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WO 2005/ 001183 PCT/ US2004/ 017364 METHOD TO MAKE

Cl RCULAR- KNI T ELASTI C FABRI C COVPRI SI NG SPANDEX AND
WORRRBOVARNS FlI ELD OF THE | NVENTI ON Thi s i nvenPCDIS2004/017364

relates to circular knitting yarns into fabrics, and

igeCH" CEMESI‘P%@D PONIAKE @momgﬂsm'r IsegTiebr i o
ya?ﬁs %KEREEY@MC%‘@%&% BA%%SJND OF THE

| t jersey fabrics are broadly used
FTETﬁwﬁgty JJ§Q@@@§F6§Ld top-wei ght 10 garnents, such as
T-shirts. red to woven structyres,_ the knjt
fa@ﬂ%nﬁﬁﬁloﬁﬂﬁlétesé%ﬁF?‘S}ardﬁﬂ‘@P&]YaE}s 1gforiabeiss, ang specifically to
conpressing or elongating the individual knit stitches
elast{csingleiknitdexsey fabries campesing tothapps pnd/ewtcontinwoushdlataant hard
fabric- This ability to stretch by stitch
yamé,eadhargsmadx gads to the wearing confort of garnents
made fromknit fabrics. FEven when knit fabrics are
constructed of 100% hard yans, such as cotton
pol yester, 15 nylon, acrylics or wool, for exanple,

BACKEROI %ﬁ%ﬁ\‘&ﬁﬁﬁbl\f he knit stitches to

orrgrnal “dirmensi ons after | nposed forces are rem)ved

o ENeT-Teptt eSS b AT RO i e IS oa L B yight

not el astoneri c, do not provide a recovery force to
garmeatpy pughys T-Hlirtin Comperedde apvemstractures,fheduihiabric can more

single-knit fabrics may experience pernmanent

easilgiebformpoi stnsicly by doatpyéssing or elop@ating thaimdiadwad lknutastlmhss

such as at the el bows, of shirt sleeves, where nore

(confprised 6hintgcomdreted Soop'E)Dthiaﬂﬁiim\tﬁe khie fabefeQVEhig ability to stretch by
performance of circular, single-knit fabrics, it is

stltcﬁ‘ ﬁ%@(rraﬁ AT aH@s oRhK Weﬁm?g SdtRdokt ﬁ%&n&f m§cﬂ’@ﬂ‘gﬁ1xkrf1’t BSFics.
e compani on hard yam

Even when knit fabrics are constructed of 100% hard yarns, such as cotton, polyester,
nylon, acrylics or wool, for example, there is some recovery of the knit stitches to
original dimensions after imposed forces are removed. However, this recovery by knit
stitch rearrangement generélly is not complete because hard yarns, which are not
elastomeric, do not provide a recovery force tb‘ rearrange the krﬁt stitches. Asa
consequence, single-knit fabrics may experience permanent deformations or ‘bagging’ in
certain garment areas, such as at the elbows of shirt sleeves, where more stretching
occurs.

To improve the recovery performance of circular, single-knit fabrics, it is now

common to co-knit a small amount of spandex fiber with the companion hard yarn. As

used herein, “spandex” means a manufactured fiber in which the fiber-forming substance
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used herein, "spandex" nmeans a manufactured fiber in
whi ch the fiber-form ng substance 1 WD 2005/001183

weOnsBA8D4/ 017364 is a | ong-chain synthetic ppCHIE2004/017364
conprised of at |east 85% of a segnented pol yaret hane.

. T i r : b ‘

is o SRR BHAP Poly o cBROHE of Sl ToRb BB BF & ket E hotyurcthan.
then ne)]t-spun, dry-spun or wet-spun tqQ for he

Th GRS Preveis §uR ey Diemes e » it & iifoeyamates, end o
circular knit machines, the process of co-Ilmtting 5

chajp sxigaster and then malt-spumdryrgpun @F Pretsput infprmy the spagidgx fiber.
yarn and the bare spandex yarn are knitted parallel, _
si dE¥objerssydmitreonstriaions Wi ¢itcuiamecknipmadbines,dhe prgogss/ed co-knitting
kept on one side of the hard yarn, and hence on one

spaaidegisadalled €platihg e Witlaphiing, theGard yars addthbbaretspandex yam are
illustration of plated knit stitches 10 wherein the

lcnffrrtgii ﬁ):éfaﬁe?f IR -HRHBE FIRBnS RAAIRX spn®RAYafn always kept on one side of

ament” hard yarn 14. Wien spandex i s plated
i th_hard rn_to for i fahrd.c. adelj 1] .
el v} it R oR g8 STt A p B0t | FRGREE A beflsip
... the spapdex fiber.. For xaopl.e,, f.abric stretchin nd
illysgragion et plateg Kot hiobss 19 BhemLthokpifRd yAm 9qmpises fppndex 12 and a
steps, when nmeking elastic knit jersey fabrics. By ) .
multgifilanenthakdyarnildg When speadax is flatediwitloharderen fonformiadgnit fabric,
in which the knitting needles are organized into a
additiomallpascebsing tostgatodncured beyahd yhe aldey|dosidelithe spandes fiber. Fox
and 15 interacts with a camto nove the needles
exdufisle PraBAa kirstchifp akdhédtisaging ebihally artheqiizédh the fishing steps,
knitted are fed from packages to a carrier plate that

i reet s . ; ..t0o the needles. The circular
whh hizk ik érlgb@lcﬂﬁﬁt:} ersky ?ﬂﬁiﬁs

ni't IC energes - fromthe knitting needles in a

tubyl ar.formt.hrowgh _th ent of . t cyli r .
Lt ol i SR A e 2 SRR o kh{ipg ) WA e Hifting
according to_one known process 2& 40 gre o tld' ned in

s o

neqdjes, arg organizee Hgtﬁ %B’é‘% e Red.oFsnerplliya e er rotates and
different fabric knit

_interacts with a cam to move the needles reciprocally for knitting action. The yamstobe

knitted are fed from packages to a carrier plate that directs the yarn strands to the needles.
The circular knit fabric emerges from the knitting needles in a tubular form throughAthe
center of the cylinder. |

The steps for making elastic circular-kmit fabrics according to one known process
46 are outlined in FIG. 4. Although process variations exist for different fabric mit

constructions and fabric end uses, the steps shown in FIG. 4 are representative for making

_ jersey knit elastic fabrics with spun hard yams, such as cotton. The fabric is first circular

knit 42 at conditions of high spandex draft and feed tensions. For exainple, for single-~
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constructions and fabric end uses, the steps shown in

FIG 4 are representative for making jersey knit
web@sniasi abrics with spun hard yarns, such asPCDUSIN4/017364

The fabric is first circular knit 42 at conditions of

o ORGPl 1 S B DA W S SR B

fabrics made w re spandex _pl at in_every knit

tengBiivatse Fado rnbior 22 dpEBaR T AdP QY I3 Henpandybdo BN for 44
for 22 dtex spandex; 3 to 5 cN for 33 dtex; and 4 to 6

dtex (DugpniikiechgicakByligimdaA10).c The fabaic iglmnit dnjthe fornoyf a thibe, which is
fabric is knit in the formof a tube, which is

coltastddawtded therkuitting achine eithergyonandtating reantiel apa fiattened tube, or in
rotating mandrel as a flattened tube, or in 5 a box

a bak tfter it is lossdlpsiédd/bdcRlad@doriack and forth. In
open-wi dth finishing, the knitted tube is then slit

opemy, fferRifhich i It ot id flat
subs eglﬂ% ntly fﬁgﬁg&{gg{hf , eldttﬁgfﬁbt%éggdgjoe‘%% 4n4gaIfc} la%doﬂat' The
t . Ol by wetti Lt by dipping and. ..
op % isyopulity bl titg, Sl bR RRRREC it o stagap, or by wetting it
lied to a tenfer. frame and_heated (for heat :

by diepmerpdsgycsanepaddisn). Meaclaspd &briciathemannlicditn @ tenter frame
fabric on the lo edges by pins, and stretches it in

anddanated (fer heahspttingd@ wian ovenli Teetenten §aime bolde the fabric on the
return the fabric to desired dinmensions and basis

edgee bylpins, Find strdvekes itdabbinte lagdcanhwidils Geecti®gs @@ der to return
subsequent wet processing steps and, consequently,

 the iigtiric elebiraDdin®ensibhefnd ms_@r\ﬁﬁghﬁ OThigReat NefinpSs bbOnplithed

the trade. At the oven exit, . The flat fabricC 1s '

befbi@lsaB e erre

oSSBT SLEGE <Al 90, FR R oo st

Qprocessed. i 5.tupular for hr wet, ocesses H0

o BFOSFIRE e B0t R L) S I S BRSSP RER: 7 s

pment, and then dewatered

whules shipe. o Teekabric thge is meeessed in
fabric is then "de-tacked" 54 by renoving the sew ng

tubylpy foamn thraiigh sved prasiessgs 50 ef feldaning (sevupings) ahtl aptishalet .

The flat, still wet, fabric is then . ,
bleaching/dyeing, e.g., by soft-flow jet equipment, and then dewatered 52, e.g., by
squeeze rolls or in a centrifuge. The fabric is then “de-tacked” 54 by removing the
sewing thread and re-opening the fabric into = flat sheet. The flat, still wet, fabric is then'
dried 56 in a tenter-frame oven under conditions of fabric overfeed (opposite of
stretching) so that the fabric is under no tension in the length (machine) direction while
being dried at temperatures below heat-setting temperatures. The fabric is slightly
tensioned in the width direction in order to flatten any potential wrinkling. An optional

fabric finish, such as a softener, may be applied just prior to the drying operation 56. In
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dried 56 in a tenter-frame oven under conditions of
fabric overfeed (opposite of 20 stretching) so that
wWo b@sfetisd ¢ i s under no tension in the | ength PORUBIN0E)17364
direction while being dried at tenperatures bel ow
heat - 1.0 4 r i ARrArse driedYy PBSI ¥ tenter-frame
s k7 SRR TR 5 e RrtoRIAg ey ..

I % rection i1n order to flatten ,
over 8 b ey is et gy 361 A ihpe 8 Bl ¢! s extra

drying operation 56. In. 3 2005/ 00 3 . . ..
step POVNORTOBAHBIEAD0 STicdHBric 3G ARG g the fabric again in
applied after the, fabric is first dried by a belt or
a tentersftame 6bvame oven, so that the finish is taken up’
uniformy by fibers that are equally dry. This extra
St BRat feuitlg§sts? §pweddy ingntdiengitddefdrmhaMhiscs eisbtknawn as
finish, and then drying the fabric againin a

redeféj]%gh%%ﬁééa?%rs%%fﬂex of highbr 8&1iér i5 drafRf] 6r stelhed s a 1owast denier,

ngat e This i s al so known as redeniering,

erei.n S dex - gher deni ' : letahils oa
and R BEvHLfb £ RARESEufEh EahortR, For 4 SRR Bl Pltapilizn the
sufficiently hjgh_tenperature,.for a suffjcient, ti
spangls a4 e qVerderiog LBRGURE Mo e PaRs by afaideg pfiancatly
setting therefore neans that the spandex peryianent])y
changhsipicpamolecular lewele 8@ fhat recovery tepsiom it the é%*&%‘?‘{/sﬁa@ &5 5rraostly
in the stretched spandex is nostly to relieved and the
relicspduntttthe spamier besomish etable at amew anvddowendeniere hleat sethipg
setting tenperatures for spandex are generally in the,
tempcRdtafs For s’?ﬁﬁdéxfhr rafigtin therapgé of 17 fo 200POCFosthéPrior art
shown in FIG 4, the heat setting 46 commonly is for

procﬁ%gétbf sh%@nsiﬁg@@g@, e heAPELAE 46 BOMohBPE fod dbout 45 seconds or

setting I's not used to "set” the spandex, after
o ibIbPe: 5, “T1L1 2 15 el pesed [rom e,
SO SRS g 040 R Dt Ee i Rpiged amd
relee:sgg liji’%(rexgthle rc]:onstraints of the circular knitting machine, the stretched spandex in the

fabric will retract to compress the fabric stitches so that the fabric is reduced in '
dimensions compared to what those dimensions would be if the spandex were not |
present. Compression of the stitches in the knitted fabric has three-major effects that are
directly related to elastic knit fabric properties, and thereby usually renders the fabric
inappropriate for subsequent cut and sew operations.

