WD 02/ 34974 PCT/ US01/ 32381 FILLING WND FOR BOBBI N TW STI NG Backgr ound of
the Invention 5 1. Field of the Invention The present invention relates to
a w ndi ngv@ons4ogur ati on for yarn on a bobbin for use i n RBCWEaVII2G81
operation to reduce bobbin pay-out failures due to yarn-on-yarn abrasion
and reduce handling. 2. Technical Considerations 10 3 ass fibers are
comonly fornmed by attenuating nolten glass through orifices in a bushing.
The fibers are then drawn ! D | 6 Q | ats at least a
portion of the fiber surf $ M— gathered into one
or nore discrete strands by gathering shoes, and wound on a w nding

machine into a form ng package. The form ng packages are then 15 coll ected
and typically placed in a dri Backgroupdioidheilnventiewnposition. After

dryi ng, t@e ,{or mﬂgdp&ctﬁggﬁz Erﬁ noved to a twist frane where the fiber
strands are unwo m ng package and wound onto a bobbin. The
bobbi ns are ther eid preseatimhventiom FemaieRte DRI @ﬂldn ’F@ﬁfybm ehdill,
yarn during a weaving gperation. 20 In a typica Iass ber “'yarn weavi ng

operation, tRPbIKIQS %&rlna\yea\gnsapieé%il%ytoaedu@erba loi W-@h’f failgnesdiue for om

sever al hun i ber strands. To formthe | oom

beam bobbi fy ﬁ aﬁ\%{réélon%aqgragg%ﬁéﬁgoétloned in a creel and the yarn

st rands areZhreaiE&}Ihnidalﬁl_m_meld@mofss and wound around a section beam
secti on beans, are

S | t b 5t
combi f:eol1Sd9 oo 3 ?E‘Bsﬁ? Qfﬁ”@ﬂﬁl fﬁrfﬁs by Ritenualng m@’t%glﬁrﬁatmreashbeam
Tradi tional |dhf|cb§‘ih 9'6%1%ﬁlrfd bErEe ﬂ@ér@ éf@rtﬁer'l ara\@?HP%s@%}]ﬁgﬁ%

"pirn" or "bottle" shape oOr pirn pac age on
t he bobbi n iqeatsigtleast gendmﬂ d)fytheyibendmfacae imth shsipied cammsmcbn mathéred and

d d. d ka 0 t he bobbi
et udes o dane B mard larste sRpdk by ah e hos, BRoWaaT an & apor ed
upper porti efindifgthashink e fvﬂiﬂlr#pé‘él&gfeorTﬁé’f&Mlﬁ%Ewﬁaﬁé%garbhtﬁeﬁW' st

ring rail_ of a twst frane over arts of the b In 1™nh a cycle that is
WO 02/ 3474 aetiectedcandstygally placed in a dner to dry the sizing composition. After

drying, the forming packages are moved to a twist frame where the fiber

strands are unwound from the forming package and wound onto a bobbin.
The bobbins are thereafter used to form warp beams and supply weft, or fill,
yarn during a weaving operation.

20 In a typical glass fiber yarn weaving operation, the warp yarn is
supplied by a loom beam which includes from several hundred to several
thousand glass fiber strands. To form the loom beam, bobbins having the
warp yarn are positioned in a creel and the yarn strands are threaded through
guides and wound around a section beam. Several section beams, typically 2

25 to 8 section beams, are then combined, e.g. by a rebeaming or slashing
operation, to form a loom beam. Traditionally, the glass fiber warp yarn is
wound on the bobbins in a “pirn” or “bottle” shape or build. In a pirn build, the
wound package on the bobbin includes a generally cylindrically shaped
central portion and tapered end portions. In a bottle build, the wound package

30 on the bobbin includes a generally cylindrically shaped lower portion and a
tapered upper portion. Both of these builds are formed by traversing the twist

ring rail of a twist frame over all parts of the bobbin in a cycle that is



-2 conpleted approximately every twenty mnutes and repeated until the
bobbin is filled, i.e. until the desired bobbin weight is achieved. As the
war p yar woe2smmved fromthe bobbin (sonetines referred POT/UREr®B81 as
"pay-out") to formthe | oombeam the yarn can be dragged along 5 the
underlying layer of yarn. This yarn-on-yarn abrasion can cause broken
filaments and yarn breakage It woul d be advantageous to provide a yarn
package on a bobbin that reduces this breakage and acconpanyi ng broken
filament and yarn while maximzing the anmount of yarn on the bobbin. 10
Summery of the Invention The present invention provides a met hod of formng

a wound fi be S I n fir ortlon

conpri si ng a{ "i‘@%ﬁ%ﬁa%‘?%m%ﬁ‘q%ﬂy %\f?q& t\g%rEtg "H%Hg?sn@n rq Gaded PHH&&?%’@%Q’[ i 0

A: B, wher ei nisAilled, igs.amiibthe desired B&omwefgnﬁs geisiaved. than B; and winding a
second portion of strand conprising at least one fiber on the bobbi n usi ng

a second i ndexi ng™$ Hhe wamp yau is remened fioprihe beblin (semetimesireferiesk oo,

wh in A . « t f th
Mvent ! on. - BRIEPEE @AY oD he ddin BRGRT K yai U RS FARAY BRL, Oeri g
rati o equal sthé Linderltl'mgslayelmf yamol e hmyaratomyalncbb‘i&ae@naiaﬁh ¢ause Bigkéhe second

I ndexi ng rahjo. Ip%gé)ther -limting enbodinent of the invention, Bis
greater tharfl@Mepts y@r,rb!preg 88%ing ratio, Ain the first indexing ratio

caials 111 Spgeni bausuiBoests b B UM Fadddh OB AP o

I ndexi ng ratio. The present 1nv ormng a
wound fi ber redacwﬂkageeal@gemﬁobac@mrfmmﬁgwgrmniﬁlnTméai aisegainowhiid st rands

conprising at_|.east the ipit section having a conical shaped
surface and'BaHEEFPS Qg%gggfd BFEBQWHnmnndlng a plurality of
successiyge strand | ayers over the conical shaped surface while maintaining
t he desired package dianeter so as to forma wound fi ber package

conprising a cylindrical porti MMMhaped portion at one end
of the cylindri CafhéDBrr 'eRPian‘%gr?’p?&?J“s E%TétHsg of ormlng a wound fiber

package, comprising: winding a first portion of strand comprising at least one
fiber on a bobbin using a first indexing ratio A:B, wherein A is greater than 0
16 andAis greater‘than B; and winding a second portion of strand comprising at
least one fiber on the bobbin using a second indexing ratio A:B different from
the first indexing ratio, wherein A and B are greater than 0. In one non-
limiting embodiment of the invention, B equals 0 in the first indexing ratio, A in
the first indexing ratio equals A in the second indexing ratio and A equals B in
20 the second indexing ratio. In another non-limiting embodiment of the
invention, B is greater than 0 in the first indexing ratio, A in the first indexing
ratio equals A in the second indexing ratio and A equals B in the second
indexing ratio.
The present invention also provides a method of forming a wound fiber
25 package, comprising: forming an initial section of strands comprising at least
one fiber, the initial section having a conical shaped surface and a desired
package diameter; and winding a plurality of successive strand layers over the
conical shaped surface while maintaining the desired package diameter so as
to form a wound fiber package comprising a cylindrical portion and a conical
30 shaped portion at one end of the cylindrical portion.



-3 The present invention further provides a nethod of form ng a wound

gl ass fiber package, conprising: wnding a strand conprising at |east one
gl ass fi ve® oosu924 bobbi n using an i ndexing ratio AS, wher eP@T/BS0Ig2gs1eat er
than 0, so as to forma wound package conprising at |east a conical shaped
5 portion. Another aspect of the present invention is a wound fi ber

package, conprising: a first portion of strand conprising at |east one
fiber on a bobbin having a first indexigg ratio A:B, wherein Ais greater
than 0 and A is greater than B; and a second portion of strand conprising
at |l east one fiber on the 10 bobbin having a second indexing ratio AS

different fromt first |ndexj.n rati o, wherein A and B are greater than
0. In one non-1imM§ HE?%H#)WPH@W?le?hertm%V'\Fqg%éﬁP?WF’ o fegniRga WRURHe fir st

i ndexi ng ratd|gss ﬁ’o@t%’é’ék%gg; c&nbﬂ?igb?w_frkﬁﬁg étﬂ&ﬂ@@d?ﬂpiﬁé(ﬁt RAdAbgeA I N the

second indexing ratio and A equa B i second I Ing ratio. In
anot her non-glass fiberporeatbobbireusingfantindexing eatio ArB, vehdrein A iggesater thaman 0 in

the first indexi ratio, A in the first i.ndexi rati o .equal s in the
Second | ndeXi i 150 BriawRub patkage PipHEMG A IRer ot taRey ' The
present imveigrtiem al so provides a wound fiber package conprising at |east

one strand conpri Si ng at |least one fiber, conprising: a conical section of
strand havi ng a dumtber aspraefithaipresest inyagtien sl awaitindyfiber paokégsl shaped

coni cal - secrReHd o hrsh bR el syl 8°RsiTpu Shekas abekiRg:
general Iy  dydvimya fiestlingdvang datiRoALB, amheraittAds grstiteitthafRasd Adsidreaterat one
end of the | i ndrical portion. The present further provides a wound fiber
package conﬂ%% iB,;@ng.ta $ PorioB ok siand semviehid af Ingstene Bhenomite fi ber,
conpri siig: lf'bb‘B!idJQé\llihg% Q%}co%ﬂ‘jﬁhé%bggati&ﬂ% ﬁﬁ}eréﬁtafpcﬁ'ﬂ tﬁ%rﬁ?ﬁgnéi@)}{ﬁé s formng
a generally cylindrical shaped portron ~and a conical shaped portYon

conpri si ng aatio,ehénedni Acand Bare guediac thaat 0.0treone ndndimitihg embodiaeht ef

Package, conPF TYARBNAE YRS FrhearSUBHPEED rat padudle s dymide tigter s of
strand WO 03,,géhdrd ratiel 64tR44/A5B3Ré second indexing ratio and A equals B in the
second indexing ratio. In another non-limiting embodiment of the invention, B
15 is greater than 0 in the first indexing ratio, A in the first indexing ratio equals A
in the second indexing ratio and A equals B in the second indexing ratio.

The present invention also provides a wound fiber package comprising
at least one strand comprising at least one fiber, comprising: a conical section
of strand having a conical shaped surface; and a plurality of conical shaped

20 successive layers of strand overlaying the conical surface of the conical
section, wherein ’ghe successive layers form a package having; a generally
cylindrical shaped portion; and a conical shaped portion at one end of the
cylindrical portion.

The present further provides a wound fiber package comprising at least

25 one strand comprising at least one fiber, comprising: a plurality of overlaying
conical shaped strand layers forming a generally cylindrical shaped portion
and a conical shaped portion comprising an inclined conical surface at one
end of the cylindrical portion.

Another aspect of the present invention is a wound glass fiber

30 package, comprising: a plurality of conical shaped overlaying layers of strand



-4 conprising at |east one glass fiber, formng a conical shaped portion
having an indexing ratio A:B, wherein Ais greater than 0. Brief

Descri pt ivomoms49the Drawings 5 Figure 1 is a schenmatic frobpCT/@evassional
view of an apparatus for producing a wound package of fiber strand

I ncorporating features of the present invention; Figures 2 and 3

Il lustrate the shape of package builds typically used in a weaving
operation. 10 Figures 4-7 are package bujl.ds incorporating features of the
present invention. Detailed Description of the Invention The present

I nvention wnds a fiber strand onto a bobbin to forma 15 package in a

manner such t. uoon. | us the rand is not drawn acr.os sel ect ed
sur face. por PO LT BhEBNERRg BBes (BRL phRPEA Bt SIS Faui
breakage. Fein ihB6xiRY TaHS ASBONhéRis AdBRréSal tiih 0.except where ot herw se

I ndicated, all nunbers expressing quantities such as weights, dinensions,
and so forth 20 herein are to be understood as being nodified in all

i nstances by the term "abouty: ' i ndicated to the
contrary, the nunerical pabrief@fé‘s%rr tﬂ?ﬂ of that may vary

dependi nd upon t iRgules! iscalscinematic froateleoatidrial vievb of ahtappaestudyort he present
I nvention. At the very least, and pot as an attenpt to limt the
appl i cat i on P6PIYGRI Aoy, Bagkags.ef fipar stregdircargoraiingdeatses pf thee cl ai ns,
each nuneri r'ﬁf@ﬁt% .should at |east be construed in light of the
nunber of rgg%sfét?gl Sl gnlhficant digits and by applying ordinary rounding
t echni ques. Not wiFidgwresZdand) 3titustraté éhanshape obpackaggdsuiisdypiealymesed m
setting forth the bro%.scope of the invention are approximtions, the
nureri cal v& YE8VIBROPEEH!Ybrth in any exanple is reported as precisely as
possi bl ey Any nuippgiresla-Y\ard phdkagetb fifdy iHEBroR3R Y featPre¥ i e PF&@WEH
I nherently (_:ontz%_l n certain errors necessarily resulting fromthe

invention.

