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the Invention The present ates generally to fiber glass
rovings and to nmethods and systens for producing rovings and conposite
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hori zontal, longitudinal axis to wind the ends and oscillates in order to
build a form ng package. Multiple ends ﬁ‘t¥pi cally two to twelve) are wound
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packages rovif€isSRixkdkvitr8En e@NdpiMled onto a mold. At least one worker then rolls the

sprayed fiber glass/resin composite on the mold to flatten it, spread it evenly, and
20 facilitate wetting. The composite then cures and is usually removed from the mold,

resulting in a composite having a desired shape.

Roving packages are conventionally manufactured by winding fiber glass ends

from at least two forming packages to form an assembled roving. The ends are formed

when glass filaments are drawn from a fiber forming apparatus, or bushing, connected to
25 a supply of molten glass. The filaments are gathered into one or more ends and wound

upon a rotating collet of a forming winder to- create a forming package. During winding,

a collet rotates about a horizontal, longitudinal axis to wind the ends and oscillates in

order to build a forming package. Multiple ends (typically two to twelve) are wound into

a single forming package or forming cake.- Forming winders typically have a twelve inch
30 oscillating collet and typically operate at winding speeds of 3,000 meters per minute. At

a winding speed of 3,000 meters per minute and with a twelve inch collet, a forming

winder would be operating at approximately 3,100 revolutions per minute. The forming
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. &ﬁg : i

on the sudcflacevife dppiicamne hiveenyaher AfdisadyARAZssa S8 B ©UFAY 8iVed wi t h

rolling out the.cho I Ovd R EFRERRRCHK ) BREure 2D theGovibgBM ty"

i ssifes upYFf bqvlmrgﬁd.ggpgﬁtﬂ%ga%&g%é&gplétgggt i n\llle'%ti on relates to fiber glass

rovi ngs, aityfthRegarah 85k igtorendouftergsis chopped tofaplitao i sellipg BECCH ass rovings.

The present “invention also relates to nethod ] hof Orm ng
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20 splitting efficiency of 100%, such a splitting efficiency is not commercially available

using current assembled roving products.

Other disadvantages seen with current assembled roving products include, for
example, difficulties in pay out due to catenaries on the surface of the assembled roving,

high labor costs involved with rolling out the chopped rovings, and “spring back” and

25 “conformity” issues upon rolling.

Summary
The present invention relates to fiber glass rovings, to fiber glass gun rovings, and
to assembled fiber glass rovings. The present invention also relates to methods and
30 systems for forming fiber glass rovings, to methods and systems for forming fiber glass

gun rovings, and to methods and systems for forming assembled fiber glass rovings. The



The present invention also relates to packaging units. In one non-limting
enbodi nent, a fiber glass gun roving conprises a plurality of ends froma
pl uralitywofosdégoert draw packages, each direct draw packageThsedmg7@ single
5 fiber glass end. The direct draw packages are wound usjn di rect draw
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enbodi MeRlF A shifdee lﬁfsflﬁgttdr yewaaREkto makiple difecedrel peckigesat hl@1 fpetdseen 5.9 and
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dr aw pac‘P( S W package havin ow Center and a
si ngl e fiheltdl-a8m @Ak offlﬁ%ﬁﬂeﬁgvetdﬂﬁeoermhof rimnmeeamhlnmtmg@mbédmwnt phtkage

t hrough the center of the direct dra ckage ng the ends to
form a gumroving tig.e fE‘&B’ﬁaéﬁ?&“r?’&? g@*‘%ﬁa g?t%‘t ?? gb{:”ﬁtl}lal\gllvn Package using
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are-capa

s, &
ern \/\Sft’)un on eacE direct draw wi nder. The effective
aspect ratio Ofie m’rchmﬁmg enibodingent hean aseamllpchilbar Bipss EXIREITWENRISES 2 nay be

greate In furt non-1im enbodi,nen Vi atio of
each end% B‘é’ib%etcrﬁé@ﬁm%‘g%’ gﬁe&n i anldrr%%otrlllgm%%%ﬁ GI%JSQQMS ogﬁﬁg%ht&

net hod f g qif Rk BlaRgpRRagds sastbliestt Hiabegackdgrdavinga singie ﬁi@l gbrperids élshepr ovi di ng
a plurality of direct draw packages, each, %r rect draw package having a
hoI | ow cesstwblednoving maﬁgpévwrl%ér%rla%‘%ngewa ®and wi nding the ends fromthe

gg)alelnéy m(;f hL 86t hﬁlﬁtﬁr\g RAKBLIES of R nfeBoreoAsin e Aiibedhidieh rgliags rovi ng.
comprises providing a plurality of direct draw packages, each direct draw package having
a hollow center and a single fiber glass end; feeding the end from each direct draw
package through the center of the direct draw package; and combining the ends to form a
gun roving. Each end may be wound into a direct draw package using at least one direct
25 draw winder and at least four direct draw packages are capable of being wound on each
direct draw winder. The effective aspect ratio of each end, in further non-limiting
embodiments, may be greate In further non-limiting embodiments, the
effective aspect ratio of each end may be between 5.9 and 10.
In one non-limiting embodiment, amethod for forming an assembled fiber glass
30 roving comprises providing a plurality of direct draw packages, each direct draw package
having a hoilow center and a single fiber glass end; and winding the ends from the

plurality of direct draw packages to form an assembled fiber glass roving. Each end may
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rect aw packages. The 25 ends from each direct
dr aw pacllg)amg may be conbined to formthe roving, in one non- limting

enbodi nent, just prior to. su
anot her non- | TheRrpsenigKention af?@f%%ta mgt 1%’)(? n%nﬁq’y%:t%%%)gglﬂﬁgﬁlgérj%&%%tgg 8- In
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with a resin; spraying the mixed roving and resin on a mold; and rolling the mixed roving
and resin on the mold. The direct draw packages may be wound using a direct draw
winder that is capable of simultaneously winding four or more direct draw packages. The

25 ends from each direct draw package may be combined to form the roving, in one non-
limiting embodiment, just prior to: suiaplying the roving to the chopping gun.

In another non-limitir ient, a method for forming composite products
comprises winding a plurality of fiber glass ends from a plurality of direct draw packages,
each direct draw package having a single end, to form an assembled roving; supplying the

30 assembled roving to a roving gun; chopping the assembled roving; at least partially

mixing the chopped roving with a resin; spraying the mixed roving and resin on a mold;

and rolling the mixed roving and resin on the mold.



and rolling the mxed roving and resin on the nold. 4 WO 03/ 069037
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undey st OQHom%ﬁplﬂﬁﬁg theer@o B 148 BN UM THe 1b‘hﬁg gmpellftqbedhedtbammgé thel n t he
drawings: FIG 1 1s a schematic of a non-limting i ment aqf a process

of the predemis at leas partialy nfiggd Wﬁlhﬂ’feaéscllﬂrﬂ?‘?gmﬂﬁeiié%‘fln%i? eﬁ&é%( FIG 2
illustra nbodi nent of a flber gl ass
end 15 %ﬁraygde&rtggglgncf&?dn@g}lﬁlgﬁtd]ﬂ)lﬁn th%omﬁ%ggb?rat es an enbodi nent of an
assenbl ed roving of the present invention conpared to a conventional
assenbled roving. FIG 4 il#uglt ates .a gﬁ@ ﬁfCt |e\£e view of a non-limting
enbodi nent of a nethod of H ]B?S(SEIBHPH EntPon for form ng a roving by
st apki ng di r e¢he fHliBWilAEKagR®n, vl td KatteDurdetstididrvadicasesl inepnjuhaivnof a
non-limting enbodi nent of a nethod of the present invention for formng a
roving byviththe kbnegdest drawinggr BWDPLERARES. FIG 6 is a perspective view of a
non-|im ting 9f@qq% %a{en%ftlc%fgﬁ@fﬁﬁhﬂgg éfﬁ'éc;duﬁént otfa%ldbreﬁ%mﬁe prexantion. FIG
7 is a side view o non- | ti ng enbodi ment a packaging unit of the
25 pr esendventiviefor manufaEﬂuﬁnganets daawwkvge@w of a non-limting enbodi nent of

:n g? (r:] lé ?g In gg :J 9 Hv t%ohﬂét%&g‘{l ﬁs%%gctbc#nnov adlgg E%-%IP% embc?dlin%ntfabtpaﬁﬁb%p E%ége%ﬁ view of

i nventi ora,ft&q)rglegima&ubﬁ a side view of another non-limting enbodi nent of

a packagi ng unit of
FIG. 3 illustrates an embodiment of an assembled roving of the present invention

compared to a conventional assembled roving.
FIG. 4 illustrates a perspective view of a non-limiting embodiment of a method of
the present invention for forming a roving by stacking direct draw packages.
20 FIG. 5 illustrates a top view of a non-limiting embodiment of a method of the
present invention for forming a roving by stacking direct draw packages.
FIG. 6 is a perspective view of a non-limiting embodiment of a packaging unit of
the present invention.
FIG. 7 is a side view of a non-limiting embodiment of a packaging unit of the
25 present invention.
FIG. 8 is a top view of a non-limiting embodiment of a packaging unit of the
present invention.
FIG. 9 is a perspective view of another non-limiting embodiment of a packaging
unit of the present invention.

30 FIG. 10 is a side view of another non-limiting embodiment of a packaging unit of

the present invention.



the present invention. 5 WO 03/069037 PCT/ US03/04270 FIG 11 is an end

vi ew of another non-limting enbodi nent of a packaging unit of the present
i nventi orwORB@9032 is a top view of another non-limting echasosenroof a
packaging unit of the present invention. 5 Detailed Description of the
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i ndi cate al | rs expressing quantities of ingredients, reaction
conditio §P“§931§83]8?th used in the specification are to be understood as
bei ng nmodi fi gdd. 12 & 4 tob REdwas@sthiy ndhEmitergnaniteldmdnt f d Packegiog dm’ngf y, unless
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speci f i cspeeifigaiidrearede e F@ﬁﬁFQOQcPS §m§r1 5a énsgad@% ° ARy ﬂ%rl cal
valye, ha o‘é‘a{ 191 HQ@E&H&M@ ot %ﬂﬁlﬁ Qhd AinferRET R fnd186 8&Sa#th hytheesul ti ng
fromthe''s gﬁ d deviation found in their 20 respective testin

nmeasur errﬁﬂlosvmg\&peetﬁwemqn A hppl@ﬂg@gomh tb@fl ces saryHspeidingamentthe ¢rsiredinder st ood

t o enconpass_an ubr e stated
range OPB“?GFBS§6¥5gWﬂﬁf@ de §§g§gggﬂggﬂ?%€_A gyg% g%ﬁg a &gﬁgﬁanges

bet ween G@dfpt th Melitkhe uppmﬁt)od df&hérﬁditlt]mwavathyelenﬁs tdtharsdopehé tiepodtimsm val ue of
10; that is, all subran beqi

.5 3 L Gach el ARG SHPHIA SoRALEE ORISR b o asr Rl o
to 9. Agl%h%dggl%ad %Ys dana glgrﬁ{g%&%afyefg@l{dil%jte&lﬁn@&s being "incorpor at ed

here| n" ers o as being incorporated inits entirety. It is
further notedNbiveithstanting shas fregiviieriaali arges ep@pEPREATSALNG fpih thg broadan »  and
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examples are reported as precisely as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the standard deviation found in their

20 respective testing measurements. Moreover, all ranges disclosed herein are to be
understood to encompass any and all subranges subsumed therein. For example, a stated
range of “1 to 10” should be considered to include any and all subranges between (and
inclusive of) the minimum value of 1 and the maximum value of 10; that is, all subranges
beginning with a minimum value of 1 or more, e.g. 1 t0 0.1, and ending with a maximum

25 value of 10 or less, e.g., 5.5 to 10. Additionally, any reference referred to as being
“incorporated herein” is to be understood as being incorporated in its entirety.

It is further noted that " L this specification, the singular forms “a,” “an,”
and “the” include plural referents unless expressly and unequivocally limited to one
referent.

30 The present invention relates to fiber glass rovings, fiber glass gun rovings,

assembled fiber glass rovings, methods and systems for forming fiber glass gun rovings,

and methods and systems for forming assembled fiber glass rovings. The present



30 The present invention relates to fiber glass rovings, fiber glass gun
rovi ngs, assenbled fiber glass rovings, nethods and systens for formng
fiber gl a8e ogloewosdVvi ngs, and nethods and systens for forrcagsaysenb| ed
fiber glass rovings. The present 6 WO 03/ 069037 PCT/ USOB/ 0427 i nvention
al so rel atVeBtllealﬁfeteﬂﬁ@Fstomh%d)ﬁ§11@F'b§tem§rf°¥ RIS CEBRBHRTPEISY od§ct s. The

Present |n\églﬂ ﬂugl}lﬁl?o[*e%t@g% gH%q{ﬁ?tgl ng units. As used herein, the term

end’ neans a I'laments that are at |east
partially coaAedsw ltelnela, thé tmimr“enm’dnms heahedhtyo@etdheduaﬂ Grangnisghajuentt use or
5proces ng. The ter refers toaplurallty of

ends. asfRaga by qoﬁVgﬂ%iF i rﬁggérégﬁz?tﬁﬁaf’ t%gé%ﬁ’i SUOSPREIGNS S ng of textile

endss ya%fb%eé%'ing tHR think est@hdnat Uie@'heleﬁﬂi@efﬁﬁd@a@lmﬁ&t?bheﬁdsc materials, and
in the férmation of rovings from textile end or the |ike.

Non- i miti ng @kemﬂseé igyfengerels gﬁ%ﬁl@lb/ausefql SELEE w%%a%texelétetléﬁnyqﬂ%elr s;

man- made f e
fibers; %naﬁﬁ%é&fﬁn—ﬁf&dh :ﬂ{r\?g%& ﬁ%lsg é@?"é ro%%{)belfés}%ﬂﬁ obﬁelfl n
fibers sw@dmla&dpoymmh@hbe dﬁon—bmitngre&plylpbmef swhaiaipmlﬁbnnscil@hideber s such as
nyl on and aropmti c pol yanm.de fibers which is rTIVl

V\/m ch i s CelmBYLEHdre ymg@ghggﬁ,wgﬁ'ﬁ 31‘1 %ﬁn%gﬁtas & Onﬁlg%ﬁﬁplém(%bel

| 7 ngt Qg sﬁﬁﬂleu)c ﬁbEFﬁll&ﬁ@ﬁ%%%ly’eﬂ&%@BoWbieﬁnW@Ws@&cldasspﬁlb‘zbﬂgﬂhlgej"ler ally in
the context of its use in roducti on assenblé and_appl i cation of
QP

gl ass fi meb'@romlﬂmevmd poirenigs ﬁbﬁiw%hﬂ?n%ll@p jepd atoppafip golypmididivers @Rder st and
that the eg &v&héc%elgﬁdegﬁrﬁ“s wiRhY onluﬂelrcﬁﬂ%;a{f'ﬂﬁ%ﬁesﬂr&ﬂ EOof. ]ﬁ)lﬁxm‘l{e the

textile na scussed above. Persons ordinary skill in the art
will recmum Ch.aifWﬁﬁlu’[gtcﬂBéRﬁ)l nventi on can be i npl emrented in the

producti on, enbl and .a cat ass f.i.bers. 20
Non-1imiting g;%lﬁfﬁséét ub‘fenﬂ?lgg'él ??%b? gls%%F? 1813 ?5?‘n {Blggo R4 éts SieSent
invegti Oﬁh&ﬁﬂadh&{bhugs%emslboaﬁﬁi @?E&@bﬁdf baanidad elowalkt,@ng loasﬁnmfmﬂﬁﬁl tions
such as "E-gl ass", "A-gl ass gl ass", "S-glass", " BCRg

(corrosi gm threeasi wouldungdératerd thahthe S ﬂl}Vﬁetlelhld/Uéffﬁﬂolé}r%ﬁnf)?eémg ag?li%%fi i ves
t her eof . re vant ageously utilizes direct draw w nders
ﬂﬁ. die ﬁpl n}ag rg%lé Eﬂﬁ@ﬂgédo:{%ogg

inthe w ass. For exanple, the present invention
advant ageousl| ‘y’em;bnd mf?c&émdnyrﬁdt 111dheﬁmtwvd/1redegmzettbat\mmplreﬁqnbeweqicms@néﬁﬁds into

O O beek0es, ! L See) 10 LY.l FRRh1 SRRSO

20 Non-limiting examples of glass fibers suitable for use in the present invention can include
those prepared from fiberizable glass compositions such as “E-glass”, “A-glass”, “C-
glass”, “S-glass”, “BECR-glass” (corrosion resistant glass), and fluorine and/or boron-free
derivatives thereof.

The present invention advantageously utilizes direct draw winders in the winding

25 of fiber glass. For example, the present invention advantageously utilizes direct draw
winders to wind fiber glass ends into direct draw packages for use in gun roving
applications. Examples of d’ ) vinders useful in the present invention allow a
plurality of ends from a single bushing to be wound into multiple direct draw packages at
high speeds, each direct draw package having a single fiber glass end.

30 In one non-limiting embodiment, the direct draw winder can wind ends of fiber
glass at speeds up to 4,500 meters per minute. With a collet of diameter of 230

millimeters, this winding speed corresponds to approximately 6,200 revolutions per



plurality of ends froma single bushing to be wound into nultiple direct
draw packages at high speeds, each direct draw package having a single

fi ber gl a&e 0800620380 I n one non-limting enbodi nent, the diPCaaiSosioe2m wi nder
can wi nd ends of fiber glass at speeds up to 4,500 neters per mnute. Wth
a col | etmofutali Asreinder ofhr@BEy avblvies, tigher winding spesds il Agelyheedme or r esponds to

approxi mately 6,200 reyvol ut.i ons s m nut e.
Ao wi norveteinrshagse avey Jati B bishe R R e TR AN Become

avai | abl gsedantheGirésemtinebngivh Wivrithedisecnditty Wihdhe thenmidieregvepdeuts coul d

advant ageously be used in the present inventi on \g\i't .]gi ect ..draw w nders,
t he endspaskagsadisg 2itidverse 5@@&%@@%@5%0% ahng eollets) oiiigR PRELal Y nosed to
oscisl | at | ng.CQ hﬁ"& t%)b#gwﬁiiec&regh&‘%%%kl@ge5Tﬁyyﬁﬁbﬁlﬁtﬂ)nﬂﬂd ttQeRelphide ki@ di rect

draw package. e conbi nation of a traverse guide and the high w nding
speed pr e iigswadingrspeedhabdicss moendcihaigs her-cizgwdpr na fleder thapimdeHg¥ndwound  on

a conventional form wi nder,. w_ndi n I 1, package
R R G R T R S b e
filanent g.aad dipst@ely RiRteadvaitzgsutly ahew Wapeadibenfinnpaskadésgédnndse in gun
roving applications, reduce problens of 10 cat nalrﬂ%, .aqu reﬁ Itn{ign a
flatter enes Pde Worpd e BaaeridoT Berih B EE ARG 1CaURBH FPIU5F P19 Een odi ment s
of fthe p ' PR 198N Ml i iBrivedidbREdrethdtbcosingder that is a

hi glttg)- speé%,gﬁqn%laltn?\é%gﬁgggﬂage edi relclfﬂ%élrgww ndler . 6}5'i\|'(r)1e, .dii%rle_ct draw wi nder,
in some enbodNoeditrstinggmladdsmense ofitha preseinvestioningr stilizpraditsst #8¥%r , meani ng,
for exanple, that the w nder does not . - ntacting

st rand gg’lll&i?} f‘hailsf‘gnéf'f‘peeg ’18}1131‘9\/%\381%[1% F 'dﬁrgcet? b&?’%@{ieﬁg{%gegmﬁ?nventi on can
wi nd f OULyifder LiWBhME elBBEtE et endyilio bet:ndnvehiset difacedtwdviaderpaekzges at | ow
cost with each end being wound into separate direct . draw pg}gllé?g%s. Direct

draw wi néuresample thetthe W ABTSEH PO ridaenpeingaiiAnd e useful in
t hel £ mb Oﬂlr@@t?&%}/ szincf'eplgseﬂ{l & §1d rés@l\(ﬁﬁ{lérflﬁ@n chlwAHAGHRED tReRe bhd¥ihioTgur

enbodi ment, rect draw w nder useful in the present invention can w nd
si X ends td teved@irest dradtiprelctgesiatdom pasiketesacaend bring werndynidsepgiely BiIRet bei ng

wound into separate direct dra acka . fdber gl ass
end is wILATEPH8Ye Dt ?Wdyflg%rWﬁlﬁg%arn g%fl %nﬁger %1%05?1&3 g’g%%ﬁ%ggggﬁpgcst dr aw
package fehs&ach tengnbollithédess b psseahdveatiora Idianethtr wmalivipmgkage of the
present invention can conprise up to eight hundred filanments Iﬁar t%nd. The
fiber 25egbadisneshasirertirgavinds UpTTH pithgPesrBody FARE SR avE' Y1 8 er,

non; gl r Cléixatfire%{ &%&/’pﬁ@l&tgbé)ﬁslow cost with each end being wound into separate direct draw

packages.

As noted above, each fiber glass end is wound on the direct draw winders to form
a separate direct draw package for each end. A fiber glass end on a direct draw package
of the present invention can comprise up to eight hundred filaments per end. The fiber

25 glass ends, in one non-limiting embodiment, have flatter, non-circular cross-sections
when compared with ends wound on conventional forming winders.

Non-limiting embodi " epresent invention relate to fiber glass rovings, to
fiber glass gun rovings, and to assembled fiber glass rovings. In one non-limiting
embodiment, a fiber glass gun roving comprises a plurality of ends from a plurality of

30 direct draw packages, each direct draw package having a single fiber glass end. The
direct draw packages are wound using a direct draw winder, which results in a cylindrical

package with two substantially flat surfaces. At least four direct draw packages may be



when conpared with ends wound on conventional form ng wi nders. Non-limting
enbodi : e present invention relate to fiber glass rovings, to fiber glass
gun rovi nge,03a6m31 0 assenbl ed fi ber glass rovings. |In onePo@rsshd/m2re ng
enbodi ment, a fiber glass gun roving conprises_a pluralit f ends froma
pl ur al i tyouadl oA sitigheditectidraw padkadhs useelchditfict et W%W%&yé‘%gﬁ’eel ving a

single fiber glass end. .The dir GoMsihhg a direct
draw wi ﬁ&@ﬁ?em%ﬁ@%ﬂﬁ%ﬂ iC]r?S%ls%g}Flll ﬂ%ﬁ}gggﬁ&pacaaﬁggﬁw?ﬁﬁt WO s%bst antially
flat Surfiae8s. THY co@askiidoeFanth eoind irmma daek dges prrkygereaBbard 03/ 069037

PCT/ US03/ 04270 wound on a single direct draw w. nder 'dmlebe‘t'cﬁ% qf, a direct

dr aw wi elenactedzas indetsns o g effertige asRESt IAHC EHRFURCE A HOFG Bt er” cr'oss- sect i on

than endswoundoR GARYEMLAQAlguh 86V the gades Specthaionsfassh swiiti on of - an
end” wourtd®i'fit 0 a rect draw package nay be characterized.in_ternms of its

ef f ect i \sgeaankat 5.0 afi uthdi wadssisids embadireniebgeicgr gwect 12Ho 8T et
non-limting rrthodi merst g{ & gun roving, the effective aspect ratio of each
end is YA ohu7F5- 9 10 f ur t her non-1i miti ng enbodi nents, the

effective aspegtenidtrig (ef dierciawenadkayayab&ldoed weanmpsl do dergh the 2uThe ends
fromthe direct draw packages are "l oosely gro "ot r gun
rovi ng. rAsings é¢ vsed BRI, flhﬁgenﬁ Gsely GELIBES ﬁg%gg%%en%@%él%f%%ﬁ%ﬁe ends are

conpi ne ! At plddBssemesuseay: e sphotessed, fd tuaedviag the sane
ti ﬁ@ (e%&g‘?‘g?fesgqﬁ%ﬁgé?‘@gfﬁﬁg ggn), Sbut Svithout adhering the ends to one

anot her . gunadut enitioneadhedrgohé selsiip orLABYBTS i | ament s. 1 n one enbodi ment, each
end may co i se to 600 fil : cARpd he end may
%cg 66(5] Bﬁapf CYpRHseUP tﬁ%ﬁ@?xﬁ%‘r}én& 8 [HHE ERBSdiREROCHARAY maly

conprise up non-lrmting enf)odl ments, each end
MRy CONPYJnSRisERpeo EORN1aRRAts 15 & flrtepatsodiBahthevdd may comppse welodfe t han

300 filanents in other enbodinments. Wth regard to di. (PR filaments
may havefildinenist & athghnampligytipg &R0 'T%?F‘anac.;lﬁggw Cowglﬁ-ge]qlglr}]]i%tﬂimr?gi@nbodi nment s.