First, stitch compression reduces fabric dimensions and increases fabric baéis
weight (g/m”) beyond desired ranges for single jersey knit fabrics for use in garmaents. As '

a result, the traditional finishing process for elastic circular-knit fabric includes a fabric
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di mensi ons conpared to what those di nensions woul d be

if the spandex were not present. Conpression of the
wa@iosoias3 i n the knitted fabric has three nmaj oPCEUSM04/617364

that are directly related to elastic knit fabric

stret REOPSGn a% gt%p ek %ﬂﬁﬁ‘?‘} te¥ap @ ReesSarid i cbAtlE 1021@:

propr or su seq cut and sew oper ati ons.

Flr [ C ession re )

resdt i e 4o SRR Bt S RHf Gl PR A St ed
deS|red ranges for single jersey knjit faprics for

dimensionar AR REing, (UG YA NHLENBET RGO PEihEFract
process for elastic circular-knit fabric includes a

only freidestly BelWO BRSO dib8BsPET/TosR0tv/ Ipat: 8@ spardaxatash Pl not
and heating step, at sufficiently high tenperatures

mgmﬁ&ﬁﬁl%’%ﬁiﬁbﬁﬁhé Wit siftghes ffos ﬂréehm sbt dienensimnsh 8tretching and heat
spandex yarnlnthe knit will "set" at desired ,

' settm% &Ja‘é‘érﬁglrlﬁ@el t €§ kPPeld e Hé‘s‘ireh%ﬁbné %&ﬂs %1gﬁtfh@d%m@dﬁ§n

not  retr act or wl retract onl Yy
t
iR odfL i S @hﬁﬁﬁ?ﬁfﬁﬁ?ﬁﬁwggzﬂeﬂ

he knlt Sti ches n1the at - set. di nS|

clonggfipRiSH 573t GG b e DBRE T 1%3?%%%%? P4 ebpot 340 g/’
yield the desi red fabrl c_basi s wei ght and ongat
wi $¢vond,rthe marg sewpre thg sitch ceanpres spagy the WPF7 §1§| fatag Wgﬂel pngate
ersey elastic single-knit, the desired elongation is

on a péroéretagd ba3GYshua fa wcbeedb@nsnmmrg standandg @sd prasticalnegds: When
140 to about 240 g/ n2. Second, the nore severe the

a plafelikhfRviBP BIRERSHdrR s conkfarddnwigh b fabfiekaltevididut ektingaheit is
to on a percentage basis, thus far exceeding m ninmum

comn\?im&?ﬁﬁﬁxéjéla?éadelﬁle Khdt ?ﬂncr’cs %S O"/g\@ﬁ@rteﬁbnmr@*cSﬂlpk‘é&béd) than the

amis conpared with ric knit

fabric\émfvgtglgﬁlftt el%lﬁ’Jl Sakis b?(ﬁecp%lteh %nit :ﬂq&% %@F{cﬂr ?ﬁ%ﬂ?h%%q}r more from
d t f.ab t hout el
tis opPERoR A P Bshaveesoet Pt o 3 A B s i By
from this conpressed state, and such excessive
knitsdboewj and eewiapp pw This Igngts imthe wapp fipatigp of the fabric.

Fabrics with high elongation in length(stretch) are more likely to be cut irregularly, and

are also more likely to shrink excessively updﬁ washing. Similarly, stitches are

| compressed by spandex in the Widthldirection, so that fabric width is reduced about 50%

as well, far beyond the 15 to 20% as-knit width reduction normally encountered with
rigid (non-elastic) fabrics.

Third, the compressed stitches in ths finished fabric are at an equilibrium
condition between spandex recovery forces and resistance to stitch compression by the

companion hard yarn. Washing and drying of the £abric can reduce the hard-yam



10

15

20

15 knits for cut and sew applications. This length is

in the warp direction of the fabric. Fabrics with
whe@k/oeliehgati on in length. (stretch) are norePdT/kK81094/017364

to be cut irregularly, and are also nore likely to

resistgig{éé, r%obeaﬁﬁgié?ggﬁte;éa £ oy a%@flﬁh%?ﬁléegf&ma&%@%s, whabiff %é((i) drying

conp an th direction,
t hat, fabri i dth i d d,,about 50% ne). far .
ey B FECRENES TP VED AT i T CUHPE s Rk s jon can
encountered with 20 rigid (non-el asti.c) t&albch{;cs. )
resulfrin yngcceptable lovpls of Sebmcsinkages Hegt-satnsg; the kpi dalrigisryes to

are at an equilibrium condition between spandex ° ]
relaxrthe spandyx fund decathe spasies renoverytforast iTahheas spitimg siperation
by the conpani onhard yam Washing and drying of the ‘

thereféte iinBrove 8 tHeatitktytdTehd fabse, \iad feducWih20nb ak1th8Gthe fabric will
PCT/ US2004/ 017364 resi stance, probably in part ‘

shﬁn%%%#&%e&@d%%ﬂjﬁl?&on of the fabric. Thus, washing and
ryitng- may perntt the spandex recovery forces to
fupt her .conpr e YAl -
| e TSR el 8l il AP e Tabbiod 33 bkne cases
Heat-.setting the knit fabric.serves t rel ax the.
o heay iyl ep s hoh #un SPGB ES el ek Sy atet Bt In these
heat setting operation. 5 therefore inproves the
cases; Seibp stitch comprassion Bty thespandex is agerptabla-hdn gthen sesesthe bare

the fabric will shrink after repeated washi ngs. Heat
spandet fiberds covensmt with @dtufad or syiithefizrfitets ins2 obreagpihnikgiot spindle-
elastic fabrics. In sone cases a heavy knit will be

coveflfg bp&etiors 46 hat $hd fRecepbELhls Bpdriiek iahé randtahk stitch wBmipesssion is

knits. In these cases, sone stitch conpression by the

restr%igan the c%vgx‘ri"% PRl Gthdr Rak e 6R&RSred BFartiRk §s plated only on

ex fib s covered with natural or synthetic
fibers I Rp.a.Core-sni RN 2 SDJ [ '
eve 356 o iS5 5, HBR BE U B SRUEE Bt comprss
res ant_stitch conpression is, restrajned.by th .
the K sy Inwesalest KgEiHGh PRASEVABERUBTIA byils gif shaped or

spandex is plated only on L.
direct use while being knitted on special machines, the fabric is not heat set because

dense, stretchy fabrics are intended. For cirigillar-lmit jersey elastic fabrics made for
cutting and sewing, however, wherein bare spandex is plated in every course, heat géﬁigg
is almost always required.

Heat setting has disadvantages. Heat setting is an extra cost to finish knit elastic
fabrics that contain spandex, versus fabrics that are not elastic (rigid fabrics). Moreover,
high spandex heat-setting temperatures can adversely affect sensitive companion hard |
yarns, €.g., yellowing of cotton, thereby'i‘equiring more aggressive subsequent finishing

operations, such as bleaching. Aggressive bleaching can negatively affect fabric tactile
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every second or third knit course, thereby limting

the total recovery forces that conpress the knit
w@riosobkass | n seam ess knitting, a process whePEI/NS2004/017364

tubul ar knits are shaped for 15 direct use while being

pro;é&ﬁ"%i&% SHCIPs GREE P 3hd TRGH @@@y irel B8 thaRimhtulet 16 alclilRatbric

Iecauie ense, str ;abrl cs are intended. For
A gL oA, SOkt TR 2040

every course at settln st .al ways require
polyjsryonitEis, Ry ﬁ% a‘iﬁt%*%rcﬁ?%‘?ﬂ Q@ éléef H@Sh LIPPTAYT %&ﬂex sat-
extra cost to finish knit elastic 20_fabr|cs t hat
settingratepisnbevpusetbs highdrestissttingiempsratures will advesiely pliegtjsuch heat-
(rigid fabrics). Mreover, high spandex heat-setting
sendiftpesrat.ur es can adversely affect sensitive conpanion
hard yams, e.g., yellow ng of cotton, thereby

- I eppd dikArafifbes ABheSHinsGhats hﬁ%%é@ﬁtredcd i8] 44, as a result,
oper ati ons, s%ch as bl eaching ggr essi \%21 bl eachi ng

o GRS i ey s
OSSRk, SR R Sl B e B s

hard such as those_from polyacryonitrile, wool
Pat.gNe} Qa% 494:B2 hasa beat et qﬁ%@@l@rgrgﬁtagﬂ%)éb@q g t 8% at
spandex hat- setting steps, because the high
apptmdamatetyt 1 75R§90°€nkhedteat sebefficiencyualue o€ B§%s tonsidesedd
heat- 5 sensitive yarns. The di sadvantages of heat
min$@ii Vlud iy effeaiie Heerdtiingr TS inzadured by, latasatery sty lcbmparing
spandex conpositions that heat-set at sonmewhat |ower -

the ie%gﬁmeéiaéu‘éf&l%d Q@é&ﬂeﬁ’ 86fdrd ARNHCE hed se’&ﬁa@ 16 8te boi8-stretched
48, 875 and 472,494 B2). For exanple, the spandex

ol %L&V%*?%af@?my%?"ﬂﬁatﬁssﬁé ARl

imp5 % ty (r)%cf:lmr-g % e cos?s asgg&ét%('i WitRit 1\{ave ot been
significantly reduced.

