TI TLE STRETCHABLE FABRI CS COVPRI SI NG ELASTI CS | NCORPORATED | NTO NYCO FOR
USE | N COVBAT UNI FORMS BACKGROUND OF THE | NVENTI ON [ 001] The invention

rel at es twoaodealssize woven from conposite el astic yarns, petriushossomess se

i nelastic yarns of nylon and cotton and el astic yarns, and inelastic yarns
conprising nylon and cotton. The el astic yarns may conprise spandex (or

el astane) and nore generally pol yurea-urethane polynmer. LYCRA(r) brand
(fromINVISTA(r) S.a r.l.).of spandex is such a yarn. Gt her elastic yarns
may conprise polyester polyners in tﬁg Ti g m of bi conponent filanments. The
fabric of the invention is suitable e in the manufacture of garnents
used for conbat uniforns as well as for civilian applications. A fabric
conpri si ng SIRETCRABLEFABRICSEOMPRISING EEASTICS INNVGRPUIRATED wt . %

nyl on/ 50 wt . % cot t on INDIOWNYAQRO FROR USEIN GCOMBAT UNFFQRME from about 20 to
about 50 % abric stretch Fabric qualities such as breaking strength, tear
strengt h, gQn resistance are maintained or

i nproved ov T cs, making the fabric of the

i nvention gggir qiah @mfeaﬁo@métemtd ﬁBﬁc w;bn B8 ednhjoRitY eMtid Ririid wiwich ot her
civilian applications. The invention also relates to nethods for preparing
such fabri cs,commisganalestic yamadé nyloprand isetten ard Jhgis yartsaprd welastic Fi el d of

t he I nvention 002 Combat _uni f i nal
needs due to YHeE W Sn};\grn%?n 4y CrR(?f)tnl 3‘\{‘[%.62@9?%%{“ ?rhi/ C%Hg’r @Q H;ag‘ﬁ‘g’%gg ed in

and envi r onmedlisarieh aid tooge g@@f&lfy p&ylﬁ&p@&ﬁﬁmé olyﬁwﬂbaNGRA@aﬂm must be
desi gned to provide the wearer ange of notion in_order for the

wearer to per(ifmmvlsél?A@tsyab\‘)%f(ﬁPPWetXH%UCh,@dﬁﬂr{H Qi"%fle%ﬁs“‘f M@“? H#ic used in
combat uni for g5, t hedg@ist cold
or heat, chem ca@ﬂgi)log’g%&‘gﬂ%eﬁﬁgﬁ?% %gog 15elx (ﬁen%go rea |ng, tear and

abr asi on resigsfttha ﬁB/eﬁtmcISn dunadhle fdrynsam tshelnhanaﬁacmre of garments used for

combat uniforms as well as for civilian applications. A fabric comprising about
2% to about 4 % by weight of elastic woven with 50 wt.% nylon/50 wt.% cotton
yarn has been demonstrated to provide from about 20 to about 50 % fabric
stretch. Fabric qualities such as breaking strength, tear strength, air permeability
and abrasion resistance are maintained or improved over known nylon/cotton
fabrics, making the fabric of the invention desirable for applications such as
military uniforms and other civilian applications. The invention also relates to
methods for preparing such fabrics, and garments made from the stretchable
fabrics.

1. Field of the Invention

[002] Combat uniforms have special design and functional needs due to the wide
variety of activities that the wearer is engaged in and environments that the
wearer is exposed to. Combat uniforms must be designed to provide the wearer
a wide range of motion in order for the wearer to perform a variety of activities.
Additionally, the fabric used in combat uniforms should provide some protection
for the wearer against cold or heat, chemical exposure and should also exhibit
good breaking, tear and abrasion resistance for durability as well as air
permeability. Further, the fabric must be capable of being dyed for camouflage

purposes.



perneability. Further, the fabric nust be capable of being dyed for
canouf | age purposes.[003] Over tine, fabrics and uniform desi gns have been
devel opedwbhais/dsassadvant ageous for use as conbat unif orogustoosaudizseul arly
useful fabric that has been widely used is NYCO a 50 wt.% nylon (such as
nylon 6,6) and 50 wt. % cotton prepared by spinning the nylon staple fibers
with the cotton in such a way that the nodulus of the nylon is consistent
with that of the cotton. [004] Due to the qualities of prior known fabric

used in co i forns.. the unif.orns.typically h be.designed to be
ose and_ B0ty Blet FRE i S osse By desl 3 SBeRin R Snever
require nore jdRhiagedu’ddor st A6HDE: Whicths C Arpdaitaryneesilfabricthai kg ef fects
such as increased overall %{Iarnent wei ght. Additionally, a nunber of wearers

of conbat uni besnrridakusedis Y KEOs gisRiveomiyken (BRSO endH) Wofam desi gns
d fabri h i i . t did. h
Fobrt a6 o B by b i At ARBRRYE, ¥ eqibh i Bkn A SOOI

back and el bowtat the$odulisidf digmyles ispedsisehngitivVeilat bbhe)cotton.hol d sl eeves in
pl ace have been found to be restricting when the wearer reaches for an

obj ect . [ 00844]sonsi tadhe,gnakitipk olprion o fARTIITH AN EPRB URKERS: dbfshi p of
Fabric Extensjhili : I 4 i rvggﬁ{:gr

Per f or mance, q@;(%#éypggasl@;&a?ﬁf??gﬁ grllg+éa t?:’%ggésgq‘%gqgég%g%lgﬁg t he dfglslglf osure
of which is ihoss aatizigey deyigns hewevarereqnieamorelibst thainrs acelad wdfictda@ body in
t he knee, seaj, back .and el bo b tudyin kin stretch at regul ar
intervals. Thé@‘}’ed)é‘%‘ésr“??gf?e%‘&et#ﬁ%tq %’Gglas E%F‘iﬁ‘ggf?vé’ff@;g%}?“(/‘é(ﬁgh?r om 15% to 50%
for these bodygatieasiy, hdBGIbePasREatR P tbRBh: Wiifodih Weld 6he Bpinfadhthhc stretch
| evel s necessary to dcconmpdate skin stretch can be determ ned. Garnent

desi gn par anepevpubésewonniférins deségnsranil fizhrics had Fr mextefabtie fo Bighimeni ng body
oarrent s, eauLig 9558 Sy AEFAGH ABATD HRVELR ORIy PR phLbEC 0% oS
garnment wi th biner BBYaredsabER & Sbibhélnasbelbod. My, uBifent 8éstdhs using

Velcro® to hold sleeves in place have been found to be restricting when the

wearer reaches for an object.

[005] Studies by Kirk and Ibrahim, Fundamental Relationship of Fabric
Extensibility to Anthropometric Requirements and Garment Performance,
Textile Research Journal, January 1966 36(1), the disclosure of which is
incorporated by reference, measured strain areas of the body in the knee, seat,
back and elbows by studying skin stretch at regular intervals. They determined
that local skin stretch can vary from 15% to 50% for these body areas.

[006] Based on extent of skin stretch, fabric stretch levels necessary to
accommodate skin stretch can be determined. Garment design parameters bear
on this determination. For example, conforming body garments require greater
fabric stretch levels than looser fitted garments. Factors to be considered include
fabric friction, contact points of the garment with the body, fabric stiffness and
fabric stretch.

2. Description of Related Art

[007] NYCO fabrics are made with staple yarns of cotton blended with specially
engineered nylon staple fibers. NYCO staple yarns and methods of making and
using such yarns have been previously disclosed in U.S. Patent Nos. 3,044,250,

3,188,790, 3,321,448 and 3,459,845 issued to Hebeler; and 5,011,645 issued to
2



2. Description of Related Art [007] NYCO fabrics are nade with staple yarns
of cotton blended with specially engineered nylon staple fibers. NYCO

st apl e yawooesndssset hods of naking and usi ng such yar nspoans28em286
previously disclosed in U S. Patent Nos. 3,044,250, 3,188,790, 3,321, 448
and 3,459, 845 issued to Hebeler; and 5,011, 645 i ssued toThonpson, Jr., the
specifications of which are incorporated by reference. The specially
angngereq nyl on fibers have been found to have an equal or superior

oad- bearing capacity at the.break-elo tion char ristic ofwthe natura
fiber with RSP g ﬁﬁeéﬁ%"é%d?cag%% § SBRE S MRERRARA P ieThebfee et ber,

i nprovi ng t hepstih@Petdndtedilyeftibat hand been famd boltavegbqladadsipesor ng nyl on
staple. This in turn provides substantial inprovenent in abrasion

resi stance ardagbédringgapasity $t ﬁw&ée%v@pngﬂt@vgge@mynwhﬁyww &8¢ on

bl ends. [008] . L faprics nt 1 Afor: ?50?1?% ni f or ns.
For exanpl e, ‘ng%ﬁétlgﬁtb?el{}gg&é&bg%%go Hll%g gﬁglg nttd%g%?nl{eg’ém@t. a t,hléand uU. S
Pat ent Appl i calehoh JPBRIniE 8t dodtdnNad théhigh Mshd0AAAG hyldh stapte. tTies matwen of
Santos et. al. (fogether, "Santos"), the specifications_of which are

i ngor por Ft_t ed myvides wibatapiéal impveBeht AR GESHAIS WA PIUPSIEHENCEr nilitary
and civilian | I t i ques for printing the canoufl age
pattern onto ‘%q’ggk’%egf"ﬁ#ﬁ’g&é’?@fnﬁdé" gt?(rfé}@gdi sclosed in Santos conprises a
NYCO f abri p008] apprOXabrizs ebntih@ to beapal tpday fie comphiomifoyme. BoGexammld,act ur ed

by INVISTA S.a.r.|l. as type 420, with deni er per.fila f hetween
1.6-1.8), Wt‘ﬁ-stﬁéte?@ﬂ%rg%f?%& e%sé@ﬁf’itag“g‘n%ﬁﬁé’&’glﬁpﬁw&’aﬁpf*?&éﬁ 8%di scl osed
that other Cefl’dﬂfi'ilcgt*?drgNI).'I@@QQQ4/§M5@%IEYIP%!ﬂame(@'SaH®s'éﬁ@ﬂ! (idgsthead of
cotton. The preferred weave 1s left-hand twill or twill derivative,

al though it i‘Sadics?), teesgedificttions hEwhivhavemcamppraied by ederemre difrlost osed
wei ght of the preferred fabric is 6.0-6.6 0z/yd2. 24 g/ n2).
SUMVARY OF Tlﬁéﬁ}%é&ﬁf%ﬁﬂt %@“ﬁ‘%&@ﬁ@@hﬂ%ﬂv B apRE g RPag T, hal e
fabric for usgctriquesms ifink ehdEansufhat phttich onttsrabel Ohdprefaafedifhladd i ons
where nobility, tear resistance, air perneability and abrasion resistance
are desir abl edisclosed in Santos comprises a NYCO fabric of approximately 50 = 5%

polyamide (nylon type 6,6 manufactured by INVISTA S.a.r.]. as type 420, with a

denier per filament of between 1.6-1.8), with the remaining percentage combed

cotton. It is also disclosed that other cellulosic fibers, such as Lyocell, can be

used instead of cotton. The preferred weave is left-hand twill or twill derivative,

although it is disclosed that other weaves may be used. The disclosed weight of

the preferred fabric is 6.0-6.6 oz/yd>. (203 g/m” to 224 g/m®).

SUMMARY OF THE INVENTION

[009] The invention relates to a new stretchable fabric for use in manufacture of

combat uniforms and other applications where mobility, tear resistance, air
permeability and abrasion resistance are desirable.

[010] It is an object of the invention to provide a stretchable woven fabric
comprising about 2% to about 4 wt.% elastic such as elastane (otherwise referred
to as spandex) yarns, with the remainder of the fabric a NYCO fabric comprising
approximately 50 wt.% nylon and 50 wt.% cotton yarns. The resulting fabric
exhibits around 20% to 50% fabric stretch.

