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Reference to Rel ated Application 5 This application clainms p§hanibid 266 and
i ncorporates by reference in full, the followi ng co-pending appFication of
Applicant: U S. Provisional Patent Application No. 60/364,247, filed March
13, 2002, entitled "String Binders and Fi ber dass Products |ncorporating
String Binders." 10 Field of the Invention The present invention rel ates
general ly to fiber FIBERSGPASGRRODEGHINSORF GRATRYG STRUNGBENRIERS net hods
for producing fiber glass products conprising string binder. Background of
the Invention 15 Preforns nmade from gl ass fibers have been used for many
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final part and place the mold prfor to the introduction the matri x
pol ymer woul dBipdeguT de a vastly superior reinforcement. The process of

nol di ng conposites using a directed fiber preformcan vary dramatically.
Most preformnolding is done using a closed nold process, which neans 25
that a mgtched nol d assenbly, usi ngFrid éfthafavdndiohom di e, i s brought
together to shape_the final part. Another i.on i.s toduse a ri%iggsrmld as

opti .
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be used to cqLsSd REndRSRThPbroliMiH Sk o8%E Sodddts E&hﬁﬁﬁnﬁﬁiﬁg bifed. Ndi r ect
result of having vacuum applied between the nold hal ves. trix

t hernosetting resins such as pol yester, vinyl ester, urethane, and epoxy 30

are typically used for preform i i be placed into the
mold with the preformprior to i a‘é%@i%}]lsyéfgfse‘;%‘vg?ﬁl can be transferred,

i nj ecteds or i nfuPedfodhs madd fromrglass fibtre havd icbenfub@t fobriang yeare tgirbvitleget her .
Vhen a fabri Crgétﬁcl;d gp r%g%gl%ir}gopo %&%%r%pgéitses .Owgﬁlposite fabricators learned early on that it
was very difficult to take prefabricated mats and fabrics made with either chopped or
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 .integ:rity. 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 owit
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during molding.
Binders typically can be either thermosetting or thermoplastic in composition.

20 They may be in the form of a solid or a liquid. Both of these types of binders require
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 1o
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



these fibers to be mxed with the glass fibers, it is desirable that they

be conposed of a high-strength thernoplastic polynmer sufficigentl ng
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non-limiting embodiments, may have a denier greater than thirty denier.

In non-limiting embodiments of fiber glass rovings of the present invention, the
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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20 bi conpone %}16 ﬁB&J éigsst%hﬁ qﬁ& ﬂIe'ﬂlﬁgﬁﬂrtoT bicomponent string binder filaments, in a further
non-limiting embodiment, may comprise from fifteen to fifty weight percent string binder
based on the total weight of the at least one fiber glass end and the plurality 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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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
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,” “aﬁ,”

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 invention

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

invention further relates to preforms.
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preform thermoplastic will once again harden and become an adhesive between the glass fibers.
Further, string binders useful in the present invention also should have sufficient strength
to 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



String binders of the present invention are preferably made from
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30 provi des suppor nent string urirng as ly of the

nul ti-end fibgblyeGlyRSS tdrephitigate DOhe shatiplel ofd Sitaplifobrethylae/terephthslbe dquent
processes involving chopping .(e.g., .the preparation of nreforpg), .The

t her mopl ast i ¢ ipbeprseotiRvengan b%@%%§ﬁ6‘ﬁ Plarcepmsr %@?YA%V@E}?@G %’Gﬁbgﬁfﬁ\%mﬁde

hi gher neltin REMAL an the polyner in the sheath. The

t her nopl ast i CQJC%%I yner %ﬂgqahg core preferably does not nelt during
processi ng, such assaocHebpiathe copeis atiromdedhnappes Seathdp fordr heuseful as a

B I

havi ng si m | an themnbphsnsdyabarAetiesm®blastc polhraaconning il sutereshelth, upon

characteri zed nia?ting, acts as a binder. For example, in a preform application, once the fiber glass and
the string binder have been chopped and placed in 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 melis 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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significantly Iimt the wetting of fibers or signifjcantly re the flow

or cure of theopodyaster ieaprhigstepl el 19gWhichapa Rd4 Eg’? (l?b?fﬁm ﬁézgﬁﬁ%ﬁ%(f'

pol ymer s, usef | _string binder include,
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w thout Timtation, c yester, glycol nodified polyethylene terephthal ate
In one non-limiting embodiment, the majority of the bicomponent string binder is

the outer sheath. In one non-limiting embodiment, the outer sheath of the bicomponent
string binder comprises at least fifty weight percent of the string binder based on the total
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 emnbodiment 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.-



(PETG, polystyrene, and others having simlar performance characteristics.
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deni er of a s{¢drRgiohirexkeant Elassment fludrineend/onmon-fige ﬂm@tiérﬁ:b@g;qqgm , may be
mor e than thirty denier.) iy &Bor ks s20ReF RN burrddd§ HEDHBhoBbodorohifitus
glass reinforcernent applications may be used in roving products of the present invention.
Yor 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 bundies, 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

Imnit fabrics.