The traditional practice of making an;i heat setting circular-knit fabrics has further
disadvantages. 'The knit fabric emerges from a circular knitting machine in the form of a
continuous tube.‘ As the tube is formed in knitting, it is either rolled under tension onto a
mandrel, or it is collected as a flat tube undér the knitting machine by plaiting, or !ﬁose
folding. In either case, the fabric establishes two permanent creases where the fabric txbe
has been folded or flattened. Although the fabric is “opened” by slitting the fabric tube

along one of the creases, subsequent use and cutting of the fabric usually must avoid the
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m ni nrum val ue for effective heat setting. It is

nmeasured by | aboratory tests conparing the |length of
waospeniesl spandex before and after heat settiPQFUS20041€17364

bef ore-stretched: spandex |ength. Wile such | ower

heat 'setting. spandex c osi fionsg provide .
remainpE GreRTen L BisAEdHECS e i VieldBf fhe %"d’[‘}? PERt fabric that can be
costs associated with it have not been 15
further gracessed mutbygarmeiigled. The traditional practice of
maki ng and heat setting circular-knit fabrics has
f uNeemethdils acksanghigos making ckoular-kuibrelastiensnglekoiteisen
circular knitting machine in the formof a continuous
fabrich B8t héVe b418 s%éﬂ@l@x ipfatddinrEveryl Mhitdoltse] Al that aviodd thietdosts and
rol I ed under tension onto, a mandrel, or it is
. e nder the knitting machi ne by
dlsa%%glllwﬁ%%ggogrﬁtﬁ%o%ﬁha%gggfg'i ng. In either case, the
fabric establishes two pernanent creases where the
fabric tixbe has been folded or flattened. Al though

SUMEARE DT INAAENTIONY Clbsequent use and cutting
iy ehsrrireris ey oyl R i B Ral Bacfcy Sl 180 bR ha

includp e Brdzdaied Y o RoiehEas R AR g barBe
sought for making circular-knit, elastic, si n%l €, kggi? |

manjuacieyd withimonusercially apesptablepreperpanvihoy anesd 1o
knit course, and that avoid the costs and 5
sparidies heaawttagds (Apthecpaided dvift is lngted deingithgknigingpsessrand
THE | NVENTION . We have surprisingly found that a ’
(2) &erfafitdiddfred Binkle 18liBjetses fabRicatngters amymébiatuined. t fidsrd yoms”
i ncl udes bare spandex plated with spun and/ or :

inchg\n@e{]%?luggmer %ﬁ%g@&gg%@% And B6MEu6ad iRentHaHS a6d edrREhuou

ptabl e properties w thout a need

fila St yams 2P ©

The first aspect of the invention is a method for making a circular knit, single
jersey fabric in which bare spandex yarn from 17 to 33 dtex, preferably from 22 to 33

dtex, is plated with a hard yarn of spun and/or continuous filament yarn, or blends

| thereof, with yarn count (Nm) from 35 to 85, preferably from 44 to 68, most preferably”

from 47 to 54. Preferably, hard yarn is spun staple yarn of cotton or cotton blended with
synthetic fibers or yarn. Other natural and synthetic fibers may be selected for the hard
yarn, including nylon, polyester, acrylics and wool, for example. |

The. spandex and the hard yarn are plafed in every knit course. The circuler kait,
single jersey fabric produced by this knitting method has a cover factor of from 1.3 to

1.9. During the knitting, the draft on the spandex feed is controlled so that the spandex:
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spandex heat setting if. (1) the spandex draft is

l[imted during the knitting process; and (2) certain
waelewsnedssi ngl e knit jersey fabric parameters BCEUS2004/017364

mai nt ai ned. "Hard yans" include spun staple yans,

_spun staple and continuyqus fil nt n .
yarm 1o Giiea e oroiban PRt By A ene g T B e cjreniamanit
invention is a method for nmaking a circular knit, ‘

singlegemey fabricer sey fabric in which bare spandex yarn from -
17 to 33 dtex, preferably from22. to 33 dtex, is -
plRadTition, th e &nitafabriy Bnfiim$hedpmd duied vothos hedtiselbing the fabric or
filament yarn, or blends thereof, with yam count (Nm

the sp‘fuﬁ vatthih Oh 8 Fabrit, efisaille\fabri©1® difedtad téhfiperamsds below the heat
preferably 20 from47 to 54. Preferably, hard yamis

settini E}ﬁq}eﬁtﬁl@l (?eil' %1(3 :sg afexC %ﬁ?ﬁi@ h‘ineéépé&n%}i@ ARG ehott bfeps, such as

or yarn. nat'ural and synthetic
fibers my be.selected for the.har r i.naludi

cleaipg rac, s B SoAbey compgn g atp EfnpbARRY AF A steps
sgandex and the hard yarn are plated in evgr kni t b 1

Preferablys S fimsiting and irngian gariod pigHone oF Qe jemperaures below

produced by this knitting nethod has a cover factor of
160°C. rDiyidg 8 ¢oanpsetingdis cluredroyt wihdle kg knif fapricinin aeierfesd
the spandex feed is controlled so that the spandex- 8
condiMéh Z0@R/ 182chied/ US2004/ 017364 yamis drafted no
nore than 2X its original Iength when knit to formthe
E'rm%%}ag{l)ﬁﬁ@ iclroulaSkitg) Bagtie! §e j@béy knit fabrie %ﬂdi&ﬂabl}r, hishe -

ric 1s tfinished and dried wthout heat setting
the fabric. or 44, i Sbri '
spandep gon Bl 1Bl 3pyicis BPR BT rolbt Babed I A0G! fbrif Siefutt per

setting tenperaturg of_the ndex.. . H ni shi . .
squars Graen SeromEC Ereoreme e L0 o aight ted dh i BB fabaic weight
bl eachi ng, dyeing, drying, and conpacti ng, and an
per squardingter. bn agdition) sichJelaprpreforgbly Bans pover dprlos ‘?@i%hi ng
and drying are carried out at one or nore tenperatures,
beltevgecond and third aspects of the invention are the circular knit, elastic, single

0

jersey fabrics made according to the inventive method, and garments constructed from
such fabrics. The fabric produced by the inventive method preferably is formed with

hard yarns of cotton or cotton blends and has a basis Weight of 140 to 240 g/m* xmost

| preferably of 170 to 220 g/m®. The fabric preferably also has an elongation of 0% or

more, preferably froxn 60% to 130% in the length (warp) direction, and a shrinlcage..aﬁer
washing and drying of about 7% or less, preferably less than 7% in both length zand

width. Garments may include underwear, t-shirts, and top-weight garments.
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160C. Drying or conpacting is carried out while the

knit fabric is in an overfeed condition in the warp
wa@leoosooiten. 10 The resulting circular knit, elBSL/U82004/017364

single jersey knit fabric preferably has a spandex

%t 4AR i ght based on the
Bm%ﬁmtﬁ@m% e]?RAsquapes\Aﬁeter, nore preferably
from5%to 10% by weight _based an the total fabri )
weiiGn iltysemtes glatedt Kiscpiches fomgpirnggrhar Lyatn g gpngexs
preferably has a gover factor, of .1.4. The .second.and . -. .
P T2 G eRbeaials ol R e PHAR AL & el K R £od with
el astic, single 15 jersey fabrics made according to
a spandex feed/ant 4 hard yarmdeed; and gar nents constructed from
such fabrics. The fabric produced by the inventive N
MRG0 d iusehites alsbai ok ©f bimghesjarsely tinit stitohes ra mighlvghts one stitch of
or cotton blends and has a basis wei ght of 140 to 240
stitchdédBn ¥nest  preferably of 170 to 220 g/ n2. The fabric
preterably also has an el ongation of 50% or nore, :
pr &ﬁéégié 3‘919?(? He&a ) ilf¥ea®stitch Length
diﬁé}g??&?r}}l?éwgn a g??}gltﬁ&%ge a {Begrtﬁg% vvash?hg and Sdlrcyi h%ngt
«rn, Of a@bout 7%or |ess, preferably Iess than 7% in both
L7 | ength wand w dth. Garnents may include underwear,

t-shirts, and _top-weight garnents. 9 2005/001183 . .
08300 B0 a8 £ BOBFNE PriSE SR SFHCHFRSHOTRE R AT R Kot
FIG 1 illustrates plated knit stitches conprising a
clastibasingly-dmit jersey Sbeied dvat havebarz spandexpigiedrin gverykeiy ceunse; and
- of a portion of a circular knitting machine fed with .
5 FIGsgand Gewl dert stivdviag ke thvyative freesds step<For Bnaking circular-
illustrates a series of single jersey knit stitches

it, BAetid) s9Bld efabil rd bdbeplated it veryfinfk course.
katt gl,%g{gﬁ g%gi% %@Fﬁgl fgg{;? % ?%F]H%‘?e FI Gﬁ% s}ﬂ?lgi grﬁ1 e‘rqzrg to oome

H Wﬂlsl'é Y iﬁvgx{ti&l%ﬂ $08Ldribed in connection with preferred embodiments

below, it is to be understood that the invention is in no way intended to be limited by
such description. On the contrary, it is intended to cover all alternatives, modifications
and equivalents as may be included within the true spirit and scope of the invention as

defined by the claims appended hereto. _ f

DETAILED DESCRIPTION OF THE INVENTION

Tfle subject of this patent is circular knitting, and in particular the manufa‘éfure of
specific knit elastic fabrics for subsequent ‘cut and sew’ use. Regarding circulat :
lmiﬁiﬁg, FIG. 2 shows in schematic form one feed position 20 of a circular knitting
machine having a series of knitting needles 22 that move reciprocally as indic.gted by the

arrow 24 in response to a cam. (not shown) below a rotating cylinder (not shown) that

10
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rcu 10 FIG 4 is a flow chart show ng prior art

process steps for nmeking circular-knit, elastic,
warmgherikhi t jersey fabrics that have bare spaPCErS2004/017364

plated in every knit course; and FIG 5 is a flow

chart_showi ng the i nventive.prace S '

s g el et cii e rudeyf RS BroihR1 gt Sfhose
that have bare spandex plated,. in every.Kkni :

feed pasitidns artangedinesn Plgélﬁ, &9 ﬂﬂpt%%e g@@yﬁy@ﬁpﬁ%&}ﬂ%ﬂtﬁ%ﬁ the
with preferred enbodinents 15 below, it is to_ be

knitting meed1ed, oantietlfbest thehmoving eptindar, ars rotatedPaskis PR]EFRAS t o
be linmted by such description. On the contrary, it is
| ISR it GPetafion, la sphilddxnaih Y2 and ahdid y eat 14as deivdred to
equi'val ents as may be included within the true spirit

o o AR S5 9. T ) U Byl gl e

I NVENTI ON. The subj ec f ' ' idLHHA e intra
both YR Fq'\iﬂﬁj';-\'“%ﬂa TR o opAteR At £ tnd el YR introduced
speci fic knit elastic fabrics.for subseguent .c f
to the B Asedlendy AP uBs PLR AR T (o BT tinels sl st
_in schematic formone feed position 20 of a circular -

10 likekthiat shiowni ig FIgadhi ne having a series of knitting :
needl es 22 that nove reciprocally as indicated by the'
2Phehdrdwasd14 bs deliveved fomm wouadhy{maeackigsvas than aepuanulator
rotating cylinder (not shown) that 10 WO 2005/001183

30 thaPmberSRR VDD dR4cartiér plste 6@t deitting neddlesa22i Mhelbard yam 14
knitting machine, there are nultiple nunbers of these

| passeslf oﬁ%? a ?‘%31' x{oh%&?’aﬁ{ ﬁﬂ@@%{;? %’ﬁld@ h6ie' 34 i@ thS Garfier pPaté 260 Optionally,

al” knitting p lons as the knitting

dl es, ied b h [ Aok .
B

spandex_yarn 12 and a hard yarn 14 are delivered to 5
holes inHhe raxrier Plate #Bedl es 22 by a carrier plate 26. The

carrier plate 26 sinultaneously directs
The spandex 12 is delivered from a surface driven package 36 and past a broken

end detector 39 and change of direction roll(s) 37 to a guide slot 38 within the carrier
plate 26. The feed tension of the spandex 12 is measured between the detector 39 and
drive roll 37, or alternatively between the surface driven package 36 and roll 37 if ﬁe
broken end detector is not used. The guide hole 34 and guide slot 38 are separated from
one another in the carrier plate 26 so as to present the hard yarn 1< and spandex 12 to the
knitting needles 22 in side by side, generally parallel relation (plated). |

The spandex preferably is a commercially available elastame product for ci;cular

knitting, such as Lycra® types T162, T169 and T562.