[011] Itis further an object of the invention to provide a stretchable woven fabric
comprising about 2% to about 4 wt.% elastic such as elastane yarns, with the

remainder of the fabric a NYCO fabric comprising approximately 50 wt.% nylon
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[010] It is an object of the invention to provide a stretchable woven
fabric conprising about 2% to about 4 wt.% el astic such as el astane

(ot her wi swonredsss®ad t 0 as spandex) yarns, w th the renmaipotdarsz@bs/otdrss f abric
a NYCO fabric conprising approximately 50 wt. % nyl on and 50 wt. % cotton
yarns. The resulting fabric exhibits around 20%to 50% fabric stretch.
[011] It is further an object of the invention to provide a stretchable
woven fabric conprising about 2% to about 4 wt.% el astic such as el astane

yarns, with th ensi,nder of th bri f EG i Sl.ng
appr oxi mat el ya“gﬁ)th A)CH;&P%H%E aﬁ‘é)k@\)fn.lg/g%%t?%{%’q?é?s% ga%ﬁ%%%g{chgﬂagbout 20% to
50% fabric ste@iti tidkingstithBill of gipakhagadut e6MILL. i@fthgwagt difectiban about

160 Ibs. in the warp direction and greater than about 60 Ibs. in the fill
di rection. [ Omglereaterthar ghaukep lbsninothp &l ditseEtiohe i nvention to provide a

st r et chabl ; Lo or o ; ( i
71 s L s e 0 it © S
conpri si ng ap@neptisimt Moyt H0 tutabsatryk o dastic Schis. dastaietyamsywithshand havi ng

about 20%to 50% fabric stretch, breaking strength of greater than about
160 I bs. in tKEasenoithe dbriconNY P @P&lﬁfﬁempflﬂaa%%f&ﬁ%m% Y%tHsWt‘fOﬁ‘Y e fill

direction angangie‘ffywts.‘%.r c%ﬂgﬁga.l?)% laﬁ& g?\?gg ??%%QO%%goq%fath%m&H BBSHar P

direction an bs. int s further an object
of the i nventsdtengthefpredrdearpatont 6@ fabihehavswendifeation end grepter thiang about 2%

to about 4 wt.%elastic su s el astane varns, with the remajngder. of the
fabric a NYCHHLP Sc‘Br?E‘? ?‘Qicﬁrﬁcﬁcﬁbﬁ‘%ﬁf’ﬂﬂ%@?ﬁ% Rt han %’H‘% ™t . %
cotton yarns @B¢RANiRGioakads 189 e mPdhdcabni ¢ stretch, breaking strength
of greater than about 160 |Ibs. in the warp direction and greater than about

60 Ibs. in[@K fiis furthier enobisat oft tha inventiemigtirovitle gsuaiichable waremisdbte 13 | bs.

in the warp direction.an | bs. i e fi.ll diregtio I ernmeabilit
| ess than abo‘iﬂmrgglqgtab?}lﬂ?%/tf’ tag(il.lt {%é%el?sﬁlcisgg’ygestégm? ur){%ﬁ{e%r %Igbjt@%t of the Y
invention to RAWIELORHS FARICORYICD fdvie RomplEing approRith &S 0aOBnylde t 0

Pl

about 4 wt.% el astic such as el astane yarns, w t he remai nder of the
fabric a NYCOudai weZcotoniyamsgna ppying aheit 20% w0 fajyic stretch, breaking

strength of greater than about 160 Ibs. in the warp direction and greater than
about 60 1bs. in the fill direction, tear strength of greater than about 13 1bs. in the
warp direction and 8 1bs. in the fill direction and air permeability less than about
25 ft. fmin/ft.”.

[014] Itis yet a further object of the invention to provide a stretchable woven
fabric comprising about 2% to about 4 wt.% elastic such as elastane yarns, with
the remainder of the fabric a NYCO fabric comprising approximately 50 wt.%
nylon and 50 wt.% cotton yarns and having about 20% to 50% fabric stretch,
breaking strength of greater than about 160 Ibs. in the warp direction and greater
than about 60 Ibs. in the fill direction, tear strength of greater than about 13 Ibs.
in the warp direction and 8 Ibs. in the fill direction, air permeability less than
about 25 ft.}/min/ft.> and abrasion resistance of greater than 600 cycles to failure
as measured by ASTM D3884-01 titled Abrasion Resistance Using Rotary
Platform Double Header Abrader.

[015] Itis yet a further object of the invention to provide a stretchable woven
fabric comprising about 2% to about 4 wt.% elastic such as elastane yarns, with
the remainder of the fabric a NYCO fabric comprising approximately 50 wt.%

nylon and 50 wt.% cotton yarns and having about 20% to 50% fabric stretch,
4



nyl on and 50 wt. % cotton yarns and havi ng about 20%to 50% fabric stretch,
breaking strength of greater than about 160 Ibs. in the warp direction and
greater tweroenssi3s60 | bs. in the fill direction, tear sCTarsgdls/oe28greater
than about 13 Ibs. in the warp direction and 8 Ibs. in the fill direction,
air permeability less than about 25 ft.3/mn/ft.2 and abrasion resistance
of greater than 600 cycles to failure as neasured by ASTM D3884-01 titled
Abr asi on Resistance Using Rotary Pl atform Doubl e Header Abrader. [015] It

[ f 0bj f ' ' id habl
tantic compri eRgRaRGE Db, dafeb BT O GAGhY MBI ") o e

wi th the renmathagl@boic0tibe id Rrfilt didedNhPeirastieh gth G Fetatetheh #opt OXibgat el y 50
wt. % nylon and 50 wt. % cotton éar ns and_havi ng about 20%to 50% fabric

st r et ch, br eakinile ¥ar¢igrcHon ang 8dbg. ér thepdhdisgston, aivpermeabilifhlessamar p
direction and rs; b hai2 : i i L ecti r
strengt h of g?l:g%l? ggr ﬁf (1an ab’g%?gg?%géaﬁ?endﬁéﬁgvﬁg%ﬁ é(l)drj& ccgz%(}g?%hnuéé gél bs. in
the fill direstasured o ASPN DBARA-DI tiyled AdrusiduaResatanict (BAmd Rotarymi n/ ft.

abrasi on resistance of greater thapn 600 _cycles to failure as sured by
ASTM D3384- 0L PP DoNbflSsadir ALt S DU S R 455 UBIAEPBY hBoubl e

Header ADr g4 g?fé PIE?Q{oit}?er%f%\% b @k iﬂ\%ﬁt‘f%ﬁe tbgg}oeilae ﬁ:%aﬁgélg{?g‘églﬁﬁfréﬁl al S vet

anot her object he 1 nvention to provi gar ne roma
st ret chabl e wsietchablwivendabnr canpripizhawnt 2% tb abaltctiwt. % alestivosetlast i ¢ such

as el astane rns, with the remi.nder .qgf e f i r).fabric
conpri si ng a% AU W%‘Ghﬁf‘?m/}}lﬂ%ré’ﬁa?r#ag%aw¢/§@§?%%ﬁgqﬂn%nh havi ng
about 20% t o 5Q%.{iahitd ¢ 56 Wb illlon Rh& 36 WG Sbti@NEHrRs Afd KveRt Mout 2@ about

160 Ibs. in the warp direction and greater than about 60 Ibs. in the fill
direction, tetr50% fabmigtsireioh, pealing sirenganofagreater than pbent 106 lhshin thar p
direction and_8 Ibs. .in the fill, directi .al.r raeabi | e t-han
about 26 11 VAR Eogakd Sreklet neflabSicoths, i MEGTEMp L s BERA BC 1
failure as negsueethakbdf T8 IBR8S theldarh idireebn MidessIbeNninRes il dasefonlair ng
Rotary Pl atform Doubl e Header Abradey and,fabric growh of |ess than about
7.5% [017] | permsaBikity lassdhae pbayni2e &t /wn/itn eabrasieniesisineoohetedtp®an, gar ment

prepared fr OMydd cycles to failure as measured by ASTM D3884-01 titled Abrasion
Resistance Using Rotary Platform Double Header Abrader and fabric growth of
less than about 7.5%.

[017] Itis yet another object of the invention to provide a garment prepared from a
stretchable woven fabric comprising about 2% to about 4 wt.% elastic such as
elastane yarns, with the remainder of the fabric a NYCO® fabric comprising
approximately 50 wt.% nylon and 50 wt.% cotton yarns and having about 20%
to 50% fabric stretch, breaking strength of greater than about 160 1bs. in the
warp direction and greater than about 60 1bs. in the fill direction, tear strength of
greater than about 13 lbs. in the warp direction and 8 1bs. in the fill direction, air
permeability less than about 25 ft.*/min/ft.?, abrasion resistance of greater than
600 cycles to failure as measured by ASTM D3884-01 titled Abrasion
Resistance Using Rotary Platform Double Header Abrader, fabric growth of less
than about 7.5% and fabric shrinkage (or dimensional stability) of less than
about 3.5%.

[018] Itis an object of the invention to provide a method for preparing a
stretchable woven fabric comprising about 2% to about 4 wt.% elastic such as

elastane yarns, with the remainder of the fabric a NYCO fabric comprising
5



stretchabl e woven fabric conprising about 2% to about 4 wt.% el astic such
as el astane yarns, with the remainder of the fabric a NYCO(r) fabric
conpri si ngoapgwemsssgat el y 50 wt. % nyl on and 50 wt. % cott eoTHERevS/084286 havi ng
about 20%to 50% fabric stretch, breaking strength of greater than about
160 Ibs. in the warp direction and greater than about 60 Ibs. in the fill
direction, tear strength of greater than about 13 Ibs. in the warp
direction and 8 Ibs. in the fill direction, air perneability |less than

about 25 ft.3/mn/ft.2,_abrasiqgn resistance of greater than,600 cles to
failure as neaci’i’m"é@a"ﬁé’ ﬁ*ﬁﬂ%@ﬁ%@ﬁ?@%ﬁf’tm AR S AR AR ng
Rotary Pl at f of,mob0pBlie sl Sdre A A6 RMeth Glre G dh@NhBbR 160 BSinithe@n about
7.5% and fabric shrinkage (or dinensional stability) of |ess than about

3.5% [018] |warpslimptiobjretgreaer thae abons &Atlhom the il divéotion dearestiangihfodr

preparing a stretchable fapric c risin out 2%t q. about .4 wt.%
el astic such ggatgq a ﬁh@@éﬁﬁ% m &Ft"ﬁ‘r? ﬁgg$tboﬁaal“ﬂa€1fg S-gf ﬂ?%%ﬁ ﬁl.@ll%clrﬁo@’ 2'NYCO

fabric conpr Ip;én%@&mgq&gsrma@h%uws /9oy P Qibraditsh RGisthedolgbdtonthyans and
havi ng about 20%to 50% fabric stretch, breaking strength of greater than

about 160 | bs600iayclenéo faalupe & meastredrbyahdIYriads a0t titled Abission60 1 bs. in the
W et onCsnoReginGRe DRIy Plasilh Pofibic afief ABHact FlidSobh dfies o P

direction an I'rectron, air permng ess than

about 25 ft. hah M504 adl fabHE 86iMage €S ditamienad ktabiliet efrledshieam €500t cycl es to
failure as measured by ASTM D3884-01 titled Abrasion Resistance Using
Rotary Pl at f o3-A¥oubl e Header Abrader.fab ¢ growth of |ess than 7.5% and

fabric shrigigos: Qe HolRABLARAE &b ARchidib RbvidEsSutRRMMARRIE (heS% [019]

is yet hér ject o e’invention to provide a stretchable fabric
t hat subst ant subkiaptisthehsetsmiilitasy stastaadsdar gmbfstength abarsesistaggtehairt ear

(51 stance, L BSLIEb b, 00,1 B0, V! L SRS PR R AR B
[020] 1t i S yRicRNBHIEL c@RhfiGlusel il QfbaRufiRbiRn Lo provide a stret chabl e
abric that substantially neéts mlitary standards for grab strength, tear

resi st ance [020]r It is yet another object of the invention to provide a stretchable fabric that

substantially meets military standards for grab strength, tear resistance, air

permeability and fabric weight and provides substantially the same durability of

NYCO fabrics currently used in combat uniforms yet requires less fabric per

garment, resulting in a less bulky, lighter weight garment than a comparable

garment made of NYCO with no incorporated elastic.

[021] Itis yet another object of the invention to provide a stretchable fabric that
allows for increased mobility, comfort and fit in a combat uniform as compared
to current uniforms made from NYCO fabric.
[022] These and other features of the invention can be accomplished by a new

stretchable fabric for use in manufacture of combat uniforms and other

applications where mobility, tear resistance, air permeability and abrasion

resistance are desirable. The fabric of the invention comprises a NYCO fabric of

nylon 6,6 and cotton yarns in approximately equal proportions by weight

comprising about 2% to about 4 wt.% by weight of incorporated elastic.