Detailed Description of the Invention

The present invention winds a fiber strand onto a bobbin to form a
15 package in a manner such that upon later use, the strand is not drawn across
selected surface portions of the package so as to reduce strand abrasion and
breakage.
For the purposes of this application, except where otherwise indicated,
all numbers expressing quantities such as weights, dimensions, and so forth
20 herein are to be understood as being modified in all instances by the term
“about”. Accordingly, unless indicated to the contrary, the numerical
parameters are approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At the very least,
and not as an attempt to limit the application of the doctrine of equivalents to
25 the scope of the claims, each numerical parameter should at least be
construed in light of the number of reported significant digits and by applying
ordinary rounding techniques.
Notwithstanding that the numerical ranges and parameters setting forth
the broad scope of the invention are approximations, the numerical values set

30 forth in any example is reported as precisely as possible. Any numerical



standard deviation found in their respective neasuring and testing nethods.
Figure 1 illustrates an enbodi nent of a wi nder, generally designated 10,
for w ndiwgoza3ssound package 12, in accordance with the prepeBUBIIB288$1Ivent i on.
The wound package 12 is fornmed froma generally continuous coated fiber
strand 14. As used herein, the phrases "fiber strand" or "strand" nean a
plurality of individual fibers, i.e., at least two fibers, and the strand
can conprise fibers nade of different fgherizable materials. The bundl e of
fibers 10 can also be referred to as "yarn". The term"fiber" neans an

I ndividual filanment. Although not Iimting the present invention, the

fibers preferghl Wﬁ]vg&)’e?és'ﬂeféfrﬁlﬁ{scg: tA1RWePAlin SO ndlRE; up&&ﬂﬂg ﬁ@"ﬁ}'}??. ‘;’ gt 0

35 microneters. fon 1S eneral y use

of fiber st rsiaddardy@evmhomfouhhlen rthuéq»eresbeome:nﬁasurmg@ndrtedmumkmoc@ s. 15
Al t hough not |im nI the resent inventi on the fibers of strand 14
are preferably f geﬂr' %QsmW'm%wlwmd@rgg%%r yAgsignaiesh known

to those 5k1d'f6ﬂwirﬂin§j§1ﬁ Wiing Ebgkﬁéag@@.iaeﬁrdahe&wémp& 5;9&&1 goer i zabl e

gI ass  conposi tions s ass Dgl ass",
"R-gl ass"q IENel@tkmss and E—gl ass der| vatives. As used herein, "E-glass

derivati on |nclud r anDunts of
dor! vall ves', means, 20 Shat asRagR 121 Joriiad #ome PRnsialy BoRfBHE SRHeat - ce.
Fur t her nor e, fibasy st’r%ﬂd 2ET RS Bised h@télﬁrthérm#aéés ibek lsﬂﬁhdﬂ@r “é%ﬁﬂs mle@fSa t han

0.5 wei ght percent fluorine, preferab y less than 0.1 wei ght percent
f1uorine, arRluralifynefindividual Sibers, ber, @t least twe fiberss antidhe Strasigan per cent

wool 11 ber s Stbrlse frs e o iRt sl BPaterBle i RfuE kel
i nventi ofQ Ryzavf also & l@lf@fﬁéd to &etyarar eThe termad fibePninebng |aﬁ5'4ﬁd|0rdu51 gl ass
derivatives._ Such conpositions and net hods of naki n{};]edﬂwass filanments

t her ef r om arfdaiment. RKkBowgh Bot lkpitiagdhe present inveréionr rs grafaeably
Sbo5u st o0, AR alreBRn i eFYSd, B SRR D bt oo
and WO 02/ 34BetpieSehtisvenBas &lgendrafly hesfu it therwindingostSibar etrdhds, yegag in K
Loewenst ei n, ‘or tne li '#fn%%l}rgfor r%an made materials.
15 Although not limiting in the present invention, the fibers of strand 14
are preferably formed from any type of fiberizable glass composition known to
those skilled in the art, including those prepared from fiberizable glass
compositions such as "E-glass”, "A-glass", "C-glass", “D-glass”, “R-glass”, "S-
glass", and E-glass derivatives. As used herein, “E-glass derivatives” means
20 glass compositions that include minor amounts of fluorine and/or boron and
preferably are fluorine-free and/or boron-free. Furthermore, as used herein,
“minor amounts of fluorine” means less than 0.5 weight percent fluorine,
preferably less than 0.1 weight percent fluorine, and “minor amounts of born”
means less than 5 weight percent boron, preferably less than 2 weight
25 percent boron. Basalt and mineral wool fibers are examples of other glass
fibers useful in the present invention. Preferred glass fibers are formed from
E-glass or E-glass derivatives. Such compositions and methods of making
glass filaments therefrom are well known to those skilled in the art and further
discussion thereof is not believed to be necessary in view of the present

30 disclosure. If additional information is needed, such glass compositions and



Technol ogy of G ass Fibres, (3d Ed. 1993) at pages 30-44, 47-60, 115-122
and 126-135, and U. S. Patent Nos. 4,542,106 and 5, 789, 329, which are

her eby i ncoopawat ed by reference. 5 In addition to gl ass PCheEsEl/328%1e fi bers
of strand 14 can be forned from other types of fiberizable material known
to those skilled in the art including fiberizable inorganic materials,
fiberizable organic nmaterials and m xtures of any of the foregoing. The

i norgani c and organic materials can be egther man- nmade or naturally
occurring-materials. As used herein, the term"fiberizable"” 10 neans a

mat eri al capabl e of being forned into a generally continuous filanent,

fiber, stra | t:ahl - S
fiberi zabl e%r?glrrzaﬁﬁrﬁ @eth@ er @'éblgggﬁﬁggpggég%ﬁiéﬂ%gi%—@ﬁgﬁ%m silicon
car bi de, carfeph, lnoﬁma/pdsﬂ (Fbss Hihrbbjl(?d Eal wgsjlatrpaf gedgsota;lmi 4fm %aoeiaeﬁfm c
ram teri n-1i [ exanpl es of suitable fiberizable organic
mmtorial s i RIGHE-138; 8 Ui Paiend oS Aipes 1o aGR 500 $20ERA®, hor.
i sal d wqud s of suitable fiberizable organic
sisal_and Wqplrep)ftorbiatddey RareRHcE

pol yneric materi I 'nclu ormed from polyanm des (such as nyl on
and aranmi&s), thdnramilta:sttocglpss ﬁbsrsethe filzars lof atrang ddyezinhlyd formeddrapht hal at e

d | yb | ' h tril
ol yolef i ns. OFSt yREEh dheazahis riatRlal o Gope Skied R i A WAUnal conol ).
Non- gl ass fifpiizaBll ifofgre m%llténél§e\‘fﬂérlzbﬂleté}gaﬁfcerﬁﬁigna ANE RiktBFesfGd

met hods for preparing and processing such ers are scussed at length
i n t he Encyamnypefthe foregeiiig, ntie eirganie anddrgacicroategals cambe eh¢ripany at

505-7 f.icall ora db 5.refgrence herein.
Po7s tnder J0AER ;AN REGI S Marbrighe A et el R e SHRRERRRE Tl s
and conbimatrheass afméaidpial sapabigedbéingToand fto tdGerdiamecomiudiisal s can be
al so used in_the Fresent I nvention, If desired. The glass fibers can be

formed in arfjament {Es staneoes ¥aBwn in the art, for forming glass fibers.

For exanpl e, glasgohl | ted and
hormgenlmz)ed |% aSﬁ aé@ﬁ{r% %I nggﬁéﬁ{asgltgbléﬁ.gmd@??%&é@%%gqrg%@
PCT/ US01/ 323ﬁéterrak ineluclef cevamid wiaterizls speinbsisilicen caftside, ¢dreonpyraphitg) ass is

attenuated into
mulllte, aluminum oxide and piezoelectric ceramic materials. Non-limiting

15 examples of suitable fiberizable organic materials include cotton, cellulose,
natural rubber, flax, ramie, hemp, sisal and wool. Non-limiting examples of
suitable fiberizable organic polymeric materials include those formed from
polyamides (such as nylon and aramids), thermoplastic polyesters (such as
polyethylene terephthalate and polybutylene terephthalate), acrylics (such as

20 polyacrylonitriles), polyolefins, polyurethanes and vinyl polymers (such as
polyvinyl alcohol). Non-glass fiberizable materials useful in the present

invention and methods for preparing and processing such fibers are

discussed at length in the Encyclopedia of Polymer Science and Technology,
Vol. 6 (1967) at pages 505-712, which is specifically incorporated by
25 reference herein. It is understood that blends or copolymers of any of the
above materials and combinations of fibers formed from any of the above
materials can be also used in the present invention, if desired.
The glass fibers can be formed in any suitable method known in the
art, for forming glass fibers. For example, glass fibers raw materials can be

30 combined, melted and homogenized in a glass melting furnace, and delivered



continuous glass fibers by winding groups of fibers on a w nder to produce
form ng packages. For additional information relating to glass conpositions
and net howd ow49formi ng the gl ass fibers, see K Loewenst eP@T/USHig32381

Manuf act uri ng Technol ogy of Continuous G ass Fibres, (3d Ed. 1993) at

pages 30-44, 47-103, and 115-165; U S. Patent Nos. 4,542,106 and

5,789, 329; and | PC-EG 140 "Specification for Finished Fabric Wven from'FE
G ass for Printed Boards" at page 1, a pghlication of The Institute for

| nt er connecting and Packaging Electronic Circuits (June 1997), which are 10
specifically incorporated by reference herein. Preferably, one or nore

coatin conp 0 rese t on.at |.east ortion,of th urfaces of
the gl gss flﬁgééﬁ?%rrﬂ{@rqo uF@ﬁ‘“f@&?ﬁ'?%g‘ql%ntﬁéssﬁi%ﬁ“ua&:(S ? ?o protect
the fiber sugdrinedub @msatveav@ b9rw.ﬁwngry;onp@@eﬁ§éﬂsgaraadvmaé\hbtﬁrbduwer
breakage. Preferably, the coatin present on the entire outer 15 surface

or peri pher yloBNINGRAGKAGEP s F%@ﬁd%pﬁﬁl nnf@n@mmme@ilnaftog!ﬁssammp@sm@mmg
OO 1 oS i PR YR fAlkrs 20l ROF BB YDA

conposi tions. use er ns r—=sizing" refer

to the chatMaguizeterive) Temnolcbqwoﬁ:(abhunwma@aeelﬁbn@@mml ool i ed to
the fil arrentsgﬁlgr%redl at el %éafte formation _of the glass fibers. The term

"secondary P P-Adr 47308y and 3 18-l ﬁgpééﬁﬁ?d‘!@& Aot pPb ped secondarily
to one or a ?%9@@9‘ b¥d ‘?lf’CSEGIaﬂﬁs Sap%c‘ﬂ’fcgthgﬁ f§|1 ?ln AHERIR Wolln bndRB! 1 €d,

and preferab feast part 5| zi ng composi tions can
i ncl ude as c@lqseriem?smfeudl Bneirds haflrpage ﬂMpubMHtmn aforhsd Insgtutg ot s,

emul sifiers nt i OXi ant ItraV|o hi.. 25 st abi | j S,. C Iorants,
antistatic a'&g‘?ﬂ’g 2\ a?lf?gf\%grﬁ%? 'P@%’&ESE%%{E@ {ﬁzge?éth‘@glaéesi zi ng
conposi t{@NsspHcicafy ,,{éyr% altéu b R¥RAS IR Medin. Pages 243-295 (2d Ed. 1983)
and U. S. Patent Nos. 0,647 and 4, 795,678, each of which is hereby

i ncorporat ed by rRieferabiye ongres m@mmtmgmm@%@mmnseare} meam][nt}DW\aybasfar )
exanpl e by c t | anent myedi a a r formatjon, with a
sta{ripc orydy@m%% %@iqc ,Ofghﬁﬁlﬁ%r%@mp@%ﬁ@éfeﬁg?fqa €as a
roller or befiberagpl tepictect thefiBEH BGfadds PoMEIbrEBRAIUrYIIBLESSIRG anlli ch are

inhibit fiber breakage. Preferably, the coating is present on the entire outer

15 surface or periphery of the fibers. Non-limiting examples of suitable coating
compositions include sizing compositions and secondary coating
compositions. As used herein, the terms "size", “sized” or "sizing" refer to the
coating composition, typically an aqueous composition applied to the
filaments immediately after formation of the glass fibers. The term "secondary

20 coating" refers to a coating composition applied secondarily to one or a
plurality of strands after the sizing composition is applied, and preferably at
least partially dried.

Typical sizing compositions can include as components film-formers,
lubricants, coupling agents, emulsifiers, antioxidants, ultraviolet light

25 stabilizers, colorants, antistatic agents and water, to name a few. Examples
of suitable sizing compositions are set forth in Loewenstein at pages 243-295
(2d Ed. 1983) and U.S. Patent Nos. 4,390,647 and 4,795,678, each of which
is hereby incorporated by reference.

The sizing can be applied in many ways, for example by contaéting the

30 filaments immediately after formation with a static or dynamic applicator, such



di scl osed in Loewenstein at pages 169-177, which is hereby incorporated by
reference. The sized fibers are preferably dried at roomtenperature or at
5 el evat adovBEs92s at ures. Suitabl e ovens for drying gl ass PChEssl/a88 wel
known to those of ordinary skill in the art. Drying of glass fiber formng
packages or cakes is discussed in detail in Loewenstein at pages 224-230,
which is hereby incorporated by reference. For exanple, the formng
package can be dried in an oven at a termgperature of 104C (220F) to 160C
(360F) for 10 to 13 10 hours to produce glass fiber strands having a dried
residue of the sizing conposition thereon. The tenperature and tine for

drying. the, oheatoldtbidddical? ety A0 BHER NEIIERhER S, thanRR e ag°

of solids in the siz ositron; conponents 0 I ZI hg conposition
and type of djbelssed imhkoewg@hsteanatpagesf 16%478] which is hersisi incompopateddiyt on
the fiber strand after 15 drying is preferably |less than 30 percent by
wei ght , rmrereg?r@f‘@?'ably | ess than 10 percent by wei ght and nost preferably

between 0. 1 10 5 D% spat fRkrdBtdpteferdblyBAH bEFIM terfipsrabitel ittt | on (L)

As used herein, the term™l oss oh 1gnition" neans the werght percent of
dried siz9 nelevatpddempenatpress eBuitabie oivens fordrying glass filersidrewedt kreowh as

det I ned tion.1l: 20.1.0 = 100 - (Wp y- Wb Wi 1

wher el n var o B9tRe RBid i HBe Frbdnaly B as fbst M Bhtisesiare
sizing conpeskesiiodistlisSEd tH détad ih NodeA¥Rih af pagdi2£4-946) whith iEferdmpt es
and Whare is the weight of the bare fiber strand after heating the fi ber

strand i n arinegPerated by1sfarepee.1 Foy exampl the flermisg padkagm tambetdsiedaom

Strande oan Fhofef BrTETRERIlE of Jo4 51200 RLIGS-C IR I 3sie ff on. ¢ ha
can be t9g Stdisas pduld §lassfber éﬁ%éﬁ'&/iﬁ?éimﬁ&méﬂtﬁésiii gng

conveni ent manner well known to those skilTed in the art. WO 027 34974
PCT/ US01/ 323%mpositigmtheseercfheitanperatore and timeofor isksying sheiglasd fiperewdl 1y in

e cont ext Blnerld dodtPSulivafibidt 84tRY pleahtdgs of LIRS iREAE8ERSN @ POPPI N
composition, components of the sizing composition and type of glass fiber.

The amount of the sizing composition present on the fiber strand after

15 drying is preferably less than 30 percent by weight, more preferably less than
10 percent by weight and most preferably between 0.1 to 5 percent by weight
as measured by loss on ignition (LOI). As used herein, the term “loss on
ignition” means the weight percent of dried sizing composition present on the
surface of the fiber strand as determined by Equation 1:

20 LOI= 100 x [(Wary-Whare)War] (Eq. 1)
wherein Wy is the weight of the fiber strand plus the weight of the sizing
composition after drying in an oven at 220°F (104°C) for 60 minutes and Whare
is the weight of the bare fiber strand after heating the fiber strand in an oven
at 1150°F (621°C) for 20 minutes and cooling to room temperature in a

25 dessicator.