11
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both yarns to the knitting position. The spandex yarn

12 and hard yarn 14 are introduced to the knitting
woe@doens2?2 at the sanme or at a similar rate tRCT/U820046017364

single Jersey kni t stitch 10 like that shown in FIG

1. _The h [ R r
pa%ﬁ’émg i s et s T LG o Rt BN hokage to the
amto the carrier plate 26 an [tt
camgnﬁate laad dn fpapnte Ahe ]gg\g staigh dye fo &1 elzl%q et e tﬁa s%%ch use rate
t hrough a guide hole 34 in the carrier pl ate 26.
and t@p foedmatel fom the spartdes supply packagey diha ratinyofifbe badiwapaypply rate
to the knitting needles via different guide holes in

(met&gﬁmﬁ?for th€k aﬁh@éxesu%ﬁly rhkeis Teanaity 2 52o dsimksl (21568 &l 4X) @reater,
a surtace rlven package 36 and past a broken 15 end

and 9%h&EGH S tl%%g%gﬂmg I?l?ﬁg eTRis cGHre§ionliof §p‘ﬂhﬁe§xsélmﬁatibﬁl @% 15 9% to

udes vvlthlnt e carrier plate 26.

st el o aa%@é}?%ﬂﬁf ot %ﬁ%ﬂw te crat
t .. th f

(clongRomE SheTpenle et b vt oo Saub oA NE g -ecigr galues

34 and guide slot 38 are separated fron1 one anot her
consistent withdugh inachjsiexdrafty fordhe gpandex.pr esent t he hard yam

14 and spandex 12, to the 20 knitting needles 22 in

si We lywesoulrl tioe epedvied resiita htestbtainediwhomthedbtal spyndex draft as

The spandex preferably is a commercially avail abl e

meas%!r&{sﬁﬁﬁg ke diCkept 96 abodt@N & less< MTHi§ dra@ vakuedl tieestotal drafi of
Lycra(r) types T162, T169 and T562. 11 WO 2005/001183

fk
o LY 0 BB Bty o 8 i
n t
oo PS5 e b
pack:qg; éla;ég%nn,;‘%?ﬁgs,p aﬁgge ’é(plscg ﬁrlk ?Hq(? b3 Iq ﬁ ég 3’ tﬁa gssfpa}lgeex used

supply rate is norrrally25to4t|rres (2. 5X 4X)
in cipubakeit, elastic, single jersey fabncs The total draft of the spandex in the fabricis

therefore MD*(1 + PR), where “MD” is the knitting machine draft. The kmnitting machine .
draft is the ratio of hard yarn feed rate to spandex feed rate, both from theix respective
supply packages. |

Because of its stress-strain properties, spandex yarn drafts (draws) 1more as the
tension applied to the spandex increases; conversely, the more that the spamdex is drafted,
the higher the tension in the yarn. A fypical spandex yarn path, in a circular knitting
machine, is schematically shown in FIG. 2. The spandex yamn 12 is metered from the
supply package 36, over or threugh a broken end detector 39, over one or r.nore. change-

of-direction rolls 37, and then to the carrier plate 26, which guides the spanadex to the

12
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5 and is known as the machine draft. This corresponds
to spandex elongation of 150%to 300% or nore. The

wo e@d/00a8si on in the spandex yarn is directly PEI/ESBO4/017364
to the draft (elongation) of the spandex yarn. This

i S AS20  loWEETTE) BTEB SRppgenis vo

We have found that inproved results are
as it prapses fionnthe papndi package aund geer eagh AgYes, P%@?f fRto b #1601

fabric, is kept to about 2X or less. This draft val ue -
forced Bnpidiied b edchidenide arfrollerttbatdpaghe the spandex. i Abp tefekdufyof the

drafting or drawi ng of the spandex that is included in
spandeR @t IS WHREN iPmelcTge refatedgo Splsuny of the tdistonsatihmengiiout the

resi dual draft from spinning is termed package

Spam%ﬁgatlon and.it typically ranges fromO. 05to
or the spandex used in circular knit, elastic,

Smﬁfgatg &8 dftal?“ C?%%%%ﬁroh%% rtﬁét % aﬁd 391%%%9 and
i t
el o S e s e

feed rate, both fromtheir respective

the syrfask djwen TBekagas3s and 1ollsd 7o thehyoken %@%?%‘SE%? jigot used. The
spandex yarn drafts (draws) nore as the tension

highee ik teasicioist ot ambeordmileilythe gremites thespandexsdiaft wilhbein the fabric,
that the spandex is drafted, 20 the higher the

and @SN THe bHBr ¥Aféhchés ﬂl}iﬂhﬁ&be(’ﬁwﬁﬂdﬁ shydcpagdfronn2-at cN for
circular knitting machine, is schematically shown in

22dté>:;. d (?e’x SRANGEUNYBE M ianlBL BY @furh&RiBll dieular knitting
pry pac r?:ag

d ' age 36, over or t ugh a broken end
ete r- f ,
mactfsy 3Gy these R S0 BhiolRAf BEARTondl AL kERBsed by
gui des the spandex _to t 12 WO 2005 183
subs PSS LFOIR, He PR aHC FEGHTS é%laleﬁmém Topplyingp ill be
stitch. There is a build-up of tension in the spandex
draftg(hslgmﬁasntlymﬁb@l%omthe suppl y package and over
each device or roller, due to frictional
This invention does not anticipate all the ways that spandex friction can be

minimized between the supply package and the knit stitch. The method requires,

however, that friction be minimized to keep'the spandex feed tensions sufficiently high

 for reliable spandex feeding when the spandsx draft is 2X or less.

After knitting a circular knit, elastic, single jersey fabric of plated spandex with
hard yarn per the method of this invention, the fabric is finished in either of the alternate
processes 60 illustrated .diagrammatically m FIG. 5. Drying operations can be carried out
on circular knit £abric 62 in the form of an opén width web (top row of diagram, path

63a), or as a tube (bottom row of diagram, path 63b). For either of these paths, wet

13
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forces inparted by each device or roller that touches

the spandex. The total draft of the spandex at the
w@riosoisx therefore related to the sum of theP@ENS10041617364

t hroughout the 5 spandex path. The spandex feed

s o PR LA LSRR8 s fous n

spandex . feed t.ensi S sur bet we r.
the fabrp Wi plis MagEP @ﬁ@ rQ}H YFW& %ﬁ%ﬁéﬂ@ﬁ%&%f@m&
detector 39 is not used. -The hlgher this t

nsi .

usuallyeimparts tensionragid ssane length @f@m%wntm éhfs%BlﬁeeS% qulg b taken
will be in the fabric, 10 and vice versa. The prior

to miftiiiizé aacikiltidodttendiorns alfpifsd dueing ifdhricprootssingangd érdnspart from
2-4 cN for 22dtex spandex, and from4-6 cN for 44dtex

wet FRPRIERS é‘dx?@imﬁid?al@d) edbl€ tHedibridniot relar@nd rechenEm such wet-
Wth these eed tension setti ngs and the additi onal

finist LD IR Ao auiiiESARENt vam path friction, the
ex

commer cl a t'ng machines wi || he

d I '
:}a E}%/éqgs \Iggt?t:ha.}s&g{] ! ?sstsﬁegs&gnthé if‘%br%c]lg ggﬁ t%ré cﬁrﬁs by
oS o S et \he St el a%%epz%h% fen s

friction be mnimzed to keep t he spandex feed

befort éris delinered tofa dingshfdry stapgH) fos optienal fipish applieatier (c.g., softener
feedi ng when the spandex draft is 2X or less. After

by padfin) biDsubsejui entldeyinkiin b tertéafime pvei mylee copmiitiems of fabric
fabric of plated spandex with 20 hard yam per the |

lengtHBtv dOfIn s;onQes‘s UBNGIL) the tublaf BIBEiCGs hét slit Bpenh Beht isent as a
eit he al ernate processes 60 illustrated

tobe {889 %gﬂﬁfﬂ( &%t’l n CI r'c uslh c%ﬁs{% ?té[ggﬂl SR UORAL AR 24

carrie cC 62 in neformof

padd%g grl))g @ggll%t %g&,@lgpuéy? gfa.}'yghg gﬁ% ggggl;a ongxslg&t, Aa.t then to

ei t her of these aths, wet 13 W 20
a congEvioysp ma@q_l)gmgpwde fabric overfeed. A coqg}éa%?olrlc%?nmonly uses rolls to:

transport the fabric, usually in a steam atmosphere. The first roll(s) is dl‘iVCI/l at a faster
speed of rotation than the second roll(s) so that the fabric has an overfeed. Geneyally, the
steam does not “re-we » the fabric so that no additional drying is required after -
compacting.

The drying step 70 (path 63a) or the- compactmg step 72 (path 63b), is operated
w1th controlled high fabric overfeed in the length (machine) direction so that the fabnc
stitches are free to move and rearrange without tension. A flat, non-wrinkled or non-
buckled fabric emerges after drying. These techniques are familiar to those slcilled in the

art. For open width fabrics, a tenter-frame is used to provide fabric overfeed during

14
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finishing process steps 64 (such as scouring,
bl eachi ng and/ or dyeing) are carried. out on the
wo asioerishi le it is in tubular form One formBET/US2004/017364
dyei ng, called soft-flow jet dyeing, wusually inparts
. tension and sone | QLIBLLAP i Riddasn hRBkipRetor 72, affter
dryingeob G UM H0R0R Togpl gheee 8 rﬁ%@n%fr?& addrtionalor e
tension applied during, fabrjc.processing apnd.tr ort
belt eyt 5 GBEF PR eicingr SouigR e cese rERBah BRaET .
fabric to relax and recover .from such vet- &%ni shj ng
tempeaatdiretmel regidertce timmesare set belewithe yrlenequmst (O RFa §ehiae Spandex.
finishing process steps 64, the fabric is dewatered
6 & he Sttadtums dbsign sfpeieailardkuit fabeivt cainfbegharpcterized opasty the
path 63a, the tubular fabric is then slit open 68
“openBBdsO0E chdh Hnit HREH. VEHIS dopfeuresé’ Birslatedrty tisé parcatfiageont the area
optional finish application (e.g., softener 10 by

*that i 30 VafBke A WHHISE RO BiMhE Yatinab R BN ({d0ETE, PYGH 1 amd

r-conditions o ngth overfee
g h h, .the t I f (Fog [t -
5), anf gt S Tt S 20 bl zeiEt i SRR SRLARHL 3 iR
- - h h 1 . 1
clstipwaBien Sinies, sV FRaD: (CT TR KEAPBAGH By PRgte o f

oven, e.g., laid on a belt, and,then to a conpactor .
opentiess. SEipa€Cavar|Bactor ins thtio hadris defved #8ed. A conpact or

commonly uses rolls to 15 transport the fabric,

usual 'y in acstedegtausphere. The first roll(s) is

driven at a faster speed of rotation than the second

wher?r ﬁeLe( L{ é%’ gge?mg %gghi 61 é@%&ferg‘ 88112 a0y 9arnC ettt L Geme sttdhilength

. m-does” not” "re-wet” the fabric so that no
e R e R

th 63b), i - at 0 with ol i gha . o '
sitchip e pRh PET B EHEfosk fh A BER e St Fengft, O s defined.

that the fabric stitches are free to nove and

" For yaesiof atetyic odunhdin, thetesioh 00+ Nay, andthe-Gaven Fpeigr ialtematively

non- buckl ed fabric energes after drying. These

expretsgéatygifgnwszare famliar to those skilled in the art.
For open width fabrics, a tenter-frame is used to

provi de f abrbf=%ﬁf0foﬁ@ﬂ) guLl ng
We have found that commercially useful circular knit, elastic, single jersey fabxics
plated from bare spandex and a hard yarn. can be made without heat setting if the spandex
draft is kept about 2X or less, and if the kmit fabric is designed and manufactured withan
the following preferred limits:
|

- The Cover Factor, which characterizes the openness of the knit structure, is

between 1.3 and 1.9, and is preferably 1.4;

15
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14 WO 2005/ 001183 PCT/ US2004/ 017364 drying. For
tubul ar fabrics, forced overfeed is typically provided

