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reference herein.

Technical Field
15 The present invention relates to an aluminum conductor composite core
(ACCC) reinforced cable and method of manufacture. More particularly, to a cable
for providing electrical power having a reinforced fiber thermosetting resin composite
core surrounded by aluminum conductor capable of carrying increased ampacity at
elevated temperatures.

20
Background of Invention

This invention relates to composite core members and aluminum conductor
composite core (ACCC) reinforced cable products made therefrom. This invention
25  further relates to a forming process for an aluminum conductor composite core
reinforced cable (ACCC). In the traditional aluminum conductor steel reinforced
cable (ACSR) the aluminum conductor transmits the power and the steel core is
designed to carry the transfer load.
In an ACCC cable, the steel core of the ACSR cable is replaced by a
30  composite core comprising at least one reinforced fiber type in a thermosetting resin

matrix. Replacing the steel core has many advantages. An ACCC cable can maintain



2 operating tenperatures in the range of about 90 to about 230 C w thout
correspondi ng sag induced in traditional ACSR cables. Mireover, to increase
anpaci ty,wen3soo® cabl e coupl es a hi gher nodul us of el ast PCirtusosi2sko a | ower
coefficient of thermal expansion. 5 THBis invention relates to an al um num
conductor conposite core reinforced cable suitable for operation at high
oper at i ngopewting temperasaresyinttheyargelsd poyt PP A abewt 250 °Covitheint oper ati ng
limtations inherent in other cables for providing electrical power

wher ei n peosesindimg odg et i calitiopel SR patllesd Morpryeh telingiepsebut i on and
transm ssion cables. Typical ACSR cables can be operated at tenperatures
up to 100dnmaeity ah @R tabluicuplebabighermadniyg of elagficky withfilevest change in the
conductor's physical properties related to a reduction in tensile

st r engt h. cotffesent bltinparahbxpaesidn. m t s constrain the thermal rating of a

typi cal 230-kV line, strung with 795 kcm | ACSR "Drake" conductor, to
about %00 WA, THomrvaspaneaagtotan almdnmi estductbr ddGOsif coBomidatar cabl es are
constrai ned by the inherent physical characteristics of 15 the conponents
that |i m ¢abRrguashlé Yor opbatorsa diphfopaatidgtemphietupspdthotibeing lmitddgur e of t he
ability to send power through the cable wherein increased power causes an

i ncrease {urenhépetating liliQtion iReMmadn oligr catefonprovidingEleceisslipsecheat causes
the cable to sag below permi ssible | evels. Therefore, to increase the |oad

carrying gagsmigrovifbn of dedRsoAl Sowep hekidbd Rsh dibifiBu@dng tiahSeibdionmust be
desi gned usi ng conponents having 20 inherent properties that wthstand
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conductor, to about 400 MVA, corresponding to a current of 1000 A.

Conductor cables are constrained by the inherent physical characteristics of
15  the components that limit ampacity. More specifically, the ampacity is a measure of
the ability to send power through the cable wherein increased power causes an
increase in the conductor’s operating temperature. Excessive heat causes the cable to
sag below permissible levels. Therefore, to increase the load carrying capacity of
transmission cables, the cable itself must be designed using components having
20  inherent properties that withstand increased ampacity without inducing excessive sag.
Although ampacity gains can be obtained by increasing the conductor area that
wraps the core of the transmission cable, increasing conductor weight increases the
weight of the cable and contributes to sag. Moreover, the increased weight requires
the cable to use increased tension in the cable support infrastructure. Such large load

25  increases typically would require structure reinforcement or replacement, wherein