I's between thirty and fifty denier. 8 30 August 2006 String binders useful
In the present invention can be produced in accordance with gﬁg{e%h&%g
known to those of ordinary skill in the art. String binders e present
i nvention can be purchased, for exanple, from Fi ber |nnovation Technol ogy
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used in choppe of “conti nuous glass reinforcenent applications may be used
in roving proditht §befgliseopngbanat onotehw eight. of tofibgsraddse rerivgpl i cat i ons,
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may be used to for e present inve

exanpl e and Wpleh@# invkhtitinl Strkfhns bf e Ii)l@bﬁﬁﬁvdﬂtlaﬁimayﬂaeum&ﬁuﬂicmad pgigg or m
applications generally have high strand integrity, can be chopped with

m ni mal st at | ©ckyRqes JRowE intesr Plorrdingry i 14BF Atand t hor ough wetting of
strand Qyndl es, ang,all ﬂﬁlﬁqgﬂféﬁta‘?so SRRt RBtoAs shﬁ)rﬁaagmut&ﬂlﬂ’bet Blakhe

conposi té. 25 In one non-I'imting enmbodi nent, a glass for usé as a
r ei nf or cement ravings iraé frshnle appliigkindon dn oospi-kuiting epdiodiaentonmethod of ands
conpri sing 16f nn‘ng:nrgoanmglftl em%l fiber Elass roving comprises providing a plurality of fiber glass ends
to a roving winder at a first tension; providing at least one fiber glass end and at least one
bundle of bicomponent 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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roving w nder at a second tension; and winding the fiber glass ends and the

at | east one drohavheclgmdiheseppramide tesions ths sHards- fi | aments to form a
mul ti-end fiber gll?%%e non-limiting embodiment, a small portion of the glass fibers alm}g with the

string binder are provided with tension using the magnetic tension wheel assembly. The
magnetic tension wheel assembly can be less abrasive and destructive to the string binder

20 than conventional friction-bar type tensioning, In one nen-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, m 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



roving, wherein the second tension is less than the first tension.

anot her enbodinent, a nethod of the present invention may fy 6ﬁghsqgﬂgrlse
passing the plurality of fiber glass ends through a friction- assenbly
prior to providing the plurality of fiber glass ends to 25 the rOV|ng

d A met h t {
:‘Mupt ﬁ(rar cog‘grt PQE Ogﬁé‘ﬁ?ﬁéj%f ﬁéﬂ gle E\‘Q @Eﬁlﬁ)ggdwn W%Iag g{gcgl agn 9 Hﬁ 8 éas‘tlseo’ne

bundl e of bigogpanent eﬁ(ﬁsrdnﬂgnﬂ'lgﬂﬂﬁiel ﬁqhdymlﬁdtahﬁmghomméf&ﬁmmﬂdébﬂy
controlled magnetic tension wheel assenbly prior to providin g(f:%at | east

one fiber gl de% pentiimwel Be selegbeon pfwingingRPEedsis Bl eLhHBHEAIIE TR GHN L
filaments to the ro nugatl\%pd@f)ten %9011 hi0 @811%?‘1)\‘10’11%“@19tlﬁrga%h&?@fwuﬂlﬂﬁm hod

of the preserﬁ RR7ENt6h can enment a commerci al
rovi ng w ndercoh@itibfi€: | Tisteefompadi cjpfeeufeaﬂonsmeimés;o wufdmmdmnngf thvpevibgber
gl ass can be fed to the rovin

t i t 10 30
August 2006 Wﬁléﬁe\ﬂnlf’ﬁsl%lﬁqr?)’ﬁe%amds }ﬂ ’é?tblte neg’lgegr?%gs ﬁ’ng@g%ry I'n or der

to hold the fj &% ]%{,aﬁﬁmends together as they are fed to the roving
winder. String bin I'n non-limting enbodi ments, may not be able to
handl e t he f r| ct | die prdibmant e ninsmbrsimant of adibseeiatsiorhe ofjhe prent gvaation

ends due, hepdid g}l}lgg}ng?t@@lgeﬂ bl 08 B o R CABPE: BbcHaim,

string 5b|ﬁ é‘fc ass ers, In one [imting
enbodi meggt  ofchbp @le@ﬁl@sﬁmtdepﬂsiemhfo@mb with d&egiaﬁs liiborsdt 2 prefomw ecre¢oasadmbly.

