilt:g ct)lltclli
3S C()r.!,ii)lrcd tQ.:ellui()sids ?il0 ()ihcr liatur3l !lbcrs. lli-.rir.\'!.r. ilrr'3iI
CnLIei):)r'(l i)elr','CC:r tl:c itll('tSilC!'s,'l tltc t('\tUIt'ri \':l:ll\:!'i:iiil\ I;:trist:.1:*

a!td lhus llakcs tll(' tc\tirrir!'(i )'rr:ls lllvc flrrrlr'3o,rt: c(rl:l:oil altlrt.'ler'
ist ics .

). 'l hu1 P;0r'iiie i11'.:ht'1 glrrJritll llir'.\'cr llccl:use trl iitcrulrsg;i il .rik.

CL.\SSIFI( ATIO\ OI.' I'[X I'UREI) \"\R\S

l'cltureri )':irtls:t)e) irr"'cllrssill:-t! ittto littc'c'ittt.irr: !rouprs

i . Slr"'tcil vartis
:. r:rttdil'ic'ri sl tL'lcit ) llrrl\ ot sei \':'ir rls

.1. I,rr,rik va rns

Srrr'luit \':rIlls i:Ic cilrriCic'tizr't! ilf iirUir Iri*lt exit-nsibtlitl' lrlrt: s()()\i lL'c:\\'!'l\.
l)ut p()sscss rit()dL'1319'oulk in Cr-r:)tlrlrisrltt rr,itli iirc'trtllc'i lr'rrr ciltsrr's trl tt\tLllt'c

1ains. Sttt-tch llrrts. uSc'(i c.\tultslvc-11 irt sirc:;lt-t.r.iil gJIl:l('llls irr r',hicir

3\iC1S:i)ility erl\i tCC()\'r.r\. lrtllti Slrr'i,.it etC ol lrril:llrr i:r)pirrl3riCc.::r'C'):()dUL!'J

;r:rirriy bl t[.' l:rlse.tr',isl rit](l ltv ritr' ctigc'criltt!riitt 1.'\1:iio1':'') LlloJdsst's

Iloiiil'ierj strclcll )arits inu! hc dctlrretl :is lir(ls!'rrrtll cirlillclcrtsii;s ilitcr'
iiretii:i.it' i)r'iyr.('L'lt slrClCil u;tri iriilk r lr11s. l'lrOr llLr r):()(itlC!-('t lrS l:irrtiitVirtl tll.'
si:r'tei] iil:liactc.risrii-s. ir'iullir' [r1'rllt litiiiiit,rttal lrclt tii3i:llci]1..riit'r'\"iti;lr tit.'1

rr'lailr s()tur'strr'tcl) but ltlr'"'iitclt'ttSc'.1 lrirlk.'Iiris r'1xrg1r'j;11!rrt):tc-ltlllr'lil

sttbilizc's lirc' r'lrnt st;uctr.llL' lrt,i irs bulk :rrrii strc'lilt cltrr':t;tr't'islic.. 
-l ltc iti(rt:i'

lied strcicir )'ar;ls inii) oe rrr<,drr;ci.i l:t,itt sireicit 1:tit:s bv ciiiict ol tlle itrilos'irtg
irt'o tttliltodS:

i . Ii) ,'rr)c' rletlrtrii. stictult ) 3u)s Ill3)' bc rrlrrdil'ir',: l)\ ()1"eiic'ct!irt:.: iltci:t b1 :ts

nttrcli 3s j0.? trr ;tt6re itrr.9 a ircutc'ii z1litL'ilt r',irrcir tilcl lrc: sllrLliirzc'(i i:t

drl. hclf (.i)rocr'ss uscci tril iitc' 1ir:lt lL'\iurirl.i nilcit::tc' l() i)i().!tlce l:lotiit'icd
"si rcl cit" or "stai>ilizr'ti" \'a:rlls ).

l 't'llc strclcit )illtls 11i:l) hc liisl scrit r"trttlti tlt nlcii'cr eitti litt'tt lieilt s!-t oi

st:bi!iz,Cti c-ttir..r iit iut Jtli(raiilvC ltl stcstil ot irt:.tttl tltc'il1':'trtl prr)CcS\ ( thr'

resultirt:l \'tItts 3rc usrrttlll crilc'ti sct )llIIls).

t)

-t
Ex. 2020-130



-!r

Ex. 2020-131



\lcthods of Prqtucti(tr l8l

ls "barri" irt tlrc ilbric. .{cetatc. orl the otllcr harld. sul'lcrs frtrnr lltt'lntr ttrajor

disadv:ntaccS rrf "voids" tinri "shatliltll" .'ffects in lirc'1rrrr. \'oicis lrc cltrsed b1

ru.ist slippg.e titrtrugh thc spintllettc or b1' brokcrt filartteltts llapr)ed l:1' thc'

tliSt. SiratlillF nta) lCSl.llt fro!:) r-lrriations itt yartt cUalitl'<rr l'r9nl llilevcll

I)roceSSit)t:, colldit i'lns.
['olyesrcr offers qooci ecslhelic prc)perties rs \\'cll 3s exccll!'llt $':ar chatacter'

istics. i\lthouc,[ poll estcr valns 3lsc] Suf'ter front the problern ''li "[rarre" in

c),cd labric. thosc involletl i:r the tcxtulinS irrdustil'aIe llrakins:. cc)nccltcd

eifort tt'r erlsul(' lilL'protittCtiott ol qunlitl' )'lrrils. Thc nl3i()r fxctcrs tlrri ai'itct

lhiS rrorruniirrrnritv ill tlte rnuleri:rl lrC c'tt<l-itr'cltd tt'il)iEr3t'\lrc'\'lll):iliol)S' lCnsi()tl

in thc rhrcad lirte. hclter zollc ilarellretcrs' alrd takc'trp packagc d'!'r)sit) ' Sotlle

itnProvcntc'ltls irt ritc'qurlitl'of thc'teNlurcd 1'arns ltavc restritcti fr(rnr post'

i rcatnlents and f ront r'rli.',u. othc'r sr:rbili:zarion tecluriqtles no\\' betrtt entplcrl etl

i:r thc industrt'.
Inatjditiontr)thecollYc'tllionali)'peso!'tlte'rrltoplasticllberspre\cntl)'use'dilt

thc, prociucticrlt ()f rc\turcd ) arns. lherr' lt3r'c ber'n sornt' efii)rts rlt3ie rcct'rlll)' 1o

ittlrtldttcc'neNYalicliesol.latttsintlrisarer'Onc'strc}rdcVclop'ncl]tistlteirt..rcl.
r!ucticrn of rcirritrrced tcxrured 3cctsle 1,arns. This 1'artr is pr<lduc<'d bv reitrlirrc'

ilt-.r tlre licshlS c.xlrudcd 3cetatc iiber uith eitlrer a rl!lon or 2tl11t'stt-r ()r pol\'-

-tropl,lcnc' illar:tCllt ?i lilL- C\ti) of titc' s1>inrtittg cltalitoc'r..]-[is proc:ss resttlts in u

staLrilizett uccl3Ic' 1.arrt til:rt has L'\cellr'l1t rcsisrltrcc to iarrn<!crillg 3lld posscsscs

:<>od bulk r..lgp1itrtl 3s \l'ell 3s hand char3cierlstics'
'l'1u' lllanrclrr <lenic'r arrd thc tol3l denicr crl lhe varlt used \\'ill Je1>ertci olt the

i\.pc. ()l'ntaclUne uscd an<i thc desired r'ttd'uSc aPpiicatit)ns' Tltc lo$'cr dcnicr

r.:rrrrs irang,irrg benvccn l5 arrd ,\0 rlenicr v,'ith 3 to -i dcnier pc'r iilantelttl ulc'

.,xtc,rsircl1: us.d irl ltrsicrl.applicaticrrts. *,ltercas ntcdiunt (.i0':00 dc'nicr) dc'rtic'r

)'a1lS lre uSCd il) tllgll's 3tt(l \\'cullcll's ()UtCr\\'Car. TitC ntOSt CC'lllrllOnlv ilsCd

derriers arc' ?0. 100. lrrd 150. Heavy' dcltir'r )arns (500 <icnie'r atttl above) are

Its('d irl irr,:lust rial lli)nlicat iot)s.

)lE l'hloDS 0F PRODUC'f lO\

Ilasicirlii. rhrec ntajor processing tcchniquds 3re Ilsci in iltc prQr!llJtion ():

slrctch vants.

l. l'hc, ll.'lcnca(::) precc'ss. Tiris is thc ccrnlerrttonal i)eich't! pc Inethod t)i
produciltS strelclt 5 errts. Ilclcilca is thc ii'rlisicrcd tra(le:il3rX of Ilc'ber!c'in

:rnd ( ic A'C. Sv,itzcrlartd.
.1. 'Ihr'ialsc-t\r'isl r]rcthL)d-This is tire rilost vcrssiile:tttd ttr'st rvitL'ly'trse':i

t)lcth()(l rri prodrrcint strctcil-!) Pc tc.\l.ured )'3rlls. sorlle ol'tire i:rlse-tnisl

ntacilir)r's nresclttll beiDg trscil irl thc irt<lustr! xrc those rrradc b1 Scrlgg'

i)
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tteth<xls of Produc tion

Kl:DRA\\'

l'he l'ecd !'arn is v.'ound or do\\'r)l\vistcd on a redraN lnachillr' to Produce

13ckalles suiteblt' for usc otr an uplv''istcr'

t.PT\\'IST

ihe packagcs fronr the redrau' nlachjlles 3re crccled on thc trDt\\'istcr. end thr'

;-arn'is upi,*.isrc.l ar lrigh speed. Thc ir','ist inscrted in the 1'arn is ve 11'high. varl'-

irrgfronr.l?toll.ltu'nsperirrch(lti50to444Etplrr)dcpcndirrgolllltet()tal
dc'nier. Thc ts,ist in a 70.<jerricr n}'lon )'3rn is in the ncighborhooJ Oi 74 tpi crr

-3000 tpnr. Tlrc apprcrxirnatc tu'ist can be calculared b1' thc fcrllorving relation'

shi p:

7000
tPl = -: ,"":";x + l0

l)cnlcr ? ou

lr is esscntial that the thrctcl linc. rcrrsion <iurirtg ts'istrng,alld winditlSbe kcpt

as unilbrrrr as por\ible. llorvcvc'r. tirc nalurc oi the proccss is sutlr tltat ccrt:tin

t.arialions itl terlsions bet$'ecn ircrbtrins 3nd u'ithin tlte variotrs ltrcatiolts oi titt"

bobbin 3rc bound to occur. 'fension in the 1'arn is tnaxintuttt lleal the chasc and

rvhcn it spproachcs rhc top of thc bobbin. Tltese rariations in tcnsion can causc

changc's in thc <1ualit1'of lexturc' rvhich in nrost cascs sltou trp as tltults in thc

d1'cd and finishcd iabric.

lll:AT Sl-TI'lN(l

'l'hc trvistcti !'arn packaP,es are placed in an autoclavc in rvhich tlte)'atc heated in

stear.rl under prcssrtre tohig,h tenlPclalllres l'or a consi<iCrable length Of tinrc' l'lte

rernperaturc gerreralil, uarics l'rc,ni I l5 tO I i0oC ar l)IessurCS lrelrvectt l5 and 50

puun.l, abovc the arnrosphere lol a lreriot! of epproxilnateil I hr. Thc lunction

of this particular stc'p is t9 inlpart tg tltc'larn tlte hiShcst pcrssible "tnetllor)'" oi

thc highll' t \A'istc'd statc

RIDITA\\

Afrer rhe ),anl has been hcat-set in its t$'isted ccrndition (under high strCss

<ievcl6pcd rs a resulr ol t[ernral sfirinkagc). tlre bobbins are allcrrved lo cool sc)

ilc 1.ain carr stabilize. It is tlen rc6rau'lt ollto large packages. Thc 1'arn at tlis

sta8en]a),bclteatsetagsinandthenredrau'ttandtransferrcdol.ll()uptrvisters.

L;}TT\\.ISTI\G

Thr' rCdraurr hcat-Set 1'arn iS urtt$'iSlc'ti on an Uplwister to reli)ovc tltc lrvist cctnt-

plctely, (zcro trvist) or (o sonlc other <icsirc'tl level. ln the lattcr c3se. tht' rcsidual

tor<1ue* t.aused b.u- untentovcd trvist u'ill cause thc !'arll to bulk' and lhe

""T<-'rque" ) rtns 3te cherecterizctl. [r1 thcrr tctl<lcnc1' to rotrlc rrhcn hun; flcr-l1 '

}

n

,t
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rut)bal31cc tor(lue crcatcd through untviisting u'ill inrpirt stretch charsctcristics

io thc !'3rn.

DOt tll.lN(;

Irr nrost cases. rlte strctclt 1'atns procitrccd by'this proccss lrre plied in such I rvar'

that an end pre!,ir)ssll,rhros'n in an S <iirection is gcner:rll.v.. plied u'itlt ant)!hL'r'

Crl(l t\\'istcd in a Z iiircctiott s'iIh thc santc nttntller oi turns pCI unil len!'th. 
-Ihis

pll,irrg proccss results i1 a iulll'bilallccd. no.torquc !artl (one hlriltg tltr

tcrldCnC! to r()tale v,{ten hullg irc'ely') tliat doCS nol lose its bulk and strt'lcli

chrrajl.'ristrcs. Iire pl;'ing or dtlublirrg tviist gcneralll'vartcs rvillilrt the ratrte oi
.3 to 7 tpi ( i t<l .l turns w*r Centimetcl Idepending on tht' dctliel trf thc' y'arll. 'l'hc'

<jiruc(iorr rrf the tloubling r$,isr ($.hu-lhc'r s or 7) in 1'ants clelrncis c)n sucll con.

sitlcratir'rns as til!-ir inrenclecl usc in u'eevitrg, trvill c(rnstructions.'lo achit've thc

besr results in yern bulk ancl srretclr. it is prcterable that th!'iilral trr'ist in singlc

y,arrr afrer doublirrS be eirher zcro ()r in tirc dircction rrDDositc tcr titc prt'rcc'ssiils

t\'vist.

CO\I\(-;

To racilitatc. furrher proccssil)q. tlte y'arlt is treateci s'ith l-5';i oi lubricating oil

during coltinr.
Srretch 1,arns pro{uced b1 tIis n)ethod sppear as in l]igurc I l.i' The nrotlitlca'

tiols irnposecl b1'rhis process gcnc13lll'reSult in thc 1'errts haring tirc iollo*'ins

chrracte rist ics:

i. llear,l,,.cicnier varns acquire stretch up to .)00ii art<! ntorc. s,hc'reas the fine

clcnier 1'arns rna)' extend from 400'5001.

l. 'l'hcir bulk increascs up to .i00ii.
3. 'l hey- havc cxccllent recovcn' frotlt stretch.
-1. 'l'[c1,. gclreralll, Iavc crisper hapd und possess higher crintp. lrtd grealer

clasticitl rnd clr;rtg,ation.

[:igurt' 12.3. \'ics ot :r l1'pi\'3i str!'ich nVton ]JIrl tc\itlrc\l Lr]'!llc cotl\cilli()ll:]l ilr'tsl'llc;li

*i-un:\t i\: tcchnlquc.