3 such infrastructure nodifications are typically not financially feasible.
Thus, there is financial notivation to increase the | oad capacity on

el ect ri cawotosamns ssi on cables while using the existing PCIAESNG/ES2ON

| i ens. European Patent Application No3 EP116374A3 di scl oses a conposite
core 5 conprised of a single type of reinforced gl ass fiber and

t her mopl aseh infiastsicture Miedificetfsne eie typically nptrfancidlysfasthle cHruscthere i ansni ssi on
cable which utilizes a reinforced plastic conposite core as a |oad bearing
el enent i findnbiel wetiMatiom tedintreasp tieMpaficcapacity ph eldctafal tepsniissioncableect ri cal

current through an electrical transm ssion cable which utilizes an inner

r ei nf or cedhibd witgithe ©dstimg trihemisdomleps.t e core fails in these objectives. A
one 10 fiber system conprising glass fiber does have the required stiffness
to attract transdpean Phtemd\ppiichtioad®o. ERE 68 3A kdifdlaes segopasde cdBzcondl y, a
conposite core conprising glass fiber and thernoplastic resin does not
meet the ep@réd 64 sigPgpadiiemsortedQliss fobrbnd theinnpistdsedinafpaci ty, nanely,
bet ween 90 and 230 C. Conposite cores designed using a carbon epoxy

conposi t egledt & tabfRideavlectfall tinshiesién ehblefvldeH dtilizss a rehiforcal fiaic epoxy core
has very limted flexibility and is cost prohibitive. The cabl e product
havi ng a gahdeie QROIYa 168 Beatlfeslement il eatdeiddd t6 bRide afha@ddduifl ity to permit
wi ndi ng and transport. Moreover, the cost for carbon fibers are expensive

conpar ed ton oGt RYPdURR tRrohfIPAT SectridiPtrdiBSissiof CalewhRR ufilikens is in the
range of $5°to0 $37 per pound conpared to glass fibers in the range of $.36

to $1.20 feRehiRRUMhsiACsEr dhd Sbitpose GATRAS il Bok @hbRoGRBSAIuAEL ed of only
carbon fibers Is not financially feasible. Physical properties of

CONPOgHh t e[EAL en‘?‘&ﬁnﬁrﬁ'iﬁ Jss Kib& do€5nakly the TQfufed kiftthesd B hRAESranse€Vi OUus

processi ng nmethods cann achireve a high fiber/resin ratio by volune or

25 wi i ol molel B e M e RO bR R o S Cver - Che

25 will Ieve t reng onpet st eel r reover, the

processin gbé’r@n&) %é%?o]p%ggc Ea?ly &dt?sof?’c(t ;I%g’tztge operating temperatures required for

. increased ampacity, namely, between 90 and 230 °C.
Composite cores designed using a carbon epoxy composite core also have
15  inherent difficulties. The carbon epoxy core has very limited flexibility and is cost
prohibitive. The cable product having a carbon epoxy core does not have sufficient
flexibility to permit winding and transport. Moreover, the cost for carbon fibers are
expensive compared to other available fibers. The cost for carbon fibers is in the
range of $5 to $37 per pound compared to glass fibers in the range of $.36 to $1.20
20  perpound. Accordingly, a composite core constructed of only carbon fibers is not
financially feasible.
Physical properties of composite cores are further limited by processing
methods. Previous processing methods cannot achieve a high fiber/resin ratio by
volume or weight. These processes do not allow for creation of a fiber rich core that

25  will achieve the strength to compete with a steel core. Moreover, the processing



4 speed of previous processing nethods are Iimted by inherent
characteristics of the process itself. For exanple, traditional pultrusion
di es are wppsoxionat el y 36 i nches, having a constant cros®C3asns/m320 The
result is increased friction between the conposite and the die slow ng
processing time. The processing tines in such systens 5 for epoxy resins
range W spsedofaiyeniousroqgstimgshethodstaee lingitedthyunhetedt chacdstesistidsofithe, which is not
econom cal ly feasible. Mreover, these processes do not allow for conposite
conf i gur pioresm iteehfll Fou exanple] traditigna pdirpsiacdissare whpeoamatelylbéi inghe onpr i ses
changing the fiber/resin ratio. It is therefore desirable to design
econoni chding & @astadtlceosA\GCEon aiteassultayintigased Giction betsstn thae rei nforced fi ber
type in a thernposetting resin matrix conprising i nherent physical