Suitable elastic includes elastane comprising polyurea-urethane polymers, such

as LYCRA®. Polyester polymers may also be used as the elastic. The elastic is

incorporated typically into the fill, or weft, direction of the woven fabric. The

resulting fabric has been demonstrated to have approximately 20% to 50% fabric
6



perneability and fabric weight and provides substantially the sane _
durability of NYCO fabrics currently used in conbat uniforms yet requires
| ess fabrwo pevosgmsnment, resulting in a |less bulky, |ighktenusemsgiMsgar nent
than a conparabl e garnent made of NYCO with no incorporated elastic. [021]
It is yet another object of the invention to provide a stretchable fabric
that allows for increased nobility, confort and fit in a conbat uniform as
conpared to current unifornms made from NYCO fabric. [022] Theﬁe iandf o'lt)h_er
features of t Iy, tion can be,ac a new stretcha abric
for use in mat%%ft At Elple n%ﬁmt@glﬁ%%%ubqﬁ %B’n%lsﬁg g%‘(iﬁé‘?m&ﬁ‘ﬁﬁ PR HRer e
mobi lity, teaind #sissdramsisianéd 6f IRRMWIERRTO iaysnagldnﬂtﬁb%éé%amﬁﬁa'e%a@ce ar e
desi rabl e. The fabrlc of the i nventi on corrprlses a NYCO fabric of nylon 6,6
and cotton ) BN QE{IHE DEAWINGSopor t i ons by wei ght conpri sing

about. Z%th%eM{ o{ﬁé}%%}egmth%ﬁn{l %985%9{@ aGi2d fwgggtta e e

elastic in es e ane conpri si ng urea- :
LYCRA(T) . Polwﬁbtrﬁ%repodty)rthwolmn@ﬂ @rebe used as the elastic. The elastic
I S incorpor dtyplcally into the fill, or weft, direction of the woven

fabric. Thé07HsdEigildg arggh; depieiias Bdwnicad sHevssiion eurve risiroishaygyenxi nat el y
20% to 50% f afplicStdsEd gﬁu he"l@é&@nf@'f%r?d hQ9 substantially all of the tear

resi stance, air perneabi[ity and abrasion resistance of known NYCO fabrics
with no |n<EQ125ﬂoFm &ds elsetsimatm dBRcERg EDESEthaTsIh@\béﬂ%reﬁﬁoﬂ%‘g/\éﬁ%@&Zﬂ These
and ot her features. qf the ention be descrl bed in further detail

with referenc®daya eftfﬁt?}b | gLV ?‘WP@‘ZQE]E‘ hygan pody 5 graph depicting

a typi cal PHESSEH DRSCRIPTION () PREFERREDOVEIOHAIENGS based on the | oad
on the fabric; and [025] Fig. 'S a schematic depicting the relationship

bet ween wolt36hg The newsticishabie fabaicaif zbingersionds skitable for gar MEN4nUfdTeeWOr N ON

a human body T ED DESCRI PTI CDI MENTS [026] The new

stretchabl e faflt:))rlgl g% oIS And Qter BI?P%?‘%T&.W%%? 8"05 YU PHS ARG fuPEct ure of

conbat uni f orpeBmadtsligtdnaabarRivni eaéthRerdB&LAbID Wdddity, a0 f288L & ance, air
used in military uniforms. While NYCO fabric provides good breaking strength,

tear strength, air permeability and abrasion resistance, it does not stretch and is
considered a “rigid” fabric (i.e., a fabric having stretch in the range of about 5%
to about 10%). Therefore, a garment made from NYCO is bulkier and loosely
fitting to provide the wearer with the mobility that is desirable in a combat
uniform. However, this extra bulk has been observed to increase the weight of
the garment. Excess fabric is difficult to tuck into boots. Also, there has been
observed to be insufficient fabric around the knee causing strain while bending
the knee or back, or raising the arm. Additionally, the added weight increases
fatigue on the wearer.

[027] It has been known that biomechanical principles shed light on the interplay
between fabric and garment mobility, particularly for applications such as
combat uniforms where mobility during physical movement of the wearer is
required. As early as 1966, Kirk and Ibrahim measured critical strain areas of
the body including the knee, the seat, the back and the elbows. They measured
maximum local skin strain, or stretch in the horizontal and vertical directions, at
regular intervals that occurred during specific body movements. Kirk and
Ibrahim determined, for example, that local skin stretch varies from about 15%

to about 50% in critical body areas such as the knee while going from a stand to
7



perneabi lity and abrasion resistance are desirable. Currently, NYCO fabric
is used in mlitary unifornms. Wile NYCO fabric provides good breaking

st rengt h,woeass/s8s38ngt h, air perneability and abrasi on pPesiUst@s0e4286t does
not stretch and is considered a "rigid" fabric (i.e., a fabric having
stretch in the range of about 5% to about 10% . Therefore, a garnment nade
fromNYCO is bulkier and | oosely fitting to provide the wearer with the
nobility that is desirable in a conbat uniform However, this extra bul k

has been obse ' .weight of..the garnent. ce fabric is
Gttt to b SER b SehdRl £085 %ggbt\,ﬁgte oo it Gl Hombd srn i £ Bl nd!

i nsuf ficient fhaleatovidteogtink from dnarl LA, 60a Shhd@idboMal bemberdi it he knee
or back, or raising the arm Additionally, the added wei ght increases

fati gue on th&CIEAOE} 2 straight arm;to gaaiserbas. Ior 6lhewt brading, onshon dyingal

princi pl es rgpgd gy : ' fabric. and r.ment bility,
particul ar I[yfgfaoré};appl |lggtﬂ%egeg%énghg%ﬂgg%%gﬁnggﬁﬁg%ﬁr%l} ?‘Fglv\%‘iﬁ?r%%%ﬂr?tfg; during
physi cal novecerite defterhticedieasdectéd to Sigoirtae deAdndardeytapsasp@iof #iker k and

| br ahi m neasur ed ﬁri tical st rt%i n_areas of the body including the knee, the

seat, the bacRP&RHSTRENEINEORRR thisrdriormpation (@rselestion iorsaampEkpn strain, or

stretch in th i i i i . i rval s

t hat occurr edgdéﬁl? ?ﬂn%lgggzll(lzeia? Pg) l%ggé/ﬂn%gdvsgﬁde%%g}oh%’?%%%g{ Oﬁgggﬁéghn#hg}ét% erm ned,

for exanpl e, lohser fitoegmparsicnh Qtherfactory acitebe tomideadibint adiififdntto tyleasft 50% i n
ma stand toa sit or a

critical body.areas such as. the knee while going frg . |

stand to a _de%'p t?éﬁﬁ?mPﬁeraz‘Pt?g\%aWﬁnlt ggH W@f&%‘%%fgﬁéﬁb(’ftféb% frigtionpend;
the seat whi|guiiraf citlhpbiil 806 vhificiiitighrmdt passsl flrabAc BefifssOr the back
while going froma straight armto a raised ar or el bow bending, or shoe

tying. [028] #feckihewlepiged fabriexiresph. Ofhes kictors as detetmident byithosesktiledin
activities, fabhr]j can, be .determ ned, (or, selected).tpo. fit certain
demands. Certtgllpﬁ&t g%a?e%gésgég Ontshdéa’ret%))B etgfm]éléﬁg’r@%lsella?ﬂ%?ﬁf?ﬁ%? f((%Brt‘%r n nation

(or sel ectiomgretdhor exanple, a garnment that is nmeant to be worn close to

t he body I’E&U?I res nore stretch than a |ooser fitting garment. Qther factors
are to be i qBtdies of slesigre fabdp siraich {pssombat yniforme shewx dhap biea leveltafo of

garment size Jq, BN Rt £ricGRelch! MbRNL a?z{pigl éPJp' ifi pfrésis&}eio? Strain on contact
points of the body as compared to a rigid fabric having about 5 to about 10%
fabric stretch. Accordingly, it is desirable that, to provide good mobility, a
stretchable fabric be designed to function in the low stress sections of the stress-
strain curve for a fabric. A typical stress-strain curve depicting comfortable and
uncomfortable wear regions is shown in Fig. 1. Fig. 2 further illustrates the
relationship between working extensions and available stretch of a garment
when worn on a human body. Wear extension is the change in dimension that a
garment will experience in actual wear. Fig. 2 illustrates that activities such as
exercising and donning the garment stretch the garment beyond the normal wear
extension. Accordingly, the stress-strain curve for the garment shows that
normal wear falls in the comfortable region of the stress-strain curve, while
donning falls within the uncomfortable wear region of the stress-strain curve and
exercise falls between these two regions. It has been found that, for combat
uniform applications, a garment comprising stretchable fabric with stretch of up
to about 50% provides adequate available stretch so that substantially all of the
working extensions fall in the flat region on the stress-strain curves, thus

providing a comfortable fit that is less restraining with good freedom of
8



nunber of contact points over which the garnent passes and fabric stiffness
affect the desired fabric stretch. Qther factors as determ ned by those
skil | ed iwot2hes/@si3snmay al so be considered in determ ni ngctas2esioess ng)
desirable fabric stretch. [029] Studies of desired fabric stretch for
conbat unifornms show that at a | evel of 20% or greater fabric stretch,
there is a rapid drop in pressure or strain on contact points of the body
as conpared to a rigid fabric having about 5 to about 10% fabric stretch.

A dingly, 1t i i le th 0. proyide good nobiljty, a stretchable
fabri c be desrrelenIor HRN ek The fiieF BhMeFuboa s rumbl {he

stressstrain ¢ &tidmarin 8u méntsA typical stress- st_rai n curve dgapi cting
confortabl e and unconfortable wear regions is shown in Fig. 1. Fig. 2
further il 934, dihedabneofithe Hveniirreqmpsisene &Y GOITRbnigofaxi enaidormstoand

avail abl e str . (n a hynman. body. r extension is
t he change Inﬁagr:ﬁggr‘%%?giﬁg? h(g?r%% égz;a(r%%éln W\kﬁ%%&f@ﬁ’ﬁ%@%ﬁ#ﬁ%ﬂgp ar. Fig.
2 i1l ustrat essuitable iyddn i inyloatypdi68 @blyB¥LitdtEy188e alfardRiBNinatufhhgraar ment
stretch the garnent beyqnd the normal wear extension. Accordingly, the
stress-strain X:fﬁ‘&ies f‘%g-atqﬂleasgtélp?r@?ﬂﬁ’ %Wmﬁﬁrﬁwgﬁb@wwmgﬁﬁﬁn t hﬁ'
confortabl e rggi : xr i i qQnni W thin

t he unconf ortg gghv}%geté}g}é%ﬁlgﬁﬁryﬁﬁé&sl{%%géylgpr%@roliyga r\?%nnadr%g né’i%‘r?:i se falls

bet ween t hese(pblyenthenamids), niytonhid(REESANIR)UNYloh A (STIAN YL @Yhalot6jlhor m

appl i cations, arnment .conprising stretchable fabric with stretch of up to
aggut 50% pro@s]é'ggxaélafé Y}S’E‘%Pe:?@%ﬁml ?ﬂaéldé’ty?‘g’t%ﬁz Spplylpgginiagipmidehcambe y al | of

the working exk@nsbiend wit! dottbR abdheh k@ifosrﬁﬂeagé Rite &Qﬁl Wit ﬁl%.%ga%{i{: gl curves,

thus providing a confortable fit that ess restraining wth good freedom
of novenment f oHastang suelaprek Y CRA®S dhe sddectioh of hgldnmaettichosearte effedttyabl e f or

applications jn _such rment s.. [.030 he fabric of the invention conprises
ap&YCO fabri CStrngtﬁflngg‘il gﬂﬁtef@'otﬁ’%%gi@rg&ponpri sing about 2% to about 4 wt.%
by wei ght @311 nsoitié alasitsghéldéd spandexS@t Eﬁ%&)%&%ﬁ%ﬂ%ﬁmﬁ?&ﬂme& 6

(pol yhexanet hyl ene adi pam de) nmanuf actured by 'l .a.r.l. as type 420,
W th a deni erPohares-prefinagpobmdse LYEHRA® barl Grom INVISTA® S.ar.l.) of

spandex is such a yarn. Other elastics may comprise polyester polymers in the
form of bicomponent filaments. Such polyester polymers comprise
polyethylene terephthalate and polytrimethylene terephthalate. These polyester
polymers comprise component portions of the bicomponent filaments in a side-
by-side relationship for each bicomponent filament of the yarn. It is believed
that the bicomponent multifilament yarn elasterell p (known as T400 Elasterell p
from INVISTA® S.ar.l) is suitable for use in the invention.