'[hese pri.lpcr(ics ilre gencrulll' ei[ecteti bl strc]t lacltrrs as ljlalttcttt denlcr. lotal

1..arn dcliCr. filantent cross-Scctional shapc. and shctftcr tltc'y-arn is uscd iit
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sine,lcs or plied lotnl.'l-hc el'lccr ()l'\'arious factors is iirscussed in Ittorc deiail irt

3r'tolher s*ction. I{os'utc'r. it rltust lre poirtteti out lhat t}tc lctv'er total ticrtier

>lrr,r. g*,,.r"11. lra'c highcr slrcrch potcnrisl: rhc fe\,,dr 15e.urrirer eri l'iiar:rr'rits

irt a 1,arn ()l.a gl\.(.r1 t<lial tlenicr (i.e.. cir:rrtgilrg irlantc'ltt .lcnier)' the grcutt'r iis

slrctch rltd resistettce lo exrcllsiotl' alld Ihc bt'ller its recovcl\'' lj:lanlcltt llunlbL't

ia, ,*latt as lilerrrcrr denicr) rls. lflects rirc Sulrd and strr'n!th'reierltiorl bcha'i<tr:

highc'r.lrlalnent denior !artrs llave crispcr hsrld slld r'ctsirl a liigher prc)p()riiorl of

tirc'orig.inal strcrlctil :..-:-- - ..
ln ad<iitittrt to thc dcllinlL'rlt3l L-!'icci trl !ari:iticrtt irt tcllsion tlrtrinr: uirt$tsltttli

()nihequslitl,trftcxtured},3r!t.thclreat-sertirr.epl()ccssitsell.fcrrnSll).re3sol1s.
c3llcaus!'r.arialiclttsincriltrp.cr!nlprelctltion.undtlleirlebc}tar.itlrtrithc
iurisheci yar. (resultirt* in ir.ir. circct). Thc applicati.n trl-lttr'risturc a'd lte:tl

tellds to clJuse sirrinkagc in thcrllloplastic Iarrrs. lf th"' ) arll i! tlot allcrr"'ed lt>

slrrink ircel1,. the slrrillkagc tertsiclrt (lil;ce) r,,.crtt.ItJ cartse thc 1'errr tcr elongale.

thercbl. ailccrrng the strcss.strairt citarltctcristics crl Iltt' )'3!rl' 
'rhcsr"' r'3ri3liorls aIc'

tiistincrll' visible 'oct*eell tilat p()rlioll oi thc 1'lrn Ilcsr th!'corc (blrrcl of thc

bobbirt ) and tlrc h}'ers otl thc trrrtsirie''[hc la1'ers t)!'3r thc brrrcl.ot't!ru'bobbirt

ereurtrblctoshrillk'rr,itcrc'lstirctrutsiclelrl,crscartsirrrrrkbl,lntlriltgilru'lrtls.
'l'hc. othc'r catrse cri yariatiort in tlris plocess is tttrcvctt lteatirtt oi tlre oulside

arrci rhc insi<ie lul,c'rs ol the 1'arn.-l'ilc 1'arns v,'oulld llcxt lo tltc tl:rngt's o!'iitc'

bobbin u'ould bc srrtrjccted to ir dif!'clc'rtt hcat trcatiitettt'

l)

Falsc-'fs ist }lethod

l'hc ialsc-tsisi Ittethod ts tltc't:tcrsI ittlirt)rlant:rn<i the nl:)sl wid'Jl)uscd

tcclrniquclilrllrtlcitlcirtStcxlurcd\.l]rns.l.hc}.lrrtsproijuccclrr,tltec()n\,eil.
ii()nu] trr.ist.ltc'at sel.untu,.ist (tlrrec-stlge) plocess rlt'ncrall). ltuvc excc.llerrt

chlracteristics: Ilct$'ercr. the'rc 3rc certaitt ilrhclctlt drarviracils itt tltc lrroccss

it seli'.'l'hcse tlisadrerttages irlcludc' :

l.Slc'rv,ness(.}ftitci)r()c!'ss.,I.ablc1;.15}1r-rlr'stltc'prtliiuctit)nISiesol.\.allLruS
texttrrittllpr()cesscsuse<]intilciniiusrrl.(.ll).ltcutlbcsc!.l.|thu.ttirebatch
pr()ccsslrasthclo\r.dslpr()dllctiorlrstcu'hcttccrtrtparei.jtoallthcotltcr
Proccss!.s.l.lrisrsb"c.usctlftirc'lirrririrti()nsil]lposcdbl'tilespilrdlcspeed
<lftlretrprrristeral)(jtilebatclr<lri0tltaiic)lto!.tlle'Iocessit*-li(an
tlPl$'ister spirlcllc'rtrnnittg 3t l0'000 rprrr rvill produce 3pPro\irllelel)' I I'o

pcr I (r.S'hr * eek )'

].Th.'pl,oc!.sSret]uiresr.\llscSIcirrharldlirrgtlrepack:rg.cstrl:lr.oidnl11|11qclf
)'a rlls'

.1. i;nitirritritl is dit'f rcult to ionirc\l bclr';cctt P3ck33cs 3lld !)ts'

To rtvercolltg 1i1s 3irlrve't:tctlttottciJ obju':ltons' rhc colttjnttous !alse-lrvist

Illclh()d is eltlplol'c.ti e\tcI.|sl\'t.l), in tht' pro(ltlctioll oi stlc'lclr lrrtti nttrtiillctj

l
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Table l2.l

Tcrtured Yarns

't'ypical Rates of Production for Various Typcs of Texturcd Nylon Yarns ( I l)

Yarn Output
Spccd

Production 70 den.i
Spindle or Position/

168 hr. \l'eek

Type Textured Yorn

(m

Per
min)

(fi
Pct
mirJ (lbt (ke)

zlgilon (stabilizcd typc) yarn produced on
thc Hobown No. 2l l0 edgecrimp machinc
C-B.Texa (knitde* nir) yarn
Taslan yarn
Textralized ytn
Turbo Duotwist ystn
Convcntional Helanco slretch ysrn
produced by the twist-hcat-sct-
untwisr batch method

False-twist type stretch yarnD
(assuming a ts'ist levcl of 78 tpi or
3071 tpm):

45,000 rpm
100,000 rpm
150,000 rpm
180.000 rpnr
210,@0 rpm
240.000 rpm
270.000 rpm
300.000 rynt
330.000 rpm
360,000 tpm
400.000 rpnt
500,000 rpm
750,000 rpm

1,000,000 rpm

r 80 54.9 2 ply-19
5 ply-24

t34
t9
63
5 2.8

Less
than I

2 ply.8.6
5 ply-10.9

60.8
8.6

28.6
24.0
0.4S

1983
300

r200
r 000

604.4
9 t.4

36s.8
301.8

48
107
r60
t92
221
256
288
32r
3s3
385
427

534
791

r 068

14.6
32.6
48.8
5E.5

68.3
?8.0
87.E
97.8

107.6
I 17.3
t 30.1

r 62.8
24 l.l
325.7

2.5
5.6
8.4

l0.l
I l.s
r 3.5
15.2
r6.9
18.6
20.3
22.s
28. I
42.2
56.2

I.t
2.6
3.8
4.6
5.4
6.r
6.9
t'.7

E.4

9.?
10.2
12.8
r9.l
25.5

aTradentark of Textile lUschinc tVorks, Reading, Pa.
oorrpur of a falsc-twist spindle is direcrly proportional lo thc spindte's speed and to thc

dcnicr being textured. fius for any givcn spindte speed. a yarn of lowcr dcnicr (rvhich

reqqkes more turns pcr inCh) must be run 3t a slowcr yarn spccd and therefOrc at a

concsponding lo\ter rate of produclion.

stretch yarns (set). The false-trvist method combines all three stages, namely,

twisling, heat setting, and untrvisting in one continuous oPeration. Furthermore.

the trvist in the yam is inserted with the spindles revolving at very high speeds' in

certain cases up to 800,000 rpm. In friction tvisting. the yarn rotates at a speed

equiralent to a spindlc type machhe at uP to 4 million rPm. Such high'speed

ope rations permit very high rates of production.
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iCui rolis

.'-s.6

.,.i t).9

'(i.s
s.6
s.6
:.1.0

0..1.s
fieJtCi

- lienSrOn ro hrnl(:r irxe<i mlrnly
:)l' ro;l Spcrds .1nd i.:mpcr.rlurc)

-;'9ul 

tolls

i€o !ronP/
{3diuslcd io t)lelenlron
th!' y.!ri Jpproaching lhe
rn;)ut rOllSl

<-SuPPlY Packaqe tiigurr' 12..1, l-rir!' diiri.tJ!r) shosiny' :ltr'
p:iih (\l :r l i)in ilrt()uill l l.rls:'.i\r ist

i('\ iulinf rttlclr:ttc.

Ir is crur ()i rhe scopc ql this bo,rk to cic'scribc in dctail nll thc'"rrincipai lalsc-

tr,vist-l!'pr' t'tnl lnaclrines currcrrtl! ltsed foI r'rlerltrt:lcturitlg stlctc.l atld tnodificd
strr.rch ).arns. ..\lthough thc're are ntan)'r'ariaticrrts irt thc'desig.n :rnd thc ovcrall

ia)'oul c)f ,Jiiferetrt 1)'pcs c)t'nlaChines. thel'pcr!brrn Cssgnti3ll)'the s3ntc I-unc'

tiOn. The e,c.neral prit)CipL'of the lalsc-t\\'ist lcxlurinq pr()cr-ss:s illustrsled in

Figure 12.-1. Thc').arn is ciras,n frcrttt tlte suptrrly pack33e. fr'rj et controllcd tcrt'

siorr qr.er the heatcr altd through thc' lalsc.trviSt Spindle.:rnd iinaill' \\'Lluttd ()ll 3

prckage. Thr't\r'ist in lhc 1'arrr is set v,'hcn it is trelrvcc'rt tlte inp::i !'ec<i roll arld

the hlsc.tu.isl spindle, bl,hcating 3nd cooling belirrc it lclvcs tlte false'ts'ist
spirrdlc.

To c.rplain thc prirtciCL- oi the lalsr:-t\rist i)rocess. rei^rcncc is nracic'to linc
iliag,ranrs in ljigurc ll.5a. Here thc' "v-arn is hcld at colh cnds alrd tgrstt'd irt tlte
cL'ntcr b) a false.t$'ist sptn(lle. 'l'his actiorr \r'ouid inrpiirt S tNist ort orlc'sidc ol'
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tirc siriniilc llll(i Z tv,'isl trlt tltc tltltct iidc iltr"rc'r't'r' il'tilc'\'Ji;l ii rilrltllllS e()i)'

tiriu0us!1 v.hil,,. rirc l'lllsc I$,ist spirldle is irlserting t\\'ist colilirl'l(tusl)" iltc irrisi

trn tltc rnput si,ic oi tire spirrtilt (tit"'' )3!\lll!'' tltrougir tltc- sp:tttlie) s ill c:::rc\'l

tirc. ir,..ist ()r1 titc L)ul!)ul ,it.Ja ('naa.,.taa ol rite equal etiti oPlrositc IlSitlr('oi ihr-

trvist ). 'l itis is slttru'rr in [:irlurc I ]':lr'
l'ilu rrext Siclr irt lltiS proCt'ss is to 11i)i)i) hc:l tt' Stritelt tltc tilt-I:llOiri:rsi!'

lnttr.ilrl ttr:tt:tkc'lr c,rrill lrlilrolc: it is tltt'rl iiu!'tr;tttcti br'i*'istirtl: it !n its

siritc,rreii siuie (i() ajl.r*. t1.i strcss!'s irr rirc' lllurrrur)lS itr tlc'iil) ) lntl iilcn Lrr'

lettirtctit.-1'atitcittliL)|'i()rctlI)i\\.lsttttgilttrtdol;elliivclr.hiriticltsitln..l.irists
rliustrl;,i..,1 irr f:rr:.urc i.l.(r. 'l'lrr' ltrrsiorral ictrccs lrc lli!.h errouglt l() JStlsc solli('

si:-.lliiidlrll ah3rlllcs tir tltu cetrtrtcll\'()l'tlIc ili:tnlc'itt il(rss-scdti( lllll sit:tiru'(l'tt:tl;e

Il.l) rrr:ititiititrn t., th.'nroditldJliolls iit tltc'l;tot1:rittrltrgr'(trlictli:lii()il 3i)(i c:)'

stlrlliz:rticrrl) rr!'lltc'lltr!riitcr t:taieltal'-l'':rlittt-d )3r!l ihtls illttiiircct! ltls soli)c'

rcsltjulrll()I(ll.li:i;].-itirclrlr..SorZ-tiirccti()t].(ir.l)enlillg()l1.ihc(iilc'.)ijtlt]cli:rr.l.l-
ti()i) (): :ltc sPirrtilc.lil(' r'\icllt iri cl:t:tl):lll\i tlle l:tic:tl crtrttpirlrl lrtr\\t': tri

rrrtiirirlrlrl ili3ltl!'llls i:i ll i:rlsc-irrisl lilrll \'3rv ltlrlrtl tltc lcttriii ttl'illr'rat;l':trt'.1

thc'elirlrp :Irrl>liitrt!c (Slzc) iS 3 lullcli()ll trl retliirl p()SiliOt) \)! tllt'illalllt'l)l \\'':tj!ill

tlrC 1'lrll. l'he rutiilii ltositiolt ol-lite illu:rtc'lli ill turll ts tlct:iilerl i)\ tilt'illl::I3ii():l

I):llt;rrr irir:rosr'cl llv tirc tlclrcc oi t\\'irf 3ll(i it-r'iltt'tg115itrr'):tt s'iti"'lt.tirc ilrist:s

i,r,,,r.,r..!. .\,r r,ic" .rf tiic CrirnP i.jgi)ell(icllCt'. tirat is. (rl'ilt-tlttcrtcV lli''i thc uittlrii-

r)

,/

\

r

,/. /

l rtur.' 12.1. I)"1,':::lcd !;.\\\ \'i:l'':) ": 
:))1":l ltl:r::tc:t:";:::rc'l l'r t t" 't"'plt"r:l'rl: '1! :\\i\:
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396

A

Tc.rturcd Yarns

'producr" nylo

nc.lt CAntet

tvc6gg

maxrrnum

Figure 12.8. Longitudinal lies's of r-rlamcnts tionl a 70 deni 32 fils, nylon 1.rrn. shorvinr
rhe differences in criurp duc to thc radial position in lhc !'irn. A filanrent figrn untcxrured
l'lrn: B. nerr cenrer:C, middle hl,er: D. near the surfacc.

tude in a filanrent on its radial position in the ;'arn. can be obtained lrom the
illustration in l:igure 12.8: it shorvs variarion in crimp in filarnenrs r-aused bv
their location in the hot zone. The overall appearance of a 70.denier, I T.filanrent
nylon stretch yarn produccd by the false.trvisr y-arn method is shos'n in Figure
t2.9.

The productivity of a l'alse.twisting nlaclune depends on rhe spindle spced.
provided the twist is kept constant. lt is for this reason rhat much ellbrt over the
past t\\'cnty years has gone into the devclopment of a spindle that can rotate
yarn at ultrahigh speeds and still nreet high performancc standards. There are
basically l\!o rypes of twisting rechniques uscd on false-trvisr tcxruring
machines:

I . tu,ist rube (spindle) or magncric pin
2. friction twisting

a. bush type
b. stacked disc type

Figurc 12.9. Photomicrograph of a 70 dcn.34 fil falsc.rrvist rexrured nylon yarn.
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Hollo',1 bc.c
l NrS: :rj:)g
or sti rinf r

Drrrerr f::c:rOr OiSc

Permaieni mJiart

\1'ro(,rng SIJrC

- 3e3rnq a'rdnS{:::cr:l
ol cou0let P! iey

- Tl:rt'ird r;urdc

- Pi.)sirc si':c',f

Drr! rg lrrclroi t!r3c

SI)CLtri\S Ci!rCe
fot i\\rtl :ul)r:

8cJ/rn9 irr.:nqemrlt
Of d.'vrng pulley

Sdvi f,latc

Shati of dri!rnq rlulev

l enJLon nijl

Sir.rtl ol ccu.:ilr i'iil:(.\

\tr'ui, vc Oi tlr:,,'lq :ru.lr.i

33iloa)a l)ra.1ii! ::t)4.

I'-igure I1.10. Schc::ratic shourn5 l'y'pc \tt l) lj,\(i sinric-un:t nrrf:.n('iir s!.iltc!(. (C( uitcs\
Sch:il'cr Irdusi:icgcxllschrit \l.li. I l. )

Spindle or Pirt 'I\+'isting

The c'a:iicst spilrdlc usc'd or'r rlre Fltrtl<.ltiD (lrlcicnrark ol'thc Lecsona (-'crpora.

tion) n:achine was of Ihr'ball bearinq t)l)e. \,hich roltlci at I spccd oi.5.000
rpm. T')da)". spindles ol'lhe nlasnetic pin tf ix rur) ar()und E00.000 rpnt {}tFD.
U00 Kugcl-l'ischer t)'pr'). One such nragnetic pin l)'pe spindie. Typ \lFI) F.\G
(Schal-cr lndustriegcsellschalt G!\lBll. Sch*.cinfust), isslrou'n in Figure 12.10.,\
ts'isting spindle corlsists ol a tubc s'ith a pin or a puile), lixcd at onc ctri. The
yarn p3scs througir thc tubc along its axis and is thrcadcd around tht- pin. as

sltorvn in Figure I l.l I . This arranqcnrLrnt ensures posilive iltsertio:r tri 1v.'151

s'hert the spindlc' rolalr's. 'l'ltc' tlteorctical l$,ist iir tlr: !,arn carl bc calcula:cd b1'

thc sinr'.rlc rchtionship bctlccrr spirrt!lc (tl'ist'hcad) arxl yarn si)eeds ($'ind.up).