char act ecdngiositesaridithd dik slointing mdesdinpainea SE@ pasteadigttimasiih holitsystemtsr espondi ng
cable sag. It is further desirable to process conposite cores using a
process fodapoxgirtsdwSangeavifhiigatioat 6 dohesMtnitel i dbguto2 ihdtes/mdniagsihich cores duri ng
processing and allows for processing at speeds in the range of about

of t/ mn {s@ob&ohdrhidhiB;: fedddbl SUNBBOYerOhese Pock¥EdY Add RildWA EdrRampskitanpaci ty can be
achi eved by using an al um num conductor conposite core (ACCC) reinforced
cabl e. Aporfichatiéadal oRi6E utithe rb@es@vdlhiaﬁﬁrtuﬁiﬁgpﬁﬁ sé§ ShangigpMheag conduct or,
whi ch can bgg;gtperat ed a%? tlg%ger%tures above 100C ﬁ{V\II’]i | e %x%,id%i ting stable
tensil e ghdigfish Bignd creep el ongation properties. It is further 20
desirabl e to achieve practical tenperature limts of up to 230C. Using an

ACCC rei nf orie R abfeRics b b bifntRlIE PlpIPACC bkl 0 nal . at

180C al so increases e line rating by % w t hout any significant change
el ongat | Srcp ARGt e R e R e F R HE R CoPAge bR Wi T ot
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sag. It is further desirable to process composite cores using a process that allows

configuration and tuning of the composite cores during processing and allows for

processing at speeds in the range of about 9ft/min to 50 ft/min.

15 Summary of the Invention

Increased ampacity can be achieved by using an aluminum conductor
composite core (ACCC) reinforced cable. An ACCC reinforced cable is a high-
temperature, low-sag conductor, which can be operated at temperatures above 100°C
while exhibiting stable tensile strength and creep elongation properties. It is further

20  desirable to achieve practical temperature limits of up to 230°C. Using an ACCC
reinforced ca}ble, which has the same diameter as the original, at 180°C also increases
the line rating by 50% without any significant change in structure loads. If the
replacement conductor has a lower thermal elongation rate than the original, then the

support structures will not have to be raised or reinforced.



In particular, replacing the core of distribution and transm ssion
conductor cables with a conposite strength nenber conprising fiber and
resin w twoasnetoat i vel y hi gh nodul us of elasticity and aPcaleos/vasky | ow
coefficient of thermal expansion facifitates an increased conductor cable
anpacity. It is further desirable to design 5 conposite cores having | ong
t er m dur abi | i inpadichlenireyjacitpehcanpasiiftebgion endjtrimsmisstoarconduotooper at e at | east
sixty years, and nore preferably seventy years at the tenperatures

associ at exdbloavtith at doenpositer strasghl mampawotprisiap fibkdr aB0 rédsim W8 €lativély hout havi ng
to increase either the dianmeter of the conposite core, or the outside

di anet er high miodelus 6fdlshticitpind akblagvelnlotuobffizlehoofshdrmal expaigphysi cal space to
put nmore alum num and for 10 the mechani cal and physical performance to be
abl e to fE#itaidsha iScahstd ¢Bntsctotchible binpadith C iteameHerciREieibL: o desi@i ght . Furt her,
the invention allows for formation of a conposite core having a snaller

core si Z&mﬁbsﬁ&&it&sﬂfavﬁ@ﬂﬁlg&érﬁﬁd@d& @yalléwify GRREMGbMMe statpiiemb@bsaccommpdat e an
i ncreased vol une of al um num wherein an ACCC cabl e has the sane strength

and 15 vwgidg Qltate('al??era@tcsbgi y&td, &ﬁirﬁ&e@r&é}Mygéveﬁtyge@iﬁtm tRgethusconposite
core. To achieve the desired anpacity gains, a conposite core according to

the inveatdigm wﬁm@hﬁ&e&%ﬁa@ﬁ LB S0 RAAOE, FithQWniRAgHous of elasticity
with fibers having a hi gh nodulus of elasticity for increased stiffness of

the cor emefegseamh&%é diaRb@PSRhd QPRSI or Y ogn@ﬂphﬁma&r bifpgrs, a new

property set including different 20 nmodul us o asticity, ther rral
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calculatlons @ﬁOM/achleva§®e anp a en an a vance conp03|te is
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propéerties w range as e cores according

to the |nvr<=é£llste|d(():nn el ge %al n phyS| cal 25 characteristics dependent upon
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Further, the invention allows for formation of a composite core having a
smaller core size. A smaller core size allows the conductor cable to accommodate an
increased volume of aluminum wherein an ACCC cable has the same strength and

15  weight characteristics as a conductor cable without a composite core.

