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‘WO 2005/ 001183 PCT/ US2004/ 017364 NMETHOD TO MAKE
~Cl RCULAR- KNI T ELASTI C FABRI C COVPRI SI NG SPANDEX AND
HARD YARNS FIELD OF THE | NVENTI ON Thi s i nvention
I t circular knitting yarns into fabrics, and
s?%légolo?’lﬁoéiﬁgl y to 5 elastic single-knit jerselGT{52o4e17364
conprising_both spun_and/or continuous filanent hard
yams, ang b ot B BEASHC
| NVENTI ORASHIG CORFRISINGSRANREX ANDIAARP 3ARYSysed
t o make underwear ,and top-weight 10 garnents, such as
FIELR QF THEEERYENIAON woven structure, the knit fabric
can nore easily deform or stretch, by conpressing or
el onghis mngntlwe{atﬂs ity Cighuder kkitling wernstistod@brits enp spesifitaldy to
i nterconnected | oops) that formthe knit fabric- This
clagtid singje-kujt jersey fabich sompyisingdoth span andige vemtinueds Slatent hard
the wearing confort of garnents nade from knit :
vérahahd bare spandex yiven knit fabrics are constructed of
100% hard yans, such as cotton, polyester, 15 nylon,
acrylics or wool, for exanple, there is sone recovery
of the knit stitches to original dinensions after
BAGIOGROUND OB THEINVENYEOIN However, this recovery by
knit stitch rearrangenent generally is not conplete
bec asiaglelaftJerygnibricsharetiofllpuitdtio mik & ahadehCandiop-RRlght
provi de a recovery force to rearrange the knit
gaiinchits i6h ag"B-shirts.C COMPAUE ORoveh isRadttrek Mt khit Bitriccal®bre
experi ence permanent deformati ons or "bagging'  in 20

_eabiRy Héfofin GRSHEEH, b3 cBMPresSMES: dldhpdling AE ISARRNET kB stidhes t

sl eeves, where nore stretching occurs. To inprove the
(cOMPANROf IREchHBRA tedps) thatirh:athe knit #ibr@! eris0hdifABsr&sh by

it is now. common to co-]nit a small anmount of “spandex
stitdtiRhrriMgbR ekt iBdS RTRENERRg R rY M Bardidnts Lﬂaﬁ@ fﬂﬁﬁ Ehi'ﬂ fabrics.

"spandex” nmeans a nmanufactured fiber in I ch the
EvenR@fen iRt Fuis 816Q08h@RRRd of 100% hard yarns, such as cotion, 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 kuit
stitch rearrangement generally is not complete because hard yams, which are not
elastomeric, do nof provide a recovery force 16 rearrange the knit 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-kuit 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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1 WD 2005/001183 PCT/ US2004/ 017364 is a | ong-chain

synthetic polyner conprised of at |east 85% of a

segnent ed pol yuret hane. The pol yuret hane i s prepared
yether glycol, a mxture of diisoc anat es

yogﬁgsa}mgﬁsgl n extender and then nelt- spun, is’ g@ﬁ?‘?“ﬁ?”‘?“

wet -spun to formthe spandex fiber. For Jersey kni t

tsorlerg-cleain symhatig pelymer femprisad ©f #‘abmtﬁé % ofgyeepienied palyurcthane.

of co-knitting 5 spandex is called "plating." Wth

Bhepalyryetheneis peepdrogrom apelyether phacel, & pariuoofiisecyprates, and a

knitted parallel, side-by-side relation, with the

smdepamddhmmsltkﬂpt dysspun orsvadepwi to foire thespandex fiber.

and hence on one side of the knitted fabric. FIG 1 is

a schiorgersey knif ¢ansisuctiats inwiraflapksif evickings, tistprochee! cbacmthng '

wherein the knitted yarn conpri ses spandex 12 and a

spahdiéx-i ichliedeplating  d Withnpldiihg, Mbdrard panded thesbapt spiaadex yam are

with hard yamto forma knit fabric, to additional '

ltiitebgahlg, sidestyssids ﬁslaubﬁ,umﬂﬂﬁetspym yiahealavegeklept ot tneofide of

t he spandex fiber. For exanple, fabric stretching and

the dlrdSeld, iai@hetid aklofe sideof thelknitrd fhbtid. hBIG.i Nk aktlvghatic.

steps. when nmaki.ng elastic knit jersey fabrics. By

1iRbtifioh dF plafidtkiniti8ichésS1 0 WRNIn &hé Rhitfed Phrnwl gnkésl shirde€ 12 and a
i n which the knitting needles are organized into a

| ﬁlhftﬁﬁiaﬁfenh{lir& YAri 94D $fien S5RAEAHd Mated vt hadd §hrntd ERkOSknit fabric,

. interacts wwth a camto npove the needl es
£cﬁﬁtidi’1&g;ﬁ%&és¥in£ Q8st&ath ichRe BGbhaRhe ﬂ&d%@&t'&?tﬁe’:’sp%&x fiber. Foxr

knitted are fed from packagés to a carrier plate

aﬁ:?a b&fa%u&eﬁﬁ aﬁ&gezg m%l{sg 1P eRAeGdired d@f&e ﬁh&ﬁx&g akps

r|c ener tlng needl es I n

%ﬂ%%négﬁ%f%ﬁgﬂg% £2086s center of the cylinder. The

steps stic C|rcular-kn|t fabrics

20Oy e @ﬁag&ﬂﬁﬂg‘%‘ﬂeﬂg?o%s f%Qﬁf&&t&Eﬁemf%Lﬁ B8 ntifhg

FI G ocess vari a I oNns

di f f ab k d f [ P
freale? uE ok g fmtpriTeg B4, PR A SpaF < gy

FERS R OE e BB S nilesFomPion gfqr#sni‘rfw@ iy Ghe yams obe

knitted are fed from packages to a carier plate that directs the yarn strands to the needies.

The circular knit fabric emerges from the knitting needles in a tubular form ﬂ:\rough.fne

20

center of the cylinder.
The steps for making elastic circular- k:mt fabrics accordmg to one known process
40 are outlined in FIG. 4. Although process vanatlons exist for d1ffere11t fabric kmt

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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knit 42 at conditions of high spandex draft and feed

tensi ons. For exanple, for single 2 WD 2005/001183

PCT/U82004/017364 knit jersey fabrics nade with bare

ated in every knit course, the prigr-ar

%ﬂgﬁ%23|on range is 2 to 4 cN for 22 dtex%gggﬁ%@%?ﬂy“

3 to 5 cNfor 33 dtex; and 4 to 6 cN for 44 dtex

ket sty oieion mada Wit brtespandex 0y, in Byesy fetrdourse sthi pribr-art feed

in the formof a tube, which is collected under the

fesiopirangeine v heN &ir2A dtexsnaralennd w3 AN foxpdiddtet; amdl 4eto 6 cN for 44

flattened tube, or in 5 a box after it is |loosely

fligk JPuPert Jlechninsl Bulletin L416). CPferfabviclis fodt initishfong of b ibe, which is

knitted tube is then slit open 44 and laid flat. The

ellestedamderdhé nitinp sequieatither or b actedngdfiandie! Mer flitiened tube, or in

subjecting it to steam or by wetting it by dipping

ahox sfierdeizilovgely feldeli baghk andfoethr el axed fabric is then

applied to a tenter fame and heated (for heat setting

46) | n qrenovidih finkhing| ©e keitted tdaDs thoh 8 JSea 44ala| 'I:ﬁd @8t The

the 10 edges by pins, and stretches it in both t

openghbriceis dubseglichtlgidlasd Ha%ﬁhbﬂby@hgﬁénﬂgouﬁt@ﬁtﬁﬁtﬁ oxtﬂ'jrewettmg it
fabric to desired di mensions and basis wei ght.

hedippBiglahll BfhebAinH@EQiT) THE delak@lmyiR isHRSEH Pﬁ&i to"ﬁenter frame

processing steps and, consequently, heat setting is

Dfdtteated ¢fop hef detliny 495 alP§RenS Ght kdhebr fiafhd ﬁbgdé fhd ‘i"z?o%cAJn the

the oven exit, the flat fabric is relea from

&lge€bE hRE, and Bﬁetél{ég it if Bk 1880ch 361G L BaEk ngtn?_oL@er to return

t ubul ar shape. The fabric then I'S processe

" thel it fro HEEa liiMcAMBRs t gfgxggeﬁfs g‘ﬂ‘é&gﬁ;}hshed

(scouring) and optiona elna,

b%i&% g%%sgggdgﬁﬁvgﬁ%ﬂe&%eps %ﬂg s E%le %’Iet Sgl};{ﬂ% fs. oeﬁ(cjegl referred to
4
drse %pseeﬁ?lr%‘ ﬁ;@ q?d%r i tiﬁ(? {)1 "%\éit?tg 3? S‘f\{g r$ 35691 tg(fm the’ Stretcher

=

" Bl o it 45 e R o e B Th e Bpe st in

i bEh &%&f%gsﬂk?%ésédﬁ BRI CRFRE) SOl | e
b?é éﬁé,lu f %ﬂj} OﬂNw jet equfp%tlénlt " E:h%gpd%rw%ge%c‘? §’z, e:.-l-gh,.el:.yl _
squeeze rolls or in & centrifuge. The fabric is then “de-tacked” 54 by removing the
sewing thread and re-opening the fabric into 2 flat sheet. The flat, still Wet, fabric 1’s 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—settmg temperatures. The fabric is slightly
tensjoned in the width direction in order to flatten any potential wrinkling, An optional

fabric finish, such as a sofiener, may be applied just prior to the drying operation 56. In
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tensioned in the width direction in order to flatten
any potential winkling. An optional fabric finish,
such as a softener, may be applied just prior to the

%0@% 889§rati on 56. In 3 WD 2005/001183 CTIUS2064/017364
P08/ 017364 some cases a fabric fini sk /gr

applied after the, fabric is first dried_by a
scresases-affplairefinighis rapped efiestthe febrie isfirstiried by élb@lr‘i OEEﬂter"fmme
uniformy by fibers that are equally dry. This extra -
ooty thettiyd fuish is sakar un iy forméy by filgys 'bﬂf? eqwlvﬁl% This extra
finish, and then drying the fabric again in

stepinvelves reamaitingtbn drfsd felric widh 2 finigh,’ aggtﬂyfn dsyiEs &&@alvrw Agein in
el ongated form This is also known as redeniering,
awhix-diameavepandex of higher denier is drafted, or -
stretched, to a | ower denier, and then heated to a

suf f Hedt esttihg/“seist bp tretepdn an alosgatédoforra. Fhisfis alseknown ase,

to stabilize the spandex at the |ower denier. Heat . _
regledibiikg whaeinef peadeeefiEighdralenichis deqfizd e sirgehetn teemloiwer denier,
changes at a nolecular |evel so that recovery tension
and¥héReabddt6 b eliffidie sy tisiteirperinat, fyr 4 sufficiérit eiweg toostebili hethe
spandex becones stable at a new and | ower denier. Heat
spufllidd 42 the IbROMRARE U RSt §dﬁing&ﬂ&9ﬂ:@e<mém tige e sphiddex iparnh hently
range of 175 to 200C. For the prior art process 40

cISRe¥ht b inddctdar fvell BethREREERF tehsifn Hhe remhiel ¥pardex isrmosﬂy
about 45 seconds or npre at about 190C. |If

rdigfdd 28 Hd Pande bBEbmes/Kifle bta névLhnd IbWer deBRAIESat sattingl
t he fabrl c’'is knitted acid 15 rel eased fromthe