Tri ist pc,r unir lellg,llr - .sPindle slxed (.revolutiorls pcr.trnit tinrc)
vlrn sl)ccd (lcnglh pcr unit tintc)
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Figure 12. I l. \':r;n th:crdin': tirrou;.lr a pin-iy.pe spindle

The ts'ist thus obtained is called "tlat" tu'ist. Flog'erer. the actual twisr irl t.v-urn
v"hc'n it is still in thc hcatcr isscrnrcs,hat dilicrcnt (gencrali.v- rrrore)than the cal-
cul:rted one. The iact tltat the arlloutlt oi l$.ist inscrtcd in thc 1'arn controis rhc'

procluction can bc sccn in 'l'ablc il.l. in r',hiclr sonre t;,nic:rl production ligures
for lhrc't'nvist-hcad specds are s.iverr (i).

Tablc 12.2

i0.rt0tt rp.nr 6().(.)rJ0 rr,n l{0.00t) rpm

Dcnier
Trr irl
t il:rt ) it. nin !b.'l6S.h: i!,:rnin ltr,rl6$-lrr ir,:::in lb,rl6S-hr

100

SO

;0

30
6o
00

t5
.lt..i
35.;

l.:rj
:.-( 6
.r.:$

I t?
l'i ;-

t6i

:.61
6.00

I 0.00

(,-( 6

I .:8
:.t.1

5r)

61.6
7 l.{

IjR l(-rlo\ (BUSI l-TYPi:) T\\ lSTll((;

l'riction trvisting,. as the nernc inrplics. irrscrts trvLst into the ).arn b)'iricrional
contact rvith a rolating head or a bush. es sho\vn in ljigurc l:.lb and D. I'hc
1'arn altairts tu'ist b1' rolling insidc the iloving inrrer surlacc'of a hollos,tube ot'
plastic or rubber. The innc'r dianrcrcr ol thc cl,linder is considerably- iarg.er rhan
tltat crf (hc 1,ant. s'hich nreans that one revoluliotl oi thc tubc ploduccs a vcr),
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large number of rotalions in the yarn' neglecting any slippage' Consequentll" the

yuin .rn be fed at relatively higlr linear speeds at comParatively lorv rotational

speed of thc trvisring unit. Trvisting rates of up to 4 nri-bon rPm are claimed

commercially. rvhich rvould correspond to the bush specds of 209O0'25.000

rpm. Howcvcr, one grcat disad\rantage of lhis systcm is :he large amount of

,iipp.g", up ro 507c, t[at occurs during twisling. This rcsults itr uncven crintping

of rhe yarn as comParcd to the Pin'lype sphdle (positire tu'isting) false'tu'ist

pro.rtt. But, because of rhe higher production rates posible, this syslem is

of increasing commercial imponance in producing finc'den:er textured yarns'

A major Jrarvback of thc bush is its gradual wear, which ultimatell' affects the

yarn quality. The wear of the bush material is allected by higher running speeds

and the processing of heavy denier yarns.

sT.{cKED Dtsc.TYpE FR lcTloN TNISTINC

A second type of fricfion twisting dcvice commonly used in thc industry is the

stacked disc-rype fricrion unit illustrated in Figure l2.l2b. other disc'type

units commonly uscd in the industry are also shorvn in Figure 12.12. In thc

stackcd disc principle. the yarn is trvisted by frictional co:r(acl rvith thc outer

surface of thc disc sets located on thrce shafts. Thc axis cf the shafts are posi'

tioned on the apex points of an cquilateral triangle'

lhe dianrefers of the stacked discs are such that they overcap in a fashion that

imparts to the yarn desircd angle of contract with discs for the most efficient

trvist insertion. Thcre is a critical retationship between the diameter, the thick'

nes, and the position of discs that musl be satisfied for the most efficient twist'

ing operation-The stacked disc-type gcnerally has nine discs. With this type of

uri.ni*t.nt, the angles of corrtact of 1000'1300 degrees can be rcalized

effeciively. In other r.r'ords. in principle il should be posible to trvisl yarns by

stacked discs using wear-resistant fricrion surfaccs with r low coefficient of

rn

rl-

lc
3S

ll

(t)

t,

J

Rubber burh

<-

Figure 12. l2(a). Principlc of f ricrion twisting.

Yarn Yarn
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402 Textured Yarns

friction such as nleials arld r-erarr)ic ('thc rorsiorral sronlent (r lrr the production
ol thc coct'licicnt c)f lriction ol thc surlace and the contact angle). l{os'ever. in
practice this does not w'ork. and a frictit'rn srrrl'ace s,ith a high coclficient ol'
lricti<.rn (rubbc'r or a plastic) givcs dcsirable results. Sonre reasons rhar accounl
ft'rr the unu'orkabiliiy' of lou'-frictiort surfaces are:

l. li the last friction surt'ace does nor have a high irririal nrontcrll. (hc cmerg.
ing !alsc trvist textured yarn s,ill have a disturbcd cross.sectional shape..
ribbon-like instcad ol thc nrorc desirablc circular shapc.

2. The initial contict that thc'!'arn nlakes rvith the twisting,devic.e is critical.
It is believed that a largc. portion of the tu,ist is insertc'd in rhe 1,arn at ihe
instance ol'lirst contac(. 'l'his is truc tbr both the bush.and the disc-ty-pe
friction units.

.3. Ge.ncrali1.. all nretal. metal oxides. or cerrrnic surlaces causc r'.xtensi!'e
darrragc to thc l-tlamr'nts.

.1. Thc porcs in thc nlc'tal and cersnlicsurlaces are cloggcd b'"'lnon<lnrers and
spin !inishes strippcd ofl'the 1'arn. therebl alteringl thc. fricrional charactcr-
istics of thc srrrlacc and thus the tuv'ist inscrtion.

I:ric(ion surfacc nratcrials such as rubber and poly'trrcthanc orc cornnronl.v- used
for both bush- and ciisc.tl.pe t'*,istine.. Discs have a rendenr.-y'ro \r,!'ar slorver than
bushes. [{earl'-denier }arns can be processcdcasill'on disc-t-v"pe units. sincc. they
crffcr lcss s,ear anci nrorc tlexibilitl' (in denier rangle).

Rcccntly'. 1'urbo \tachinc Co. announcc'd thc dcvclopmcnt ol a sinrple dc.r'ice
that has prove'd highly succcsslul in c<xtrolling thc ),arn slippagc- end rhus the
trvist unilornritl'during lexlurinq.They'clainr that the 1'arn irrtrduccd u'ith rhis
unit installcd on thc texturing hcad lrasa lou'cr tcndcnc),to have tighi sDols.

Principle o I Friction'l'rcist ittg

The prirrciple of frictiorr false ts,istirrg has becn dcscribcd b1, ..\rthur and Wcllcr
(3). The1.' have discussed tu'o devices thal nta! be used in friction trvisting. as

illustratcd in l"igurc ll.ll. 'l'hc l'irst is ot'the bush rype 3s ntentioned earlier. and

the second us!'s a nrovirlg bartcl. Lising a rubbcr-lincti bush of approxinratclS'5t8
in. intcrnal dialneter. thcl'carried out experinrental studies to inveslig,atc lhe

effect ot' the principal variables that nright irrlluencc tu'ist during iriction
trvistins. These variables included (l) t\','ist head speed. (l)-""arn speecl,(-i)1'arn
tcrlsion (.1) s,rap angdc'. and (5) l.arn dcnier. The 1'arn trvist values rcported 3re

based on the unt$'isted 1,arn lclrgth. (Thc ts'ist rvas dcrcrmincd by'rentcrving, a

length of )'3rn and then untu'isting in a twist tr'stc'r un<.lcr a tcnsiotr equal to that

usc<i in thc opcration.) Their results shorving the relatit'lnship benvecrl thc lwist

in llte 1'arn (t) arrd tltc ratio ot'1'arn spcccl (g) and rrvisr head spccii (the spct'd crf

the inside trvist-tube surface. s) lor various 1,arn spcct!s arc plotted irt Figure

12.13.
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l'igurc t2.13. \':::t t*ir: rL-rsui sp('cis;3lilrn' l r()::l 1;1i1111 3n{ \\'t'llt'r'

It cirn irc- s0crr lllar rircrc is an optinltltn \'3lue ot- (g,.r) ar \\'hicil l\\'isl is at a

!t)axit.ilunl !e.rcl. Tlre oflii.iultir \alrrc ()i (,grs)\i,ru.d depelxl. alll()tls ()thcl :'Jctors.

on rhc sttriace charactcrisiics oi lhe lirring ntarcrial uscti irt the l\r'ist tube' r\rthtrr

antl \\'c'ller havc Lc'pc'rrt.-tl thC Oprllllu!ll t\\islillq clllcit'nc) iirr tt1 .tln 6 and 11'lon

(i(r 1,31nr ar g,,rs = 0.Ii irrr nutural rul)l)cr \',itl) J:lrl)()tt [rllrck tli er 3s tlte linini:

trrateri3l. Thc'sig,nri'iclrncr'()l thc:nnxirlttlt)t is thlrl the t()r(lilc I('(luired to L*isl

lhC 1,arrr is juSt sttil-iCieltl tcr c)\'etdonlc the iricti:>nai iotCe Ott thc Surface of thtl

verrr. A1t,dcvixti()n lrcritt this poilll s'oulii caus: illslsbilitf in iht'torqtr':'1u'ist

chu(tCt,-'ristics ol tite \'ar!l: itlCre3sing LOr(ltle-l\\.st (il)O\'!'lllellt tt)u'3rd lt)\it'r ! S

'alue) 
irclrat'irrr cauSCd b1 a i!cr:rcaSillS vaiuC of tlte coc!'liCiCnt oi tiictiorr rvould

rcsuh in lo$'ct i$'ist. Artothcr adva!tlAtlc ol'tllc i)ush't5pc'(irrctitr:t) t\"'lstillS head

is its scii.etljustirlr: I)ropcrt\,ovcr 3 \r'idc ranSc oi !3rn (lcnicrs' 
";irich 

is (\'!dclll

1'rOnr tirc srraig.ill-linc r"'laii.rnslrip obsclvc(i hclr.'eerr tNisl slld thc reciprlcal of

tltc squarc root <lt.th!'litlcar t1..nsit1.(t\\.lsl llctor = t\\ist X r,,/ Ierl o\'ci i}tL. Isllg'e

oi 30.b.i0 d'enicl. TIrc-sc lttltlrtrr5 Slso rcl)ort 3 
,!illcar 

relaticlnslri: bcilret':t trr'ist

and the sinr. eii lile 0r)ii), :rnglr' ((lctlllccl es tirc lnglc tllaie lr1 the ingoir'11 l lrtt

path wilh rhc tr|ist hcaci rxis) allti suegcst tl13t.1'or oLltirllulll cril:lp' an cnlr\'

atlqle clo!d to 90'' is stlilablc.
'l'hsaires (.1 ) h3s rcccntl)'rcp()rtcd a theolcti.:al :rnai1'sis tri t:'c ittr'citarlics oi'

lricrion r\isring ar)d h3s cicriveti cxlrressiolts lhal r!-iate \'3ri3tior)i oi tNist tactor'

).arn icrtsiorl. arrri 1.urrt palh (c'nlr) alttl c'xit allg.le) lhro\lgh r falsc'tuist ti)indic'

ilis cxp,,'ri,rrentul rcsults artd thcorctical predictirrns sht'r'3 rcaso'ab1" agrJctllL'rlt

3nd conllrrit lhe l-irrclirrg,s crf Artllur and \\'c'ller' llcru'ever. tlrc'efi'ccl tri thc

chengc 6f thc liicticrn:rl r)ropcilir's 6l'llte [rtrsir nutcrill <ln tlte i)r('dc'ssin!l

belravior tnd tltc 1()r(luc-l\vist cltaracteristtcS oi ]3Itl dttritlt tcxtttrrng is still not

fulll, urrticrsrood arr<l rrccds iurrltc'r stut11'. 'liris ls c\\L'lrtlal il'proercss is t() be

rnade in inrprov.ing. thc reguiaritl' r'rl' thc irictiorl'l$'isted texlurcc !'arns'

/,
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"to.l Tcrturcd yrrns

f octorc Aifecring rhe Stretclr Choracteristics of l;alsc.hrist 'l'extured Yarns

Tlrc lalsc-tu'ist tcxturing pr()ccss is usetl to i)roduce critnpcd varr:s coveurls a

YerY rvide rart{,e ol'I)ropettics. -l'hr:sc 
inciu<ic str;h 1,rrn cllitractcristics its roush

appcarance io solier alttl srrroollter silk.likr"'qu3litics. high skeirt shrinkagr'. lnii
rarYin3. Stllounts ol'strc'tch bclirru and atter rclaration. ilo*,r:r'er. specifrc 1,arrr
properties. such rs te\tule. sol-tilcss. covcr. and stretclt. eri)on! erthcls. coulc
dcpcnci ott u nulllbcr oi nt:teLials arnd i)rocessiilg vrrriablcs. Tir..se v:riairies cllll b,j
Sroul)ed in ttr I lte lt.:lltru'irrg I llrcL' ca tcgorics :

l. \latcrial vlrriablus

a. tllanrent clenicr
b. filanrcnt count and \.arn denicr
c. crr)ss-scctional shupe ot' lllarrrent
d. sprn finrsh
!'. lustcr
!'. nrechanic:rl prolrerties ol parr'nt )'arn

2. \lachinc variables: this includes the rnaclrinc'r.ir'sign i'acrors
ir. heater t1,pe

l). hcltcr lcngth
c. heating nrode: conduction. convcction. radiation
d. tccd sl,stcnr
c. t1'pe olspindlc'-pin or fricrion (bush) tl,oc. tiuid rrvisring. duo.t$'isring
f. rvinding trr takc up nreclrarrisnt

3. Processing (tc'xturing) variable's

a. heating and coolins rate
b. anrourrt lnti direction ol tuist
c. spindlc'spccd
d. yarn take.up speed

e. hcat zone thrcad line tension
l. post.trealnterrts such as second hcatcr. autoclaYe (Steanr) se(ting

IIA'tURlAL VARI;\BLES

Filanrcnt l)etier and -\'untber

The individual l'ilarncnt dcnicr and the nunrbc'r ol nlanrents lor a given rorrl
dcnier of yarn have a prolound cflcct on the textured yrrn crinrp rigiditl,. as

rvell as on (hc strctch and bulk clraracreristics.'l'hc crirnp rigidiry'. thar is. rhe
latcnt rctained energl,or torquc. incrcases dircctl.v- u,ith thc diamctcr oi
individurl filanrcnts. This is because rhe coarscr rhc lllament. rhe higher rhe
torsional energy'required to distort (or tu.ist) ir:rnd the grcatcr rhe reraincd
energy alier tu"isting and settine. I'hc torsional stress in a filanrent is propcrrticrrr.
al to the tourth power ol'its radius (square oldcnier). k lollov,,s. thcrclore. lhet
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I nigure 12.14. Extension'teltaclion curvcs (lhird cycle) for 2-ply ?0dcn, falsc-twist

tcxturc,rl n)'lon Yarns.
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o
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rhe ferver the number of fitanrents in a st:etch yarn for a given denier. the higher

its strctch potenlial and resistance lo extension. and thc faler its recovery from

eirension. on the olher hand, larger.diameler filanrents Produce textured yarns

withcrisperorharshcrhandbutretainingahigherpcrcentageoftheiroriginal
strength. as can be seen frorn Figure l2'14 (5)' This shorv; the effect of filarnent

denieronthestrcss.straincharacteristicsofatypical2.pil'TO.dcnierfdse.twisl
slretchnylonyarn.Itisclearfrorntheiltustrariontha:lheextensionatthc
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point of crinrl) rernoval and the ener!.)'of !'rterlsron and rctraction incrcases rvith
dccrcasing nunrber ol illsments (increasing filanrent dertier).

