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continuous glass fibers and place them in a mold containing complex geometric contours.
This normally resulted in wrinkles and folds in the reinforcing material, which caused
20 poor and inconsistent structural integrity. A mat of chopped fibers that could be produced
with the same net shape as the final part and placed in the mold prior to the introduction
of the matrix polymer would provide a vastly superior reinforcement.
The process of molding composites using a directed fiber preform can vary
dramatically. Most preform molding is done using a closed mold process, which means
25 that a matched mold assembly, using a top and bottom die, is brought together to shape
the final part. Another option is to use a rigid mold as a base and a flexible top made
from a polymer sheet or bag, which can then be used to compress the material through
external forces or as an indirect result of having vacuum applied between the mold
halves. Matrix thermosetting resins such as polyester, vinyl ester, urethane, and epoxy
30 are typically used for preform molding. The resin can be placed into the mold with the
preform prior to it being closed or it can be transferred, injected, or infused directly into

the mold after being brought together. When a fabricator chooses to produce his own
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energy to cause the binder to cure or, in the case of thermoplastic, to melt. Liquid binders

generally use water as a solvent/carrier and therefore may require a drying process to

remove the moisture prior to use. Various powders and fibers can also be used for mixing

with the chopped glass strands and thereby holding the preform together. These are then
25 heated to cause melting or cure and thereby hold the preform together.

Another form of solid binder is a string binder. Previously, string binders have

been made from single polymer compositions to form the synthetic fibers. In order for

these fibers to be mixed with the glass fibers, it is desirable that they be composed of a

high-strength thermoplastic polymer sufficiently strong to maintain the fiber’s integrity
30 through the chopping process. The higher strength polymers may require higher

temperatures to reach their melting point. Thus, it would be desirable to have a string
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gl ass outer sheath of a bicomponent string binder filament may comprise at least fifty weight

percent of the string binder based on the total weight of the string binder. In a further

20 non-limiting embodiment, the outer sheath of a bicomponent string binder filament may
comprises at least seventy weight percent of the string binder based on the total weight of
the string binder.

The string binder, in a non-limiting embodiment of a fiber glass roving, may

comprise more than three weight percent of the fiber glass roving based on total weight of

25 the fiber glass roving. In a further non-limiting embodiment, the string binder may
comprise from three percent to eighteen weight percent of the fiber glass roving based on
total weight of the fiber glass roving. In another non-limiting embodiment, the string
binder may comprise from three percent to twelve weight percent of the fiber glass roving
based on total weight of the fiber glass roving.

30 The present invention also relates to fiber glass preforms made from fiber glass

rovings of the present invention that include bicomponent string binder.
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based on the total weight of the at least one fiber glass end and the pluralify of

20 bicomponent string binder filaments.

In fiber glass rovings formed by non-limiting embodiments of methods of the
present invention, the string binder filaments may comprise more than three weight
percent of the multi-end fiber glass roving based on total weight of the multi-end fiber
glass roving. In another non-limiting embodiment, the string binder filaments may

25 comprise from three to eighteen weight percent of the multi-end fiber glass roving based
on total weight of the multi-end fiber glass roving. The string binder filament may also
comprise from three to twelve weight percent of the multi-end fiber glass roving based on

total weight of the multi-end fiber glass roving.

30 Detailed Description of the Invention
For the purposes of this specification, unless otherwise indicated, all numbers

expressing quantities of ingredients, reaction conditions, and so forth used in the
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20 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 to 6.1, and ending with a maximum
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, as used in this specification, the singular forms “a,” “an,”

25 and “the” include plural referents unless expressly and unequivocally limited to one
referent.

The present invention relates to string binders that may be advantageously used in
fiber glass applications. The present invention also relates to fiber glass rovings and, in
particular, to multi-end fiber glass rovings. The present invention also relates to methods

30 for producing multi-end fiber glass rovings. Embodiments of the present mvention

include string binders advantageous for use in preform fabrication processes. The present

invention further relates to preforms.
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W t hi n t hg withstand the mechanical stress of being assembled into a roving while still capable of

being chopped before assembly into a preform.