[032] The elastic is covered with a companion (or covering) fiber or yarn to form a
composite yarn prior to weaving with the NYCO yarn. The companion fiber
may comprise the same yarns as comprise the bulk of the fabric, such as NYCO
fiber. Suitable composite yarns include core-spun yarns, covered yarns and
twisted yarns. The process of providing a protective sheath, or coating, to elastic
to form a composite yarn for weaving is well known in the art. The covering
protects the elastic against abrasion during weaving, stabilizes the elastic
recovery during weaving and gives the resultant fabric the hand and appearance
of the hard yarn, e.g., the NYCO. The resultant composite yarn is itself
stretchable. Suitable composite yarns include core spun yarn having a sheath-

core structure, with elastane such as LYCRA® covered with nylon/cotton blends
9



O her suitabl e polyam de polyners such as nylon 6 (pol ycaproam de), nylon 7
(pol yent hanam de), nylon 11 (RILSAN(r)), nylon 4,6 (STANYL(r)), nylon 6,10
( pol yhexawethy/msssssebacam de) and nylon 6,12 (pol yl aur ipolrastesiogdess can be
used to blend with cotton and then to forma conposite yarn with the

el astic, or elastane such as LYCRA(r). The selection of nylon can be chosen
to effect yarn strength and ultinmately fabric strength. [031] Suitable

el astics include spandex (or elastane) and nore generally conprise

pol yur ea- ur et hane ,pol, yuxer . LYCR% brand (from I NVI STA(Gr). . S.a r.l.) of
spandex is sﬁﬁﬂﬁs@ﬁweﬁoﬁg?mel a{:é%ri tggesr?gﬁgglgﬂg‘h %aénsp%a}")}jg)s"fsgﬁl’ Bk ghrers in
the form of hjigAsRENGsd of M&@&M@&Yﬁmr@&wﬁsg B6veREl WIR LSipeNRApIS €

pol yet hyl ene terephthal ate and pol ytri net hyl ene terephthal ate. ese

pol yest gr bpol)jﬁmr ub}@rﬁﬂ%@éh}@ﬂwbmmasb@istqoﬁﬂ@dwithm gngle si9pleedInst i | ament s
in a sideby- si.de,rel at,i onghi.p. for. ' ] th .
R ey R SIS SR BRSPS L sl e v

as T400 El astwiigéd Ke&nf\ﬂ@!ﬁ& BB ST AbvereBwath fa.tvo)ply Staplei yiatthl € for use in the
i nvention. OBZh‘hT e elastic is covered with a conpanion (or covering)
£

fiber or y#¥lt dhesp plasticiartpesemposyiayAmAapeRds on e £OMRESIE XM #1A@ 2MYCO yar n.
fhe compani 0nefdRYen TPy 1 SOV B BuldhaP R B2 siclf RIBK 0P Sodi S0tk OF the

fabric, such as ui tabl e conposi t® yarns i nclude core-spun
yarns, cover esboyas0rs, eombpdsite yhed cymprising TH20@mybessamé fiperoofi 2l dpf and
protective sheath, aor coating, to elastic to forma_ conposite yarn for
weaving is mgﬁt?PlT(ﬁW\Aﬁngth(%-ﬁéc{éH)f?n% cp "P”iﬂh.ij‘)tﬂ?no‘?‘@@’fg;?f‘ﬁ%rd& stic agai nst
abrasion duri RECHIRAY difa dl%mﬁg Frh €S ThO RosBlAR hiyfonl @ROY 85¥ngl Ui then BEavVi ng and
gives the resultant fabric the hand and appearance of the hard yarn, e.g.,
t he NYCO. Thecarespurt @k twigepwithtas/Oydenier iType 16210 L¥CRA® kafsire, suiigble abl e

conposite yarns include core .spun. yarn havin sheat hcore strugture, with
el ast ane suchcoggp%w;?rE%?\}Bglé%l"&ﬂt‘r?nn%ﬁfﬁégﬁ%wsBfeé)ﬁlff as™ e sheat h
fiber or yarnooQhed cdbredull) vaMP&ni TYBE 162 CANYTR AB OmpStEibous

si ngl e-covered or air-covered yarn where elastic is covered with a single

stapl e yarn; @bt%dlastansy ardepnypasiic whms preppepdtising kBsdb% ainslg cpitomcewmd) si ngl e
staple yarns; . 70 denier Type 162-C LYCRA® comprise about 5.9% elastane. These

composite yarn sizes were selected to target fabrics weighing about 6.5 to about

7.5 oz./yd.? (220 g/m* to 254 g/m?). Other yarn sizes can be used as well, and

those skilled in the art can select composite yarn size and elastic denier based on

target fabric weight and stretch level.

[034] The NYCO yarns may comprise a single 15s yarn or 32s/2 plied yarn, with
either 2.5 dpf nylon blended with carded cotton or 1.7 dpf T420 nylon blended
with combed cotton. The NYCO composition may range from about 5 weight %
cotton/95 weight % nylon to about 95 weight % cotton/5 weight % nylon.
Suitable stretchable fabric characteristics have resulted in a fabric woven from
covered elastane comprising 18s NYCO/LYCRA® core spun yarn and NYCO
yarn comprising 32s/2 plied yarn and 1.7 dpf T420 nylon blended with combed
cotton.

[035] The composite yarns comprising elastic fiber covered with a companion
yarn, as described above, are typically woven into the fill, or weft, direction of
the fabric such that the total weight % of elastic in the fabric comprises about 2
% to about 4 %. The composite yarns could be incorporated into the warp

direction of the woven fabric, however those skilled in the art will be able to
10



tw sted yarn where elastic is twsted with two other staple yarns; or

Hanmel tw sted yarn where elastic is covered with a two-ply staple yarn.

[ 033] Thewénedeasssss i n t he conposite yarn depends on thecrasp@siotesyarn
size and elastic denier. It has been found that for the target stretch

| evel s of about 20%to about 50% conposite yarns conprising T420(r) nylon
staple fiber of 2.5 dpf and staple cut length (3.81 cn) can be blended with
cotton either on a carding nmachine or on a drawing frane. The resultant

nyl on/ cotton roving,can then be corezspun and.twisted with a 70 denier Type
162G LYORA(rSer g HPaiabais Srec B Berp@rpatrion b hE Setbh e nvent f on.
Conposite yar%&ll@?&%%@@'%&Qﬁox(eﬁ(int%itﬂélbvﬁr;ﬁ&&écﬁan@ﬁﬂi&tfhbﬁhi.t)& 70 deni er
Type 162-C LYCRA(r) conprise about 6.5% el astane, and conposite yarns
prepar ed usi rigpitasfapri@may irledecaborbhd woabatt O Wearp engls deanerperinsh, a62- C

LYCRA(r) conpri.se ;about.~5. 9% el .. 1h S| .y [ 7es were
selected to teé’ll’gfélfi aB §‘E)tr5|038 a@ﬁgﬁ&né?g%%&g%%ﬁ%gp %bgtﬁplffgl@g@ yd. (220 g/m
to 254 g/ m).cdakthedtionandy s Ze8inGA thel,yeeskaplow il LHnwill Wose. KBthed ed in
the art can sel ect conposite yarn size and el astic denier based on target

fabric wei ghtfabrecensiraetions reapghe suitgble] suphas Kipetopshasket Wagye R3S se a single
15s yarn or S‘g%(\,% plied yarn, with either 2.5 dpf nylon blended with carded
cotton or 1.7 dpf T420 nylon bl ended with conmbed cotton. The NYCO

conposi t i 0038y Ma&hgs for prepadigiihe Strovehaiii faaic of thenh 9ntiveiaghdis®bssad on t o
about 95 weight % cotton/5 weight % nylon. Suitable stretchable fabric
characteri st ?‘l‘%o‘ﬁa? Be iﬁé%ltﬂrf’%ﬁg%‘)féh? csqﬁg\?é SUTELPR, ﬁ‘i‘iﬁ%‘ﬁ% @ 8%t ane

conprising 1 CRALY; iy SR S ONCR NAHR R QS0 1BANY 32S/ 2
plied yarn aﬁﬁf%@aﬁg T4g{g)lﬁ’3c/clp%lﬁg bl erlldlglgﬁgvicth té&)(ﬁrébed cot fon. [C;'gSt] The

conposi te yarths fawivman b ngveh as ciwert berilgble sveedingieghipmenbspenasahe yar n, - as

desor bed <bouey AR BhGE) blod Y BBl e iRk bR E) suPhLERor, o1

about 2 % o aReytSviti4laddeTHRENRSNYEY RS co@sH] $hrRCark RS HOK@&p8MAmisnt 0 t he

Harp The fabric is typically plain woven with variations well known in the art, such as
satin and twill. In preparing the warp beam, the NYCO staple yarn should be
slashed, or sized, with sizing agent to strengthen and lubricate the yarn. Suitable
sizing agents include starch, PVA (polyvinyl alcohol) or a mixture of starch and
PVA. A composite yarn comprising elastane and NYCO is inserted in the
filling, or weft, direction. The fabrics can be woven on either a shuttle loom or a
shuttleless loom, such as a projectile loom, a rapier loom, a water-jet loom or an
air-jet loom. Enough weft insertion tension should be applied to ensure that the
elastic composite yarn is substantially fully extended during weaving.

[037] Yarn size selection and fabric structural design are adjusted to achieve a
stable finished woven fabric having the targeted fabric weight and stretch level.
For the stretchable fabrics of the invention, an elastic weft (fill) yarn is
substantially fully extended on the loom. This weft (fill) yarn will then be
bulked in the relaxed state of the finished woven fabric. The reeded warp
density (ends per inch, or epi), on the loom is typically smaller than a
comparable rigid fabric by a factor of the desired elongation of finished fabric,
plus weave take-up of the yarn, and permanent shrinkage of companion fibers. It
was observed that a selvage width of at least %4 inch on each side of a 2/1 twill

woven fabric substantially reduced or avoided edge curling of the fabric during
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direction of the woven fabric, however those skilled in the art will be
abl e toascertain the appropriate direction for incorporation of the
conposi t ewpanessssBgpi cal | y, the NYCO yarn i s woven i nt oPCaSeesp4486 ecti on
of the fabric. A typical fabric may include about 75 to about 95 warp ends
(yarns) per inch, or epi, and about 50 to about 65 weft ends (yarns) per
inch, or ppi. The fabric construction may be a satin or a twill, for
exanple a 2/1 LHtw Il weave. OQher fabric constructions may be suitabl e,

such as ripsto basket wea bagi Met hods for.preparing
The 'str et chatiDsadRR Dt St Enfingnn GHATE i B yewaTormerii | ha
properties oftiherfiafiweave Ualb@srepire @ uisifig Jash Isdval dboly75 feadbobeo@f f ect ed by
t he weavi ng, dying and finishing conditions. It has been found that the

fabric can bewswpeads per ipeh peshydry ha\aag awtéo\ﬁeabm@eymﬁ gndsper inshch as t he

Rut . sui ¢ 1kl Bt s BRNS PP e BBk AR SR 2

yarns. The faRfioveisRishinphagédts yndaskzeavﬁhgfmserlfmtfbbﬁ@fsltabwpéd with lligknown i n
the art, such as satin and twill. In preparing the warp beam_ the NYCO

st gp: ebyar n steberscihee isshoyibalso by blgached prigr fardysing ang THEUARS ROIS&NPWAGL hen
an ubri cate a I PVA

(pol yvinyl al gf)tﬁee?%{ ft']ias §Hén ﬁlrlgﬂ%* f7IJ)l?ar gﬂ&%% %& sl&gﬁ Prpog{:at € yarn
conprising el t@!@ical’lﬁpﬁﬂﬁﬁd\ﬁﬁ‘l@r fesultsniaekd #nhlifabrideTHel fabficican tor trewedd with
direction. The fabrics can be ven OI’]O?I t her. _a shué&d ﬁd%oom or a

shuttl el ess Ifbﬁﬂﬂlu@ by AroxadeNa S eselutiop of gboHt 33-3%bv HeCOMAt er - j et
| oom or an ai ehBA%n ﬁﬁ&%ﬂﬂﬁu‘?ﬁ@ﬁteﬁ@&?ﬁév@‘lﬁx@@éﬂt&f‘fﬁ&??vﬁjn de applied to
ensure that t astic orrp05|te yarn 1s substantially ful'ly "ext ended

during weavi nmpr@@ﬁmpst&ﬁaanﬂ siengthf lthecfabon Embsslabmmmgtsmlddtbﬁawmdeél gn are
adjusted to h|e stable finished ven fabri V|n he et ed
fabric wei gh g’t’ ﬂ@ttté‘ ?@\Fé end?;(gfe%%nggq é@ (! fll?s %é?t{ﬂ

i nvention, and1§‘écﬁ§ﬁ'(?r\¥ﬁfﬂ o fhd &érc&ﬁilﬂ hfacﬁﬁl@.St antially fully extended on
the loom This weft (fill) yarn wil %en be bulked in the rel axed state of

the fi ni shé@Bovidterfadsedrizingfithe fab%éwu%b@dmdtf}ﬁa( h 6B astantardeame or epi),

on the |oomi & at\% g’fl ab%u? one dl?mch greater than the width of the unextended fabric.
Typically the fabric is heat set at about 193°C (380°F) for about 30 seconds. The
amount of stretch in the fabric can be reduced if desired by using a higher heat
setting than 193°C (380°F) but no higher than 201°C (395°F), or by drying the
fabric for a longer time than 30 seconds. Also, the fabric may be stretched to a
slightly wider width, but no more than about 110% of the fabric width during
drying to reduce the stretch in the final fabric. However, as is known to the
skilled person, the fabric will lose some stretch during the printing process. For
example, fabrics printed by screen printing have been found to lose 3% - 5% of
their stretch permanently.