The di angters. 0 . 9&5&5 S e BRN BP0 Hidinkddty ih@ERr Binbsdimsntsi n f urt her
noﬁ-sl [ mnﬁliaﬁlge’ntes‘hft%%llbfgrne&rftnéf I'n 1oteherenon-l imting enbodi nents, the dianeter

of the Tiithaspatso damelze, thefilaments siay harel digimeteserP 19 CHERIICHRE i UNet er  of
the filanents, in 20.0n n-1.imti ' HRehLwaennki ne and
t hi rt eenD9A-HPGHE erﬁ*??gnﬁﬂﬁs'pﬁ% FHetFIs %gﬁgr@%ﬂhf{?{rﬁa? ibggygpn%gdi rlrentl, ncorrpri ses
bet ween §e,@8hdnmitAgRebednfhie ghasmnelidsing Bdodimebisy thediserier dray

depend on the desired yield (usuall expressed i.n yar r ) of the
gun rovi ﬂ‘g_ﬁlﬁ@pnt@mﬁ-@p StWORD 814 ag&% grastt ro%Zﬁbe difndt& oqﬁhcp ﬁlam%ﬁ‘gpﬁ

20 one non-limiting embodiment, may be between nine and thirteen microns.

The gun roving, in one non-limiting embodiment, comprises between ten and two
hundred fiber glass ends. The number of ends may depend on the desired yield (usually
expressed in yards per pound) of the gun roving. For example, in an embodiment where
the yield of the gun roving is less than three hundred yards per pound, the gun roving may

25 comprise up to fifty ends. In a further non-limiting embodiment where the yield of the
gun roving is between one hundred and three hundred yards per pound, the gun roving
may comprise between twen 77 ends. In one non-limiting embodiment where the
desired yield of the gun roving is less than two hundred fifty yards per pound, the gun
roving may comprise up to forty ends. In a further non-limiting embodiment where the

30 desired yield of the gun roving is between one hundred fifty and two hundred fifty yards

per pound, the gun roving may comprise between twenty-four and forty ends.



the yield of the gun roving is less than three hundred yards per pound, the
gun roving may 25 conprise up to fifty ends. In a further non-limting
enbodi mrerwwowbe6®3t he yield of the gun roving is between @oe/usendnred and

t hree hundred yards per pound, the gun roving may conprise between twee J
ends. |n one Inone homhmntng eemhwddnmmgmme‘rleg hidng @Ié@ﬂinieédle% ef ketwgent he gun

roving is |ess tha red fift rovi ng may
conpr i sem{%lu%l%eflélﬁ‘??“ r‘Y ardsmgt P%éﬁaﬁle & Forv‘uﬁo%% rr%sh@e ment where t he
30 desi rgd, i gl s fgenammqpéacn@m it gShdnesanesnn aﬁdéO@lﬁmﬁhead; Ailfwtish canld t wo
hundred fi ty yar per pound, the gun roving may conprise between

twenty- fﬁlamemmvm@ratq;axéﬁalsbewewm@w bisisen PESFPS03/ 04270 I n one
non-limting enbad n &dicdbviet ween one
hundred and t L}’n18“'th8&1a%i/eg’?&gslﬁ‘%\eﬁ?&g%%ﬁwl%gvégﬁﬁhfrt%\gnegﬂé conpri ses between
twenty agghvitfohyl @mndsyingiptdiueac Noadnhnhag/emgodm@meeﬁg@wvaml BP0 fil aments

and with each filangnt havin di bet een
mi cr ons. e P eﬁg@el&ffle%ﬁ%&q‘i}%@bﬁ{%ﬁ?} o1 0]%8( S&ggpr%%}{é splitting
ef fici engjifn OUShrefes Y BRbicPNAh 98UN Glﬁa\ibﬂggmﬁlﬂelplteSent mﬁﬂﬂmmlmq ng

enbodi nents "of dgun rovings may _exhibit spl |tt| n eff| ci encies greater than
0% af t eexHiiat @ﬁglrébigppﬁéﬂﬁlﬁésé%‘rf g chonp él PR AW A O PPEE B AR y great er
95%,; oVl ngs o8 Blih Vi $0ay xlbitiohfodi@gies abl e
ﬂ‘?)orm{nil’% Wlﬁareg elNrjlOfll ﬁl;ﬁlglfol egﬁgaE eg%r a;g/e1 rngér% ayr ovi rllg 0éun aned 10 m xed
WI th a regiessthddons) i mting enmbodi ments of gun rovings may exhi bit
conformties _of |ess, than reser S es to
assenbl ed f| bEte %F%E%W"W’ro @%SOIF]ﬁgBﬁ ASAOn2 ecﬁ‘ %ﬂsg %]Vn@)d%né%ﬁ&nan
assenbl eg 1Rt AVdsEn @I Hbdr $RSs @vﬂ@%&p@&&h&@&und:;@ﬂkﬂgey ng between
ten and two undr ed fl’berw?l ass ends_froma pl rallti{ 21 %Idé}g(:t draw 15
packages;:oma@mgjba’t‘@mnféna pecchungeedrigt glgssErds @meal?l Bapy SR, The
assgnbl ed_ rovi n g MALRY. TRsseahbied fiber gl ass
rovings BICKPEE ea%}lgig%%tt& gﬁggyﬁé‘ﬁ%ﬁﬁgé{ﬁgl n%Mar properties and
char act em\aﬁgmsyaewgumumrg :mg;szutgwmﬂe Assasided fibenadass iofngstéicends from t he

direct draw packages are al so.."l oosel Qo und into
an assenmbresent iy He m?bgf‘\’? SERHEHEPPRY %aﬂg ﬁf E{Dac enStl\rAngg(;%thgﬁ%mg#& e present

i nvention. L0, RAGSH f TR fidhihakirtet dekv pﬂck@fﬁs atl sy ‘feakbgesuped? combi ned
to forma roving package of the present invention at the point of use.

Each di r edien thegarpaciaiato anpssenpded 10VWEt i ng enmbodi nent ,

20 In another non-limiting embodiment of the present invention, the ends from a

plurality of direct draw packages are combined to form a roving package of the present
invention at the point of use. Each direct draw package, in a non-limiting embodiment,
comprises a single fiber glass end. In other non-limiting embodiments, each direct draw
package is paid out from the interior, meaning that the end of the end is pulled from the
25 inside of the package such that the package unwinds from the inside outward. In a non-
limiting example, the packages can be stacked and the ends from each of the packages
can be fed through the cente <ages. The ends from the stacked packages can
be combined to form a roving product of the present invention.
A non-limiting embodiment of a method of the present invention for forming
30 roving products comprises aligning a plurality of direct draw packages, each direct draw

package having a hollow center and having a single fiber glass end, paying out or

10



conprises a single fiber glass end. In other non-limting enbodi ments, each
direct draw package is paid out fromthe interior, neaning that the end of
the end iwopalobma’ fromthe 25 inside of the package such trhatusohenzpackage
unwi nds fromthe inside outward. In a non- limti ng_ exanpl e, the packages

)

can be stawiskingihe enthEowrrdeh packpgecthennehfhe geatepatiea gaect deanpiskagesdanchr ough
t he cent %Bm%ﬂg%sth ‘gﬂc?stgg&ﬁhg‘ifo%&tsﬁg?&tt_acked packages can be conbined to
oduct: ‘o e presen

forma roving I'nvention. A non-limting enbodi nent
of a nethod ofn idvthep nesdntitingemiidinmtf omethod forrfgrnB0g rdenglapranduct s

conprises aligning a pluralit f direct .draw packages,. each direct dra
pa(r:nlzage e\ OIBP’%??F P&)@‘%‘éﬁﬁ Bﬁu‘ﬁm%‘ﬁkﬁ‘)ﬁ@ag RAPHEF e?‘ﬁb@“ﬁ&&%’sﬁa@ﬁ%ﬁe pay;Nng
out or 16,W0:03069Q3eiPall/ A 55034 Bhe ass eRfBedinpaht Bl 866 hElpar&paRwpackage

t hrough the center of the direct draw packages, and _conbining the ends to
form a r @atlrge froegicthe contera dherdirechdaw|Haghage rigdeapbinghe ends tedemaa f or
formng a fi g . i i . 1. i LLy..of direct
draw pac %é‘gﬁﬁ%a@ﬁg ie%%@?uﬁgﬁé@Q%ﬁ@%goﬁgfﬁlg{lfﬁ%&g&%ﬁ agg/{v egdﬁ%n ratand a
si ngl e filket oy dsst éod;wiidedndgt ki fenditctanve palkaghsraectapdblawf paicgage
through the center of the direct draw package:; and_.conbining the ends to
forma gUM™ W!eﬁ@. ‘%’Eeﬁt rﬁWsWIé‘ﬁ‘B'o ilﬁﬁﬁf’&w(?élé Cta‘ﬁ%o ioge%g%ﬁg’ PAPB a direct
dr ayy packagenssnb&ifbnts| BABbe %@aeldﬂlalesp, sanayvuaderbettvadn 9. 2ast 1d.our
di rect draw packages are capabl e of bei ng fwound on each direct draw

1®

wi nder. The efif efurtherermbpsementvataregn gfe saele lof Bxdun revingis 1w thanthkeeng

enbodi nment s . . f . e 5.9 and
0.1 B updell e Bedis Rl SR el 40 Rolier Y R BB TRIERI 25, 206
t han t hr eerthdrenthoeitheyawhaeipahe pieldna, thaigurt wvingfid Yetaeanente lnindmwed pad Kages nay
be provided., In still further enbodinent,.wherein the yield of the gun
roving i éluB@'_te@vé@%sQﬁ‘épol"i‘ﬂﬁjrd%ﬁé‘ﬂeegﬁﬁe?%ag‘i%ﬁﬁlﬁiﬁa?tgﬂa“f/a?c. E5IPBund, bet ween
tweps y aﬁgoxfi&écf. Vin Ah 618G entHodh HR GHREESHERIDES thS gl AWifbaE lest thad b her
enbodi nent wherein the yield of the gun'roving Is less than two hundred

fifty yarhasdisdfifiyourds petpound, tototfpriy diec drafy pagkpges Reyeds nrayidesk 18r ovi ded. In

anot her enbgdi ment .. rein. el f - LU i i e
nundr o ARPEy: GREPaEE o I WoFbfudiauh 0708 LEQLRY. BuBELIRENLO0® o
and fort ywdihngdied difgwapla pkagesnd, ayedawpniyvbued {20y Hneasiavgpavkedesds of t he

present invention to forma gun roving, the gun roving my exhibit a
splittind®f9SRPEHEY greater than 90% after being chopped and sprayed from

20 In using methods of the present invention to form a gun roving, the gun roving
may exhibit a splitting efficiency greater than 90% after being chopped and sprayed from
a roving gun and preferably greater than 95%.

The present invention also relates to methods for forming an assembled fiber glass

roving. In one non-limiting embodiment, a method for forming an assembled fiber glass

25 roving comprises providing a plurality of direct draw packages, each direct draw package
having a hollow center and a single fiber glass end; and winding the ends from the
plurality of direct draw pack © 7 nanassembled fiber glass roving. Each end was
wound into a direct draw package using at least one direct draw winder with a single
direct draw winder being capable of winding at least four direct draw packages at the

30 same time. The effective aspect ratio of each end, in non-limiting embodiments, may be

greater than 5.9, and may further be between 5.9 and 10.

11



a roving gun and preferably greater than 95% The present invention also
relates to nmethods for formng an assenbled fiber glass roving. In one
non- | i m twog3seededi nent, a nmethod for form ng an assenbl e@cCfriiuses/ogiass 25
roving conprises providing a plurality of direct draw packages, each direct
dr aw package Inha¢inog-liniting bmbodimnttethe asmdndleglirnging if ¢ybiadriel st tend; and

wi nding the ends fromthe plurality of direct dra ack .- n. 1S S | ed
fiber glabstapByimat sp; Sé’ﬁ%e%gé’f ﬂéﬁﬂlﬁféal tﬁﬁﬁhﬁt Sd‘ilﬁé‘vgéc)stls Wbﬁ%n%ag@ktgegee%agi ng at
| east on%tgiahggt draw wi nder with a single direct draw wi nder being

capabl e of w nding at |east four direct draw packages at the 30 sane tine.
The ef f ect i velnasfetber enahadenertt whigrein dagiclq of the assemplediragne koBde MRt s, nmay be

han 5. 9. an ) 180 069037
BT Usoa Bt B g i e e o e g 1 <

cyl i ndri eabodiirieht Witereimiths viakit dfalid agssdnhtaed savirfeaes bstwaen ovsloindestl anf ghree

substantial]ly flat surfaces is substantjally free of. catenaries. In a
further ByBE] KA PRAROFE ’E’GWF@“W ?%albiﬁﬁ%gg%{:ggmpaézgageg\l}}a %Ci s up to three

5 hundr eg X214 [R5 tRYWRthodihRent @hékfnliie SHeldsitthelisswnpiac kagasupmywoe
provided. In a further enbodinment wherein the yield of the assenbl ed

roving i bulskedEy yarde phuprandaipda dorthdizast drinRACEECY B9y D PEYVIHGuAd, bet ween
twenty and . fift irect. dr i Lo aneiaela
R o e R E A A ST
fifty yapgy aperwpainndted fifty tyard pertpoudd, irecteed trewntpdokagd $ortmagirdsedprovi ded. | n
10 further enbodi nent wherein the yield of the assenbled roving i s between
one hundpé‘a(af:’?sfl%l?/yQ?]Hrof’lﬂﬁd'hundred‘fi"fty‘yards per pound, between

twenty-four apd, & h¥imdid 8Ghe Blessi inRBSkR08 oy RerbleY idld: fol nsdliai ng
met hods of the present invention to forman assenbl ed rovi nc% for use in

gun rovi ggn apphg epplicaivas, thaeumieingena Kbkl SkHe eihgeasy greaistiBetes f i ci ency

gregier Lo nct B0 AhalHeS p P SIRGAGRAPR RSl: AN it BAK ST, BIAM S @8hAd gun,
pr e?%r abpg%g%f@é gree oaprpegggo S’}&}% present n?%: elr’lpl on ays‘% relates to systens
for form ng agsephkead ifvehéon gbashitestovystgss for foromeg ssermblediibirdasenbodi ment ,
a system for form ng assenbl ed fiber glass r_gvi ngs conpri ses & supply of
mol t en gFeEags. 4P one AeR-IBREGTLIHE At SW@&‘S@‘” Heet™ “appricator; at
| east Pn?oﬂh%se&knﬁfséé'\é Wigprlest FARAM RSl 18k haseay sk kawiondbigef our or 20
nore direct draw packages;” and a roving winder. The nolten glass is
suppl i ed applidaba; aftleast one direct draw winder capable of simultaneously winding four or
20 more direct draw packages; and a roving winder. The molten glass is supplied to the at
least one bushing, which forms fiber glass filaments. The fiber glass filaments are at least
partially coated with a binder and are gathered into at least four ends. The at ]east four
ends are wound into at least four direct draw packages on the at least one direct draw
winder, with each direct draw package having a single end. The ends from the direct
25 draw packages may be assembled at the roving winder to form an assembled roving.
The at least one bushing, in some embodiments, may produce at least four ends,
with each end having up to ¢ ts. In a further embodiment, the at least one
bushing may produce at least four ends, with each end having up to 500 filaments. The at
least one bushing, in some non-limiting embodiments, may produce at least four ends,
30 with each end having greater than 200 filaments. The at least one bushing, in further non-

limiting embodiments, may produce at least four ends, with each end having greater than

300 filaments. The diameter of each filament may be up to sixteen microns in further
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| east one bushing, which fornms fiber glass filanments. The fiber glass
filaments are at |least partially coated with a binder and are gat hered
into at |IwadyB/HoéwET ends. The at | east four ends are wounaeCirniSed/ef270 east
four direct draw packages on the at |east one direct draw_ w nder, with
each di rewtligitay epbokmemth duiarfgrtber sinbgllioneah the dinaetehelscah SimeRe™dy r ect 25

draw packages be. | ed at t.he. i W t nbl ed
v g berti e PRSIt BTt At IR Shotl QulnBihAMASIOND ©

| east f ogihnRRASreateMilal sBAGTr@RA IM@mimitiog enibsdinientsaedchiriiideent endyodi ment ,
the at |east one bushing may produce at |east four ends, wth each end
havi ng ullevea dooetey graaf@ﬁi‘ 181 NTPR EgHODS. | g pdher O‘HB’sersng‘? 2t 152 8RB non-1imiting
enbadi mept Blinck §RRhst s AULAE MBS ex3Bp tbneaeh-lengnhavi ng
greater ?%Szlﬁlggﬁ%é't%{%gérjr&e) tls.uc%'he at | east oneexbughl rplg, in furthée]r .non-

l'i mi ti ngerabbtitionte thiest leastyonp boshingisablel te arodugeniieashes endg easheag RAERY havi ng

greater than 00 f.i nts. T di aneter. of . e o up-to

si xt een R§tREEHOY ar’i‘dfiﬁﬁﬁﬂpenﬁ @%“’gg 16@8%%&%@6%}%%@%Ed@n%@ﬁm ting
enbodi rreﬁlta?behoem%eﬁHrntefaaaﬂﬁff@@ldhmts., the diameter of each filanent may be
up to thirteen mcrons. In other non-limtjing enbodi ments, each fil ament
may have a dMaken glessgpeabesupphethingd BUNMeE PoWays: $4¢0s e aRel HOR t i ng

e di mepts.. each fi - Ry g i Bhind'o8ala8bnd NAA diefte MM crons.

I rr?@t her?oé%%(?pr?gartlltog% Qﬁ%ﬁg%‘% %a@fm@ﬁgﬁlgﬁgﬁﬁﬁi ng%r?gy be able to produce at

| east si melrtiler fdrmingsopampion, raivrmamealn ax-chinhined.yeltedrind dpmepenizadib 2at | east

one bushing is able to odu at |l east six.e C [y bet ween
500 and 8b& Friagdnpece. i fndiess FRSh Rl o8 el BT rf A e,
filanment g,00 6 e RESAMREesY: Bastne (BRiusb@ERIW)OVS thediteanlgh ass may be

supplied in a nunber of ways, such as direct-nelt tIi ber 10.formn

oper at i ongermattdiinid icprigruous glasrelisre - Tnw parbleipedt elpss Aimge OBEAUY BIFESS | n a
dirget- nelt flberfof | b AW IBbEibAkS REBrkaridTedintdel t ed
and ormé’éﬁqlalibel%f Oﬁﬁlag%%qlggglg@%ﬁéﬁg% %‘r na((:)g.E Tﬁe rmlpg‘één1 gl ass nmoves from

t he fur nacesiing whéetedyeas tieltadiehd atteouatéd inesr continmivsglaap pherat ges or bushi ngs

(di scussed bel ow) ere t nol ql.ass is t enuat.ed j i L auous
Ol s 11 BEFEET 1 HOnarDEO T G1AES 1B Mg b Ae n AL e,

mar bl es %ias@s%@inlf@é' FB& bhginklappdratdesheedhgtlasds aoampasd td foomar e pr ef or med
and fed into a bushing where they are nelted and attenyated into

cont i nuowsnigiassfibarpeFer addftiogal ipfosmaiqneielafiag {psalass COMBOTHPE) 480 HROFed i r st
i nt g, the rfoeiE]l%%tgg\%ﬁgs?}ig%%’esegF@LBm&ls{eﬁﬁ TEMAY Bl @8 Tekolad drnto a fiber

for ngé?pa’a ere ass i1s attenuated to form ]
Continuous Glass Fibres, (3d Bd. 1993), at pages 30-44, 47-103, and 115-165, which are

specifically incorporated by reference herein. .
In further embodiments, after winding, the direct draw packages may be at least
partially dried using techniques known to those of ordinary skill in the art. For additional
25 information relating to drying, see K. Loewenstein, The Manufacturing T echnology of
Continuous Glass Fibres, (3d Ed. 1993), at pages 219-222, which are specifically
incorporated by reference he
The present invention also relates to packaging units. In one non-limiting
embodiment, a packaging unit of the present invention comprises a pallet and a plurality
30 of direct draw packages arranged on the pallet, each direct draw package having a hollow

center and having a single end, wherein the plurality of direct draw packages are arranged
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continuous fibers. For additional information relating to glass
conpositions and nethods 20 of formng the glass fibers, see K

Loewenst ewn,03/0bm@3Manuf act uri ng Technol ogy of Conti nuous @cagso¥ofares, (3d
Ed. 1993), at pages 30-44, 47-103, and 115-165, which are specifically

i ncor por auelths|theendy Bemsatherfdhqpluralityoff direehéliaW PREGEP RIS Pk QU f1of ndi ng,
the dire tjally dried using techniques
known toqf%%%%ﬁggﬁgﬁggﬁg?gaék?%W§§%£?Eé&%??sﬁ%%r additional 25 information
relating to diyanghersee-liitihg ewbndinent) fhe Packadgbngubdchu rompristewinecisogy of