WO poog/oeaspact or 72, after belt drying. |n eitP@&r/uUS2004/017364
open-wi dth or tubular fabric processing, the fabric

dr.yi B nLATAR Ahitk NANH 628 B9 4988, prbRLRY Ercietalts b8ytend most

t he va ues “requl réd to heat set the spandex. The

struct a circul ar knlt fabrl c can be
charaﬁ#g?li’lé’gja’ ?196%% by the "openness" of each

kni t stitch. This'o ness t dtothe

per c Ehe sppadet i‘sh]e7"Qr teX, Py ?fe;ailyoﬁeﬁ) J'S#s t hat whi ch
is covered by the yarn in each stitch (see
FI-GSPreferablyctheSpnteahef spenderus thefabtiedn’e SsHint sl ig from
wei ght and el ongation potential. For rigid, non-

el aSBlS%tmfzt%,kaiidhsﬁaistplefarahljnﬁoﬁoiﬂértoﬁa%or ("ct) is
wel | known as a relative neasure o, f openness. The

Coverryk ﬁﬁitt ?a[bricssoefoﬁﬂéd Bas@frinBagedefier Rashiag aniir@ing=of about
I(texg1 where tex is the granms wei ght of 1000

met e I’7 rf lgésvﬁﬁglf’%ﬁﬂgx%hﬁlnﬂﬁ lin b@thttﬁ‘@%eﬁ #ht £k Wedd (directions;

mlli a schemat 0 single knit

T S R SR i

l ength, "L" is defined.  Far yarns of netric count Nm
t he tléQ%LBlthgwgﬂlW{ﬁl‘P)afﬁtF io a@ver Factor is

alternatively 15 expressed as follows: Cf =

- 1{ 1@0¢Eab}y, thelhardpahdy spuncitapde yaraof cefiare Pt peifqnblended with
useful circular knit, elastic, single jersey fabrics

pl at @ﬁntﬁammgerwdex and a hard yarn can be nade

wi t hout heat setting if the spandex draft is kept

about 2X or less, and if. the knit fabric is designed

and manufactured within 20 the follow ng preferred

Wh1]|8 ;Slgkwggglgg? b?o??v tind ?81115)? é%ecplg ’hit I?i\%li%%ﬂﬂa%@ﬁe t4}8 yam in the
knit structure resists the spandex force that acts to compress the kmit stitch. The
effectiveness of this resistance is related to the knit structure, as d efined by the Cover
Factor. Fora given hard yarn count, Nm, the Cover Factor is inversely proportional to
the stitch length, L. This length is adjustable on the knitting machine, and is therefore a
key variable for control.

Because the spandex is not heat set in the process of the iravention, the spandex
draft shouid be the same in the circular knit, elastic, single jersey as-knit fabric, ti{eﬁ

finished fabric, or at fabric-processing steps in-between, within thie limits of messurement

CITOr.
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between 1.3 and 1.9, and is preferably 1.4; 15 WO

2005/ 001183 PCT/ US2004/ 017364 - The hard yarn count,
wWOgosioe1183 om 35 to 85, preferably from 44 to 6BCT/EHSIH04/017364

nost preferably from47 to 54; - The spandex has 17

: ggg’ 3 gjﬁ{kn@fq sglrgﬁglg lefjgrs fagﬁ d%@épprg%fa{t@g%\g%ﬁ’ knitting
S 55 S e gL S e

shrinkage after washing and drying of ahout, 7% or.
- knittinggsachprecgavgabChoice 9f seugareay e e {oRtiaEe ?l@‘ﬁ’;%f (kodhplastic,
width directions; - The knit fabric has an el ongation

singlefier&8/baRts weipkt, fqrreatumplebl y from 60%to 130% in the.
I ength (warp) direction; and 10 - Preferably, the hard

y a*rﬁe béheFIRUSY tﬁisélﬁb&ltﬁbﬁrafb Slidéndivhen tHerprive tattgroddse sidedm
synthetic fibers or yams. Wiile not wishing to

agBSPa aﬂ%ﬂ}/Fft? }%L’f %ﬂh'tﬁelhv?‘erﬁ’ﬁla??d/c%gs it the

structure resisSts the spandex

St el }tﬂ@@%@@@a@ Bl B e

knit structure,_as deflned by the Cove Fact o
stepgmesmeqEPBICy o LRIFR labpinionRc eBTaRoT T fofeiter fterdiive

i nversely proportlonal to -the stitch | enqt IS
metHodndtle insertiinshowblin F&@. . heurther,thyi qhgnﬁmglﬁef,l-t%maer%wm heat -

therefore a key variable for control. Because the
set pEdvisIEBXrelfirédD(se® BEG. Hptheiimventiee prooesssedusks hens damage to fibers

i nvention, the spandex 20 draft should be the sane in

like %&Emcfé'qﬁﬁ L@l'esiﬂ'ik' o bl@ﬁﬁﬂgb find &b @hproves weyhast e finished
he finished fabric, or at fabric-processing

fabrlct i%s AR AHEARD het eflifivd llf%&d Lhfk osn 08 udbaan ‘t!ieeﬁi'@&ﬁtlon process

to make circular knit, elastic, single jersey fabrics, thus i increasing the poss1b111t1es for

" different and improved products.

The use of a softener is optional, but commonly a softener will be app lied: ;to the
knit fabric to further improve fabric hand, and to increase mobility of the knit stitches
during drying. Softeners such as SURESOFT or SANDOPERM SEI are typical. The
fabric may be passed through a trough containing a liquid softener composition, énd then
through the nip betWeen a pair a pressure rollers (padding rollers) to squeeze excess
liquid from the fabric.

" Also surprisingly, circular knit, elastic, single jersey fabrics knitted by the inethod
of the invention and collected by folding (plaiting), do not crease to the same extgnt as

prior art circular knit single jersey fabrics. Hewer or less visible fold creases in the
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error. 16 WO 2005/001183 PCT/ US2004/ 017364 For

circular knit, elastic, single jersey fabric, the
wa@ppsoarsat e gauge of knitting machine i s sel eRCEUS2004/017364

according to prior art relationshi ps between hard yam

~count .and knjtting nmachjn uge..  Choj 0F voed
finisird §3BEE CUBTEPY IThH 7D HICEGAP Flp%%}%;t’m%ﬁrgds%eﬁ%l?é sing ceﬁ{w
jersey basis weight, for exanple.. 5,qu.benefregt.s 31
garmehiss Alsyenexpeetediye theigular kighekesfifsingle isisey ipoiies i dhg
shown diagrammatically in FIG 4, is conpared Witﬁ:h
inveiitivh haveeipnifieanty vedissd skeyndiring prgeessim eithes opgnvidte oz tubular
5. Traditional knitting and finishing require nore )
ﬁnisfi’fhg%?éc%sseﬂ GREparb®iEpradtirtobrids, Wiith eremseskew or spirality, fabrics
a

-intensive operations than does either ‘

are aa'y!t to?xrﬁfgfh.é%gme??ﬁ&] 08LrSs drd€od tAY 8", QRd SRPMActéptablés Garments

el rm nating high-tenperature, heat 10 set -
preyi ousl y_.required.(see F 4), the inventive
madip FEOSKEWP &Péswﬂﬁwétggﬁ%%%ﬁyé fibers |like cotton,
requires | ess or no bl eaching, .and.thus..iqprove :
" e follsmwing exainales demonsiz i IVARtiGn And i Betlefls: gﬁep,ﬁvemm

heat sensitive hard yans can be used in thq I nventi-on

is capalle @€ sther andrdifferenticpbodimaus, and &y several detajls giegapahle 8
fabrics, thus increasing the possibilities for .

modéfidationent vaaioas apprentadspectsguithant departhrgfromethe scape and spirit of
softener is optional, but commonly a softener will be

the @'@%eﬁt lriveHfion. OAE AR dink T, thef exnbles afe tbibetragardéd itlusirative in
abric hand, and to increase nobility of the knit

st : | dryi ng. Softeners such as SURESOFT or
nauﬁﬁiﬁ%ﬁf%éﬁ%é typical. The fabric may be passed
~ through a trough containing a |iquid softener '
conposition, and then through the nip between a pair

a pressure rollers (paddi rqQllers) to squeeze excess
20|iquidfrom.thefabri1‘i"9‘_‘nﬁ9§ o

Fabric Knitting and Finishing

Circular knit elastic single jersey fabrics with bare spandex plated with hard yarn

for the examples were knit on Pai Lung Circular Knitting Machines, either: (1) Model

PL-FS3B/T, with 16 inches cylinder diameter, 28 gauge (needles per circumferential

inch), and 48 yarn feed positions; or (2) Model PL-XS3B/C, with 26 inches cylinder
diameter, 24 gauge, and 78 yarn feed positions. The 28-gauge machine was operated at
24 revolutions per minute (rpm), and the 24-gauge machine at 26 rpm.

The broken end detector in each spandex feed path (see FIG. 2) was either

adjusted to reduce sensitivity to yam tension, or removed from the machines for these
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Al'so surprisingly, circular knit, elastic, single

jersey fabrics knitted by the nethod of the invention
waeasoaliBect ed by folding (plaiting), do not CPEHBES2000017364

the same extent as prior art circular knit single

jers fabrics. .FE [ or IS '
exméﬁss-i%hw%%gyﬁe%%%gr Rt B85 081 PlyaBed By B R herbfore
] abric can result in an increased yield for cuttin
induggshitensign iy thewand@ i ¢ into garman%/s. Al so )
unexpectedly, the circular knit, elastic, single
j efheppimiexifesd tohsiomavas meeaned batwaen thespanficr;sugply ppckage 36
reduced skew during process in either open-w dth or
and thelbliar guidié BT §FiCh @) pitheeBisy digitabiepsion theter, modeknumber, EN-10. -
fabrics. Wth excess skew or spirality, fabrics 5 are

For i:A9008b¢ the 45feRtibR Aha Bshnat fese Serdios Were iamtdinedit 1 grath or
are ‘unacceptable. Garnents made with skewed fabric

~ less ﬁgg:%}natg}\gr 33%—%&?%11 an&’égcd Yrhedd'RndiBhd 9¥e @fog:_‘fél‘ﬁgll }'%%Ié for reliable and

eflnvention and 1ts benefits

invention 1S, capahl e of other.and differ .
contipBa forOm0T A LS Y H WPLERE petdlrs o4 puffisaly low to
nodi fications in variqus apparent respects i t hout
drafibpspuideg AR AXdp. SNeroupH that s 165 ford iR ere too
i nvention. Accordingly, the exanples are to be
low,rthgapaieiéx yari Wrapped atouué terrollerauides ahthe sypplyaackage and could
restrictive. Exanples Fabric Knitting and Finishi ng
not BSrefabBued o kit dircalag khitingsinagdiise. j er sey fabrics with .
bare spandex plated with hard yam for the exanples
we r]ﬁl ot I{nﬁ?&l ﬁgﬁcé-%ﬂ: debiiredl] Bled Kad Bfiedger'he Bpéiesidth process
ei ther: Model PL-FS3B/'T,, with 16 1 nches cyli nder

e T
sang e AP Beat ot Tror N o A eE e et and

was operated at . '
heat set at 190°C for a residence time of 60 seconds.