Tr>tal (l'arn1 Denicr

Yarns arc gencralll,tg'isted sith a constunt ts'ist lactor during lalse t*isting. lt
follous that thc hner.denic'r 1,arn u'ill bc trvisted to a higher is.ist angle and colt.
scquc'ntly' rvill have a srcatcr strctch potcntia[. l:or cxanrple. tbr a given t'ilanrent
derrier. ir ?0-denier y'arrr rvill develop higher stretch potential than a 100-denier
varn.

Cio.ss-.Sectior ta I Sl n p c

ln addition to thc regular circular typc. s!'nthetic lllanrents cotne in r'arious

cros-scctional shapcs. suclr as trilclbal. trians,ular. and ciog-bone. 'ilre rorsional
rigidity' of a filanrcnt varies directly, *,ith the shape factor. rvhich has a value oi
unit1. for e circrrlar cros.\ scction and decrcasc.s as thc poll'gonal shape approaches
a triang,le. Texttrred yarrts rllade frcrnt lnultilcrbal cros.sectional shapes tend to
luve silk-like hand and appcrrance. The;.also have grcater covering po\l,cr than
the corrcsponding circular filanrent ),arns \4'ith the sanre individual t'ilannrrt an<l

total denier.

Spin f"inish

1'hernrolrlastic )'arns are generalll,given a spin l)nish aiter spinning to make thenr
arncnablc to lurlhc'r proccssing. Thc rcquircnrents J'rorrr the poinl of Yies,of
processing. such as texturing, include:

I . corrcct tlbcr {rictional propcrties at all stages of procesing
:. control of static electriiicatiolr at all stagcs crl'proce.ssing

It is believed that aspin linish.gcncrally'crcatcd b1,a lubricating additive.alt'ects
the defornrabilitl' o!' t'ilarnert(s during trvistiltg becausc ol dccrcascd t'rictiorr
bctrvccn thc tilamcnts. .'\n absence of spin finish s'ould cause high frictional
rcsistancc betrvcen filanrents and thus rvould prevent thenr llorn being tu,isted as

desired and rvould result in vcrl'high thrcad iinc tension. This could thcn result
in lllarlcnts s,ith kinks 3nd snarls. rvhich are undesirable for a slnotrth
appearance. On the other hand. spin finish can afl'cct thc frec m<lrenrcnt ot'thc
yarn a!ourld thc pin and can hantper the perfornrarlce of the lwisl trappcr.

Pruperties ctJ'the Parent Yarn

'l'he physicll properties and the chenri*l nature of filanrcnts (polynrer ty'pe)
u'ould afl'cct such hctors as (he thrcad linc tcnsion. tenrDerarure. the t\r.ist
that must bc adjusted during falsc trvisting. the settirrg or thc dwcll tinrc'on tlte
heater. and the dcgree ol pcrmancnc). of crinrp. The role of the phy'sical
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Properticsoftlrcparen(},3rninirlflucnc.ngthcbellar,ioroftextuledyamc3n
be best undcrsrood fronl the telationshiP bctrveen thc y'arn rctraclivc force (5)

and the !arn paranlelers.3s indic?ted b1' Ihe folk-rrvfutg exPlclsion:
i)

F
D

CI;d
A.

(r 2.1)

;
I

f

rvhcrc
l' = lhe rctractivc iorcc of lhe )'art)

l) = thc total 1''atn dcnier

C = a constanl
.t' = lllantcttt elastic nrodulus

t/ = l'ilanrent derticr

arrd ,1 = ciiantcter ol the filanrent hclir
It can readill.he sccn that the retracli!'e lbrce is direct.l'proportional lo the

producr ol ntodutus arr<i dcnier. l'ltus a r:talerial rvith lourt tensilc ntodulus will

have lrrrr,er retlacti\.c |orce. prclride<j all othcr lactors retnain constar]t. For

exanlple.sinccrhemodulusofpoll.,cster(P01.)isgcncralll,higlrcrthannylon66'
u,hich in rurn is higher than n1'lon 6.the retractiYe force for asiven totel denier

and lllamcnt would varf in tie ordcr i'pr.'r ) i"Noo > tr,'q6 It is clear fronl

equation l2.l that. b;,nranipuiating rhe f iianrent denier, it is possiblc to Produce

1'arn. frun., rrylon 6. ny.lon 66, anJ poll'esrer $,irh Sirnila: retractive forcc for a

gu.ntolull.arn<tenicr.Itiskn<lrvnthata70,,.:.lnylon66ysrnhasretracti\'c
lcrrce sirnilar ro a 70i 24 n-"-lolt 6 .varn'

Itisrecognizedthartorquc.crinlpedrrl,lon66asrr,cllasny'lon6yarnshavc

'cr1, 
good siretch 3n6 1,:c9rer1.. t.riur.. CO'ering, po'ver. ctc. o' thc othcr land.

polyesteryartlsprcsct,ltsonrcdifficulry'inrctainingtheirtclrque.crimpl.tremory
if the parent .v-arn is not propcrly'drawn and the texturtd varn nol adequately,

re.laxeo. 1'hcse aspccts arc discussed in more detail in :hc lollorvirlg sections'

Horvcl.cr. it nlrrst be poirrted out lhat the iabrics nradc'frtrln prcrperly'texturcd

and relaxed pol.vcsrer ),arns aie bclieve<l to haYe belter icxture or ltand' belter

covcr. and bciler crcase.rcsislatrce charscteristics than sirtrilar labrics \A'oven or

knitted front rr1'lon Yarns.
Pol;-prop1'lcnc)'arnsgenerally'requirelongerdrvell:inreinlhehc'at?'onc'

neccssirating tlre use oilong., hcari,rg, *'hich to sonle cxtenl slo*'s doun the

productionratc.Horvcvcr.polyprt'p1'lene-v-arnshavcverygoodtorquc-crlmp
r.erllory. proridc excellcnt .ou.ting powcr. because of lorv specitlc gravitl" y'ield

a vcr-"- pleasirlS "apParent" cihct of lightness of hand'

ItAClllNE Vr\Rl.{BLf S

Therc. are n.rorc tharr a dor.en nrarrufac(urers ot')'arn'tcxturing machincs. Each

machine has ils urriquc design fearurcs. rvhich include the heatcr t1'pc (contact'
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radiation). tcnsionins s):slent, )-arn.fced s!'stem (apron or roll). nnd yarn take-up

nrcchanisnl to nanre a t'cs' ol thc ntost inrportant ones. All lhesc lactors taken

singlll' or collcctively' creale a conrplex situaticrn in the productiort ol'(e.\turcd

)'arrls.
ln addition. tirc krllou'ing facttrrs further conlplicatc thc situa(ion u'htttt c-crn.

sidering the eft'ect olnrachinc variables on the leNlure<i varn quality':

l. sinrultaneous and sequentirl drau' tcxturing,
2. use of partialll, drarvn pol!,estcr )'arns
3. t1'pc ol tu'istirtg technitlue. such as. duo'twist. lriction (buslt)

fluid.drau'n tcxturins
.t. crirnp ly'pc

twisting

'l'hcrc is no orle nl3chine that is idcal. 'l'o g,ct a bctter picturc'r-rf the inrtova(ive.

less t)f the various n)achinery nrarrufacturers. thc rcadcr is rctcrrcd to Table

12.3. ilr rvlilch the rllosl inrportant tcaturr's oi thc latest equipnrent (shtrrvn ir;
the nranulacturcrs at '\l'I{t'.-1.19?.3 

at Grecnvillc. S.C.. U.S.A.) currc'rttll' ar':iil.

able for 1.arn texturing arc' tabula(ed. A detailed t'liscussiort tln thc subject of
macltine engineering design is out of the scope of this chapter. Hou'el'er. solrre

novel ideas irr rexruring shosn fbr thc ljrst timc at this intcrnaliortal rnachinerv
exhibit are discusscd latcr.

Ncvcrthelcss, it is deerned appropriate to discuss brielll' thr' intportance ol
heatcr dcsign. sincc lrcat setting is perhaps the most critical aspcct c)ltltu'tc.rtur-
ing proccss. In nrodern texturing, machirtes. tlte seltins tirne is rehtivel.v short:
the u'hole processof trvistirrg. heat settirrg.and unt*'isting takcs lcss than I scc.

'[hc basic requirentents of a hcatcr s!'stctn include:

l. reliabilitl,
2. rcproducibilitl'
3. case ol control
.1. tlcxibility
5. econollr)' of operation

'l'he attainmcnt oi these rerluirenrents rvoul<i ciepcnd to a ccrtairl L'xtcnl oll Ihe

tylx of heatcr enrplol'cd. .\ccordins, to the rnode oi heat transfer. the hcutcrs

€n be groupc'd irt three basic t1'pes. that is. rcdi;rtion. conciuction, and con'
veclion. A I'urthc'r subdivision can be related lo the heating nrediurn. lor
e.ronrplc. clectricitl'. hot air, oil. steam. Dorv'Therm. ctc. l'herc is ltot nluch

infornration available rcgarding thc int'lucncc oi the heatcr t)'pe on th!'qualit)'
characteristics ol tcxturcd !arn. llo\!'ever. there are sonle studies reportcd in thc

literaturc'on the efl'ect ol heater tempcraturc and hcatcr lcngth on the buikittg
and strctch bc'havior of y-arns. and these are discused in the appropriatc
se ct ions.
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T{ l .l Tcs rurcd \.31.1,

PR(X'!JSSI \C \',\ RIA I]I-I]S

It has bcen pointcd out that thc hcating and ctrolirtg t'rl'the.v-arn is lhc nrosr

criticrl ot^-ratiorl c'ncourll€r€tl durine the proccss of lilsc'trvist tcxturing. 'l'his

aspect o!'the prcrcc'ss attaills further dintc'nsions n'hen rie',ved in the lig,ht of
tccluroltrgical advancentents nrade in thc llcld ol'incrr'ascd spindlc'specds. llorv-
evcr. ti>r eilcctivc hr'at sc'ttin3, the y'ern must be ntairttaineci 3t the sr'tri1g
lenrperaturc iirr a sultlcicnt lcn.uth ol tirnc--an c\'!'nI conlrolled b1't3nl spcr'{
antl heatcr length to f,iclci the desired stretch characteristics. T<l a ccrlain
extcnt. thc problcrn oi clrvell tinte has been ol'crconte b5'incorporating L,rnger

hcatcrs (in sonrc rnodern ntachines thc lteatcr lcrtgth ma1'go up to 2.0 rn).

Heating and Cooling of Yarns

It has been rcp()rt!'d [1,' ..1,r(hur and Jorles (6) that the settinq plocess. in addi.
tion to bcrng dcpcndcn{ or't llte ierttlrerettrre attained bl the 1'arrr. is also qovcrn.

ed by, a rare l)roc!.ss that is probabll asociatcd v.'ith tirc'rnodifications in thc
nrolecular structurc at the settini terltpelature. Thesr- authors havc rcported a

dL'taile(i studl'on the lreat transfu'r l'rorrr hQt :tir to e t$'isted varn and thL.

ten)l)erature attained b1'thr.'y-arn irt a heal zonL'. Thel conducted exoerinlenrs

on a nrodcl n1'lon 66 1'arn oi 15.000 denier (1666 tex) contposcd ol'6 dcnier pc'r

t'ilanrent. The core tenlpcrlturL'of the 1:rrn rvas mcasurcd by a linc thcrnto-
couplc. Tirel'uscd ar) arlal)'tical expression Io calculale thc tenrperaturc profilc
in a ;,anr cres\ sL.L-tion $,hile it rr,as bcing transportcii through a ltcutirtg lnc'diunr
(air. in this casc). I'hc thcrnral difiusivitl'of the model n1'lon (>(r 1'arrt u'as lirund
tc) \,ary fiorn 0.9S X l0 I c.g.s units at l0.C to 0.51 X l0-r c.g.s. untts at Ii0oc.
In thi' case ot'highly' t*'isted.low-denic'r n1'lon yarns (up to ?0 denier) heated in

hot air rr terni)eraturcs betrvccn 240 and 500"C. thc ditlcreltcc bctwcert (hc sur-

lacc und ),anr 3xis tr'rnperatures in rhe vicinitl'of the sctting tcnrperaturc (Ji0.
:40'C) \\,as essentiall."- found tcr bc'ncillitritrle. The h!'31 trarlsfer coefficierrt of
highl) trr,istcd yarns \t'as approximatel)' constant lirr a givttrl )'arn dctricr ovcr thr'

len)l)eraturc range 20.500"C an<i rvas inrjepertdent oi 1,arn speed frorn 6 to .100

nl.rnlin.'l'hc values ol hcat transfer coeft'icient varied fiom 3.7 X l0-3 cal,t*-c

crn? 
oC 

f<rr 30-denier(3.3tex)]arnto3. l5 x l0-'r caljsr'ccnrt oClor 70dc'nicr
(7.7 tc,r)!'arrl.'I'he heat-translercoeliicrentr,alues u'ere used ttrcalculate theyarn
renlpe(arure 3r an\,tirne during hcating ut a particuhr lcnlpcraturc.'l'hcse exper-

inrcnts5lllrved lhal the surlace Ienlperature ot'a 70-<ienier (7.7 tex),v-arn truistcd

to 75 tpi (2951 tpnr) coul<i bc r:risc'd to :30-2,10'C (sctting tcnrp!'raturc ) in
0.-i5 scc. but tlrc 1'arrt produccd did ltrrt ltave adeciuate sel. Ho\ever. a lteating

tintc ol 0.7 scc, obtai.rred by'reducirtg, the 1>rocessing speed :rrrd lreating rale. \\"s
lound to Droduce a rvcll.sct y"arn.-llrr,' invcstig,ators conjccturcd that thc poc)r set

obtaincd at heating tinrcs less than 0.35 sec \.\'as caused b)'eithc'r (l ) inconrplete

con duct ion o r ( 2 ) incontplete ntolecuia r rea rranger)le r'll.
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'l'hc cl'lcct ol rhe lrrocc-ss ot'irc:uting ar)d cJ()ling u1'1315c'-lr'.ist le\itllecl )'arns

has been lcporte c b} Itorris alrd Iioberts (" ). Tltev sturiir-d thc rciatiort L:c'lrveett

Cr)n!tCt tintc and !'ant lenll)er:ttUrq'Jrtd bc:v,'CCrt cotltrct tiittc alld ilte detree ()l'

scl produccd irt lilsc..t*.ist l0-dciric'i. i'l'filrntelrt n)'ltrn (i6 1arns. ir1' using a

Scragg-shirlc'1, \{irribuik nraulti!t!'. Tlrc degrcc'oi sci rvas chrractcrizc<i b1'the

crintp rigiditl. test dcliscd b1'rhe Hosier;':r:td ,\llicd'l'radcs Rr:scltrch Associs'

tion. l:nglanci. 'l'lrc' pr,rce<lur!- consis(s crl'sttspr'ttclitt! pi it:rltk ()f 3 \'arn ill g'atcl

at i0'C tensiortc.ti urttict a lrtad trf 0.1 3,dtn. Thc- rchxcti lCntth 1, 1 is ltteasurct!

:rftcr I nrn: lllc- irriiri is ihc'rt tJecrcascd ttr Q.g3; !,i (leil . arld rltc rciaxcci le'ngth l;
is nrc'rsured al'tcr lirrthc'r lep*-d tiine oi'l n:in.'l'hc criirtp rir,itlitf is ticllncci as

100 (/. ;L:.). 1.,. '[he rntrdifit'<i C.\I.G. itc'3lc': rvas llscd ()ll tirc buik!ng ntac]tirte.