&?.Je&hﬁ fg& %aﬁﬁextzﬂé geh&a ) B th Binkt bf‘wmgbob“@e Fdr'ﬂﬁpnor art
stretche

andex inh the fabri c wll retract to
[ by i i
pﬁ)@% 49§ﬁovhhﬁd?flﬁe %Sfﬁgzl%htgsgﬁﬁg al?&ir agi’déc 48 sbonds or

qoul d be if the spandex wer e not present.
kﬁ%@é@ﬁ%‘%&gf the stitches i.n the knitted fabric has

t hr efflhnaj-s% upg 09 tu%e& [dseifte sga%&e%cgf Qﬁed and

el asti c Kn c propert|e erg%y usua

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 thes stitches in the knitted fabric has three major effects that are
directly related to elastic knit fabric propertie_s,. and thereby usually renders the fabric
iﬁappropriat_e for subsequent cut and sew operations. |

First, stitch compression reduces fabric dimensions and increases fabric basis
weight (g/m?) béyor_ld desired ranges for single jersey knit fabrics for use in garments. Ag .

a result, the {raditional finishing process for elastic circular-knit fabric includes a. fabric
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First, stitch conpression reduces fabric di nensions
and increases fabric basis weight (g/n2) beyond
desired ranges for single jersey knit fabrics for use
ts. As a result the traditional
HB%%gégh gr elastic circular-knit fabric |ncﬁggﬁ§ﬂ§%mjyﬂ
fabric 4 WO 2005/001183 PCT/U82004/01736§ re% i ng
strgighing @nd henbing siep, at spifigiontly igh fropperpiugs r’rbfﬁc }V g
and sufficiently long residence tlne SO ﬁ
resjdanael ey serFhatthe spandexiyemin te Jmgfepill e éiiEF’é% stretched
stretched dinensions. After heat settlng t he spandex
dispmsiongi Afterhedh setting therspanday am gy itl gither pekTrimat °f8ﬁll yetract
nodestly below its heat-set dinmension. Thus, the
onlfiembdestly belpariticheatsshdiwiehsiom GES, iechert-set spandpx wﬁm@ gat
the knit stitches fromthe heat-set dinensions.
sigatifieahtiy comprassthé kit stitshes fromghapbeatreet dimensions. oSfoehing F@ld heat
yield the desired fabric basis weight and el ongation, -

' setting phramictksdre whdsyn td yjéitl the desiresl faboic basis yeighd knddongatipn,

ersey elastic single-knit, the desired elongation is

wittin kedativelyQiiHt limitd, Féren tblasai soitmi-irseyrcdantio sinfzteaknit fwtesired
140 to about 240 g/ nR. Second, the nore severe the

el6itghfic s GO 60%), Giltl the besisvesishi riegdsatum abouit 140 & dhogt24d g/m’

10 on a percentage basis, thus far exceedi ng m ni num
st angdaddsthaRtord kdvetd thasti res\ia) theampleahehblia iwtill elongate
with elastic yarn is conpared with a fabric knit

on'Y Jet@tagE basd, kifus ¥ Bxcdeliing Sinie AW RANIAts hitPprabiidabeeds: When
elastic knlt fabric to be 50% shorter (rmore

[53 S RAH LlabREParh R ombAeA nfth W fBAY kn# athblCol¥stic Fam] 11 6

ed knlt |s able to stretch in length 150% or nore

W ﬁ;la‘t‘&mésﬁé fa%h@Eoebe 994 sﬁb&@é} (B08&S8ShBssed) than the
ongati o

I's generally undesirable in jersey 15 Knits

fabe®d wﬁlg)tur et czfa‘f% ; 1§t 3 abll HoStrbRAM fenl 15'0% &8nore from

ric. Fabrics wth high

thﬁl %tséea Q Atd) rﬂ:&f gx gl&eeélﬁgéuéﬁ & é%ﬂeﬁall{y uhfbfrabR ﬂ%rsey

rreuar’ are a nor e y to shrin
lmeetsﬁ% 8RR R el Y o] GG Bl e
Rl ?an%%(%m% st merEfisic by ¢ mddibA ond
-encount

are also more 1k Fy to si‘mnk excessively upon washing, Similarly, stltches are

' compressed by spandex in the w1dth direction, so that fabric width is reduced about 50%

as well, fir beyond the 15 to 20% as-knit width reQuction normally encountered with
rigid (non-elastic)‘fabrics. _

Third, the compressed stitches in the finished fabric are at an equilibrinm |
condition between spandex recovery forces and resistance o stiich compression by the

companion hard yam. Washing and drying of the £abric can reduce the hard-yam
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20 rigid (non-elastic) fabrics. Third, the conpressed
stitches in the finished fabric are at an equilibrium
condi ti on between spandex recovery forces and

WS habalgs to Stitch conpression by the
con‘pam&dgn. hard yarn. Washing and drying of the FaprCrr3ed

can reduce the hard-yam5 W) 2005/ 00118 ] )
feﬁé‘ﬂP@S@@%ﬂ‘?‘b P?%ﬁbe"i"‘ég &%%WE%‘% ot%ﬁ% g’gﬂf’y %I%H‘S’p‘ﬁ?ﬁhmg and drying
because_of agitation of the fabric. Thus, washing and

mdy Prpt theerandes terqvephigrcep lofieher camprires yhe gpbtidches, which can
further conpress the knit stitches, which can_result
respit inmaccspiabls levelsaf dabsic shrinka .  Heabnottipghe knit fabric serves to
Heat -setting the knit fabric serves to relax the
relgdherpandardmd eefivee theispand praredenery Biesy diye hasit edtingroperation.
heat setting operation. 5 therefore inproves the

theresise inprovasfthe stebilityof khe fabrisdandadduses thiehamenns tiet thetfalric will

the fabric will shrink after repeated washings. Heat
sleisk afienyepatodotashiogel for all varieties of weft knit
elastic fabrics. In sone cases a heavy knit will be

desi Heatl setngeih nesused fatatl vhdeties of Wik kit elastic fibaics. sinsatercases
knits. In these .cases, sone stitch conpression by the

a b@ay Heix wilkbadasiarpd, abéleas ih doubld imitskribs esd flahewdsaerdmitd In these
spandex fiber is covered with natural or synthetic

casésd)sonse stitchecofpissiv by thedgaitx BRictatable_C b atheing@ses, the bare
operation, so that the recovery of the spandex and

spatdet| fibanis c6vdréd With aamfabaiSyditcticStibdi€iata doreepinding di@pindle-
covering. In still other cases, bare or covered

covBaleperdtion oahfdheiabove bf RMBhNeE Q6@ PEsuMant ditdhokdpirdssion is
course, thereby Iimting the total recovery forces

relitRilcdb9HRS @vering. 'R ol iotheSddsdsSHAS or ddveSERSa888x is plated only on
knitting, a process wherein tubular knits are sf?aped

evieRF scddhdr HRRE kb @ui] therehEliftin}s Bcltb@Pr ovERaEHRS that compress

machi nes, the fabric is not heat set because dense,

the khiehifies! Bldehimfos@k@itind! SREQEs whQbinths -Gl Rhitddé Ehaﬁed for

jersey elastic fabrics made for cutting and sew ng, .

difb‘i!i"@%%hﬂﬁggltﬁg%xheﬁ%ﬁpﬁ% ?&%&s&hﬁ%ﬁ&% 'nBt FRAEEQf because

cour se, setting t’ al ways required.
dense, stretchy fabrics are intended. For cirgiﬂar—knit jersey elastic fabrics made for

S a

cuiting and sewing, however, wherein bare spandex is plated in every course, heat séﬂing
is almost always required. |

Heat setting has disadvantages. Heat setting is an extra cost to finish kuit 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

yaros, e.g., yellowing of cotton, thereby requiring more aggressive subsequent finishing et T

operations, such as bleaching, Aggressive bleaching can negatively affect fabric tactile
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Heat setting has di sadvantages. Heat setting is an
extra cost to finish knit elastic 20 fabrics that
cont ai n spandex, versus fabrics that are not elastic
(rigid fabrics). Mreover, high spandex heat-setting
tenperatures can adversely affect sensitive conpanion
hard yams, e.g., yellow ng of cotton, thereby
requiring nore aggressive subsequent finishing
propepisatichns | handy harbusab i edtjuirgs tHROGAAIFBEMET R BRE TSbric
can negatively affect fabric tactile 6 7 properties,

softenacto @tintdhian Gicaching. WISH HeXt-JeRGHVE RSrd rh??JT%F GhileSfrom

to include fabric softéner to counter |ng

pD!y@ér?@mtrh@%oé EIlet\é& Pﬁ{]’l% ag%ﬁ%da?') CE]& Sk haotag {Prggéne)i heat—

yacryonlt
nper a ure andex heat - setting steps, because
settu?%&lg%s aﬁ‘é% ﬁ‘ij spgw'géggpgﬁagge g“ })s@frfgct such heat-

affect such heat- 5 sensitive yans. The di sadvant ages

Sensive }ams- set ti ng have | ong been recogni zed, and, as a
result, spandex conpositions that heat-set at
sofbaisadvantemes DEhgxt setting davhRng Hees Redogdainbd, fdnﬁdas 4 MSult,
Pat. Nos. 5,948,875 and 6,472,494 B2). For exanple,

spandéxecapititnsdRdtiHeadsdt At s%%]eva?ét 1o tefpdt a&ré?ﬁ%\éévegﬁﬁe%nﬁed

heat set efficiency greater than or equa

(USs Pﬁpﬂg§'5@48ek’)'5 cfg r 62?%4 ﬁ'ﬂ peaL, > erh%e %IF o ﬁﬁv qﬁéiuin Us

of 85% s donsi i mumV

red by | aboratory tests
Pat. @ﬁﬁép‘ﬁﬁ% Bles P BRGH T SRICITCY LT B priavabler %6 ahind
heat setting to the before-stretched spandex

aPPquéﬁ*?aiciw i P& Cs uEbe henpest efaeienayevatingl §Pansieonsidered a
conpositions provide an inprovenment, heat setting is
miningpin Yalyelpn ieffectivemat sdting olitis measoed by eabovdtody tetis Bamparing

not been 15 significantly reduced. US Pat. No.

the lebghSH, shehal spamie befdraahl hitethaovhligg khitk tfeﬁhusﬁétched
whi ch do not require heat setting. The traditional

spandek 3€igtk € WildBehNewai Kkal §&Hing ShdrldBR cSmpGitiahs AVide an
fabrics has further

improvement, heat setting is stiil required, and the costs associated with it have not been

signiﬁcantly'feduced. US Pat. No. 5,687,587 discloses elastified double knit fabrics

which do not require heat setting.