friction-bar t ft tion of

i br s al ong TAeatheo s FRgE B RpPBRsatLat s abhPaHoBraeed dape i

cont rol | ed RARELI & LERHIN WhGbarABREIOLYC W iheotyentbangl, tiehetddon- bar
e

type tensioning, striands are dragged across series of offset

ceram c bars sheatbs waingen edresionvetwaen dheglpss Hunilies W@Wdﬁ%ﬁa@ﬁcﬁf’l @rfemove

el ectroni cal con l,l e net I

conprises t P%P%Lfﬂé’l?%ﬁlé%?‘sma“e Bgﬂv\ﬁq_ﬂ’ﬁﬂg}ﬁgm ran e%ﬁrl}é&ﬁ%e%ﬁg?eahﬁ
wheel s By bey sidiagd d@ietilytnid zngxolcbmsboch mﬁompbhuteelemforcémmnt iln ieasoldinge
with a diameter of four to five ing ﬂ The, str ﬁ%{) %docee aroHnd
each wheel fd?fo%ﬁ)dhe%ﬁ?@nw&%i’ﬁé 'm sdbe Kisisto 4l %@&n HOURE TB"t he
first wheel &&*&%@ﬁﬁmﬁ I i BertivRH BAd LI PRGN SrarB GRes dindinaoatcpwili de
drag to eac Wh nd thereby provide tension to the strands.

the resin.
A finished composite part, made from a preform comprising a string binder of the
20 present invention can exhibit a uniform appearance with minimal to no resin-rich areas
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 asa
reinforcement that melts at a significantly lower temperature than conventional string
binders, the provision of 2 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 2 more

uniform concentration of binder, the provision of a multi-end roving that has favorable
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roving winder, such as Mbdel No. 868 or Mddel No. 858, both of 30 which are
comercial |y R348} e from FTS/ Leesona of Burlington, NC. A magnetic
tension wheel asseyhigis epbodigfafs d7eke AR RN HARY bR dRSGREd LPRMG e A QY kiRD

wi nders for providing string binder to the roving w nder in accordance

wi t h t echni quesiokaehiscts of the indotigyglishoddbe recogrosa that thesgiemdoginegaty 4rei n t he

art. W a roving.w , h. } . . f.i ber
gl ass eﬁlgs anlglglls‘3 rllu\#a@%ﬁ%é’gﬁllﬁ%}l %éés&%&keﬁﬁ%{%ﬂ@gﬁ%ﬁgnbﬁ “g%e? gmﬁerﬁécgﬁﬁmé)ﬁg 1500
feet per m nuirel adipratise thatofomlidfe readibi appaspiee dsost skitliéd #ntha agtevithean se of
productivity ,and, spr%ce | intations. gten, econom ¢ consi derations govern
the sel ecti ond@FHREHETIR PeSPEE ABT £9BRST RAIITSERIUAEEINGRy speci fi cati ons

rel ated to w ndi ngwaendifai@asisof the roving w nder, unless otherw se
stated, should not be viewed as technically limting on the present

i nvention. The performance of an enbodi nent of a fiber glass roving of the
present invention is such that the string binder filaments will feed and
transfer to the chopper nechanism 10 chop cleanly, and deposit uniformy
with the glass fibers to a preform screen assenbly. The sheaths of the
string binder filaments nelt quickly at a predeterm ned tenperature,

13



such as for exanple, at a tenperature of 130C or higher. Upon cooling, the
nel ted sheaths maintain adhesi on between the gl ass bundl es sgg#gL&9§§6the
fabricator to renove the assenbled preformfromthe porous for e and
subsequently place the preform 15 in storage or directly into a nold for
use as a conposite reinforcenent. In the nolding process, the assenbl ed
preformallows the resin to fIOM/through it and provides even penetration
so t hat alh MI:AE% ved .and i ndi vidual strands have come in contact
with the resin™ANFi §H@W“%893839P5'part, nmade from a preform conpri si ng
a string binder of the 20 present invention can exhibit a uniform

appear ance wi t hapipligyof fisenglassewdsandch areas and minimal to no obvious
defects as a result of uneven wetting or high void content. The string

bi nder fi | ament 8 ptiwalitytof bingswponemndishing bmd@rﬁlmpcntermclmﬁlamﬁ eomprsing a chig
surface texture due to |lack of proper dispersion or conpatibility with the
mat ri X reshid arfbewer shighth, characteri stics, which can be exhibited by the
present invention, include, 25 but are not linmted to, the provision of