Cont i a i b 3d Ed. 1993), at p 19- 22 whi
Speci 11 canfiy SRt BpOR ALl ByorerEy BrmAdo R By BEdRCONIREIA B so
rel ages tdgr RACKRBH PACIIBEL S e., hdlf 8NBe PRaLinBiuhit) g pal@EROR fABAE rodn@athkagi ng

unit of the present invention conprises a pallet and a plurality 30 of
di rect drfig sshefdipss dawrmaplepads e Rerronpeetedde thessgenddet dctiregt §Fawpackage

havi ng a hql | ow. cent e i I j lcural ity of

i ect AR ses Akl S gt SR B R0 s, BB 60588270 | such
thaéI thte If%ﬁlaa?geﬁ %sr}j‘ﬁlidaalﬁ{'lth@fle)?hethﬁlpmlalséil}egbfs }gyiﬂlgﬁg‘t_ Qj‘hgl\‘lvtimrﬁ?g(’@(fesnﬂm']_ be |
aid out from e.center o e. packages and conbin o.forma roving. In
ot her  BHIE] FIETHE BRBBHIKEHRAKEREE BUERAG PAETNFES CHOCEREITSET { wi co as
manyq di 1 eghp ARSI Badifie NRHBESEOYiInk & ARifRugt@Vi Ng. I n this

enbodi nent,” & first set 5 of direct draw packages (i.e., half of the
packagi ng uni tDheidéregiadraiv packages oo braEargsdionghe Pﬁ%é’f ipjarnnbseef Beysdilkect dr aw

packages can be. c. . f . di r a: ckages in
o der o P auRaEIRERbRsyER, HIRLSFIRRY pRSh R eah SEb A RPHEDEC,
packages dnstheahéh-tititing dmsbodawdnt,sthé dnéct feavkggkagch egi sarpargediy louitzownl

unwi nding to formthe .roving. Likewise, a plurality of packagi.ng units can
be connect& Pbtl’b}%{}]t?@érn%iltﬂ %&ﬁ%?gefé&%??ﬁ&ew’@?ec{%ﬂ?%?t tgﬁgﬁ&f‘%‘%’tmt he supply
of {9Vi NGydijeMQbw HoB! EoplcBRl cab@tittrf SRS aiRBnBRGK AasreefMaRPaditdgafiged on

the pallet”in a nunmber of ways. In_ one non-limting enbodinent, the direct

draw packagestdapending padieagmper of ditert draw packagpronrasdqd fab A IOVIRg, BRRgize
enbodi nent . . | [eC o . i i | rows.
T thi o ansHe b REPSE Bl BAGKAARS ARTLRE AR 3045HS Il ORLALE. | ckages
in 15 adj acentThe@nssehiriomantonbac rélags ®andthadshed systdnes far famgenemiposite t he

di rect draw_ pac es can.vary dependin n.the. nunber of .direct draw
packages 1?{8@%&1 H?‘%Pe HOoR-GHHS l%k?@%’é‘?l?eal ﬁlﬁ’fi &Cgff?]ﬁﬂgg EHRHEC BHAVES . ¢ he
di megsi ongnfristdGonbinias b plirAWy BAEKAA8Ss caddidth A@lurflagboaFect draw

packages, each direct draw package having a single end, to form a roving; supplying the

roving to a roving gun; chopping the roving; at least partially mixing the chopped roving
with a resin; spraying the mixed roving and resin on a mold; and rolling the mixed roving
and resin on the mold. The direct draw packages are wound using a direct draw winder
25 that is capable of simultaneously winding four or more direct draw packages. The ends
from each direct draw package may be combined to form the roving, in one non-limiting
embodiment, just priortosu ~ ° 7 :roving to the chopping gun. For example, the
operator of a chopping gun may feed the ends from a plurality of direct draw packages
directly into the gun. The ends may be pulled from the direct draw packages themselves
30 rather than from an assembled roving package.
The rovings may exhibit splitting efficiencies greater than 90% after being

chopped and sprayed from the roving gun, preferably greater than 95%. Gun rovings

14



The present invention also relates to nmethods and systens for form ng
conposite products. In one non-limting enbodi nent, a nmethod for formng
conposi t ewproadermss 20 conprises conmbining a plurality of pCirhse3/gi2zass ends
froma plurality of direct draw packages, each direct draw package having a
si ngl e endd it @efhodsofthe prasary inventig fpir frgmiipeconpoyitesgnayoex@ititsgsimaplgun;

hoppi ng t h ing; at least partially mixing th ) ] i th
ool n: | ST et SRR HE R o TR PBAS he m e

roving ﬁ@ﬂlggﬁﬁgr&xﬁimttchﬁfoﬁmﬂés offfess i €61 draw packages are wound using a
direct draw w nder 25 that is capable of sinultaneously w ndi @L%éf our or

nore direct dnawothacheuganitingieabegisnent, paprtheshion faming.ompegiy adkthe may be
contyined to formthe I ' zleim b i EORARL B patitsgbs, Prior to
su " * r AT 6 Ne %ﬁ\g{p%?%%f%bfggﬁ or raé)%lg{r{rlp%%@&thﬁg oper at orpaof %as choppi ng
gun may éRBdithelrengsckapomangh single iebd; tofordi ameassernghledvoyingk sigelyingiibeect | y
into the gun. The ends ma}/ be pylled fromt irect tqraasWa%‘ ges

t hensel véssersbled 5o iRg 1o 3N NEEYH HINPRIEE B EE Y AT Spackaye. "THe rovi ngs may
exhi bi t ihd I Jiir6 18P G0 ELabeKidchBan9Rrating andrisign aohodped and
sprayed @?}gnﬂkﬁgﬂ?@%ﬂ r%g g%n,1 Erleflergbw{ghr egt er tha% 95% GQun rovings 14

WO 03/ 0680Bp11REThes08d042me andizsst dnriberaekbdy tf cmhedipeas &g PrivBAYi on for

forjg ng conposites may exhibit..desi e it hg oM xed
rovithg ahf* %?ilﬂayz?eewg%ﬁ uleggl%oandl tzd‘?% dﬁde&%r%%%ér?ﬁﬁ%@%ggﬁhg{%%i ngs may
exhi bit epRbpmMBEd diest Ofawl Rekageha alfuBherl emtadobdngranmesenibiled ioving enbodi ment

a nmethod for form ng.conposit roducts .5 conprises, W,ndin ality of
fiber gl agplighipsthe NSRS ]E}P%lg?g 1 Catt]JiWrl Oy %ﬁg%géte%l?fgcega\ghﬁéi rect

draw packagey g}mangfﬁe%f@gglﬁﬂ@gd, ~to forman assenbl ed roving; supplying
the assenbled roving to a roving gun; chopping the assenb:gsd roving; at

| east parti al The assemblad raviegsarppirhditsplitting eliicienoiss gegics thad SPAATRY t he i xed
rovihg anpd resin on Dl d; . ' e i &ONigseanSsegBidy on the
ol B 21 1 B S e reut I e B G AN e T ng
di rect di@mngsiuaeein raathedy  fofmisg narhpaitealsd sxhwtiindtisingple fondprnviiesradice di r ect

draw packages. I n_a further enfodi nent asse ed rowi . S jed to
the rovi Hy Brad R HE flpﬁ’(frrlgﬂ‘écfoﬁr;ﬁ%? m@‘&o%%%gl%qgﬂﬁt 3 lﬁlglle?g)é’%ngg Ellr? aces,
whi ch  apgnisibsiBRhiiat byleéstBe 06 catenaries. The assenbl ed rovings nmay

exhibit splitting efficiencies greater than 90% after 15 bei Eg ch[opped and
sprayed from Thepressnt fyeniinn alpy whatss 4d pyptegrselat ErmingHorPesKe BeLRf| ‘Bd \

20 one non-limiting embodiment, a system for forming composite products may comprise a
plurality of direct draw packages, each direct draw package having a single fiber glass
end; a source of resin; a roving gun; and a mold. The ends from the direct draw packages
may be supplied to the roving gun and combined to form a roving just prior to supplying
the ends to the roving gun. The roving gun chops the roving and the roving is at least

25 partially mixed with the resin. The mixed roving and resin are sprayed on the mold and
then rolled to form the composite.

FIG. 1 is a schematic niting embodiment of a process and a system of
the present invention for manufacturing direct draw packages. Batch materials for
making fiber glass are transferred from storage hoppers 5 to a mixing apparatus, such as a

30 blender 10. The mixed batch materials are transported to a furnace 15, where they are

heated to form molten glass. The molten glass is formed from the batch materials in a
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rovings used in nethods of form ng conposites al so exhibit desirable
conformties after the mxed roving and resin are rolled on the nold. For
exanpl e, weaMbdodt rovings may exhibit conformties of | @€3/uSham2105. The

present invention also relates to systens for form ng conposite products.
In 20 oreamenkidwh tputlmg:e efbosinane sitill imthe gt dive modten glans hgn pessgsdbiaueh pr oduct s

may conpry Il?‘ﬁg ing 2§i( %ﬂertf%e mm{(’% a%halgﬁ%ﬂo%% 08 ﬁlas@?ﬁ%ﬂn&fts{ ect draw package

havi ng a er glass roving gun; and a
nol d. The endghé Iﬁ(bEm gl fﬂmﬁﬁﬁi ard e 40 dakiggamlily mg;tedbmthmﬂpﬂldee@ls tsinghe roving
gun and conblne i i

o forma VII’] ust priqr,to supplyin the ends to the
roving guRndeygap i’céti?i ﬁ@ éﬁﬁs 1053 ’tdﬁ%tei%vi’wgel ﬁ?@is fﬁ]ﬁégr%meﬁ g 8 {29 past 25
partial | y‘sfﬁleaf’e@r Witihot Bed 8 B th'eﬂa@éw%gdal\ﬁoﬁgp@wa th @5d MaREMsSPrayed on
the mold and ‘then rofled to formthe conposite is a schematic

niting erwatidiesely afi¢r faﬂmtmﬁﬂleagi@ﬁséibwm emof the pr esent i nvention for
manuf act uri ng Ie:;cga m ?ﬁ’g ﬁ%ﬁe%%?%las?ﬁﬁ%@wﬂﬁa%h{& ﬁlofte%gs th%rgliéksn@oefl ber gl ass

are transferre orae 0 a m Xl ng- appar a such as a 30
bl ender 1ﬂb1n'i'1i16rﬁr1‘anxfﬁ,ﬁ.daﬁlra§16ﬂﬂwﬂmi getthﬁb@um & ¢ndariypint Edddre can cudase 15,

where they are d to form nol I The nolten Iass s f.orned
fromthe %?&“tpé)ﬁel?ﬁf ? st gycly as %@C{?@l‘yg‘i @@M?SW g@’g)sgj}gg §°YHEHfier known

to yhose @, Mbl@%ﬁ& nﬁ}kthfés thdedtNBbAdnts sﬂ@@amlnhﬁnv%eﬁh%k Grhﬁﬁelﬁﬁ@&e& t hrough
a bushing 20 (or other fiber form ng apparatus) to formfiber glass

filanment svaxfb,svoﬁplb@raggmta,s%mﬂ$1ﬁamwﬁIQXI91ﬂ@s,ttﬁ@av1d@t 1I%Stﬁblba¢f§,| caldrgntgoat ed
}'Mb;[ 2 dgr b I a{ﬂl §ta?%§ e%?s ang Waate1 btloqg,l%re a,an\Bl 'I\f%%tlf?@uﬁg ma’%i?PléJss 1%{se§uﬂahlg ?cg t erm

sane neani ng Sl zZze S1 Zl ng
refers tast ﬁlﬁt}ﬁ@b@mﬁn\%ﬁff@@&letsbtoﬂmthmpuSsd’atteﬁ)t Nhe 139L%@pm1c5111|1¢nmd| at eI y

after formation of the glass fibers. The coating of t su ce gl ass
fibers wIt‘??WénﬁFlﬁdee%f”&}tf%t”é”& eharIags %zé‘f’?:‘”‘sfc?l@"?ﬂP Eieéréﬂ%gni?ﬁg)’abrasi on
whens gat hghecksiont 0728 .k BEwhibhRECRRi iRSRpSae@By kéfeleHgle as  conponent s
filmformers such as starch and/or thernoplastic or thernosetting polyneric

10 filmfor rrer(klemd-lmmnnglﬁ@snulhef eofitablebirder fon use Busontinsiibaigiags , veget abl e
or m ner 3 ?c(i)tfcts chf(%ﬁe Qre%en 1I1’Vent10lir|1pcoI s rs a%‘?geaﬁ’ong @qﬁlnsflo{nlie%r 2 lea%{%ﬂ é\ﬂ@l\%

ul travi ol I ZErs, anti'stati c’ agents

name a f esentNe [tublrncmttandhgn emethmhmg agéntbilfitlebindswohblses thorfilmufoemen, the
present invention are set forth in, U Pat en 39,958, and in K
Loewenst i, IHETRenTaaRe 3pRg (CFOEHHEY 6891 in#ﬁ mﬂ%@ R Bl es, (3d

Ed. 2@993)(or secondary film-former).

A major (or primary) film-former may be, in one non-limiting embodiment of a
binder useful in the present invention, an unsaturated polyester dispersion. A non-
exclusive example of an unsaturated polyester dispersion is an aqueous soluble,
dispersible, or emulsifiable bisphenol A polyester polymer like one formed from

25 bisphenol A, butene diol or maleic anhydride or maleic acid and adipic acid with internal
and/or external emulsification through the use of a polyalkylene polyol such as
polyethylene glycol. The po’ 7 be internally emulsified through ethoxylation for
a polymer with a weight average molecular weight in the range of about 30,000 to about
45,000 and has a polydispersity index Mw/Mn of 9 or less and preferably around 5 to

30 around 9.

A non-limiting example of such a polymer is the single aqueous emulsion of

alkoxylated bisphenol A polyester resin commercially available under the trade
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15 at pages 275-77, each of which are hereby incorporated by reference. One
non-limting exanple of a suitable binder for use in coating fiber glass
product s WD 0Bl0e0pT esent i nvention conprises at | east one PCIrmshoo4rer, at

| east one coupling agent, a lubricant and an antifoanm ng agent. If the

bi nder cdegpgiasies NE@XI® A$4/Brame nenufagivecdityl ¥ diakier Comg, ey andhwush i or

primary) filmfornme nd..t.he .ot her. y_.be m . ry
filmfor H?rff?ctﬂnﬁé?%\“??ﬁqlg%?lfi ew%‘)l of PRy 18?%*19&%18%9611%@{0{ fha 28 E‘%ﬁ limiting
enbodi megkd galdc aldiyades andsgbpyllerennt hethyne gBmblsitmt éndsbanniallpfresinf at ur at ed

pol yester dispersion. A non- exclusjve exanple of an unsat ed pol yester
di sper si gnrepeted APy EERRS- Sor aldlitional pfapatiay wlading e Ngﬁ%ﬂi&f%&@#é%i sphenol A
pol yest e || - | -hreRdteRg di ol or

mal eslec a%@'ﬁ%ﬁ%“& b’ﬁg?’g?g @g@g@i@ﬁ;ﬁ}%%@g@%ﬂ&% 1heﬁil?11t erlnal_1 and/ or

ext er nal Aeiditicmif ianakélosive éxaogplps of hisphmel Afpolyepiot seaink gledhese pvtiiable iwuch as

pol yethyl ene glycol. . T c-.i .be internal.l |.sif i L hr .

et hoxyl aff! BﬂuEI%B emalsbo&k@ﬁﬁ pndgr i d\?@?ﬂ%?atlgéekﬁ{&a;geﬁ‘r@o%izg%{)lgrﬁmi\g?tﬁﬁ? “in the
range of abouty &%IQQQiﬁ]ﬂinFléﬁﬂébdinéﬁt, AR0maset bdajar ibh-Yethrepedisionyprisadex Mw/ Vh
of 9 or |ess and preferablly around 5 to Stgﬁg,round 9, A non- ld'ém'ti ng exanpl e
of such &fydbPnierone dundred §T0QYyVeiehbpracss obtha Pdghnbased omiold 9lidst & bi sphenol
A pgl yes . h: I8 ' s o afecobshr M@ 03/ 069037
P03 B R B B D DM I al &,
Conp, |t &kywveandewdniyefive §5) tivkonedaodicd (1 Q9 veight peterd jofihy bimlel baseher of

bi sphenol - A a but ene. di ol. and .plc aci an L C .de and
propyl ené @rﬁﬁ’ﬂgf'h aeﬁ'ﬁth‘al %bgﬁgn?ﬁgbg?rgo%rgg gln Al llhg%lr%%eg C%PQ(}’ 1rlsgact ed epoxy
groups. lﬁefwe%iilgi ggﬂaé (85D B iRt ATver(@d)atdigty peoeMNDid inder Baskiln tsiae 5 U. S.

Pat ent No. 6, 8, which is specifically incorporated by reference
herein. s@dditi onal nonexcl usive exanpl es of bisphenol A polyester resins

arejihose av aiéldgﬁ?? g(%lr}g%cgﬁ?r?fﬂ HEQUS RIS beMinfoRE ﬂbﬂﬂgﬁ'ﬁl}é H8uddiAdR of a

designation N om DSM 't alta. I'n one non-Iimting enbodi nent,
t he anouindef usedijlan tie prasehibinmentiosanhigh mpldcglar weight gpokB0A nay-exsishigndr ed

(100) wei ght percent of the bi.nder based on total.solids. not her
non- 1 i ni teg?fﬁp]grﬂg&g’i‘mpl,ec Wew%{%lfﬁ?x%‘fseﬁ%jl%lrm% iulmr{%goe rmr}r)gran%%ﬁs (g:fglrlr%ri se

bet ween seaentMvdntée i 7 pilyepaside femMofakredving 6P)x wejughtenperigantbeofechhe
bi nder based on total solids. In a further enbodi rrecpt tpe anount of maj or
filmforMBPUOLN 2ad %Qqsé non-limiting example of such a polyepoxide film-former is

20 commercially available under the trade designation NEOXIL® 8294 from DSM ltalia.
Another non-limiting example of a suitable polyepoxide film-former is commercially
available under the trade designation EPI-REZ Resin 3522-W-60 from Resolution
Performance Products.

Other polyesters with different molecular weights or degrees of unsaturation could

25 also be used as secondary film-formers. An additional nonexclusive example of a
bisphenol A polyester resin is available in an aqueous emulsion form under the trade
designation NEOXIL® 952 Italia. The aqueous emulsion of the NEOXIL®
952 material is an nonionic emulsion that has a liquid, milky appearance with a solid
content of 40 +/- 2 percent and a pH in the range of 3 to 5.

30 Other examples of secondary film-formers useful in the present invention include
plasticizing resins, such as adipate polyesters. One example of an adipate polyester is

NEOXIL® 9166 from DSM Italia.
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bet ween eighty-five (85) and ninety-five (95) weight percent of the binder
based on total solids. 15 A mnor (or secondary) filmformer may be, in
one non- Iwoiogiery3enbodi ment of a binder useful in the presentsoy/mzention, a
hi gh nol ecul ar wei ght epoxy. A non-exclusive exanple of a high nolecular
wei ght epoxy hmbmllflmnnogeﬂnbﬂdlmeng ﬂ@mbfmp-h@fml@obf np-firmep ERS@AIPIiIsAV ent | on

500 and £#800) R Har D] WRE e khpPe B e s b B A R e

20 comreniglifthd Mn@d@hbﬁpihe aﬂﬂdﬂﬂoﬂﬂiﬁﬁoﬂ ﬂﬂadmmelsctagmampme b&@&m 694 from

DSM Italia. Another non-limting_exanp]e of a suita oxi de
filmforaad tW%ltX:ﬁWrQrSéW&lghiffpma?}&loifgﬁlbém{ﬁh%fed PRt Sag‘is olg félﬁ i on EPI -

Resif 35 O b bR fiLBEb LR CRNGA R Beticen fiPk 9 anh Rrkast ers
W t héqdl f%ﬁ%ﬁé\?{%ﬁ{ﬁrﬂ%{:guﬁﬁ?l wi;llltng1 ts1 1or 1degr ees (1)}1? unsat ulrlatl Eﬁ aclzloul d 25 also
be used QBS)smgimﬂancyntfqﬂﬂmlﬁlodmasedQﬁr‘iofablmhﬂi% onal nonexcl usive exanple of a
bi sphenol ester vai an_agueou rm under
the trade éﬁ]a?t”isﬁf?‘f Nék‘ﬁ(?ll_ef% “@’gﬁtaql%lgw ds6 FheP ésel?é]oggmeéﬁ%%o(aphlrgé)of t he
NEOXI LOO, egrﬁ@ N&L-Bhifitlg dx@nples RO BOQNnG agdtid tﬁamntblaaxtsedmsmablhdaubﬂmem | ky
appear ance with a solid content of 40 +/- 2 percent anasCQF]ﬁH in the range

of 3 to Presgy ioyenEen EehIds |0éa&an@f811§1@cf@ﬁﬁlé}%/a&ep‘isn¥%DéFlr?Brl%et g a3 thre

prepent i 8t A SherSHC ThaS RdpI Re! yesters.
O1eféeaxarrppj\!&p%drla(?{‘{}nmléll %ﬂ% °po*’§lzés%g§?%|a§@n{§%ox Oelo 9166% from D ﬂ%I\%%Iet alia. 17

WD 03/ oesggsaaallemﬁwmmwna@allty nEathenetalrer silivpn aioge kastatiathed e it onker amount  of

T ST AR STRELTR At Bl Bt el AR oo of e

amount Ofaﬁfﬂcfb@rblfthbfﬁléc@ﬁsﬁﬁry Boated; e ighes Hiedrweaeicez &Icmvélﬁjona]&l}ndhd atbait y-fi ve
(25) wei %ﬂlt percent of the binder based on total solids., .ln.a fu {ther 5
enbodi me 1ct110h@1tmﬁ9uh1@détf0<?ﬁlﬁhag agqnfSRIP WASRIFAHY Ob AYFPER At i ve (5)
and,fifteg fOJ(n:llﬁ%p percent of the binder based on total solids.

Bi nders usefu ﬁ present invention may al so conprise one or nore

coupl i ng agelz&ﬂthoughanm réquired mgg@waiipleesnpbusdipt thegrefgerd souphag 2gaaif be used

in the bi.nders of l.nventi 90 incl rga I ng
agent s, R e ﬁr?sielatr}nﬁ%}tlgﬁ %831 g exam es offaltelqu‘a or algooﬂ aﬁ% gﬁﬁmé\ggﬂté
coupl i ng 1ﬁ<gﬁda§-1@m@amﬁatgly@aoﬁypﬁdp@nﬁmembemm@uspnimaagaam s

aminopropyltriethoxysilane, A-174 gamma-methacryloxypropylirimethoxysilane, and

20 A-1120 N-(beta-aminoethyl)-gamma-aminopropyltrimethoxysilane, each of which is
commercially available from OSi Specialties of Tarrytown, NY. Although not limiting in
the present invention, the amount of coupling agent can be between zero (0) to ten (10)
weight percent of the binder on a total solids basis. In further embodiments, the amount
of coupling agent can be between zero (0) to five (5) weight percent of the binder on a

25 total solids basis. In one non-limitirig example, the binder comprises two coupling
agents. A non-exclusive example of a binder comprising two coupling agents may
comprise between zero (0) a weight percent of A-187 organo silane and
between zero (0) and three (3) weight percent of A-1100 organo silane based on total
solids.