The traditional practice of making and 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 under the knitting machine by plaiting, or loose
folding. In either case, the fabric establishes two permanent creases where the fabric tube

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

AMENDED SHEET
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di sadvant ages.. The knit fabric energes froma circul ar
knitting machine in the formof a continuous tube. As

the tube is forned in knitting, it is either rolled

under tension onto a 20 mandrel, or it is collected as

a flat tube under the knitting machine by plaiting, or

| oose folding. In either cgse, the fabric establishes -
two permanent creases where the fabric tube has been

§ - . t hou he fabric i.s 'qpened”
remaish Gidafl. TR EPE e ROiOUeI By Snoinof ki s Qg can be
ﬁmhsubse%g%gt use and cutting of the fabric usually nust

AHEPEFSSHEIMAGHISBE) SHEET 8 remmi ni ng crease. This

reduces the fabric yield (or the amount of knit fabric

t Pew sngtheds are gought foppnaldeg sidulankaitgelastensiagle-kavjersey

nmet hods are sought for making circular-knit, elastic,

fabricsithaf levis bate $pande@yplafedin eoerytiiat cdimye ah@fift 8RR costs and
plated in every knit course, and that avoid the costs

disadPdiflages ALSRMAWRIRI K3QE1 ated with heat sett ing.
SUMVARY OF THE | NVENTI ON have found that a circular
knit, elastic, single jersey fabric that includes bare
to spandex plated with spun and/ or continuous fil anent

SUMMARY OF THRDINVERRIGRCt ured with commercially
acceptabl e properties wthout a need for in-fabric

S t t1i.n iy f . .t he ande raf,t is
;TR BESe R (504 et bt gl R TS s it bare
desired . in%le it jersey fabric paraneters are

spandgXiplgted with spupand/oy seitnyoys filamenthand yams can by manyfactured

.. spun staple and continuous filanment yarns and

with Wﬁmﬂﬁsaqqep'ahiﬂﬂmwiﬁswithsufr duedd fos in-falpiscipandex heat setting
invention is a nmethod for meking a circular knit,

if: (1)sgthpgbandexairaf ys fimiied duding thel lofittingy @os@a a2y a&mtaif:rdesired
17 to 33 dtex, preferably from22 to 33 dtex, is

singlepkriit Riiseyl fabria phakbterd bt MhintAHED. AN Hapd yEAS iWRIESspun staple
filament yam or blends thereof, with yarn count (Nm

yarns! iR gfé §n§ ContiifohS fitlthont'yali® £l deifoud Binent yarns.

prefer

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 yamn of cotton or cotton blended with
synthetic fibers or yarn. Other natural an_d synthetic fibers may be selected for the hard
yarn, including nylon, polyester, acrylics and wool, for example.

The spandex and the hard yarn are plated in every knit course. The circular knit,

~ 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

AMENDED SHEET
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from47 to 54. Preferably, hard yamis spun staple yam
of cotton or cotton blended with 20 synthetic fibers
or yarn. Other natural and synthetic fibers nmay be
swbesispoigpr the hard yarn, including nylon, ,eruesnns017364
pol yester, acrylics and wool, for exanple. The spandex
and the hard yarn are plated in every knit course._ The,
yagy is drafigd nR moxe thagy 29 jits originaldgngth mibier i:pl.t tffosa dhasyroplgmdanit,
_knitting nmethod has a cover factor of from1.3 to
s@qprsm?abﬁg the knitting, the draft on the spandex .
feed is controlled so that the spandex AMENDED SHEET
WO Z2oedtition e kucibusiofuisiedzed dried withput hentetting thegTabric or
nore than 2X its original |ength when knit to formthe
thespandsxawithimthe fabsic.n Fhus, they felrje isalbied ot temperatiukisthictow thierlaeat
knit fabric is finished and dried w thout heat setting
setfing tdngiwritore orf the sfremdga rkirishing tiwycotipeisd aierdranord beps, such as
the fabric is dried at tenperatures below the heat 5
cleaning) blgachingpdyeingrdrying, iddecospactitey andany colubhgtiomyf sw.ch steps.
conprise one or nore steps, such as cl eaning, .
Préfermblyhibedinistyrg ngl dising ai¢cariediowtQBpECo migke tamstratmes below
conbi nati on of such steps. Preferably, the finishing
16090 Dhfyitigh cotepachifig iserrivdloutivhéithe Rhit FALTR it RIS veifeds
bel ow 160C. Drying or conpacting is carried out while

cohdiforkidi the walpy iEedtioni N an overfeed condition in the

warp direction. 10 The resulting circular knit, _
RN T e R R e Y
Sy L0k B0 5950 BN S o i 36y o
sabL o A4 LN p B ULy R e o b B i

abric pre : i
S, R o AT T3 o
25 00ad i i BRI b TRtk M SRR sty

nvent, ve hod .pr ef er abl

_ jerge@efaﬂncs made acconl%ting 10 the fventive rXeﬂI:to%, LIEH grge}x%eﬂs E:Qnstructed from

such fabrics. The fabric produced by the inventive method preferably is formed. with

hard yarns of cotton or cotton biends and has a basis vfreight of 140 to 240 g/m2 aost

- preferably of 170 to 220 g/m®. The fabric preferably also has an elongation of 60% or

more, preferably froxm 60% to 130% in the length (warp) direction, and a shﬁn]cagé_aﬂer

washing and drying of about 7% or less, preferably less than 7% in both length and

width. Garments maty include underwear, t-shirts, and top-weight garments.
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hard yans of cotton or cotton bl ends and has a basis
wei ght of 140 to 240 g/nR2 nost preferably of 170 to
220 g/ nm2. The fabric preferably al so has an el ongation

¥o Rodas nore, preferably from60%to 130%i
l'ength (warp) direction, and a shrinkage aftcﬁdT%E&?mm“

was hi ng and dr]ﬁiqn;% of ahout 7% or less, preferably ;
BRIEFDERGRIDTEQ t']ﬂm'éﬂﬁ@‘ wi dt h. Garnents may

i ncl ude underwear, _t-shirts, and top-wejght rments.
- 9 WBIGooinsrtesginted kniystitsthey mpsisine a@%@ﬁ%ﬂ%&@#ﬂ’f@\l

CF DRAWNGS FIG 1 il]ustrat | at ed .kni t . P

Sti PO @SHsme AP e am a4 By Do i prackipe fed with

a schematic diagramof a portion of a circular ' .

2 papdex foed apdeppiderades t h 5 a spandex feed and a hard

yamfeed; FIG 3 illustrates a series of singl jersé,){
kni F1G+3 Waptedesasgries gh Fmghﬂ%rswwtqhewmg@&aﬁsme stitch of
length "L"; FIG 3A shows the single stitch of FIG 3
stitthdgigdhtléhed to illustrate stitch length ..L,, 10
FIG 4 is a flow chart showing prior art process steps
f or FiaidAghosysithesingleatitch of FAGa3 siraighteried i Blurimte stitelh Length
fabrics that have bare spandex plated in every knit
“Lépurse; and FIG 5 is a flow chart show ng the
i nventive process steps for making circular knit, .
el aFiG ot iseiffogt ehaitshowiag prigr aftyivo¢essstepsdor maldng bisgubar-knit,
spandex plated in every knit course. Wile the
eldstin, eivgledmitjetsey hbride ot hivedarmspandaxeddtédin ewerylknit course; and
preferred enbodi nents 15 below, it is to be ,
und @Gt Hizc flovathatthowiygethe inentiee procasosteysyfor meking enlctiar-
be limted by such description. On the contrary, it is
knit)é1696id Sfind] ©106i0 jefvey atabricll thethaed bate spantiexcihlited it évensknit Bourse.
equi val ents as may be included within the true spirit
and weiRafe Hvektitd wilVss\ddserbedsn corefechighiity picherealembb®Biments

appended hereto. .
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 o cover all alternatives, modificaticns -

and equivalents as may be included within the true spirit and scope of the invention as

defined by the claims appended hereto. : 5

DETAILED DESCRIPTIONN OF THE INVENTION

Tﬁe subject of this patent is circular knitting, and in particular the .manufa'cl;‘_t"ure of
specific knit elastic fabrics for subsequent-‘cut and sew’ use. Regarding circulax
la:ittiﬁg, FIG. 2 shows in schematic form one feed position 20 of a circular knittimig
machine having a series of knitting needles 22 that move reciprocally as indicgted by the

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

10
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20 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The subj ect

of this patent is circular knitting, -and-in particul ar

the manufacture of specific knit elastic fabri cs'for

&ﬁbﬁﬁ,}ﬁent “cut and sew use. -Regarding circul a

i W9%FI G 2 shows in schematic form one Fé"gﬁ2004/017364

position 20 of a circular knitting machine. having a
holdahd BRdRE:. kid dif-dulg lodweidp amchifetthat areoweltipbeinpnbers of these

as indicated by the 25 arrow 24 in response to a cam

feed patticnh GiMgc0 &l @ virtle| ai @it fgddydividdaliknittings pokithan astthat
10 WO 2005/ 001183 PCTI US2004/ 017364 hol ds" t he

kmﬁlﬁ? dlbedifes, dafrictl 19 fieith@Ving By liriden) groverbedyast thepositiane |
t|pIe nunbers of these feed pgsitions. arranged in

a Gigr plafing BRit 85 efafohs 8 Bpdridet Yirelualand Ahbkdd g detivered to
as the knitting needl es, carried by the noving

the RYHIHRIREdIeSS L0 Qlcal:RE pRASEE. 1T1R AR biakiTs sivailtapbatslyirects

kni 't operatlons a spandex yarn 12 and a hard yarn 14

" both %(%’osfcﬁ) by #8n 028 ©:8d RArDY4 re introduced
carr | .