Jnd thc spirrtlle spccd could br'\'arie(l irottr:ibottt (t0.000 to -i1S.000 rt)n). Thc'

ire:rtcr lcngtlt tls!'d \\as 14 in., ascntblcci in six sL'clions. t'xch oi"l ill' !cngtir. 135'

usir)!:. t\A,O ilil'i!rent ty'rr,:s ol spirrdlc esse;ttl.lics in thc scctiort hr'3tct. lltc' Contact

rinre cttuid bc varic'ti lrrrln 0.i5 to -1.5 scc..l'.lc rclalicrrtsltt!r belueen crintp rigiti'

itl and Spirtdle sireed firr n1'lcrrt (i(r )311 s sito*,tt irt [jig,urc li.l5. '[hc' 
1':rrns

rverc ii.-nt sct xt :30'C at)d I0 rpi. On thc othcr irend. friilrr:e ll.l(r illustrrtcs
the cl'tcct oi c()!llaci iinle on crinrp rigitiity' 'fhcse rc'sults irt<ii-:rtc' tltut tht' crirttp

rii:itiity' droPs raPidiv $ ltc'lt lhc tttllchtttr' spccd is itturc'lrsc'c. \\herels thL-

incrca*-ci cotttacl !inre irrcrcasc5 crirnp rigidiry exp()ncntiali!. Ii rttttst ire pt'rrnted

(lst llr3l thr' actual cor)tacl ti;tte.l.recluse o!'colttrltction cStlst'd bv lr','is! (rs r','cil

us lllrnlcrlt lirrc:ar rlenrst)'). is gcncralll' highcr tltan rr'ould tppcal I'ront thc ralio

oihcatCi lcrtqth:rnrl )arn s**cd. Thc cotlla(I ttnte for 70 i4 nl'lon )'3rtl tr'rtlrred
ai a nOininri tsist oi'$0 rpi and a ilcaler lcr-lpcratu:c oi l.l0'('husLrc'c'lt lL'pOrled

to bc l.-15 scc r'.ilhin thc spirrdle speetl range of 61.000-150.0t)0 rprlt.

n
0 100.000 200 olo 3o0.00o

Spindle ipeed (rer,/mrn)

l.)

Figurc l2'15. t-!.iccr f,I.sl)lndlc spced .rn crilnp rigidity-|)i.t\\.\)ii)!d i0 .i{ ni,lcrrt (r(r !.3In

Pr()c!-sscd rl lj0'C t:il'l!.r \torris Jnd RQbcIls).

t)I
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:so
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Ilcthods of Pruluction { 17

Studics on lhe cllcct of y'arrl speed and heater telr)l)eraturc havc'indicated that

crinp ri.q-rdit;, is <jcrerntined not only'by'the I'arn tcmpcrature and cont3ct Iiine'

bur is also sigrtificantly dcpcndr'nt tln thc rutc oI ch:rrtqe of tcnrperalure rvith

tinre. ThcSe conclusions are based orl thc obSCr\"tions that. for a cOnstant hcatcr

tentperaturc ancl y'arrr spccd. the crinrp rigidity' increases exponcnt:ally' rvitlt

tirne. and there are trvo distirrct regions r,r'ith diflerent "tittlc constants" in this

progess. Durirtg tltc first phasc. u'herl rhe 1'arn tctllPetalure is incrcasinl: rapiCll"

rhe crimp rigidity changcs likeu'ise: in tlte second pcricrd. aller the ;'arn ltas

rcached the hcatcr tL'nllxraturc. thc crirnlr rigiditl'continues to incrcasc' but at e

rltuch slowcr r3te unlil a nla.\.itilultl is rcachcd. This is ihos'n in l:igure l:.17 (7)'

I'his illustratiott dentonstratcs thal the y'arn tctnpcrature reaches thc hcatc!

tenlperaturC after about 0.6 sec; lrou'c'vcr. lhc crir:tp riSidity still shous arl

incrcasiltg rrencl. at a SIO\t'er ratc. and Shos's no sign of lcvclirrg off rvhen thc

),ern lentpcratttre reaclres a conslallt ralue. 'l'hiS relationship (lOr tenlperature

rise) has itgqn 5hou'rl Itt havc thc arrall'tical forrn (E):

'1..= Tn(l e-r') (l:.1)

rvherc

L,. - )'atn lenlPcrature
7), = heatcr tcnlPeraturc

l- = hcat transl'er [utlction
and , = heatingtinlc
7r, alrcl ri, are tcrlperarures nlcssured abovc antbicrlt level. (\\'hen kl = 3.7"t. is

95?i ol 7),) and

'lT'. =*(7,. t',.1 (l:.i)
,ll tt ''

(u,irich is i<icrttical to thc telationsfiiP derivecl b1'\tcrrris and Roberts r'?) itrr t[c

charrge in crirnp rigi<iir1.: 'l = x (O,t-C). rvhc'rc C is ihe crintp rigiditl'. anrl

Crrl is the valuc oi'ctinrp rigiditl' 
"vltclt 

llte larr: rcschcs the heatcr tenl)eratule)'
'flrc value of luctor lr is thc 5l1rPe ol'thc plol ol dTr.'dt vs' f-r" u'hiclr is ft'rund

to be approxirrratell'cquel tc) 5 irr practice. Irt othcr rvords. thc'f itttl telnpcrature

rcachcs 9512 of its firtal valuc- nt I = 3i 5 = 0.6 scc. Fro;rt thc picrt oicrinrp rigidiii'

agairrsr coptact tinte (Fig,ure I l.l7). a k value of I is crbtained. \\'hcit the larn
tunlpcru(grL' is rising and a! colls(3nt !'ar11 tcIIll)el3ture. ,t = I . Tltis tl pc' oi
anall,Srs rvould Srrggest that e lirlle ()l 1.5 scc is rcqui:Cd g'fiett k = ]. c'r 'j Sc'd !'crt.

r valuc of k = l. tbr a 1'aln ro attsin 9517 ot its final c:irnp rigiditl'r'aluc.
'l 5e ncxt ilttpottanr stcp in the proccssinq oi'tcxtured 1'arn is thc'coolirrg <'rt'

lhc' \,arn beforc untu'islin8. bccilusc it is during this stagc t[at the setiillg cffect

D
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418 Tex(ure{ Y4na

ol23
Conracr tirne [tPc)

Figure 12.18. Rclationship bets'een contact timc rnd crimp tigidity al three Pindlc
specds Aftcr }torris and Robelts.

rakes place. Denlon and Morris (8) have considered this aspect of tlte proces.

Some idea of what happens to the crimp rigidity rvhen the cooling time is

changcd can be obtained from the ilhstration shorvn in Figure 12.18 (7). These

experiments rverc conducted with a multistage healer, at lhree different spindle

speeds. rvfile the cooling distance was kept constant at l0 in. An examination of
the crimp rigidity at each heating time included in all three curves (e.9.,0'7 sec)

shorvs that the crimp rigidity tends to decrcase ',r'ith increasing yarn speed; in

other vords, crimp rigidity increases rvith cooling times, which. according to the

authors. are as follows:

Cooling Time

50

40

8
i
-E 

,o

g

(J

20

r0

Spindle Speed

48.00O rpm
102,000 rpm
210,000 rpm

1.6 sec

0.8 sec

0.4 sec

Furthcr studies on the effects of cooling times covcring a muclt wider range

have been reported (8): here the healer length was varied while the heating time

s'as kept constant. The cooling distance above the top ofthe heater was fixcd at

I I in.. and the cooling, time varicd from 0.2 to 1.3 sec. The results of this experi'

ment, shown in the lower curve of Figure 12.19, demonstrate that the crimp

rigidity increascs as lhe cooling time incrcases. This effect is highly pronounced

in the initial part of the curve (lower cooling times-representativeof timesused

in some present-day equipment) and tends to level off at higher cooling timcs.

48.000 rev,'min

102.0OO rev,/min

210.00O rcvlmin
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Constart heater
lengrh 24 in.

Conttrnr heating
tirnc 0.45 lec

70/3rl Nylon 66
8O t:rmrin. 230"C
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Spindtc apecd lthoulanct .evlmrn,

400 250 l0l 60

35

25

20
0 0.5 1.0

Cooling time (rccl
1.5

Figurc 12,19. Effect of coo[ng limc on crimp rigidiry, Aftel Denlon and ]torris.

The upper curve shows the joint effcct of heating and cooling time. lt is obvious

that the effect of heating tinre alone is geater; horvever. t[c influence of
reduced cooling time beconres Progressively more important as the spindle sPccd

increases,

The importance of the influence of cooling lime has been further discussed by

the authors rvhen the process is considerec in thc light of thread line tempera'

ture profile above the heater. This approach is extremely helpful in determining

the cooling time required for procesing different linear density (denier) yarns'

This can be besr undelstood by looking al the rzlue of & in thc cooling exPon'

ential I = To e-k, derived from results shown in Figure 13.20. The value of ft
obtained by-substitutitlg the temPcrature of the yarn as it leaves the heater

(230"C) ani the t"nrp"trtur. afrer cooling for 0.3 sec (l 30oC). both taken from

Figure 12.20, is found to be 2.3, which :s subslantially hdependent of yarn

speed. Calculations by Denton and Morris (8) suggest that. for a yarn to cool

down to a tetnperature of 6OoC before untwisting,, a cooling time of I sec would

be required. as compared to a time of about 0'25 sec allowed on modern
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420 Tsttured Yarns

o

Cooling t'me (recl

0.1

o2468lot2
Dirbnce lboryc heltot (in.l

Figrue 12.20. Cooling of yarn after tearing thc heater. After Denton and llorris.

nuchines. Figure 12.20 shorvs that at 0.25 sec the yarn is at a temperature of
l40oC. These results relate to a 7Q.denier yarn. On the other hand, the value of
&' would be different for heavy'denier yams as obtained from cquation :

(t2.4)

o.2
2&

2n

200

r8()

r60

trl0

o

f
€
oq
€I
c
o

2h
pcr

k'

where Ir is the heat transfer coefficient in air

P = Yam densitY
c = specific heat
r = radius of the yarnand

The specific heat of conditioned nylon (65Vo r1..20'C) is constant at l.0l t
0.02 calidoc over the range 60'2O0oC, at heatint rates between 10o"C/sec and

l000oC/sec, as reportod by Jones and Portcr (9).
As the yam dcnier is increa*d from ?0 denier to 150 denier,rincreasesbya

factor of I .4, and the value of k' decreases by I .4: thus the cooling time for the

heavy denier yam must be increased by the same factor to cool it down to the

same temperature. Yam with lower specific hcat will come down nnre rapidly.

In addition to the crimp rigidity, the tensile characteristics of textured yarns

are also influenced by the heater tcmperature (10). The tensile modulus and

breaking tenacity generally show a linear decrease, whereas the extension'at'

2/70/34 Nvlon 66
S,000 rcvlmin

80 turns/in.
24CfC C.S.g
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liigttre 12.22. Iljcct c'! hc.rtc: tcinp.rr3:u:c on b:crkurg c\i!-l)slol. .\ilir Bu:ni!. r:lrd
I I cr rlc.

brcak altd thc ci'f'cctrvc'slrctch (lneasurcd at thr'point ()f tr'rtL'rsccliotl ()ilangcnts
drar'.'n to lhe Iou'- alrd ltiilir-lnrrtlrrlus rcgicurs cl th(r ltrar!extcnsion curlc)
incrc'ase \'.ith increasirlg healer len)[)cr3lt!rc. Figtrrcs l].1 - and ll.ll shcrs'the
kirrd crf rclalionship oL)sr'rvc'd bets'ecn hca{'cr tcrnp0raturc lnd irreaking louci irrrd

Ltrcakinc, c'\lcrlsi()r). Th.'se chanqes in the lcnsile behavior ol tc\lured ylrr:s lrc
n)ar)ifestalir)ns ()l tllc changcs occurrtr)c in thc nrt>:rrhological slruc:urc bccause
ol'the heat tleatrlrt-'nl. 'lltere :tre cltartlc's irt tltr: si;:c and dislni)uti( i) ol'cr!'slal.
litcs Lrrr"rug,ht about b]'thc dclirrnratiorr processes (lerrsion and bcr.ding)!rr thc
Itcatcd state. and these arc. lelt)perrlure dr.i>endenl.

)
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122 'fcxtured Yerns

Therc is nol rrlrtch infornration availablc in thc litcraturc on the relativc'suit.

abilitl'of various heat transler modes such as conduction. convection, or radia-

lion in the heating ot'."-arn during tcxturing. But ntost of the heating systcms

have inherent capabilitics tltat ntake thent greatll' t'lexible for rvhatel'cr purPose

the)- arc entploy'ed.

Yarn Tu'ist

'fhe amount of t$'ist inserred during tcxturing influences such characteristics as

the bulk. crimp, strcngth. elongation'at'brcak. artd the relraclive pos'er of the

end product. Tu,ist affects thc yarn struclure arrd is nranit-estcd in thc dctornta-

tion of in<livicltral filamcnts because ol thc hclical path they iollow and the radial

riisposition (nrigration) in thc 1'arn cross section. lixccssivcll.'hig,[ trvist has a

tendenCy tO cause the yrrn tO have charactcristics sinrilar to Crepe-Spun yarn. On

the other hand. lou' levels ol twist catlse tlte y'arn to have a "stringy"

appcarance. probabl!' becausc. ol t[e irrability' of thc insulficicntll'- distorted

40

30

10

?o40 60
Trvisi

80 100 (toil

Figure 12.23. []ttcct c'f tuist on crinrp rigidtty

!

lo0o 2000 3000 4C00 (rpm,

Yorn: 2-Ply 70 den 34 il

72.CO0 rpm
t 0X Overfeed
TemJ:erature 225'C
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Itcthods of hoduction 423

filarnents to coil up in loops. The crirnp ri$dity of false'trvist textured yarnsin

relation to yarn trvist is affccted in the manner shorvn in Frgure l2'23 (l l)' Tlte

crimprigidityincreasessharplywithincreasingtwist,butatveryhigtrletelsit
,r^0, ,"-ai,r,*r level off o, ,horu a downrvard rrend. At excessively higlr t'ists'

rhe yarn tends to have tighr spots that are detrimenlal to its bulking and dyeing

behavior. Twist also t.i a p'ofound influence on thc tensilc properties of

tu*turedyarns.Thebreakingstrengthar.delongationbothshorva.decreasing
trend. The basis for the selition of ,t'," processing lrvist is dependent on tlte

consideration rhat the tenacity of the textured yarrt does not fall beldrv a cerlain

desired tevel. It has becn pointed our by Krause (12) that high processingtwist

levels cause the yarn to devclop high torc-uc' which is enouglt for it to ovcrcome

the frictional resistance on the iuid-e pins of the false twist spindle, thus enabling

,ir. V". to roll over the pin, causing slippagc and resulting in a reduced amount

of absotute rwist in tt" y.rn. This r!'pc of behavior can also cause reductionin

yarn tension. To achieve softnes und erttu'fine pcbble aPPearance in fabrics'

iJgrr., i*,ir,, are employed, whcrcas lorv rwist levels would produce course and

relatively harsh crepeJike handle'

Threadline Tension in the lleot Zone

Lorv thread line tension conditions during processing can result in the appear-

arrce of coiled firarnents because of yanr balrooning, ross of twist, or.formation

oftiShlspots.ontheotherhand.hightensiorrmayrcsultinreducedbulk,and
itmayalsocause"*."ssiueyarnbreakage,thusa<lverselyaffectingtheproduc.
tion efficiency. During the ialse trvisting proces' the yarn tension may be con'

trolled in two difl'erent ways:

l. constant tension device-used on the earlier Fluflon'type machines' in

wltichtheyarnispasedthroughagatetcnsionerbelbreenteringthe
heater so as to imposc a prcdetermined constant tensiolr'

2. constant extension-in which the positire yarn feed system is entployed'

andthetensionisvariedbymanipulatingtherelativespecdsofdclir.ery
and take'uP.

Thcprocessingtcnsionintheconstant.tensionlypesystemsismainlydepend.
cntonthcinirialinrposcdrension,andrheheatertemperaturehasnosignificant
effect(13).llorvever,variationintwistmaycausesomefluctuationsintension
betowtlrcheater.butthetcnsionrenainsessentiallyunchangedabovethc
'heater.

Intheconstant.exrensiontypemachires,theeffectofthermalshrinkage,that
is.rhedevclopmentofthccontractileforce,isthedominantfactorindctermin.
ing the thrcadline tension. The contrac-.ite force increases as the tcmperature is

increaseduproaboutthesecondorderlransitionofthepolymer.andthentends

il
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42{ Tc'x(urc'd )'arns

to decreasc.'iltc other conlplicating tlctors include the tarrgential lorce on the

yunl beqiusL' oi'tu'isting, soltcning bcceuse of hcat. and contraclion becatrsc ol
ts,ist. This situetic)rl can be nrcldit'icci. to a cerlait) exlerlt. bv overt'eeding thc

]-3rn. however, cxccsive clverfeed can nullill thc' process t'lf torque'crintp.