30 A non-limiting embodiment of a binder useful in the present invention may also
include a lubricant. The lubricant may be, for example, a cationic lubricant. Non-

limiting examples of cationic lubricants suitable in the present invention include
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typically have dual functionality. Each nmetal or silicon atom has attached
to it one or nore groups which can react with the glass fiber surface or
ot herwi sewba3obmai cal |y attracted, but not necessarily beodamsp3/o7d he

gl ass fiber surface. Conventionpally, the other functjonali t”ryﬁ) included in
coupl i ng &BJé‘Fﬁnés ‘ﬁﬁ%@@ﬁ’é@?‘@éclﬂbwaﬂl%} with etbapadtedhiming Qkidsh aff (4prigants i | m
formng_AQl BRbzyiafh af0tA hEANIKiEEh ARBRNG SR GRRPHACS are the
preferred cou g agents 1 n the present tnvention Imting exanples
of suit abgreup rsgamodlsﬁadi poigetbplamd mngleafgg rEMERYrﬁ?Il dehigh islegyartially amidated
g%%p?gﬁlgﬁfég lg‘?t (:E‘Oléﬁgélgl'% SI f %BE% ﬁom :b]c')gms %rpmatlon of Cincinnati, Ohio.

ganmng- met hacrﬂh%yﬁblﬁlﬂﬁ'ﬁtﬁﬂgl diﬂdammﬁltlhaa@oulﬁrwhmcﬁrtl;alzeompuse zer V&g)) to
N- (bet a- am noet hyl ) - ganmma- am_nopr opyl t ri net hgxysi | ane, each of ichis

conmmer ci aﬁYEy(SémghaB%em phihe bErdeshised an totalsobds. falawb@\mn IN§iting| t hough not
limting p. i f (ol an be
bet ween zéeﬂr?%ocfzg%ﬂt {h%%ﬁfaaltdg\w&%/%ﬁg%ﬁ?tc%epcent o?‘e?l 0#8?@ 1 2‘? Og%evg&%lgt al

sol i ds baparsentbﬁthhﬂ»mdlaelnasahmmhtmm® t he ambunt of coupling agent can be

bet ween zero ( to five (.5 erc nt . of e bi nde n a 25.total

sol s bas 5. AipaRE npiRe i PRieg Al e briote St NR R l5p F BESCH b

Coupbi Ng thaBeMkSsuch ab iti-8%6d MehMefRXRIARE Sablericid&y, RERér HHMMRRINTIgNY t WO
coupling agents nmay conprise between zeroaéo a wei ght percent of A- 187
organ si |anterialadIn ererpadpnizag empodimght thedrieger pl3) coppiaies apenicérmming A- 1100
organo si b t i of a

bi nder us]é1 al %tﬁﬁn Hﬂnﬁl ee?i('lf1 %\C/Uefrelltg ﬁgtﬁ%ﬁ%ﬁlﬂ%&ﬁai é%@k @% giﬂf ﬂ%ﬁg?%g%tt The

| ubri cantmmmolnes “E)mmhmé.nﬂ(é whichag GGmmnctciaﬂplava:hhle fravo the Diewi Indusgridx anpl es

031 0ao0s PR3 Ao Do Fentel oA hee B elpetBnBpriie e, L

et hgxyl at ﬁﬂo@rﬁbﬂmpmadﬁﬁg matBall d4R cbi@ipRieSl esshin bRt 8@k Y. ﬁ)t\ﬂdglﬁté}:feldénﬁém des. A
nonllmtlng exanpl e of | ubricant with an amne group is nodi fi ed

pol yet hy|@&a lﬂéiﬁi]i?@ed@n@talENEhY 6717, which is a partially am dat ed

pol yet hyl ene i, I l r

Ci ncinnati, IH] ??@g&ﬁ{eﬂeﬁ%h&ﬁgﬁg%cﬁgﬂ %n{%ﬁ ﬁs%gag& %%%gl?ﬁ%olug I ubrl cant
can corrprsusﬁ@cuzr&rto)p(cﬂ')dettbe blhdmem(lﬁf)ppmngtﬁp%émeadty 2)1fo ]IOI)ealbbmniehldbxhﬁed on
total sol not her. non- armu t of lubricant
can compr 1€ Bt B ke i e SRR it CERE B4 THE OB nder
based on igabdko ®Alel e pH. In some non-limiting embodiments, the pH of the binder is

between about four and six.

The binder may further include a carrier, such as water, preferably deionized
water. The carrier is present in an amount effective to give a total solids (non-volatile)
content sufficient to provide a viscosity suitable for application to the fibers. Generally,

25 the water is present in an amount sufficient to yield a total solids content in the range of
from about 8 to about 20 weight percent and preferably from about 9 to about 12 weight
percent. That is, water may in an amount ranging from about 8§ to about 91
weight percent of the binder. The selection of the total solids content of the binder may
be determined based on the desired loss on ignition.

30 A binder for use in one non-limiting embodiment of the present invention may be

prepared in accordance with the following formulation:
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Al though not required, mnor anpunts of various additives can also be
present in 10 the binder such as anti-static agents, fungicides,
bact eri ciwes3/ema’ or anti-foanming materials. In one non- [PCRUSO3QH270
enbodi ment, the binder also conprises an anti-foamng material. A
non-limting exanple of an anti-fodaknmeatleri al suitable for use in the
present invention is—brewptus—t—140"rwhi-ch—+s—compergially available
1I‘rom t he Drleyv I nqustrirrgl Di vi si on of Ashl ARPU8hecial ?‘V’\fd em cal Conpany.

n one non-limting enbodi e 15 |aapu ; t kpfi@am ng material can
conprise | ess than ope terrdntﬁ 3 .eh wei g pgvcvg‘%%mfsb{lﬁ bi gder based on
Lot al solids. In Iurw?f;(@,ma@dﬁm)ents, qQrgani 84 and/ ar O%or gani ¢ aci ds or

ases in an anoun sufficient to provilde-the—bi n&r#@ﬁ—#’ appropriate
(typically 2 to 10) Aestivdeidnel uded in | the dPnder.| FOF° ex aPrBI el,O in PH
one-non-limting e”b%ﬂjs{'%ﬂhﬁlez giacial adetic jay d nay (g ZQ added to | ower
the pH In some non-|imting enbodi mentls, the pH ofl the bilnder is between
ab;)ut fourfandblsi X.OI Eh&)1ﬂi831iﬁé3 may furtlher 388 ude jald&Priler, such as
water, preferably delonized —water—The—ear+er—s—present in an anount
effective to give a {brayAsiferMershl vol atiI%) cont Rt qufficient to
provide a viscosity sUMTA IPl.RARFT Catl1 00.059 thel fobery. Ceneral ly, 25
the water is present{in an ampunt suffijcient to yield a tgtal solids
content in the range(tft Witedibaboait 8 tlo abo 20 wei §ft gercent and
preferably from about—9to—abeut—12-wehght dsmcent. That—ji s, water may' in
an amount ranging from abesiic to about 91 'z_@i ght pé) tent of the binder.
The sel ection of the[totgl,gQl# dS content of; §fie bi hder;osgy be detern ned
based on the desired|loss on ignition. 30 A binder for use in one
non- | |dm ting eﬂboﬂi mMiInloDFilmI:Eon}nmésent i nved#®6n may Hé% prepared in
accordance wth the tollownhgformuation—19 - WO0370G69937 PCT/ US03/ 04270
Tabl e 1 Amount % of Mﬁﬁb@ﬁl@m‘m{iﬁérts by We?gzl%) So iLé)ggM’DV\ater (Main M x)
?453(;? Acetic Acid 27270% Firsg SIEane 1.95 1.05% | geeeid Silane 3 3.88

. 0

A binder comprising the ingredients in Table 1 may be prepared by first
sequentially adding water, acetic acid, the first silane, and the second silane to a mix tank
5 with agitation. The water/anti-foam material may be prepared as a premixture and then
added to the mix tank. The hot water/acetic acid/lubricant mixture may next be prepared
and added to the mix tank. The minor film-former and the major film-former may then
be added directly to the mix tank. Finally, deionized water may be added to the mix tank

until a final volume of one hundred gallons is attained.

! Generic glacial acetic acid.

2 A-187 gamma-glycidoxypropyltre.cuc.. naean 2 from OSi Specialties of Tarrytown, NY.

3 A-1100 gamma-aminopropyltriethoxysilane from OSi Specialties of Tarrytown, NY.

4 Drewplus L-140 from the Drew Industrial Division of Ashland Specialty Chemical Company. The amount of
Drewplus L-140 shown in this row was mixed with water as shown in the prior row before being mixed with the
other binder components.

5 EMERY 6717 partially amidated polyethylene imine from Cognis Corporation of Cincinnati, Ohio. The
amount of Emery 6717 shown in this row was mixed with the acetic acid prior to mixing with water to form the
amount of mixture shown in the “Hot Water/Lubricant” row before being mixed with the other binder
components.

6 NEOXIL® 8294 polyepoxide film-former from DSM ltalia.

7 NEOXIL® 954/D aqueous emulsion of alkoxylated bisphenol A polyester resin from DSM lialia.
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Water/ Anti-foam Material 3 0% Anti-foam Material4 0.077 0.005% Hot

Wat er/ Lubricant 3 0% Acetic Acid 0.76 0% Lubricants 1.95 1.27% M nor

Fi | m For e0@3/069036 5. 4% Major Film Forney 294.8 90. 7% TaCalusepb420e =
100. 0% A bi nder conprising the ingredients in Table 1 may be prepared by
first sequenin gdnesal,addipwgh lmﬂlantm@d@tlpss cadgwition O jof ﬂle fibier glags magnd t he

second sil ane to a m 5. t. t m nat eri al
may be prEpE’ SFRLHe ﬁn%f’léeﬁféf (Y 1ttp 1§ﬁl%a %j%%lelt goq]t %Y%h ﬁ{B dienlne hot
wat er / acehd CORRafbt Ubniee Biighttextht! (@3)Y onexid die- lmhé(péb&schglﬁpdcaddﬁd to the

mx tank. The mnor filmforner and the or fi f or ner t hen
added di rfagharyopdinities emiodugmants, the KL mpy bai%FthﬁF%Qg}S\ﬁa@ érlSﬁ%@g’&@eléB‘%}ed to

the mx tank Alg%éd heeih 'ﬂﬂ@lten\ﬁo‘llébg%ngénl@dh@ opnap eﬁee@@'ﬂh@@&{ghtﬁne@éeh%ﬂ”'ed 1
Cenetric glacial acetic acid A- 187" gamma- gl yci doxypropyl'tri et hoxysi |l ane

from OSi dBed bimkt presenobn Tarfibgt ghass, asNetermiBed\byl EQaation 1:

ganmma- am nopropyl tri et Y Sij ro_rqi;pS' peci al t of Tarrytown, NY. 4
Drewplus L-140 fromth %gr_ewoi’a}%@&‘{%i Ib‘“% ‘ygi on g)]lfk?ighl and Specialty

Cheni cal HermRaw;, iThe w’tblfﬂ@fﬁbeDglammﬁsthkwla{’g@t shibebirider iftdr ryimyinnvas i xed
with water as shown in %I‘IOI’ row before bei ngam xed wi_.th the. other

bi nder catpYRRAtRZ0°E (éWE‘R‘](O 797op &9 rrinigsy anghVerat S e SIS ORISR T8 ne from
Cogp s z%g réfr%ﬂxl{e%gt % th%'ﬁ'%ll Qgétﬂl an B0t 1T4R F @EBHHL 198) Brennifitd aghown i n

this row the acetic acid prior to mxing with water to form
t he armumblingtorrbmnmqsrepeshxtumnlarﬂesmto‘lHot Wat er/ Lubricant” row before being

m xed with the, oth der i de
fH e or mor - f AGAPBERE Tre eSO RRRE R BE Rl Bkl 68 Py B
al koxy! atwegiohi wpiamelvnAn Ael e Mdrexampls) aﬂthf)ﬁgimdﬁﬁliﬂltnh@hmam BconBiclig 069037

PCT/ US03/ 04270 |In general, although not H] (g Ios on '19 ition
(LO) of thﬁﬁlameﬁsrmg Eagtgﬂwydy%mrce@@ I%EF.%inSLH és af 1% hiil?r 1691@5)) i ght

DAL B 4 PR R Bt i
The Manufacturing Technology of Continuous Glass Fibres, (3d Ed. 1993) at pages 165-
72, which are hereby incorporated by reference.
After coating, the fiber glass filaments are gathered into at least one end, prior to

being wound, using techniques known to those of ordinary skill in the art. The at least

20 one end, is then wound on a high-speed, direct draw, multiple package winder 35 to form
at least one direct draw package. In one non-limiting embodiment, each direct draw
package contains only one end. The direct draw packages can then be at least partially
dried in a dryer, for example, in an oven dryer 40, to reduce the water content and cure
any curable components of the binder. For example, the direct draw packages may be

25 dried in an oven dryer for 8 to 15 hours at temperatures between 240 and 300° F. In other
non-limiting embodiments, the direct draw packages can be dried using dielectric drying
techniques, such as microwe ~ind radio frequency drying. The direct draw
packages can then be assembled in packaging units 45 of the present invention for
shipment to customers.

30 Bushings useful in forming fiber glass filaments and ends are typically
characterized by number of splits/ends, throughput, number of tips, and tip size.

Bushings generally known to those of ordinary skill in the art can be used. For example,
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further non-limting enbodi nents, the LO may be between 0.85 and 1.15

wei ght percent. 5 As used herein, the tend "loss on ignition" or "LOP"
means t hewaesgbto3per cent of dried binder present on the PCharsog£3s as
determ ned by Equation 1. LO = 100 X [(Wary - Wuare)/Wryl (Eq. 1) wherein
Wiry i s bisingeingdthl iafa rhdieod oftikes prgbens savphtis ctah@ewelitg”hm totweriewaynder after

drying in an oven at 220 4 C YLES,; re is the
wei ght okraveridhppaigapytiopap to tg@%r égd%ﬂ%?'é)f’kuﬁ%ﬁe ﬁ ’tcﬁm ]fav% ﬁqq‘é@%ﬁltﬁ an oven
at 1150 f,(RARMd @1?5%1@ caﬁ%’év@t@p Hiaﬂié’ée@uﬁth@tﬂﬁodub@@ildnﬁ@tilﬁwh@fﬂnmﬂeﬂaer ature in
a dessicator. The binder can be applied to the filanments of the present

i nvent i ohetWyelaﬂy apd tweney-thyeernistRNS WY QUIHEWHRITRS eREodRent, thbushinggray
SL; (r)nugh %V%h i prqug Bplﬂ%eg\ﬁeeﬁ“ 450 ar (fog&hﬁ&é%é??lom Rt 11f1 g]l:f%rﬁ'ﬁﬁﬁbie ¥ foinfgSt atic or

as a ro r or appl 1 cator, or by 15 sprayl ng
or by ot b&ivese a0X). alﬁaﬂooaﬁmlmmseachmamlgs@nmmlebeamnﬁcaaﬂdﬁsmcl@@e K.

Loewenstein The Manuf act uri.n noI o] Cont s. Fi bres, (3d
Ed. 1993For %dltwﬁh%lf%’sﬂmvl?[at e P’és g%{ E{gbo?‘?ﬁe&% ?ﬁf éﬁ & “c’r”"e’ "8r ence.

Af t er CO%&lﬂglog%BfCLhtBﬁi'buQ@%§Ffb‘r«lzsa(‘ﬂrEcﬁ 189, ﬂé}iag@flﬂd li6ot @hiah atecast one
end, prior to €l ng wound, using technlques known to those of ordinary

ski | |nspdaeﬁcaﬂy1n0$11@13i@db}@&§€@61102@61@ﬁb end, is then wound on a hi gh-speed,
di rect dr ?\rllv O%‘éﬁl h' 1|‘t3’1n g]%lﬁ@cﬁﬁeﬁeoc{% 116§§d1£1\9 W1 D&l 1ﬁ@l§etp1@§:ﬁt RiEgdn draw

package. eac irect draw packa%g cont ai ns
only onej®nkigh-FpeddmuRiple pibhageplaektagas wnadmt Pénctiveavatviddsssysefydit thal | y

dried in a dryer, for. exa in_an oven ce e ter
content RFFECRIIR¥ENLiGR I 8RS %@%ﬁﬁ&ﬁgﬁ asdvggagﬁ?gs%ﬂ% E)"uﬂg‘:f'—ror ereglgaﬁp & t he

direct dpawpackagsised®be RRuADils Eﬁﬂtagda fanuseVe fovilipy@plidation§ rédncd 5 hour s at
t enper at ures between 240 and 300 In other non-limting enbodi pents, the

d| rect dpeblpaciagtsayamdyeswlinadlalss eiyl fB7 BpReYsdi dovasyFaRyPIopsERsi fles, such
CrowE, end,.! (ijrll Ocrlb AHYSR GHe 87 %Jt B%w ﬁnﬁe did&ahd SIAWr RBCAAGEE can t hen
be ssenBfel® I?H $745"of the

agi ng uni resent invention for shipment
to cust oRBdeds udb Bee(blmatyg nes efimite.i ﬁuitabterwmgeﬂs iatﬁenorrglhqgsll}" pyadeelatieonand ends

oo, YP!SG STLSCL ST 50 O TR B B RLoai GUIRYE norber,
in the arﬁﬂ&%"'b? Y9eHon- 1191t1n%&§3%{3@; M%ael\'l\?) @U@ﬁ?@ﬁﬂn E’BEEMS&QB/ |04t27f0 t
?\lljvzm 9g\?\/@.’;:)Z};pomfan1I gndaM(r)rcilaetl N?) Dg 36%)/266 H&%S]Delgtze Iall;]c\ll gc?helllo nAS%\?iPldel chc ngollogy our- o
20 develops, direct draw winders may wind the ends at higher speeds. The winders are
preferably capable of winding a plurality of direct draw packages at the same time. For
example, depending on the winder used, two to twelve direct draw packages can be
formed on a single winder. The above-referenced winders can wind six direct draw
packages at the same time. In another non-limiting embodiment, winders useful in the
25 present invention can have a collet diameter up to three hundred millimeters (typically,
between two hundred and two hundred thirty millimeters). In other embodiments, larger
diameter collets can be used.
Each fiber glass end is wound on the direct draw winders to form a non-limiting
embodiment of a direct draw package of the present invention. The number of filaments
30 and the diameters of filaments used to form fiber glass ends can vary depending on the

application. In one non-limiting embodiment, a fiber glass end on a direct draw package

of the present invention can comprise between two hundred and eight hundred filaments
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have a throughput of up to three hundred fifty pounds per hour, can have

ei ght hundred to ten thousand tips, and can have tip dianeters that
produce fwbaa®ed037 havi ng di aneters between six and twent PCThrSego42icr ons.
In one non-limting enbodi nent, the bushing may 5 have a throughput between
150 and 36endo Nwsliping kpamplandf ftayelie usdpab fenofg érois whmbe “Daet®Wen 1000 and
6000 fil nts, .each havi.ng di.,anet er..between 9 and 16.m crons. = For

addi t i ongggi {:ﬂ%or tion e aﬁsﬂ& Hpging ARG E DL PR R B ™ S The

Manuf act gk Rthmehecianatioend @h KHeehiht BediSiafde®s ST &1desin noddinfiag 1993), at
pages 119-165, which are specifically incorporated by reference herein. 10
A non- | i examnpigs, eptbbelfrmarfifhoyards pfr peend tamake fandive thpveind vards RehBOBKesent

| nvent| Og‘he 'ﬂ%eﬁ%ﬂgés%ﬁa?@ %ﬁﬁve AUy 1@11@Qi1Qﬁfélf@ﬂ)@s—gécfigﬁstwﬂélpé’&r%ﬁa&ﬁ%ith Direct
draw wi nders gseful In the present 1 nvention, in some enbodi nents, nay
advant agendisfoymed tigng tavgaionki fpecesfeis] Ei@rit $lustaate 4 apgpesecemdbiginonss t o be

wound i nto packages for use in roving.applications, reduce problens of
cat enar yfhmeiﬁ%g ?‘gg?fﬁ’?e’inrf’fé‘ } eégllaﬁsrengr?gthfeéﬁesieﬂ&)l%‘?}lélahdomst ream processi ng.
In 15 one nonthé BintdnBidnesA6 crRitactibhef Bhd @tks eidd\wf womdaditipan wi nd ends of
fiber glass at speeds up to 4,500 neters per mnute. Suitable wi nders are

commer ci ambydimeats offhepeseshinvearionsds be erpderied dhtesps 9bihs fEhasPefom Di et ze

and, Schel |.. of - P Wi b A ctna Rk i tihng
exa}rgl e, " Ode‘?scﬁga%'%ﬁ’% & r om%g%ili ?raélgzg&tégggg]reg%l ?S\gﬁ %tndal\/%%ell tNo.nDS
360/ 2- 6 frIGM,BhetlmeenditheSshs) dividésbwitnetess-teetcdmbivadsy (“WO idéeloths, direct

draw w nders may wi nd the ends at higher speeds. .The, wi nders ar

pr ef er abl ‘3}12‘:’@%1%11@*0&‘ therﬂﬁf"?‘?élaémf)f)ﬂﬁngﬁ] rg{"?S gl?d%d]?aryeb(?tse](f\?é\%gg/ 55‘5@;939'5@% at the
same ti Mg pplk@fion ax@hieh reydAN R ALY BIalsB®f WifAeltiesis @tkasirny thoadtel ve direct
draw packages can be fornmed on a single wi nder. The above-referenced

wi nder s cevswkatignali heighit pederogiseafionshv ikl eSaraendi(Hee wdhesies pighe prel atot her
nonsLi mi e can
nave o S A7 B M) OGRS ARy ol by R ROARE R LINER & e ween
t wo hundredetiadive wepeatimdo EdEtdmpi¢ ¥ desctibésrmvensyffectine atpheiratendfodi amént s,

| arger di anete ol S n.be used.. Each fiber glass.end i.s.wund on the
direct driy %L’é‘faéedt glthfec?gﬁftéver?ﬁﬂe-cﬁaﬂpf Pﬁt&e ﬁ@%%&%r%ﬁ? ubfmlé'hglu%rll\f)é%t dr aw
package QfhvbhRndESaRS picbne HviRibn, HAE begreasy tieh Std. | 1areiv: son-Bhitaipd t he
diameters of filanments used to formfiber glass ends _can vary dependi ng on

the appl icedpitisrents, thegisctitrispeatiationgledretbrmentnd B fiserlegioasd %8nd on a
di r 26 t draw.p ?a?iﬁ?)g%tgﬁﬁiveégﬁﬁcf){aﬁ§ ?(%}ta ﬂagtgc%ﬂﬁ iFRB: SIAR QRS BEefiQMEen two

hundred and el g e anent s
number of factors including, for example, the desired application for the fiber glass, the

chop length, and the binder applied. The aspect ratio of an end may change as the end is
wound due, for example, to winding tension and contact with other portions of the end.
Direct draw packages wound using direct draw winder may have a number of

25 advantageous properties. The ends on direct draw packages may be of a generally
uniform size. The fiber glass ends on the direct draw package, in other non-limiting
embodiments, may or can al irable “wet out” properties when the end is mixed
with a resin. The improved wet out properties may or can be characterized by improved
diffusion of resin within the end (i.e., the resin penetrates the end more quickly).