The ca rier plate 26 sinultaneously

to Bl lﬁﬁgitn% neg:ﬁés?%y 4096 SR a Kbl r9 1P Rfh bl Qﬁgle J&sey kmit s’atcla

Spande yam ard yarn 14 are intrdduced to the

ni 99 22 at the.sanme or at a simlar rate
mtﬁf)tﬁl%trs%a si'ng ejersey knit stitch 10 like that .
4t L ¥ 3B L) el @Bt
01}(1\% %"% z%lsg(elglggr %Xaccuﬁaiﬁtﬂé@dg}‘ o0 30t ot

30 ﬁgteraﬁtggttgezyﬁq-gq ehh ﬁa[t [4£ crmﬂtﬁtrtiﬁg 28880 K Mfid § d}@ Pra.m 14

47 passeS over a fee

sy R RS Sl %h%zq'ﬁagi@% 90 1o S

. delivered t he i ng,need fer
o ofe oy S B AR B Haﬁ%n% ok 50 it
del i vered from a surface driven package 36 and past a

bolpy igithscarries iHeZ@et ect or 39 and change of d| rection
roll (s) 37toagU|de lot 38 withint r 5
pl alke spgndexfiRds dekivered W“@Pcet yegp. f:ﬁﬁspastabroken
measured between the detector 39 and.

end detector 39 and change of direction roll(s) 37t0a guxde slot38 W1th1n the carrier

: piate 26. The feed tensmn of the spandex 12 is measured between the de.t.ector 39 a;ld

drive roll 37, or altematively between the surface driven package 36 and roll 37 if the-

broken end detector is not used. The guide hole 34 and guide slot 38 are separated from
one another in the carner plate 26 so as to present the hard yam 14 and spandex 12 to the
knitting needles 22 in s1de by s1de generaliy parallel relauon (plated). |

The spandex preferably is a commerc1a11y available elastane product for cn‘cular

knitting, such as Lycra® types T1 62, T169 and T562.

1
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drive roll 37, or alternatively between the surface

driven package 36 and roll 37 if the broken end

detector is not used. The gui de hole 34 and gui de sl ot

38 are separated from one another in the carrier

plate 26 so as to present the hard yam 14 and spandex

12, to the 20 knitting needles 22 in side by side,
generally parallel relation (plated). The spandex

pr €he spenldyx sisetehes @dmaiE)owhd i i9ddiveadd ﬁorﬁhﬁé&fﬁ? package to the
product for circular knitting, such as Lycra types

carridrlflate ahd 6R nan & he it sgtt]eh](ﬁlc td lﬂfer it ﬂﬂ)eé bélr\/\; eh Ghe Sstktch use rate

(drafts) when it is delivered sup y package

o OS5 8 AN DD S B v

e aataaaaaae' o g o et

the spandex supply rate is normally 2.5 to 4 tines
and ig knogyn pp theypachinsadraft, Thisaetresporkisdnspasies kivngaitdi 61 50% to
draft. This corr esponds to spandex el ongation of 150%
300%, or 18804 he feedueresioninahd §RGdEL RSB directl)ht%la‘i&ﬁﬂﬂ&é dyan
is directly related to the draft (elongati-on) of the

(elonB R OF (headPanddX Farh CBHis FENBIRN 0k $ R:'aﬁ?h‘l tgﬁx' ta?’v?lﬁgs

at val ues conS|stent with high ma |ne

consiSRANIRY hi éﬁrgn t g?ij‘f”‘?gémg roved results are

obtalne XX draft, as to nmeasured

| t bri,c |s k t to . 2X or, les This draft val ue
| SVEE S B St e R S Bpshieed BN e GreReaya, as

draftl ng.or drawing of the s andex that is included in

measyred in gl]fpf,gpyc pakepide 2§fordgsss s grafh valireis vl wealalraft of the

residual draft fromspinning is terned package

‘spandes) whighiineludéespRy draftidg ot dtapphng af the spandesthbr Bihdluddt indthe

- 0.15 fot t he spandex used in circular knit, elastic,
supplg ipackagejofaseyul gdihi The valve of ésiduall dedft frofn Spihisp A EaNed

. im:the fabric is 15 therefore M (1 + PR), wherée "M
Packagﬁ ré1BRatlon, PR %nﬁ@ﬁ@?ﬁﬁlgg Fﬁffﬁa pr?() 8itd bl 1RO Q&)'aﬁdex used

raft is the ratio o eed rate to span

in cu&ﬁzﬁ%ﬁ@%ﬁsup %Hklé fe?s!%tfgbertcrs "% otai dra?t of the spandex in the fabnc 1s

[

20

therefore_ MD*(I + PR), where “MD?” is the knitting machine draft. The knitting machine

draﬁ is the ratio of hard yarn feed rate to spandex feed rate both from their respective

: supply packages

- Because of its stress-strain propertles spandex yarn drafts (draws) more as the )

tension apphed to the spandex increases; conversely, the more that the spandex is drafted,

. the hlgher the tens:on in the yam. A typical spandex yarn path ina c1rcular knitting

machme is schematlcally shown inFIG. 2. The spandex yarn 12 is metered from the

supp}y package 36 over or through a broken end detector 39, over one or more change-

of dnrect:on rolls 37, and then to the carrier plate 26 wh:ch gu1des the spandex to the -

AMENDED SHEET -
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supply packages. Because of its stress-strain
properties, spandex yamdrafts (draws) nore as the
tension applied to the spandex increases; conversely,

e r hat the spandex is drafted, 20 the_ hjgher
%‘”R’é“?%%’i’:s nin the yam A typical spandex yaPﬁTlf 017364
inacircular knitting machine, is schematically shown

knittihgfleGilles22 2 Bhé intp dreckitchy Jlertds a buikkte pEigndipo i thespandex yam
supply package 36, over or through a broken end ,
as [IQhRES Bim I0e sappdy pavkagosndnaveeeach davjes ool duc td Hirtional
rolls 37, and then to the carrier plate 26, which .
fordes if9add ey sRaNdivice o rélive thAMohEieD tiBHiphTdey\O THRG51al Ao H the
PCT/ US2004/ 017364 knitting needles 22 and into the
spatkdbi &the SHRR @5 throforb withted ttithe furh @ thie t¢hsions th@usiman dex
yam as it passes fromthe supply package and over
sp@chpsigvi ce or roller,.due to frictional forces
I nparted by each device or roller that touches the

spa ﬁﬂ@ §pa%1a|3ﬁ‘ LAl teksidl 8 leagtired BitwednRAE BRoked tepld R tewtdr30Mnd
ere

is t ore related to the sum of the tensions

thd 131134 ShRih 1A BeG 2. SRRGH SN veRA R spddiRx FanERiox Redeasured between

tension 1s neasured between the broken end detector 39

theaéﬁﬁfacéée &)%—eregigﬁd;lc%cg%e FRMoll B7 Hi brdkerNiddedcRBioh 39l i¥ not fied. The

span sion i s neasured between the surf.ace

nige YRGS R il ARl hebfediir hepatlQ AR be in the fbri,
oo o0 ML D 5 ) R LB BRIty W o
GR35 g o P L
RSk BT G g o B B v

.ensi ons i ed. by,. subsequent yam pat Lichi .
bR RG dicry e SRRREE g ik KAl wil8€
drafted.significantly nmore than 2X. 15 This invention

1EH1C iR | the ways that spandeK friction

can _be -
' 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 keepthe spandex feed tensions sufficiently high

" for reliable spanclex feeding when the spandax draft is 2X or less.

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

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

13
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m nim zed between the supply package and the knit
stitch. The nethod requires, however, that friction
be mnimzed to keep "the spandex feed tensions
ficiently high for reliable spandex feeding when
M@ﬂg%‘gﬁg x draft is 2X or less. After kni ttiPﬁgméz"“‘”“"W
circular knit, elastic, single jersey fabric of plated
finsshingopeocessi stéps 640shclva sconving dleaghing prd/orstycye) m eprried out on
invention, the fabric is finished in either of the
theaflabrie whileeit ispn o sreforB0 Cnke tforst ofadyethgdtadlgd safrlovwigt dyeing,
in FIG S. Drying operations can be carried out on -
usedllydmpats thusion dxabscincs BAgth defoneationrintief fabuic. dpeashveld e taken
web (top row of diagram pdath 63a), or as a tube
to fddEiriRny eddittdn itagianapplied durfigtfibricippcassitg end trhnspodsion
pat hs, wet 13 WD 2005/001183 PCTI US2004/ 017364 ,
weh fiRisEiR} GO B8eL Sandsdlepaable thefiblic erehr and tecgver £rom such wet-
bl eachingand/or dyeing) are carried. out on the .
ﬁnﬁsﬁﬁ{g‘aﬁdﬁﬁm‘lp&tténsi@sldhrhgﬂb&iﬁg. form One form of _
dyeing, called soft-flow jet dyeing, wusually inparts.

ten ’F‘bﬂ&hﬁ? VebRARIR b s SbS ¥ the FHbrics GHeatéad Gi6C such as by

Care shoul'd No taken to minimze any additional

sq?er%g%h gpc&&m;éiﬁg. G ipk s AR 63, RoQEIRAfAtEHicAB theh X0 SPEI 68

wet tinrshing to'the dryer, and al so enable the

befo?%’ft iCdeliPerb@lot FRalMl/dre SRY 90 £ ogﬁrbﬁé}! ﬁhisﬂ'ﬁle?licﬁﬂiéﬂ $81kNSoftener

and transport tensions during drying. Follow ng wet

by&'g&&:é%‘(:aﬁﬂ g@sg@f&z &E%‘ggﬁa Sétntet-Gmb 30éd EadeS cHAURIRR Babric

I'ng or centrifuging. I'n process
S o
R R AR 590 e, S0 ] bica
BT 883 P SR B4l o Bt s
RUNEV ST L e e
3o B S8 Lot P OB e
spgqgl,ﬁ%ﬂt ot ?éoaqtfg@sthpoqel Y ihi %;:/cig,,tgf r@lil?s? gcly %ﬂtot\ﬂg %Jb%g ?fas Eﬁ\l gv%%g\dc_t Q}I;anefally, the

steam does not “re-wet” the fabric so that no additional drying is required after =

compacting. ;

The drying step 70 (path 63a) or the-compacting step 72 (path 631)_), is operated
with contr'olled, high fabric overfeed in the‘;length (machine) direction so that the fabﬁc
stitches are free to move and rearrange without tension. A flat, non-wrinkled or non-
buckled fabric emerges afier drying. These techniques are familiar to those skill'ec,l in the

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

14
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15 transport the fabric, usually in a steam
~atnosphere. The first-roll(s) is driven at a taster

speed of rotation than the second roll(s) so that the
fabric has an overfeed- Cenerally, the steam does not
"re-wet" the fabric so thatisno additional drying is
required after conpacting. The drying step 70 (path

63a) or the conpacting step 72 (path 63b), is operated

dryin20 Rer tubutofabrids| faicedhivgtfeédisnygicalepioe@dbdiin atddthpaedgrd, after