If desired, after drying the sized glass strands can be further treated
with a secondary coating composition, that can be the same as or different
from the sizing composition, in any convenient manner well known to those
skilled in the art.



ordinary skill in the art would understand that the present invention is
useful in the processing of any of the fibers discussed above. Typi cal

wi ndi ng oewbrrgues are well to those skilled in the artPCTUBHME2881 i mi ting
the present invention, one type of w nding operation is disclosed in U S.
Patent No. 5,725,167, which is hereby incorporated by reference. Referring
now to Figure 1, the strand(s) 14 is supplied to the winder 10 by one or
nore form ng packages 16. Although up tog60 form ng packages 10 can be
used to feed a wi nder 10, preferably a single form ng package is used. A
single form ng package 16 is shown in Figure 1 for purposes of clarity in
the draw ngs. f ' ast
one fiber or st ral%ﬁ%eh?mﬁéﬂﬁ@y@%&”%e @%@%&g@ﬂ%@& gﬁgggé@n?eé(agﬁ
strand 14 cotsp.nsesmsthemﬁndlnglofrgddsﬁfybafstmderoaﬂébobblﬁeaﬂovf/e\l'einbﬁé%f for

exanpl e conti uous filanme I cal form ng packages 16 are

gentranr) ally cy" W&W E%" iyt %’Bé“@ H“dﬁ'é"ﬁ"dath%m%weééﬁ Bventigieissisefildnig i s
drawn fromt r arn

manuf act uri rlfgs p%e&éﬁ%eny ﬁ?t@% qyﬁggglosregngér(l%g 'E&&ﬂnhﬁ" var Y,

dependi ngd ugechnigaes arg wab ite thase skilteddinadhe taet: Wirtdoutt Iypmngfthé pbesentound

and pr oceasi Ll BraYoe of B CReialip i drelosed 165, Patervloy

centimeters g $24 0630whmhh§$1)arét§}( cafpirafedas\rdienéhca, | ength of 5.1 to 101.6
centinmeters (2 t'o 40 inches he sides of the form ng package 16 can 25 be

tapered or rounddtefering W\fﬂh’f@ iFigHrexiatipe skkand(s) d4 s agppieckiagbe v6ndeli fensi ons

< hor by | ook Fore Byfithg BRBades” iR ARfeRgT v 2R Bng Weikkentr i

package 16 icansseppsed ey @wmdﬁraﬂoabkaemwarsﬁngl@forﬁﬂﬁé Paskade Ryused.
positioning the holl ow of the package 16, 30 upon the support 18. The

support 18 iASiagiatoraing Ba%{(qg%:h%| 0"‘0@1!%’?‘!9@@115@ pApOseabaiarity in the
PCT/ US01/ 32382 wirigk® @ portion of the winder 10 as shown in Figure 1 or a
portion of a sep rate, free-standing franme such as a creel. The frane 20
can be forned frdms showgirdFigure 1, the forming package 16 has at least one fiber or

strand 14 wound thereon. In the preferred process, each strand 14 comprises
15 a plurality of generally linear filaments, for example continuous glass
filaments.

Typical forming packages 16 are generally cylindrically-shaped and
have a hollow center. The strand 14 is drawn from the outside of the forming
package 16 for textile yarn manufacturing. The dimensions of the forming

20 package 16 can vary, depending upon such variables as the diameter and
type of fiber wound thereon, and are generally determined by convenience for
later handling and processing. Generally, forming packages 16 are 15.2 to
76.2 centimeters (6 to 30 inches) in diameter and have a length of 5.1 to
101.6 centimeters (2 to 40 inches). The sides of the forming package 16 can

25 be tapered or rounded. Non-limiting examples of forming package 16
dimensions are set forth in U.S. Patent Nos. 3,685,764 and 3,998,326, each
of which is hereby incorporated by reference.

Referring to Figure 1, the forming package 16 is supported by a
rotatable support 18, preferably by positioning the hollow of the package 16

30 upon the support 18. The support 18 is attached to a frame 20, which can be



material such as stainless steel, carbon steel or alum num Conventional
creels suitable for use in the present invention are shown in Loewenstein
at 5 pagev@a2349nhi ch is hereby incorporated by reference. PEreserabdly, the
rotatable support 18 is a driven roll which is rotated at a predeterm ned
speed by a drive device (not shown) to unwind the form ng package 16.
Suitable drive devices including notors are well known to those skilled in
the art and further discussion thereof _i4qg not believed to be 10 necessary.
The support 18 can be rotated at a constant speed or preferably at a
varyi ng speed. The speed at which the support 18 is rotated can be 50 to

300 revol utions...ner cm : r ly 100 .to 250 rpm

Pref erably, a?ﬁ%&}g%?&?w&s&r&%&t} Sﬁag?ﬁ)iﬁrg%%ﬁa%ea BBWQP N %%Peaéatesuch t hat
the strand ¥ree-stantiieg frameeichiasdetreb) The drapte 20 Vahibegledftora\erigie feed
rate of 50 to 300 15 nmeters/mnute, and nore preferably 100 to 250

met er s/ m nutBatefigksyghar stainjess aterliqanken sieel oraluminuel Gerverdieprte 22 or
th im | ' t ; : : i jded to the
W nder 10 hateeiseultge 8P s Ttk Ot inbeiRiott AR ghelih L SCW BRI, 0,
or wire, & Ilpagei 382, whicin&s izereby iscaypatatedbyeefesericer. si gnal i ng an oper at or
not shown) or t 0 w nder 10 stop the.w nder 10 en contact between
'Ehe wire aald strgﬁﬁfzefﬁmy'r g“% ??%@Fh%p?‘éﬁi%ﬁﬂg'seﬁgﬂﬁ?%r%\gﬁ'qmé reigiethat a4
breaks. QO hejregétichlMedl Sy aldiiveldevRic ot gﬁefwm%_ @{\ﬁin&qhé féfr‘ﬂﬂ}gg to those

skilled in the art and further discussio ereof 1s not believed to be
necessary. Packagedér Swtablgdrive davices indludieg metorssand wiell gnownto tleasece. The

25 d alj i Lians. the . d ' f he forni
package 16 SHBFRHESH R Brbe RisclisBhiRtRet GiiRbeleked RbFT  ate i nai ng.
A non- |10 t inkgessxgNNR SipporEts cahlve dtdtad &t é'do@\%@ﬂfspééﬂidﬁﬁréflérag%l?m | or

pig-tail 24, shown in Figure 1. The pig-tail 24 is a [oose coi net al
or other ri @@ vaiyiagispeedhrihgysreathalamhichdhe suppert 18 is sotatedeaiebie 50t toer

coll ector w10 BYCRHohSRer MARE Geb e MatRbN Eyer 250 i Fifgrdon, 1 17

di scussi on théeuppdrt issrotatediutldrexstaye coastane spsed Yuch fitatthdstrasd Mang 14 is
wound about a barrel 26 of a bobbin 28
fed to the winder 10 at a generally constant average feed rate of 50 to 300

=]

15 meters/minute, and more preferably 100 to 250 meters/minute.

The winder 10 can further include a drop wire device 22 or other similar
device that ensures that the strand 14 being provided to the winder 10 has not
broken. The drop wire device 22 includes a rigid member or wire, a biasing
means and a signaling means for signaling an operator (not shown) or the

20 winder 10 to stop the winder 10 when contact between the wire and strand 14
is interrupted, for example when the strand 14 breaks. Other suitable strand
interruption devices are well known to those skilled in the art and further
discussion thereof is not believed to be necessary.

The winder 10 can further include a strand alignment device. The

25 strand alignment device aligns the strand received from the forming package
16 with a rotatable collector of the winder to facilitate winding. A non-limiting
example of a suitable strand alignment device is a coil or pig-tail 24, shown in
Figure 1. The pig-tail 24 is a loose coil of metal or other rigid material through
which the strand 14 is threaded. Other devices for aligning the strand 14 with



supported upon a rotatable collector or spindle 30 of the winder 10 to form
a 5 wound package 12. Preferably, the winder 10 is a strand tw sting
appar at uwa@a/a974 wi st frame, shown in Figure 1, which inpR€TAS@/12981St t O
the strand 14 during winding to forma yarn. The twist is expressed in
units of turns of twist per inch or neter. Although not limting in the
present invention, suitable twist can be 15 to 50 turns per neter. The
twist is also specified in terns of 10_d1'1L_ection by a letter. Yarn has an
S-twist if, when positioned vertically, visible spirals or helices
around its central axis assune an ascending right to left configuration,

asinthec tra ort| nof th ter the strands
assune an a %88"‘?{80[ wyl b?8V}dF5ﬁ{0 @%F.S&ﬁ'ﬁgt'%fﬂ? ag al"}ﬁjs ﬁ"ﬁ%‘ ﬁﬂ“é?'o“portlon
of the |ettahereéfis ﬂ'&eoélfeﬁéé% bRITR&%R88aryS suitable for form ng yarns 15
having either S-twist or Z-twist. The present invention is also suitable

for formng yarnkhe fiber steans! 14 is weurd ahout abstre! 2§ of adidbpin 8Berred to as

zero-tw st t ho art. The yarn
can be. pi i ed BROHSE IR e PR S aniaRg o be et I i Aing X
pl urality5 ofwgridcepastaiges12. FPrefardisly,ithé Vin@ér T0is’ @Qﬁéﬁd 'ﬂﬂlshhg abphfdtueg 20
of yarns, see Loewenstein at pages 333-339, which is hereb mcor&orat ed by

ref erence. A% Pldwist Fﬁ‘i’(‘er@%ﬂW'ﬂ suFigees Ai whinh imparise awigt %bﬁh@e&’ﬁlta"@ bobbi n

wel | known h I
bobbi n 28 |séd?m(§nerar|§/(f |r1i:1alerhaer '%ﬁ%%%ﬁgﬁgegrmgﬁ% F%ﬁs%?h&ﬁg
cyl i nder carpevénaoor nter. Zﬁtlﬁmglheiotzmthﬁg ihthelmiebent inGentton, Baitablertwistr nore

ri dges 34, protru irre ariities, as desired, The bobbin can be
made from arﬁ?“gt%i%’ 3?%39 HIN RET ’%ﬁ{% é%‘?é@’@ﬁés Alsoesnesifiedgniterpepbr abl y i s

de f
Non- 11 1 g SR PY3F loter (Wl 2 ani et 7, hof poRionea BTN MRl van,

#53 and # 9&isible' spthISZDbbelldaseareuNalta c&ﬁtr@taﬂs%sun&cbrPaswgil tightto
Techni cal eti f PPG | ndustri 2/“ 4974 PCT/ USOl/ 32381
-12 Pi ttsbu:]l%'!n @Pva?ﬁ o ﬁam@'ﬁ'j’"éﬁ the g Fr?/\A'?r rtwistiyarmndhepy

I[)gg?r por at egtlyds HsSURCEN a%é}ﬂj’ln%%ﬁ 14 rld}ﬁt&'nﬂgu%ti%nddsswtﬁé%@n’[rﬁl u.s.
gn Patent Nos. 292, and 2,312 "and Pat ent Nos. 4, 600, 165;
4,596, 366 portion of the Ietter “Z". The present process is suitable for forming yarns
15 having either S-twist or Z-twist. The present invention is also suitable for
forming yarns that have little or no twist, typically referred to as zero-twist
yarn, which is well known to those skilled in the art.

The yarn can be plied by twisting a plurality of strands or cabled by
twisting a plurality of plied yarns. For more information regarding the twisting

20 ofyarns, see Loewenstein at pages 333-339, which is hereby incorporated by
reference.

Although not required, bobbin 28 can be any conventional bobbin well
known to those skilled in the art. Preferably, barrel 26 of the bobbin 28 is
generally cylindrical, although all or a portion of the cylinder can be conical.

25 Barrel 26 of the bobbin 28 can have one or more ridges 34, protrusions or
irregularities, as desired. The bobbin can be made from any generally rigid,
non-abrasive material, but preferably is made from a thermoplastic material
such as high-impact polystyrene. Non-limiting examples of suitable bobbins
are shown as #28, #31, #33, #41, #53 and # 96 in “PPG Fiber Glass Yarn

30 Products and Packaging”, a Technical Bulletin of PPG Industries, Inc. of



and 3, 860, 194, each of which is hereby incorporated by reference. 5 1n a
strand tw sting apparatus 32, such as is shown in Figure 1, the bobbin 28
I S suppowed2/s74 el easably nounted upon the rotatabl e col PetA661/32881 spi ndl e
30, shown in phantomin Figure 1. The spindle 30 and bobbin 28 are
typically rotated at a speed of 2500 to 7500 revol uti ons per mnute (rpm,
and preferably 3000 to 7000 rpm Methods and apparatus for securing the
bobbin 10 28 to the spindle 30, as well-gs.drive arrangenents to rotate the
bobbin 28 and spindle 30, are well known to those skilled in the art. A
non-limting listing of tw st franme manufacturers includes Baco Machinery,

Inc. of B ' Ar A4 B n Fr nd

Pl'ai ¢ Saco toneraby PENBRarE I BR1 00 b PRorl S8 B TRISRENE ot ¢ e
deposi tion o'lhcdsrberastEdMyde]fefteacmu@ﬂﬁhﬁsdﬁ&iﬁcﬁﬂb&ns?ér@diséltbge?ﬂbblﬂ'tﬁ. B@ziglzg t he
tight f_th aye str eposite upon i e stran S
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40, which i [ ' 3 : | otation o]
the bobbi n 25 EeBE0GI oA 8ath of Ahfch & rREb kG Bled iy feBlends™ 50’ 7o Torm

t he wound packagdnipstramdiwisting apparatusa32,rauch aslistdhmwrsiackigere 1 Hhet r avel er
36 and perm

. . | °
For cos oxer HEPAILAA ¢ ROSPUTAAtrelepsabhy Wbuplid Wb 1 relo\RblmeRISFRS Tens | on
in the strangiddle i3, shoivhue PRaAIAY irf P@u\f@ﬂgh’fheoépiﬁmlé 30 %&bebbiﬁﬁzs ﬁl‘e}) hough

not limting in the 25 present invention, the traveler - can wel g .1
grams to O. gy@ﬁalhys rotated atra spead of 26GKion7 50 thsvedutionstpgrirsialitey(rpenearnd

nyl on. The tact_surface 46 _whi ch.cap be varied in
Yl on. The LaKEAS, PG bORHR BRMAR R ShR S RRa RS B B

strand 1D Reefosthelpindié 30, hs aetl &9 didfe Aafgsiianito BfA it BBbBinGAy ved yarn
30 contact surface 46. Although not limting in the present invention, the

top to WO 0ANsuspiadiech), @ee weliaewn torthose skiflad imthelartdi mensi on of t he

traveler 36 is 5 Qw1 - Q. L V] ver age rand

di ameter of 0.5 t%ﬂﬁﬁ?ﬁﬂ'%“rg%rg.e 6%%%52[@8%%&0?%83@3&% ?%E%et ween the

travel er 36 Machipery; {reg. lof Béssmer City, North Carolina, ICBT of Valence, France and
Platt-Saco Lowell of Easley, South Carolina.