30 Direct draw packages are cylindrically-shaped and have a hollow center. The
direct draw package can be wound such that the end can be paid out or unwound from the

inside of the direct draw package. The dimensions of a direct draw package may vary,
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WD 03/ 069037 PCT/ US03/ 04270 per end. Non-limting exanples of filanments
useful in formng ends can be "D', "E', "G', "H', "K15, "W, or "T" fibers,
havi ng a wWDan®6®s7 bet ween si x and sixteen m crons. The fPCaresns/e427h each
end can have the sane dianeter. The ends, in non-limting exanples, can be
from fi f dgpepdindsippretheporivdlar pradoetd e ghalre ditmeten anduygpmefl fher Beng&rmsdund. 5
The fiber glass ends can_have flatter. - ¢l . CLOSS- I when
conpar eda‘%gi’l%‘?le@' 1’f38€ﬁ§3clge&§]iaﬁ6%?:tglﬁ%lgﬁcplﬁ)%ﬁgi)ﬁ géﬂg%{élggéeeslﬁ?f?%&tngﬁll | ustrates

a Cross- gethioosh. B sfler hbilihiifgy @ntatinemnihe ofid earfiebeithdyhas osnde of t he
present invention. The dinensions of the cross-section of fiber glass ends
of non- | PwEideegthesliseidirt RA<a88 t he present invention can be characterized

in terms of the wprRReScan 10 a hdkdbBr ofATed SBTe I AEA PackbfR the hidy RS pect
r at isg" r ef ersﬁﬁgﬁpﬁafgros -scggtignal he? ghl?3 (" HP1 in FIG 2, the syhorter

di mensi onjeddb fordeasibgle reng powyinggrodustiapy W shibataptialy the sERGIZQor Re | onger

di rension). The aspect ratjiqs of. fiber. gl.as I d based on
t he appF%‘H%ﬂPitﬁ%s R Oftﬁgv \flA:ﬂ P I%glel ,S[d%ggﬁcrsﬁggeggﬁ %‘ﬁ%faﬁgh ties in
nMeasur i Ngyéde cafineddrs toCdbasthiecindunathalfebghhetandatonosighisteabownablved dt h of

an end (due to the size of the end and 15 the nunber of fi]anments), the
aspect r &#ches)dr digmetsh gndagy Bév%]ﬁégtﬁ’iogélﬁouéhﬁe LR i dhout @H y'aer'ldf) ective

tr %%%-gfﬂf c%ﬁ%?(a%oﬁl%rtb RESut AU @hcBdsh eThd Mee asteatredi@tdwe of an end

may be ca ated. The effective aspect ratios of the fiber grlas_s ends, in
non- | i ni phcigge erdoveinpdptimanky tyrasopraise ard faiesheicarronsiggatensg ridgsides t han
5.9. In other,.non-limtin nbodi ,LLhe ef fecti aspect ratios are
bet ween §%Blemcﬁ%?w?ﬁ%(a§gfaé]c %Sgﬁargg?éa%’ 5@1%3%%?%6%%’ o or effective aspect
ratio for a p@rdch@ukardrivw bRyduk atsused e foay askepeled ronings ofthierpeserdf fact ors
including, for exanple, the desired application for the fiher glass, the
chop Iengiw_}ltlglhﬁhﬁch@e%iwe?e%b%llbw)s Wé‘ssé%@.tlw]&g? ‘E)Xq’_étFlt ’a?ﬁu‘éeiﬁld may change
as fhie en ha?ries%?%ﬁing.l"% VIH%E, B8 RRind Gn¥dRding of @BStQBaREnEeAt aCt Wi th
ot her portions of the~end. rect draw packages wound using direct draw

wi nder meyayhaven hawefetverloofs andSatzdariasttbayeconsentiong @pteindded rpriwgand¥. dn direct

draw packages may be of a ner al. | uni f orm sj T L ber-.ql ass ends on
the di reéﬁg‘?ﬁ %W%S%tk’ﬁﬁ{::?ss‘?lﬂﬁ(%& & n%%snwmllfrlﬁop i %%d gage ablglg ?%L!r)ll?es(?f 1%ay or can al
irabl e " webstaiblly AEOREREdSST MREI 4 he aseahbled rovingdo ofilt prasentésiantiol he

i nproved wet out properties may or can be characterized by i ove
di f f usi othasfis subspriiallytee ot cafenasies al(ﬂf loogs on onepf 1t é&‘?%’ian&éﬂ}éﬁf‘tagg’éc?sﬁg- end

mor £ qui ckly) S Lo By P RGE RS e AR SoaHhnGI £ALEM - ThHeBadieRnd have a
hol ?Oow center Asﬁ%ﬁ%‘fqg’e& egr gw packagee c%% bé 1vvour11d. such at the end can
be pai d @idss covingswon peg fiftesmte heenty-five centimeters (six to ten inches) over a fifteen

meter (fifty foot) length. This sag can interfere with machinery and/or other nearby
rovings and cause undesirable process interruptions. The catenaries can, for example,
cause looping and snarling in the processing of the ends from the packages into

25 manufactured products. Possible causes of catenaries may include, for example, tension
variations and geometry effects during winding. As noted above, direct draw packages
when combined into a roving niting embodiments of the present invention, have
fewer catenaries than rovings formed from conventional forming packages.

Assembled rovings of the present invention formed from direct draw packages
30 avoid loops and catenaries because each direct draw package comprises a single end.

Conventional forming packages used in roving packages involve winding multiple ends
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inside of the direct draw package. The dinensions of a direct draw package
may vary, 23 WO 03/069037 PCT/ US03/ 04270 dependi ng upon the particul ar
product (wogs/etbe di aneter and type of fiber being fornedCT/tsnsharo t he

wi nder, and are generally determ ned based on conveni ence in |ater handling
and pr ocessisingle formiag patiege.nCaeharies idhipopins e biemns resulhducdp difiaentbe

wi t hdrawn f.rom th i.de of irect. d '
packagoseesin pesonpAtLpsentieaels o B R i A A ERE A PRl RS D0 ™ e

to forma singl ﬁ%u“s@ME(ﬂ‘ﬁl PIG. 1 Q¥d Elgcm&ﬂ?jbtve,rw&rdaemawhﬁtlmgb eyl by fofmeeds ame
size or may contain the sanme anpunt of glass. For exanple, direct draw
packagesuiiginga seiserie! hajdringferan e fretpree QPpﬁlﬁéuffgr P‘Hé’r]ﬁ teHAl): Bne- hal f

centsi met Elreﬁdegrglt@oolﬂtopgﬁ' Q{}{in%g?]ﬁpé%&& tWEhder 5, beheS)e biRhRbaneiasasapsk My have

a length o out trve ce neters to about thirty and 10 one-half

cenL i met Bimgex aiptivdtot 3@ at Bash boudir¢ondtavewindeinks pnd THeersilz dsgiotadaboger ect dr aw
package i s _governed imarily econgm cs_and to b e L e

consi der Holtgh&lasspmay gfsﬂgg Supé’}/le(%%mgii“?(éc?l 18?12%-18512@39%%21%%1%@3@ @08 ed (e.g.,
not round or TRPSEM: invERRH rdiafeg & ravirwapd a@tels fafenisevirgsf armmassenbl ed
rovings of the present invention (discussed in nore detail below), the
assenbl elimiténg ergeodineptisife rpepgeliye PrpSe (BTFAR B COTBRIISe Y BIUFRILY ?gﬂll/‘ﬁ‘?és in
nongg i m a@g}ga% é)eg.l @ﬁ&%&ué& dlrat;!/gpagﬁ%%qgfoﬂn@&' §aLE 9Qirect MR MindeAN have fewer
| oops and catenarieS than conventiconhal assenbled rovings. FIG 3 shows a
conventi onal hsseoblimitinpenibedinsst of thh presep sneenton dhesds peendsarogme of its

substantially fl at rfaces 57 as, well..as. an as i .of the
present Pﬁ\?@ﬁ%’?g “e‘t%‘ﬁﬁ‘}w Packagss STRRY foélil}fl9edftf) g%”%? %@%@%ﬁ%f esa?%ﬁ Iug[ops on
one of i t8yells) 8Rdrh@ik) it afshay feiih@agsichizon, (3 ohds tiseds fremed pluralicadfenar y*
refers to the sag of nulti-end material. Typical fiber | ass rc?vi ngs can
sag fi Héfncttd@awmhage&ar%ore@md s fedl dreadiyydo the fpélﬁgigﬂ%h%%)hcﬁv FI3%t i f t een
met ift Q N Thi ap f ' h ek d/ or
R g i

cat enar i gsncaplurdloy ofdisevp lhew packagsetd opiangviagdackage 4tithgpeint afhise,moBecessi ng

of the ends fro tcge ac es int.o 25 manuf act ur pr.oducts. sibl e
causes 041@319%?@9? ’éleﬁté>9¥ ﬁ%@l"ﬁ&l ,m‘f%‘?m]é}?]é?r% Ceiselp gﬁ}s“i%blﬁy mvttlé‘g flgltglgglnésfband
geonet ry .gff @6l $n B bRe YiAGtNTor AP, efh @howents dirseed pdtaw widckages when
combined into a roving niting enbodi ments of the present jnvention, have
f ewer catadmior epartisalar PRIV CRIERD, theR MRedoser e iBghdeesids Grm 2ddgionpifgrsShckages.
Assgibl eq 10 }65{1'&&5% 5 e R SRS brobfite FhisGBarfR AR givk h A BrERG oW Packages
over throughput (e.g., pounds of glass per hour through a chopping gun). Thus, a user
may increase throughput by increasing the number of ends or ends passed through the
chopping gun.
In one non-limiting embodiment, a roving of the present invention can comprise
25 between ten and two hundred fiber glass ends. In another non-limiting embodiment, the
roving comprises up to fifty ends. In a further non-limiting embodiment, the roving
comprises between twenty a s. Each end can be wound on its own direct draw
package formed using a high-speed, direct draw, multiple package winder. Each end, in
non-limiting embodiments, can comprise up to eight hundred filaments. The yields of the
30 roving products can also vary depending on the application. In one non-limiting

embodiment, the yields of the roving are between one hundred yards per pound and

eighteen hundred yards per pound. In other embodiments, the yields are up to three
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30 avoid | oops and catenaries because each direct draw package conprises a
single end. Conventional form ng packages used in roving packages involve
wi ndi ng mubtoBpb®3ends 24 WO 03/ 069037 PCT/ US03/ 04270 on &C3rusgd/es2for m ng
package. Catenaries and | ooping problens result due to different tension
vari at i ohsndaetlyaads feepentd. | larfgtihs eobodingstspie nipldsounbetyaeroons windigile package.

As illustrated. in FIG 1 and di.scussed above ir r e may be
formed @td thyesiygdied yaids pgr B‘fmlgagrbﬁ“tﬁgteé]? ofiger Sé.qlg‘f }%&tgl% glregbge %hlgéﬁ(gr s 5 for
bat ch nafgidiéd Sy afd BydPhsAERrfifkPyHds 2k Peindyi Xi ng apparatus, a furnace 15,

at | east one bushing 20, at |east one_  binder applicator. 30, at_|east one

£Y, . . s PR
di rect draw winrmdemogimiting crberignt, gayh d}!{§°tr§6%‘7é8j‘“é<l§5‘?/’é}’al%lt frapm the ass may
al sq be Slztg.‘ oG By 111@&115 &5d of BF B B'uﬁ%ﬁ?é)ﬁl thd BRE of GEFhAGeORRAAkAtONS. The
vent &l4tes t et

pr esent ! ion'r 0 rovings an hods for formng rovings. A
non- | i nittei pagkagstadims ftonofheansideiutgardf It ietipr ssedimiiing/embidomesobpr i ses a

plurality, of direc 10 draw packages. Each di.rect draw e«+ S _forned

usi ng a GIPYEFAVHPAFASISTAR PC PR © kﬁ%ﬁ%ﬁ %%etlfoﬁﬁkgﬁb@&%ﬁ@%\?%‘g&gﬁe@?gsent

i nvent i oRjredi G vEPEKaSds BN b theRhtdrial, bipurdlity dF pakhgddranbpaligoedes can

be conbined to forma roving package at the point of LIlse. For gzxarrpl e, in
a spray berthaighepipralicne] raskagenaregaious fhrewghdhe Fesrs obibg PAFRESS d1T di rect

d Kk ; _ . | . i
S PR 35 ISP ST, LS Kbl 08 0 s T

draw 15 age, , rises a single fiber glass end. By
conbi ni ngnd deateevfitie phelapesa THetends from tiof statikee packdgeswap e kagbised t» Honrm a
rovi ng package &Eilet heng‘.Qi nt .of use, non- limting enbodi nents of the

present 2AYEAE Phike PFEFHIRVHERYs frexibility in the number of ends used in

the roving prpgiets anisr I8XAPhS dirdet AradSRIckNRB LS Be skt gndpadiuat W th nore
ends for a particular application, then the_ user &sn include ends from

addi t i ondlirough the hollow denioys 9A BleagelseeinfagionT HRENE SPPAYSPL tOWRAR s feature
can, gi ve -a-usgr : SOUIOHE stafledd: EaPRERAE ARl 0l ass per
hou}gt hr 538% Aganc d%%fegléregtad%&%%’ﬂ{&g%egg&%r mal%/Il iSnc{r easél t hr oughput by

i ncr easi pgclageimideenn afd BH8%8HP2,8Nthst ivasidaut thipughdhe ednéer of ASppi ng gun. In
one non-limting enbodi nent, a roving of. the pr t H a1t | an conprise
25 bet vedROPER. AUCTTRRHURAP G FPBaP P det SRR DeBrRl A0ErT T hg
enbodi mentmbbN6r dife@ViRe faoaREs S@Sbikld th Fornt flibYoeingSny homberf afdirberdraw
non-limting enbodi ment, the roving _conprises %et ween twenﬁi)y ai s. Each
end can tpeclegeneindie stackeboipnyir T ofrsiarks pladiesh @V RSNy a hi gh- speed,

di v 56 td ' S ltcg f&hlethg ?o%?gg e[n‘@tﬂ%@ Words!gﬁg Ro&Bhed ERMs 100 from the stack
shown in FIG. 4 can be combined with combined ends from another stack to form a
roving.

The number of ends used to form the roving product may depend on the
application. As noted above, a roving in one non-limiting embodiment may comprise
25 between ten and two hundred fiber glass ends, and, in further non-limiting embodiments,
up to fifty ends. In other embodiments, the roving may comprise up to forty ends. In one
embodiment, a roving may ¢ tween twenty and fifty ends. In other
embodiments, the roving may comprise between twenty-four and forty ends.
The rovings of the present invention can provide improved splitting efficiencies as
30 compared to conventional assembled rovings. Rovings of the present invention can
advantageously have essentially complete splitting efficiency. In one non-limiting

embodiment, rovings of the present invention can advantageously provide splitting
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non-limting enbodi ments, can conprise up to eight hundred filaments. The
yields of the 30 roving products can al so vary dependi ng on the

appl i cat iwn.0306908me non-limting enbodiment, the yields eCTUse3/04270 ng are
bet ween one hundred yards per pound and eighteen hundred yards per pound.
| n ot her efeicacicsprtter thhl@0%i ¢h dheane-lipiting enfhodienenBsthaEplidihg 68B37cy

PCT/ US03/ 04270 hundr ed yar _pound... I.n farther dipents, the yields
are betm@%ﬂ“ﬂﬁﬁwﬁﬁﬁﬁ%ﬁﬂxtgwggHﬁﬁé@ﬂ%ﬁﬂH#@HHV%?Hg)889%%3%%%$%F¥;further
embodi MegiRientNEanvtieelods;. ar e between one hundred fifty and two hundred
fifty yards per pound. In one non-limting enbodi nent, each di reci dr aw
package i s pafe exampler oenstarest BnayTeEHTeH ToVRE REIdEE WHARL [e#d MR EIGF the end i s

pul I;ed from %ohzf(\:c&gﬁ !qu%pf?tftm% DR i?s??eﬁisé[f'ﬁﬁnﬁﬁ& wer f3§ gﬁﬁfﬁké‘ge unwi nds from

t he ”i nsi §& ot War n*anot her ng ing enmpbodi nént, the direct draw
packages caaenfiehapajseimled rdvinnpibtiect evithefoitpreighf ertdse Rdvingprodictsun package. Wien

direct draw. packages are _paid out fromthe interior, a pl al i ty, of
pac kages11%"1‘1“&)%“1?;{1%?@%8?t1’§lPE‘F?e’PT‘r'}3Yenlnﬂlé C?ﬂ%ﬁ %fl}l?{/h%]fl lgsad "‘éllg%@y'ae%%ﬁt pai d out

through the ¢80k Q&@nﬁ%e&u@@ ReakRgess reff@iFedAnaspieppddeadpasiiagasthean be
stacked and the ends Trom each package can be fed through the center of

t he packapm@iatidthe ends fromthe stacked packages can be conbined to form a

roving of the,pr.esent. i ' . Fl GS. Do t idikect draw
pacll?ages can %gwglg%é(}tkﬂé%&éﬁég& %%?131 51uct% e%“?@ﬁg?%é‘i”%ag h%%falﬁgv(\:/% glreaﬁt%%el%iscrsof t he
packages Foneanipds) roving protacteabibe prasatt invastichowor iy deBoRHES: indpravedl 5, five
di rect draw pac_kaggs 75, 80, 8 ,_90,35 age itﬂac@ed. tEach di rteqélllagl{lalwalpackage

i ncl udes Cahingseaty 7oRbintsgrgorelpys 1ol Aty ok AR FH I Y REBERLET of  t he
packages ., aRflecOmbhaed with the other ends to forma strand 100. Dependi ng
on the nunber of "direct draw packages conbined to formthe roving, any
nunber of di r Non-liriting erplaskmgess ofronTge of thyPreeNtdnYHHIN AP R O Bcks ™ of
di rect draw packages .c 206G I [ - -her words,
theleombi la BRILOR00: Frisi Ra- SRRl eE ArhRa Tl Ao A Bipatl ChEL 4" th
conbi ned gendsvifig oparaias. hBor extmaple, wherf wilingout thevibayglasfresinunpere, ofingnds used

2" ovi naTPYETR HORETRR P ERD OB RERT Ry PEBRAP s 8 o5 BorlEn 1En and. two
hundred fiheger&haaprifpdsl R tol athbppddier plas-dnidnsirbiungtosioitimesliape  up to
fifty ends. . I'n other enbodiments, the roving may onpri se go%utcts a]i_eor ty ends.
I n one after it has been rolled. For example, after conventional assembled roving p
20 sprayed on a mold using a roving gun and are rolled by an operator, the ends may initially
flatten, but subsequently return to their original shapes. As used herein, “conformity”
refers to a chopped fiber glass end’s ability to conform to the surface of the mold,
especially the mold edges and corners, during the rolling process.
Tn one embodiment, a roving of the present invention, after being chopped and
25 sprayed from a roving gun and mixed with a resin, has a conformity of less than 1.5. In
another embodiment, a roving of the present invention, after being chopped and sprayed
from a roving gun and mixec n, has a conformity between 0.3 and 1.5.
A non-limiting embodiment of a method of the present invention for forming
rovings comprises aligning a plurality of direct draw packages, each direct draw package
30 having a hollow center and having a single fiber glass end, feeding the end from each

package through the centers of the direct draw packages, and combining the ends to form
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enbodi ment, a roving may ¢ tween twenty and fifty ends. In other

enbodi ments, the roving may conprise between twenty-four and forty ends.
The rovi rngeoo)imstoh‘e present invention can provide inprovedPSpIusns/H4290
efficiencies as 30 conpared to conventional assenbled rovings. Rovings of
t hf P': eselyid fgmn&ﬂatdm@a aan paﬁﬂgﬁrﬁaﬂ@e,cfusé)garﬂpmletae]ssglmﬁcaﬂy g domplist e
splitti ci ency one no ngs of the
present Iiglﬁﬁ@eﬁtﬁ @haléﬁﬁdéi‘a\}%ﬂﬁ’ﬂgélé[egt%‘@%ebrogg haleﬂbbgﬂﬂnle{%lc%ld% 1\7@%3/ 069037
PCT/ US03/ 04271%? éﬁésfeilﬁﬁﬁélﬁfo’ﬁ%lsgEﬁ@t%@fo ds b1 @0% inlgh 0PIz Baln- Ahm ti ng
enbodi nment s splitting efficiency can be between 95% and, 100% In

furt her ermeasmlblemammgofdhbpmmntVQnthané “sqyling balln gomPFFsiaSHEle ©aHISe 100% For
exa a cus

t t d
T or R A EBRH e R P e Ay P B e b R T Y et may
produce gseiBIBY %ihmg)i@&bmaeﬂs@r’dahadg tleevendg) fipmodplotalityi Qﬂﬂilfegtrctryw phgireeends.
Rovi ng products in a_non- lzéiﬁghinbom nt of , t he res i.nvention can

be for ne@oﬂﬁéﬁ?meéé%tatﬂ%?bo%? ongifitigal 45 IP%OVEW HtaGe %Hls]:‘cf y providing

the required QUARELRfeFRARREHLRERn{Md diket didwtrBEngPHaabbled. 10 Rovi ngs
of the present 1nvention can exhibit additional de5| rabl e characteristics.

For exanplvingsi’odksegibiadoduingsofghe pleseny ivsaian, ImReriong Aigas eypodFnt,
?ﬁe nls][ ;%%ﬁplg g(?rh%ér]ﬁs%%r}gvﬁlgé?%e t¥ch E%oﬂﬁg\%gmgbe%& Hérl\fb 893 o &bi | ity of

_ SMaIH TR an oppe Nonllmtlng
ermbodi meghiheke §MinB@RlIGTaviilueledi@s EME/licasoea bl BmlmgmnoNCnﬁthmea: fooima 15 wel |

when chopped, m xed with resi p d rol out .to f

duri ng mmler@wlhgs %ﬁé?%?ﬂ“%%@g 1S|'—"c§f3‘5 aﬁ%‘%‘bﬁl EH qggf FF‘HB 3 0%18% Heaf ?gg}rj osite
gl ass/regl D MALHEE drbhe kd\Eng }?l@gl!ldwa?t s@éedg BELAKBSEIHO dnavepd k@np&an or nay
reduce "springback™ and nt or m used herein, "springback"” refers

E) 0 a , choppee Thdamlecgbasﬁwmddigsipﬁéé U @ftftncﬁ ¢0t11§31@1iﬂlse oh BIodugiNi aDdFRE it has
de]gsp: g; gl?taﬂc'ig?r ﬁﬁﬂn‘g qnﬁg]?‘g (;O?l:) a&98 or%[g?lvg 13 8338 })F%mgﬂl\g' Jddabeduct s are

vin are ro an operator, the
ends nmay Thél'e?dré"aﬁay spéchﬁ’dah@ﬁls. relidd t6 uﬁmmﬂdit}one of the moting Wh@ﬁr, uglesgi nal

ShPESy oBebeer shmrcibonHavl pave breothe ey Erdut BRPRRRY REERE) S Sugee ©
gpgsgg[ nlelr’l\s/engﬂ ahﬁgta?@%?&gguhl?% ﬁB@L&@%&nbérrEM%6@?5bﬁdmltﬁjﬁns a roving of the
Corporation of Cincinnati, Ohlog m(;y%gggphe%qg the ends from the direct draw
20 packages prior to winding in order to reduce static charge, which can lead to chopped
strands repelling each other and causing application problems for the user. In one non-
limiting embodiment, the anti-static agent can be applied at a rate of 0.1 milliliters per
minute.
In the present invention, the number of ends used to form an assembled direct
25 draw rovings can vary depending on the application. In one non-limiting embodiment of
the present invention, an assembled direct draw roving for use as gun roving (e.g., fed to a
chopper gun, chopped, mixe in, and sprayed) is assembled from between ten
and two hundred direct draw packages of the present invention, and, in further non-
limiting embodiments, between thirty and fifty direct draw packages or between twenty-
30 four and forty packages. Each direct draw package, in one non-limiting embodiment, has
a single end of fiber glass filaments and is formed using a high-speed, direct draw,

multiple package winder. In one non-limiting embodiment, the direct draw packages are
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25 sprayed froma roving gun and mxed with a resin, has a conformty of
less than 1.5. In another enbodinent, a roving of the present invention,
after beiwg osloegperd and sprayed froma roving gun and i niPkeasos/p42has a
conformty between 0.3 and 1.5. A non-limting enbodi ment of a nethod of
tpedpr eswa%nd Lmii@ﬁ)tflll_;ldﬁs fwdh dsdvodehdlo. DB ﬁ”@ﬁomo‘}iplm@@lscﬂpmghpmgl% plurality
o] irect draw packages h dir ckage . 3 I 1 ow
center aM@deldNg: éloglaﬁi%alg(gﬁggf éh‘ﬁpﬁjfl g?‘?% ?Re eeref(lj (f%%oeach
package §§qu9&hltm§ pEeRlRES mfnthe ifhsetiitiampackaggsan sabpeenbi ni ng t he
ends to form 27 WD 03/069037 PCT/ US03/ 04270 _a rovVi ng. The direct draw
piac kaggsbatwnentml,e hupdred xadrphethousand Kianeptsy tThééllnF?t dagw §Pﬁ5ﬂﬁ;ﬁeﬁ= HO®r s, 4-5, or
al i gne ori zontal.l l: d. The

o edent PRy ok’ B REE v R e o s 1 5. An
asselnbl eﬁle{ziéuélgﬁlsaisliédleAwéﬂﬁMtlovmgmﬁth@}memu fnvemtiangpabak ntay colipiti ses a
singl e roving ackage forned fro ality of direct draw packages of
the preskonter PapBhiepypms ﬂFﬁ%CODé@’%té(WB{n%Sae“E@?f{W@f“}% formed by wi ndi ﬁg thg ends
froma pl uraly,ty. ofndiihRet, ag%@éﬂn@ﬁaﬁk@ﬁ %Of @b Ptsert if@hli6d, aftet Bdmg1g about a
horizontal, longitudinal axis. Rovin ormed in this manner wll be

r ef er r edcliappbibarel sprayed TrasserdyingRudian @th?ﬂr‘&\FJﬂ R ERFIT 487 2 epnforuyetidsed

rOVI ngs ﬂ]taﬁ%erfﬁﬁ?&}}r OVIbo%nlaenft élqrh%se%b?e%eﬂagmg%ff % éh%nt inDe:RO8, 4FRR- 11 mting

mbddi me Ing a roving such as Model No. 868
Or Model &g ¢ ed Bt dprofed fiohi Etbval’[@gtmcin’[ﬁ'ﬂnm(h‘lviﬂy aassai, lhabé eorffommmiy
FTS/ Leesona of urli ngton NC. When a roving w nder, such as the Leesona
868, is bewgenQ-Raéndilrect draw packages nay be wound into assenbled direct

draw roving prodicls: AleRRAGAS BlatR 8] YRRALIBOChiaNA dabberiotaiffpat M nute.
The sel ection %&ivéen ?n%l speed sl |as of 1Emnﬁg:;ltf‘aggon L'se 3f fr odguctl ity and

space 15phdkaginguiitnis. additioero the onpodip@isted iad déggﬁ‘ieé RereBRABIhPS HBIZER| ect i on
Of ndi EEG%?éﬂ'fyhli M(F)tg Fe tw(;l‘ her gtn‘i)cﬁ%ue 1?55&11?@?1%% éa' ?a?r&ﬂfmt% ef acgeest@ W ndi ng

itio Vi ng e stated, should not be
VI ewed agnvieBEdIN i IDpehdink lomtlid mgmgmppll‘mnan gsihe ninmbemfidonct dran pagkegesst at i ¢

agent, such as product nunber 661 -A f Co
G nci nnawped tohpra theagvine BBPprE %F 4 (?'nt"“?'?@lTEH{‘jé)?idFS%‘%%%p%& aOéS%tnl fr)é(:lWOZO

packages ggﬁét?gantb% W dl’l'ikgaﬂrdﬂgélﬁ%rof HRedt GEMCEacRAgE can ﬁﬂﬂ@d’egﬁe h(ylthI\xC h can | ead
to chopp strands repelling each other and causing appllgatlon r obl ens

for the useers of thealrectvbaw phekaized tagar AWodTRAR stack plepagkages atthe F%’leat@‘ can be
appid ed %hen mlﬁ 1516 s[acps are uséc{ t'olfl)ltn?{h% r&ihg, 18 QWined ends from each stack of

direct draw packages can be combined to form the roving.