To achieve the desired ampacity gains, a composite core according to the
invention may also combine fibers having a low modulus of elasticity with fibers
having a high modulus of elasticity for increased stiffness of the core and a lower
elongation percent. By combining fibers, a new property set including different

20  modulus of elasticity, thermal expansion, density and cost is obtained. Sag versus
temperature calculations show achievable ampacity gains when an advanced
composite is combined with low modulus reinforced fibers having inherent physical
properties within the same range as glassfiber.

Composite cores according to the invention meet certain physical

25  characteristics dependent upon the selection of reinforced fiber types and



thernosetting resins with desired inherent physical properties. Conposite
cores according to the invention have substantially | ow thermal expansion
coef fici ewD93/09®0bst antially high tensile strength, abili PgTiusosm2shet and a
substantially high range of operatingétenperatures, ability to withstand a
| ow range of ambient tenperatures, 5 substantially high dielectric

proper t i Bermgsetting fesing wathtdesited fahigieont physicd pEPerics. GPMPSHECOEh parti cul ar,
conposite cores according to the present invention have a tensile strength
wi t hi n t #reondingde thefinedntion have gustanagtydew tipomudsixpangionwoefficientdf el asticity
within the range of about 7 to about 30 Msi, an operating tenperature

Wi t hi n t $vstantiadis high terisge streng, abdlitybowiths2@a aGubstahtially igh range efxpansi on
coefficient within the range of about 0 to 10 about 6 x 10"6 m m C. These
ranges camrdtiagdankncaatads, byility te withstend elonfrangeed afbisetrtetipgraturesr a conbi nati on
of reinforced fiber types. Theoretically, although the characteristics

coul & besuhsthntiallg Highydideddiingbeertidshad sitffigentdleribdity forp@rma windig ilsal poi nt  of
view, nost cores within the scope of this invention conprise two or nore
di st i nct partdubdrprongdsitd daeds acdoydifsto theprashilt invention Heyeartehsilg stigngthhe physi cal
characteristics desired in the final 15 conposite core, the conposite core
accommodaitkia theahhgtdfabsutil 80 fol@oitel4aKisi @ nfdls bSeladiitityf Whkihshe Conposite cores
of the present invention can be formed by a B-stage formng process

wher ei n fahQesrabaite toRbsuR 90 Wik, An b&htingatidpdAitei withHht Yanpel bt #dut hr ough a
plurality of zones within the process. The B-stage form ng process rel ates

gener al | o) ¥Qbbg 280 eC BERNAHNSE{N Epaffio PRIt RithRANE: HBHTRB0R0%b I el at es
specifically to an inproved apparatus and process for making resin

i mpr egnajidi § k REP AP OBk Erahfts Garl B MR BleFed by MNify1S REFbELLCRe: Ype according to
a preferred enbodi ment, a nulti-phase B-stage Pprocess forns a conposite

core nmenfier obduitibh BEfiRRekd it Bpdd tﬂe&eﬁ%n&,%ﬁth&f]gh%&aﬂemtﬁ@er aggaci ty,

| ower el ectrical resistance and’II ghter welght than previous core

member s. gi/%éegiic Ofég&gb(%kﬁgl)gﬁtﬁ%g‘ﬁo&}&rhﬂ a FABRAFHJiR oF M, HBGPET s having a

fiber WO

cores within the scope of this invention comprise two or more distinct reinforced fiber

types. In addition, depending on the physical characteristics desired in the final
15 composite core, the composite core accommodates variations in the relative amounts
of fibers.
Composite cores of the present invention can be formed by a B-stage forming
process wherein fibers are wetted with resin and continuously pulled through a
plurality of zones within the process. The B-stage forming process relates generally
20  to the manufacture of composite core members and relates specifically to an improved
apparatus and process for making resin impregnated‘ﬁber composite core members.
More specifically, according to a preferred embodiment, a multi-phase B-stage
process forms a composite core member from fiber and resin with superior strength,
higher ampacity, lower electrical resistance and lighter weight than previous core