Fabrics were scoured and bleached in a 300-liter solution at 100°C for 30 minutes.
All such wet, jet finishing, including dyeing, was done in a Tong Geng machine (Taiwar)

Model TGRU-HAF-30. The water solution contained Stabilizer SIFA (300g) (silicate

" free alkaline), NaOH (45%, 1200g), H,0; (35%, 1800g), IMEROL ST (600g) for

cleaning, ANTIMUSSOL HT2S (150g) for aﬁtifoaming, and IMACOL S (150g) for
anticreasing. After 30 minutes, the solution and fabric were cooled to 75°C and then the
solution was drained. The fabric was subsequently neutralized in a 300 liter solution of

water and HAC (150g) (bydrogen + dona, _acetic acid) at 60°C for 10 minutes.
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20 24 revolutions per mnute (rpm, and the 24-gauge

machi ne at 26 rpm The broken end detector in each
waepandenss eed path (see FIG 2) was either adpeiyUszoL/@17364

reduce sensitivity to yarn tension, or renoved from

t he machjines for fhese

18 005/£0011 0 .
b he fobeia o1y S eI SO B SRENASC f2h G pputes
was a type that contacted the yarn, and,therefor
using reabtiveridyestiefsomd otherrensfpnenie x Therdke sqlutinnesorfaipgy R—-3BF
tensi on was neasured between the spandex su p]l/\i/ _
(15 GFTISRE (95N Oe(18600E) apieCO7 (100 Ao G mimutes, the
Ivy digital tension neter, nodel nunmber, EN-10. 5

dyebdif e @aRleasmafrefillé foneanbliA with BAG PEUgP forf l@adinutes at 60°C.
tensions were nmaintained at 1 gramor |ess for 20 and

30- i ek y ‘NS i f fiici )
Afterme&%%ﬁggﬁorlg Fﬁ@ag:?té Waa-r%gﬁﬁlﬁ drSR&d ARPraffied withf dléd witkl For a 10- .

conti nuous feeding of the

minufdips StRaReRi et e TR vy ek gt Vi

found that when the feed tensions re, tog ..l ow, 1he
watexs ot J9 2 SANPSFS G RSFGHEPI T B8P -cf eyt Y hegeed to
supply package and could 10 not be reliably fed tq the._.
98°CeamdctHenfabkios werangashedispapsd far 10 miutes Afiergirpigpig and another 10
were scoured, dyed and dried per the open-w dth
minu¥ E6AHSvatbBind el Bbrics. waté tthloatled fenetht vesselof Exanpl e
1A, all knitted fabrics were finished in the sane

ﬁfhe A oA RQkere BIRAL deSRhtetedDy cEREifhagTbes afinttxanpl e

was al so stretched and heat set at 190C for a
resi dence. ti : ; SEPW 8 d7-lit
o Rt 515D, 2 Lot a S AR ok (FRREA Gt MRS RbREOUL Y 7-liter
m nutes. . [ ' i et .finishin ' ' s
wategaihign vk SARTAOPEREE sl Bt (1R fhe Mfibt Hefiiters dried ina

Model TGRU- HAF-30. The wat er §?) uti ?n cont ai ned
tentespudsh laf 143°Cfor abpwGPproquds) #SRYROVFEL: ol kal i ne), NaOH
45% 1200g), H202 (35% 1800g), | MEROL ST (600g) for,,
( The above gzocedure ansi additives w1 ? be familiar to thos(e expgr)lenced in the art

of textile manufacturing, and circular knitting of single jersey knit fabrics.

1

Analvtiéal Methods ‘

Sp andex Draft—The following‘" procedure, conducted in an environment at 20°C

and 65% relative humidity, is used to measure the spandex drafts in the Exa'rnpleg;"
- De—knit (unravel) a yarn sample of 200 stitches (needles) from a single course,
anci separate the spandex and hard yarns of this sample. A longer sample is

de-knit, but the 200 stitches are marked at beginning and end.
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cl eani ng, ANTI MUSSOL HT2S (150g) for antifoam ng, and
| MACOL S (150g) for 20 anticreasing. After 30 m nutes,

wo b@ssaeliss i on and fabric were cooled to 75C anPCT/li82004/017364
the solution was drained. The fabric was subsequently
neutyaliz

d i 0 Ji .
NEUL LStk BoR Dok FhaOfuhy BBIPby oHBLBGAN diAGmoa

m nutes. 19 WD 2005/ 001183  PCT/ 004/01 The.

f abraeter sfiek a/1dl eue prrsing gbthe; SR P8 HER oAt AP Sighs fo each
60C for 60 m nutes, using reactive dyestuffs and ft her
constmpledfilsg/dehisr dgwhasd vami 8:908 grdeaisider s x). Lower the
(2159), Y-3RF (129g), Na2SO4 (18,000g), and Na2CO3

( 30QRgght shF1er, allowingik eesighitiie be dyplizal to theysndoditlheyarn sample
and refilled to neutralize with HAC (150g) for 10

m nyg: . 5 After neutralization, the bath was
aga%ﬁgpgﬁlg%génd refilled with clean water for a 10-

3-310 [i#eltc&édﬁ fhg ze%%tﬁq}?éa%ﬂféﬂ%t&%ﬁntﬁb’ tiatikd. 28dpeaR thd M@asurements for

was agal n ed wmth “water, and

150g of SANDCPUR. RSK. (so s _added. The sol ution
. vvas%h"@ﬁ'{ ?fqggﬁ‘géeaﬂ%%@ﬁ?@f 38 cs were washed/ soaped
for 10 minutes. After draining and ano hzr 10. nmLnute
ot e &rlowiate fhy pieage SHdPRFATA CREIRE BHPE SolEvne il

vessel. 10 The wet fabrics were then de-watered by
centDiaftvg.enfxth oBhaidnyine betwieen niduks) f+ (Aahgih epspaadex yam
| ubricant (softener) was padded onto the fabrics iri a
77- lytflen 1 _solution wth SANDOPERM SEI- |iquid

(11 gg). nT e fabrics were then dried in a tenter oven

45¢ f , 0 R
ol Phrisan B ned S S URipr e ot 1Y SRl bt oFlble o
th I d J : 15 of i |
R L L
st iy S b g i B Pl g ik

20C .
to itself at stitch crossover points 16 in the f2bric (FIG. 1). Because of such multlple tack

points, one cannot de-knit fabric courses and extract yarn samples.

Fabric Weight---Knit Fabric samples are die-f)unched with a 10cm diameter die.

Each cut-out knit fabric sample is weighed in grams. The “fabric weight” is then
{

calculated as grams/square meters.

Spandex Fiber Content---Knit fabrics are de-knit manually. The spandex is

separated from the companion hard yarn and weighed with a precision laboratory balance

21



10

15

20

and 65%relative humdity, is used to neasure the
spandex drafts in the Exairxples. 20 - De-knit

W@ ovsaviaB) a yam sanpl e of 200 stitches (needl BS)/US20041917364
a single course, and separate the spandex and hard

yarns of this sanple. A l.onge ' 5K Bl
or tordige bplsgeer Lhe REGos onarEa nPBa R, heroaREsLht il
WD 2005/001183 PCT/ US2004/ 017364 - Hang each sanple
weight $p fahtiocveighhar d yarn) freely by attaching one end
onto a neter stick with one marking at the top of the
stick. Attach a weight to each sanple (0.1 g/denier
for hard yarn, 0.001 g/denier for spandex). Lower the
Ve fHtic EldtiidationatTigsélogeatiba ivwmegdwred in. the wianpl disgtion only.
the end of the yarn sanple: 5 without inpact. - Record
Three! f3rit %ggéiﬁleHE ?1%{{5@&’ tP&lsWRAdnkBRnERbREsue pFabrit bgecimens of
neasur rrecglts or 5 sanples each of spandex and hard
know%flggrllnﬁg ar%mogﬂ{ea;o%ﬁ D& a;@)[t@l%(gf?@f:%ﬂ%cﬂ%@fghtﬁ% Fsettip loads

o betvveenWI n ) or nu a (Length of hard :

. marks) = e
or4 e e neraie) Fieneh FE e e YER Skt O Tpd Shocimens are
e r . . . N
exercied Byrhandtior Shepeasins andag alovid o dick, ohe L omets

tenperatures needed for spandex heat setting wll

of theswklighited $echpandexthearerosdad; auctherfabrich lazgpbon permdrated.
will tack to itself at stitch crossover points 16 in
'the tabric (FIG .1). Because of such nmultiple tack ;
15 points, one cannot de-knit fabric courses and

g;éﬁ fika é‘-éﬁgﬁ%&t:ﬁ%n%?&&h@f ¥é xHuk centilidtérsfabalen from the knit

I e-punched wi.th a 10cm di aneter die. -

fabﬂe%ﬁiﬁnq%}%@qo%%ﬂéi é%?{a@?&rﬂ.seﬁrt %gﬁ%h& bﬂh@@hﬁﬁ@ dgidte Sindthe distanceg

between the marks are noted. The specimens are then sequentially machine washed 3

times in a 12-minute washing machine cycle at 40°C water temperature and air driedona

table in a laboratory environment. The distances between the size marks are then

remeasured to calculate the amount of shrinkage.

Face Curl-—-A 4-inch x 4-inch (10.16cm x 10.16cm) square specimén is C;lt from
thé kmit fabric. A dot is placed in the centér of the square, and an ‘X’ is d;awn Wlifh the
ciot as the center of the <X’. The legs of the ‘X’ are 2 (5.08 cm) inches long and in line
with the outside corners of the square. Thfa X is carefully cut with a knife, and then the |
fabric face curls of two of the internal poiﬁts created by the cut are measured imrhediately

and again in two minutes, and averaged. If the fabric points curl completely in a 360°
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cal cul ated as grans/square neters. 20 Spandex Fi ber
Content---Knit fabrics are de-knit manually. The
W(spm)ﬂ/dmsi s separated fromthe conpani on har dPGEDS208410l17364
ghed with a precision |aboratory balance 21 WO

Q“‘hs§§5/00118%%ggilu 004# i@%gﬁ%s&?ﬁégﬁgkggﬁ$§ge 0 onl €

spandex weight to fabrlc wei ght. Fabric
valuegFpbicpenlessare aqueptableongati on is neasured in the warp
direction only. 5 Three fabric specinens are used to
ensure consi stency of results. Fabric specinens of
known | ength are nounted onto a static extension
tester, and wei ghts representing |oads of 4 New ons
per centineter of length are attached to the
speci mens. The speci nens are exercised by hand for
three cycles and then allowed to hang free. The
extended I engths of the wei ghted specinens are then
recorded, and the fabric elongation is cal culated. 10
Shri nkage---Two speci nens, each of 60 x 60 '
centimeters, are taken fromthe knit fabric. Three
size marks are drawn near each edge of the fabric
square, and the distances between the marks are
noted. The. specinmens are then sequentially nmachine
washed 3. tinmes in a 12-m nute washing nachi ne cycle
at 40C water tenperature and air dried on a 15 table
in a laboratory environnment. The di stances between the
size marks are then reneasured to calculate the ‘
anmount of shrinkage. Face Curl---A 4-inch x 4-inch
(10.16cm x 10. 16cm) square specinen is cut from the
knit fabric. A dot is placed i.n. the center of the
square, and an "X is drawn with the
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20 dot as the center of the "X . The legs of the X
are 2 (5.08cm inches long and in line with the
wouiosieaszor ners of the square. The X is car efRCT/YS04/017364

with a knife, and then the fabric face curls of two
of the internal points created by the cut are neasured
i mredi ately and again in two mnutes, and averaged.
If the fabric points curl corTE)I etely in a 3600 22 WO
2005/ 001183 PCT/ US2004xpmrmlesit-EQrclie, the curd is
rated as 1.0; if it curls only 180, the curl is rated
1/blenbelow sats. foffh the knrtingesnditi@isfopthe exemplg knit fabrics.
acceptable. 23 WD 2005/001183 PCT/ US2004/ 017364

Lycra@ %?éh §364 0}1@56_23‘%& uked &drake geikddkateds. thyerk®idehiengwere 40,

conditions for the exanple knit fabrics. Lycra(r)