15 To align and control the deposition of the strand 14 around the barrel
26 of the bobbin 28 and the tightness of the layers of strand 14 deposited
upon it, the strand 14 is passed through a traveler 36, or traverse, slidably
engaged with a ring 40, which in turn is reciprocated along a central axis of
rotation 42 of the bobbin 28 as the strand 14 is wound around the bobbin 28

20 to form the wound package 12.

The ring 40 has a track 44 that secures the traveler 36 and permits the
traveler 36 to circle the ring 40 in response to the forces exerted Upon the
strand 14 as the package 12 is wound. The tension in the strand 14 is
influenced by the weight of the traveler 36. Although not limiting in the

25 present invention, the traveler 36 can weigh 0.1 grams to 0.5 grarﬁs, and in
textile yarn winding is typically made of nylon.

The traveler 36 has a yarn contact surface 46 which can be varied in
size or shape depending upon such factors as the type and weight of the
strand 14. Preferably, the traveler 36 is C-shaped, providing a curved yarn

30 contact surface 46. Although not limiting in the present invention, the top to



arcs or balloons out a distance about the package 12, depending upon the 5
tensi on being exerted on the strand 14. The traveler 36 preferably has
sufficiemowssg to prevent the strand 14 from i nterferi PgTUSeIB2681her
near by equi pnent or processes and from contacting any other equi pnent
surfaces, such as the partition 48, shown in Figure 1, which separates one
wi nding position fromanother. 10 The wi nder 10 can al so include a second
ring 50 spaced apart from and |.ocated.-glgave the ring 40 to limt the

di anmeter of the balloon. This second ring 50 is fornmed froma generally
rigid material, such as alum num The second ring 50 is generally noved in

coordinatio -t s d | | S - | opg. t he
axis 42. 15%'?#9&“%5%&'%8@1 ?ﬁtp %Egarveliér{c u'ggﬂe? !é Q@@B?g&gﬁflgeree%f 3 shown)
for reci pr@meavergge Istrand nijariéteniof 0.5 foe1 niikinwdter. 36 and the second ring 50,

if present, along the centr axi s of rotation 42 of the spindle 30 to
deposit the straffiNW({ ,?tfﬂ%sggpqiéﬂ beiween dhe trayelsr 362md mgdaibP4pl y, the

ring 40 and gr&£6Pp ud&dégotﬁ%oﬁgﬁ\g%g%%@tnéogé;c@@%u@%répeﬁ%; 'rg“ua;?od*ﬁu%“er that

which 20 permts the ring econd ri to’'marnta const ant

di st ance %4 tensien beatgw@rtatuon it steariglbdc Thedraveldred@ipsifarably es can be 10
to 30 centi er an refer 0 to 20 centifpreters, and i s determ ned
by such faét erﬁ@%‘?&%ﬁ%&’ﬁﬁ%@q%&%@égd"Ug?'@.'n riagywth ethes neayonnect ed
to a notor {prA&SVEY probésdes! Hd RORCESctingPan suffaBgs 40 and
second ri ngqaggI paI ong tph(_a_ axis 42 in respo%lsr@% owag%g%tap{@%ﬁgﬂﬁgggs’r ecei ved
from a pr ogstdaha@s|tee pagiitioncdhtshomnein, Figurg. 1,swhich ssparates anaiwiating f r om

Al'l en Bradl f Wsconsin. Anon-limting exanple of a
sui tabl e no oﬁmlogl\@ﬁﬁ%ﬁﬁ%)r sepower Indiana General nmotor. The reciprocal

movement{Qof the fMheosinder 40&ahQilsd iUty 8BBéndPfing 50 dparealpartifdR2/ 34974
PCT/ US01/ 32381 -14 36 and the rotation of the spindle 30 all contribute to

the patternad lagate 399?3 the Fiﬁﬁd’fq o limibthendipmeterefi thediadnonhdhisobbi n 28,
CLLET v oo 8B LN ) SRS AR MR S B AR S e
shown in Fi JineeseZoaddirg. 50 isegenerally moved in coordination with the ring 40 as the
ring 40 is reciprocated along the axis 42.
15 The winder 10 can further include a traverse drive (not shown) for
reciprocating the ring 40 with the traveler 36 and the second ring 50; if
present, along the central axis of rotation 42 of the spindle 30 to deposit the
strand 14 upon the barrel 26 of the bobbin 28. Preferably, the ring 40 and
second ring 50 are mounted upon a support 52 in a manner that which
20 permits the ring 40 and second ring 50 to maintain a constant distance 54
therebetween during reciprocation. The distance 54 can be 10 to 30
centimeters, and preferably 10 to 20 centimeters, and is determined by such
factors as strand mass and feed rate.
The support 52 is connected to a motor (not shown) which reciprocates
25 the support 52, ring 40 and second ring 50 along the axis 42 in response to
electrical pulses received from a programmable logic controller, e.g. such as
are available from Allen Bradley of Milwaukee, Wisconsin. A non-limiting
example of a suitable motor is a 1-1/2 horsepower Indiana General motor.

The reciprocal movement of the rings 40 and 50, the movement of the traveler



5 yarn package 212 illustrated in Figure 2 is typically referred to as a
"pirn" build and the yarn package 312 illustrated in Figure 3 is typically
referredwooasoas "bottle" build. Wth continued referenckCT/oSH/I881e 2,
package 212 has a central cylindrically shaped section 260, an upper

coni cal section 262 and a |ower conical section 264. This package
configuration is forned by traversing 10 the twist ring rail of a tw st
frame (as discussed earlier) over all pauts of bobbin 228 in a cycle that
is repeated until the bobbin is filled. For exanple, and w thout limting
the present invention, a bobbin 228 that includes an 11 inch (27.9 cm

I , 8 f D450 ql
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i ncrenent al kjrangve E@cbben Tayers 0pbn #ie Bb@buhrzanom@mm kSowr 28 ti9é “BuiiRy”. bobbi n
228 upward al ong_t he bobbin until the upperrmst limt of the stroke

reaches the top X380 yped@e Wayptitiandadn @weayieg eperationdstypisallyswpuré" neans
th f t
e Vel Bp o boB6ATE R AR Bs'eheh AIYsORafl 0 E"

limt. 26 Tharrt packadger 20@illusieatedrin Fgeretais! typicaliereferred ¢o asa ‘pirah batld oke
downward until the lowernopst |ljimt of the stroke reaches the bottom 256 of

the bobbi n 88 the ygspackage 3 tdWustgisdiin Jigue Sisdypiealivnraierred F@Bézﬁ ed until
the des! redwpafekaar. "Rithtorkitued ReBYeifte BHiRLI 2 JoddkabeBHahal aPackage 312

i ncl udes an upper conical section ylin rlcal section
360. Packageeeital cyshntincaib'oshapedisuctlenﬁmaahwppacceansahgecam AB2camdhai ng t he

troke | during wn eadvmthou t he present
Thvent i on _lanertanich Sp8her daa; This, siliaurstenss emeaby FueSndeq
package 1@12tﬁé wﬁg%grm d tvhgtrfranaér(as auscheéaaféamér)ao\}ém 3 pdrfPHBHABHIRG an
initial i nch cm) stroke length starting 3 romthe bott om 356 of

t he bobb| n 2R8 |n Acyshethedis repeatadeurtil the bhbblmpﬁélﬂedl friot ex@nple, amd74

the stroke Rngeh e thE s Fisrfiolng HEBR 288t dndetaN 31 62 boboi n

328. The st(zke dn%ﬂ@h@ wouhaween@@ﬁmrﬁrﬁpbm pHtREGE299 of 450 gltasss reduced
toits initial 7 inch len The cycle takes about 20 to 30 m nutes and
rm;e:;i

i s repeat edfibat yam;iséo bya tms@lf@g@e using a 7.5 inch (19.1 cm) long stroke
15 and incrementally moving the 7.5 inch stroke from the bottom 256 of the

bobbin 228 upward along the bobbin until the uppermost limit of the stroke
reaches the top 258 of the bobbin. As used herein, the term “stroke” means
the movement of the twist frame ring from a first position at one movement
limit, along the bobbin, to a second position at the opposite movement limit.
20 The twist frame then incrementally indexes the 7.5 inch stroke downward until
the lowermost limit of the stroke reaches the bottom 256 of the bobbin 228.
This cycle takes about 20-30 minutes and is repeated until the desired
package weight is achieved.
Referring to Figure 3, package 312 includes an upper conical section
25 362 and a lower cylindrical section 360. Package 312 is formed by
incrementally increasing and decreasing the stroke length during winding. For
example and without limiting the present invention, an 11 inch (27.9 cm) long,
10 pound (4.54 kg) bottle shaped package 312 of E225 glass fiber yarn is
formed by a twist frame using an initial 7 inch (17.8 cm) stroke length starting

30 from the bottom 356 of the bobbin and incrementally increasing the upper limit



5 weight is achieved. Wth continued reference to Figures 2 and 3, due to
t he above described fiber w nding cycles, as yarn pays out from package
212, portwony349ef the yarn being drawn from center porti oRCPE601Z32681 ower
portion 264 tend to be dragged across the underlying yarn surface.
Simlarly, portions of yarn 10 drawn from | ower section 360 of package 312
tend to drag over the underlying vyarn surface. This is particularly
apparent when the yarn is the warp yarnqgL a weaving operation, and is
even more apparent when the warp yarn is a fine yarn. As used herein,
"fine yarn" nmeans yarn forned fron1g|ass fibers or fllanents havi ng a
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package surface, However the |ightwei ght nature of the fine yarns tends to
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the yarn5 r egsiglitss iaghidvedyar n bei ng dragged al ong the package surface
during yarn pay- out, and this in turn results in yarn-on- yarn abr asi on

whi ch causes br olN¥ith CPT‘WHJ%Eﬁer&ﬁ‘&eﬁgﬂgtﬂﬁé%ﬁg%3a ue tretheaapvigays out from
rontthe Fogseheq TRLAVEOR b8, 5 PRAAN A on RRRNAR 2 12 g o 20
acconpanyi nof theepdradeeing dmwmfrdrﬂneenﬂer psetnin mﬂbbnd wemnpgrtion i2éddstead v ndi ng
D D Sh Rt ekt e, Slate morias s 2o
L
- 16 parti culyarn syrfgee.nThis iswparticutarlysaprerentiwhen ftioe yram isdbe agep waos in pay - out
Successi ve UEFMS SPORIORHEN brie el Mork ABRBIEN: Ve HE WAIPYATE FuRMBENd r om
one |ayer RafRrAspiseaaRfend fre yaif” fedns! s fornfdtfrbRfg43s b ot dragged
AeToss filaments having a diameter of no greater than about 7 micrometer (2.8x10%)
15 (E filaments and below). More particularly, as the yarn is removed from the
wound package on the bobbin, the yarn tends to fly away, or balloon, from the
package surface. However the lightweight nature of the fine yarns tends to
limit this feature. In addition, if the yarn is coated with a tacky or sticky
coating, this will also reduce the ability of the yarn to move away from the
20 surface of the package. The lightweight and/or tacky coating of the yarn
results in the yarn being dragged along the package surface during yarn pay-
out, and this in turn results in yarn-on-yarn abrasion which causes broken
filaments and yarn breakage as the yarn pays out from the yarn package.
This condition is particularly apparent for yarn drawn from the lower portions
25 of ayarn package.
To avoid this abrasion and accompanying breakage problem, the
present application provides a winding profile that avoid the dragging of yarn
over the underlying yarn surface. The present invention also provides a
winding sequence that allows additional yarn yardage in the package without

30 exceeding the operating parameters of the twist frame equipment. More



5 the surface of the package. It should be appreciated that during pay-out,
as the yarn is renoved the conical surface recedes toward the opposite end
of the vobb2/su97dlo achi eve this type of profile, the stroReToloizesit wi st
frame rail is controlled so that the yarn is wound in successive |ayers
al ong the conical surface of the package and when the twi st franme rail
initially reaches the top 10 of the bobbin, the wound package is conplete.
For exanple and without Ilimting the prgsent invention, the particular
package configuration shown in Figure 4 includes a conical shaped package
412 with an inclined upper conical surface 466. This configuration is

raill stroke startin fromthe

formed by establishing a.short init

bot t om 456 1TSSk 15 98ULA M 4 bRekal B P @ pckane MO ERAGEE |1 i
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i |1 ustrati ordimitieg thﬁapt%@nt irtvention,i the plasticytiar mﬁckaue qmﬁga@[oa(shom ins

di vi ded int 1000 uni ts. th . the botto of N obbin 428 WO
02/ 34974 P 9J§€1‘} Sa&?‘?"'&é@?’bar%‘};%ag‘é 4;? é‘“t'B in dIRRETt he bobbi n
desi gnat ed aspnid¥)8urfabe 4681 tTha cosfigirkton RTBIHedb té&%t‘/"sﬂﬁ@’a sRort lMﬂéIt S
long and the A/B ratio is 2:0. This neans thatt 825 Fimt wl

i ncrease 2 Uail stokg startieg flens theorettam 456 afitee bohlem 428and Imrennenmu n the
same. | nyPPqL AP dBeriiinfiftor SRER BRI S sk whlie WMSnERNihG Me lower

limit at the bottom of the bobbin, until the upper limit of the stroke corresponds
to the top 458 of the package 412 or winding is terminated for other reasons,
as will be discussed later in more detail. It should be appreciated that the
lower limit can also be changed, as will be discussed later in more detail. The
20 slope of conical surface 466 (and the slope of a lower inclined conical surface
of a package as will be discussed later in more detail) is controlled by the
increments by which the upper and lower limits of the stroke are changed. As
used herein, the terms “indexing ratio”, “indexing ratio A:B” and “A:B ratio” are
expressions describing the change in upper and lower limits of each stroke,
25 wherein A is the number of increments the upper limit is raised after each
stroke and B is the number of increments the lower limit is raised after each
stroke. The conical shaped package 412 is formed by setting B equal to 0
and the slope of upper conical surface 466 is established by the magnitude of
A. For the sake of illustration, assume that the entire length of the package
30 412 s divided into 1000 equal units, with the bottom 456 of the bobbin 428



5 456 of bobbin 428 and noves upward to 4. The stroke then reverses and
noves downward back to O, because the lower Iimt is not indexed upward.
The strokeo0li®974 ever ses and noves upward, and since the PEP®RO/I2B81L | S

i ndexed upward 2 units each stroke, it stops at 6 (i.e. 4+2). The stroke
then noves downward and stops at 0, then noves upward and reverses when it
10 reaches 8 (i.e. 6+2), etc. It is noted that as the package 412 is
formed, each successive stroke is slightl.y |onger than the proceeding
stroke. When the wupper limt of the stroke in the exanple reaches 1000 or
t he desired package meight I s achi eved, the wi nding operation is conplete.