20 In one non-limiting embodiment, the string binders of the present invention are
produced as bi-component fibers (i.e., filaments). Bicomponent fibers may be formed by
extruding two polymers from the same spinneret with both polymers contained within the
same filament. In one non-limiting embodiment, a string binder fiber or filament
comprises a core and an outer sheath. The core, in one non-limiting embodiment,

25 comprises a high strength thermoplastic polymer. The high strength thermoplastic
polymer provides structural integrity to the string binder. The thermoplastic polymer
used in the core may be strong enough to withstand being wound into a roving with fiber
glass using a roving winder and strong enough to be fed into a chopper gun, yet not so
elastic that it can not be chopped. The thermoplastic polymer in the core, in other words,

30 provides support in the bicomponent string binder during assembly of the multi-end fiber
glass roving, but should also perform well in subsequent processes involving chopping

(e.g., the preparation of preforms). The thermoplastic polymer in the core should also
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and ensile WO ’an SIX e polyners may
have a maloljengldnenmnepiahilie. Dakweanp200a Siablk @AwthyGneléreplthdae foamel i mi ting

enbodi nent, the core of the string binder canprises ol hyl ene
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du Pont Jgﬁﬁﬁgﬁggwgﬂggggtbnpany. As noted above, the core is surrounded by

an outer sheatAs notedfabotd) theherrd & shiroondedhean oster shegthp detdr thel n one

non-Limting enbodi ment., .the outer .sheath mr. t LC

ol Jirer . BIHEHEHTBHEASEIS. Joryrer Torme s shas o BB Ty 1 g
acts as & {abmdRlastiEpslyexanDhetheimibplasic foloms? foppingttht bwta; sheatheudone fi ber
glass and the string binder have been c oppeqfand placgg in theﬁgroper
shape, t Heclpagfagts@s dse Forezpmple; B amspiorp RRPRUPIIBPR LIRS in t he

outer shegt L}ring\@jnﬁgr R B3erd QfophbdSld #ARE $n the proper shape, the preform may be
heated to melt the thermoplastic polymer in the outer sheath, which holds the fiber glass

20 preform together. Thermoplastic polymers useful as outer sheaths in embodiments of the
present invention may be selected based on the operating/processing temperature of the
downstream operation. For example, for string binders to be used in fiber glass rovings
for preform application, the thermoplastic polymer used in the outer sheath melts at
quickly at temperatures of 130°C or higher.

25 Thermoplastic polymers useful as the outer sheaths of string binders for use in
preform applications can be sufficiently strong to maintain the integrity of the preform
shape and yet still allow flexibility for placement in the mold. In addition, the outer
sheath thermoplastic polymer preferably does not interfere with the function of the matrix
resin. In particular, the outer sheath thermoplastic polymer preferably does not

30 significantly limit the wetting of fibers or significantly reduce the flow or cure of the resin

during molding.
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terephthalate (PETG. In another non-limting enbodinment, the outer sheath
may conpedpskyesier is sepydster 20 bl Grvdiiahiie a 0438 Iye (whgrertdsqosity g ital ate. A
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t he bi conponent o .
weight of the string binder. In another non-limiting embodiment, the outer sheath of the

20 bicomponent string binder comprises at least seventy weight percent of the string binder
based on the total weight of the string binder. In an embodiment where the core of the
bicomponent string binder is polyethylene terephthalate homopolymer and the outer
sheath is polyethylene terephthalate copolymer, the outer sheath may comprise between
seventy and eighty weight percent of the string binder based on the total weight of the

25 string binder.

String binders useful in the present invention may be provided as a bundle of
bicomponent string binder filaments, each filament having a core and an outer sheath. A
bundle of string binders may comprise, in some embodiments, more than fifty filaments.
In a further embodiment, the bundle may comprise between fifty and two-hundred fifty

30 filaments. The denier of a string binder filament, in one non-limiting embodiment, may
be more than thirty denier. In another embodiment, the denier of a string binder filament

is between thirty and fifty denier.-
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enbodi menfyentibe HESHeon HmiBns biboHmBhiNE EberfdlAs8i®Ahg cdrBpriet WeRRalithbf ty and
fifty denier. 8 WO 03/078343 PCT/ US03/ 07772 String hinders useful in the
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t ho of ordinas (3 - - Ch gk f icnvent i on
can Be. pueie S T ehiss st d cnaphist Bl Gl Pacngt I iR e of

| ncor por glegfdrmdnict TharacaérisBio8 ol tireodeatrédoappbrdtivs, Johnson City, Tennessee
37604. One exanple of suitable bi c onent string.binder is DPL 1092,
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fiber gl 839498 RBrPodinSidbRBSHresdnf UL BktioAN NnOlRting @R arBple®bf gliggous st rand
fiber glass product and a string binder of the present 1nventiagn. In one