(machine) direction so that the fabric stitches are

belt drivBE. 19 eliRMt®pRASVIESAT @IS Mbﬁ@gfaceisgr?g'tmabﬁ fd'rghg

non-w i nkl ed or non- buckl ed fabric rges a

tempg{aﬁhﬂ nd I&ﬁ&ﬁ&é fifld %eos%? Ef&?‘hﬁpg gg'l]ue xaerqggrg%&q E?aef‘ FF# th% sl'i)a§1dex

or open W abri c
dto vide fabric ov d during 14 15 dry
Fofts Rl 4 3@,032 cirfiat ejt SRhicresa e charagicrized wpmg by the
provided in a compactor 72, after belt drying. In
“opertiesh i egple kuikistitch- dihisti@penness’tiabelntedyp et engage ¢fdhe area
- fabric drying tenperature and residence tine are set

that ipepowwdrhies thatl wiish issaprereddytthe haratineath stiveh $eanelgx FIGhd and
structural design of a circular knit fabric can be

3), a8 AR relateda fhltidBHsls phthidd eﬁmggﬁsﬂﬁef%ﬁnalofﬁﬁefé?d non-
knit stitch. This "opennéss' |s related to

elastiP Wem@ﬁgngé tﬂ{@o@ég%?ctﬁl‘ 2 C @Fﬁn Yo 243 rélgﬁ\t?e l}ﬁ?éﬂ'ﬁ of

I's covere see
o fabric baS|s wei ght

| _an at.e

OPeNISRY g"%ﬁég?ﬁpoaﬁmﬁdf@ﬁﬁtioaf‘l"% '%SFP 'fngffsd non- el astic wel |l
knit fabrics, the Cover Factor ("Cf') is well known as
a relative nehsuréesr+ bpenness. The Cover Factor is a
ratio and is defined as: 10 Cf = 4(tex) L where tex

wheré @xtihthegirans watiig bt 1000 hoRes HRhe hardfarhhdBigih¢atch length
and L is the stitch length in mllimeters. FIG 3 s

in miBinSHIETRIG C3 Bfa henRGd 8f X Shjiel l@n‘iﬁ%%eﬁtshfcﬁ aR@Hd. €ORe of the
One of the stitches in the pattérn

sutch%ye?imrl]% gﬁﬁe?ﬁ h‘é?bé&%gl“%ﬂtéﬂ% sﬁf){vtl'ft'm th%nsglltgh lenkth, bP> is defined.
For yamns of metric count Nm, the tex is 1000 <+ Nm, and the Cover Factor is alternatively
expressed as follows:

Cf=V(1000/Nm) = L.

We have found that commercially useful circular knit, elastic, single jersey fabrics
plated from bare spandex and a hard yarn can be made without heat setting if the spandex
draft is kept 2X or less, and if the knit fabric is designed and manufactured within the
foliowing preferred limits:

- The Cover Facter, which characterizes the 6penness of the knit structure, is

between 1.3 and 1.9, and is preferably 1.4;
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For yans of nmetric count Nm the.-tex is 1000 = Nm and
the Cover Factor is alternatively 15 expressed as
~follows: Cf = -4(10001Nm) _ L. We have found that
commercially useful circular knit, elastic, single
jersey fabrics plated fromgbare spandex and a hard
yarn can be made w thout heat setting if the spandex
draft is kept 2X or less, and if the knit fabric is

desi Jiecaahgarneouitadlnettoii 3orBSt prRfAb e\ 18 68, and most
preferred limts: The Cover Factor, whic

char agéferabhefromley @panness of the knit structure, is
between 1.3 and 1.9, and is preferably 1.4; AVENDED

SHEE T I ount j m 35 to 85,

pr ef qe-rrh%%f):i'/n ?g,'r}hgﬁui{gﬁ“g%’x, B"ﬁ'&ﬁfm{zb%%ﬁégé%m y from 47

to 5? Thag spandex has 17 to, 33 dtex, preferably 22 to
33 dt BEEraBv, hs canisnt of spandeindthe fairics pa adewaightibaais, is from
fabric, on a % weight basis, is from 5 3.5%to 14%

and B % 14%s atdisaosy prefoblofar S¥0%) 10Bke knit fabric
so fornmed has a shrinkage after washi ng and. dryi ng of

7% oiThe katdabriy &f formbd Jad £6gikapdaftéowashiipl hdldi9ing of 7% or
l ength and width directions; The knit fabric has an

el ongat 9 K % t-Q.. .
o1 RS a0k bl LT o 91k

Pr ef , [ rnis n staple yam.of. co n

or o R el Yty drolioh B S BB BPYR e B0 o
Wi | t.wishin 0 be bound by any one theory, it is
bel | Z@@% ’t"l%?ﬁﬂé‘ L‘?ﬁ‘i’ﬂ) Jiuehtion: ¥k knit structure

resists the spandex force that acts to conpress the

kri t Pesfenably, thethard yarn is spun staple yarn of cotton or cotton blended with

synthetic fibers or yarns.

While not wishing to be bound by any one theory, it is believed that the hard yam in the
knit structure resists the spandex force that acts to compress the knit stitch. The
effectiveness of this resistance is related to the knit structure, as defined by the Cover
Factor. For a 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 invention, the spandex )
draft should be the same in the circular knit, elastic, single jersey as-knit fabric, the

finished fabric, or at fabric-processing steps in-between, within the limits of measurement

€I170r.
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15 effectiveness of this resistance is related to the
knit structure, as defined by the Cover Factor. For  a
gi ven hard yarn count, Nm the Cover Factor is
inversely proportional to the stitch length, L. This
l ength is adjustable on the &nitting machi ne, and is
therefore a key variable for control. Because the
spandex is not heat set in the process of the

in | ndex , 20 draft. should be the sane in,

t hech el kAl e e #%?eysfaﬂﬁawnf aprrapriate eppge of knitting
éabr.i o th(g fi(ﬂi shed fabric, or_ at fabric-processing
macing 4% SHIRCEL pcRoEdine §p preTAL Frdatianships betwose hetd yame nount and

error. AVENDED SHEET 17 For circular knit, elastic,

knittipgmaghipe gauge. rGhice of gavecappbe psédo@ptiatigeciadular knit, elastic,

_ knitting nmachine is selected according to prior art
singlegersty bashwpightcforersngplar d yarn count and knitting
machi ne gauge. Choi ce of gauge can be used to optim ze

Ci Mbdlbafiefied bF thi€hA%hiitn ar_eseivﬂﬂzlp?ﬁg}% ﬁ%#\;@ﬁ?@ﬁ%‘rsg t5‘:‘lt|dwn

for exanple. 5 The benefits o 'S |
di | hg -prior art process shown
ing SARAIERIGNE 18 bBpult el (e 335 Eitosess shone
- inventiyve. ess.shown diagramuatically in FIG 5.
d‘ag’?FHH%fﬁ%‘ﬁ é\g %Eﬁfh f’t Trrgiugnel kpitiingandyfinishing requissmeore process
process _ steps, nore equi pnent, and nore

steps, HisBE e HPEssl. aad opuae fatioonstensivnoploesorsi thivedoes either alternative
alternative nmethod of the invention shown in FIG 5.

methbd of ey inviyticn shuvweini F1G. 51 FrthenBeleiiiifRingdabh-t@nS@hture heat
previously required (see FIG 4), the inventive

set pfviaRBSreeilel ke Feat 4 m_%eﬁtﬁrefﬂrg&{sﬁ redu!cgsehééf’ﬁmtg%eeto fibers

requires | ess or no bl eaching, an us | nproves

like c#i‘l%ﬂgfeqﬁfr& i@:@s I)i]gér, gﬁg&iné,aa?lrdi tﬁ%se I?"rz%rg\éésﬂ%g tqﬁargldf)ﬁfj@{?ﬁ%ﬁred

eat sensitive yarns can
i 8588 AT AL AT KA ) 0 S S s
to maq(iefcfir%{lﬁlrrnknlat,ngaétlr{:? rsgl\élee%epsre? %gifxgcss, thus increasing the possibilities for
different and improved p-roducts.

The use of a softener is optional, but commonly a softener will be applied to the
knit fabric to further improve fabric hand, and to increase mobility of the knit stitches
during drying. Softeners such as SURESOFT® (Surry Chemical, North Carolina, USA)
or SANDOPERM® SEI (Clariant), E

are typical. The fabric may.be passed through a trough containing a liquid
softener composition, and‘then through the nip between a pair a pressure rollers (padding
rollers) to squeeze excess Jiquid from the fabric.

Also, circular knit, elastic, single jersey fabrics knitted by the method of the

invention and collected by folding (plaiting), do not crease to the same extent as
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15 The use of a softener is optional, but commonly a
softener will be applied to the knit fabric to
further inprove fabric hand, and to increase nobility
of the knit stitches during drying. Softeners such as
SURESOFT(r) (Surry Chem cal jgNorth Carolina, USA) or
SANDOPERMr) SEI (Clariant), are typical. The fabric
may. be passed through a trough containing a liquid 20
priossat tieedar lovnginge jérssy, fabreks. tIRaerl QY %ﬂ?ig ?olﬁlcpeaggst WSRL

a pair a pressure rollers (padding ers)

finisheflifabrie cax R8R in hﬂﬂic?ezfsé@ erfor TRl ng W@f% tﬁl rf:ﬁ:'%l@ into

knit, elastic, S|ng e jer bric
h tlon a d cal | ected hy foldln
gam%gfsa??lsﬁgflé)&%ﬂea fhié cistiatal Kpis, Slnssics singlediise fabsiss of the
inveﬁﬁo NEED SHﬁ? %8 ior art circular knit single
TSRSl cagtly ﬁ%‘&\ﬁd skew dyging puidesseinfedther apreaasieith ontubular
the finished fabric can result in an increased yield
finishigg PERREBICAFomRirasetni priprtaitefabaty. | WithrexeessGREWRR kFiral A S@brics
unexpectedly, the circular knit, elastic, single
are djagrsdly defomabanil coufs akdethe ‘B‘ihshaé{ﬁ a2k Qﬁﬁcﬁéﬁéﬁ@ Garments
reduced skew during process in either open-wd or

madelwiikikRéwer fabAt S/l BeisPLRGRSGRE, conmpared to prior art
fabrics. Wth excess skew or "spirality, fabrics are

diBgoR and rses are "on,the bias
are ungggﬁd‘g{)ﬂ?{ﬁ s %&V%i%ag@gﬁgwef%f\p%ordmgly,
tw st .on t bod The fol | ow ng exanpl es

the ""E%‘H?Jﬁ%?%? Be regar ffqﬁ'\i’éﬁ FEFLxE AN newrearbaglas restrictive.
Accordingly, the exanples are to be regarded as
illustrative in nature and.not as restrictive. 10
Exanpl es Fabric Knitting and Finishing Crcular knit
el astic single jersey falkamplesi th bare spandex pl ated
with hard yam

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 éauge (needies 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 yarn tension, or removed from the machines for these _
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for the exanples were knit on Pai Lung Crcular