string bk ”%Ereh?fhelééf‘c Wnigiskd P&&etﬁ&l@ﬁétc?ﬁahﬁaalét@'vﬂ{e?élﬁ%%ﬁteﬂéﬂéith%ln fis@l a

significantly lower tenperature’than conventional string bind ers he
provi si on n th
| ower energyog%g%géérf%faéi éeoq\é'h%%%édgg&y %tﬁ?leﬁ%{;/e? %(;ﬁhatléf g}uﬁ%&-en I‘OVI ng

t hat can be used roduce ref or s vvlth over |rres t he
T ovi ot on SFg WRdF FYRBPHASPTIPEes R sV Y MBS cpffﬁeng op i fbersSlatbore

results in a |lower |evel of binder waste as conpared to powder binders,
the provi shawden tefahwpight efiflie fiben glessreingpr oduces a preformwith a nore
uni form concentration of binder, the provision of a nulti-end roving that
has favorable 12 30 August 2006 wetting properties and produces a
conposite with a uniform surface appearance, the provision of a binder

that dogs Dot r ey fier WAASS ro¥ingdof BREMOEeivhéreh fRAGtP Bheatth @ofpeivesS glytol Of
a binder that does not require the removal of noisture during production

and al so  peduces, fuidsidAntaRider mai ntenance issues associated with
wat er bor ne syst}w )ﬂ re? Sctl on of a binder that elimnates em ssions
that are associated with I i quid binders during polynerization cure

(i ncluding, for exanple, inproved environnental and safety

(=}

3. The fiber glass roving of claim 1, wherein the outer sheath comprises copolyester.

15 4. The fiber glass roving of any of claims 1 to 3, wherein the plurality of string binder
filaments comprises more than three weight percent of the fiber glass roving based on the

total weight of the fiber glass roving.

5. The fiber glass roving of any of claims 1 to 3, wherein the plurality of string binder

20 filaments comprises from three to eighteen weight percent of the fiber glass roving based

on the total weight of the fiber glass roving.
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conditions). Various enbodi nents of the invention have been described in
fulfillment of the various objects of the invention. It Shogbgw&§t2006
recogni zed that these enbodinments are 10 nerely illustrative 0 fie
principles of the present invention. Nunerous nodifications and adaptations
thereof will be readily apparent to those skilled in the art w thout
departing fromthe spirit and scope of the present invention. Wat is

clainmed is: 13 ust 2006 A fiber glass roving, conprising:.. a
Dlararity 8 11 o HihElsERihe oy o peile P63 kT y of it idehder
filaments, each filament conprising a core and an outer sheath, 5 wherein
the core cdlgneniseomprisestiropm tiee pereasite baelye weight prusent afithe Hhereslassitouing,
conprises a copolyester or a glycol nodified polyethylene terephthal ate
and wher ei hasddeonghe tathli weightfof tist fiberggldss naléng.f i | anent s conprises up to
twenty wei ght percent of the fiber glass roving based on total weight of
the fiber glass roving. 10 2. The fiber glass roving of claiml, wherein
the outer sheath conprises glycol nodified polyethylene terephthalate. 3.

The fiber gl ass 1havhp eaa}sﬁﬁwﬁg; of Vﬁﬁgr 6t rbléi{ﬁ% pu{oe;Q sheati %ﬁ{*@fdgélﬁahof

copol yester. 15 4. T Ss roving of any of clalns erein

por cent | of Plembepg sl RodfGlamshis TR B RTbes: BBE APIE cfRECpieora sy

gl ass rovi% ., 5,.. The fiber glass roving of any of clains 1 to 3, wherein
the plurali E‘Fe’bﬁlaﬁem%g bi nder 20 filaments conprises fromthree to
ei ght een wei ght percent of the fiber glass roving based on the total
wei ght of the fiber glass roving. 14 30 August 2006 6. The fiber glass
roving of any of clainms 1 to 3, wherein the plurality of string binder

8. The fiber glass roving of claim 7, wherein each filament of bicomponent string

10 binder is greater than thirty denier.

9. The fiber glass roving of any of claims 1 to 8, wherein the other sheaths of the
plurality of bicomponent string binder filaments comprises at least fifty weight percent of
the string binder, based on the total weight of the string binder filaments.

15
10.  The fiber glass roving of any of claims 1 to 9, wherein the other sheaths of the
plurality of bicomponent string binder filaments comprises at least seventy weight percent

of the string binder, based on the total weight of the string binder filaments.