[040] Dyeing and finishing methods for the fabric of the invention are provided.

Combat uniforms are typically printed in camouflage, for example woodland or
desert camouflage. Depending on the desired camouflage pattern, different
dying techniques may be used as is known in the art, for example batch process
and continuous ranges. In a batch dyeing process, the woven fabric is typically
prepared and then dyed in a jig dyer. Other scouring and dyeing machines, such
as jet dyers and Beck (or winch) dye machines, can be used. The fabric is ready

for pattern printing on an ink-jet printer after it has been treated to remove the
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conparable rigid fabric by a factor of the desired el ongation of finished
fabric, plus weave take-up of the yarn, and pernanent shrinkage of

conpani orwOi2bewmss3t was observed that a sel vage wi dt h eCtats2é0s@s4288A i nch
on each side of a 2/1 twill woven fabric substantially reduced or avoi ded
edge curling of the fabric duringsubsequent dying and finishing. A suitable
fabric of the invention conprising 2x1 LH Tw ||l weave can be prepared using
yarn havi ng about 75 to about 90 warp ends per inch and yarn havi ng about

50 to about 65 .wef nd r_.Ln 38].. Foll ow weavi ng, .t h rej ge
fabric shoul B8 aé%n:%’zsé: m%ﬁdv lghc%eg?%%"qt %}Jtlroélgnftl)\//gygg&%grwl P"'&g’é‘rﬁ‘ ’sﬁgﬁﬁg@\eavi ng
oil's. If the dealther iadsFobpatityefrivirdgkrom@to thoslaned pdrdicantalspiteul d al so be

bl eached prior to dyeing and finishing as is known in the art. It has been
found that noediiush aglecTeineRIEN I or haettiransicp printingl €Qptiqnaly cipiesapiovi de

better resultssi I . ri C i 8 : t i sodi um
hydr oxi de (Nalggi)bbsléllgﬁfl ]{léofr%%lg? ‘J: g%o%etdygg? gg;‘?\%ﬁ%@f%ﬂ%ﬁ? %gggsofﬁggl\@c%ﬁ

mer ceri zi ng nemiponentandetiretedys ¢a gl VATWEES) driveactiot does for tercatighvi ng

i mproved luster and strength of the fabric. Excessive tension should be

avoi ded. Typi SaRoRent: (fas ISAPPWE ip thecarh, githid @ OsieR WRRESE9HACPEWSP (PO nches

in the weft (fdddrdcddl bESARNeOhe W tibfje nmercerizing nmachine. [039]
After nerceri z%enér,cthe fgggﬁceshgﬁlgi‘gjéc’%le “and heat set on a stenter
frame at a[0ldt fin efcomfrowiis dpeing pyocesscthedatmat wifirsthimsized® naindiv thef  t he

unextended fahric. Typically the fabric i.s heat set _at about 193C (.3800F
o hhout 30 SREAEeT Driah Hbavate DERIGYERYR SFalreR S Sl VB o uced i

desired by usihR@if thOINRS oi RGBS m Bt fabifel Edhse 2306 kSBfaR) phidtedi@itii gher
t han 2010C (395F), or by drying the fabric for a I onger tinme than 30

seconds. Al solightleelofrslsnéhcasmepeh earsoutlage ipaiiernoarg bidarkyisk wigh pergsidesvi dt h, but

h b % of, .the, f ' | ' '
Ctratch in ¢ HVRRtP kR S Eoba Sl o) A5 MR BB 1S, con

the fabric wibd dfeds® psiatsd with @ik o, igbleBiny dptiontgn Pe deld. For exanpl e,
fabrics printed by screen printing have been found to | ose 3% - 5%of their

stretch per meRlWipg s¢owop ang erapatng tha fabgeiscpniastadorish sasiumhe fabric of

the inventi Onhﬁfr&iﬁé &%&ﬁﬁj solution of 35-38 degrees Twaddell (hydrometer specific
gravity is equal to (5 x Twaddell degrees + 1000)/(1000). Contacting with
NaOH is performed on alchain mercerizing machine under tension to swell the
cotton fibers for better luster and improved strength. On the mercerizing
machine, the fabric is extended no more than 2 inches (5 cms) in the width
direction. Following mercerizing, the fabric is dried and heat set as previously
discussed. For fabric to be printed with a camouflage print, the prepared fabric is
dyed to a base color suitable for camouflage printing on a continuous dye range
suitable for cotton rich fabrics. Optionally, the fabric is dyed with acid dyes or
VAT dyes on the continuous range following conventional dyeing procedures.
The fabric dyed to a base color is then transferred to a screen printing machine
for camouflage printing. Other known printing machines can be used, such as an
ink-jet printing machine or a heat transfer printing machine.

[042] It has been found that the fabric of the invention can be dyed and finished
using typical commercial equipment with several minor modifications. For
example, tension on the fabric, and particularly in the weft (fill) direction, should
be monitored and minimized to improve final stretchability in the fabric. It has

also been observed that better results are obtained when extreme acidic or
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Conmbat uniforms are typically printed in canoufl age, for exanple woodl and
or desert canouflage. Depending on the desired canoufl age pattern

di f f er entwOybewpsssshni ques may be used as is known in tipeTarstoosfoer2sexanpl e
bat ch process and continuous ranges. In a batch dyeing process, the woven
fabric is typically prepared and then dyed in a jig dyer. O her scouring
and dyei ng machi nes, such as jet dyers and Beck (or wi nch) dye machi nes,
can be used. The fabric is ready for pattern printing on an ink-jet printer

et or gent - optians P BhERs bR SR ThAR A T il SSMBMY eans for

pattern printpagmkResvtcbRliddy® thkipecHt RRIFHMIt BaNgAEDB U dinishud as
screen printi Pag or heat transfer printing. Optionally, these sane
H

NYCQO el ast anef2Pup ¢ achievgrihydesipd grapsrtiessol i d col or using acid dyes for the
nyl on conp t . di - VAT .or T BV for the
ot ton” conpud, THit LFls (AR bE bricdhla SRRl RLmpBRAL f prefBRHE | "3
one- st ep uni owhitjichap besiestseded w@pihagbetheirliemeiodl s@bitity mpiseon. [041] In a
cont i nuous aX ing process, the fabric is first desized to renmove the sizing
agent put &P4Ihdhedpsilting gbtic meds perprdiag & thivdisg lpyire Bashesa foundtonash of f
the dirt, tin | f 4. Lk Coni 1 b Seal or
printed with %Llﬁ)éﬁ'? ﬁ%@{ %?%t,(;rgg%:%aggﬁlﬁg gﬁ%mfg%ﬁ%% ’Isgég}gésptg(?stee ﬁ?ﬁg% gl eached
Wi t h per oxi defoundiypdtilitagy bpesifiation #NHaCheH)3dODuthd domilavbwtied agener al | y.
Where the fabﬁic.Ls to be % ed.or Erinted wi th dark colors, the bl eaching
option can belUEMdPeRIPOREH YIRS SEouri ng and pretreating, the fabric is

cont act ed yoAd) sasiienyhKiRirENaGkDs 130L UedrAllafnsdedh Hagr ces Tuaddel |

(hydrometer specific gravity is equa (5 x Twadde degrees +
1000) / ( 1000) . appwoxizetal n §0%ito WOKeal@bric stresel.f Babrisdstnsichas dheditermmisnset i zi ng
machi ne under, t ensi on tton fi far bett | uster and

| |
i nproved st rehed?]ﬁ.mﬁ?sﬁ%e%%ﬁ?@flg loﬁ'acéﬁ?éﬁle%rat%ﬁghlpéﬁrwe&ge‘?rts ext ended no
nore than 2 i pphesntif 168&)ofiGNI(h87W.4h P) Wi petinen anfallbwiignBe BRICEREH Zi Ny,

the fabric is dried and heat set as previously discussed. For fabric to be
printed with witBakweighiie hong fieelyt rTélepWsémtfmiyfpaswawmng falyreostretchaisbase
color suitabl g for; canpuflage printing on a continuous dye range
[046] Further, the measured growth of the resulting fabric is less than about 9 %.
Fabric growth as that term is used herein means the unrecovered stretch of a
fabric that occurs during wear. The test method for measuring fabric growth is
detailed below. ,
[047] The breaking strength of the resulting fabric, as measured by ASTM D 5034-
95 (reapproved 2001) titled Breaking Strength and Elongation of Textile Fabrics
(Grab Test), the disclosure of which is incorporated by reference, is greater than
about 160 lbs. to about 220 lbs. in the warp direction, and greater than about 60
to about 120 Ibs. in the fill direction.
[048] The Elmendorf tear strength of the resulting fabric, as measured by ASTM D
1424-96 titled Tear Resistance Falling Pendulum (Elmendorf) Apparatus, the
disclosure of which is incorporated by reference, is greater than about 13 1bs. to
about 20 lbs. in the warp direction, and greater than about 7.5 to about 13 1bs. in
the fill direction.
[049] Air permeability of the resulting fabric, as measured by ASTM D 737-96
titled Air Permeability of Textile Fabrics, the disclosure of which is incorporated

by reference, is less than about 25 ft.>/min/ft.%.
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suitable for cotton rich fabrics. Optionally, the fabric is dyed with acid
dyes or VAT dyes on the continuous range foll ow ng conventional dyeing
procedur ewo 206w0stssBri c dyed to a base color is then trarefraseedotsa screen
printing machine for canouflage printing. Qher known printing machi nes can
be used, such as an ink-jet printing machine or a heat transfer printing
machine. [042] It has been found that the fabric of the invention can be
dyed and fini shed using typi cal commercial equipnent with several ninor

nodi ficati tenS| on t bric, and rt| arly in the
wert (o113 - Eeker s Bnati e o Lot bhe S mer 2B BV I ove 11 nal
stret chabi | i try3gga-6ihgidebrasion Resib@ncalism Ww@%ﬂﬁﬁoﬁmaﬂebﬂt ter results
are obtai ned when extrene acidic oral kal i ne conditions are avoi ded. Those
skilled in tHdrader, theldlsclhéu@mfevluda wdp@@por@mddqm&r@cac@@mm@h% t he
specific equ u d fini hi eve t he
desired prop PPtéOObc‘[yﬁ%g]to élref ng?/as ?epfoluggt"g rea et a'Bi Bﬁ?sgtgon a
sanfori zi ng rm@éudng)ob(wc]jagasﬁmuf@kl ng, which has been observed t o enhance
their dinensional stability in use. [044] The resulting fabric nade

accor di ng {051 hFabrn geinkags; er famenpionnl Sk, ponsulsddnt halesymeted or exceed
mlitary specdeéal%ﬁtﬁ % 41%%%0%‘11???1@3%%7 specifications found in Mlitary

Speci fication étails of which are herein incorporated
by ref er enpos2] [ Thb fesAtiitigtibinrieais ugeful vemamsadtterngribeals wbhsretfagteatiresion
denonstrated to have approxi mately 20%to 50%.f abri c. stret, c(ﬂ Fabri c
stretch as t HasisteReeAnddnoRility e Aesired nayiable pulitapy applicaifons)i Ejgftl on caused

by attachi ng C%P)f{g t ghvko pé}f‘eﬁﬁEﬁl'd@ﬂanLé) er ﬁell@al'l\d 61%6%1 tBry/ W to a

speci men and allow ng the specinen with the weight to hang freely. The test
met hod for maagity kmddfesdhuniforssr Snitdble sividenappbchtivns uwluqeomrﬁ]( wear.t her, the

d growth of th |ting fab t
o owt - as 1 hatch 8 Y ShhEeteNR o ke Hife Wkt bbb apat Pl bl o

f ab(fj' tC t |ha2| gaq)?!a!fei S WEKWRAE malhR Us68 by feplaliqrérdons, caRaaistibAGyorkds i ¢ growt h
is detailed below

or truck drivers. Those skilled in the art will be able to prepare garments using

standard handling and sewing techniques, or by modifying them to account for

the stretch properties of the fabric.