Knitting Machines, either: (1) Mdel 15 PL-FS3B/T,

with 16 inches cylinder diameter, 28 gauge (needl es

' erential inch), and 48 yam feed pQsi.fi X

g"?{’(’%"["ﬁ/@ggl PL- XS3B/C, with 26 inches cyl i b RS plosliorrsss
di aneter, 24 gauge, and 78 yam feed positions. The
exadlpau Jhe heakien eed detectenyessaitims that contactedihs Vet gikthprsfore
mnute (rpm, and the 24-gauge nachine at 26 rpm The
indueekdensmdn dist speudex. i n each spandex feed path (see

FIG 2) was either 20 adjusted to reduce sensitivitl)(/

t 0 yHiesphrdsiford tension wanmendurbd betwetrethaspideesupplyypackage 36
t hese AVMENDED SHEET WO 2005/ 001153 PCT/ US2004/ 017364
asdbepIRs guidlh 87 FIGK Bhwith d Zilatdigitabtensios mgter,ypedel pymber, EN-10. -
contacted the yam and therefore induced tension in
FéRampRe dethe ifeatiomnalcpander debd tensiono wemasaingiesd aeligram or
bet ween the spandex supply package 36 and the roller

* 1eS¢Hof 20 3dd $0-Uénierspadeikh Theséitanyiot wereahificiantly bighrfet religble and

nodel nunber, EN-10. 5 For exanples of the invention,
B SRABsENe 6ER6 st Rt towks it Réallespshdsufficigtiyivwto
| ess for 20 and 30-deni er .spandex. These tensions were

defthd §a88dx ont skt ©Rlor Ik, | W isund fight whend el tensice diengtoo
of the spandex yamto the knitting needles, and

| ol ! ' ; @@ could
1@:3 ﬁfée@mﬁ%’m arbiil the foN6r SRR dethe QMiply pltRtige @2 co

that when the feed tensions were too

, ARCiNAEFRAPR BRchiAg ound the rol [ er guides
ndgﬁj\éltrﬁﬁeﬁ&%gﬁg package andgcoul d 10 not be reliably

fed he ddgnifitd ﬁﬂh@gw&eg‘;@ﬁgﬁg&aﬂa 8tfd prlthd dpnidh pRsbess

fabrics were scoured,: dried per thé

- s%f’c‘?rggg%ng} @%&%&?ﬁ@ﬁiﬁﬁ?{%{&nﬁgﬁm% 1 fiHiRs VERORGIHRA in the

ri‘'cs were finished in

g 35 s 20 P T i
| ' . 15 Fabri
hef ekt AOEK IO Eonidele e TSR, S0 LeTon ot 100C

For i%a nrgsr\%trg ssq'ourgd 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 (Taiwan)

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

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

cleaning, ANTIMUSSOL HT2S (150g) for antifoaming, 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 neutratized in a 300 liter solution of

water and HAC (150g) (hydrogen -+ dona, acetic acid) at 60°C for 10 minutes.
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Al'l such wet, jet finishing, including dyeing, was
done in a Tong Geng nmachi ne (Taiwan) Model -
TGRU- HAF- 30. The water sol ution contained Stabilizer
SI FA (300g) (silicate free alkaline), NaOH (45%

- 1200g), H202 (35% 1800g), I}MEROL ST (600g) for
cl eani ng, ANTI MCTSSOL HT2S (150g) for antifoam ng, and
IMACOL S (150g) for 20 anticreasing. After 30 m nutes,

t hthe fdbiiick
Lhe - sorut s ereased ‘3?‘30?4’3@5‘%‘“@4 UAGGR R0 d %d]@mqtsﬁ
[t i t d HAC
usmg?%Hét‘i@H dﬁ:@%ffs%ﬁ ot ch %s S’&E‘ 0 'bjea Yeohp lgto\;\lg@g{apleaﬁr{]i RGBF

en 46
U brics were dyed in a 300-liter

@ 5@]6%&? { %%c)g)\%g??gy :ﬂg a@ﬁg ) ¥ e GRn(3088e). Afterd 0 minutes, the
dveb Eactlve dyestuffs and other constituents. The dye
yebalywasidspingd ardrefidlgd o a@Rralice ¥64) HAG @RBeY for 20 @inutes at 60°C.

Na2SO4 (18, 000g), and Na2CO3 (3000g). After 10
After mienuralizationhie belflelad dpapdraiiiedinade sl wah clehs M& for a 10-

neutralize with HAC (150g) for 10 m nutes at g

minutéfrirse. SabidqabhtzatieoRaliktien RAL !?od\’ii er QRN WHE géﬁg ggu%ﬁ with

refilled with cl ean vvaterfor mnute r
water ARE s n liter. vessel was
ragai n %EI [l e'%ﬂ ]&\%agtlé Oa nefas) ggiﬁ of e ARIERDRaRERated fo
s added. . The solution was heated to 98C, and
98°C 9?39 B s Vs a%ﬁﬁgwegéabb@ mightes.0ARendting A another 10
. &afql ng and another 10 mnute clean-water rinse, the
mm“tF Stranouatgeriese, Hiedabiees Weronnidaded frossthe.vedl.The wet
fabrics were then de-watered by centrifuge, for 8
milhatves falbiFins were tanndzkwaibrd, byecdnuifuip6 20F 8 siakiesner)
was padded onto the fabrics in a 77-liter water

s bbuthedinalisich, SANRSHRRM fleheSElad pAiided ofido the ?ﬁ)ﬂfgyi‘fq 77-liter

fabrics were then dried in "a tenter oven at

water 8M1QHbn %tlﬁ@ﬂ%ﬂi%@?% fi ﬁhf @?%%)TH%QE}-Q&YCGS cé%ged érhed in

and additives w | | ar hose€ "eXpeér

atemetr%%ﬁe\ha,s%g ;%iasﬁ%tsb ésF%og@nUf agheL S?Qeg‘?‘”d ci rcul ar

ing of sin

The above procedure and additives will be familiar to those experienced in the art

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

Analytical Methods

Spandex Draft-—The following procedure, conducted in an énvimnment at 20°C
and 65% relative humidity, is used to measure the spandex drafts in the Examples.
- De-knit (unravel) a yarn sample of 200 stitches (needles) from a single course,
and 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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Anal ytical Methods Spandex Draft-The foll ow ng
procedure, conducted in an environnment at 20C and 65%
relative humdity, is used to nmeasure the spandex

@ bdeSodiitsst Ne Exanples. 20 - De-knit (unravelga: 4@ 17364
sanpl e of 200 stitches (needles) froma single course,

and separate the,spandex d_ har of, this sanple.

A |on§ers %Srﬁﬂ%lﬂl%&l’ﬂéi% AF pard yawgﬁﬁg%aﬁ&%f@?% REg S gptoa
mar ked. at _begi nning and end. AVENDED SHEET WO

2005/ stet stickpithigns fsaling ?tégatop%% H%ﬁ-rﬁ"gagﬁtaﬁlé Apfeieht to each

(spandex or hard yarn) freely by attachjng one end
ont o semile -1 S{demter P RO¥h Hdeoie lorRPAE0)o oS the

stick. Attach a weight to each sanple (0.1 g/denier
for haetghyslowly.Gllowmgthe wieight twhﬁapgg%@isgbe end effbe yamesample
wei ght slowy, allowng the weight to be applied to -
t he emitholtimpactyarn sanple 5 without inpact. Record
the I ength nmeasured between the marks. Repeat the
meas uRecwd the 160gth wBeasenep betsveem the mfrkss Rapdakibamepagizreaents for
yam Cal cul ate the average spandex draft according to
t he f 6lshmplengacfloofipphmdex abd hitl yar Lengt h of hard yarn
bet ween marks) = (Length of spandex yarn 10 between
mar ks Calchfatd the avedapt spandex dref ncdoedihg tethe following tforenula:
prior art, it is usually not possible to neasure trje
i n- f alpyrdfe=$NepeR o f Hird fylm boikenl iarke GaWeRsthhe spargiex yam
tenperatures needed for spandex heat setting wll

- SOf t ePeildEn i ex yarn surface and the bare spandex
will tack to itself at stitch crossover points 16 in
t Nere it ¥ob o K on hber SBCGAMIR: BorttC R id Wbty SAAE6IE b5
poi nts, one cannot de-knit tabric courses and ‘extract

me R aggc %deg d%%lé rgnﬂ%sl gkeﬁ%’ﬁéltrse {ﬁ%géheteﬁﬁgﬁluﬁés fdeled for

I'e-punc
spandex heat setting will soften the spandex yarn surface and the bare spandex will tack

to itself at stitch crossover points 16 in the Zabric (FIG. 1). Because of such multjple tack

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

Fabric Weight---Knit Fabric samples are die-i: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
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Each cut-out knit fabric sanple is weighed in grans.
The "fabric -weight' '"is then calculated as
grans/ square meters. 20 Spandex Fi ber Content-Knit
f ' e de-knit manual ly. The spandex is
;Zggdrog/tﬁ(ggsfsf rom t he conpani on hard yam and WeiI’g(;jﬁ{aUtals2(\}/(\)/i4"t0}17364
a precision |aboratory'bal ance 21 WO 2005/00%#83
or forspbalgues: (HiTe3Bnder pORIEH 45 RTesRAdAN i, PFRAtags.AfRgndex
content is expressed as the percentage of spandex.
welghit g fabrie weahti ¢ wei ght. Fabric El ongati on- - The
el ongation is neasured in the warp direction only. 5
Three fabric specinens are used to ensure consi stency
of results. Fabric specinmens of known length are -
mourRabeticdtlongationt-sThcelongatiersis orpasired &y theayp dispgiononly.
representing | oads of 4 Newtons per centineter of
Thteenfyblic syesiradns achsed tooensire coppistiner nfrestlie Egbuisispegimens of
are exercised by hand for three cycles and then :
knasrhdewth e nthamtpdfontres stitineexésnsion desthr, anchwyeighkts rerfresepiing loads
wei ght ed speci nens are then recorded, and the fabric’
of ¢ hDsvgahs Pt cestimeabroafllatgitare iffackid totkagmeecimenss plheispegimens are
each of 60 x 60 centineters, are taken fromthe knit
exdraivell by hahd Re tlebaeycha alié than ellcvairo haegifreeaThe extgededflengths
the fabric square, and the di stances between the
of IR WSighted spirichs ald s RR6IdSERAd Siecfabrive loagatioaris talbilgted.
machi ne washed 3 tinmes in'a 12-m nute washi ng nmachi ne
cycle at 40C water tenperature and air. dried on a 1§
table in a | aboratory environment. The di stances
bet v@aiitdpe--SivisspeBitiens, Bach $£80% 60’ RABaSHS rd aken from the knit
caldUTﬁTéﬁghe amount of shrinkage. Face Curl--A 4-inch

fabfich- TIEd sitd hadl@ G drah ndR CRd) cdBdl BRhe fSReCiqiRi?, ks thuldistances

rom the knit fabric. A dot is placed in the center :

bqﬁ‘;eéé}ﬁe SOHA Re nGEE PR sp%{nmbﬁs £ 8eA sitfulchiihifemachine 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..160111 x 10.16¢m) square specimen is G;It from
the- kmit fabric. A dot is placed in the center of the square, and an ‘X’ is d;awn wzth the
&ot 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. Thg X is carefully cut with a knife, and then the '
fabric face curls of two of the internal pOl'I.It.S created by the cut are measured méﬁately

and again in two minutes, and averaged. If the fabric points curl comlﬁletely in 2 360°
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20 dot as the center of the W The legs of the "X are
.2.(5.08 cm inches long and in line with the outside
comers of the square. The Xis carefully cut 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 m nutes, and averaged If
] Itchtclewfabric poi nts curl conpletely in 360 22 23
circlej thelcert it heedal 1.0§ Fiff o f ko curls onl
180, the curl is rat e(gﬂgo%;n an ’21668{]1:.[ lstCf?(rE J%v%cﬂ%gon‘ Curl

valu 6840k 1dsSafe AL ept abl e. Cover Factor: The Cover
Factc;r is a ratci%ég%d is defined as: 5 Cf = J(tex) =