25 members. The process enables formation of composite core members having a fiber



to resin ratio that maxi mzes the strength of the conposite, specifically
flexural, conpressive and tensile strength. In a further enbodi nent, the
conposi t ewomsmotopenber is wapped with high conductivity @&Cunises/msee@sul ting
in an ACCC cable having high strength7and high stiffness characteristics.
5 BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her features of the

i nvent i oty reyieratio shat uadienizds dlocstioggsth of the comppstta spechfeaiefleivkadd descri ption of
the invention, read in light of the acconpanying drawings, in which: FIG
1 is a scimpressive and wgsiksirafgtia [Badtdige ethiordimend, the comswsiteisrel for formi ng 10
reinforced fiber conposite core nenbers in accordance with the present

i nvent i omembérliGnrppedwith bigh eormintitviigiahgriaum edsulting insdhi AQCChshie ng sufficiently
spaced passageways for insertion of the fibers in a predeterm ned pattern
t 0 gui dehdvirg Higlbereagth Andhigh stithesSehamat@geics.or m ng process in accordance w th
the present invention. FIG 3 is a schematic view of the structure of a
bushifhg, said view SIBRIERDHESORIPTIONIGE THEVRAWINGSd t 0 shape and conpress

t he bundl es of reinforced fibers in accordance with the present invention.
FIG 4 is schisd id deipatrGo tRfindotfortiré bas tiderdtioaby ReSabBaM ng a
reduction in the passageways from one bushing to the next to shape and
conpact b dethilddedeScripib of 18 bRl Rad fﬁrli%hﬂﬂ‘tﬁé'&c OBk luBvARgse I'N
accordance with the present invention. 20 FIG 5 shows a cross-sectional

vi ew of fRidiyy possi bl e conposite core cross-section geonetries according
to the invention. FIG 6 is a multi-dinensional cross-sectional view of a

| [it fi; i P oo - Of wi ng the
pl ural i tyf bHsREASE QYL 8f £B sagg E&ﬂ%r{% %(%gsulé R &) _go g

decreasi ng passageway size wthr ec shi ngs. 03/ 091008

PCT! HP03fchdcel fiftr Bbiibosfic bte foffbis il ARG BT frbselil f¥rBbna PIural ity of

bushi ngs show ng mg

FIG. 2 is a schematic diagram of a bushing showing sufficiently spaced passageways
for insertion of the fibers in a predetermined pattern to guide the fibers through the B-
stage forming process in accordance with the present invention.
FIG. 3 is a schematic view of the structure of a bushing, said view showing the

15  passageways used to shape and compress the bundles of reinforced fibers in
accordance with the present invention.
FIG. 4 is schematic comparison of two different bushings showing a reduction in the
passageways from one bushing to the next to shape and compact the fibers into
bundles in forming the composite core in accordance with the present invention.

20  FIG. 5 shows a cross-sectional view of thirty possible composite core cross-section
geometries according to the invention.
FIG. 6 is a multi-dimensional cross-sectional view of a plurality of bushings overlaid
on top of one another showing the decreasing passageway size with respective

bushings.



of the passageways and di m ni shing size of the passageways with each
successive bushing in accordance with the invention. FIG 8 is a cross
sect i onalwoiremwhs one enbodi ment of a conposite core accordirngoyes2® t he
invention. FIG 9 is a schematic view 8f an oven process having cross
circular _air flowto keep the air tenperature constant in accordance wth
t he i nvdiGi dis.a 1mldphas schematie vigwof ¢ pburslon of bughings shpwinganigestion ng el enent i n
the oven represented in FIG 9 showi ng each heater in the heating el enent
i n accoradfdreqessageways el dinmirashingnize of 1@ passagewnrys with gachshensesivec vi ew of one
enbodi ment of an al um num conductor conposite core (ACCC) reinforced cable
showi ng ashingimerccadanae wétl tleonyosion.e core and an  outer | ow nodul us core
surrounded by two | ayers of al um num conductor according to the invention.
DETAI LEFIGESGHRI dfdss dtiahal Tidky dilWvEbibedina:d ol h eompposieadre acvostmgton Wil | now be
described nore fully hereinafter wwth reference to the acconpanying