EXAMPLES

The following non-limiting examples further illustrate the invention:

TEST METHODS

[053] ASTM methods as detailed above were used to measure breaking strength,

tear resistance, abrasion resistance and air permeability.

[054] Fabric stretch (or elongation) is measured as follows. Fabric specimens are
mounted onto a static extension tester, and weights representing loads of 6 N
(3.37 Ib./in.?) are attached to the specimen which is then allowed to hang freely.
Fabric elongation is measured by determining the amount of extension over the
original length of the specimen as a % of the original length of the specimen. To
perform the test, three specimens are selected at a location in the fabric at least
10 cm. (4 in.) from the selvage. Each specimen measures 60 x 6.5 cm. (23 x 2.5
in.). The long dimension corresponds with the stretch direction. Each specimen
is unraveled to a 5 cm. (2 in.) width, removing approximately the same number

of threads on either side of the specimen. One end of the specimen is folded to
15



[047] The breaking strength of the resulting fabric, as nmeasured by ASTM D
5034- 95 (reapproved 2001) titled Breaking Strength and El ongati on of
Texti| e Psbroesmsgsdab Test), the disclosure of which ispcmase@enaied by
reference, is greater than about 160 | bs. to about 220 Ibs. in the warp
direction, and greater than about 60 to about 120 Ibs. in the fill
direction. [048] The El nendorf tear strength of the resulting fabric, as
measured by ASTM D 1424-96 titled Tear Resistance Falling Pendul um

El dor f tus, the di I f. whigh | i o)
ot er ence, ) | SOBRAPE P AReb e ESeress g Bicibel e SHETRES, ATIO Gl o
direction, angiaheMd. ANARsBRAUE 675 Sm! @.7ROMkorhhd BSoopdd ddge, f hhik

di rection. [049’]' Air “perneability of the resulting fabric, as neasured by
ASTM D 737- 96°A’ isIneagle Aixt apbistancgiofl [SDcp. 62.5 Tex fiometheaiark €4, 2 MarkdiBscdsosur e of

which is incorporated by reference.,. i s t han 0 o

S ot SRS erapmeny e efitiohd) F ARSI ERAELE N 1A F A7 ¢ as
measured by ﬁw D384 68% reidive Humiiigsi 2%. Resh shaneen ldglagdRabanytopl at f or m
Doubl e Head rader, the disclosure of which is incorporated by reference,

i's greater t MBS GO tesien eish mark FT tirthe ahgprgge B Hherlaertd ad some
Shr neacbl e T RERE T BEORRIRAAh XSS al kRt H05 A o i

shrinkage, or nsi on as neasure y the test ne

det ?l : ed bel owseried th@agh theaspecibeutioch aftba JMEY. 7T Ite) weight isihogkddabric is
useful to manufacture garnments where high abrasionp yesistance mobility
are desired. tBER”tgHBheen‘%FIP prigrihe me P@atfigaﬁhépef%?‘hﬁe eé?fﬁﬁﬁ& [?Pﬁ?efa(g?rrs,

chem cal def etrﬁﬁgﬁ Wﬁl%wfl?‘ﬁ] the %ﬁ&cﬁé&‘@f th@‘:v&Lé.i%}ﬁ 't¥r t‘ﬁ%egbpﬂacoh'&i hhd theand dress

uni fornms. Suitable civilTFan applications inctude work wear, such as |aw
enf or cenent umliévinghe teosipn byliftmg theiweightoTle weightisdneh dllnwedie hangr

or et ucic dr ey loio0e BRFFIRGH PROPRE oo B e e PR bR Ny rent <
usi ng standargehand Mg &R W EbliEENEAURE byhe RymiA[Iflyi ng them to
account for the stretch properties of the fabric.
% fabric elongation = (ML-GL)/GL x 100 [1]
. where ML is the length between marks “A” and “B” as weighted with the 30N
weight, and GL is the original length between marks “A” and “B,” or 50 cm.
[055] Fabric growth is measured as follows. The fabric first undergoes an
elongation test as previously described to measure fabric stretch, or elongation.
Fresh fabric specimens are then extended to 80% of the measured fabric
elongation and held in this state for thirty (30) minutes. The specimens are
allowed to relax for sixty (60) minutes at which point the fabric growth is
measured and calculated. To perform this test, specimens are cut at least 10 cm.
(4 in.) from the selvage, and measure 55 x 6 cm. (22 x 2.5 in.). The long
dimension corresponds to the stretch direction of the fabric. Each specimen is
unraveled to a 5 cm. (2 in.) width by removing approximately the same number
of threads on either side. The specimens are conditioned for at least sixteen (16)
hours at 20°C + 2° (70°F * 3°) at 65% relative humidity + 2%. Two marks are
made on each specimen exactly 50 cm. (20 in.) apart. Eighty (80) % of the
fabric elongation is calculated according to formula [2] as follows:
E @ 80% =E%/100x 0.80xL 2]
where E% is the fabric elongation measured in the fabric elongation test, and L =

the original length between the two marks, or 50 cm. (20 in.). However, if E @
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EXAMPLES The follow ng non-limting exanples further illustrate the

i nvention: TEST METHODS [ 053] ASTM net hods as detail ed above were used to
nmeasur e bweakeéengsssrengt h, tear resistance, abrasion regcstad@s/oands air
perneability. [054] Fabric stretch (or elongation) is neasured as foll ows.
Fabric specinens are nounted onto a static extension tester, and weights
representing loads of 6 N (3.37 Ib./in.2) are attached to the speci nen
which is then allowed to hang freely. Fabric elongation is rreasured by

determning t anount of ensi 0, the otriginal Ienth of t

speci men as ag&%fs §rRue tﬁ?‘b?i(g &168%8@#0% ‘Pﬁgtgéég 2’3}?10?8 Yampon ?he t est,
three speci meggicatfeSehRFLED B “0” hRERhAPNspRirhdILis chln spe@l iffo Hog@st 10 cm (4
in.) fromthe sel vage. Each speci nen measures 60 x 6. (23 x 2.51n.).

The | ong di menianpn Berlowspdany inmoved Hewsw aidtuskil therI@eIttﬁlbailgnEd\e'fh t8peci nen is

of threads oraReRm i Te B Ssal A SBRERTEL Y Rotdtlaitn o

f ol ded t of or 5, hoARed2Mhea] GRRIP fitedHeWMis p6siRGE ARer m@@opfnlﬁmes siReci nmen.
A notch is cut into the |loop. At a distance of 6.5 cm 5in fromthe

unl ooped edgdowsr elamp is Kleased ahayaing fhe wegimepdp bangfredy. éﬁﬁer 61265369?1.) from

| east i xt eer™ P g ifeedsf iEBHEn o e PERANOMAEE MPLIRRT P0 B) 200
Each speci mercalclftdbetbrimalaf3i:he top clanp of the static tester with mark

"A" at the clanp edge and the Ic;%fed end hangi ng free. T[Bﬁ zero mark on a
ruler is aligned wi t 7o BV pinis inserted rough the

speci rren |00, g 13 léﬁelﬁ&ezs‘é lﬁﬁ)engtmtaleén 1 R8sy apeualn her not ch ont o

the metal pin specinmen is xer ci sed” imes by allowng it
t o be stret chethxbtyort, had W gietoﬂgmalﬂemgﬁebe(t@):ersécmmuiks omthd sph@menéi.d.evi ng t he
t ensi on by I|e$t| ng tsze §e| ght. The weight is then allowed to hang freely
fromthe ' G¢2e¥2UdBdci men, and the length of the stretched specimen is

meas ;;g:ﬂonﬁi%(] NG %&ﬁ?g@ ®r Hfﬁéﬂsfon'aﬁstﬁ'&ﬁ@u {safledRurednS FoIswRII Babkit] © %8 abric
shnnkage is the amount of shrinkage in a woven fabric with elastic that has been
subjected to laundering and drying. Marks are made on a conditioned specimen
at predetermined distances from each other. After laundering and drying, the
specimens are reconditioned and the distances between the marks are
remeasured. The dimensional stability is then calculated as the percentage of
change in the fabric’s relaxed dimensions. The fabric is conditioned for at least
sixteen (16) hours at 20°C % 2° (70°F = 3°) at 65% relative humidity + 2%. Two
60 x 60 cm. (23.5 x 23.5 in.) specimens are cut from the fabric and marked in the
warp direction. The specimens are placed on a smooth surface. A template with
eight (8) slits marked at the corners and at the midpoints of the edges of a square
that is 40 x 40 cm. is used to mark the specimens. The distances between the
marks in the warp and weft (fill) directions are measured. The specimens are
laundered in a gentle washing cycle without prewash and spun at a water
temperature of about 60° C (140°F) with sufficient IEC reference detergent at a
level of 1 to 3 g/L., depending on water harness. The specimens are then placed
into a tumble dryer. The maximum temperature of the tumble dryer is 70°C
(158°F). The specimens are dried and removed, then laid flat and conditioned

for at least sixteen (16) hours at 20°C = 2° (70°F % 3°) at 65% relative humidity +
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where M. is the length between marks "A" and "B" as weighted with the 30N
weight, and G. is the original |length between marks "A" and "B," or 50 cm
] Fabric woauddnssssneasured as follows. The fabric firsecungesgoessan

el ongation test as previously described to neasure fabric stretch, or

el ongation. Fresh fabric specinens are then extended to 80% of the neasured
fabric elongation and held in this state for thirty (30) mnutes. The
specinens are allowed to relax for sixty (60) mnutes at which point the

fabri W h j d.and cal cul ated. m 1 hi i
re cut Cat | od: THoGaGp befieR e A TE e rbgeored Malbant aef o' o
(22 x 2.5 'ni(:,'ééillcl)nc'ﬁ&]@ctibﬁmm&éﬁﬁﬂﬁ&g&rls%éraﬁﬁém&@fdihgtdﬂﬁn&tar[aq:ch direction of

the fabric. specinen is unraveled to a 5 cm (2 in.) width by renoving
approxi mately the saf alhbe2)/bl xtK0eads on either sideldlThe specinens are

condi ti oned at, |l east .sjxteen (16) hours at 2 700R 5 3}, at 65%
rel ative hum'fvg{‘?rﬁc ‘23&3 s%%k%ritgr &F%ﬁ?ﬂgg‘ 1071% é’{‘gl) rgé\ﬁ)g%l %e%%e&ZaEﬁe; 50 cm
(20 in.) apaniyerEh@Hud@Ahe, Wefink Asd bakiiienigkongation i s cal cul at ed
according to fornmula [2] as fol|lows: E @80% = E% 100 x 0.80 x L [2] where
E%is the COMPARAMMMERXAMPAEakured in the fabric elongation test, and L =

the origingl.-l ength betvvee tﬁec , C | wever, if
E @B0% i_s @ﬁgi\t gﬁengﬁm:?%@?a henég)o&ggo I sfr(g{eltastg'g' gg%%&%%ﬁ%ﬂ%%l\%dﬁocl anp on
E htehst ?tl c tqflt_:frr]@elrdtéBﬁméfEteiﬁjﬁih@Iﬂ @Dunale depidtedl i TablenenAllof dleanped i nto
o] cl anps. e |lower clanp is noved downward yntil the pointer aligns
with the scalbsopegiiesiace et cxfeedVabaos449341 Military egegijc ttﬂ“ﬁE racof’%at(bu? no
nore than 35%n?f§rxﬂ?.ted)' The clanp is fixed at this position. After thirty
(30) m nutes, e’ Tower clanp is released allowi ng the specinen to hang

freely.dAngrAMPngh _(60) Im'n:Jt es&I the increase in length of the specinmen is
measur ed an rowth s, calculate ormyl.a [3]: % growth,5 100)/ L
[3] where L%S?sAt%tqhﬁEngﬁg‘é tﬁ’f‘ﬂ&eﬁ%?%“ﬂg%%@%s %rﬁgarqﬁgpfgggggﬂg ﬁl\}gz(s:%eci nzan
after rel axayaﬂ{‘at i bs 2 WS yRl 3B aks Nerdobet YERA® bereplks on the

speci men (i.

composite yarn at 56 ppi as weft yarn. The fabric was woven in a 2x1 LH twill
weave on an air jet loom. Following weaving, the greige fabric was desized and
seoured to remove slashing agents and weaving oils, and then bleached with
peroxides. Following scouring and pretreating, the fabric was contacted with
sodium hydroxide (NaOH) solution of 35 degrees Twaddell. Contacting with
NaOH was performed on a chain mercerizing machine under tension, and the
fabric was extended no more than 2 inches (5 cms.) in the width direction.
Following mercerizing, the fabric was dried and heat set at about 193°C (380°F)
for about 30 seconds. The prepared fabric was dyed to a base color suitable for
camouflage printing on a continuous dye range and then screen printed with a
desert camouflage pattern. This fabric then was further sanforized. The
properties of the stretchable fabric of Example 1 are given in Table 1. Example
1 fabric meets or exceeds all military specifications as set out in MIL-C-44034D.