L X i s the-granms wei ght of 1000 neters of the
ha SECFLG H L is the stitch length in mllineters.
FI is a schematic-of a single knit jersey stitch
pa&%&?."e‘@%‘t‘?ﬁlsﬁﬁé‘mmd isdhfsed as: t he pattern has been
hi ghl i ghted to show how the stitch length, "L" is
defined. FolCfyandted) #dtric count Nm the tex is 1000
"Nm and the Cover Factor is alternatively to

wher€ X! RIBEEaAS WGbh OV ek @(‘Qﬁ{gl\' D..

SHFFT WO 2005/ 051153 Org@f’?{*ﬁéjig’g%y%%ﬁm F&E%ﬂ%length

in mili 1 | gw set,s forth the knitting conditions for

ey ﬁ‘ﬁé‘é%rﬁg &3 PR e temtatic of a singleknit Jesepystiteh PRGN 0ONT 6 the

stitchAet ethused f(i{%qé)he spandex feeds. Lycra(r) deniers were

11ehgS i e patigrn has peom hiphhi ghated tashovalialy ¢l stitold Id@t, €K is defined.
respectively. The stitch length, L, was a nmachine

For yamstof mptriqeding Nmpek ook SU000EN@SakEhe @Stk Ficief it dMfematively
tests for both as-knit

expressed as follows:

Cf=~(1000/Nm) + L.
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fabrics (prior to any finishing), and for finished

fabrics. Values of curl were acceptable for all test

conditions, and will not be further discussed bel ow.

ed tensions are listed in grans.

S‘gﬁg‘{ag%@%% centi Newtons(cN). 10 24 WD 2005/ Og)Pf% HodhiFrase

PCT/ US2004/ 017364 TABLE 1 Knitting Conditions Exanple

Lycra(r) Lycra(r) Spun Spun Stitch Cover Lycra(r)

Machi ne Type Denier Yam Yam Length, Factor, Feed

Gauge, Type Count, L, Exangdesfge®8i on, needl es Nm grans

per inch 1 T169 40 Cotton 54 3.06 1.4 5 28 1A T169

40 @abledrbebotv StDBrth the IitE8g cchditiens o tiecxanpledaitatgys.

-1.4 1 28 3 T169 20 Cotton 54 3.06 1.4 0.8 28 4 T169
Ly2:@0yp el Bbr X582 wekhisdd B8 theSpiGex 26dsCdiycra® denids $gre 40,

1.2 1 28 6 T169 20 Cotton 68 3.06 1.25 1 28 7 T169
302&hdQ8Y, oM diek, 33dex, hnd22itedd respeclik@ly. STheGitdhdengiB, 12 was a

1.4 1 28 9 T169 20 Cotton- 55 3.06 1.4 1 28
mdRhingestiag. Tibid 26aloRGukabiatiod Koy résil of the tst? for both as-knit

fabrics (prior to any finishing), and for finished fabrics. Values of curl were acceptable
for all test conditions, and will not be further discussed below. Spandex feed tensions are

listed in grams. 1.00 grams equal 0.98 centiNewtons(cN).
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TABLE 2- RESULTS As-Knit Fi nished Mxinmum Maxi mum

Lycra's Basis Length Basis Length Content
Wei ght ,

Shri nkage Face

Curl,

o edteo1Esongati on Fabri c,
Exanple g/m2 % Draft g/ n2 % Wei ght by Weft 3
169 2.7 306 169 7.6 7.4 x 5.7 1/4
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 x 4.2 114 4 200 84
1.9 229 65 6 2.9 x_3. FABLE 15 204 139 2.2 204 114 43
16.1 x 0.7 114 6 FewtingConditipps 98 7.1 12.4 x 2.7 114
7 191 147 1.9 208 104 6 4.0x4.3 114 8 168 99 1.7 178 ..
Efonple . LyGa® >Lysra® 3/ 4 Spon173 Swup Sitgh1 1 Loyen bygra® Machine
1.3 1/4 Twe 1Deniens 1.Yarr07 9BameLangth.3 Ractury 1/ Xeeds Gauge,
WO 2005/ 001183 PCT/ USZndé/ 01Geed, Iowampl e 1CHTgrsionaf peedles
wi t hout Heat Setting (jprior ariNm The 40-denier £RIAg eRer inch

To ova .

i nk

El ongati on Lycra*

Warp Fragi
%&: 5}%51%%/017354

A 266 169 NA 204

Teed tenston was 5 grans (4.9 cN), which is in the

25

1 range ofigd to 64N rnmgwaendedsd n Bls prididart. 5 28
jBecause pfgot he cqompr gstiore for s oB.06he 5 Isbandex,5 28
o the as-kpigh fabrie bagtenvei ghtsanas 3tiegh (2669/ M, Bnd 28
3 higher stidel in sdie dguahshed fsbri 3.063069/19. 0.8 28
4 Shrinkaggigal so exgeedafios% i N t4ze | epgth di.gection.1 28
5 These . T169 20 Cotion 54 357 1.2 1 28
6 "T169 20 Cotion 68 3.06 1.25 1 28
7 T169 20 Cotton 54 3.06 1.4 1 24
3 T169 30 Cotton 68 2.75 1.4 -1 28
9 T169 20 Cotton- 55 3.06 1.4 1 28
- Polyester _
10 Ta62 20  Cotton 54 3.06 1.4 1 28
TABLE 2- RESULTS
As-Knit Finished
Maximum Maximum Lycra®™

Basis Length] Basls Length Content in Shrinkage Face.Curl,

_ Weight, Elongation| Lycra* Welight, Elongation Fabric, % %,. Warp Fraction of

Example g/m2 %| . Draft =~ g/m2 %  Weight by Weift 360°

1 266 169 ' 2.7 306 169 76 74x5.7 174

1A 266 169 NA 204 115 765 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 14

T4 200 84 1.9 229 66 G 29x38 14

5 204 139 22 204 114 48 16.1x0.7 1/4

6 164 123 2 178 98 7.4 124x27 114

7 191 147 1.9 208 104 6 40x4.3 114

8 168 o9 1.7 178 89 121 5.86x44 3/4

9 173 80 2 229 12 59 24x13 1/4

10 190 104 19 - 207 96 . 64 3.3x3.7 1/4
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val ues exceed commerci al objectives, and the knit
fabric woul d need to be heat set before it could be
made into a garnment. 10 Exanple I A-H gh Draft with

..ng (prior art) The knit fabric of le 1
m'iﬁt?&ug?%%dghed and heat set at 190C for 60 segpgﬁ 20041017364
The as-knit wei ght and el ongati on properties were the
same as or Exanple 1, but heat setting reduced the
finished fabric to 204 g/ n2 and 115% el ongati on, which
Egdiifipleat hyigle Pirafttichdud Heat Seitihgprioriartel astic single
jersey fabric. Shrinkage was acceptable. 15 Spandex

dr aftheod desiat pahdexdédieiitn Wes Npass (49 ciY, vithieh is in the range
anal yti cal nethods above, as the heat-set fabric

of il FeNWRicoREn &Rl i tht PRoPAE MikudeRE tHRTOMpSREiRESirces of the

tacked together. The "spandex content, however, was

'S xS A Bs it AbriEY APV Stk waE kB L 66/t 2a e Higher still in the

enonstrate that heat setting s required for prior
ﬂIF{B% G0 O%E)ﬁ I shlifiGRl Ao KRkLdeR 785 the 1enitA W ifockiBh.S EHese

aejral csct{13at inzgor por a#e p? at ed E:bare sp%nd%tg. 20 :
fﬁg &8 B &@g RHRIEH R 1S beHeaiot before
v er&n%eg?%ﬁ)%%%(erregﬁ\%@g%g? tT{tnigggcount V\%S 54 Nm athe
. , the spandex denier was 20, and
lt?ﬁﬁgéﬁéﬁgéﬁt&g%ﬁﬁéé 2.0. The 26 WD 2005/001183

PCT/ US2004/ 017364 spandex was Lycra* Type 169. The

knit fabric was not heat set. Knit fabric finished

e a5 R A en AR AR 3 Temer o

RHER T Ay i
RS S, SRIIEE SRS, L s 8 LI e
s e e e tibR: o RG0S 1158 Sl gation, which are both
desirable for circular knit elastic single jersey fabric. Shrinkage was acoepiable.

Spandex draft and content could not be measured by the analytical methods ﬁbove, 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 prior methods of making circular knit elastic

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

Param eters 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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fabric was not heat set. Finished values of basis
wei ght, elongation, and shrinkage were acceptable. 10
Exanpl e 4-1nvention: H gh Cover Factor The stitch
I reduced to 2.3 mmso that the coves. f
aggg%ggg?%near the upper limt of the invenﬁﬁgﬁg%#ﬁénau
knit fabric was not heat set. The finished fabric _ .
sovndgrtwasdsycrad| Tyoe 169y The igiit fpbriowgs met haaheptt Kait fabric finished
el ongati on was 65% practically at the 15 lower limt
vatueg 0fbasisweight, plongatipn garhsheinkige weredcaemiede.  Shri nkage
was quite | dw Exanple 5-~Conparison: Bel ow Limt
Cover Factor The stitch length was increased to 3.57 '
nun in order to reduce the cover factor to a value of
EXatnple Bi-sInvahtien: RedoeddTensiom dndidraftof t he i nvention
(lower Iimt - 1.3). The knit 20 fabric was not heat-
set . Theatisdeitrbpdudex foat tegtibn swas loelversd ad 0.8rgramms .78 cN). For the
acceptabl e, but the shrinkagé was not (length 16.1% .-
PADhRuSpRAGMG Hlickite a8 sSpaalisoyah bghl this aboy eidiniim value for feed
because, probably because of iInteractions of spandex
teisdd foBaibMirkddintiiniiMEedEetaked € Froml theatupplo Peckaga t Theknit
| engths. 27 WO 2005/ 001183 PCT/ US2004/ 017364 Exanpl €'
fbridoRBPaGt e S ket. HIAEIRA vBRWNoNER weeidht, cigatida] ma shiifittdge were
Cover Factor Cotton spun yam count was increased from
a®beptab1£8 Nm for this exanple. Stitch length was .
maintained at 3.06 nm so that the cover factor was

" reduced to 1.25 by this 5 change in spun yam count.