dr awisngshe inventlohch preferred enbodi nents of the invention are shown. This
i nventi on may, however, be enbodied in many different forns and shoul d not
be constrIGes isasschdniitic @tkwi 6f ahbeceprocds Ipigr@&e tirdubdrtalt floerwikssp rat her, these
enbodi nents are provided so that the disclosure will fully convey the 20
scope Ofthé fietempeéRnid Whstak ih BRBRIaAdd Wikiele invedtitd. art. Like numbers refer to
i ke el ements throughout. The draw ngs are not necessarily drawn to scale

but are N Burcesis-t&tiodl R of thd Hebitily ddrfent HEhé SAREIr&Rnted B8 Pr esent
invention relates to a reinforced conposite core nenber made from

rei nfor 8@, § kiRl SERESEEGh B héathk SRR 8ERIL& \f/ﬁ?ﬂh@ ifvehtighSe 1 n al um num
25 conduct or conposite core reinforced (ACCC) cables to provide for

el ecly | GRG. PPNE! cﬁéﬂaﬁg’(f@%joqgﬁe E@Jd%%ﬂ-ﬁﬁﬁ&nmﬁm%ﬁ&&t&%ﬂnﬁ&lt erein

el ectrical power distribution includes distribution and
core (ACCC) reinforced cable showing an inner advanced composite core and an

outer low modulus core surrounded by two layers of aluminum conductor according
to the invention.

DETAILED DESCRIPTION OF THE INVENTION

15 The present invention will now be described more fully hereinafter with
reference to the accompanying drawings, in which preferred embodiments of the
invention are shown. This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein;
rather, these embodiments are provided so that the disclosure will fully convey the

20  scope of the invention to those skilled in the art. Like numbers refer to like elements
throughout. The drawings are not necessarily drawn to scale but are configured to
clearly illustrate the invention.

The present invention relates to a reinforced composite core member made
from reinforced fibers embedded in a high temperature resin for use in aluminum

25  conductor composite core reinforced (ACCC) cables to provide for electrical power



transm ssion cables. FIG 11 illustrates a typical enbodi nent of an ACCC
reinforced cable 300. FIG 11 illustrates an ACCC rei nforced cabl e havi ng
a rei nforwed3ogmbon fiber/epoxy resin conposite inner coPETAGHA3 /@I a
reinforced glass fiber/epoxy resin 5 cénposite outer core 304, surrounded
by a first |layer of alum num conductor 306 wherein a plurality of

t r apezoi disttibgion pddredr eledtricahporer disttbunipminchides dhsiriptiion asdnposi t e core and
havi ng a second | ayer of al um num conductor 308 wherein a plurality of

t r apezoitdabmshiapedleal HIG.Aunilstrianatypingmtedoemtof anACCE s¢infatogdi num | ayer
306. 10 Conposite cores of the present invention conprise the follow ng
char act embkt300.sFIGatl 1 ilkagiteomeA C@P eeinforaeéd catlloliayag of reinéorgedwarboabl e rel ati ve
anounts of each reinforced fiber type, reinforced fiber types of

subst antfit@l/byoxs i cotlipasiet iatier corei3nd andedinfércdibglass Yipegepoky gesiaubst antial |y
continuous | ength, conposite cores having a high packing density,

r ei nfsor ceehpbsitaruter ooy 304 \simeunded By 4 st Bpaer slgmMunhtshdidier J9acki ng 15
density, a volune fraction at |east 50% a fiber weight fraction between

about 60xiriéin 2 pR@dtty Jﬁ%?agaf_itiamata@m Aui Bl raddsaehp HBundmbst antial Iy | ow
t hermal expansion coefficient, a substantially high tensile strength,