Contractile stresses (including lltc tcrtsion crusecl b1' ."-arn liiction) ol 1.28 gitex
at l00oC antl 1.33 q,/rex ar l80o(: il:rve beerr reprrrted (13) lbr 70 dcnier.3.i-
filarrrent n1'lon 66 5'arn rvith Oii or.ert-ccd and 0.3 g pretensiorl ($'ithoui

trvistiltg). Ht)rveYer. rvhcn thc saDle ):arn u'as proccsscd crlt a telsc'-trvisl textulitlS

epperatus (.15.000 rpnr spindle specd). an or,crieed rrf ?ii causeti instabilitl,in
the thrcadlinc arld 4-',-i undcrl'ccd tendc'tl lo produ;e frc<1ucnt )'artl breakages

abovc thc spindle. T'nerc mus( be. therefore. a conrpronrisc in thc adiuStntent of
hearer ternpcratUrL'arld y'arn feed ratc (undcr- <.rr ovc'rfc'ed) u'ilI sorrre conc!'rn

tor t*,iSt end initial tension. \)'lOn !'arrts processed al l()\\'tcnsions (bcCatUc'Ol'

ovcrfeed) are gcneralh' knc'rrvt't to have increased d1'c uptakc. ptcstllllliblt'because

oi changes in thc nlc)rphologl' of the poll'nlcr.
With increasing ihrerd iinc tcnsicrn. 1'arn slretclt ittcrerses initialii. pascs

throrrgh a ntaxinrunt. artd subsequerltl)' Cecrcases 3t \'!'I)' higir tc'nsitrns. \'al n

denier and 1,arlr bulk decreases n'ith incrcasirls: Iertsion. brrt the rcsidual shrink.

3gC iirCresSes.

Post-Treatnent

'l'cxturerJ 
1'arns produced by' thc lelse-trvisting, technique gencralll' havc hig|er

StrctCh artd retain sontc tu,ist liveliness. Belirre usc in krlittc'd Or rvorctt

structurr's. thc textured )'arns arc gcncralll'stabilized and post-trcated by'hcut

treatnlcrli to reduce thcir strctch bc'h:rrior, lo control crintp. to attlirt irtcreascd

strftncss ol hand and bulk. and to supprcss tlteir iorcltre livcliness. -l'his 
is

accon)plished b;'relaxing or stretching the 1'arn in a sccond lrc'atcti zonc'. TIrr,'

relaxation nla)- var), ttp to abt'lut 309i ot'ttre tirlll' strctchcd leltgth: tltus the 1'arn

cic'vclops clintp, and thc hcating ello\','s lhe decal'ol'intcrnal torsionll ertd

bcnding strcscs.
In recent .v.'CarS. the use oi'prolycStcr y'lrrtts itr the [,nited States ulortc lt:is

jurrrped to 3pproxin!3tel1' 1.3 billion porrnds. rvhich sccounts lor ncarll'80') qf
all the tibers uscd in tr'sturing. r"'ith an expectcci grorvllt ratc oinearlr'7n over'

tlre ncxt 5 y,t'ars. Poly'ester )'arns prescnt sonlC special Problei)ls during, settirlg:

conscquentl)'. thc post-lrcirtillcrri (includinr, eillcient cottling) 3tt3ins even

sr!.atCr irrtportence in the processirtg oi tCxturcd pol!'eSteI yerns. -l'he 
Post'trClti'

nrent ol'yarns can bc accontplished by an1'of thc lbllov;ing tv;t.r tnclhods trsed irt

pracliCC. In the earll'staqes()l'thc proccSSiltgOltcxtured )'arns. the ntgst r"'iticil'

used nlethod \4'as that triovcrlccdirt.e the )'3rn b;'a desired anlounl: thc 1a:n vr:ls

then so!'t-u'ound ort the take-up packagles. The sctting oPcIstic)n rvas then c:rrric-d

out c'irhcr in (l) steanr undcr prc'sstrrc' in atrtcrclave trr (2) rirrrinq the d1'cirt5

operatiolr. lhis process is used in nraking Iiclencr': SS (snrcrotltcr srvelter)atrtl
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.fcxtured 
\.arns

rnents. Horvever. thc situation in real false'twist l,cxlured !'arns is nlorc compli-

cated beqausc the lllarrtents are also sct in lhe tu'stcd y'arns in thc lbrnt o;
helices. These helices have larf ing radii becausc olthc nrigration intp<-rsed b5'tlte

ts,isting operation. ConSequently. the sinrple nrodcl suggested abovc Lails to

explain iulll' thc behavior of thu'se 1'arns. On tltc basis ol thc observation of thc

geonretric structure ol these yarns. Denton (27) suggests a hall'rcversed nligrat'

ing helix nlodel. in rvhich individual filamenls are held around tlte yarn axis irt a

helix. vrrying in diameter as thC)' movc lronl the 1'arn ccntcr to the surlace and

back again. After untrvisting. the helical coils shou'occasiotlal reversal of direc-

tion. buf the basic geotnetric shape essentially relttains the sanlc. Denton a1d

Iltorris (8) have carried out a theorctical analysis of such a rnodel and found that

this model explails the structurc and propcrties Of real )-arns' A veirv of the

falsc-rrvist tcxtured ;'arn is shou'n in the diagrant (FiSure l:'26("{ )'

tr) th,

Figure 12.26(l). Diagram shorvmg the miglatins hclLt model of a t-tlsment ut afalse'trvist

tcxtured !,arn. (a) sctting 3nd bclorc unts'istin8. (b) al'tcr trvistinS,, shou'ing:eversal. Aflct
Denton (2?)
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Figure 12.36. l:dgt''cnmping nrodcl

lunction anrl thc coxrP:cssivc fotces'

such a )'arn is a lunction of thc depth of Pnetratic)n lt' <'ri llte ctrtirprcssive

forces. and for a circular cros'sectio;al model' it is shorvn in l:igure ll"i6' For

thisntode.lthecrirnppotcnlialisatanraxirnJnrv..hcnthepcnetrationdcpthis
.+rft.theradiusofthefilanleni'Theothernlodcl(Figurell'36b)isareprc'
sentarion of the edge.crinrpd )'sIn.llcre the :clgu'dclorntatiolr' \'hich is flatten'

c<J. shilts thc optinrurrr pcn.;tr.tion of (he cc)illpressivc forccs tov;ard thc

rjefonned cdge. Thus thc jepth of pcncrratir:n of contpressiort is dcternrincd by

thc tenlpcraturc of thc {'ilalncrtt and lo a lesser extent b1'the thrr"'adlinc tensiolt'

The rnaxinrunl st13irl diffc'rential Ao bctu'ccn tlte colnpressivc and tensi!c conl'

poncnts is tietermined i.u'tf" gtnnttrrl'ol tl''e.eiige an<i the ang'le that the lila'

nlent makcs s'ith rhe toge' o;"iou'lli ro s'ill be highest lor the srna'llcst ecigc

angle. Consequenrll,. tf.,. iigl,e., crinip s,ill be.obrairred using thc snrallcst artgle:

h.*,cvcr. r5c arrglc r'lf l0'is considcreci to be thc practics- ltlrvcr limit' Thc

clintpl'rcquencl,isinvcrsell,prtlportionaltothcfilamenrdirntcter(thickness)
and lbr a circular crc'rs scction to the one'hall porver of deni:r' ln olher rvords'

|bragir,encrinrppotcntial.titccrimpfrequcllcl.r,,'illbelrigherfortjncrdcnier
tl la nten t s.

Itrr,ast]cterlninedearlierthatthe<levelclpntentofcrinlpisdl'terrnilledb),
shrinkagc anci rccrl,stallization during relaxaiion in lhe conlprclsive zone' lf thc

longitudinalrestraintduringrelaxationis€xtrctnel;'high'ttnttt:::t-tlnctornta'
ticrn of coils during crintp devclol)rnent. ThcIe is gerlerally sctl:te rcstraint l)rcseni

in practice. and this couses thc'forl:talion ctf an open coil helir''

Ex. 2020-188



n

{{.1 Tcxturcd yarns

Ilodil'ied or stabilized r\gilon@ 1'arn ruillt lou'er strctch and high bulk can be

producetl on thc sattle lllachinc b1 adding a bulk'develoPnlent scction. \\'ltcn a

strctch ),arn is overled to thc der,elopmetll hr'ater. the crirnp in lhC 1'arn i.s

developed. and it stabilizes in an oPcll bulked, contiguration. Yarns v3rJ"ing lron)

0 ro i0% shrinkage nta1. be produccd b1 this process. Fabrics madc frorn

stabilized Agilono yarns llave a soit. iull hand. good surlace Iexture. vcr)- good

d1'e unil'<.rrnrit.v-. nrodcratc strctch. and cxcellctlt recovery front S(retch.

St uffer-Box Crirnpirtg

The process trf texturirtg by' the stulfer-box mcthod is based on thc principle oi
heat scttirlg filaments held in a contined Sl)acL'il't cc)nlplessed slatc and lil!'n

rvit5drau.ing thcnr irr rheir crimpd iornr. l'hc chenlber in rvirich (he filanrents

arc stufled is knoq'n as the "stult'cr box." There arc cssentiell)'thrcc comntcrcial

st uffer.bo.x textur ing proccsscs:

I. hnlon(D
. .'-5,!. )punlze-'^

3. Tcxtraliz.c'di' y'lrn

The pinlon(D process can bc applied ro a singlc or rnulti-ends. und t1e tcxturi's
isg:rried our or) a Pinlon nlachine (Ki\{c )llac[iner1.' Ltd.. [:ngland) that is

capable of proccsirtg 800.3500 cjenicr and abovc at an ultrahigh sPccd oi 600

r'n.,'nlin. Thc ti.pes of )'arns produced b1' this process can h3\'c e ra'ide rlrietl't'r1'

crimp conliSuriJ ions.

Thc' Spunizcc) lSpunizc Ct'rnrpan."- ol' r\lnerica. Inc.) prgcc'ss irltlrarts three'

dinrclsiortal crinlP at very high spccd and heat sets thC yarns at the sallle titrlt'.

The feed gcnerall)- consists ol rnultiple ends. atld denicr varies t'ronr 30 ttr 5000

and hcaricr. These y:rrnsarc generally used [or carpet and uphcrlstery lllaleri3ls.
'Ihc third conlnlcrcial process, k1gv'tt b1' rhe Ban'Lortg and Tcxtralizcti@

lradernerks. is a bulking process exclusivel)' owncd and controiled bl'-.Joscph

Bancroti ancl Sons CornpanS". \\'ilrnington. Delav;are. I';SA. lhn'l-on€) is rire

tradcnrark identiiy'ing garnlcnts and tabrics produccd lronl Stufi'er'box bulked

yarrrs callcil TexrralizedO )'ertls. \\'hicll 3rc rcquircd io nleet thc standards set b1'

thc licensing conlpan). The crinrping. unit used in protiucirtg Textralizcclo 5'arns

is shorvn in Figlure 12.37. The proccss itscli is carried out on Sl)ecial nrodcls of

Fost..r conc rvittders. Thc thcrnoplastic tced )-aIn is positivcll' li'd by tu'o tted

rollcrs into the heatcd lube-stufl-er box. On thL' output sidc. the )'arn is passed

through a rveightc<i hollorv tubc or slug, that inrpcdcs thC progress ol'thc crirnpeii

yarn travclinq up the tube. thereb)'causing the ,v-arn to back up inside ihe

sfufter.box tubc. The feed rolls at thc s3l:le tinre kecp dclivering fresh y'arn

agairlst the backe<i-up aggregate in thc tube. Tltis operation causcs tltc filamcnts

of the ),arn to stack up in bcnt or crintpcti tbrm. '[he crintp rcscnrbles th.'
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Figure 12.38. Testrrlizcd 2'pl1 ?0 dert-3'l fil3rncnt )'s;n'

l. soit and bulkY hand

2. incrr'ased r'<.rlunte in the rangc of :00'300i:

3. suftlcicnt elasticity- to prolide a snug comlortable tit in garrnent lorn

4. h,igh nroisture sotPtion. s'hich is good lor conlloit

Yarn denicrs ranSing fronr l 5 to 4000 and abovc are proccssed by this nrcthod-

'nre retractir.e (uncrinrping) po$'er of stuffcr'box crirnped 1'arn is eoverned by'

thegcometr)'ofthecrimp(planarinthiscase)'thesharpncssofcrintp'andthe
crinr.-pfrcquertcy'andcanbcroughll'expresscdbl'thelbllorvingrelationship:

P = Kcy')2,i:\' (.12'6)

rvlterc
P = retractivc (ulrcrintpirrg) po*'er

J( = constant

Ci = crlntP frcquencl'
I) = total lartt denier

;\' = number ol filantents in a 1'arn.

Notethattheuncrintpinspowerisproportiortaltotltclirstpou'erofcr,
*,lcreas in the casc oi l,arns haling hclical crinrp (false twist and cdgc crintp)' it

varies as the squarc oi crilnp trequcncl'. Thus ntuch of lhe strctch in Stufl'cr'box

crinrpe<l yarns can bc renrovecl by' a rclotivell'sntall pretension. tlo$'cvcr' their

bulking porver is generalll' cxcellent '

Air-l'extured Yarns

The rir.jer tcxrurins. process lbr producing bulk yarns was dcveloped bl'F-. I. du

Pont ac Nentr-rurs & Co., lnc.' t.lSi\. Butk in continuous't^ilantent y'arns can be

produccd by'blorving a strealll ol air into a tu'isted yarn rvhile it is bcing

delivered at a higher rste than it is being taken uP by the u'indirtg proccss' Thc

air srrcarn creates a turbulance that causes thc formatiolt of randonr loops in

overt'cd individual l-ilaments. Irr this process. the yarn cotltfacls in lcngth' and as

it enrerges. the loops are locked in place to inrpart bulk to thc yarn. 1'lte yarn

rhus produced has an appcarance like a staph,' !'arrl but Possesses higher bulk'

grester covering po\!cr. reducecl opacitl'. and a rvarntcr hand conlpared to ilat
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Il ethods of Prr>ducti<>n

Tctisrcc t'3rn

Artr cl
luri)ula'tce

{.17

R C,lu la r

\a

Figure 12.39, ('r6ss scctiotr sho$il)f'. aiIJct 3sscmttl! uSed fL)r producins'l3drn'l)pe !'a!Js.
(Cc'ultcsl', E. l. duPonl dc \crnours & (lo.)

conlinuous.fllanrcnt ),411. The lexturcd !'arll Produed by ifiis ]Ioc!'ss (colll-

merciall)'c),'ncd b;- E. I. tiu Pont) is desigrlatcd by thc tratieilark T:rslang'

The air-jet as,rcnrtrl!' used irr thc procluction oi TaslanG) .'a,ns is shorvn itl

ljig,urc I1.39. This asscnlbl)'can be littcd Lrrlto ccnvcrllional throwing, nlschirles:

horvever. tirc.rc are specialll'dcsigned tllachines (Figurc 12..10) al:ilable on tlte

ntarkct lfiat can proccss !'arns at highcr spcctis atld that en)plo]'largcr take'up

packagcs (Ciarl-rel,J IUachine \\'orks. lnc.. ijS.{). A scltcntatic illustration of the

struclrrre c,l TaslanO )'arn is sho\t'n il'l Fig,urc I3.'ll : I:igurc ll.4l shcrrvs lhc

acrual toop fogttatir'rn 3nd thc ippearance of a nvlon tcxtulcd )ern. Tirc l'cgd

):3rrl used in air tcxturitlS, is general!)' l$'isted all,J sleanl sct f()I thc' rclson lhat

will beconrc obvicrus licrnr tlte follos'ing ciiscussiott.

J
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Figure 12,40. Garl'icld \{o<lcl fi4 l0 Taslsn tcxturinli nrechinc (Courtesy, (iarficld

Itachincs Works. lnc.)
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Figure 12,4 l,_ Srrucrurc of an air.tc\turc<t vrrn (couttcs). I:. L Du poni tlc \cnrouls &
Cornpanl', lnc.).

CA'

Figurc 12.{2(a). Phcrtomicrogriph of rrr :1r.tc\turcd } arn.