non- | i mi tfilegs witikdd iforeme in the praser igleatien eaninslpdecbagnnrerassedirom fibsrizable of
(08, 2355 A AR Ul oS DEAPORelladt th OB ncn ger) 1m0 2
Si zi ng t hasrrédidra@sdytatitagass)) end flopéte dnyfoe babn-fiperdedvatimes theododir act eri stics for
D deel o6, apLLean o0 Lot oL SIS Rk Bt Abathlle, o
the presenfsshaiRenRRt afilidatdndintdyH@ B¥PIRROB8g Bfodatid 5 thelprdieiitsnvantivabl e for
use in the present invention can include those prepared_fromfiberizable
For preform applications, most fiber glass products conventionally used in preform
20 applications may be used to form fiber glass rovings of the present invention. For
example and without limitation, fiber glass products useful in preform applications
generally have high strand integrity, can be chopped with minimal static or fuzz
generation, allow rapid and thorough wetting of strand bundles, and allow adequate
coupling to the matrix resin in the composite.
25 In one non-limiting embodiment, a glass fiber for use as a reinforcement in
preform applications comprises a collection of strands comprising 16-micron diameter E-
Glass fibers treated with a sizing that is chemically compatible with multiple thermoset
matrix resin systems. An example of such a glass fiber is PPG’s 5524 product, which is
commercially available from PPG Industries, Inc. String binders and fiber glass rovings
30 of the present invention can be used in other binder applications, in addition to preform
applications, such as chopped strand mats, continuous strand mats, woven fabrics, and

knit fabrics.



15 gl ass conpositions such as "E-glass", "A-glass", "C-glass", "S-glass",
"ECR-gl ass" (corrosion resistant glass), and fluorine and/or boron-free
derivati e oBloes3edf. I n general, any fiber glass product PhatUSKFOT@ rently
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enbodi ment of fiber glass rovings of the present invention, the 5 string
bi nder capchadsiss kaew fortesegdioghirany skildnihed¥t nore of the fiber glass roving
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wei ght percent of the fiber glass roving ?ed on t.otal ght of the
fiber gl dgmdieqfibipgmponent string binder filaments, each filament having a core and an outer
20 sheath, to the roving winder at a second tension; and winding the fiber glass ends and the

at least one bundle of bicomponent string binder filaments to form a multi-end fiber glass
roving, wherein the second tension is less than the first tension. In another embodiment, a
method of the present invention may further comprise passing the plurality of fiber glass
ends through a friction-bar assembly prior to providing the plurality of fiber glass ends to

25 the roving winder. A method of the present invention, in another embodiment, may
further comprise passing the at least one fiber glass end and at least one bundle of
bicomponent string binder filaments through an electronically controlled magnetic
tension wheel assembly prior to providing the at least one fiber glass end and at least on
bundle of bicomponent string binder filaments to the roving winder.

30 In one non-limiting embodiment, a method of the present invention can be
implemented by modifying a commercial roving winder to include two different sources

of tensioning. The fiber glass can be fed to the roving winder at higher tension and under

10
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handl e t heach wheeliaaf therehyoroyide Engian fohedidsexperi enced by fiber gl ass

ends due, i Bghe ylRULAGPRRDNAL { S5 AR ARALAL, hrokaaEAl e

string 5 binder. naj or | as ers, Fn one non-Timting
enbodi nmendtrindg binle ape peetied withaersicomnysing the ewgndtiatensipm vehasbassemblyo Thk
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conbpol | edlafre@iehfidhal BRELABaMYEEtensissRBDIYone non-limiting embodiment, the ratio

of the smaller portion of the glass fibers to the string binders in the second supply fed to

the winder is between 1:1 and 5:1 by weight. In another non-limiting embodiment, the
ratio of the smaller portion of the glass fibers to the string binders in the second supply
fed to the winder through the magnetic tension wheel assembly is 2:1 by weight. The

25 total proportion of glass fibers to string binder by weight in a non-limiting embodiment of
a finished package can be between 5:1 and 18:1. In another non-limiting embodiment,
the ratio of fiber glass to string binder in a finished package can be between 8:1 and 10:1.