Because of pallet size limitations, shelf-size limitations, and shipping concerns, it
may be desirable to confine packaging units of the present invention to a certain
maximum size. Thus, numerous stacks of direct draw packages can be required to form

25 the roving. While the embodiments shown have five direct draw packages per stack, a
stack can contain any number of packages.

FIGS. 6-8 provide pe: ide, and top views of a non-limiting embodiment
of a packaging unit of the present invention. In the embodiment shown, the packaging
unit 125 comprises a pallet 130 and a plurality of direct draw packages 135 arranged on

30 the pallet 130, each direct draw package 135 having a hollow center 140 and having a
single end 145, wherein the plurality of direct draw packages are arranged such that the

ends from each of the plurality of direct draw packages can be paid out from the center of
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In the present invention, the nunber of ends used to forman assenbl ed
direct 25 draw rovings can vary depending on the application. In one

non- | i m twog3eededi nrent of the present invention, an assechlEsds/di2rect draw
roving for use as gun roving (e.g., fed to a chop er gun, ped, m xe
in, and tppajegts ané carskisedioddrt agavibet Weeprckeging @mtjl%fm thwiﬁ‘?‘éﬁmémr ect draw

packages of the ese Q

b mahen cBBp RS T SR kR o e G AR e e
twenty 3rahgedr 111&D£ﬂeeﬁ1@fahljs ﬁ&”ﬁ«lquekageEaabh dhe Gt e1¢ﬁsa”1mlpamhesga$k aien one
non-limting enbodlnent

For mod STl RAGH SHESER0PP Secconl e AUPERPE BATRAEIGH- HO0AR | o one

nons | i m }dcﬁ%n@s”%aﬁ%@%@mﬁﬁ@dgi foBGla 1@*’/1@%@&@%5@9@1@ d@sﬁ@d% 1008/ 569037
PCT/ US03/ 04270 wound usi ng w nders suc AT from Shi madzu

Cor por atanothenneh-Nitelg eNbodDSngedglRy dirat dravipaskasss aﬁHBQUWEPd ingten wi ndi ng

speeds of 5 and 6500 revolutions per mnute. Each end, in
non- 1 i m%¥ a}ﬁ }Q%g@d%a%éaﬁ §, can conprise between one hundred and one

t housand fi I anme Mufberldtaliditr@ew paclapeaidkages forinn 10omginay e determined
enbodi nents, are coated with a bi nger d rin rmn such as the binders

pr evi oudiagedinsibg smeunt oAdiSegpsde-Bolh a&e) 1F‘|téf‘f:)g‘8’s e RO ?Sc an or may
eﬂ[’)ﬂ) bi t 4 lrOyRp tl@é{ﬂiu tThte ‘ﬁﬂl%b&rﬁ cﬁﬂé@trﬁlé;\@ @\iﬁ&éésﬂﬂ@d 0$S &R Ldvievhaigs. 1 n one

odi nent, an assenb roving of the present invention, after being
chopped aésmdi@ppmcagledhefsmonf éuereudulngacgdne@rddavnp%é@gw o examplej miewshs a

conform ! bgﬁ{)% ﬁf‘&?e Oaéliagn 1%%% plo]vfzie%lyeoiaﬁq%r a dcﬂgg %&! m%ei 113191};)9150%%% ed roving

of the bei'ng ¢ roma roving gun
and mxegilld\@amth as.resin, has a conformty between 0.3 and 1.5. The present

invention also relates . to packaging units. A nunber_ of .dif er ent packagi ng
un| ts in addil®eaanemnl @H@g&ﬁ@é’dﬂ’ﬂ@égg’%ﬂ -G 19 SOV LY W E SiFeHeFEY n coul d be

iz e?PaCk#i% ncﬁ ?a}?d & b kst FRb. tTMRs,NRA plié (ﬁ%itng ngit@ ; gﬂblﬂg Bightyof

pac agl resent i nventi on on € roving
appl i catdn:mt @naw rableagay msetrofdortyj fireqt dragy aankw@ léageglghw%s pﬁﬁ‘ffo@lrﬁqt he

roving, any nunber of AULANISRENLS of, L5 e8I dLaYLRIRkadEs con e  pall ets

can be ngerrent aw packages can utilize the holl ow

centers dfect &l@wﬁbabl@(gtes chnaby doandcagias tlta)septayi fotty dares idnayl paqﬁtgaskn ofdepackages
at the same tinme. 20 Wen rruli'f l.e stacks ar(%’ Eedtg. grmth rovmg, t he
combi nedo@uerdds ¢ ePRTEHEYS SYPRIFIOT BHVingy; IpOgter Fosdy BAFKDG LS BIKAEHbi ned t o

fopgn t heyg Qéﬁlnﬂlgtely fed, the next forty packages immediately, and without interruption, can
begin dispensing to form the roving. Likewise, a plurality of packaging units can be
connected to provide a longer supply of roving, such that the supply of roving is not
interrupted.
The direct draw packages can be arranged on the pallet in a number of ways. In

25 selecting a configuration for arranging the direct draw packages, important considerations
include being able to combine ends from multiple packages at the same time, being able
to tie subsequent packages tog = continuous or somewhat continuous feed to a
roving gun, being able to ship the packages to the customer in an efficient manner, and
others. The embodiments discussed below are examples of ways in which the direct draw

30 packages may be assembled and shipped and are due, in part, to the ability to pay out the

direct draw packages from the inside.
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Because of pallet size limtations, shelf-size [imtations, and shipping
concerns, it may be desirable to confine packaging units of the present

i nvent i orwD®3@6®8Tt ai n  maxi num si ze. Thus, nunerous st aclkeTafSost42ect draw
packages can be required to form25 the roving. Wile the enbodi nents shown
have five di ngehe dhBoimackageaepelravspadkkgesaan bt sokkedanrtolly ad howmy nunber
of packages. FIGS. 6-8 provide Pe: cillde, ang top[ X)i ews %]aiﬁi iQt%nil imting
enbodi mERFIGH{6-8. FabikaGRRGIHmt hePaARESSF eSENE 1P 1Y 8HETSH ™ ' the enbodi nent
shown, t j ni : BRI (he@BerdrRaktkLthuhB6 d@ndclaged peral ity of

di rect cflﬁhg%fvpggc a %ga%égBTg?%%%lggg% on( 30 the palslc;et 130, nga ﬁ dEHriect dr aw
package sl:35) banvany dependink ow theomweher ofidiresh dramaRAckepes neieh i OrBAke 145,

wherein the plurali of .di r B8 cBhdageds. such that the
ends frdfiV®&c eélrzet"ﬁﬁ“e&aﬂ%a{lﬁ%}wg’? a%iglg?%gtﬂg%%wgpagkages_’cacn' be paid out
fromthe centigbiRf cRBoMBA8/ N6NAT IRGTHAIBASK 042 FOarrariged prlvkiagetsl and
conbined to forma roving. The packaging unit 125.in..

/ | .he .enbodi t shown
conpri saewei ghthgsamanclimiting sibediaieatied Pa3aLe }Iaﬁlé1W&ﬁtu§}h%?%rtgg{ev§1rlg\§vgpackages
are arr DS otk BB s Gs Ksnibink bY@ ARGk #UBS. ®aT hiustFheahione ends from
each sté%lgﬂ%églnp% %‘Tﬁlned sto forlm amgtack end 150 for each stack. Although

not shoviimitingRh®edingen8 of thegrdenstianektiehswis thehreplelray PRTI8H 418 form a
roving for us(;: in the gesi red application. In another non-limting

entddi neftansg H}-}R}lzapt'a TOWS,

Ct "draw packages can be arranged in ten stacks of
ei ght packages . thaabsnimbershofn ti FIGS odratepaciaggesmpali’d coaprises af or m a

yar dage)pallat b Revgs e ey petiat b atnt 8wy ebeRELE P T ekEgun. ' The
nunber Ofgoda{r%%géd&éai@rQ&&@@a%haﬁie& @A phXafO190 avin@Vd Inglomeaentek $05 depend on
the size of th& end In each direct draw package. For exanple, a fewer

nunber ofnd leaviye esinglpank 20k svheerin e olirelity ohdirecs feavpackagge ASTRNE ger

nunber of small . end_.package I = | it i orwent y- ei ght
o Boventihinidiesite Eraraonge phufRg L upht bt R e o o i ng.
Thus, i NEamRAE kagémd thenpdckaeepiid intignei mgHoyn a divies t Tidravkggaekages> a set of
forty direct draw packages (e"g"&gji gé st.acks gf fié& ﬁggcﬁt ddl_;aaw
packagesin the gambedimertshof OIS ‘&8 ect dyqw Backages J&Un IpCIgilY FPF'st . The
first fopty %aQ1<%§§5redir?aW§&?ﬁl%%&% 6R0 oPBvE SRS GE @K TTHeliesada2td forty

C

direct draw packages 1n order to provide a continuous sup{)ly ?f roving. In
ot her wofids, eash evw bteecopibiad t6 dyrmya T@a’c@g?é@ for each stack. Although ndt shown

20 in FIGS. 9-12, the row ends 205 can be combined to form a roving for use in the desired
application.

In one non-limiting embodiment, forty direct draw packages can be paid out to
form a roving. Thus, in a packaging unit comprising eighty direct draw packages, a set of
forty direct draw packages (e.g., eight rows of five direct draw packages, five rows of

25 eight packages, etc.) can be paid out first. The first forty direct draw packages can be
connected to the second forty direct draw packages in order to provide a continuous
supply of roving. In other words, when the first forty packages are completely fed, the
next forty packages immediately, and without interruption, can begin dispensing to form
the roving. Likewise, a plurality of packaging units can be connected to provide a longer

30 supply of roving, such that the supply of roving is not interrupted.

In a further non-limiting embodiment of the present invention, the packaging units

of the present invention can be re-used. In other words, after the direct draw packages in
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20 are conpletely fed, the next forty packages i mediately, and w thout
interruption, can begin dispensing to formthe roving. Likew se, a

pl ural i t ywofo3pewBagi ng units can be connected to provi dePaTlusngier76uppl y
of roving, such that the supply of roving is not interrupted. The direct
draw packpdae §g1ﬁ€iﬂmb@realrséca migashchagiidenits ahli b@ retumerd touhdesvingfmygagasturen 25
selecting a can uration for arranu?%p d| reci draw, p &ﬁ gges, i nport ant

consi dertatbeaerdilled. n@hléé%m%icﬁb SPATRC ﬁ%eog%g ge 3 KIS pl e packages

at the sang. {8 Qx?érﬁ'gfﬁﬁlcﬁecttcﬁa\k;pﬁclég@sequent packages t oget her

conti nuous or Sso hat continuous feed to a roving % bei ng able to ship

t he packages The md;seniuusm!mmmlw melalgs @fcfonnwfﬂmﬁﬁ%me Olcf?Wé‘P% The

enbqdi nent s di scuss iAot hsitgr ect draw

30 pac ka@‘g’%p%@prﬁéu%%sa@ﬁﬁ %%a 5%53%%@8 o8 88%?53’“?]‘8% |An£b|5£1r . ? o the

ability anffEyefWr atcbmposliergeductdbfihe pﬂaeémg%mﬁaﬂmmmﬂIBei ZMB]'Ddele 030 WO

03/ 069037 PCT/ US03/ 04270 I'n _one enbodi nment dthe di ﬁ?ﬁ clléasges can

be st ackewpped fibe siasy cnds feqrpdieqt dray paskagss ghd § Fesiny; e {g the

packages, rﬁ{ %Eﬁ Q%%’thaorobﬁlggﬁ(g&ﬁg@ﬁhé PreSdnx Lif8htionS tAGK ST Glords] me ch)@ppleages The
ck

arrangenen er of nber of packages per stack) c vary
dependi nfbargltshendsuahér fivn @Iplmeqlltty olf digciprlia K dgelaepe &é‘éﬁo‘(@es‘u S {’:‘:’

roving, the siz t LS FlSrrbRnde

confect el FOER& er&%@? r g %idIRI’FEfI’?I élgé}l?hl %hﬁ@éﬂta%crir aw packegjéesncan be

ar r angedjdyenthr dad @il@le, by s of hon-lilméig enamples, potyiesigrsethiouddosetings, a package

rack may be utilized to prevent the . packages in_adjac rQ rom
cont act i pelyes’ih coPReVinystsss: ueethanes, IdI“fYa]lDP%f&%ca%Pen3]?1&j$tf?lecﬂ?rlmr?5(¥@r%od| ment of
the pr esﬁ{yterfaﬂ\/%te 'f%@li]%lgssw@élﬁ hikhie dil§ eateadinaWIPREKGRE basleantO arranged in

hori zont a nbodi ment shown in FIGS. 9-12, the packagi ng unit
175 corrpconfmeylsmshmunds@ edgey andicongs afdea Al on the pallet 180, and a

pl u]esil lity of dire he ¥ ac?lm%g{e ofa r?l?tﬂo@(gf tﬁ@gl%gen? hvehi€od B¢ korkBy €ach

di rkct draw padRit ’ém 5%6 Vi'ng ow cent and having a single end
200, whegginpositd @rdﬂuUfs@bhﬁ)yis@fobthlmﬁg t ralizpysatkag ds ravies & 2 HWQECELI]% such

that the ends from each of the lity of direct dra y be
pai d out chenping the o véh fEKingshe ‘H’é’ %E’g‘l%’fﬁégv A B AP V\f[hQ1 1’6%%§§“§§w ng.
The paCk%Hél Qi e{ng]fZ]lSand 1%115@11@%}&@'1%1‘!@ asRWR oRahiPhokeSnenghdny direct
draw packages 190 e eighty direct draw packages ar _tyofrf%nged in sixteen

rows of ﬂmu&ng)anlbm@lesntealaihlnllfgwemﬂn\%éo@ﬁﬂ%es 29@bmmg a plurali glass

20 ends from direct draw packages to form a roving.

In some non-limiting embodiments, methods for forming composite products may
further comprise controlling static in the roving. The potential for static in the roving
product can be controlled, in a number of non-limiting ways, such as by adding anti-static
agents to the binder, modifying the composition of the roller (or cot) in the chopper,

25 dispersing an anti-static agent in the air feed to the gun, utilizing an ionization chamber,
and applying a voltage to the roving product prior to chopping.

Composite products of the present invention can include, for example, boats, boat
hulls, vehicle parts, bathtubs, showers, camper tops, and others.

An embodiment of a system of the present invention for forming composite

30 products may comprise a plurality of direct draw packages, each having a fiber glass end,
a source of resin, a roving gun, and a mold, wherein a roving is obtained from the

plurality of direct draw packages, the roving is chopped and mixed with a resin, the

32



fromeach row are conbined to forma row end 205 for each stack. Although
not shown 20 in FIGS. 9-12, the row ends 205 can be conbined to forma
roving fowowsmedon7 t he desired application. In one non-I|i rCTiusgs/enbodi nent,
forty direct draw packages can be paid out to forma roving. Thus, in a
packagi Iillgxék[lfdvm.‘gCHﬁﬁ&ésﬁﬂ ng smagéti (yn ﬂimohi; andithewmipetiosiggsnd gesieare glledf or t y

di rect draw pack . 0. (% ONS ¢ of five dlarlgg qIn'th Q%ckages five
rows of opshemght ﬁ%&@kr& aw@f“é ¥esccélﬁ BATRRsed OB AP AR rst forty

di rect gﬁ%\% Packaggs can be connected to the second forty direct draw
packages 1n order to provide a continuous roving. |n other

wor ds, when fineddifiomsto guorewingepstaiss, the @V@%ﬂ%ﬁ%ﬁleé’ﬁ%?eméﬂvm 1%’% cahSt forty

packages [ di at.el nd._w t abnidtispensi ng to
for tn@e%% nbell_%ﬁg\%fl Oé:)elatnlag urrldell]l%lt%ﬁﬂg %@glkagfla%pﬁmbgé clan be connected
to pr OV'M%léahWro%tsuﬁﬂxgllgﬁ phmahtylgfelslsmlsbdhaltd tindlasigpieb (e-®f roving is

not interrupted n a farther_ non- Ilcwt enbodi nent of the present
i nvent i onlit effigicpess Rargienacks RPRIETIUEY. SfHETHPEQERT i nventi on can be re-used. In

ot her words HRChedhGnvRRek 3ER Sow e iRk R] @B{HRGSI03Ving
PCT/ US03/ 0427%%%606%@ atangcf{iJ?nt are used, the packaging waits can be

r et ur nedpeeifit henrloviting exmlésact urer  to be re-filled. This feature can be

partl cul arly advant ageous when a r jgused to control the alignment of
t hé0direct draw packages. The pr ES@PT%%_]‘%_ITVEH'[I on also relates to conposite

products, net\iges 9% wfaalfmmg m5ﬁm:mecmdtmp}mmbmmb@humwr@ﬁgémmua% es for

form ng conposite products. nmbodi ite

product lafovire these & prdimapy gl Pbﬁle éHnﬂJP %e%elﬁ?%aaag%QE or o %bﬁ&m:F i ber

glass enfaniiaLals hods an@%hﬁl%@ﬁd@"t‘lﬁlo@gl’fp@ﬁd)ﬂBOO'B@andﬁmheld facer gl ass
n be

ends ca a roving product of the present inv ntloer I n other words,
t he choppso tifsi &eh tig Iha*aag edisnatarbeteseh r9@|1ﬁ1 a3 pricieas: |a’c1‘$W8? SRAt PR Sdr aw

pRgggﬁg eﬁg}t@? gpsl‘ip o I cgg ?9@6 5 ibg d%lg{ rﬁlgl'gmﬁﬁgﬁlrgrmaﬁl&e@%emﬁ pegdand used.

ent invention can include,
by way Olfmd}é‘ﬁkéabm Th&@)rﬁﬁﬂrmhmsnt drohetasarls), 8 njveanag St ﬁlaﬁgﬂﬂ)pol yesters,

epoxy vinyl esters, urethanes yclopenta ne setting
mat eri al s. Th’@lefﬁl!?églagﬁl féﬂé%ﬁ?‘iéé’f%eﬁ’l UPSt g rfl@' i e%evg‘%l}% l%de ‘%ﬁ gregs)s spring

back and %Ua &Y ’I'h%%ﬂﬁl% ﬁée@@@%étﬂ%mggﬁsﬁﬂ&nemﬁ ReEk ple@ﬁretihle mold. 15 A
nonllm |ng élrren a nmet hod of the present &entlonfor f orm ng

conposi t acoprdaduewvih dwrfpnmd@tsomﬂ@t forihiip dable rlo\T he gomahinsy PR I8 ¢ ng to a
' OVI ng gﬁger glass was one (1.0) weight percent.

After coating, the fiber glass filaments were gathered into six (6) ends, prior to
being wound, using techniques known to those of ordinary skill in the art. The six (6)
ends were then wound on a Model No. DRH-4T winder, commercially available from
Shimadzu Corporation. Each end was wound into a direct draw package. The winder
25 was operating at a winding speed of 4,000 meters per minute.
The direct draw packages were then dried in an oven dryer for 10 hours at a
temperature between 240 and 300° F.
The direct draw packages were then used to make an assembled direct draw
roving. Twenty-eight direct draw packages were loaded onto a creel to be feed to the
30 roving winder. The direct draw packages were fed to a Model 868 roving winder,
commercially available from FTS/Leesona of Burlington, NC. The roving winder wound

the direct draw packages to form an assembled direct draw roving at a speed of 1100 feet
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chopping the roving, mxing the chopped roving wwth a resin, spraying the
m xed roving and resin on a nold, and rolling the m xed roving and resin
on the nowa.o3/06908me non- |imting enbodi ment, obtaini ng aPCEMSN304L200MPri ses
conbining a plurality of fiber glass 20 ends fromdirect draw packages to
form a meyvidigite.| PVS6GEE -Aantkiatit sgeanty compriisinagilaie fiRed<ognés WEdr m ng

conposite products y further conprise contral.li .st-at e J rovi ng.
The pot enplied tofths elgjtgng‘ioin?:ﬂ’ie ﬁllP‘Héhar%i%ﬂ 18 %a?cga et llélatﬁ%gﬁlig%‘%%rdg nrg%{?d ina
number  qf;pQ éxyvirmi%l%Bgck\é@é@t,a_r&ﬂé@ht\ﬁ@nﬂ}ﬂi&ﬁkilbeIi@Mﬁmbj -static agents to the

bi nder, noditylng e conposition of the roller %oq cot |_ndth43 chopper, 25
di sper si ng afharoifosniy pEthe geambled dine v rqvdag Ve heh e RN ©tPF i zi ng an

i onj zati on. chanber , ' W64 tBGE, doRadcb 8sddqY Fsigh PEOduUCt prior to
cho%pi ngc.on@SWﬂa)tgso‘f?go%‘%g 8@?54%4’9{&%3" préesent ina\lléeenti on can include, for
exanmpl e,cole@itnalieaimblédtoyimg wehindhis cpaparssoniyesrhneiheound HeiRg esliregtanper t ops,

and others. An enbodi nent_of.a system of the.pres I i for formng
conposi t&aBovipaed Rethet.fbs OEBiRg ,ppgl@ggs BRGrRE S 5E %g ??‘}ee @ t{glgﬂirl g@vﬂl;%%% kages,
each hayj ' i Sd 8MYh30 ndetsi@ BECRINfe. MRsh forndng mekamy vasrspliand a

nmol d, V\/ndéfrﬁgfn% agh?%%%%?q%s obt ai rlled f‘réqm the plur al@%ﬁl?l?ng{hﬁgli rect draw

packagestwotwieysi(de v ¢nss shopbeteashdomirggaskpeh, With g5V 03/ 069037
PCT/ US03/ 04270.. m xed r.ovin L esir 22 SREBYEEHO FilAndAR). Pricasl t he m xed
rovfng M eé]sfiﬂﬁmg?t&g‘?‘()l}lg %1918ﬁ1gf%1[3§1% 8ﬁ($§1e di rsg((gt_ dr awéi?ac.lfgges can be

ar r angedyQirfs, BROKREY bR flemtntevetce leasipragisadhytcopted enithiadnnder §siggdi ti on to gun
roving operations, the rovings of th esent d.nvent i . 5 used in a
nunber ofinderifeplieAsar ate biger %ﬁ@ F‘h‘&ﬂaﬁgle ebglaf)saﬂr% gl?é gvﬁgp%? Frl}gg?%lppl i cations
where a 50%&&3%060&7{?9%% LSONRIInSENS i@ iRITWE1al1 tTe @bméati®ss on igaatbnaridhesi m | ar
issues (e.g., split e?fi ci ency, springback, conform té’ etc.% are of
concer n. fiker ghrbeas ven(l.Ofwdighs ppicerte iweaniy e skt lBHRE PRCkABY BE ¥4 Ot rat ed i n

the fol |l owi n cd foi c.. nop-1 i M-t 1 ng: ' O EpaRRbL®adl foen gl ass
was'f or rr@%esf’ﬁa %{Pogglr%ggcfg”g%&}? %dﬁ%o'g? tilée %l%@({géﬁgﬁ?ur% tljsi_ng tE ?ghcnalwues known
t 0 t hosesffn DédhivB@ionabiskdmblédrotng anntspeetitvg 1480 feetrpeg awde pBY56eP It fir ough a

bushing to formfiber glass fil ts. . The bushin . ut of 200
pounds pearti-pighe ?gqﬂé&(’%a@l %éﬁla?tgggﬂmt???nﬁa\%a%%p pé@%?o:%g? légrl (ge{%i\g/é\le%e)n 9 and

13 mcr OBRect ARy %ﬁlir?g%ejckag@s PBYSto winding the assembled direct draw roving package
at a rate of two milliliters per minute.