Weh this tyagigiatediad 'é}%ﬁfe%g fttns BOBEM AcsigRAEE NN, e RAGY N 428
in a series 15 successi ve naral arall el"Yayers 472 al'ong coni cal
surface 466 simke Iemgth of dise Wquras A umtsdomg)and the B trétio lsaZ:Eag'mlsﬂﬂt%anfshe
arnisre l.re |ayer 2 pefor ced to the pext
I>layer and ggh%’ibﬁ qp&%?n]ltsw lr"é%@% 3‘{'“"@ qf%{@apgfg'pﬁg@ est%&!‘ﬁ‘@!@%l”“ﬁnd
subsequent | mwaérﬁamhe delmé. hwbﬁe@ﬁoﬁ&aémﬁtﬁﬂ(é%&s 5P Cﬁt%ébo{téﬁm
equi prent_can linmt the 20 size of e package described above. More
particul dr | y56:f horb@lrp@&agd maves u;swaud tot4. 'trhe sttolienthven revedses andhe bott om

of the pack t,f.rane u neral ly designed to
accommodat e?'g&f)ég ié\\é@ﬁgfﬂ 'I)%g& V(? r%ecgusgglg%'qDW%q'(ﬁmtﬁéﬁgrdey HRWR i anet er
of the package stickd tanheserske andarHoPeEOpwhidlland difiée MeGhptd ligmeisat i on

woul d stop because further wi nding 25 would increase the package di aneter

470 beyond ﬂm@@&iﬂmﬁﬁfﬁ'ﬁ Hnits each aloke, it stopsat 6dbpetrt?)nglmsireie then

capabilitie t. not

achi evabl e. %@ a resu %ﬁf ?'ﬁl& %faﬁgrét{bgﬂg&ﬁh@s’gsQ@@%@%Mﬁ@'?&%ﬂ‘ﬁ%&b package

wei ght  Mhi Ireactessnd @lmlmQ)téle Uiniginoted that aeiRe paekaghk 4¢2sisgormadd \eacht he
ified to provide a nultiple stage w ndi ng

wi ndi ng 30 seguence can %

operation. AYCERFUES Qﬁ@ﬁ'sﬁr},’% thstonges Haan thepr %@@@'nﬂé’f@kﬁ Whenthke m

“mul ti pl th
LSV St RIS Bk HE B te BRI Tantly reaskiagdiel 1o e
bottle shapméi@latdkagblevedoﬂmwmdmg;opémtlbaaas:hmmgletaf Wittethis yperndf i nventi on

can be built bglnghsaer& ge tﬂg y%rrl?lsr\%hgd %hrj1 o&% boq)ebln 4ggiirr1] soe%%rsac;[fl on
15 successive, generally parallel layers 472 along conical surface 466 such that
as the yarn is unwound from the package 412, the yarn is removed from an
entire layer 472 before proceeding to the next layer and as each layer is
removed, the next layer 472 is exposed and subsequently paid out.
It should be appreciated that the twist frame equipment can limit the
20 size of the package described above. More particularly, as the package 412
is built, the diameter 470 at the bottom of the package increases. Twist frame
equipment is generally designed to accommodate a package build having a
specific diameter. When the diameter of the package 412 reaches the
equipment limit, the winding operation would stop because further winding
25 would increase the package diameter 470 beyond the equipment limits. As a
result, depending on the capabilities of the twist frame, the desired package
weight might not achievable.
As a result, in order to achieve the desired increased package weight
while maintaining the unwinding properties discussed above, the winding

30 sequence can be modified to provide a multiple stage winding operation. As



5 in order to achieve an increased package weight. Referring to Figure 5,
package 512 is formed by" initially form ng a conical shaped portion 574
(shaded pooo2/awy7Hf Figure 5) at the bottom 556 of bobbi n BeBUSeL/R3s$ENNer as
di scussed above with respect to package 412 in Figure 4, i.e. establishing
an initial AABratio and setting B.equal to 0. When the dianeter 570 of
the 10 package 512 reaches the desired anmount, the A-B ratio is changed to
a second A-Bratio such that A equal s-B8-This will build a plurality of
coni cal shaped | ayers 572 of yarn over the conical surface 575 of portion
574 which in turn fornms a cylindrically shaped | ower portion of the

ackage whi | a a Al J4tis
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units long and the initial A'B i . In operatlo a 20 shaped
package %74imeided toachieveian ingraasedesickage weighte rReferring tckigseai5above. As
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ratio i.s changed to 2. This nmeans that both the 25 upper and lower limts
of the stroKiSCHssed BBOV%W@a@éEe‘Z tamackags 4119 ir Figine 4, Fer estahlighing an
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package 512 does I ncrease so at t he successive layers eginto

forma cyli hd’nlfoa‘hs aen/dlndncally sHapedﬂawEagertloWofdhepacmge whéds until the
upper limt of. the stroke reaches e bohbin 528 or

t he desired nﬁ%ﬁgg’agg @eqodmal Iugpsﬁﬁpltg’@% WHeR ther})ung IS cgmp ete, package

15 512 will include a lower cylindrical section 560 and an upper conical section
562 with an inclined conical surface 566. If desired, the final A can be the
same as or different from the initial A. For the sake of illustration, assume that
the entire length of the package is divided into 1000 equal units, the initial
stroke of the winder is 4 units long and the initial A:B is 2:0. In operation, a

20 conical shaped package 574 would be initially formed in a manner as
discussed above. As the package is built, the conical shaped package 574
with a conical shaped upper surface 575 will be initially formed with upper
conical surface 566. When the diameter 570 of the package reaches the
desired amount, the A:B ratio is changed to 2:2. This means that both the

25 upper and lower limits of the stroke will be increased 2 units every stroke. For
this illustration, assume the desired diameter is reached when the upper limit
reaches 500. At this point in the winding operation, the A:B changes, and the
stroke moves from 500 down to 2, reverses and goes up to 502, reverses and
moves down to 4, reverses and move up to 504, etc. The winding will

30 continue, winding successive conical layers 572 of yarn. Because of the



5 In the above exanple, when the upper limt of the stroke reaches 1000,
the l|ast stroke would start at 500 and end at 1000. The resulting package
512 is avbdors49e4 shape with cylindrical section 560 and cpai/waé/xesiti on 562
having conical surface 566. It should be appreciated that with the w nding
sequence discussed above, as the yarn pays-out from package 512 it is
drawn from 10 each successive |ayer 572 of yarn, exposing the next |ayer
572, and the yarn is never drawn fromMBe.ow breakline 578, which is forned
at the intersection between conical surface 566 and the cylindrical
surface of portion 560. In this manner the yarn can be drawn fromthe

backage. 1 1 CoHBaP 5 HIE Pls PRy e AR oEIEl packBo®ial® ok AoCHpieRRE e 1
coni cal _sur tiegtehs Gactessive BiyefOBNDBedin toard o HFindavar sevtidnIBthedf the
bobbin 528 as viewed in Figure 5 and corresponds to successive |ayers 572.
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nore than n hange i he ratio can be e.__For exanpl e and w t hout
limting th Sﬁ&?@?@?ﬂ“'&\?&ﬁfﬁ?ﬁﬁéé ?Hé eﬁld@tﬂ@l%o Thareshliingeragkggr i@ iso 2: 2
to 2:1. It i hai ; hat: : : d shape
on the. yar n SotE8 shepBalifFolRatca (RABRIBOMIR UHiodl ccRligh SERdRMA™, PPep
furt her contcenjmahsadacea Ha6. {trehatidsbe appreciatedthaingith Huewindingi segquenoeoughout

ti .all of th i pdi ti Fi 6.LLLustrat
on 11 m 11 eI EHSSER AEREe TS IRy ATREE Bff MeParkRon P24 HESH JaMh 1 s not
accunul afeed e@\bhtshL@c@@éit'é’lay@'ﬁ@?QfoftyBﬁmtéS(:bB?sﬁhg@tﬁé-neWia"‘yer 8921 ¥RE tHe yarn
configuration, also referred to as a filli | d be useful if there

WO 02/ 34974 ipagyasstranafson below brealdinedsrt: %é“a instjfbaw;;rai the trigrseptiomot t om
o b B3CKBRuEal LRS! R Son ARIURY cATLAR SOAATOBA BN el T8%g o
fiber packaggsnnerié yasn cay berdrawdlfian ties padkhgeoiithout theg/asn bBRgkage 612
i ncl udes an upper coni cal
dragged over the other yarn surfaces of the package. It should be further
15 appreciated that as the yarn is paid out, conical surface 566 recedes |
downward toward the lower end 556 of the bobbin 528 as viewed in Figure 5
and corresponds to successive layers 572. As a result, breakline 578 also
moves downward along the bobbin 528; however, throughout the unwinding
operation, the yarn is always drawn from surface 566 and never below the
20 breakline so as to reduce abrasive wear of the yarn.
It should be noted that when winding a multiple stage build, more than
one change in the ratio can be made. For example and without limiting the
present invention, the A:B ratio can change from 2:0 to 2:2 to 2:1. ltis
anticipated that such sequence would form a compound shape on the yarn
25 surface of the bobbin from which the yarn is drawn. It is further contemplated
that the A:B ratio can change continuou:s,ly throughout a portion or all of the
winding operation
Figure 6 illustrates a non-limiting embodiment of the invention wherein
glass fiber yarn is not accumulated at the bottom 656 of the bobbin 628. This

30 type of configuration, also referred to as a filling wind, would be useful if there



5 section 662 with an upper conical surface 666 and a | ower conical section
664 wth a lower conical surface 676. Package 612 is formed such that
during pe9eps74the yarn is always drawn fromthe coni caPCHUR$1232881666

whi ch recedes  toward the | ower portion 656 of the bobbin 628 as viewed in
Figure 6. Throughout the pay-out operation, the yarn never falls bel ow
breakline 678 so 10 that it is never drawn across | ower package surface
676. Breakline 678 is fornmed at the intgysection of conical surface 666 of
upper section 662 and conical surface 6 of |ower section 664. As

di scussion earlier, it should be appreciated that the position of

breakline 678 will downward a ac e 6 duri pay- oyt of the
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and | ower coni cal sur aces 666 and 6 are control é the increnment by

whi ch t he upisfigdrationdas beemiised fﬁr qeﬁ@lrsnem&mfdna: ages, sTich agr eat er
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of each strorb;] q{c?‘i'\?ésgér #becé‘%ﬁﬂﬁb?ﬁ rP ﬁgﬂ?%mﬁmgﬁ an l99%W§88 he 20
sl opes of5 t heection 662riidcaa upper benidaf $ afz0et 666-and blewepkeniehl dddtidhtepat i ng
the w nding sequence for package 612, assune that the entire |ength of the

package is ih aé@N?h?Qﬂ"i@(ﬂyr@&ﬁz§7GUrﬁ’Q@<agﬂﬁﬂa iformaed suelo krat|dewigon of the
wi nder  is ﬁ]dé/“bl%?tﬂéjyﬂna}ggl\ﬁ AR O tﬁ@td @Brg%cé E%%\M%H( de%ie 28- at

operati on, rst roke starts at the bo
0 and noves tovmed the2lowten portichh@56 bf thiech dliten GQG\EQ’WeWeaFW Figue$. downward

b ' t d d d 1 [ ch stroke, _the stroke

B e b EURRuhE -0 BRI Srchde abboveeobl

since they URRHit ld \Fer' aWH%’F@éjsloWé LekAge' BlyScEBPE. B ﬁeé?t gtops at 6
war an

(i.e.442). The stro en noves stops at 1+1) t hen
nmoves upwar doaned st mﬁslnmrsect(on ef ccsﬁcaisn)facetﬁﬁﬁ dfmppengeemnntész and | ayers

ERR AN VTR W2 o S T
than the progeeshfd st Heeposiieiof B@akmwe?é Wil e dicW?nv%é o‘%‘ng? n the
exanpl e reaches 1000 or the desired weight is reached, the wn
oper ati on i PackegeBdl«luring payrauniefitheiyaim as sudface 866desedss eto \achievees pect
to packa%s tﬁljsztype of profile, the A:B ratio is set such that neither A nor B equal 0. The
slopes of the upper and lower conical surfaces 666 and 676 are controlled by
the increment by which the upper and lower limits of the stroke are changed.
The greater the number, the greater the slope. Furthermore, by raising the
upper limit of each stroke a different amount than the lower limit is raised, the
20 slopes of the two surfaces can be different. For the sake of illustrating the
winding sequence for package 612, assume that the entire length of the
package is divided into 1000 equal units, the initial stroke length of the winder
is 4 units long and the indexing ratio A:B of the stroke is 2:1. In operation, the
first stroke starts at the bottom 656 of the bobbin 628 at 0 and moves upward
25 to 4. The stroke then reverses and moves downward, but since the lower limit
' is indexed upward 1 unit each stroke, the stroke stops at 1 (i.e. 0+1). The
stroke then reverses and moves upward, and since the upper limit is indexed
upward 2 units each stroke, it stops at 6 (i.e.4+2). The stroke then moves
downward and stops at 2 (i.e. 1+1), then moves upward and stops at 8 (i.e.