Fiber glass rovings of the present invention, in one non-limiting embodiment, may

be formed using a roving winder, such as Model No. 868 or Model No. 858, both of

30 which are commercially available from FTS/Leesona of Burlington, NC. A magnetic
tension wheel assembly, as described above, may be added to such roving winders for

providing string binder to the roving winder in accordance with techniques known to

11



Wth conventional friction-bar type tensioning, the strands are dragged
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I'n another non:zlimtin io@f fib string

bi nder i FUgh 5 9 Smlﬁgéﬁéed%p%%ﬁre Oélg(é:o:aev%élllgl - 8 oK §n§% %let%&)gl ass
rovings ahedthempmeseRdhekioN @Btixicei thel dlase ra@ncn@ranﬂlanbm e f@bﬁlﬁtﬂr mEefdmoveRy be
formed using a roving w nder, such as Mddel No. 868 or NbdeJ%PNo 858, both
of 30 whitbhassembled mraberen EpmythapePLioreinedfndrepiedReBiyPlese B PIfRB on, NC.
A net i RO, ed to
sugﬁgr owlﬁli sto&%?r%ﬁe%ﬁ!opﬁé@?@ 11n%:gsesagr%|C§§1§8bslrlﬂrelt?girqft 0 teﬁﬁe Ir%%? ﬁglﬁlﬂﬁder in
accor dangeoust, hhet ashnblqnﬂ,lpsfdmmflhmdhe 1ESin\WOIL0B /10 P8ZA B aREPYOUBBS LT/ 72  t hose
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I 2 s B b e e P
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speeds is often _a conprom se of productivity and space |i tigns. O ten,
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and minimal to no obvious defects as a result of uneven wetting or high void content.

The string binder filaments do not cause visible interruptions or variation in the surface
texture due to lack of proper dispersion or compatibility with the matrix resin.
Desirable characteristics, which can be exhibited by the present invention, include,
25 but are not limited to, the provision of string binder for use with fiber glass as a
reinforcement that melts at a significantly lower temperature than conventional string
binders, the provision of a multi-end roving that can be used to produce a preform with
lower energy costs for the process, the provision of a multi-end roving that can be used to
produce preforms with overall shorter cycle times, the provision of a string binder for use
30 in fabricating preforms that results in a lower level of binder waste as compared to
powder binders, the provision of a multi-end roving that produces a preform with a more

uniform concentration of binder, the provision of a multi-end roving that has favorable
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wi nder, unless otherw se stated, should not be viewed as technically
limting on the present invention. The performance of an enbodi nent of a
fiber gl a8 0B03my) of the present invention is such that PCRaSss/0i7my bi nder
filaments will feed and transfer to the chopper nechanism 10 chop

cl eanl y, waithgeppsiits andipfaduebsya vanosithwithlaamgorn befse tppargacaftoe m screen
assenbly. The sheaths of the string binder filanents nelt ickly.at a

P edot ef FIHATIOR BB P SOST R P Gk Ao oA Cr BT PTG 130C
or hi gherof  Ypfier §1@0dded dot fefErd Mk t@EbvabfRRbisErd RirieProdutbesiddsdet ween t he
gl ass bundl es and allows the fabricator to rempve the assenbled ﬁreform
fr om t he rgdiceuieorfasioniand otice manensngssiatge AEpGatpl Wil Waka bepnstsystamse.she n
storage oqr_dir 1At : . . | £k e} nt. In
he. ol crrgeB B bk TR ik e RRRR ik B BHERART.,

t hr ough iduriag@olyneyirades cexes(nclypime foratxmaplesimirdretd ealiromhentalend exfetyed and
all individyal strands have cone in contact wwth the resin. A finished
conposi t EOP&HHPIS)ade from a preform conprising a string binder of the 20
present i nventyigRuLaibsxibhi b Be WiichOEMAB BESY @RGhewiih Rul AibAEMEIS thed NO
resin-rich areas and mniml to no obvious defects as a result of uneven
wet ting orripigdbisad of thoimvention. ltreheuldtheirpepepizedibpt thpsegahindineds 46t cause

visible interr. ' I: et j - F C ; . | ack of
or oftr by gy afiBegPoShe Kttt Pliut Pt pRbi e NGB BURUERIHE,