20 The conformity was measured as follows. First, the assembled direct draw roving
was chopped, mixed with a resin, and sprayed onto a “step mold.” The “step mold” is a
mold with the appearance of a staircase having four stairs, each stair being ten inches
wide and ten inches tall. The assembled direct draw roving and resin were fedto a
Magnum atomizing spray gun. The resins used in this Example was Polylite 33087-00

25 polyester resin, which is commercially available from Reichhold, Inc. The glass-to-resin
ratio was 30% by weight. After spraying the chopped roving/resin mixture onto the step
mold, an operator used a steel roller, similar to the rollers used in the shower/bath tub and
boat industries, to roll over the sprayed roving/resin mixture. Because excessive rolling
can effect conformity and spring back, the amount of rolling was limited in the test

30 procedure. The rolling was limited to three passes parallel to the step and three passes
perpendicular to the step. After the roving/resin mixture was rolled, a twelve inch length

was marked along the length of one step. The number of chopped ends that did not
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15 Thi s bushing produces 2,400 fiber glass filanments having dianeters
between 9 and 13 microns each. The nom nal filament dianeter was 10.8
m crons (WHB'o3pedoanent). The fiber glass filanents were theaTaiSol/easi
partially coated with a binder using a binder applicator._ The bjinder
to coat donéorfd toghe gitsigs céinbnfamt stepaerpeapiade d be totalgpaderaiderngd h t he
formulatign set. forth in Table.1...T nom. 0, Q0N t af.d he 20
fiber g|%§§ﬂ%ﬁQKHH%C?&PB?“@%FgH%dﬁggg%%Tgl@?%gﬁa@ﬁgg?H%?&#(g&ﬁﬁgg? gl ass
fil ament §nhBryd¢hiarnethehdttdd a8 in¥mb6y) oferedisyenpes e itch. Avdingghewwnber aisi ng
techni ques known to those of ordinary ski]l iqgth art. T % s%? 6) ends
were t hethe houdles iorvielatieria thagarkeRAsERcsi A dare OB e e L Sl e from
Shi dzuq?@r [ i ; WRUNEistAEO(iR ol E8612°dr aw package. The
wi nder %§§5§%§@§¥?ﬁ§g§?ﬁb dnn th spgéH o? 4,000 ne?ers per m nute.
di rect draw peiskagésmigoé tHelvenvedtiped rovingproduenvasmyeaputd hesgmpfiwdyat a
tenperat ure between 240 and. 300 F. The direct draw packages were then used
to nake §ﬁ%&§§€HEW¥ﬁ%HP?§8Ym§Pﬁﬁwmfg@fﬂgyggﬁ%nty-eight direct draw packages
were | oaded OM{Ocoaf&hSredults Berefsealldves: t he The direct

dr aw pa kages were fed to.a Mydel 868 rovi ng wi-nder rrerci-at- ¥ avai | abl e
from FTS/ Leesona of B@diihgt on, NC. The roQ?‘Ff@rWtMQFc%ﬂ’rfGS/mcché di rlect
draw pagkagesste~form-an el g gy Tect draw Tovi ngsat a speed of 1100

f eet 33Aﬁ%n3§?ggﬁﬁg;hf8%%8%%%#%@%%%1 tic

per mnute. EM 6661-A anti-st
agent, CaR@RLEREEDi¥c@alRbig $angke €ogni s, was appli.ed to the ends [from
the direct draw form ng packages priof oct

to wndina tha ac A
dr aw r oyi ngCpuaxsitigesl dyssemblad BOWRZ rwo 1 ormty

cnndhl oA

- - i —TTg— T ||2\., fJLJJCIIIJI \o3 v | ur 1
rlliliters per'ﬁ1nute. The con

of the assenble LLeGt ol awuf ovi ng We ormty

of a co1ventiong?8%§§gh% é@ roving. TH

used

The

30 roving w nder.

oconaypr el Al L vy vy
A\*Av}

s then conpared to the 5 conf
le _packages used to formthe
thi s conpari sch4were not wound
m ng packages were wound usi ng
di ng speed of 4230 neters per
lys (1.e., two Bnds wound on ea

convent
a direct
convent
Each fo

onatoaesenid] edsemedBousgd i n
dr aw w nder . ther,, the for
1m§%ﬁ@?§2a

usi ng
a
m nut e.
ch

onal f oFRFRge t a wn
m g, K888 ARSMSPA RbvingWo W

form ng
noni nal
fiber gl
bi nder {
pr epar e

-ass—Hlanenrts—wer t
appl FBBYWIF’H#WS%P@SLZB ©

d in

package),
di anet ePadfage@, ample#bns (" H'

wth each end

avi ng

two 10 hundred fil anents havi
filament). Prior to w nding,

ng a
t he

-
u
Package 2, Sample #2

USed to

cast

| 9f=

rtTatty coated;wth a binder U
coat the fiber glass filanents

Sing a
was

10

15

20

As set forth in the above table, the assembled direct draw rovings of the present invention

demonstrated improved conformity over conventional assembled rovings. The

conformity of the direct draw assembled rovings was 1.5 occurrences or less per inch for

each sample.

Example 2

In Example 2, a direct draw package having a single end was wound on a direct

draw winder as describe above in Example 1. Likewise, a forming package was wound

on a conventional forming winder as also described in Example 1. As noted above, the

forming packages each contain two ends. For this Example, only one end from the

forming package was measured. The aspect ratio of the end from the direct draw package

was then compared to the aspect ratio of one of the two ends in the forming package.
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accordance with the formulation set forth in Table 1. The nom nal |oss on
ignition of the fiber glass was one (1.0) weight percent. Twenty-eight
form ng paolagewsnere fed to a 15 Leesona Mdel 868 rovi RgTMiSesien7o The
roving wi nder wound the form ng packages to forma conventional assenbled
roving at a $peasheofrafid 0Othkerd pmauctmumasm Sobllows. Bashiendwas fad agent ,

commercially avail abl e from Cog was a lie romthe

direct dirauglt BYmPHBSANH @é‘ésoﬁ'rl S‘t%“‘ow " Wﬁl 3%88%@&%% %O%If rect draw
roving R lﬂ%g&allﬁg aﬁlétfﬁnl?f(e%é{‘@e Obipotdtioh ®F SV RRIEliLAkS, Nev2lerstpe Thenf or mi ty
was mnmeasur oY Firs t he "assenbl ed direct draw rovin ﬁva
chopped, semsomemamangedrmpmdwalrady§<pthapt=b@y sregired PEPEIGHAT Gmenpols ok o
nold" is a d with the appe ai rcase having four stairs,
each st éh‘?erﬁgvﬂﬁsﬁ %eﬁgf’l?ﬂsh]é BRe &g‘ggeﬁlcfﬂ% 3‘%18?1%%% tall. The assenbled direct
draw roving gre 88-dectieiae dinedsibhs (aefelwagmmmnmvzwng rspeayd.gliheseThe resi ns
used in this Example was Polylite 33087-00 25F1£? ¥§ter (rjsm N W |ch IS
comrer cipetpepdiewki Himamsions wisreRBeERe Py (e sfasorspraihg PR 2% 59 PRERN Yt i 6 was
30% by Welag%h fEoetr }ﬁlﬁ)({a?‘){ Qgtl(;llgeit %QR&%S&E&%&@Q&{‘{@EU& ofexthtidreofome 0 t he
step era used a steel roller, simlar to the rollers used in
the shoves bﬁthhy We@betwemaup spnscstuch deat thegensory Wergapt e o0dbvayfed

I‘OVI ng/re5| n Xt u Because exce I ¢8R (ﬁu]‘lsegtf AR QM ty and
spr ng nguretnh%wé%h?ﬁm% niloy dit 111151% 0¥1§ f 1(?113 cf%gsec V% 0§0 or ocedur e.

The rol | iRgopestd daldul feliHe@ pehélﬁ@tlﬂﬁﬁ\sﬁlﬂl brae@bxh e:ichtdatatma Sthe preerentt hr ee
passes perpendicular to tﬁ e roving/resin mxture was

rol | ed, drandsfidd, Zn’éﬁalp‘élﬁﬁfil]‘i’yt@%@l??ﬁ‘rnﬁg D%H Bng the Iength of one step. The
nunber of chopped ends that did n 703/ 069037 PCT/ US03/ 04270 conform
to the outside corner of that ste% *éounted. The total nunber of

chopped end ST]%eht@ét Hh@ o w&e Hfeanme \f@godﬂlh Wiedad fioyh thbdirkdtdear patksgeance
(twelve inches) to obtain the conformty, whjch ms?a?g?a%red as nunber of

occlfr r enaelsthpend fimpithe p@men@ortah@nﬁmﬂﬂ@?ka@ﬁ sotthet AoV ¥f%ation in the
mar ked di sé}ancg aF%agatéIHV\% b%B’F %”H Aﬁ%g&' Wa?ﬁ%@éd PRl €8 sdrSoid afatAbBY ed by

(sum of PHEBY Vi O ista (tn our case 12"). The
conf or mi feyt §¥r rhiletec A end ivan dd fomﬂ()rsgcqndeumingwégclh@ra@ WW®paithel ddife way by

feedi ng the conventi onal rovin uc formty
resul ts ®RBre vase F5P1dsths AnBPBY tspefb‘ﬂ Bﬁlh[fwaf&cdptrg%%%%%ﬁ nc%?apAssenbl ed
Direct D{lﬁ“}{\é RVihBGe RRM1ae The sthaBer of the two data points (min(X;Y)) was used as the

20 cross-sectional height, such that a sample aspect ratio was calculated for each data pair

(X,Y) using following formula:

tRatio = ————
AspectRatio Min(X.7)

Thus, for this test, one thousand sample aspect ratios were measured for both the direct
draw end and the end from the conventional forming package. The smallest of these one
25 thousand sample aspect ratios was selected as the effective aspect ratio for the end since
the smallest sample aspect ratio would correspond to the situation where the widest and
most narrow dimension of the end are aligned with the sensors measuring the X and Y
dimensions.
The effective aspect ratio of ends from a conventional forming package were

30 measured 2 times, and the effective aspect ratio was found to be in the range of 5.0 to 5.9.
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Assenbl ed Direct Draw Roving Sanple #2 1.0 Conventional Assenbl ed Roving -
2.1 Package 1, Sanple #1 Conventional Assenbled Roving - 3.4 Package 1
Sanpl e #2WOmawensi onal Assenbled Roving - 2.1 Package 2, PBanmsh04210 ’
Conventional Assenmbled Roving - 1.7 Package 2, Sanple #2 10 As set forth
int h;a_ aﬂwﬁfdcabé ﬁspeéthgti@sﬁmdbﬁenh diecedraw gaclegeoveragacagtred hamsscidnt

i nvention enmonstrated 1 nprov onformt r nventi onal assenbl e

[ OVi ngs.th‘f'ﬁ%pe"tﬁ’@r?ﬁmcﬁfalnﬁ“%f?lﬁqual%f’ & 1eﬁn§\¥vog§§émﬁgﬁéd rovings was 1.5 |

occurrences Gfyah§382 BehohdhGtes HRE the@adfisampke. drdb pkolappl aee Hatten timvanpl e 2, a
di rect draw package having a single end was wound on dire draw w nder

X g ) . 2 t
as descr e veood eniarsomyeatipnal farmipg wingdes avhich gs¢hiseissgd %Vl?a‘ﬁ‘ﬁq\ﬁkﬁ% wound on a

fﬁnvse][lti%réﬁlablgghg&g%h\%ﬂg%rm%hg%&so described in Exanple 1. As noted above,
e or g packages each contain two ends. For this Exanple, only one end

IL Omd_t he 20df]Désim'aBQ chakarsicspshintecsiireent hibihe by spéegs of dicipgesst t he end from
e direct draw package t hen co red. to the. as . i 0..af on f
the tuo @ﬁagqu?heﬁn% SoeRg g Rage Bov ot bago 87 BEIRLY 8270 he
aspect 1 ath0a0n bGe hi&l B AdEESL M@ VIRASYERS tasrofilelroviags Aty i

t hr ough tv%/o ;a)errf)endiecul ar sensolrs. The sensorsoa%gedevfer % mwas fed

:  ar, : del :

LS- 7030Movimgendertidrappicationd, Iaa‘tﬂuétlfﬂ’rl@rﬁl&l@%%’élg@?tﬁ@'é]ﬁ?eﬂa@%%ov\ggdcI i ff

Lakg, New Jersey, JThes nSeRS0RiMehSiRifAngssiRepRandL e abhueis ot hat they
iy i Mefs of d

neasur ed" PEEIERATCur ar ) the end's cross-section as it
passed bejwveestotiigs w&thsassantidywcanmss spliting offialendy, weniodursioq pef@iked to as

X and Y) were neasured, These . perpendi cul ar di mensi
{he. senspiedus S amieng e Crp b o R HeCnEhEORSbieH dhyfy BEaRHeT Y
imtati ido WRSH0RR a8 $5édak & rdvieGRBCH Wit e [ower &o¥s ah igniticof
essing, otkAtia T c® wi ignfticaf titehe ends as
t hey pasglgyg Sber%gweeﬁjthe seﬁgors, such that the sensors wegr:g not .alﬁl eto
H e

al ways 1@radeetiur &f 1phiog nialksis e aheys for ABPFRH HiSHERFEPBHL 0P TR on 1
cr Of? " S e%l%l'o&rl}'of-[lkr]rlfeSSpegt ﬁl&ﬁﬂg’]&f’i‘ls W&3ng the use of roving products, a reduction of the

amount of thin tube waste in using the rovings, the production of a roving product that is

more easily rolled out after being mixed with a resin and sprayed onto a mold, the

production of roving product with less spring back after it is mixed with a resin and

sprayed on a mold, and the production of roving product with improved conformity after
20 it is mixed with a resin and sprayed on a mold.

Desirable characteristics, which can be exhibited by assembled roving products of
the present invention include, but are not limited to, a reduction in manufacturing costs
for the production of roving products, less handling during production of roving products,
the production of roving products with substantially complete splitting efficiency, the

25 production of roving products with minimized catenaries or sloughs that can cause
problems during subsequent processing, the potential to produce roving products with a
Jower loss on ignition, the production of roving products that allow for improved resin
penetration, a reduction in the amount of time spent finding ends during the assembly of
packages into assembled roving products, a reduction of the amount of thin tube waste in

30 using the rovings, the production of a roving product that is more easily rolled out after
being mixed with a resin and sprayed onto a mold, the production of roving product with

less spring back after it is mixed with a resin and sprayed on a mold, and the production
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devel oped to calculate the apparent strand wi dth based on each data pair.
The apparent strand width, Z, is calculated by the following formula: Z=
X+Y2 The woB/06w8Ti ti ons were the sane for both the end fPemusSh&04re ect
draw package 15 and the end fromthe conventional formng package so the
test desgrbhags phaluovwitasnprpesd onfoedity efaribiseniyedwithetrpsiemisspragd éAd was
passed between the sensors at a rate of 8 feet per mnute. The end was fed
for 300 &@eWnds, during which tinme 1000 pairs of data (X Y) were recorded.

An appar ent S\;aﬁﬁ’aﬂg oMb &difhent of WRSnFedtiSMhateadeit @éscﬁb&thncfallﬁmmml af theisi ng t he
above formula. The smaller of the two data, pqints was used as

the 20 craniess slejetts ofitie itnention. , It sheukl ltehlﬁﬁo%}l@é At éheé% %ﬁ%ﬁllﬂlﬁ‘%tf‘ 8%as

cal ulated {fRatiddzpect Rati o z
- e e D R o B P os. v o
measu r edaﬁd%da;ht@ﬁdihstthc&e@ﬁ willdte 1ea:ﬂ11awp1md1t acm dlosméﬂlét?ddmfﬂﬂmﬁ wHEOWonvent i onal
formngv\&Ep kage. The snallgst of ﬁS thousand sanpl e aspect
ratios awgdEqne theB i 48 @FPSSf 8“§§-éEFm-%%|o for the end since the
shal | est sampff,AspBGhed @t i 0 woul d correspond to the situation where the

wi dest and nost narrow di nension of the end are aligned with the sensors
nmeasuring the X and Y dinensions. The effective aspect ratio of ends from
a conventional form ng package were 30 neasured 2 tinmes, and the effective
aspect ratio was found to be in the range of 5.0 to 5.9. 36 WO 03/069037
PCT/ US03/ 04270 The effective aspect ratio of ends fromdirect draw
packages were neasured 3 tinmes, and the effective aspect ratio was found
to be in the range of 5.9 to 7.1. Exanple 2 denonstrates that the ends from
di rect draw packages are flatter than ends wound on a conventional form ng
wi nder, which as di scussed above, can have 5 desirable effects when used in
rovings. Desirable characteristics, which can be exhi bited by rovings of
the present invention that can be assenbled at the point of use, include,
but are not limted to, the elimnation of the need for an assenbl ed
roving process to produce rovings for use in gun
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roving and other applications, a reduction in manufacturing costs for the
production of 10 roving products, |ess handling during production of roving
pr oduct s,wohg/ogostiuct i on of roving products w th substantcalusys/eanpl et e
splitting efficiency, the production of roving products with m nim zed

cat enari es orl.sl oughikertdhat goaroviisenpiwid:ens duri ng subsequent

processing, the potential to produce.roving produe | | oss on

i gnition, théﬂlﬁwaﬁﬁ%Pﬁﬁﬂf@FlE%%VﬁésB?%ﬁﬂ@?@H§H%#&§@V%%%?8@“%%%?%@ed resin
penet r at ;a0 déw SRNELd Ringh dikige fiferafmsiaid, of tinme spent finding ends during
t he use of roving products, a reduction of the  anmount of thin tube waste

i n usi ngwhéreinreaoh ardsorapiesed i LR TBamets and BhsIHG tg‘!r)%tg‘?fgf’ © PRSFL IO Opr e
easidy rolled,out aft ing mxed with a resin and sprayed onto a nold,
theg pr offtY f?%ﬁ”%?ﬁ%&ggﬁggbroduct with | ess spring back after it is mxed
with a resin and sprayed on a nold, and the production of roving product
wWith inproved conformty after 20 jt .is.mxed with ¢ i d sprayed on a
nol d. Desirabte CHQF%%?é?ngPé@?ﬂhkﬁgﬁ”%%ﬁa]§mefﬁﬁgﬁgégég§6ggsenbled rovi ng
product sgpfcpthe present invention include, but are not limted to, a
reduction 1n manufacturing costs for the production of roving products,

| ess handl ing during production of roving products, the production of

[ oving produci{s wifh %Mt}g\t-ﬁggmg 2 GAPLiR R @Rkt bR fifaeheBey o t he 25
production of “roving products wth mnimzed catenaries or sloughs that can
cause pe@abkkemcidus.i ng subsequent processing, the potential to produce
roving products with a lower loss on ignition, the production of roving
products that allow for inproved resin penetration, a reduction in the
amount of ting spefie dgdnnﬁbiﬂg o€ BIdEn Uuvlicagn tcheh @sisenipliyesafp topaekages into
assenbl ed roving products, a reduction of the anbunt of thin tube waste in
30 usi ngfildmeentsovi ngs, the production of a roving product that is nore
eas&%y rolled out after being mxed with a resin and sprayed onto a nold,

t he production of roving product with |ess spring back after. it is m xed
with a resin and sphayedovingafneind4, wedeintlee dirvdigeel eah idmeapDseB/t069037
PCT/ US03/ 04270 _of roving product with inproved conformty after it is

m xed wi tHItEEYBEFPPSand sprayed on a nold. Various enbodi nents of the

i nvention have been described in fulfillnment of the various obj ects of

the invention. It should be recognized that these enbodi.nents %@g 5 nerely
illustrative 6f thEhpgumevisees clsim d nuhyriadbsgun RYESCPBRTISNIREP §dY

dificat] ' : i bbin hie¥ h th
rsnlzi {) ;gaifljr}?g{] gllgssg‘elt]ngs %Scfﬁ%%%fnq{?é ylteﬂl%rf R o 1blinB & fPRANIcY naRRad ¢l p& those

pound.

7. The gun roving of claim 1, wherein the gun roving comprises up to forty

fiber glass ends and wherein the yield of the gun roving is up to two hundred fifty yards

25 per pound.

8. The gun roving of claim 1, wherein the diameter of each filament is
between nine and thirteen microns, wherein each end comprises between 300 and 500
filaments, wherein the gun roving comprises between twenty and fifty fiber glass ends,

30 and wherein the yield of the gun roving is between one hundred and three hundred yards

per pound.
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departing fromthe spirit and scope of the present invention. Wat is
claimed is: 38 WO 03/069037 PCT/US03/04270 1. A fiber glass gun roving,
conpri si ryO 0Be6POBD two hundred fiber glass ends from a pl ecalisoyo€fo direct
draw packages, each direct draw package having a sjngle fiber glass end,
wher ei n each %nd dbegnisedngipf denspobeidimhsneengpdibitet BlifNehe ef fective

t io of 5 h d ThE 1f OVi f clai
e ehfegateaRs Ranarroskr nihe Bghy! A Rndd fem 4 B ENLO0 19, CLi ng o

claim2, wherein the dianeter of each filament .is up to sixteen m crons.