30, alfl_% %)(?,ZO( ;E%g%x 0§38 %n&‘@ﬁcﬁ&#%@%eétg,{reiyh ermPandeenb@eUswas a

ehi'ers’were and 20, or 44dt ex,

33dt ex, t.ex, respectijyvel ' e
machjic segbicn TR PRORETTI o it S AR S ebftol G R
results of the tests for bﬁtcr s-.kni\? fabric F’ riortbl
fabriesd peietoranyi fnshing), angd-far figished faanicsy Yalpes dlcur Sectanie
curl were acceptable for all test conditions, and -
for alhtdst conditidue, dndwillenot e Sarthss discnssasibeloyafpendgrciegd tensions are
tensions are listed in grans. 1.00 grans equal O0.98

listedGi@pirarhie W .00 St equiD0.98 cHBINSADMBEINIS 3
PCT/ US2004/ 017364 TABLE 1 Knitting Conditions
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Exanpl e Lycra(r) Lycra(r) Spun Spun Stitch Cover
Lycra(r) Machine Type Denier Yam Yam Length, Factor,
woeedo@Gasye, Type Count, L, nm G Tension, neRci/es20h017364

grans per inch 1 T169 40 Cotton 54 3.06 1.4 5 28 1A
T169 40 Cotton 54 3.06 1.4 5 28 2 T169 20 Cotton 54
3.06 1.4 1 28 3 T169 20 Cotton 54 3.06 1.4 0.8 28 4
T169 20 Cotton 54 2.3 -1.87. 1 28 5 T169 20 Cotton 54
3.57 1.2 1 28 6 T169T2BL&tton 68 3.06 1.25 1 28 7
T169 20 Cotton 54KitimgLonditions 8 T169 30 Cotton 68
2.75 1.4 1 28 9 T169 20 Cotton- 55 3.06 1.4 1 28

Exax%llsy fI® 10yEaG? 20 St on Spus. 06titchd 1Cower fappp®p Machine
ESUL @gﬂg- KDkdieFi Ni sWegh  MaxYamniédgth,mubattpr a BHedds Gauge,
Length Basis Length Cpgjieent Gounfhrli,muage Fadd Temsion, needles
))/‘él ght, Elongation Lycra* Vi g@h, El ongation Fahsiaas %er inch

af t—gr e 9%

| el ont 0% VET 2900 dofi 109 347 3306109 718 7-4 x5 28
1A T169 40  Cotton 54 3.06 1.4 5 28
2 T169 20  Cotton 54  3.06 1.4 1 28
3 T169 20  Cotton 54 3.06 1.4 - 0.8 28
4 T169 20  Cotton 54 2.3 -1.87 1 28
5 - T169 20  Cotton 54 3.57 1.2 1 28
6 T169 20  Cotton 68 3.06 1.25 1 28
7 T169 20  Cotton 54 3.06 1.4 1 24
8 T169 30  Cotton 68 2.75 14 -1 28
9 T169 20 Cotton- 55 3.06 1.4 1 28
: Polyester
10 T562 20  Cotion 54 3.06 14 1 28

TABLE 2- RESULTS
As-Knit Finished
Maximum Maximum Lycra*™

Basis Length Basis Length Contentin Shrinkage Face Curl,
, Weight, Elongation|  Lycra® Weight, Elongation Fabric, % %,. Warp Fraction of
Example g/m2 % Draft =~ g/m2 %  Weight by Weft 360°
1 266 169 2.7 306 169 76 74x5.7 1/4
1A 266 169 NA 204 115 76 51x0.8 114
2 191 106 2 218 - 105 59 3.3x4.2 1/4
3 194 92 1.8 206 88 64 26x4.2 1/4
4 200 84 1.9 229 65 6 29x3.8 1/4
5 204 139 2.2 204 114 48 16.1x0.7 1/4
6 164 123 2 178 98 74 124 x2.7 1/4
7 191 147 1.9 208 104 6 40x4.3 1/4
8 168 99 1.7 178 89 121 5.6x4.4 3/4
9 173 80 2 229 112 59 24x1.3 1/4
10 190 104 1.9 207 96 64 3.3x3.7 1/4
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A 266 169 NA 204 115 7.6 5.1 x 0.8 1 /4 2 191 106 2

218 105 5.9 3.3x4.2 1/4 3 194 92 1.8 206 88 6.4- 2.6
wWOo2005801183 4 4 200 84 1.9 229 65 6 2.9 x 3.8 1PCHUSH04/017364

204 1 39 2.2 204 114 4.6 16.1 x 0.7 1 /4 6 164 123 2

178 98 7.1 12.4 x 2.7 1 /4 7 191 147 1.9 208 104 6

4.0 x 4.3 1 /4 8 168 99 1.7 178 89 12.1 5.6 x 4.4 3/4

9 173 80 2 229 112 5.9 2.4 x 1.3 1 /4 10 190 104 1.9
Exadpk B6Ehigh Braft without Heat Sedti2@rivg@st)001183

PCT/ US2004/ 017364 Exanple 1-Hi gh Draft w thout Heat

Sefrhd M—dd?ﬁér%gaﬁ!dx) fedd)eendion Geis iSerramp 608 eX)f whidh isns ithgrange
was 5 grams (4.9 cN), which is in the range of 4 to 6

of 4 BN E§ ‘EQ%H‘HB?HC& th fhté ik bl BRbduse B GRUenpRéssiviee forces of the

gogpresglve orces o the 5 spandex, the as-knit

abric ht  wa.

e o et dabf s WERp O e oty oA Melipaoen iy he
exceeded 7% in the length directi The U

fnisoactabric (BRRET) P e AR sCoals T R et Fbfiton. These
woul d need to be heat set before it could be

valuésdxoeal gammesttial oljegtieasping thakeit Gbriovwguld %F?qq“;-r@at‘e"eat set before
Setting (prior art) The knit fabric of Exanple 1 was

it coaldlddd o a gaembniset at 190C for 60 seconds. The
as-knit weight and el ongation properties were the sane

as or Exanple 1, but heat setting reduced the
finished fabric to 204 g/ n2 and 115% el ongati on, which

Exal%rp e lf’&-t—h—High Draft with Heat Setting (prior art)

The knit fabric of Example 1 was stretched and heat set at 190°C for 60 seconds.
The as-knit weight and elongatioﬁ properties were the same as or Example 1, but heat
setting reduced the finished fabﬁc to 204 g/m* and 115% .elongation, which are both
desirable for circular knit elastic single jersey fabric. Shrinkage was acceptable.
Spandex draft and content could not be measured by the analytical methods é.bOV‘ﬁ; as the
heat-set fabric could not be de-knitted because the bare spandex tacked together. The
spandex content, however, was the same as for Example 1. Examples 1 and 1A |
demonstrate that heat setting is required for brior methods of making circular knit elastic

single jersey fabrics that incorporate plated bare spandex.
Example 2—Invention: Best Mode

Parameters were set at the most preferred values. Cotton count was 54 Nm, the

cover factor was 1.4, the spandex denier was 20, and the spandex draft was 2.0. The
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desirable for circular knit elastic single jersey

fabric. Shrinkage was acceptable. 15 Spandex draft and
w@omvseatisxzoul d not be nmeasured by the anal yti ceCT/US2004/017364

nmet hods above, as the heat-set fabric could not be

-knitied cau t :
gspfa)f%% S5 G, e L PR e ot AL L, THEHBEE finished
e Exanpl es, 1 and 1A denonstrate that h
vahga@totfn%ggs wepight oelpreatiop pd Wgﬁ&’%d@ gta e‘#sk. ng eat
circular knit elastic single jersey fabrics that
i ncorporate plated bare spandex. 20 Exanple 2
-Invention: Best Mdde Paraneters were set at the nost
Exdaﬁﬁfeesuﬂvaﬁimaed@eed Pensionandidsafid Nm , the cover
factor was 1.4, the spandex denier was 20, and the '

a?ﬁé%%@%%&%%me’gﬁ%gﬁﬁﬁ%%ﬁfs 149,085 0¥1gihs (073 N, For e

Pai s_gxlp é{&lﬁ%{l %‘Yﬁ]ﬁ] \?%1 E?ﬂ%x aat@ o{hlé a%& gg?l:iﬁr{ilglggﬁglgrfgr feed

accept abl e. - |
tenfipa d MGG coBLED %fsp%cﬂeﬁ@ﬁ HERBRGRR A i o
to 0.8 grans (0.78 F
fabriawtas rmet heat sgé%@éhgym%gf t'baSIF reig § OEI%n W%‘% t{}%ﬁ@@e were

for feed tension to maintain continuity of spandex
accepteblef f from the supply package. The knit fabric was

not heat set. Finished values of basis weight,

el ongation, and shrinkage were acceptable. 10 Exanple

4-1nvention: H gh Cover Factor The stitch | ength was
ExhBIE £ Th0ertich PACHRFaklip cover factor vas 187,

The stitch length was reduced to 2.3 mm so that the cover factor was 1.87, near

the upper limit of the invention. The knit fabric w-as not heat set. The finished fabric -
weight was relatively high (229 g/m?) and the elongation was 65%, practically at the

lower limit of 60%, as defined by commercial usefulness. Shrinkage was quite low:

Example 5—Comparison: Belm;v-Limit Cover Factor

The stitch length was increased to ?.57 mrn in prder to reduce the cover facior to a
value of 1.2. This value is below the limits of the invention (lower limit - 1.3). The knit
fabric was not heat set. Finished fabric weight and elongation were acceptable, but the
shrinkage was not (length 16.1%). The spandex draft was also slightly above 2.2
because, probably because of interactions oi" spandei drafting by knitting needle friction

at longer stitch lengths.
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the upper Iimt of the invention. The knit fabric vas
not heat set. The finished fabric weight was
wo edoapvomed y hi gh (229 g/ nR) and the el ongati onPGEESHBYH17364
practically at the 15 lower |imt of 60% as defined
by commercial useful ness. Shrinkage was quite | own
Exanpl e 5- Conparison: Below Limt Cover Factor The

el BT AU BESF SHRE D i o it

is belowthe limts of .the invention ljmt - .

1. Spttomgpurk yarn covpf Yas increazgd fiomt 58 &1&‘ §p Forhugiexpple. Stitch A

fabric wei ght and el ongation were acceptable, bust the
lenghwasinaéained atb06 rimnge that theloryer finter sga mericed il 25 by this

was al so slightly above 2. 2°'because, probably because
chan@k ih ser weh icomst. Theslpan tbxicdvafdat hgatisgt. khgdin) thg fabaielweight and

friction at longer stitch lengths. 27 WO 2005/001183
elonE4tidnipeRQtéptabie but Eﬁé‘_@ﬂ!hﬂca%g wWeRMRRA(12504% in Hrgher Spun

arn Count and Bel ow Lim t ver Factor Cotton spun

yam count was increased from54 to 68 Nmfor this exan

aple. Stitch Ilength was maintained at 3.06 nm so ‘

that the cover, tor s reduced to 1.25 by this 5
Exami?l&é&inﬁe'étb% é@?ﬁef% c.h'nf%g;'cak‘ﬁ?t fabric was not

heat ;set. Again, the fabric weight and _el ongation

veKaliag eanodel PLAS38/E; withgesangs ohd¢ neadlesperi n

| ength). Exanple 7 -lInvention: Different Machi ne Gauge
circitnferdntiabjinchchasresedibodinifthe X88H/ «f, thisiexhmpleg Al niting 4and fabric

needl es per 10 circunferential inch, was used to knit

desifeariadidsiveere fwithih theein@plien. Phe kit fabkic vepsaiot héatiset. Fabric
design variables were within the invention. The knit

Weigehl@gid%/rﬁqsel?g zﬂc@?ﬂ 039}). anﬁ%ﬁfihﬁa S2ia9)) ha&?%ﬁz{ 'mzhcleptable, and

ngati on and shrinkage (4. 3% nmax) were al

QSRR b BEbECOTNAAOB B BBy s s

Example 8—Invention: High Spandex Content
The spandex denier was increased to 30 denier, and the cotton count was

increased to 68 Nm (denier reduced), so that the % spandex content in the fabric

increased to 12.1%. This content was higher than the other examples, but still within the

limits of the invention. Stitch length was reduced to maintain the cover factor at 1.4. The

knit fabric was not heat set. Fabric weight, elongation and shrinkage were all acc&.f;ptable.
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10

15 Exanple 8 -lInvention: H gh Spandex Content The
spandex denier was increased to 30 denier, and the

W@ oiosom18dbunt was. increased to 68 Nm (deni ePCT/US2004/017364
reduced), so that the % spandex content in the fabric

i ncreased to 12 1% This cgnt s higher than the

Exa@?ﬁ&—i&%ﬁm%,?"%‘é{e%ﬁﬁe &P?ﬁi‘yﬁ'rﬁﬁe Iigm' ts of the
invention. Stitch |ength was redyced to nmaintain.the
coT8p heliasms aters platec agoAoPraiif the sBFder gl (gt b Sftcties. The
set. Fabric weight, elongation and shrinkage were all -

first hard ptewhespuRGotid Wb So0atIG08Ye,RCTOUSAI0Y /e sgeend hard yam
Exanple 9 -Invention: Different Type Spun Yarn Two

was SsHtidud @ fEnYet poBlestce farnt cfBSt diex and 34 fildneentsp diitiese, were plated
into the knit stitches. The first hard yamwas spun

togef)l;lgxt WRA 2Mdtdk W@émé@ deR! ThE Lofbhad hihEy e conglt Has 35 Nm.