30 6+2), etc. forming successive layers 672 of yarn. It is noted that as the



5 and 512, package 612 will include successive |ayers 672 of yarn that are
built one over the next along conical surface 666 so that during pay-out,
a conpl ev@o/awesr of yarn is renmoved before any yarn fronPCheseiesessil ayer is
removed. It should be appreciated that in.a manner simlar to that

di scussed 10 above regardi ng package 412, the dianeter 670 of package 612
may limt the package size so that the desired package wei ght m ght not be
attained prior to diameter 670 being tgp large for the twist frane

equi pnment. However, also as discussed earlier with respect to package 512
and Figure 5, once the desired package dianeter is attained, the A-B ratio

can be chan i.ndrical Lon i.s.far whi |

mai nt ai ni ngg‘?%ga g%%&?D%%@%&f%ha%&%%% gﬁﬁf«%ﬁer{q% 'i/%lgﬁ?&/ilwg%gha? awn
during pay- ahe probeedingetroke.cWHen thedupprr difit oftheGtrokBen i ekamibld ng
exanpl e shown in Fi 8ure 7, gac,ka e 712 is formed by initiall formng a
section 774 "€3RBeRA0LR of fhadesirad waiabt is reaghedgthe Wipdingoperationise 775 at

the bottom 7 | ' Ew | : ' 0
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the successionfplbRyRYEr 3f7y?arH€iQ]téPnEﬁ9eci Bk égﬁ'\xydmwoﬁ?{hesﬁ&tu rigt ween the

25 opposi ng coni cal portions of the pac ndi ng continues until the
package 712 regwieds the top 758 of the bobbin or the desired package wei ght

is achieved. The [esultin ackage 712.includes a central, cylindrjcal
section 760, an ILB%%LgId(b&%;EpJFC@&H ﬁz'@_ﬁ'n?%?"%r{% Sgﬁﬁ?rﬁeltﬁﬂteg‘gw coni cal
surface 76 atve régbﬁdll‘ﬁg PEEKAGRAY 13 8RE Idiiméfed 670 AT packay8 6 121ehy et theni cal
surface 776. In a 30 manner as discussed earlier, this build configuration
i ncor por at esPaskage sige o (et de dasired paiagsoneghsight st beagttained prionto yar n

Ut Lt CHibRBY AR KGR AR e RiEHD. Ll e e,
across the yiscussedfeaekerofitts psspeett padkaged 1264né Figuré s, BAEE i dedifdd
abrasive is pse{c%ggéid?:rplte’g isr gt?gi%gg, t(%gdA:%rr?;tigrc(?:\tr)1I l%le ce;rllzianng;er:jaéuegh' thg/sc);e
15 cylindrical section is formed while maintaining the sloped upper surface from
which the yarn will be drawn during pay-out. More specifically and referring to
the non-limiting example shown in Figure 7, package 712 is formed by initially
forming a section 774 (shaded portion of Figure 7) having a conical surface
775 at the bottom 756 of bobbin 728, in a manner similar to that discussed
20 earlier for package 612. However, when the desired package diameter 770 is
reached, the A:B ratio is changed such that A equals B and the winding
continues, winding successive layers 772 of yarn. Because of the change to
the A:B ratio, the diameter of the package 712 does not increase so that the
successive layers 772 begin to form a cylindrical section between the
25 opposing conical portions of the package. Winding continues until the
package 712 reaches the top 758 of the bobbin or the desired package weight
is achieved. The resulting package 712 includes a central cylindrical section
760, an upper conical section 762 with an inclined upper conical surface 766
and a lower conical section 764 with a lower inclined conical surface 776. In a

30 manner as discussed earlier, this build configuration incorporates successive



5 particularly, the yarn is never drawn from bel ow the breakline 778 which
Is fornmed at the intersection of conical surface 766 and the surface of
central weorssdm 760. In addition and in a manner as di scReBEd0IERB31 er
surface 766 recedes toward the |ower end 756 of the bobbin 728 during
pay-out, as viewed in Figure 7 exposing successive layers 772. As a
result, breakline 778 10 al so noves downward al ong t he bobbin 728; however,
t hroughout the unw nding operation, the@arn is always drawn from surface
766 and never below the breakline so as to reduce abrasive wear of the
yarn. The package shape fornmed in Figure 7 can al so be formed in anot her

manner that Qy iﬁgs? 3 2 dj 15
above. For el%ér?r%l e, r tﬁgagg@ %ﬁ@ﬁﬁ%ﬁ%g P‘évﬂﬂgﬁ&gﬁgga}uls%gé{ a ovg,gl assume
t hat the entadlways drayimfrofn each sacdesgivel yardilayats @ 72rdfthd paOkagpi a2 andt s, t he
initial stroke, of the winder is 400 units |.on dt troke i s i ndexed
v o at o 1S5 ftavist SatbeS U, v s uitacinof Sarsend 780 and Gab o gy e At o
and nove Up%rnﬁ’abiaasi\i’éh)%-sigﬁﬁcﬁtfﬂéﬁ%\_ﬂgé!aﬂd?ﬂ}@férgglyréﬁﬁﬁﬁél‘%e. Afgrgmove

downwar d, but since the 20 | ower i's indexed upward 1 unit each
stroke, the parfigkarlydoe yam ispever drawh feom delbw thenlreaklink €78mdlich tshen

reverse and npve,u rd, and.since th e, Limit. is ipdexed u rd 3
units each J?%%%?Pﬁfe %%PE&&%#%{%"]K%?}JH%EE 76btqqgf<@%hrf]a&etq3é:ﬁn%\€e _
downwar d angestion 780, 2n addRidNEBNGEINEPWRINherBE did@RsedeafiRf; s@fdoe Mah this
package build, the final stroke would start at 200 and go 25 up to 1000.

Because to IregRdes foward dhe {ayeerenchked pkthechehbig7@gtduringtegy-otteasupper i nit

of the initi I.adr i Lo, ' ) upper
and | ower C(ﬁ#\%aﬁt’ E@ﬁ@t“f%%%p?ﬁg %@Egﬁgég@rﬁ?&?a?}sﬁ T%%E{ ?B%Ilﬁgeﬁt e
sane payt®utalssinmves glewvragardisons b eisin 7 28Vhowesee ehoughblittheun! i ke

unwi nding yarn froma standard pirn huild, when unw ndi ng@t he yarn fromthe

30 build as unvdedisg apesatine the yarm igalways deawn frapusiace 688 apd&aveher
inclined m%\ﬁ@ﬁgﬂréaaq;ﬁﬁgggjé%% ucé %ﬁré&f%é %%rBfEtﬁg%rH?Ckage’ thus

reduci ng yarn abrasion and wear. However ecause yarn is | ayered not

only al ong the i Adle packagephapsdofraed inFigune 7 gacklagbdetformat dvahbihesur f ace
of the cylindrical, center,6 section r;tehaed\}/aarn can_b suhj ected to sone

draggi ng’ ac fgarunenihat pigvjdes some of t ntages of paeckage 12 discussed
15 above. For example, for the sake of illustration as discussed above, assume

J

that the entire length of the package is divided into 1000 equal units, the initial
stroke of the winder is 400 units long and the stroke is indexed upward at a
ratio of 3:1. In operation, the first stroke would start at 0 and move upward to
400. The stroke would then be reversed and move downward, but since the
20 lower limit is indexed upward 1 unit each stroke, the stroke would stop at 1
(i.e. 0+1). The stroke would then reverse and move upward, and since the
upper limit is indexed upward 3 units each stroke, it would stop at 403. The
stroke would then move downward and stop at 2, then move upward and stop
at 406, etc. With this package build, the final stroke would start at 200 and go
25 upto 1000. Because to lower limit of the stroke is never greater than the
upper limit of the initial stroke, a cylindrical center section is built between
upper and lower conical sections. This package configuration has some of
the same pay-out advantages as discussed above. More specifically, unlike
unwinding yarn from a standard pirn build, when unwinding the yarn from the

30 build as discussed above, the yarn is never drawn across the lower inclined



5 Although not required, it is preferred that the upper slope of any of the
packages 412, 512, 612 and 712 of the present invention be at |east 45,
measur ed ve@ 0xhwn by angle a in Figure 4, to ensure that pPOBUSHIERES1r ermai NS
stable and the glass fibers do not slip along the surface. Such slippage
(also referred to as "sloughing” or "rolling") is highly undesirable in
that it creates 10 pay-out problens as well as abrades the underlying gl ass
fibers This is achieved by maintainingoan A.B wherein A >_ B (at 45, A=B).
It should be appreciated that the preferred slope of the packages

di scl osed herein will depend on several factors, such as but not limted

to fiber di \ e fiber, the type .of bi,nder t he yarn and
yarn tensi O%Eﬁ%gégfw%gé%%%&ﬁﬁ @C{W%QlﬁaﬁBBIaingd’_"?ﬂ' Oé(‘éeé’_ef’i bers to
be used in bbeaué@tﬁéiy:hmﬂsqﬁzeﬁéﬂﬁbt Bhydloh@ e elifé® ufpSCsRfRd bfithe

Loewenstei n at pages 238- 244, which are hereby incorporated by reference.

However, and®agkagebut alspihe sHiaes ef tacedindricaheanterosectionetha yaimmgandee

di scl osed h i N ] : j I or yarns conprising gl ass
fi bers coat EHBL?AJ&{%OSE’O%%’Q?méﬁ'hétac?@%%%g%#ﬁaa{%-b| e wwth a resin matrix
mat eri al 5 nto whiAtihoubh nodrequised, itds ppefeatddhatthe upped slopecofanyt dighker ns
"conpatible with a resin trix material™ or "resin_  conpatible" nean the
coating conp8§ ?Q‘?ﬁl“i%pﬂ?g%?@ﬂqﬁyﬁpéﬁ? presepkinventignohe At jaast 4t h t he
resin matri | ' ' th fib ' | ncor par at ed
Such that 1 b 25 hBUR Mg < By PlglRE 4, oSt ey B8 s BRERDS)

achi eves at st#h16 andiRe YladsTibere Hodt Rlp RISHENe ffacd0 SudHélippage'hlsd
renoval prior to incorporation into the matrix material (such as by de-

greasi ng or referied tprag) ‘slquahing”tast“eddlingshis highlytunsiesisablerintthat ihensates nat er i al

the " yary aRa o pfBem BT WER adrarades the thdklfMla BlasS TR IS e nmt or
fabric WO O2cRié¥éd byGhaldtaihing?a8A:B wiereiniA d (atmsenAE=Bhalt ghodkEssi ng and

results in final conposite products having desired physical properties and
hydrol ytic &PRmdiated that therprefesiad sigpe of tit packagss disalesgdhhersimpuill bl e

ol ural 1 ¢y Copehd B svBraitaBde, St SRR L Al Sendhe BT o he
fibers and pffibedehe Bpeosdf BIRAE on the yarn and yarn tension.
15 Sizing compositions typically applied to glass fibers to be used in the
formation of woven glass fabrics are disclosed in Loewenstein at pages 238-
244, which are hereby incorporated by reference. However, and without
limiting the present invention, the winding as disclosed herein is particularly
applicable for yarns comprising glass fibers coated with a coating that is
20 compatible with a resin matrix material into which the yarn is incorporated. As
used herein, the terms “compatible with a resin matrix material” or “resin
compatible” mean the coating composition applied to the glass fibers is
compatible with the ‘resin matrix material into which the glass fibers will be
incorporated such that the coating composition (or selected coating
25 components) achieves at least one of the following properties: does not
require removal prior to incorporation into the matrix material (such as by de-
greasing or de-oiling), facilitates good penetration of the matrix material
through the individual bundles of fibers in a mat or fabric incorporating the

yarn and good penetration of the matrix material through the mat or fabric



interstitial spaces between adjacent glass fibers. Non-limting exanples of
preferred particles include hexagonal boron nitride and hol |l ow styrene
acrylic wobyswric particles. In addition to the particl eBCT/@Sou2381i m ti ng
enbodi ment of the resin 10 conpatible coating conposition can include one
or nore filmformng materials, such as organic, inorganic and polyneric
materials. Non-limting exanples of filmformng materials include vinyl
pol ymer, such as, but are not [|imted_bg, polyvinyl pyrrolidones,

pol yesters, pol yam des, polyurethanes, and conbinations thereof. 15 In
addition to or in lieu of the filmformng materials discussed above, a

ol ude. one AT PSVE R eGSR frd AR FaCaRhe ot PR s e "

coupl i ng agelesied phesisht proPerRIsPAndE Rydiblyie siasiys. phosphonate coupl i ng
agents, al uni num coupling agents, am no-containi ng Werner coupling agents

20 and mi xtures theerdmiting ﬁmbﬂldirﬁ?mtl ¥ resiivepmpatiblgfcoatiag cesipesimat i bl e

coating C ents or
sur  actant s ongact oS B iies e GERRIS i SRS B A SRpAE S0 T
of fattyp actlnatsmheﬁ hybhedﬂodhecﬂbemeadbenevtattheﬁbersaamdi pEaMiddbhé 2edndrat ty acid

am des, 25 Cond tes of att acid nd ol yet hyl ene i m ne and am de
substi t ut ed MEH &tr'@ $RAGESLS J%eﬁ%ﬂ assfiderh gNeRtwating exagplesel r esin

tibl
et 1 gt 8 O Ao 0 0 S B A 1

material s that ar em ca m rrerl I's and
sof t eni ng ag)@dmerikﬂpdntlslasssed above to inpart desirable processing
characteristics a% fi.b L V\D 0 [ 34974 1/ USO1/ 3 381 L{keest rands during
weavi ng. Non- | i m‘??ﬂ ”8959‘8 sDagc %%@m% ijfing gbediment N in the

present 401 eBhipaftibid\€batigy cthybsifich Bk iﬁdmdé@ﬁdbr mﬁréifﬂrﬁIfSrmmgty' laurate,

octadecyl laurate, octadecyl nyristate, octadecyl palmtate a oct adecyl
stearate. OMrierialsesuch paprganie; idorganis and pblymﬁrtmmatmm i Bibe-limitihgide 5

L1l et hyl ol REGRIE bf HiRRLRHAY Alafend@titidle RRETSEIGRGL S ¢ bat¥AEhoE

oi |l s,
limited to, polyvinyl pyrrolidones, polyesters, polyamides, polyurethanes, and

combinations thereof.

15 In addition to or in lieu of the film forming materials discussed above, a
non-limiting embodiment of the resin compatible coating compositions can
include one or more glass fiber coupling agents such as organo-silane
coupling agents, transition metal coupling agents, phosphonate coupling
agents, aluminum coupling agents, amino-containing Werner coupling agents

20 and mixtures thereof.

A non-limiting embodiment of the resin compatible coating
compositions can further comprise one or more softening agents or
surfactants. Non-limiting examples of softening agents include amine salts of
fatty acids, alkyl imidazoline derivatives, acid solubilized fatty acid amides,

25 condensates of a fatty acid and polyethylene imine and amide substituted
polyethylene imines.

A non-limiting embodiment of the resin compatible coating
compositions can further include one or more lubricious materials that are
chemically different from the polymeric materials and softening agents

30 discussed above to impart desirable processing characteristics to the fiber



such as but not limted to soybean oil, linseed oil, epoxidized soybean

oil, and epoxidized linseed oil. The lubricious nmaterials can al so include
non- pol awo pEs49ed eum waxes and wat er - sol ubl e pol ynmeri ¢ napeT/vadigz23gauch as
but not |imted to polyal kyl ene polyols and pol yoxyal kyl ene polyols. 10 A

non-limting enbodi mrent of the resin conpatible coating conpositions can
additionally include a resin reactive diluent to further inprove

| ubrication of the coated fiber strands.2sAs used herein, "resin reactive
di luent™ means that the diluent includes functional groups that are
capabl e of chemically reacting with the sane resin with which the coating

15 t 1 th
more Tanct ians dibiftbealifo, NefRkgSafiles St AN Y AT dely " " ©
functi onal qrsefydsn thélpteseaamvemltbﬂﬂ lrﬁﬂu@oettyl piAitats, Yty myiéate), t:étylll ng

exanpl es of  sui abI I cants include | ubricants with am ne groups (e.g
a rmrrgl fied ﬂ%‘l‘ﬂ"f“i@ E?Mrﬁ"@) octadeg dﬂy'@tat?p§°(@%>y| MW@E‘?@Pane gl ycol )
anhydride gr [ e.g.
epoxi di zed soyﬂeacr)lﬁ1 Etéérﬁl%d%@%g%s%@zet aﬁrﬁséé b'g'?g'%}igﬁ’gﬁtf\é '?rr%qbg?l'gé
enbodi merfk drimﬂajlolpmparredlnrpalar@ﬂ)mtepmturqj specm;aoslil Bhdﬂlﬂgl?&l‘ld&jdlis ional ly

conponent s SLEE G g el B acy Braneih Binerdyt spokulrbsiarPerBainanf or
lubrici ous 'E?ﬁo&fdliécﬁhné\éé&“dnl ”Tﬁé briRiciERhaterials SaH &%B'lﬁclueé‘ﬁbﬁjcyélng agents

or surfactants include pol yoxyal kyl ene bl ock copol yners, etho ated al kyl
phenol s, polpedojeimwyaxes anst yalstieojublg pplyoterist matarialg tsuchase bubno’de

et Lo A TR o RO XL R Bl YoREHE0 ® 21 155,
PCT/ US01{(82381 Aaﬁoﬁlnhﬁfn@dmaddxfﬁénmﬂheeemn%ﬁ@lﬁhu@c@aﬂn@ﬂ-I imting

enbodi nent of the _resin corrgatl bl e coating conpositions, such as
crossl i nki nGORAGEHANScan pdd @nQﬂYz'B@'Sldeﬁ Iesvieastive dilgert tadertherct eri ci des

oot AP RERERRYT o @ AR R i K OOBRE BRI B,
can al so be reactivedditlent” means ﬂmtrihe dﬂwﬂtlndﬂUdeQQﬂidﬁ@ﬂaD@r@@@Q ithaiCdire
capable of chemically reacting with the same resin with which the coating
15 composition is compatible. The diluent can be any lubricant with one or more
functional groups that react with a resin system, preferably functional groups
that react with an epoxy resin system. Non-limiting examples of suitable
lubricants include lubricants with amine groups (e.g. a modified polyethylene
amine), alcohol groups (e.g. polyethylene glycol), anhydride groups, acid
20 groups (e.g. fatty acids)or epoxy groups (e.g. epoxidized soybean oil and
epoxidized linseed oil).