4. The gun roving of claiml, erein each end conprises to 500
filaments. 1505, e ynkoyBgPh mH¥Léﬁ§Fﬂ?'?lﬁﬁggggﬁ£¥%%ﬂ%#ﬁﬁ%ter of each

fil ment oS %1%ate§ Blah D8O Béiﬁ?@hop@ed JlEspeiRd fow Aghvadg ghai m 1, wherein
t he "gun rovin onprises up to fifty ~20 fiber glass ends and wherein the
yield of the gun roving is up to three hundred yards per pound. 7. The gun
roving of clajm1l,_wherein the .gun rqvi i : A d 1 ber

gl ass ends aﬁh"mhégﬁﬁ%mfﬂ@n%Pgﬁgm%%\ﬁﬁ%ggﬁﬁ%gﬁéﬁﬁga}gﬂﬁﬁg%%gfﬁ%mﬁindred
fifty yapdseerz®onad 1pound. 8. The gun roving of claim1, wherein the

di anmeter of each filament is between nine and thirteen mcrons, wherein
each end conprises between 300 and 500 filanents, wherein the gun roving
conpyises betypeen TR of bibdny 1 fyihesin Ghadssdends nodQiranst onber ei n t he
yield of the gun rovihg i s between one hundred and three hundred yards per
pound. 38c¥h.03/ 069037 PCT/ US03/ 04270 9. The gun roving of claim1,
wherein the roving exhibits a splitting

13.  The gun roving of claim 1, wherein the gun roving, after being chopped

and sprayed from a roving gun and mixed with a resin, has a conformity of less than 1.5.

15
14.  The gun roving of claim 13, wherein the gun roving, after being chopped
and sprayed from a roving gun and mixed with a resin, has a conformity between 0.3 and
L.5.
20 15.  The gun roving of claim 1, wherein a plurality of direct draw packages
were wound on a direct draw winder.
16.  The gun roving of claim 1, wherein each direct draw package comprises a
cylindrical package with two substantially flat surfaces.
25
17.  The gun roving of claim 1, wherein the ends are loosely grouped.
18.  The gun roving of claim 1, wherein the gun roving is an assembled roving.
30 19.  An assembled fiber glass roving, comprising:
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efficiency greater than 90% after being chopped and sprayed froma roving
gun. 10. The gun roving of claim1l, wherein the roving exhibits a

splitti ngvodsmédoTi ency greater than 95% after bei ng chopped/tsnsioepr ayed
froma roving gun. 11. The gun roving of claim1, wherein each end has an
effective as peewbuﬁcapackagebmnmermgi'osa@veamd:nwd t\&@hmdledr ﬁberglm;s pl@ﬂﬂfﬁ?gn af claim
1, wherein each as a non- circu Crossr n roving
of cl ai nPll“al\Hh%@‘g‘}‘??t Ry Qfﬁgagiﬂ&\ﬁaﬂb le§¥ {3y p&@ﬁ% awnﬁ“%il eﬁl%fl 1parggyed froma
roving gypy and mxed with a resin, has a conformity of less than 1.5. 15
14. The gun roving of claim 13, V\,herel n the un roving,. after bein chopped
and spr ay@dlefrr o and ownpigsegup s Hrves wrd W %ie]tnélé‘? ?1& ohLye aspeR Py

bet ween 5. The gun roving of claiml1, wherein aplurallty
of recfeac eg\avlsp%%ﬁtglgtehé%\%ere wound on a direct draw winder. 16. The gun
roving of claim1l, wherein each direct draw package corrprl ses a

cylindrical packa e Wth t ubst ant i al e gun

roving of clafin 1, %F%’M%ﬂé @if’d%roéﬂl’@ qf(%aélgal)t? 31616111 %gh i@scm%élsgg%n rovi ng

of cl ai ng o YL BRIRnishe gun roving is an assenbled roving. 30 19. An

assenbl ed” fi1 ber glass roving, conprising: 40 WD 03/069037 PCT/ US03/ 04270 a

vvound package conprising between ten and two hundred fiber glass ends from
rality of, dir t erbfvdcng a

Si niﬁje fiber % assﬁ?e asggl CE?@?r ea%rcohv(ﬁ dcgdélﬁgpe&l ‘ggéléig{piﬂté g&g%o filaments and

wher ei n trenett {sagt fowext@speictonsati o of 5 each end is greater than 5.9. 20.

The assenbl ed fiber glass roving of claim19, wherein each end conprises

up to 600 filanents. 10 21. The assenbled fiber glass roving of claim 20,

wherein the dyametef. ffeRRA6N b JIAFRIVingd & leint 19, Sih¥ite@edhchiend Qmsprises

up to 500 filaments.

15
23.  The assembled fiber glass roving of claim 22, wherein the diameter of each
filament is up to thirteen microns.
24.  The assembled fiber glass roving of claim 19, wherein the assembled fiber
20 glass roving comprises up to fifty fiber glass ends and wherein the yield of the gun roving

is up to three hundred yards per pound.

25. The assembled fiber glass roving of claim 19, wherein the assembled fiber
glass roving comprises between up to forty fiber glass ends and wherein the yield of the

25 gun roving is up to two hundred fifty yards per pound.

26.  The assembled fiber glass roving of claim 19, wherein the diameter of each
filament is between nine and thirteen microns, wherein each end comprises between 300
and 500 filaments, wherein the assembled fiber glass roving comprises between twenty
30 and fifty fiber glass ends, and wherein the yield of the gun roving is between one hundred

and three hundred yards per pound.
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22. The assenbled fiber glass roving of claim19, wherein each end
conprises up to 500 filanments. 15 23. The assenbl ed fi ber glass roving of
cl ai m 22, watwaneios? t he di aneter of each filanment is up toPCRUSDE@R2701 Crons.
24. The assenbl ed fiber glass roving of claim19, wherein the assenbl ed
fiber 20 gl a2s roVhaapsenbipd fiberselasp raving effclgimf [Fpwhergingihs agsapsled didenvher ei n
the yield of the Joving. i J thr - und. 25.
The asse#%F%H“Tﬁ%%$ﬂ6S§§¥ﬂ§%%F§E:%¥§gF%?L?%B?H%ﬁgggP%ﬁ%ﬁ@D gég |l ed fiber

gl ass rovpngechomra demgrahween up to forty fiber glass ends and wherein the
yield of the 25 gun roving is up to two hundred fifty yards per pound. 26.
The assenbl ed fiber glass roving of claim19, wherein the dianeter of each
filagent is begwee iR AR b 4148 8Vifl SIS 1 MRBERIThE ASRmBRE fLOAPT | Ses
bet ween 300 and 500 filanents, wherein the assenbl ed fiber glass roving
conpri segldsetovienexthitetstaspiningedfidicrcy grepiep dran b dsafics heisg chorpedaet ei n t he

yi el d of the(ggn rovin% i s between one hundred and three hundred yards per
pound. 4fP\WFOEPIEIO3HERET USO3/ 04270 27. The assenbl ed fiber glass roving
of claim 19, wherein the assenbled fiber glass roving exhibits a splitting

efficienc reater than 90% after being c ed and sprayed.froma rovin
gun. 5 28?/ ‘gll'h3,9-as s@%ﬁ%ﬁn‘?lﬁ%ﬁebﬂl%§°Vﬁlg%/?¢}ggﬁ# fj9(3 sz;ﬁe?ﬁr{i@a,c}{\fﬁ%ﬁ%s’l W the e

assegbl e‘%f%&?@asp@t@a%ﬁ; HeRvins. exhi . ts a splitting efficiency greater than
95% after bel ng chopped and sprayed froma roving gun. 29. The assenbl ed

fiber glass roving of claim19, wherein each end has an 10 effective

aspect ratio Bg;‘ ‘r’]vezg% %ssglﬁ@@ﬁ b 0139 To&%%eoiaa?iﬁ{@ SfefdilPEIcn Sha@ s 4 MY gTﬁL

claim19, whe as anon- rcul ar éross-section. 15 31
assenbl edifkilaeérod-aston.ovi ng of claim 19, wherein the assenbl ed fiber

gl ass roving, after being chopped and sprayed froma roving gun and m xed
wth a resin, has a conformty of less than 1.5. 32. The assenbl ed fi ber

gl agg roving agf cl g,M3dmbehehel Nadshevias seabheth, fRedin the assembled fiber
glass roving, after being chopped and sprayed from a roving gun and mixed with a resin,

has a conformity of less than 1.5.

32.  The assembled fiber glass roving of claim 31, wherein the assembled fiber
20 glass roving, after being chopped and sprayed from a roving gun and mixed with a resin,

has a conformity between 0.3 and 1.5.

33.  The assembled fiber glass roving of claim 19, wherein a plurality of direct

draw packages were wound on a direct draw winder.

25
34.  The assembled fiber glass roving of claim 19, wherein each direct draw
package comprises a cylindrical package with two substantially flat surfaces.
35.  The assembled fiber glass roving of claim 19, wherein the assembled fiber
30 glass roving is a gun roving.

36. A method for forming a fiber glass gun roving, comprising:
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20 gl ass roving, after being chopped and sprayed froma roving gun and
mxed with a resin, has a conformty between 0.3 and 1.5. 33. The

assenbl edwDioBm®e90gt ass rovi ng of claim19, wherein a pl uralPCiryuses/o4tire ect
draw packages were wound on a direct draw wi nder. 25 34. The assenbl ed
fiber gl ass rprovidipsd paraditnefidirechirewaiaskages sad deset digvarckagg dragsaconpri ses

l'i ndri cal K i th - | f Bt TH
scenbl edofPbePTg GEe SAT AEIGH LT AR (e b BB o o iRer (T, 50

gl ass rokd¥gpickage @iy 4tddtistighe Bfect drawetitded, Wisereihot Fasigoa difcbedragl ass gum
roving, conprising: 42 WO 03/069037 PCI/ US03/ 04270 ovi di a plurality
of di rectPaekeass Pacreglesol bemgn i o8 cadr difeh GWé’élBgﬂa?}?‘{fﬁheéelﬂﬁ% ow cent er

and & si %@e&i'\;eiaplzéct QJti%Qﬁemnd"i@%re%ﬁth@@gb; end was wound into a direct

draw package using at | east one direct draw w nder, wherein at |east four

direct draw fredingdesecm feors spaibiivecoiratyorelgeaduawehohe sader afitheeditectr aw
w nder, %S]d Wn?rei_n he 5 effective aspect ratio of each end is greater
than 5. 9;“"FEBH*AY> RS end from each direct draw package through the center

of the direct colbiamgne kaas f@anda goanbiingng the ends to forma gun roving.
10 37. The nethod of claim 36, wherein providing a plurality of direct draw
packages conprises providing between up to fifty direct draw packages and

wheggin the yiel d};ﬂé kB B¥Bal® %6 Rehekdin B vidngd NpRealiysddiedt yawds per
pound. 38. The nethod of claim 36, wherein providing a plurality of direct
draw 15 packagesnuwises possling kariveiniyp ta fifty sliteelrdrgw grelages andahepee gges and
wherein th Leld of .the QVvi N hundred fifty yards per
pound. 3@{154’?%%3@}%5%“%% 150‘%&?%%@%@?@#&ptteﬁg&)é\%h roving exhibits a
splitting efficiency greater than 90% after being chopped and sprayed from

a rovin n. 20 40. The thod_of claim 36, wherein t i

exhi \tg: tg guspﬁﬁitiﬁbe m@?hPFlgEéIﬁE’Q?’ r‘@ﬂ%}i‘plf‘?f%“@%@i“é‘;fhtt%Ppﬁéﬁ%ﬁgm(%’gglpBgd and

Sp”i‘ged f 120085 ENhs ?fbgidiﬁglup Fherifathediof prkaianA®whehel @k fiekeh end has
i i

an effective aspect ra
the gun roving is up to two hundred fifty yards per pound.

39.  The method of claim 36, wherein the gun roving exhibits a splitting
efficiency greater than 90% after being chopped and sprayed from a roving gun.

20

40.  The method of claim 36, wherein the gun roving exhibits a splitting

efficiency greater than 95% after being chopped and sprayed from a roving gun.

41.  The method of claim 36, wherein each end has an effective aspect ratio

25 between 5.9 and 10.

42. A method for forming an assembled fiber glass roving, comprising:
providing a plurality of direct draw packages, each direct draw package having a
hollow center and a single fiber glass-end, wherein each end was wound into a direct
30 draw package using at least one direct draw winder, wherein at least four direct draw
packages are capable of being wound on each direct draw winder, and wherein the

effective aspect ratio of each end is greater than 5.9; and
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25 between 5.9 and 10. 42. A nethod for form ng an assenbl ed fiber glass
roving, conprising: providing a plurality of direct draw packages, each

di rect drwwopactoayge having a hollow center and a singl e PCharsoyiass- end,
wherei n each end _was wound into a direct 30 draw packa%e usi ng at. | east one
direct draw wivisieg thasadseiromake plardity efggectsirg packageiio pme RugEembled capabl e
of being q@@luglg 988 ch direct draw wi nder, and wherein the effective
aspect ratro oF ‘each end is greater than 5.9; and 43 WD 03/ 069037

PCT/ US03/ 04270 wi nding the ends fromthe plurality of direct draw packages

to forman assenbl fiber .gl ass,raoving. 43. The nethod.of ¢l aim42,

wher ei n provi Z?'ng il?ﬁtlﬁﬁlgﬁp{ gla](ﬁ]? i%ﬂ"Y bebetugalroé(bgl%g %B%Ik”ag%\égp%%e%@iages provi di ng
up to fifla¥cQbd &mtpriedptoRAEKAEES faROdivoediew hatitgey el whatin thddeldssenbl ed
roving is?taupa%to thpree_ %%undred yards per pound. 44. The nmethod of claim42,
wher ei n phossseinblgd zovigis awite (hreg hupdpedorrdg psipopdekages conpri ses provi di ng
up to forty direct draw packages and wherein the yield of 10 the assenbl ed
roving is up to two hundred fifty yards per pound. 45. The nethod of claim
42, wherein tHé asThernetdodvliaing 42.svleydin povidieg a plurdlity phdirestdewant i al |y
flat surfaces and wherein.each of.the suhstantially flat surfac re

subst ant iP2Fages FURPTEES RLOY ‘il%@.fmlt)f)gﬂ%# epar?k%eg&n%w%glleg} trlﬁeibe?é?/ﬁer ein

t hejgssenhl adempui ReyigRiith SwaheRlréd fiftgardepdripouedicy greater than 90%
after being chopped and sprayed froma roving gun. 47. The nmethod of claim

46, wherein the assenbl ed roving exhibits a splitting 20 efficiency
greater than 93% ajl“f@fneﬁ%}i%g c@ﬁﬁﬂ@,e\gl]l@é]g a1 a8 ed FRMAs EPUIRLaIGHE: 48. A
g ed fiber g

system for foaning asse ass rovings, conprising: a supply of
nol t en gltessibsdntiabasht anfcdustivigrei?8achtof theasbstaniallpiflaterfaggadre cat or ;  at

| east one%}g; re,ci4 grtrsaw wi nder capabl e of sinultaneously wi nding four or nore
direct drs¥iStpEielE fee of SHEPaF-ovi ng wi nder :

46.  The method of claim 42, wherein the assembled roving exhibits a splitting

efficiency greater than 90% after being chopped and sprayed from a roving gun.

47.  The method of claim 46, wherein the assembled roving exhibits a splitting

20 efficiency greater than 95% after being chopped and sprayed from a roving gun.

48. A system for forming assembled fiber glass rovings, comprising:
a supply of molten glass;
at least one bushing;
25 at least one binder applicator;
at least one direct draw winder capable of simultaneously winding four or more
direct draw packages; and
a roving winder;
wherein molten glass is supplied to the at least one bushing, wherein the at least one
30 bushing forms fiber glass filaments, wherein the fiber glass filaments are at least partially
coated with a binder, wherein the fiber glass filaments are gathered into at least four ends,

wherein the at least four ends are wound into at least four direct draw packages on the at

44



wherein nolten glass is supplied to the at | east one bushing, wherein the
at | east one 30 bushing forns fiber glass filanments, wherein the fiber

gl ass filwowawerare at | east partially coated with a bi neerjusesierel n t he
fiber glass filaments are gathered into at |east four ends, wherein the at
| east f odeasterpsdirpcbdrapyuristderneashalirepteiay package kavinga siagla R 288 3deSibn t he at
44 WO 03/069Q37 / 04 16, 0] dr | ach direct
dr aw pacI%geggétqﬁaasgfé%p%&ggéﬁ‘gaf%ngﬁlg%ﬂ%g%{dth\?\}}gru% ‘%ﬁl(a% tgfgl}t%\f{\%gésgt% H]Flggr packages
are assenbliag at the roving winder to forman assenbled roving. 5 49. The
system of claim48, wherein the at |east one bushing is able to produce at
| east four ends, each end having up to 600 filanments. 50. The system of

cl ai ;n 49, whensi n thesHiciBt @inPis, @kt ihbamRast ohs buhiteds ableXs H@HudE Cr ons.
10 51. The systemof claim48, wherein the at |east one bushing is able to
produce aiicabtefgun enslieaeln ead havieshipetedOR Alan§tsup t o 500 fil aments. 52. The
system of claim51, wherein the dianeter of each filanment is up to 15
thirteen mcrons. 45 WO 03/ 069037 PCT/ US03/ 04270 53. A nethod for form ng
conposi te prodoct sTheeoysuni sf ¢lgim % miierdimtpe digphateraifictgh ohmentienp ¢d ass ends
froma plurality of direct draw packages, each direct draw package having
a single Sé)ﬁae,nrp%\;rqngrm a roving; supplying the roving to a roving gun; 5
choppi ng the roving;, at least partially mxing the chopped roving with a
resin; spraying the mxed roving and resin on a nold; and _rolling the

m xed roving &id r&be ﬁyséﬂmpﬁ@a%g%l;whﬁdfﬁél%@ieﬁtl‘ah% ogp PREMNLE Ahlefabedies are
wound usi Qgeagt S(i“ rl%fét ea%ﬁ%ﬂ’dﬂﬁﬂ%ﬁ (e rfﬁiuﬂer}tp.e 1Q direct draw wi nder is
capabl e of “EP i fanéously W n n% four or nore direct draw packages, and
wherein the ends from each direct draw package are conbined to formthe

roving Just pr5|2.0r tI‘?le gys?e% %% (r:]gin?tx g] ﬁ v&rfhcc)e}/e!ilg] gletd?antlqur ocf%gcﬂp e dts up to

15 thirteen microns.
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54. The nethod of claimb53, wherein the roving exhibits a splitting
efficiency 15 greater than 90% after bei ng chopped and sprayed fromthe
rovi ng guwo 0386903he net hod of claim 54, wherein the rovi n@CEAISOIDHIL30 a
splitting efficiency gr eater than 95% after being chopped and sprayed from
the rovi ng guA3. 20ABBethathéor perrhiegicappositapieless, CRREFENE t he rovi ng exhibits
a conformty of ]ess ! m LoV : I esi roll ed
on the mol d SrnbRE sRlRDy o) ik HP R A A e B 2

conf or mi tegclbeiisve dfaw fhcBageidivihes saigleend eform xedvingvi ng and resin are roll ed
on the nold. 25 ?8. A nmethod for .form ng conposite products, conprising:

wi ndi ng a pl uPHAYHe Bre PPYIBR 0 JFNE Bfds from a plurality of direct draw
packages, ea%ﬂoﬁﬁﬂgetﬁéréifiﬁg’y package having, a single end, to form an
assenbl ed roving; supFIyLng t he assenbled roving to a roving gun; 30
choppi ng t he atksestphwiglly oviking thegghoppadspvipa ™itha#l 1§10 xi ng t he chopped rovi ng

wth a resin; _spraylng. ] i , sin on a nold; and 46 WO
03/ 069037 Pﬁﬁﬂé%ﬁweaﬁ%ﬁgﬁgi{eﬁ}e{oﬁ?ie 81,%1\% ng and resin on the nold;
wher ei n t he dirsléag thermiwed aokeages rasie omdwmibldsi ng a direct draw wi nder and

wherein the direct draw winder is capahle qf simultangously.w.nding four
or nore dvheen thedrget dawpsgages %reé@ungl"}%mgrﬁgﬁg)% v g ‘]% V@é"?[elwﬂ Srein the

assepbl edyf Vi ENMré tapable D kintulliaR@usi9fih@he Ry ogfRed @ifect Bav 90% af t er
bei ng chopped and sprayed fromthe roving gun. 60. The nethod of claim 59,

wher ei n tirekagss ant whdraio thepgdefemispelsdiecsyriviperkage anecoptingd tadeyn G eat er
than 95% after.bej. I roving gun. 61. The
met hod ofrogllné?%?ggfplgt\?m%gﬁ@?%gtﬂ%reﬁgsEetﬁgﬁ%ceég&;r@ﬁ %‘gﬁ exhibits a conformty of

|l ess than 1.5 after the mxed roving and resin are rolled on the nold. 15
62. The nethod of ¢l|aim6 %ssenbl ed

, erein the rqving.exhihits a
conformity betfteenTfe ?eﬁ}?é of o H&%be‘f’ﬁeﬂﬂ& ?ﬁr%]ﬂilg%{}]l%ﬁﬁaéﬁ&g?% %P rolled
on yhke Wé;@aten B oPhG BRI RbpSd AldpRFed MbQIEE Avidpenassenbl ed roving is
cylindrical wth

55.  The method of claim 54, wherein the roving exhibits a splitting efficiency

greater than 95% after being chopped and sprayed from the roving gun.

20 56.  The method of claim 53, wherein the roving exhibits a conformity of less

than 1.5 after the mixed roving and resin are rolled on the mold.

57.  The method of claim 56, wherein the roving exhibits a conformity between

0.3 and 1.5 after the mixed roving and resin are rolled on the mold.

25
58. A method for forming composite products, comprising:
winding a plurality of fiber glass ends from a plurality of direct draw packages,
each direct draw package having a single end, to form an assembled roving;
supplying the assembled roving to a roving gun;
30 chopping the assembled roving;

at least partially mixing the chopped roving with a resin;

spraying the mixed roving and resin on a mold; and
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two substantially flat surfaces and wherein each of the substantially flat

surfaces are 20 substantially free of catenaries.

conposi t ewproedes®ss, conprising: a plurality of direct drarRCpasksges) each
di rect draw package having a single fiber gl ass end; 25 a source of resin;
a roving gun; relfigs the %P@IIOW@III%S“P Ae theedlds rom t he direct draw packages
e, SuPP AR BB Loy By ST Al o
i s. choppedireandtaatwihéass cq;;aabhewélsmyllhaneoaslywmdmg frair loem%neg dirdve drainx eder (r)\? Y Ingg
and resin e sprayed on the nold, and the m xed roving and resin are
rol I ed oP¥FE% ol d. 47
5
59.  The method of claim 58, wherein the assembled roving exhibits a splitting
efficiency greater than 90% after being chopped and sprayed from the roving gun.
60.  The method of claim 59, wherein the assembled roving exhibits a splitting
10 efficiency greater than 95% after being chopped and sprayed from the roving gun.
61.  The method of claim 58, wherein the assembled roving exhibits a
conformity of less than 1.5 after the mixed roving and resin are rolled on the mold.
15 62.  The method of claim 61, wherein the assembled roving exhibits a
conformity between 0.3 and 1.5 after the mixed roving and resin are rolled on the mold.
63.  The method of claim 58, wherein the assembled roving is cylindrical with
two substantially flat surfaces and wherein each of the substantially flat surfaces are
20 substantially free of catenaries.
64. A system for forming composite products, comprising:
a plurality of direct draw packages, each direct draw package having a single fiber
glass end;
25 a source of resin;
aroving gun; and
a mold;
wherein the ends from the direct draw packages are supplied to the roving gun, wherein
the ends are combined to form a roving just prior to supplying the ends to the roving gun,
30 the roving is chopped and at least partially mixed with the resin, the mixed roving and

resin are sprayed on the mold, and the mixed roving and resin are rolled on the mold.
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64. A systemfor formng