EXAMPLE 2

[059] A stretchable fabric having 36.8 % stretch was prepared using 15s NYCO
yarn at 56 epi as warp yarn, and 20s NYCO/70D-LYCRA® core spun composite
yarn at 50 ppi as weft yarn. The fabric was woven, dyed, finished, screen
printed with a desert camouflage pattern and sanforized as in Example 1. The

properties of the stretchable fabric of Example 2 are given in Table 1. Example
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50 cm or 20 in.). ] Fabric shrinkage, or dinmensional stability, is
neasured as follows. Fabric shrinkage is the anmount of shrinkage in a woven
fabric wiwb 2edeaB8338 t hat has been subjected to | aunderi mgTasdoodnyizgg. Mar ks
are made on a conditioned speci men at predeterm ned di stances from each
other. After laundering and drying, the specinens are reconditioned and the
di stances between the marks are reneasured. The di nensional stability is
then cal cul ated as the percentage of change in the fabric's rel axed

di rensions. The.fabric is conditioned for.at |east sixte (L6 rs at
2000 2 ( 700 T8y guecku o ERat ey amey b WasT bl § M Eafeopdl ¢
23.5 i Nn.) spegicepitr fabgicGHigta@dbtdaRinfaBeh&hand marked in the warp
direction. The specinens are placed on a snooth surface. A tenplate with
ei ght (8) ﬂwhﬁged at the corners and at the m dpoints of the edges of
a square t IS . LS. t I i Sy i stances
bet ween t hzﬁén(gr l?‘sét?eﬁéﬁaﬁge f\%/g}fl%hgvﬁgg \%th t%) (s @fﬁ)“lag ?Fe}%feﬁodr%@%alrsgﬁn‘gggur ed. The
speci mens ar eydradns@egidsi y@NAAE208a6 COY70D)-E I YCRA B smessagisidnd spun
at a water tenperature of about 60 C (1400F) with sufficient EEC reference
det ergent at YArpaye ppiras wefbyanglhe fabsisavasiwryeandxes: Epished Hkss. The

speci ens ar exd Rl 2GERANE 13U o Eh WIDGor B ERRET at Ure of

the tunble dryer 1s specl nens are and renoved, then
| aid flat andsccendirintaihweih bevoodiandeasibufiaget pattern THje gropertiesadf tBOOC 2 ( 700F

3) at 65%relative 1dity 2% The distanc bet ween e rkings are
r emeasur ed inStf%aRg&gg’%% %n%pl%]aiarq Vel }%fgqlﬁﬁsg‘%femﬁgﬁg %
measured accogdigg atlﬂrﬁlﬁér'}‘éb@cif_i@%ﬁﬁmga@ set oblinvIr claa03uP0ecApt fPEILECC = the

shrinkage after treatnent, e original length and L2 = the length
af ter | aunder ¢avgt (i yandgreaking gregigth. oni ng.  COVPARATI VEEXAMPLE 1 [ 057] The

properties&ﬁﬁg fabric taken froma U S. Arny Large Regul ar Tenperate
Battle Dre (BDU) are depicted in Table 1. Al of the properties

neet or ex¢eer M budicHb@3ABiMbiihaBy.23peéth Gak peparddafsingOrRANYCO
yarn at 54 epi as warp yarn and 21s NYCO/70D-LY CRA® core spun composite

yarn at 54 ppi as weft yarn. The fabric was woven, dyed, finished, screen
printed with a desert camouflage pattern and sanforized as in Example 1. The
properties of the stretchable fabric of Example 4 are given in Table 1. Example
4 fabric meets or exceeds all military specifications as set out in MIL-C-44034D
except for fabric weight and breaking strength.

EXAMPLE 5

[062] A stretchable fabric having 37.0% stretch was prepared using 15s NYCO
yarn at 54 epi as warp yarn and 21s NYCO/70D-LYCRA® core spun composite
yarn at 54 ppi as weft yarn. The fabric was woven, dyed, finished and
sanforized as in Example 1 except that the fabric was not bleached and was
screen printed with a woodland camouflage pattern. The properties of the
stretchable fabric of Example 5 are given in Table 1. Example 5 fabric meets or
exceeds all military specifications as set out in MIL-C-44034D except for
breaking strength.

EXAMPLE 6

[063] A stretchable fabric having 44.0 % stretch was prepared using 15s NYCO
yarn at 54 epi as warp yarn and 22s NYCO/70D-LYCRA® core spun composite

yarn at 50 ppi as fill yarn. The fabric was woven, dyed, finished, screen printed
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uni forms. EXAMPLE 1 [058] A stretchable fabric having 28.7 % stretch was
prepared using 32s/2 NYCO yarn at 59 epi as the warp yarn , and 18s
NYCQO 70D-wWGhs(083s380r € spun conposite yarn at 56 ppi aspeefus2g@nm2sdhe
fabric was woven in a 2x1 LH twill weave on an air jet loom Follow ng
weavi ng, the greige fabric was desized and scoured to renove sl ashing
agents and weaving oils, and then bl eached with peroxi des. Foll ow ng
scouring and pretreating, the fabri c was contacted with sodi um hydroxi de

(NaOH) sol uti f dde ctl n erfor med
on a chain rre?’cq(}al%dze?%%gﬁrrlg% Jgranflé?{go aﬁﬁ’ﬂi%‘f‘ﬁ@pp Qlaﬂg %ended
no nore than agftheshkeshd{ble fabﬁcbf Eﬁaﬁnb% lerétgi\/eﬂllﬁ gablean. B4 l@ﬁ\ﬁfzﬂﬁlc
mercerizing, the fabric was dried and heat set at about 193C (3800F) for

about 30 secoM§s's oTREcepfphmelifarysiperificolians dy sel Otublral\’ﬁbsfé%%%? exnght abI e for
canouf | age pr EEEW range and then screen printed with
a desert camtdf?ff%%%‘géz}ig@ega% ng§ e%é%c then was further sanforized. The
propert| es EXAMP BT retchabl e fabric of Exanple 1 are given in Table 1.

nple 1 f@}g{lc nmeet s r exceeds all mlitary specifications _as set out in
IVEL C— 44034 ]B@W@aﬁ’ e[@@’@? hayigg b0k sBeteh wap preparpshisig 6 NYGOst r et ch
was prepared oD K&, r
NYCQO 70D- LY ;ag?:%re spun %%qr?{)hgglztz g yar n/7gtE %bgﬁ%l@ggrevﬁpﬁcégﬁ%sﬁlt%he

fabric was woyan at 59 ppi, asffllhyesrnetl‘he fmmevvaspvowehadjyed@ fihishedl@agieshfociaeduf | age
pattern and sanf erties of the stretchable

fabric of Exa?PdPéﬂxlﬁ‘ﬁg’?ee ‘i?@hgﬁh{]r}gég?r@ “ia gi‘f‘ﬁ&é@é‘ Y ISSCIREBPENH exceeds
all nilitary &Rﬁ%‘&d&lﬁd&ﬁﬁmﬁﬁ%@kﬁ T}E& ¥ srire S HOREG S&XEMM fabAE of br i C

wei ght and breaking strength. A stretchabl e fabric having
37.4 % stret cﬁxmeﬁrae@awemlmﬁbig 11 B aipled fabria meets56 eapftedasllmhpryyar n, and

fzgzr II\IZCV?/aZOE\K-)LGI ic é I&Cag;s%tnciug Fﬁggﬁgﬁﬂﬁb&ﬁ) acregt %[r fz‘ﬁa cp \Belgﬁt an\éﬁ) ar n. The

strength.

EXAMPLE 8

[065] A stretchable fabric having 39.9 % stretch was prepared using 15s NYCO
yarn at 54 epi as warp yarn and 21s NYCO/70D-LYCRA® core spun composite
yarn at 50 ppi as fill yarn. The fabric was woven on an air-jet loom and was
prepared for printing (desized, scoured and bleached) in a jig dyer. The fabric
was then ink-jet printed with a developmental camouflage pattern that was
neither desert nor woodland camouflage. The properties of the stretchable fabric
of Example 8 are given in Table 1. Example 8 fabric meets or exceeds all
military specifications as set out in MIL-C-44034D except for fabric weight and
breaking strength.
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sanforized as in Exanple 1 except that the fabric was not bl eached and was
screen printed with a woodl and canoufl age pattern. The properties of the
st r et chablve 2b@seszsof Exanple 3 are given in Table 1. Eranplseood/ofiabsic
nmeets or exceeds all mlitary specifications as set out in ML-C 44034D
except for fabric count (ppi) and breaking strength. EXAMPLE 4 [061] A
stretchable fabric having 38.2 % stretch was prepared using 15s NYCO yarn
at 54 epi as warp yarn and 21s NYCQ 70D LYCRA(r) core spun conposite yarn
at 54 ppi as weft yarn. The fabric was woven, dyed, finished, screen
printed with a desert canoufl age pattern and sanforized as in Exanple 1.
The properties of the stretchable fabric of Exanple 4 are given in Table 1.
Exanpl e 4 fabric neets or exceeds alTABLE{ltary speci fi catl ons as set out in

MCL- G-244034D EXGE Pl nicoT| Nvebwi CNYW\M TRy @y W TR ES T oo b FReio W TR Ryeo v,
[ 062]] A stretclimbl p FahnivcrATaMI SYLOIAS T LECRA® XS ewme@ UBIRAG | LyerANYICO
yarnfat 54 epi Mgs m@’ﬁ‘ﬁ y&tH and; F N{EEY 0{;}‘5111((]?%&:? o dts pulf Idorpasii e
yarn|at 54 ppj 4@ wef yarn. The abric wovégn 3yed |n| sh&d and™™"
sanfarized as|in Exanplle 1 exlcept that the fabrilc was ot Bl éached [and Wals
scr een Pkt ed \Anthc°§‘l’vnodl and canoufl &ge |pat't erln. The| prbperti s qf tdhe
stretcirabtefabric of Exanpte > are[grven i fagte 1 anpte5fabrte
neet g oftre@iceeds a I -mil iBary| speci fi eat i pnsssas [sey7oout w4 MEL~4G 44034D
excepgt f& briaking strlength.| EXAMPLE 6 [ (063] A|stretchable fabric |having
44. 0 (% stretciT was| prepar ed using ips NYCO yarmat 54 epr as|warp yarnand
22s NYCURAED- LYCRA(T) qOr£sSpun, 0nposit e |yarh at 4 ppi,as il;h; yarn,,,The
fabrilc wds woven, dyed,| finished, streen prl ntedwi th al desert canouflage
patt ern and sanforfzed {a@as in [Exanpt € 1. The propertiesfof the stretchabt
f abr i|cFafic Wxanplsg 6 are giyen in,Tabl e,l. |Exanplle @,fabrigg meets ofl exgeeds
all niliffary specificat/ions as set put in|[ML-C|440340 excep!
V‘s‘e’frpif;lds >3 | 88 89 88 86 90 88 88 87 87
epi
Weft Ends | 54 60 56 56 53 58 58 56 54 64
per inch
ppi
Breaking | .00 | 242 206 166 188 178 195 180 190 172
Strength
Warp
Ibs.
Breaking | 5135 | 147 142 66 94 71 109 61 82 96
Strength
Fill
Ibs.
Tear
16.4
S:;Z:;.g;h >11 135 13 18.3 19.7 17.6 18.1 19.0 20.1
Ibs.
Tear
Strl?;}lgth >8 9 10.5 9.0 12.7 8.07 10.5 8.0 10.3 8.5
Ibs.
Abrasion - 592 > 2000 1260 1078 1145 1168 1175 1381 1255
Resistance
cycles
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for fabric weight and breaking strength. EXAMPLE 7 [064] A stretchable
fabric having 44.0 % stretch was prepared using 15s NYCO yarn at 54 epi as
war p yar nwendoc2@ss3plYCO 70D- LYCRA(r) core spun conposi t e pgaius2a@is/orsepi  as
fill yarn. The fabric was woven, dyed, finished and sanforized as in