A non-limiting embodiment of the resin compatible coating
compositions can additionally include one or more emulsifying agents for
emulsifying or dispersing components of the coating compositions, such as

25 the particles and/or lubricious materials. Non-limiting examples of suitable
emulsifying agents or surfactants include polyoxyalkylene block copolymers,
ethoxylated alkyl phenols, polyoxyethylene octylphenyl glycol ethers, ethylene
oxide derivatives of sorbitol esters, polyoxyethylated vegetable oils,

ethoxylated alkylphenols, and nonylphenol surfactants.



Non-limting exanples of resin conpatible coatings are shown in Table 1.
TABLE 1 10 WEI GHT PERCENT OF COVPONENT ON TOTAL SOLI DS BASIS Exanpl es
COVPONENW@AOB34@Q7D E F GH PVP K-301 13.7 13.4 13.5 13. 4 RET/BSUM32331
STEPANTEX 6532 27.9 27.3 13.6 12.6 A-1873 1.7 1.6 1.9 1.9 2.8 2.3 1.9 1.7
A-1744 3.4 3.3 3.8 3.8 4.8 4.8 3.8 3.5 EMERY 67175 2.3 2.2 1.9 1.9 2.5 2.4
MACOL OP-106 1.5 1.5 1.7 1.6 TMAZ-817 3.0 3.0 3.4 3.1 MAZU DF-1368 0.2
0.2 0.3 0.2 ROPAQUE OP-969 39.3 38.6 43®-40.7 RELEASECOAT- CONC 2510 4.2
6.3 6.4 3.8 4.5 PVP K-30 pol yvinyl pyrrolidone which is comercially

avai l able from ISP Chem cals of . Wayne, New Jersey. 2 STEPANTEX 653 which
is commercially a@&iér@@dﬂ.\ieécaan%eemmo@mﬁw o Boh¥ht gttheey. 3

A- 187 gamma- gl yci doxypropyl trinmet hoxysil ane comerci ally avail abl e
from CK W tresinGenmpatible ¢oating Tamppsdians, th érscmsshnIAnQ‘Matenals

Prom ok w iiEo GRS Svoe RS S e RaiE ahd <r8 Roming matele: -

partially armcg%treaaﬁeloymdmémwdldg HELAESCIA drﬁaﬁ@ﬂ'ﬂ?é@ﬂf&bhﬂ@ﬂ@vlo@bﬂh@ from
Cogni s Corporatjon of G ncrnnati, Chio. 6 OP- 10 et hoxyl at ed

al kyl pher| ;cqaling qespResiton wih& mlﬂmﬁ todl Q\mlsgrbeimctsldedxnélm resimat OP- 10
SP receives ve the catalyst; MACOL OP-10 is no

| onger com‘rgorr@‘lg%tﬁql%l cg\%gﬁ?eéwggs‘[ﬁéﬁg 81 et hyl ene oxide derivative of a
sorbi tol ester wiNoh-linsitingpexanples! dfresinaddnipatiblé comindd @ Skowh inof

Par si ppany, W Jersey 8 MAZU DF-136 antifoam ng agent which is

commerci al | yT @il abl e from BASF Corp. of

TABLE 1
10 WEIGHT PERCENT OF COMPONENT ON TOTAL SOLIDS BASIS
Examples
COMPONENT A B C D E F G H
PVP K-30' 13.7 1 13.4 | 13.56 | 13.4 15.3 | 14.2
STEPANTEX 653 27.9 ] 27.3 13.6 [ 12.6
A-187° 1.7 1.6 1.9 1.9 | 28 | 2.3 1.9 1.7
A-174* 34 [ 33| 38| 38|48 | 48| 3.8 | 3.5
EMERY 6717° 2.3 | 2.2 1.9 1.9 25 | 2.4
MACOL OP-10° 1.5 1.5 1.7 1.6
TMAZ-817 3.0 | 3.0 3.4 | 3.1
MAZU DF-136°8 0.2 | 0.2 0.3 | 0.2
ROPAQUE OP-96° 39.3 | 38.6 43.9 | 40.7
RELEASECOAT-CONC 25 | 4.2 | 6.3 | 6.4 | 3.8 4.5

'PVP K-30 polyvinyl pyrrolidone which is commercially available from ISP Chemicals of
Wayne, New Jersey.
2 STEPANTEX 653 which is commercially available from Stepan Company of Maywood, New
Jersey.
 A-187 gamma-glycidoxypropyltrimethoxysilane which is commercially available from CK
WltCO Corporation of Tarrytown, New York.

* A-174 gamma- methacryloxypropyltrimethoxysilane which is commercially available from CK
Witco Corporation of Tarrytown, New York.
> EMERY® 6717 partially amidated polyethylene imine which is commercially available from
Cognls Corporation of Cincinnati, Ohio.

® MACOL OP-10 ethoxylated alkylphenol; this material is similar to MACOL OP-10 SP except
that OP-10 SP receives a post treatment to remove the catalyst; MACOL OP-10 is no longer
commermally available.

" TMAZ-81 ethylene oxide derivative of a sorbitol ester which is commercially available from
BASF Corp. of Parsippany, New Jersey.

® MAZU DF-136 antifoaming agent which is commercially available from BASF Corp. of
Parsmpany, New Jersey.

® ROPAQUE® OP-96, 0.55 micron particle dispersion which is commercially available from
Rohm and Haas Company of Philadelphia, Pennsylvania.
'® ORPAC BORON NITRIDE RELEASECOAT-CONC 25 boron nitride dispersion which is
commercially available from ZYP Coatings, Inc. of Oak Ridge, Tennessee.



Par si ppany, New Jersey. 9 ROPAQUE(r) OP-96, 0.55 mcron particle dispersion
which is commercially available from Rohm and Haas Conpany of

Phi | adel pho a2/3@ennsyl vani a. 10 ORPAC BORON NI TRI DE RELEASBECOESe102881 25
boron nitride dispersion which is commercially available from ZYP
Coatings, Inc. of GCak Ridge, Tennessee. WD 02/34974 PCT/USO1/ 32381 -27
TABLE 1 (cont'd) Exanples COWPONENT AB CDE F GH POLARTHERM PT 16011
2.7 2.6 2.6 5.9 2.8 SAG 1012 0.2 0.2 RD»P47A13 23.2 23.0 DESMOPHEN 200014
31.2 31.0 44.4 44.1 PLURONIC F-10815 8.5 8.4 10.9 ALKAMILS EL-71916 3.4
2.5 ICONCL NP-617 3.4 4.2 3.6 POLYOX WSR 30118 0.6 0.6 DYNAKCOLL Si 10019
29.1 28.9 SERMJL EN 66820 2.9 SYNM F-10821 10.9 EUREDUR 14022 4.9
VERSAM D 14023 4.8 FLEXOL EP024 13- & (cqnt ARTHERM r) PT 160 boron

nitride pofder which 1s comercjarly avairable Tg%p@{gvan_cela Cer arr? TS
Cor por at i oficBlBaNENWP oY, o O J._LASAJ Bpma AL Léflt ST T WS
comer ci al BoLkR] Mj’i\lf ia“.;ﬁﬂ\ Wzt?c %‘ép};ﬁs: Jg g SepREf—
Connecti cu 13 S4+ApotyestprsfesinwhiscH -dohmerclal Iyl avail #hBe
from Bor de _SAﬁp cals of Colunbus__[Chio & 2pEVPPHEN 2000 phl yet hyl ene
adi pate di pBDW7M"i s commercially availapP8.2 | 8t®Bhyver | Corpl of
Pi t t sbur gh| DESMQREN A0S0 31.2 [ 31.0] 44.4 | 441

PLURONIC F-108'® 8.5 | 8.4 10.9

ALKAMULS EL-719¢ 3.4 [ 2.5

ICONOL NP-6"7 3.4 | 4.2 3.6

POLYOX WSR 301'® 0.6 [ 0.6

DYNAKOLL Si 100" 29.1 | 28.9

SERMUL EN 668%° 2.9

SYNPERONIC F-108% 10.9

EUREDUR 140%2 4.9

VERSAMID 14023 4.8

FLEXOL EPO* 13.6 | 12.6

" POLARTHERM® PT 160 boron nitride powder which is commercially available from
Advanced Ceramics Corporation of Lakewood, Ohio.

'2 SAG 10 antiforming material, which is commercially available from CK Witco Corporation of
Greenwich, Connecticut.

'3 RD-847A polyester resin which is commercially available from Borden Chemicals of
Columbus, Ohio.

** DESMOPHEN 2000 polyethylene adipate diol which is commercially available from Bayer _
Corp. of Pittsburgh, Pennsylvania.

'> PLURONIC™ F-108 polyoxypropylene-polyoxyethylene copolymer which is commercially
available from BASF Corporation of Parsippany, New Jersey.

'® ALKAMULS EL-719 polyoxyethylated vegetable oil which is commercially available from
Rhone-Poulenc.

"7 ICONOL NP-6 alkoxylated nonyl phenol which is commercially available from BASF
Corporation of Parsippany, New Jersey.

'® POLYOX WSR 301 poly(ethylene oxide) which is commercially available from Union
Carbide Corp. of Danbury, Connecticut.

' DYNAKOLL Si 100 rosin which is commercially available from Eka Chemicals AB, Sweden.
% SERMUL EN 668 ethoxylated nonylphenol which is commercially available from CON BEA,
Benelux.

#! SYNPERONIC F-108 polyoxypropylene-polyoxyethylene copolymer; it is the European
counterpart to PLURONIC F-108. :

%2 EUREDUR 140 is a polyamide resin, which is commercially available from Ciba Geigy,
Belgium. .

% VERSAMID 140 polyamide resin which is commercially available from Cognis Corp. of
Cincinnati, Ohio.

* FLEXOL EPO epoxidized soybean oil commercially available from Union Carbide of
Danbury, Connecticut.



15 PLURONI CTM F- 108 pol yoxypr opyl ene- pol yoxyet hyl ene copol yner which is
comercially available from BASF Corporation of Parsippany, New Jersey. 16
ALKAMUL S vED 073087901 yoxyet hyl at ed vegetabl e oil which i s cpamPseiaBsly

avai |l abl e from Rhone-Poulenc. 17 | CONOCL NP-6 al koxyl ated nonyl phenol
which is comercially available from BASF Corporation of Parsippany, New
Jersey. 18 POLYOX WBR 301 pol y(ethyl ene oxide) which is commercially

avai l able from Union Carbide Corp. of -Epbury, Connecticut. 19 DYNAKOLL Si
100 rosin which is commercially available from Eka Chem cal s AB, Sweden.
SERMUL EN 668 et hoxyl at ed nonyl phenol which is commercially available from

copol yrer ;- uienal TopIHEhG Ranelad 8PgBs YBEV IR ARHAIE A o0 Y el
140 is a polocmp atﬂble eeainng ale (tlbcﬁosedmmveSCS@#Id;\I}N@.\&Q/ﬁZ@BEGféln?ﬂE@ bal GE: gy,
Bel gium 23 VERSA ol.yam de resi lch 1s conmmercially avallable

i r?% Cogni s PE?Q'@P lf;g@? Eﬁ%ﬁ"'Sqr@qs@”dzﬁh:?q_@@cm%%$m§2?%Sfanm
oi | comercif e

01 2ho7a" peredau 2, 2BR0CuhichTs Heres) ebRiditedl by A exgrrpl es of glass

fi ber yards having a resin conpatible coating are disclosed in U S. Serial
No. 09/620, 526 enThetfodzldwmg lsmagmmwi’rgg Bustsative @eamplerairedmultiple Brag@uct s

I ncl udi ng the Sa filed Ju 0, 2000, which is hereby incorporated
by ref ergncé"’O‘SnéIT'E%C'?atﬂq 'BﬁPrrPé’r?tE‘ BFM%?‘? Reesent veptien.v 8 tispl e of a

mul tiple st %mﬁl@UEQZngﬁﬁ\%s'f SN P RS tﬂﬂqjé Eﬁé;%}éc?ﬁuﬁa ab Qﬁoﬂfﬁﬁent

I nvention. In th exa 5 yarn was torned 1nto a bottle shaped
bui | d as shdviguten5. Fhgyaekage Was Phirichge (248 ch) long laasl c(n’lﬁleé into) 126909 and

R I e B R R KRN
0.5 inches (iAitiglstfeRe wasG0bhRcrements (approximately 0.5 inches (1.27 cm)) and the
initial indexing ratio A:B was 4:0. It was determined that the desired diameter
of the package was 6 inches (15.2 cm) and this diameter would be reached
when the upper limit of the winding stroke is approximately at increment 5768.
15 Starting from the bottom of the bobbin which was set at 0, the upper limit of
the stroke was increased by 4 increments each stroke, and winding continued
until the upper limit reached increment 5768. At this point in the winding
operation, the A:B ratio was changed to 4:4 and winding continued until the
upper limit of the stroke reached 12690. The resulting package was an 11
20 inch long, 10 pound package having a 6 inch diameter.