char act eranghilgsationd tieheof auill be readily bprtaesht bythodveskiled Setite artrwighont on, i ncl ude,
25 but are not limted to, the £tﬁ%ision of ﬁyring bi nder for use with
fiber gl &¢Bargas Fonythe spigt meAeApe AT PI7aT SVERUOR si'gni fi cant |y | ower
tenperat ure t Rey,t¢oNvgREEENal string binders, the provision of a nulti-end
roving that can be used to produce a preformwith |ower energy costs for
the process, the provision of a nulti-end roving that can be used to
produce preforns with overall shorter cycle tinmes, the provision of a
string binder for use 30 in fabricating prefornms that results in a | ower

| evel of binder waste as conpared to powder binders, the provision of a
multi-end roving that produces a preformw th a nore uniformconcentration
of binder, the provision of a nulti-end roving that has favorable 12 WO

03/ 078343 PCT/ US03/ 07772 wetting properties and produces a conposite with
a uniform surface appearance, the provision of a binder that does not
require water or a thernosetting reaction, the provision

13



of a binder that does not require the renoval of noisture during production
and al so reduces corrosion and other nmaintenance issues associated with
wat er borwe is9#3ens, the 5 production of a binder that el iPETnEsd®877€21 SSi ons
that are associated with liquid binders during polynerization cure

(i ncluding, fodr exdnibes glassiyéne OBPRSRSnnent al and safety conditions).
Vari ous enbodi t L avent.i have been described in fulfillnment of
the wvarious o g@??ggF%?ﬁgh%ﬁ%gﬁf@gn. It should be recogni zed that these
enbodi nent s arat leagi®nedieinponéit yiingdtindee cahprisie pedraenphesutaf shedth, pr esent

i nvention., Nu ous nodi fications, and a tions, thereof will be readily
wppar ent  TEOPHALECTR PR PRt RobRBSIRY SRR oS PR e pdhenE spi vt and
scopg of dngprizeesesfolyeséenti on. What is clainmed is: 13 WO 03/ 078343

PCT/ US03/ 07772 1. A fiber glass roving, conprising: a plurality of fiber

gl ass ends; and at | east one biconponent string binder conprising a core
and an outer eat | : QPR I ter t hal ate
and wherein t%g Ou?gfﬁ?ﬁ%%%%@o@ﬂ%gﬁ%%@ggb a %@g%ﬁ@%%%@%&*ésﬁﬁﬁ%%#? er gl ass
rovi ng oftheh dires deightyerennof the fib¢rglasy rdviimgleased omjotal seesglnof éhe fitlkaplatshr ee

wei ght percent of the fiber glass roving based on total weight of the fiber
glass roVWH§: 10 3. The fiber glass roving of claim2, wherein the string
bi nder conprises from three percent to ei ghteen wei ght percent of the
fiber glass roving based on total weight of the fiber glass roving. 15 4.
The fiber gl ass rovibadiberglassapyingof ias &iwhereia thersiningbipdersempesssdriBes from
t hree per | i i.ber ' i ed on
total weight 5%%n%%§k%%ﬁéﬁﬁg ggg%%%S?ﬁggﬁ%%Q%ﬁ%ﬂ?ﬁggggg @%@8¥3§|hgggf claim
1, wher ei thetiber gbsslredsg. one bi conponent 20 string binder conprises a
plurality of biconponent string binder filanments, each filament having a
core and an outer sheath.

15 4. The fiber glass roving of claim 3, wherein the string binder comprises from

three percent to twelve weight percent of the fiber glass roving based on total weight of

the fiber glass roving.

5. The fiber glass roving of claim 1, wherein the at least one bicomponent
20 string binder comprises a plurality of bicomponent string binder filaments, each filament

having a core and an outer sheath.

6. The fiber glass roving of claim 5, wherein each filament of bicomponent

string binder is greater than thirty denier.

25
7. The fiber glass roving of claim 1, wherein the at least one bicomponent
string binder comprises at least one bundle of bicomponent string binder filaments, each
filament having a core and an outer sheath.
30 8. The fiber glass roving of claim 7, wherein each filament of bicomponent

string binder is greater than thirty denier.