FiSutc 12.42(D). Phoitrtnit:rc'graph shosin;'linc'<ienicr. rnultifilrlntnt'l:sjlrn rc.riurcd
ny'lon yalns. (courtcs). l'.. l. I)u Pon: dc r*cnlrrurs& ('ontpenv, lnt.r.

l-

1{9
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An analy'sis ol these questions rcquircs (hat we Inust l'irst dellne the processes

irrvolved during air te\turing. There are trvo csscnlial i!'alures oi tltis process:

l. the 1,rrn overlccd. rvlrich rrtakes available an L'xccss yarn lcngth so that lhc
inditidual filrnrertts can lornt loops

2. thc turbulant uir florv. cssential to ciisrupt and rearrarlge the loopeci tila-
ntents so that they arc intcrlockcd rvith suificient interijber friction to
rcrrder the y'arn stablc.

The 1,arns uscd in air texturing gcrtcralll'have sonte initial trvist' lt has bcen

rcported that. if the prctwist in the feed yarn is lorv. lcr produc!'a stable

texrured yarn. thc process needs eithc'r ldgher air pressures to gcnerate trcater
filanrcnt cntanglcntent or. altcrnativell'. additional trt,ist to sc'cure stabilitY'. \\r1i11'

(20) hyporhesizes tltat. if the leed varns 3rc twisted betore entering thc' jc'I . thc

efl'ect of truist sill be a contribution to the enlanglemcnt alicr theopeningof the

tilanrent structure by the air turbulcrrce. He further conjecturcs thal this

phenolncnorl rna1, be explaincd as lollorvs: First. the turbulencc in thc air strenrrr

helps to open up lhr'twistc'd bundlc. thcrcb5 allorving loops to be fonnctl.
partially, because r'lf the deviation ol individual filantents by'thc air lorcc-s. artd

perriaU)' because ol the snariirrg of the trvist-livcll filantents shckened b.v- the

overl'eed. Sccond. inrerlocking is achievcd because of thc rcdistribution oltrvist
in thc y.arn bundlu- as it is rvithdraun abruptll'at right angleS ttr the air strL'3tn

after leaving the rirjet.
Wra1, further elaboratcs on lhe displaccmclt of ilrdividual filantents in thc'

"turbulclt n'ake" caused b1' the obstruction of the l'ecd nccdlc in the path oi'

thc air streanl and suggests that the tcndcncl' to lOrnl loOps would be increased

by'

(i) highcr rrvist. anil thus grca!cr spirdity to effcct looping of tlre tousled coil

ou'ing to thc snarling ol the filanlents:

(ii) lugher ratc of ovcrfce<|, since this prcscnls tttore slack !'a11 to protnotc lqop
fornration:

(iii) highcr :rir pressure. sincc this c3uses the turbulent action tc) br: ittore inic'nst-

and rhus cxpanrls rhc 1'arn structure to rtllorv thc contbined effect oi(i) and (ii)
to take placc. and ma)' actuall). assist'tn lorrning cortv<llutions in the filamcnts
b)' del'lection and cltlangh:ntertI.

The tilarnent displaccltrent. the looping nrechanisnt. and the interfiber friction
l'urthcr int-luence rearranBentcnt oi tllanlents caused b;' tension variatiorts. The

filanrents that are in thc' turbulent $'ake in the Vcnturi throat bc'corr)c slack and

subsequcnt[1, looped: this action rcsults !n the irreceding and succeeding scctiolls

ol thc filaments in the imntediatc vicinitl'trf the loop bccoming taul. Thesc
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lensioncd portions of the l'ilanrcnts lend to nlove toward the core. replacirtg the

neighboring slackened filanrenls. This sequence of lvonts conlinues 3s llesh over'

lcd y,arn is <ielivcred to the nec<!lc pOitll. resulting irr thc lorlnalion oi loops

fronr sla ckcncd fi lanrents.

Thc ncxt nrajor cveltt. interlocking <lf thC loopS. occurs as the )'arn is beir'g

pulled out of the tube al right anglcs utlder a siiSht thrcadline tension. \\rray'

sugg,ests t[at thjs aclion nla]'havc trvo effects in at'fcctilrg, irrterlock:ng:

I . Tirc rapid renroval of thc filarnents {'rom thc vertical exit strcan) nlay he.p

thc slack iilantcnts lhar arc in thc contpress:on zollc irlside the bend to bc

blorvn through thc gaps betrveen rhe highll' lcnsioned filanrer-ts (b1'' rirtu:e

crf being on thc outside of lhe bcnd)'
2. The u'itltdrarval tension ntAy Cause straightening of lhe strtrcturc. I lowever.

this is very unlikcll, because thc cntanglc:t)ent causcd by' coiled loops.

interfibcr frictiOn. and air turbulen€ would hinder it. The t:nsiorr u'Ould

probably' affect thc cornpactils of the structure. howevcr. b:cause of thc

inrerlocking of rhosc loops and convoluti,xs llral arc' dir:ctcd :nwaid

(tou'arcl the )'arn axis) al the lime they ltapPen to be in thc jct"fhe reason

for the occurrence of the irts,ard-directed lc'ops could be att:ibutcd to tlte

ts,ist liveliness of thc l-rlarncnts and the "uncontrolled rotati,)tt of the tlla'

r'nents." sincc thel' are free ol axial c(rnstraints.

Wra1, lraS reported lhc results of an c.rperilnental investigation on a 70'den.i34-

filanrent nf ion 66 I'artl b\tlked b)'3ir tcxluring t,l confitln soll)e lspects olthC

postutalcd hy'pothesis. He used a spccially constructed lransparcnl air'bulking

unit r',ith overfecds

(overfc'ed 17
input spccd output spccd x t00)

oulPut sPeed

var!.irlg fronr 0 ro 609i. !'artt pret\\'ist lrottt 0 to 20 turlls pgr inclt. and air

prcssurc lronr I0 to 80 lb,rin: (gaugc). \lhile inv:stigalinS, the eflect of J parti'

cular proccsing condition. thc other Daramelels rvere ntaintaine,J at constaot

lcvcls of l5% ovcrfce<l and l5 tpi pretu'ist at 50 lbiin.2 (rauge) air prcsure. llc'

observed that the angular posilion of thc nec'dle (step on thc fee'j need.c) and

thc rclative position of the 1'arn at Ihe exil cnd rclativc'to the ait jet ar: quitc

crilical in pro<iucing optintunt bulk. The ar)gul3t positi<>n of the needlc is

nlcasgred in degrcCs lrOln the vertical posilion lhat occurs rvhen the opcn c'tld ()f

the needic is facing the e\il cnd Of the \/cnturi. '[he interactions o: angular posi'

lion of the nccdle lor es,sentially tlvo identical nccdles with various processing

paranretcrs lre sltos.n in l"igure 12,.4-io and a. Il is clear front Figu'e I 2-43a ti''at

for up ro 259i gserf e crj a nlorc tlbligue positioning c'rf t he rreedlc prc'duces a b!'tler

a-
Ex. 2020-196



I

:

I

40

=I;-
8g:o

le
-o20a:
=
hg
eFro
a

o
0 0r020 30 40

Overfeed (%)

(t)

50 60

Figule 12.{3(a). Thc diffcrcnce in optinrum angular nccdtc scttings caused by interchang

ing "identical" nccdlcs (for rtrying overfecd).

05l0152025
Yorn t.nrsi (tDrl

(h)

Figurc 12.43(D). The dift'crcncc in optinrum angular nccdlc scttints caus.d b!'intcrchang'
ing twe "identical" nccdlcs (for rtr!'in8 input')'arn tNisl). (aftcr Wta!')

452

70

60

c.9 50:
6=

oa

EioocE
!o

lp
-o!t
E

820o

r0

0

f,':.
\

A Needie I
o Ncedle 2

a Needle I

o Needl€ 2

Ex. 2020-197



\lethods of Production {53

)'arn. on thL'orher hand. at ovcrlccds bevorrd l-si!. serisfeclor! rcsir!ts arc
obtained il'the needle positiorl is lnovcd tou'rrcl the vr;rtical. The c.x1>l:rnhtion ol
this bchavior lics in the 3r!,urllcnt that thc toiai vanr \ol\rnrc (or suriace ar.'lr)
erP()se(l ttl llte air slrcant is lorver rrr ilre fonnur casc. ruhel'c-as il r^s ntuci, [!ghcr
in lhc !attcr condition. v,'hich calr causc irrequl3r rl)r)\'cnlcnt oi'tLc t.arn our ei
rhe rreedlc.

\llrerr ilritiel trr,'ist is incrc':rsc'd (Fig,ur"' l:.43n). rhe arrgL' oi tirt: llcqdls p1y1n1

nrust be reduced to obteilt srtrslactor) bulkirrg. Ii,lr lrvisticss vanrs (in r','l:ich thc
l-tlantcnts are parallel ), 3 slec'pcr angJc ol' 60.70" ;s rctruircri. rvhcre:rs at hir-llrer
prct\\:jst (10 tunrs,;irr). rvhcrr thc !llanrerris lollcrrr'a hclical path. rhc rc-<jucci.i
altlilr"' of inclirtatitllt L'ltstrrc's rtt:txilntrrn ('x'posurc t(' the nlr sttc'aln. Air pressure irr
the region of .iQ 1511tl .: rccluires tirc neecile lo bc in thc horizorrral Posiliorr:an1,
der,ialicurs. cither torvard lorver or lrighcr lir Dressurcs, v.'ouici rcqurre steel)c,r
inclinat ittns.

Furtlrcrnrore. b1' usinr both higlr spccd cine phc,rtrgraphl'and ilaslr.srill irlroro-
graphl'. \\'ray' ob**rvcd tlrat tirere u'as strlnc slidine trf the fiiar1clts during
bulking.'l-lrc tlccer f)ber techlriquc uscd in the srudl.rri lcrop lbin.tati(,rl cot.t-
firntcd that part of thc h),lrothesis that sratc's thet thr' lirrnrariclt trl':r loop in a

fiianrent is ltrllorvcd b5, sonre lensicrrrilr!: crl tlrc part irrrnrecliercll lirllou,ing ir.
'l'ltis c't'l'cct. irt cooperaliolt u'ith intcrfiber fricticrlr. gcncrates L,.shrped wavcs ir)
the adjoilting iilalrtcnts, and. rvitlt tltc'assistancc of thc' bc'rrding ()t rhc f irrt r1d
thc ovcrleed. the residull torsional cncrq)'irr the lllarrrurrts lblln srablc'loops.
The stabilitl'oi thc l'anr is srrorrgll' aifectcri by the anrount ol'pr-'trvist. Los.er
prctrvist f ields varn sitlt pocrr bulk. and highL'r twisl hc.lps in the ftrrrl)ari,)t) ola
locked strtrctulc (bccausc trl tltc' telnporary, rcrno..ai oi trvist b1' thc rhlsc.r..vistirrg
itction causcd irt, thc. turbulcnt v.'akL'ptO(luc:ng rotatirrq CddiuS. rrrd thc
rea\\erIic)l) ol' this trr'ist lletorc' llrc 1,arrr i!.rves :hL' je.t ). .\lr rcl<liriorrtrl I'actr.rr
accounting ft'rr ihe stabilitl'ol'the texlurr'd )arn srructurt'is r[r: "tl.alnent
sli ppaec"' c t'!'cct nrr.n t it'rrred ea rl ic r'.

Factors Affccting Air.Terturc.d Yern Propcrties

\\:hen filanrcnt )'rrns ere iL'xlure'd b1'rlre air-jc.: proccss. rhe rnr)st apl)arerrr
chanrle lltgt occurs in tlte structtrre is thc lirrnraii,>n crl'a hr5lc ntutrbcr ol-snruli
l'ibcr lool>s distribulc'd elorre thc lenglrlr tri rhc )'ar:r. This .,-arn lras : rvell.deiined
core. ils shos,rr in l.'ig.ure l.l.-14. l'hcre is a nrrrked increase ir) r)\.erall ).arn
diarnctcr. and thc 1'arn has incrcased bulk.'lirc'bulked ):3rn srructi.ic is ait'cctecl
both b1'tirc lccd yarn parar)tcters arrri o1, procc:sirrg variablus. -lire r.ein plia.
rr)clcrs ilrclucie:

I . l'ilenrt'nt denier
l. nunrbcr t>f fihrnclrts rrrd totll Vant dc'rtier
i. t'arn ts ist
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1'he processing isitors include:

i. tlte alrtount oi trYcrtcc'd

:. tcxturin{ spccd

3. titc'air prcssure

1. tlte uttgtrhr positioll oi thc' nt'ecllu'

The citccts o!'tltC l:rious l'sjtors ()11 tllL'Pr.oi)eliics oi air'buikcci )'3rnS h3\'e

bcCn reltOrtcti in tr,,'o nlajcrr Stud,ies (ll. ll). Sontc observltiolts tttade in thcsC

sttrdies urc discusscd bi'lorr'.

'ft' x I ure ti Y u n t I.i nca r Ot'rtisr.t'

\\:hen the irlanrcnl \'3rtls lrrC aiI icxttrrcd. the rcsultanl t'arn clllnSCS irt lineur

dClSitl llecuusC ot'bulkirrl;. Gen.-rally', r'rtriattolt itt prr:lv;ist anij lir pr!'ssurc dt)

not h3!'C a Signit'tcatlt c'it-ect ort lltr-'lirtc'lr dcrlsity'Ol 3ir'lc.\ttlrcd )':rns' llorvever'

an increase in ol'crfeccl produces a proPoltionel chang.'in lttl.'ar dt'nsitr" \\'ra1'

(ll) has rcporlcd :r iirlcat relatitrnsh!p bclrveerr thc oletleed lnd pcr;ent ch3ng't'

ilr bulk t'urn lin!'3r'dcrtsitl'.

l'arn llulk

Thu blrlk of an ait-te.\lu:c<i l altt is r i'utlctiott oi tlle i'rcguCtlC)' srld tht' sizc'oi

t[C l6ops protrudinq lront tite varll coic. 
.[[c du Portt lnethtrd (]i] usc'd lirr

assessilg rhe trulkilcss irtvolves c()lllpari\ol1 ol thc prck:rge dcl)sities ol'the )'ltrn
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bclorc and aftcr tcxturing. rl packagc is made fronr parer.r 1,'arn u,eighing 3 oz
(85 S), and a volumerricalll,sinrilar package of texturcd 1'arn is thcn wound at
the same tcnsion. Thc ratio bets,cen thcir iveiehrs then gives a tneasure of bulk:

,, net s'eight of feed or parenl-i-arn package ., . ^^Derceniatebuik = - ': ' rl0[J
nct weight of textured-yarn pa;kage

The ovcrall diamctcr, corc diametcr, loop sizc. and loop licqucncy character.
istics are measured by nricroscopical and graphical techniques (Figure 12.44).
Thc loop sizc is defined b1':

orerall diameter - corc diameterrOOPSrTi=T

o.2

0. I

0 50 60r0 20 30 40
Overtced (5s)

k)
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g 0.6

! 0.5
I
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s c3o
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E
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Figurc 12.{5. Tlrc effcct oi ovcrfecd o:: ovcral. gnd cc'ic dianrclcr; arrd e'n loop size. (aftr'r
\l'ray)
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The overall diarneier arld loop size irrdre3sc witll irtcrcasirlt levels cri ovi.'rlccC.

is s5o\vrl ilt Figure tl.{ ja aird }. \'ern iwiSi. orl iltc' othr'i Itulld. r.'trrris t'ir.-

pioCc'(\ oi locrp ft>r;itltilorr. ..\s tlrc Ylrlt ir','isi incrc:isCS. tlle overall diutttctCi lls

5'cll us the l0OI) size ticctc'3se. es sho\\'n iit ljigtrre I 1.4(ia:rnr! o. \\'raf it:ls r:crivcd

rn:rly.ticul iixpressio:ts iirr lnakirril the,rrcrlcll prcdicliorls r)i'the licqucilc)'3r'lti

thc siz-c' of lot>ps Lruscti orr ihe consiijcretitrits tri lhe aitiourtt ()l'\'3In tr';isi Itittl
()\'9rr'ec(i. tlc [:rs obsr'i1'!'d titlrt titere is qe!l!'rali] u s.)()d 1!rec::lr'ni bctrl'r'ett il:t'

thcr-rrctic::ll1' pre<iictct! trelrtis irr loop Jiirtcitsitrrrs ti)I ih0 vurirrits !)l()cessinl i():i'

tlirions and tilc c\i)!'rir':tentslly- rte'ast:red vrlucs. A co:r:parisOrl oi'llle titccrreii-

ialll' lalcu!ateC elt-rrte !orlp 517.' irnJ rtur:':bcr ol'!ocrlls \'/ith iilr)tl tllrtljltc.i

cxpC(iiitertt:till as rcportcJ b1 \\trlv tirr;t1'loit Oo (1() <lerr;.lJ ill tr,,ilt sc't lrt $,S'('

i1lr 45 rrrin bclr-rrc air i:irikirtg) aic slti,rutt irr Fiture ll.'jla. O. rr;lcl a..l-i:t'

tircorcti;:rl 1,,r1)p size hus br.crl calcri;rie(i l'ro;ti titc 3t!rll!'iicel e\prcssit):l jl =