The knit fabric was not heat set. Again, the fabric

j a A i & ceptable, but the
E‘%‘ﬁ@&ﬁnﬁ\xggﬁﬁggﬂ %gazgﬁ‘ér:ﬁ%ngt h). Exanple
21 nvent ion: ;. D - a :
R Il bEL RltbodfBERAin GBHER diObiel RGTRER1 BT, near

nodel N a gauge o needl es per

thee upper limit of the invention, The knit fabric was not heat set. The finished fa]:»ﬁc :

" weight was relatively high (229 g/m?) and the clonngation was 65%, practically at the

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

~ Example 5—Comparison: Below-Limit Cover ¥actor

The stitch length was increased to ?.57 mm in prder to reduce the cover factor 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
shirinkage was not (fength 16.1%). The spandex draft was also slightly above 2.2
because, probably because of interactions of.' spandei drafting by knitting needle friction

at longer stitch lengths.
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10 circunferential inch, was used to knit the fabric
of this exanple. Al knitting and fabric design
variables were within the invention. The knit fabric

at set. Fabric weight (208g/r2),
‘(’\ﬁ%id(%%(g% shrinkage (4.3% nmax) were all accept g%?ﬁm/ﬁﬂs@
and directly conparable to results of Exanple 1A
wherein the knit fabric had been hat set. 15 Exarrpl e .

ten The s de enj.er
KR 6 G s BRERGT Soue St boimCand Below S it eyer Tactor
|ncrg:a§ed to 68 Nm denler reduced) so_that the
spantt@eeL PP SAT ‘?"Hmt‘WéS mgsased ﬁ?‘ﬁéf‘é‘h@%ﬂ“’tf@f@%@ﬁmﬂe Stitch
Thi,s content was_hi gher than the other exanples, but
length yas fpaipfamed 3.0 Ty 59 thet theovienfastor wemredwpadite §.25 by this
| ength was reduced to nmamintain the cover factor at
caavﬁe Inrypen Yeroigepet. {T4g mat fphic et nofdsat sgletAgaim e febric weight and
ht, elongation and shrinkage were all acceptable.
elzsg Heasroentaids, it the spnbageoraasi (128% fpleasth).
-Invention: Different Type Spun Yarn Two hard yarns
‘were plated, together with the spandex, into the knit
stitches. The first hard yamwas spun cotton wth
Egample Golngention: DifferéntNMiacliine Gamgend hard yarn was
conti nuous filament polyester yarn of 83 dtex and 34 °
fi | aKuitiing midhéwanwiel ®LpKSBRAC, Svithaggupesf 24 idedid@pedt ex
(20 deni er) spandex. The conbi ned hard yam count was -
cisGuremential eshiwad usbdibo kait drcfabiid ofthistex@nfle. KHlkniting and fabric
wei ght, elongation and shrinkage were all. acceptable.

ddsigayatiebléOwere wethin the: inPasionMrdekhk fibfic @ ndihee: set. Fabric

Spandex Yarn 10 Process paranmeters were the sane as in

weigh(208g/2?), eloagdtion (Pedospali thrﬁkﬁgét(tl 39PARMSYerY afl Receptable, and

Lycra* Type 562 ( easy=set') : :was used for the spandex

diketlgl corhp@atie td resiiR Exaﬁﬂﬁe R whééh ﬂsfeﬁ&nt fﬁﬁ%ﬂzfd%eléﬁrlﬁat set.
accept abl e, and conparable to exanple 2.
Example S—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 fabnc was not heat set. Fabric weight, elongatlon and shrinkage were all acce;)table
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WE CLAIM 1. A nethod for nmaking a circular knit,

single jersey fabric in which bare spandex yarn from

17 to 33 dtex is plated with one or nore spun or

RambdosAws fil ament  hard yarns, or blends t

with yarn count from35 to 85, and in which pﬁﬁﬁﬂﬁmmmnmu

spandex _and hard yarn(s) are plated in every knit
EE@HP@@TBNE)?%ECQ"% entcTYRE SRIM XAYR | si ngl e j er sey

fabric with a cover factor of from1.3 to wher.ei n

t he Twiphard yaamwers pipteds dagethen with g ﬁpﬁgie#ﬁew&hefl@taﬁtches The

t he spandex feed so that the spandex arn is drafted
fipspharéigare. was sun ootierewih geurit 6 Nss of 1d. ﬂﬁeFeP@dd%aﬁd,ym

when knit to formthe circular knit, S|ngle j ersey
whsgomiigyous fiteohentipolyestgr sard od B idtey and 34 Glaimentsa Btiese ward rlated

mai ntaining the fabric at a tenperature bel ow such
toigethprovight 20 dex 2 dender) spandent Thetonbined dpulioxco@t Wiscd5 Nm.

met hod of claim11, wherein the knit fabric maintained

The krtiefiric wasunetsheabset.oFatiB0OGighty ¢lougafiomarstshrigkageiwere all

10

drying. 3. The nethod of claim1l, wherein the knit
adcegiable. has a length in the warp direction and is
dried or conpacted while subject to an overfeed in its
l ength. 4. The method of claim1l, wherein the knit
fabric has a spandex content of from3.5%to 14% by

Ex@hgleti obamechton:lat MR DIFRDEIt Ty Sphiddaraxpguar e
meter. 5. The nethod of claim4, wherein the knit

f abrpieediaparBnfeRad e O Bneis iR Exakplen) Sieptohat QPdiBkrent

wei ght based on the total fabric melght per square

spiBdIyard Lydr® T¥pk /360 (Rhsitic) Wad usedTe 1BE Ehahdtik £RME The knit
Ijfigctor of the kni t fébrlyg?g 12 7. The met hod of

261G WaR dot AR Redultd wahd fGeRlIB fahd BSmPRsb19to IRinkHIS beps
sel ected fromthe group consisting of: cleaning,
bl eachi ng, dyeing, -drying, and conpacting and any
conmbi nati on of such steps. 8. The nethod of claim1,
wherein the hard yarn is selected fromthe group
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consi sting of spun cotton and cotton bl ended wth
synthetic fiber or yarn. 30 9. A circular knit,
el astic, single knit jersey fabric nmade by a nethod
for making a circular knit, single jersey fabric in
whi ch bare spandex yarn from 17 to 33 dtex is plated
A h one or nore spun or continuous filanent hard
MEECLﬁﬁﬁns, or blends thereof, with yarn count from35 to

1.85, Awmthod Vdvi mbkinbes sipauigiekniRthdi@ ets¥@falri) inatibch bare
pIath [ fv%ry knjt course to produce the circular
spandex ygt frogy ﬂé Qop st ip Rlatad withiong of reereesPUTHRR eaNntipLons Hrament

. R i t | ;
hr v By Rer a4 b Col RS S 30 o s
and hardszfaan(@éarq/ ataht?d i dyearfythkendt m:ltmrse tmpmj\,\tﬁbahﬁ Lioutar k?it, single jersey
. .elongation of ;jts origin engt en knit to form
fabric wif 68T EMaP ot i P2 A E whedh e iprpiement Comprises:

contrdilinbitAe drav ofribie %ahﬂéx FeUd sé pbftitce é?t'ncge RS dRAS no

the fabric at a tenperature below suc nper at ur e

more thapelf@% elpnaatine A itserrigingl lengthaehen kit toTleemcthe aircalar knit, single

: .t elastic, single knit jersey fabric of claim9,
jerseyfa%ra&dn the hard yarn is cotton or a cotton bl end,

finishing Aed tajing the kAR Galsrc While MAKAINNE el et Shtemperature
erature required to heat set the spandex, has a

t
below Suggggprgpq@twregpirpg derheabseighespagder. 11. The circul ar
kni t i -nal ki Lc.of.claim9
2 uner B EHAOG pf B € wifbcbin RSt (RBFK il Velperatures

below 160¥irperiag finshiregand edying. heat set the spandex, has an
el ongati on of t 60%inits |en

t | s | ength _
Sdire ‘?B]%thf_i%.c’?%éfggﬁaﬂélﬂrﬁm fhﬁimtf@b&éha@%@;g i themearp
Ao oG B PacR Qe SubRPLR M b rerd Y Pt

4. set Themsthoed okclaéa ul, whegeinithe knftdhibiic hhg ¢ spgandex content of
13. A gar nent

from 3.5% K 247 B vl iR Gt el tei vt o6 aaiberer

5.] er Sy o of BRHAE 4, wherein the knit fabric has a spandex content of
from 5% to 10% by weight based on the total fabric weight per square meter.

6. The method of claim 1, wherein the cover factor of the knit fabric is 1.4.

7. The method of claim 1, wherein finishing comprises one or more steps
-selected from the group consisting of: cleaning, bleaching, dyeing, drying, and compacting
and any combination of such steps.

8. The method of claim 1, wherein the hard yarn is selected from the group
consisting of spun cotton and cotton blended with synthetic fiber or yam.
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at a tenperature bel ow such tenperature required to
heat set the spandex, of claim9. 31

9. A circular knit, elastic, single knit jersey fabric made by a method for making
a circular knit, single jersey fabric in which bare spandex yarmn from 17 to 33 dtex is plated
with one or more spun or continuous filament hard yarns, or blends thereof, with yarn
count from 35 to 85, and in which the spandex and hard yam(s) are plated in every knit
course to produce the circular knit, single jersey fabric with a cover factor of from 1.3 to
1.9, wherein the improvement comprises:

controlling the draft on the spandex feed so that the spandex yarn is drafted no
more than 100 % elongation of its criginal length when knit to form the circular knit, single
jersey fabric; and

finishing and drying the knit fabric while maintaining the fabric at a temperature
below such temperature required to heat set the spandex.

10. The circular knit, efastic, single knit jersey fabric of claim 9, wherein the hard
yarn is cotton or a cotton blend, and the fabric, made at a temperature below such
temperature required to heat set the spandex, has a basis weight of from 140 to 240 g/m?.

11. The circular knit, elastic, single knit jersey fabric of claim 9, wherein the
fabric, made at a temperature below such temperature required to heat set the spandex,
has an elongatioh of at least 60% in its length (warp) direction.

12. The circular knit, efastic, single knit jersey fabric of claim 9, wherein the
fabric at a temperature below such temperature required to heat set the spandex resulting
in a fabric having a shrinkage of 7% or less after washing.

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

at a temperature below such temperature required to heat set the spandex, of claim 9.
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