14



6. The fiber glass roving of claim5, wherein each filanment of biconponent
string binder is greater than thirty denier. 25 7. The fiber glass roving
of clai mwpoaloes3es n the at | east one bi conponent string PCRASN3/ETMPri ses
at | east one bundl e of_bi conponent string binder filanments, each filanent

having a core ‘and dhedbers! a~°§H%‘éH1&°f§6mBl vikfgein ety shaagh pbiie ableatt claim 7,

wherein g }ﬁ{ﬁ% i thirty
deni er. 1%%\%6%641 / 07@%2%{ gP%tll'%ggS? g%%tzﬁe%%t ‘p&@ﬂ crdef (ggfs?@%tg@ Bﬂlﬁ?)’f claim

1, wher eirasehen thettelal weighit df the sttingbiatlerl east one bi corrponent string binder
conprises at least fifty weight percent of the string binder based on the
total weight of the string binder. 5 10. The fiber glass roving of claim

10, wherein the. outTae fbbleg:lasj@, 10sf-mg bEclaim | @aderei iR datet GRRENEMthe 8 16AAY bi nder
conprises at | east seventy percent of the string binder based on

the total Olml‘@%ﬁpwllttsﬁélgs‘%m‘il% gowpﬁérérat leggt seyenty weightescest plhe figing
conpri si gy ger Y t lem%{‘go{"ﬂﬁ%ﬁn%‘lﬁﬁ&rends and at |east one

bi component string rising core and an outer sheath, wherein
the core conprises polyethylene terepht hal ate and wherein the outer sheath

conprises glycal dj.fi eth | ene terephthalate. 15 12. The fi ber
gl ass roving glfq cl éfrh]?effas VX ]Pﬂré "¥ring binder conprises nore than

thrae wei ght pegleenty offfitehglaéd dd@s; .giass rovi ng based on total weight of the
fiber glass roving. 13. The fiber gl ass roving of claim12, wherein the

string binder % &#pirqnsdicomponert siingthider wpwgwr@a@%%@wmeyh{ per cent
of, Lhe 11050l A58y YRR R5EL oML Rihu Rl BBy R Hhibheghass rovi ng

14. The fi SS rov im13, ereln the string bin conpri ses
fromthr e@)mqtersceglwcwlmlctdn&édmlwéh}dme tp@pbthmlateof the fiber glass roving based
on total weight 25 of the fiber glass roving. 15. The fiber glass roving
of claim1l, wherein the at |east one bi conponent

15 12.  The fiber glass roving of claim 11, wherein the string binder comprises

more than three weight percent of the fiber glass roving based on total weight of the fiber

glass roving.

13.  The fiber glass roving of claim 12, wherein the string binder comprises
20 from three percent to eighteen weight percent of the fiber glass roving based on total

weight of the fiber glass roving.

14.  The fiber glass roving of claim 13, wherein the string binder comprises
from three percent to twelve weight percent of the fiber glass roving based on total weight

25 of the fiber glass roving.

15.  The fiber glass roving of claim 11, wherein the at least one bicomponent
string binder comprises a plurality of bicomponent string binder filaments, each filament
having a core and an outer sheath.

30
16.  The fiber glass roving of claim 15, wherein each filament of bicomponent

string binder is greater than thirty denier.

15



string binder conprises a plurality of biconponent string binder filanments,
each filanment having a core and an outer sheath. 30 16. The fiber gl ass
rovi ng ofwoloaiore3dd, wherein each filanment of biconponent PeTrisagoyrnder is
greater than thirty denier. 15 WD 03/078343 PCT/ US03/ 07772 17. The fi ber
gl ass roving of claim1l, wherein the at | east one biconponent string

bi nder conpri ses atreqst g9l HMBk SR 1 DI ORIBR RN 1&5{@@%&5@%@
filaments, each filanment having a core and an outer sheath. 18. The

fi ber gl agyng bindagconiprispsatisastzonathadlsion bisauipofiant sinipg binder Hiaventsosaeht
string bi I reat er n thirty denier. 19. The fiber glass roving of
claim 11,vag\lhgplel?ary%%%éogafuléérgls%&etgt%e%ﬁfl' the at |l east 10 one bi conponent
string binder conprises at |east fifty weight percent of the string binder
based on the total weight of the string binder. 20. The fiber glass roving
of claim 11, wher eithediver gassapviapearnyf /1Hierdr epcdfrmenyod bisreprpiient
string bi ﬁggébﬁlgglpirsig%%rﬁ{anltﬁgztdeﬁgl\(enty wei ght percent of the string 15
bi nder based on the"total weight of the string binder. 21. A method of
formng a nulti-end fiber glass roving, conprising: providing a plurality
of fiber glass,gnds,to.a r-oving w nder fi.rst tensjon: roviding at
| east one fi be]rd?gl Z@g%gﬁrdglgﬁciogin%loggl%w ? §/ \%l}er%? %%ﬁeﬁéh?aﬁg?ﬁtﬁﬁét Sishder 20
fil aogent sonctdedinpidearsnig biavdrrngmpriearaelandifanweplitgercehesttthe sttiflg bii@er OVi ng
wi nder at. a _second tensjon; and wi nding the fiber glass ends and the