\ 
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458 Tertured Yarns

loop si:c and loop frequency rvith varying yarn rwisr and percent overfeed u'itlr
those obtained experimentally by Wray'.

l'arn Stabilitl'

Thc usefulnc'ss of an air-lex(ured y"arn depends a great dcal on the stability of
the loops lorrned during the bulking process. ln somc air-textured yarns, such as

those nrade at high overteed. even a snrall anlount of ha-nd tensiort carl rernoye

somc loops. Once these loops are removed. thcrc is no built-in mechanisnr for
their refornration. as occurs in stretch bulked y'arns. The los of loops during
subsequent processing. such as rveaving. can be detrimental to fabric quality. The
y,arn stability, is highl."" afiected b1.rhe anlounr of pretrvist..{t low prctrvists.
the bulked luarn is gcneralll'strinty. loose. and easill.extensible because of the
lorv degree of entanglenrent ol long lloats of loopcd filarnents. Yarns produced
liom parent yarns with l0-15 turns/in. (rvhich is within rhe conlnlercial limit)
arc most stable. Ilighcr pretwist also tends to yield yants that are less stable
becausc of the lormation of a large nunrbcr of snrall loops and los,er nunrber ol
tensioned filanrents in a given cros section. (The tensioncd filanrcnts are the
ones that take up thc strains during yarn extension.) Increasing overfeed and air
pressure both tend lo produce less-stable yarns.

ao)
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50 r0 15 20 25

Extension (%)

30 3s 40 45

F'igure 12.'13. Typical load'extcnsic'n curves (on Instron'l'cnsilc Tcstcr) ei vrrious over-
lccds (Yarn dcsignrtion-first fi;ure reters to twisr per inch: sce-ond to i ovcr!'ccdiand thc
third to thc air prcssurc lbiin.!). (alier Wray)
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incrcascs \\'ith ittcreasecl or'crlceti lrrd 3ir [)ressurc. Ii l:tust l)c'l!'ii)L'lilberc(i ',il3t

the elonqation oi ait.tc\tured )arns is thc r,:strlt cri iltc exlensiort ct>tttributitrn

riuc. to thc openiirg oi'thc uvcr[c'il ltrrrlrs irr r<idition to thc ilorn]al r-'irsiic

exterlsi()n ot' thc st r3illht iilartretrts.

fur-textured ) errls ilrc trsr'd in a rlurnbcr oi crlri-usc al)Dlicati()ns. stlch :rs

apparcl, furnishings. tttd sonlc industrrrl iabrics.

,llechanically Produccd .Lir"l'extured Yurtts

;\ l,cry'significrnt <!evcloplnent, rvhich resultetl from thc obscrvrtiotl rnadt'L))'
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{62 l'crturt-d \':rrns

tVra:' (ll) corlcerninr tl:e rraiure ol' the rurbulent rvakc in ihe TaslerrO.l.i. ruas

the rrrodificatiorr t>i ihe ric-sign ol'the jct so that it coulci operaie 3t itlr';er 3ir
prcssurr's. lhc ciicct er!'lhc' desigrt rncrdiiicaLions eti a 'ltslan'r' jc-t orr !ts overall
i>eribrrniilrce regerdrngl air cortsuntl:tron an<I buikrng ciliciency'hale been dis.
cr.rsscri 'oy' \\'ra1' and [:rttu'istle ( ]-l). l'hc' rnajor charlge irt thc ticsi!.n rri tltc iet is
the bltrckini of lhe olhcrrvisc ineitcct['e sccondurl'air strc3nl (<ic**nding ()n thc
tilt of'rhc necdle) b1 a plug lodg,cd ilr tilc ncr'dlc ()n Illc upstrcerll sidc. Such a

changc rcsultcd in sevirrgs oi as riruch as 65!: i;r rir consu;r)plion. *'ith little r'rr

no effecl on the Llulk clt:iracteristics oi'air.tr'xtured 1'arrts. It v;ls also rrbsc'rr,ccl

tlrat. v.'ith thc use' ol thc inodil'ied ju't. tlte feed-rir.'cdlc'art,tlc was iar lcss criticai
l,rr setislirct<>r)- tcxturirlt:>erfornraricc Nirc'n conrDarc'd tt> tire trriginal jet dcsign.

The besis oi'the inrprt>r'ed dc'sign ol thc jct lnd thc trbscr','utiorrs nrade'ol'tlte
lncchanistn ol'air bulkirtg orr)nlpted tltc'develtrpnlL'rlt of l rlt'r','inelilot'i call,.'ti the

rncchar)ical-bulkirrg tnctlrcrd. r,,'porterl b1'.Selr and \\'rar'(.lS). This nrelirod c:r11 be

uscd to producc tc.\turcd y'rrns v,itlt cltliracteristics siirtilar trr ihc'air-jct bulked
yanrs. A linc diagrrnr tri tlt"' rt:c'chanical bulkinq s) stcnl is slro,'r'n in ljigure
ll.-i0.'l'hc st'stcnl utilizcs purc!)'ineclralricll ncirns for thc untrvistine prr)c!'ss in

.tr I .s-
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Ijigurc I2.50(D). Birikinr: zont
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Figure I 2.50(a). l[cclt;rnic.rl l:uilkini: :rpi)rIrii:s.
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Ilethods of hoduction

place of the air jet' Tlre concept ?f 
*i^:l:::Iing air'jet'tvpe textured va:ns bv

mechanica|*.*,.."*-frornthcobservation-ofti.'emechanismofbulking
during the pasage "f 

t;'';;; ;;oustr.ltr1 ait jet' The mechanism of the air

bulking Process " o'*;;;;; wrav a-nd ttrt' tonfi'med by wrav and'En"wistle

is discused in an ea'ut"'*;'iion oi this chaprer' However' the most important

aspect of rhe rne chanist "iitirti"s 
is the^ temporary untwisting of'the pretwist'

.d y,,n cause d uv .t,, ...,.i.Ji.iu,. or trre iuruuienl air stream (res_ulting in a

false-twisting ,ro" "t']nl 
*i"i-it isaasing. th'ough ttte air jet' \\tren this is

combined rvith the ytin'i"rtning cfiecr t"*ta b-y overfeed' it rcsults in the

snarling of trvist.lirety ni.r*it iil tt e tooprlnl .oits rtttt are characteristic of

ail-textured yarns' ln ift''*t"nt"tt'l bulking p'o*"'the tempotarl'untt*tt**

of rhe prerwisted ,"*"rr'l.f'.,*".J UV *..ttlni."f means (fatse'twist spindle)

under conditions of o""'itJtonsequently' iit-iJttontt snart inro locps' and

after rhey t,"u. p.oraiir""grri* false-twisring unit, the initial rwisl reasserts

ii..rf,ii*"uv locking the already snarlcd loops'

ln addition to 'uch;a";;" 
* til 

"|1iat 
riea'varn twist' (2) total varn linear

densitv and number ";;;;;;t]tno 
(:)^out'iJJ' trtt bulking characteristics of

t'e mechanica'v u"rx"ilt'n"'" tf't'ff""a Lt tftt following'parameters: (l)

feed.in speed, (2) ftr"'*i*'pindle speed' and (3) bulking zone length'

The authors '"*rtJ;il;';;;; 
vt'n to uuut pt"pttri' it' n'r',st'be untwisted

to a Breater u*ttn' tn-ii" tito'"iit"uy "quitta "'lut 
to bring it to the zero
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{6{ Texlurcd Yarns

l"igurc 12.51(D). \techani.'.rll1' bulk.'r! 1':rrn. (Ct'rrrtesl , l)t. (itrrdon \l r:r! )

twist statc. 'this is required to prcvcnt thc tllernerrts lrtrrrt reverting to thc hclic:ri

conl'ig,uraiiorl instead ol thc re(luired slrerled alld looPcd ctttatlg,lcd Stale. Thc)

sug€,cst that approxirnatel;' )0'2-59i cxtru t\!'isl is required Io produce bulking.

Sorne t1'pig:l valucs ol proccssirlg varisi)les su!€lL'stcd b1'Scn arld \\'ra)'(15) for:r
ny'lon 66. ll0-dt'n (l l-l tex).34'filanrcrrt )'arrl 3rc':

II

b)

initial trvist in suppll' 1'arn
ovcrfeed
Ited-in specd

lalse-t rvist spindlc spccd

bulking zone lengtir. /,

1.5 tpi
I 0.i
60 in.iscc
I I l5 rer'.,sec

I irt.

Sonre ty'pical ntechanicalll' tcxtured 3tld 3ir'rextured )-arns lre slton'lt irt l:igurc'

I 2.51 : the lbrntc'r clc'arly resen)ble air'texturcd !'arns in phy"sical apl)eararlce.

The phy'sical bulk. terrsile propertics.3nd the pcrc!'nt irrstabilitl'* ciraractelistics

9i a nrechanicalil' bulkcd )'artl 3rc essenlisli)' slnril:rr to iltose.rt, 't'rr1ru{j) 
1':rrit

rrtanuiactured lioln thc sailrc parr'rli )3rrt. The tw() rtl()st inli-lrlrtutl iuclors th:ti

"As de't'incd b1 \\'115'(3J), 1^-rccni instabiliir' : (',r -..'.). $lte'rc u5 = ltc:ccrllilsc c\lstliio;"} (':'
'pulkcd,alp ati(l ('p pcrccn',Jlc !'\icilsi\):l i'l'l).lictl'. 1.r;:t. L'c'ii: ;llcJlil:(ri li 3 i:li:cr ilt.-i-i

rf d).
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Firrurc 12.52' Pll(\!()rllicl()*!liphs dttrrinf l0 dc:r

crinklc yrrrns ln.1dr: r i:l titt- C'B-l'c\ l!roccss'

34-t'il. knii<le'kr:ii llluc "("' rr!lon
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{66 Texrured yarns

altecr rhe butkcd yarn charactcristics are (l) tlle overfeed and 12) initial fee<l

.v-arn trvist. and. ro a certain tcxterll. (i) the linc'ar dcnsity'of individual tllanrcnts

of the feed ;.arn. Excrtirtg less influencc are (l) the bulkingz.one length. (2) rhe

percentage cxtra ttntrvisting. and (3) total linear densitl' of the 1'arn.

Sorne Additional }lethods for Produciug Bulked Yarns

Cr i nk I e-Ty p e Tc.v t u red Y o r ns

Thesc yarrts can be produced by trvo basicall,"- differcrrt nrethods:

Knit<le-knir :llethod

In this nrc'thod. the flat yarn is first knit, then heat sct and unravcled lo producc

a Crinkle.type structure as sho\!n in Figure ll.5l. There are various knitlinS
machines available in the narket that can be utilizCd tO n)anulacture such yarns.

The crimp frequcncl' and shape can bc varied by rarying thc nccdlc gaugc gn the

machine and the l'abric structtrre (plain jersey'. rib. double jersel'. interlock. etc.).

The fabrics produced ironr knit.de-knit crinkle yartrs havc a pronourlccd sparkl-

ing bouclc (eX(ure. excellent StrctCh alld recover)' frorn StretClr, and full hand.

These ,"-arrrs arc tgrquc free and thCrclbrC do nOl require an-"" subv:quc'ttt lteat

setting,. Krrit-de.knit yarns can also be produccd by a continuous proces called

thc C.B Tex Crimpillg process devclopcd bl' the Textile ltlachinc Works.

Reading. Pa.. USA. Fordetails thc reader is rel'erred to rclcrertce I l.

Figure 12.53. Iliralon gc:rr.ctintped ."-atn.

--I
Heatin!

--+
20ne

Cooling zone

__1
Separating unit

Ijigurc 12.5.t. P:inciple ot tsisi textuiing.
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Gear CrittiPittg

Bulk cart alstr bc produced in a continuous.iilantent llrrl rvirctt it is pltsscr'i

thrcruqh cl<lsell rttcsltcd geas.'l'hc aear hcltl is heated so Ih3t the crink!e

produced in thr. !'arn is p-*rnnnent. l'lrc irequellc)'3lld the arnplitude trf lhc

crirrk[' c)r crintp Cat] be varied olcr a v;itle 13rlllc. dCpctlding, on tlrc' tvpe of gelrrs

used. Olre such gear crilnirine Proccss callecl ivliraloniD hrs bccn clevelopr'ci b1'

Johrr Hearhcort tnd Strns. Ltd.. F.rlgl;rnd' A gelr'crinrped )'3rn hls the 3ppt'3i'

3nss,5hgrvrr in Figure 11.53. These ),3rns are usud in a \l]r'ie(r'ol'end'use applrt'a'

tiOrrs. such as lidics'and childrert's kn!ttcd otIIer\\'ear. s\'/ealers' urld hdics'

b Iouses.

Tr+,i s t -'I' e x t u red Y a r n s

It' trvo entjs ot'!,tilt are tu,isleci togethcr ltrourtci a coil)irlotl axis. r:rtilcr lhstr c'aclt

).errt being t\visled around irs ourr exis. and thc cont)Sirratiort is then he:rt set irr

ihe ruisred statc and finalll, untrvistecl. the Varn thus ploduce(l Posscss exceilerrl

bulk. The princiltle ol ts,ist-texturcd l-arns is sitoilrt in Fi*eure ll.:4- 'i'his is

a vcr) sinrple llCJ revolutiqnary'conccpt trf introducirlq lex!urc !tlltr llterttttr'

plaSiic continuOtts-illatllcnl !'arns.'this is because this nrethod eltablc's the

i.*,u,i,'g oi llnc-denier !'artls in tlte rangc crf l5-?0 dcnicr :rt 
'e11' 

6ig5 13lesol

Figure 12.56. \)lon ia;ns tc\iutcd on'fu:bo Duoisist

Tc.rtured Yrtn5
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Rcfcrcnccs {69

production. \torcovcr. thc 1.anrs tc.rturcr! bl this riretliod lrlvc't'r:cellerrr d1'c'irrg

unilirrnrity'. hrgh cover. and exirenrelv sol'l . srlo()th harrcl. Tr,,'isl- cxtrrrr'd l,arris
find usr-s in triccrt lablics. hosicrl. anci ali l)'pcs o!'knitiec! ()uier\vear stnlclur!'s.

Ts'isl-texlured 1,alns are 1>roduced orr :he '[urbcr l)uot,.vist ]t.:cliinc. (Turb<r

illachine Co.. Lansdale. Pa.. t,S't) in additiorr to vAri()r.rs ollrc'rs tr\'ailiblc r:o:n-
ntc'rciall1,. A lirte diagrar:r of thc Turbcr Duotrvist \lachinc is sirov,'rt ir Figure
ll.5-i. The tlr'ist in lhe varn is first irttr<'r<llrcc't'l arrrl sustairr('d tlrrotrghorrt lhc
opcrStion bcclusc the lanr is rvoun<t around a bobirin (shorvrr itr tire diagranr).
Tltc t$'istr'd 1'arit is thert passcd tirrouglt 3 ilr'elcr (ra:rging in ten'.Dcrtrurc florrr
I l0 to liO"C. dc'penCing en ) r nl ric'rrier trnd l)tr)cr'ssir)g. spccd) anci tlten
scparated bclbrc being s'ound olll() s!'l)e,r'ate plckltes. Thc')'etns carr trc'givc.rr
either S or Z trvist. \'arns !>rodticgd by this llretirc)d hlvc tlic rpirlrrt!rcL'sh()\\'tl
in I:!gulc ll.5(r. l'),prcal larn pltrcessirtq srreeris use(l irr twist tc\turitlS rat)gc uF

to 350 rltrrttirl, dcncltcjing r)n lhc t1or,'rrl')rern ertd tlte h.r:ting el'!lcicrtcr,.
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