From the foregoing description, it can be seen that the present
invention provides a winding operation that reduces the abrasive wear on the
yarn and accompanying breaks during pay-out and increases the amount of

25 yarn that can be wound on a bobbin while maintaining these improves pay-
out properties. It will be appreciated by those skilled in the art that changes
could be made to the embodiments described above without departing from
the broad inventive concept thereof. It is understood, therefore, that this
invention is not limited to the particular embodiments disclosed, but it is

30 intended to cover modifications which are within the spirit and scope of the

invention, as defined by the appended claims.



initial indexing ratio A°-B was 4:0. It was determ ned that the desired

di aneter of the package was 6 inches (15.2 cm and this dianmeter would be
reached wéemwhe upper |imt of the winding stroke is appeDysomi2adly at
increnent 5768. 15 Starting fromthe bottom of the bobbin which was set at
O, the upper limt of the stroke was increased by 4 increnents each
stroke, and w nding continued wuntil the upper limt reached increnent
5768. At this point in the winding oper@ion, the AAB ratio was changed to
4:4 and winding continued until the wupper limt of the stroke reached
12690. The resulting package was an 11 20 inch long, 10 pound package
having a 6 wQghcdigreter. Fromthe foregoing description, it can be seen
that the present 1 nvention provides a w nding operation that reduces the
abrasive wear on the yarn and acconpanyi ng breaks during pay-out and

i ncreases the amgunt qf 2 rp.that can be und pn a bobbi.n while
Imai nt ai ni ng these"i rrp?)bwgh%‘gﬁf%mngp?m %&r H%CRW?'I CHBPEHPYeci at ed by
those skilled in the ffihdihhad fishPBERH ofshieind dotnpfRfiRy bPIde oREHRET tBﬁ“tS

descri bed above wi thout departing from the broad inventive concep
thereof. 9t is ugdeobhibsging amérséingexing ratio A, whereehis greater than 0 i i t ed

to the particul ar dj sl osed, but it is 30 intended to cover
nodi fi cations maé‘ﬁrgfseb%%%ﬂstﬂgbﬁ irit and scope of the invention, as
defined by the appendedngingia®ecod HartidrA Df 4trErd cofibtisitpailieastZéhe #BeiCLAI M

1. A method of form ng a wound fiber package, conprising: w ndi n%_ a first
portion of stran@ndbmhabbimysiag a seganddndexing satioA:B differeabitom theifiief a

first indexing rfﬁ’idé&i 'ﬁatio‘é"gsﬁ{)eg.éi .K‘ahafégéféﬁér%ltélj}ﬁgn% and A is greater

than B; and w nding a $Seco rtion o conprising at |east one
fiber d® the bobbin using a second indexing ratio A-B different fromthe
first indexing ratio, wherein A ang are greater than 0. 10 2. The net hod

| B than 0. 10 Z
according to cl aizm 1, T\k)_r‘?e'r'éf drageording teclaim 1. WiesreiyA in Hhe Brstindexing i n
the second irgfexhMis A Pe second indexing ratio.

3. The method according to claim 1, wherein A in the first indexing
15 ratio is different from A in the second indexing ratio.

4, The method according to claim 1, wherein A equals B in the
second indexing ratio.

20 5. The method according to claimi, wherein in the first indexing -
ratio, B equals 0.

6. The method according to claim 5, wherein A in the first indexing
ratio equals A in the second indexing ratio.
25
7. The method according to claim 6, wherein A equals B in the
second indexing ratio. '

8. The method according to claim1, wherein in the first indexing
30 ratio, B is greater than 0.



3. The nmethod according to claim1, wherein Ain the first indexing 15
ratio is different fromA in the second indexing ratio. 4. The net hod
accordi ngv002/3492¢i m 1, wherein A equals B in the second ipdevseig2ssati o. 20
5. The method according to claim1, wherein in the first indexing ratio, B
equals 0. 6. The nethod according to claim5, wherein Ain the first
indexing ratio equals Ain the second indexing ratio. 25 7. The nethod
according to claim6, wherein A equals3in the second indexing ratio. 8.
The met hod according to claiml, wherein in the first indexing 30 ratio, B
is greater than 0. WO 02/34974 PCT/US01/32381 -30 9. The nethod according
to claim8, wherein Ain the first indexing ratio equals A in the second
indexing ratio. 5 10. The method according to claim9, wherein A equals B
in the second igndexiThe meathaed addordihgetoaiding, ahe@inArig the ficst andexing f ur t her
conprising wind a third portion of strand conprising at |east one fiber on
t he bobbi nrale agualstnin theigpconddrdeng 5ati, A B different from at |east one
of the first and second indexing ratios. 12. The nethod according to claim
1, wherein the first and second indexing ratios forma package conpri sing
a cylindrical pdQiomThHnmhethabaceatinglib cidiap@dvbercin Aredumls Bgndine i ncl i ned
coni cal surface at one end of the cylindrical - portion. 13. The nethod
accordi ng tS6CeN4inHeXNg {#i%ei n the inclined conical surface of the conical
shaped portion of the package has a slope of at least 20 45. 14. The

met hod according to claim1, wherein the first and second indexing ratios
form a package ddnpri&ienmethadaceardingdb qlaint 1,durther Eomprisingniiodla third

portion of strand comprising at least one fiber on the bobbin using a third
10 indexing ratio A:B different from at least one of the first and second indexing

ratios.

12.  The method according to claim 1, wherein the first and second
indexing ratios form a package comprising a cylindrical portion and a conical
15 shaped portion having an inclined conical surface at one end of the cylindrical

portion.

13. The method according to claim 12, wherein the inclined conical
surface of the conical shaped portion of the package has a slope of at least
20 45°.

14. The method according to claim 1, wherein the first and second
indexing ratios form a package comprising a cylindrical portion, a first conical
shaped portion having an inclined conical surface at one end of the cylindrical

25 portion and a second conical shaped portion having an inclined conical

surface at an opposing end of the cylindrical portion.

15.  The method according to claim 1, both of the winding steps
comprise winding a strand comprising at least one glass fiber.
30



shaped portion having an inclined conical surface at one end of the
cylindrical 25 portion and a second coni cal shaped portion having an

i ncl i ned wond/sal4 surface at an opposing end of the cylindeCTakoys2sgl on. 15.
The net hod according to claim1l, both of the winding steps conprise

wi nding a strand conprising at |east one glass fiber. 30 WO 02/ 34974

PCT/ US01/ 32381 -31 16. The nethod according to claim15, wherein the at

| east one glass fiber is at least part-i3ly coated with a resin conpatible
coating. 17. A nethod of form ng a wound fiber package, conprising: 5
formng an initial section of strands conprising at |east one fiber, the
initial section in } ; i kage
dianeter; and w mnggg?ep ura#tégédggmgﬁgc%e%@fsg’ \@ﬁ%aeﬂ]dﬂﬁ%/tgggstoc\@%? t he

coni cal shatass Sherfiaat ledst partially toated with ahresithecompattiija cloatieg.di anet er so
as 10 to forma wound fi ber package conprising a cylindrical portion and a
coni cal shaped portion at one end of the cylindrical portion. 18. A nethod
of formng a woungy gl 88 gndth6§ bf RARHIY 8 wERTEPfiher pHE i QBN iAgstrand
conprising at |east one gl ass f?’ger oﬁ“é bobllol?(ﬁlﬂui}gagg c?ltghgﬁsﬁ%dexi ng ratio
A: B, wher®in A is gredpeningraminiial section obstfanda comprisidg gé idestone diber,i si ng

I i ) ion.. 19, .Th hod di | ai m 18,
wherern Bi s or oateINiRCiPRSh tisiihg 4 SogPALe P th S G Bt Afebled “such t hat
the wound packagedckahbeliambtesoafd i ses an additional conical shaped

portion. 20. The nethod according to claim 18, further conprising coating
at least a portion ofWiNHIGA plusaliy obsHCessie strand layprsovertbeicanisehpat i bl e

coating. WO 02/ S%E%S(ESUrH%QMﬁ%%ém ’i@%ﬁéﬁe d%s“@ﬂrb%lctéggé Ej(i)a%@&??gé’as

conprising: a fi I on stran rrsing at a ron a
bobbi n thavi ng a tbifosh ai wodnd filger pdadkagé: ddmprising arcyinddcal pettioeraidian 0 and
Al . . o .

'S conical shaped portion at one end of the cylindrical portion.

18. A method of forming a wound glass fiber package, comprising:
winding a strand comprising at least one glass fiber on a bobbin

15 using an indexing ratio A:B, wherein A is greater than 0, so as to form a

wound package comprising at least a conical shaped portion.

19.  The method according to claim 18, wherein B is greater than 0
and A is greater than or equal to B, such that the wound package further

20 comprises an additional conical shaped portion.

20.  The method according to claim 18, further comprising coating at

least a portion of the at least one glass fiber with a resin compatible coating.



greater than B; and 5 a second portion of strand conprising at |east one
fiber on the bobbin having a second indexing ratio A-B different fromthe
first imvdent/swy74ati o, wherein A and B are greater than OPCRES0IIH2881f i ber
package according to claim?21l, wherein Ain the first 10 indexing ratio
equals Ain the second indexing ratio. 23. The fiber -package according to
claim?2l1l, wherein Ain the first indexing ratiois different fromA in the
second indexing ratio. 15 24. The fi ber 3gpackage according to claim 21,
wherein A equals Bin the second indexing ratio. 25. The fiber package
according to claim?21, wherein in the first indexing ratio, B equals 0. 20

26. The fi ber pa%ggemﬁgﬁgiﬁggré&@ﬁ gg ris erein Ain the first
’'nde

i ndexing ratio equals A Irn the secon Ing¥atio. 27. The fiber package
accordi ng to clai m 26a fisktpeition Af etrantd coprisingat lehst 61ee fiber omeaobivgh r at i o.
28 The fi ber pacF‘g e according.to clajm 21, wherein in the first indexing
ratio, B is great@NGAHSS INagxingpraiiody B, piverend js:areater than Oand Avig 1 ber
package accordin i wherein Ain the first indexing ratio
equals Ain the gé%égﬁghfdr%%ﬂ% ratico. 30, The fiber package according to
claim 295 wherein A eqstcond partiordof stearsd comprisimgeatileastroxia fiberdh th&he fi ber

package accordin .clai.m 21, wherein.the strand. .11 ¢ rise t | east one
glass fiber. 10 %?E)B*Pn%?\f'?%érseﬁgﬁﬁé @&@tméygkﬁ"%&?'&ﬁﬁ@ﬁe [Rerein the at
lleast one gl assiddehdig tdticdwhefSiRtA BA B &l greafA!tREn M th a resin conpatible
coating. 33. The fiber package according to claim?21, wherein the first

and second indexing ratios forma package conprising a cylindrical portion

A ot the CaurTRasT aRHE R baBRabEULOSaRY kIS, GRBISHRA R BRG 2 On

10 indexing ratio equals A in the second indexing ratio.

23.  The fiber package according to claim 21, wherein A in the first
indexing ratio is different from A in the second indexing ratio.

15 24.  The fiber package according to claim 21, wherein A equals B in

the second indexing ratio.

25.  The fiber package according to claim 21, wherein in the first
indexing ratio, B equals 0.
20
26.  The fiber package according to claim 25, wherein A in the first
indexing ratio equals A in the second indexing ratio.

27.  The fiber package according to claim 26, wherein A equals B in
25 the second indexing ratio.

28 The fiber package according to claim 21, wherein in the first
indexing ratio, B is greater than 0.



34. The fiber package according to claim33. wherein the inclined conical
surface has a slope of at |east 45. 20 35. The fi ber package according to
clai m 33.wéuor/s492+ conprising an additional conical shapeBCpost/assiat an
opposi ng end of the cylindrical portion. 36. The fiber package accordi ng
to claim?2l1, further conprising a 25 third portion of strand conprising at
| east one fiber on the bobbin having a third indexing ratio A:B different
fromat |east one of the first and secom@B-indexing ratios. WO 02/ 34974
PCT/ USO01/ 32381 -34 37. A wound fiber package conprising at |east one
strand conprising at |east one fiber, conprising: a conical section of
strand having a iC g&g@a : I f j shaped
successi ve | ayer gﬁlo'f ;&!t-l?éaﬂd O@égpfegéﬁ%%ﬂﬁﬂéo g@ﬂ#(‘%ﬁb\}sﬁlﬁ?@éﬁg@eﬁét coni cal
section, whendéxinghatio equaledsinthel seoend indeximgrgtackage havi ng; a general ly
cylindrical shaped portion; and a conical shaped portion at one end of the
cylindrical portion. 10 38. A wound fiber package conprising at |east one
strand conprisi rgp.at Ti@ﬁber%&kfabéeﬁocoﬁd]ﬁ@rté glaiit: 292 WHerEiRl A Ekﬁu?l@ B.in

overl ayi ng conical shaped strand layers formng a generally cylindrical
shaped po‘gt itha seaand indaxingeatioshaped portion conprising an inclined conical
surface at one end of 15 the cylindrical portion. 39. A wound gl ass fi ber
package, conprising: a plurality of conical shaped overlaying |ayers of

strand conprisin@fat |'Hesfib@nsadkagesadcobfifg té B, whetdinithd straRared
portion having an indexing ratio A:B, wherein Ais greater 20 than 0. 40.

The fiber p isegcideastiRne @lass fibal-39, wherein B is greater than 0 and A
is greater than or equal to B, and the wound package further

10 32. The fiber package according to claim 31, wherein the at least
one glass fiber is at least partially coated with a resin compatible coating.

33.  The fiber package according to claim 21, wherein the first and
second indexing ratios form a package comprising a cylindrical portion and a
15 conical shaped portion having an inclined conical surface at one end of the
cylindrical portion.

34.  The fiber package according to claim 33. wherein the inclined
conical surface has a slope of at least 45°.
20

35.  The fiber package according to claim 33. further comprising an
additional conical shaped portion at an opposing end of the cylindrical portion.

36.  The fiber package according to claim 21, further comprising a
25  third portion of strand comprising at least one fiber on the bobbin having a
third indexing ratio A:B different from at least one of the first and second
indexing ratios.



conprises an additional conical shaped portion. 25 41. The fiber package
according to claim39, wherein the at |east one glass fiber is at |east
partial | ywaozas®m with a resin conpatible coating. PCT/US01/32381

-34-

37. A wound fiber package comprising at least one strand
comprising at least one fiber, comprising:
a conical section of strand having a conical shaped surface; and
a plurality of conical shaped successive layers of strand
5 overlaying the conical surface of the conical section, wherein the
successive layers form a package having;
a generally cylindrical shaped portion; and
a conical shaped portion at one end of the cylindrical
portion.
10
38. A wound fiber package comprising at least one strand
comprising at least one fiber, comprising: a plurality of overlaying conical
shaped strand layers forming a generally cylindrical shaped portioh and a
conical shaped portion comprising an inclined conical surface at one end of
15 the cylindrical portion.

39. A wound glass fiber packagé, comprising: a plurality of conical
shaped overlaying layers of strand comprising at least one glass fiber, forming
a conical shaped portion having an indexing ratio A:B, wherein A is greater
20 thanO.

40.  The fiber package according to claim 39, wherein B is greater
than 0 and A is greater than or equal to B, and the wound package further
comprises an additional conical shaped portion.

25
41.  The fiber package according to claim 39, wherein the at least

one glass fiber is at least partially coated with a resin compatible coating.