Exanpl e 1 except that the fabric was not bl eached and was screen printed
with a woodl and canoufl age pattern. The properties of the stretchable
fabric of Exanple 7 are given in Table 1. Exanple 7 fabric neets or exceeds
all mlitary specifications as set out in ML-C 44034D except for fabric
wei ght and breaking strength. EXAMPLE 8 [065] A stretchable fabric having
39.9 % stretch was prepared usi ng 15s NYCO varn at 54 epi _as warp yarn and

fZ;Er‘NYw 70 RAFTA0 10100 5 pHYE %YqR@g ]%&l 5@% /B DTSR | TR ERaey Bilied he

i C was wp\iess: on¥hin ’%Cﬁ‘l ( 2,1 §,1 epalih! fommrl neing ( daskzed,
scou[r ed and bl'edchegh | nrvan j | greiyer|. Thine [ adyi ¢ \Aﬂmnt'herTWillnk-jTei“ pr i Btkd

w thf a devel 0 ntral ¢ eruf'IE;mp patit E_peit-her—dedert—no
wood| and cam)uflage. The properti eg of the stretchable f@ r| fo Exanpl e|8
are gi vé¥r i n|Tabl ¢ ©5 Exatil ¢ 857 aljri E8mekt $%r | exXtbeds ar| it af y

spec ?g}?&eﬁ’ﬂt‘%ns as |set out injMEL-C|44034D0 except for flabric WEI ght | and
br eaki ng strength.TABLE 1[ 066] The |above Hescri ption - ils not{intended—in—any

eHHuat o —T T4

way [0 be Timting, and nodiflicatidns of fhe inyention will lbecone|apparént

to t hosebmki I|l ed i|n the art. CLAFMG [\MhaE ik ciBai fred7i s:| 172 A [st P&t chabi'e

f abr{c G& rijsi ng:} about 2 tq about{ 4 wt.| %l astic; and r ensj nder nyl on and

cotton, t'he nylonjand ¢otton jconprilsing yarn spun with nyl on and cétton,

wher grmmthe r{odul s of |nylonjand cofton staple fli ber donpri sj ngoot he yarn
o :

spun| wi kabriny |l onsandsgot t aso arje sabst aptsi al | y1at ched, |[whePeip 240
Shrinkage
Warp
%

Fabric <3 3.13 0.80 0.75 -0.50 033 0.58 0.00 0.17 217
Shrinkage
Weft (Fill)

%

[066] The above description is not intended in any way to be limiting, and

modifications of the invention will become apparent to those skilled in the art.
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further the stretchable fabric exhibits about 20%to about 50% fabric
stretch as neasured by the anobunt of elongation of the stretchable fabric
by attachwogo/oseisght representing | oads of 6 N (3.37 |lpcrius2@p/iotass he
stretchable fabric and allowing the stretchable fabric with the weight to
hang freely. 2. The stretchable fabric of claim1, wherein the stretchable
fabric exhibits at | east about 30% fabric stretch. 3. The stretchable
fabric of claim1, wherein the stretchable fabric exhibits at | east about
35% fabric gtgg&gh. 4. The stretchable fabric of claim1, wherein the

st r et chabl c exhibits at | east about 40% fabric stretch. 5. The
stretchabl e fabric ofwahids Blaimeddiderei n the stretchable fabric exhibits at

| east about 45% fabric stretch. 6. The stretchable fabric of claim1,
wherei n the strétchabh argteimblecfabiappmpesingne of a satin weave, twill weave,

a ripstop weave, a b%%g&tzygea%\éﬁt@(v a%l%?a%jg Mgave. 7. The stretchable fabric
t Tt'rom nyl’

of claim®6, wherein e yarn spun on and cotton conprises a two
plied yarn conpri si ngesuigéaniomild/cempuaihe ayluning dotoved@piisiag yawl on and
cotton. 8. The stretchable fabric of claim7, wherein the elastic polyner
conprises el astic PRy nylap 48d efi®. spun with nylon and cotton yarn,

wherein further the GHEsiiUmBHAS! bfnfI0h MEPLolA P fiBer RERRAILAHET | N O

the stretchable fabric during weaving 0 stre cinthe fill
direction. 9. The syaretpinmawith nfykinarand coftox k@i sab8antishlermatohddhe/heeirght of t he

stretchable fabric,i reater than_ about. 6.5 oz./ydA 10. stretchabl e
fabric of claims8, f‘\ﬁﬁi’@?@?ﬁmﬁ‘tﬁgakg? Cﬁ’é}"é’ftﬁ el RO tor @ug&%{%m e fabric
as neasured by ASTMdE0RAnSRuic @Ftﬁ@&ﬁbgﬁtﬂﬁ@ld’i‘:}ggﬁ'&n 368 kbktchdvie tRGWar p

direction of the stretchable fabric, an )
by attaching a weight representing loads of 6 N (3.37 1b./in.”) to the

stretchable fabric and allowing the stretchable fabric with the weight to
hang freely.

2. The stretchable fabric of claim 1, wherein the stretchable fabric
exhibits at least about 30% fabric stretch.

3. The stretchable fabric of claim 1, wherein the stretchable fabric
exhibits at least about 35% fabric stretch.

4. The stretchable fabric of claim 1, wherein the stretchable fabric
exhibits at least about 40% fabric stretch.

5. The stretchable fabric of claim 1, wherein the stretchable fabric
exhibits at least about 45% fabric stretch.

6. The stretchable fabric of claim 1, wherein the stretchable fabric
comprises one of a satin weave, twill weave, a ripstop weave, a
basket weave or a basic weave.

7. The stretchable fabric of claim 6, wherein the yarn spun from nylon
and cotton comprises a two plied yarn comprising substantially equal
amounts by weight of nylon and cotton.

8. The stretchable fabric of claim 7, wherein the elastic polymer
comprises elastic polymer yarns core spun with nylon and cotton
yarn, wherein further the core-spun elastic polymer yarns are
incorporated into the stretchable fabric during weaving of the

stretchable fabric in the fill direction.
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greater than about 60 Ibf. in the fill direction of the stretchable fabric.
11. The stretchable fabric of claim8, wherein the air perneability of the
st r et chablve 2b@sssssas measured by ASTM D 737-96 is | esspchas2abousd2. The
stretchable fabric of claim8, wherein the stretchable fabric weight is
greater than about 6.5 o0z./yd.2, the breaking strength of the stretchable
fabric as neasured by ASTM D5034-95 is greater than about 160 Ibf. in the
warp direction of the stretchable fabric, and greater than about 60 Ibf. in

the fill direction of the stretchable fabric, and the ai,r rmeability of
the stretchabl e’f abrifréeégetﬁ]éaé?&fagﬂcﬂ Clﬂ%‘i’%ﬂ Bhesn %“feégqté’gg‘et han about 25

ft.3/mn/ft. 2. 13. Thacsdvietbhal gedibihhs abdut &l Pomy@,%. wherein the
stretchabl e fabric shrinkage after | aunderi ng and drying is |less than about

3.5% 14. The stiPet cAhbkeetthdhl¢ fbot of ClaimBgwheisr b hresfimgstienstbivdtiice f abric
wei ght is about 6.5 oz./ 2.t0 about 7 ., I [ rengt h of
the stretchabl e fabr?%étﬁlge%ﬁ%fﬁléﬂ?élﬁnﬁ§su%%Xﬁég‘gépgég?'sggéi%?{ggg%kto about
220 1bf. in the warpasiftaebisminothe ihep &irdctio b Hestiecadhable famitg asdout 60 to
about 145 Ibf. in the fill direction of the stretchable fabric, the air

pgr rreai)ill :cty /of t/h](ca greater thrambeut Ghibi.dn ke ik diseqtion ofyheimighabledabug | s
about t.3/m t i . i ; i i
| ess t han about 13’. S%Th%géé}‘dl%&ebtﬂeg{ar%g% I((:) Eg@ﬁg 8?%%%61014 121? Q%F%Pﬂm&f?w\ﬁ’g@ée?ﬁ ![f]e

el astic pol yner conpeirselsabofapric aamcaairébne ASIN DeT37-96is 1éssghamaott
conprising the fabric _of;, claim8. 17. A method for nmaking a patterned
stret chabl e woven fa@?ifte/m%ﬁ’pfi sing: preparing a nylon/cotton yarn;

pr epar gnlgognm el 95! iwng%e §fcrBhRie HRHE of Pl igdivReretl B Bk RRAIOIALBR Yarn to a
weight is greater than about 6.5 oz./yd.?, the breaking strength of the
stretchable fabric as measured by ASTM D5034-95 is greater than
about 160 1bf. in the warp direction of the stretchable fabric, and
greater than about 60 1bf. in the fill direction of the stretchable fabric
and the air permeability of the stretchable fabric as measured by
ASTM D 737-96 is less than about 25 ft.*/min/ft.”.

13. The stretchable fabric of claim 8, wherein the stretchable fabric
shrinkage after laundering and drying is less than about 3.5%.

14. The stretchable fabric of claim 8, wherein the stretchable fabric
weight is about 6.5 oz./yd.? to about 7 oz./yd.%, the breaking strength
of the stretchable fabric as measured by ASTM D5034-95 is about
160 to about 220 Ibf. in the warp direction of the stretchable fabric,
and about 60 to about 145 1bf. in the fill direction of the stretchable
fabric, the air permeability of the stretchable fabric as measured by
ASTM D 737-96 is about 11 ft.*/min/ft.” and the shrinkage after
laundering and drying is less than about 3.5%.

15.  The stretchable fabric of claim 14, wherein the elastic polymer

| comprises polyurea-urethane polymer.

16. A garment comprising the fabric of claim 8.

17. A method for making a patterned stretchable woven fabric,
comprising:

preparing a nylon/cotton yarn;
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providing the prepared elastic core spun yarn to a weaving loomin a weft
direction, the warp direction being substantially perpendicular to the weft
di recti onyoweawisgspst he weft yarns with the warp yarns t ecrarspE/onesen
fabric having about 75 to about 90 warp yarns per inch and about 50 to
about 60 weft yarns per inch; dyeing the woven fabric with dyes receptive
by the cotton portions of the nylon/cotton yarn and the prepared el astic
core spun yarn; followed by dyei ng the woven fabric with dyes receptive by
the nylon portions of the nylon/cotton yearn and the elastic core spun
yarn; followed by pr.pﬁ%naﬁ@g&nﬁ%sfwweé%? Y{He dyed woven fabric; and

formng a patterned apd g A tterned
stretchabl e woven faﬁj&é\ghfeh%hl b| gl@%tﬁ%follt}??g%gg% &%%}Sstr ch as

measur ed by the dimeotot; of el ongatl on of the stretchable fabric by attaching
a wei ght representing)lo ds f 6 N ‘(-‘3137 | b./in. %%_Pto a s eci nen_and
al | owi ng the speci me®' ’I’i‘gtt ePIRBRGH £125 1 FIRGPY: g;oawea ing loom in a

weft direction, the warp direction being substantially perpendicular to the
weft direction;

weaving the weft yarns with the warp yarns to form a woven fabric
having about 75 to about 90 warp yarns per inch and about 50 to about 60
weft yarns per inch;

dyeing the woven fabric with dyes receptive by the cotton portions of
the nylon/cotton yarn and the prepared elastic core spun yarn; followed by

dyeing the woven fabric with dyes receptive by the nylon portions of
the nylon/cotton yearn and the elastic core spun yarn; followed by

printing a pattern over the dyed woven fabric; and

forming a patterned stretchable woven fabric,

such that the patterned stretchable woven fabric exhibits about 20%
to about 50% stretch as measured by the amount of elongation of the
stretchable fabric by attaching a weight representing loads of 6 N (3.37
Ib./in.?) to a specimen and allowing the specimen with the weight to hang

freely.
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