pl ur al i t ybased Bp EsipBhwrghselthasring AMder filaments to forma multi-end fi ber
gl ass roving, wherein the second tension is |less than the first tension.
25 22. The nmethod of claim 21, wherein the core conprises pol yethyl ene

t er epht hal at e 2ihd Werdibengledseovng ef clgime it hwleosipthesater shqth yiabe erlea®3. The

met hod of or?el ba}!:orpngo]ﬁen‘y\éqr%gellahqdér rc‘:%m%?lge% of PegRrsleée%%y \B&Lgﬁtepte?c}gn?gfe the string

15 binder based on the total weight of the string binder.

21. A method of forming a multi-end fiber glass roving, comprising:
providing a plurality of fiber glass ends to a roving winder at a first tension;
providing at least one fiber glass end and a plurality of bicomponent string binder
20 filaments, each filament having a core and an outer sheath, to the roving winder at a
second tension; and
winding the fiber glass ends and the plurality of bicomponent string binder
filaments to form a multi-end fiber glass roving,

wherein the second tension is less than the first tension.

25
22.  The method of claim 21, wherein the core comprises polyethylene
terephthalate and wherein the outer sheath comprises copolyester.
23.  The method of claim 21, wherein the core comprises polyethylene
30 terephthalate and wherein the outer sheath comprises glycol modified polyethylene

terephthalate.
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30 terephthal ate and wherein the outer sheath conprises glycol nodified
pol yet hyl ene terephthalate. 16 WO 03/078343 PCT/US03/ 07772 24. The met hod
of clai m&0,03s3aei n the at | east one fiber glass end andprchasSps/omrat ity of

bi component string binder filanments conprjse up to fifty wei ght percent
string bi nder?%asddedmtiaderfctin2weherin ths atlpast o fiken glashend anddes gl ass
end and t 7! i g L i . The
ot hod of Dol Ay 1 Ot s IRAR M GH oRr IRR i, (BT cert e

pl ur al i t ybioderthasssihpothe tntalgteaight gf thierad enstfont ditrerglass codrprd the phurdity bEf t een to
fifty weight $%rfecqt gtfier;tﬂ 1l%ilrt[gler based on the total weight of the at

| east one’ f7'BR n& PSS lﬁg aMhe plurality of biconponent string binder
filagents. 10 26. The nethod of claim 21, wherein the string binder
filaments conprise nore  than three weight percent of the multi-end fiber

gl ass roving Based 16 megodi oty whereidhe shipast onerféber glyss englanddhe oving. 15
27. The ahhisd offvifddbdRatrinpihd Fddithioldu e RofiCiehechit) Ay r"e;&eg%}ﬁom | se

from three to eighteen welg percent of the ti-en ass roving
based on patal shiag dihtder befsed tretheudtal weiglt ffitheest lgpstass fibew glasp. end@nd Tee net hod

of claim2l, wherein the stri inder filanments conprise from 20 three to
twel ve meﬁwlwﬁ%ﬁbé‘é%?PO&Fmﬁh&‘ggﬂP@?-%gwnﬁ-ber gl ass roving based on total
wei gbt of the nulti-end fiber glass roving. 29. A preform conprising the
fiber glass roving of claim1, 25 30. A preformconprising the fiber glass
roving of cl aia% 11 Theggpthogd of claim 21, wherein the string binder filaments comprise more

than three weight percent of the multi-end fiber glass roving based on total weight of the

multi-end fiber glass roving.

15 27. The method of claim 21, wherein the string binder filaments comprise from
three to eighteen weight percent of the multi-end fiber glass roving based on total weight
of the multi-end fiber glass roving.

28.  The method of claim 21, wherein the string binder filaments comprise from

20 three to twelve weight percent of the multi-end fiber glass roving based on total weight of
the multi-end fiber glass roving.

29. A preform comprising the fiber glass roving of claim 1.

25 30. A preform comprising the fiber glass roving of claim 11.

30
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