20 11. 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 additional fiber glass end and a plurality of bicomponent
string binder filaments, each filament having a core and an outer sheath, to the roving

winder at a second tension; and

15



filaments conprises fromthree percent to twelve weight percent of the

fiber glass roving, based on the total weight of the fiber hRg. 5
7. The fiber glass roving of any of clains 1 to 6, wherein tﬁggﬁéﬁggpp y of

bi component string binder filanments conprises at | east one bundl e of
bi conponent string binder filanments. 8. The fiber glass roving of claim?7,
wherein each filanment of biconponent string 10 binder is greater than

thirty denier. 9.. The fibgr glass rovin f any.of c¢lains 1 to 8, erein
the ot her sheat ﬁ‘é‘n%;f’gttﬁilg Elffﬁruglﬁﬁ F’;}&oﬁﬂ‘gitgﬁr@t&%&m ogtl?‘?%p%eﬂbémnﬂm‘é‘ﬂ@ht s
conpri ses %ﬁ | east fifty weight percent of the string binder, based on the
total wei ghdamgnts fodorn ajmyltignd diber glapsioviigs. 15 10. The fiber gl ass roving
of any of clains 1 to 9, wherein the other sheaths of the plurality of

bi conponentwhstein thy seconddendion @riesstthancthenfirst s@sioat | east seventy wei ght
percent of the string binder, based on the total weight of the string

bi nder filanments. 20 11. A nethod of formng a nmulti-end fiber gl ass
roving, conprising: providing a plurality of fiber glass ends to a roving

winder ak 22! 11 ShelRAR6PQF clahOM, Ahieifi'thd BBt ol Bobeiytne bRBhmHaRSS

end and a plurality of biconponent string eac anent
having a ¢ - r.sheath. .to the roving w nder at a second
t ensi on; aﬁﬁf@%ﬁﬁéﬂgs‘%@%&“&%ﬁ ﬁ%pcx?%cg?ef.i ber gl ass ends and the
plurality of biconmponent string binder filanments to forma nulti-end fiber
gl ass roving, wherein the second tension is less than the first tension. 5
12. The nmethod of claim 11, wherein the core conprises polyethylene
terepht hal 48e 3hd mgthedpfi claim dutvérereindbe koreornurprises polyptilylesstterephthalateThe
met hod of claim 11, wherein the core conprises polyethylene terephthal ate
and wher ei and Waemir the ostee slidaticeonpprises glygbhm odified golyetdane kereptiydisie e
terepht hal ate. 10
10
14, The method of any of claims 11 to 13, wherein the at least one additional fiber
glass end and the plurality of bicomponent string binder filaments comprise up to fifty
weight percent string binder based on the total weight of the at least one additional fiber
glass end and the plurality of bicomponent string binder filaments.
15
15.  The method of any of claims 11 to 13, wherein the at least one additional fiber
glass end and the plurality of bicomponent string binder filaments comprise from fifteen to
fifty weight percent string binder, based on the total weight of the at least one additional
fiber glass end and the plurality of bicomponent string binder filaments.
20
16.  The method of any of claims 11 to 15, 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.
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14. The method of any of clainms 11 to 13, wherein the at |east one
additional fiber glass end and the plurality of biconponent3§9ﬁj ?der
filaments conprise up to fifty weight percent string binder

total weight of the at |east one additional fiber glass end and the
plurality of biconmponent string binder filanments. 15 15. The net hod of any
of clainms 11 to 13, wherein the at |east one additional fiber glass end
and the pI aI| onent tr|n bi n r |Ia nts _conpri.se_from
frfteen fol7rirafenmeBhl CHERBEM Shisndt donber whissBodito iR ot pta i
of the at |east one additional fiber glass end and the plurality, of

bi conponen€O®Prise Fom thersrtoraighiesnyeighbpereent of ghe wulthend Bberglgssgpvimgdiaped 11
to 15, wherein the string binder filanents conprise nore than three wei ght
per cent of onhetalwtight afithe fiubteend)fiberglassvovigg.based on total wei ght of the
mul ti-end fiber glass roving. 16 30 August 2006 17. The nethod of any of
clains 11 to 15, wherein the string binder filanents conprise fromthree
to ei ghteen wei ght percent of the nmulti-end fiber glass roving based on

total weisghg, of T%Q%%Bh'ofeﬁx%fo'fb&&nw 255! Y Bcrem #R: stﬁﬁg E‘iﬁ&&oﬂlaﬁﬁen?é“y

of claims 11 to 15, wherein e string blnder fllanents nprise from

o oo 5 B P o o e

conprising t i | ass. rov f any of clains to 10. 17
P 9 tota welgﬁ) tI?e multi-end h&g‘ glass roving.

19. A preform comprising the fiber glass roving of any of claims 1 to 10.
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