S
m was con uous 1l anent pol yester yam of 83 dtex

nd.34 fil anent h . I . i

The GEporisg iRt A Shan il Tt i RO R adt e s
was 55 Nm The knit fabric was not heat set. Fabric

acceméblght, el ongati on and shrinkage were all acceptable.
Exanpl e 10-1nvention: Best Mde-Different Type Spandex
Yank 10 Process paraneters were the sane as in Exanple
2, except that a different spandex yam Lycra* Type

Example 10-ednverstbén:)Best ModeDiffarent Type Spaudex Yawu. The
knit fabric was not heat set. Results were

ac PRIt Yafarnitils WRAPMEaking ak tn Bxanplee, 8xcepdthiDa different
2005/ 001183 PCT/ US2004/ 017364 WE CLAIM 1. 1n a

: A . / : 4 Tho ki
spanﬁ%{)?@'g, ?ﬁrﬁhﬁwgg? e(‘%a"s?—%ta)' wKthIed f&i the kpandex Fe¥d. The kmit

fabric was not heat set. Results were acceptable, and comparable to example 2.
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spandex yamfrom 17 to 33 dtex is plated with one or

nore spun or continuous filanment hard yans, or bl ends
wo b@searfig3 wi t h yarn count from 35 to 85, and iPCTHIE2004/017364

the spandex 5 and hard yarn(s) are plated in every

Itgourse to produce the circular knit, single
WE?E@&; fabric with a cover factor of froml1l.3 to 1.9,

wherein_the i nt conpr, ses; ntroII t.
drhft oﬁn@%etgg%?mé&%acgg Hag et ISHJ@ S5Ande %?}lgrlﬁ%"hmh bare
drafted no nore than 2X its original |ength when knit

spandex Yaon firarhd 7dp33udtex isqated Wsﬁhﬁ@ré OF R 8y U 9 CPRUNUOHS élment
10 finishing and drying the knit fabric while

hard yanstaribvliends tHeeedfavith yami comnt EomciStoBSeanddn sehichy e spandex
tenperature required to heat set the spandex. 2. The

and HHBY DAE(Df are lp2dtsd in eWip keit BouirBetoprbtiudeahe i aircutar knit, single jersey
mai ht al ned at terrperat ures bel ow 160C duri ng

fabri thdhd&%{% oi:i Bf’ ’fregrr 1I tq 1.0wHELRPHe Hhprbidrient. comp1r15ses

as a length |n t he warp

5 35 RRa ol ST s

Wh the knit fab h ndex nt- qf. .
oSS SRS KoLl LA it SR Lok ey i

wei ght per square meter 5.. The nmethod of claim 4,

and wherein the knit fabric has a spandex content of from
5% to 10% by wei ght based on the total fabric weight
pefiniskival end @iy thdkné. fabivewhidé mathtaifing| thienfaliric whetepiperature
the cover factor of the knit fabric is 1.4. 7. The

beloﬂ%hmn%eﬁh&é Féqlurewre@h@dt Betftheksdhideg conpri ses one or

m)re steps selected fromthe group consisting of:

nin e i 490
R R o A R A

tempggt{ngss g o% %5‘%6 éuring finishing and drying.

3. The method of claim 1, wherein the knit fabric has a length in the warp
direction and is dried or compacted while subject to an overfeed in its length. |

4.  The method of claim 1, wherein the knit fabric has a spandex content of
from 3.5% to 1 4% by weight based on the total fabric weight per square meter.

5. The method of claim 4, wherein the knit fabric has a spandex content of
from 5% to 10% by weight based on the total fabric weight per square mgter.

6.  The method of claim 1, Wh;erein the cover factor of the knit fabric is 1.4.

7. The method of claim 1, wherein finishing comporises one or more steps
selected from the group consisting of: cleaning, bleaching, dyeing, drying, and

compacting and any combination of such steps.
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8. The method of claim1, wherein the hard yamis

sel ected fromthe group consisting of spun cotton and
w@edaosommikd ended with synthetic fiber or yarn. BCT/BS2004/017364

met hod for making a circular knit, elastic, single

knpt jersey f.abri . CONSI: St - ] 3
ol Bt i g The taerod oF slailid” kb et Qs seetbd o tho group
the spandex is from17. to, 33 dtex and..can be heat
consisting @f spHTeodtoptaRd eqtion higndadiwith @ﬁl’f@ﬁt’&fdﬁhﬂ Of ¥3- 859
at a heat setting tenperature, and wherein the hard |
yafn had methowdafor yeaking a giveulpniil, elastigsingle kuit jersey fabric,
circular knitting the plated bare spandex yam and hard
consisang iesseatigliyyoni t course to forma single knit jersey
fabric having a cover factor of from1.3 to 1.9; 10
COpfatiRk hibafk i:% de2 §erPivith Rehasd pa@ewherir thaspidiex is from 17.to
spgn_de%( inthe fabric is dra_ft_sel{lj}ﬂno nor e _tﬂan 2X its
33 af8f Al I8 pb ROR! St wifhif!a HRAeRIY SHIcIhEY SR it 83N 4
at settrng tenperature o e spandex duri ng
further processing.. 10.. The hod claim erei )
sotiqgormgEARE 1L SHELiR e bt e R tofe pim gt e A o 85:
from3.5% to 14% by wei ght based on thg total fabric
weFigerlagianitting e platad bare spandexiagn ad bagd yam ko eyjery kgt course
wherein the spandex is present in the fabric in an ’
to foammsinglé koitj&Fey GattBbayingve coter fisdoreaf from i FetotloPal
fabric weight per square neter. 12. The nethod of
cl gorrAingvherfeied of it spahdéxxsdihat the epatelex fmtiedabk id déatied no
13. The nmethod of claim9, further conprising drying
mor&thak @ @éﬁ%gdf&ﬁ@%hc 20 in an overfeed condition.
14. The metho

d of claim9, wherein the fabric is

mal o8 Ak ;}% tﬁé f‘aﬁﬁ@ﬁél‘%\}‘tﬁi@ ieatiBhY (48PS E bPGe'sHahlex during

processin

-

further processing.

10. | The method of claim 9, wherein the spandex is present in the fabric in an
amount from 3.5% to 14% by weight based on the total fabric weight per square meter.

11.  Themethod of claim 10, wherein the spandex is present in the fabric in an
amount from 5% to 10%6 by weight bésed on the total fabric weight per square meter.

12. The method of claim 9, wherein the fabric has a cover factor of 1.4.

13.  The method of claim 9, further comprising drying or compacting the fabric
in an overfeed condition.

14.  The method of claim 9, wherein the fabric is maintained at temperatures

below 160°C during further processing.
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WD 2005/ 001183 PCT/ US2004/ 017364 15. The net hod of
claim9, wherein further processing conprises one or

worens/ostieps sel ected fromthe group consi sti ngP@F/US2004/017364
cl eani ng, bl eaching, dyeing, drying, and conpacting,

nbi.nat i f h st .16, _A.Ci
EE% -?”gﬁﬁgp}eﬂg@%ﬁgl,aﬁn i?fﬁlijv eﬁreir} E%@lef ggorclxeégén?%%éﬂ%%re? !%16 or more
step%rgiiﬁggeg ﬁ%mtﬂ?q ék‘glpggcglgﬁgigg ogpc?@%i{{ 4 %gghl%,leciyé: el’ g.%;élllé, and

hard yamis cotton or a cotton blend, and the fabric
compeating, dndsiny cambiykatierf of sushnsteps. t o 240- g/ n2, 18. The

circular knit, elastic, single knit jersey fabric of

cl a6.m 18, civfadr &hbt, ehatic, singlé &bit ijerséyafabeo nelde bydhé methéd of

at least 60%in its length (warp) direction. 19. The

clain?Fl.rCUl ar knit, elastic, single knit jersey fabric of
aim 16, wherein the fabric has a shrinkage of 7% or

C
5% o S R AU O B Sl prin e
hardg'g;rélgygflt%g? g ccglforlg r)gq%'rc}, atsgi tﬁ-nw.f | as]&#sfwss{sﬂ\g%;glm{})?rﬁqrg 140 to 240

,cotton or a cotton bl end, and the fabric has a basis

g/m'wei ght of from 140 to 240 g/.n2. 22. The circul ar
knit, elastic, single knit jersey fabric of claim?20,
whe8.ei nThéeircilatichit, ¢lasticasingledrmgijeisoy fafricenf claimst6, sobhsrein the
inits length (warp) direction. 20 23. The circul ar

fabrik ks an slbﬁ%adm of SitNghst 6B i ijsdesgi (fvaip)idirectiorc! ai m 20,
wherein the fabric has a shrinkage of 7% or | ess

af §&r WaHb RGulardénit g {a{f@iﬁgleflaﬂfjefseg MBS fldif @ krheréin the

knit, elastic, single knit jersey fabric of
fabric has a shrinkage of 7% or less after washing. ‘

20. A circular knit, elastic, single knit jersey fabric made by the method of

claim 9.
21.  The circular knit, elastic, single knit jersey fabric of claim 20, wherein the

hard yarn is cotton or a cotton blend, and the fabric has a basis weight of from 140 to 240

g/m’.

22.  The circular knit, elastic, single knit jersey fabric of claim 20, wherein the
fabric has an elongation of at least 60% in its length (warp) direction.

23.  The circular kenit, elastic, single knit jersey fabric of claim 20, wherein the
fabric has a shrinkage of 7% or less after washing. .

24. A garment made from the circular knit, elastic, single knit jersey’ fabric of

claim 16.
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claim16. 32 WD 2005/001183 PCT/ US2004/ 017364 25. A

garnment made fromthe circular knit, elastic, single
wopios/opassey fabric of claim17. 26. A gar menPCTHI®04/017364

fromthe circular knit, elastic, single knit jersey

fabsi c of at‘h#e%f H%gcfé frcﬁn%ﬁe ci%?ﬁ%f(ﬁﬁf‘ te1d¥REid %19181& j’b%sey fabric of

C|rcular astic, sin nit Jersey abritc

cla1m 1all m21. 33

26. A garment made from the circular knit, elastic, single knit jersey fzbric of

claim 20.

27. A garment made from the circular knit, elastic, single knit jersey fabric of

" claim 21.
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