abi ity doghpokitetdtcund haviasPsdcand ladrlof aluhir@ith dodbERor0f08 MRRIH 4 NY t enper at ur es,
ability to withstand substantially | ow anbient tenperature, having the

pot ent i gliuhRtyG¥akRIHidR sEAR ARiSurk MR REpIrRhe BR firk@hmid@nsubstantial |y
hi gh dielectfic properties, having the potential of a plurality of

geometrig..,859ss section configurations, and sufficient flexibility to
permt wnding of continuous |engths of conposite core. A conposite core

of tfte {0l | OWgr [ARIoPtheliASort i RIS BnBHLERKldwind he range  of about

160 to about 240 Ksi, a nodl elasticity in the Tange of about 7 to
chout Seabalfly GBS IR-SEE I Sk et gyt 50 ¢
coef fici r%%”orci:e% fibIgF tyf;& r}&gfoged ?iggr%fpeg orf &b@l@&ﬂﬁly gméll a%%{err,)reim&geﬁ; To
fiber types of a substantially continuous length, composite cores having a high
packing density, reinforced fiber tows having relative spacing within the packing
15  density, a volume fraction at least 50%, a fiber weight fraction between about 60 and
about 75%, adjustable volume fraction, substantially low thermal expansion
coefficient, a substantially high tensile strength, ability to withstand a substantially
high range of operating temperatures, ability to withstand substantially low ambient
temperature, having the potential to customize composite core resin properties,
20  substantially high dielectric properties, having the potential of a plurality of geometric
cross section configurations, and sufficient flexibility to permit winding of continuous
. lengths of composite core.
A composite core of the following invention has a tensile strength in the range
of about 160 to about 240 Ksi, a modulus of elasticity in the range of about 7 to about

25 30 Msi, an operating temperature in the range of about 90 to about 230 °C and a



achi eve these physical characteristics, conmposite cores of the present

i nvention can conprise one type of reinforced fiber having inherent

physi cal Wwoopeswdes to enable the conposite core to neet PChASO® (IR0 ed
physi cal specifications. Froma practi®al point of 5 view, nost cables
within the scope of this invention conprise at |east two distinct

r ei nf or cibemfal brpansigmpens iiczntizi thé ragee efabort Orto peout 6xriPEmymdCf Thers into the
conposite core nmenber offers substantial inprovenents in strength to

wei ght rachiege tweerphysitad chahderstosronhpositeiseel dfthe presohienventiamcaal ect ri cal power
transm ssion system Fibers may be selected 10 fromthe group conprising,

f or exangnerise amdigpe dfirbiefosced fibatHavidilinreentihysipaltpedpertiza seehpble ev| ar fi bers,
basalt fibers, glass fibers, Aramd fibers, boron fibers, liquid crystal
fibers, dingosipadoioiomRcte paluital phykeslepddifationsafebnt aphaoticahpsinfdfbers. Sever al
types of carbon, boron, Kevlar and glass fibers are commercially avail abl e.
Each 5 fiview, hydp eatiiaswithibihy p&pe of thisdhiynfigh €dhaprR€ hidedsbhnCdistinioat may be
conbined in various 15 conbinations in order to achieve a particul ar
conposi tinfdrted foefgipedl that these are only exanples of fibers that neet
the specified characteristics of the invention, such that the invention is

not |imted tQtiBag twd H8hisre A ¥roc@XBRS intd 6 ESmPRAL 8 nichier €qui I ed
physi cal characteristics of the invention nay be used. Conposite cores of

the presgfls dbVaRtdl RRpro¥@iclsaR bi¥enB @D Wedht falib 6¥er WRANSials28miRNMIyNg rel atively
smal | yield or K nunbers. A fiber towis an untw sted bundl e of continuous

mi Cr Of | Dd SRR bl dlRicfcRITARE frhhiBlon slherh OfoleS a8 Sbigh bY 1Us yield or

K nunber. For exanple, ( as 12,000 1 ndividual mcrofibers. lm(‘jeal ly,

of oty o o o e R oo b RN ARSI offected by
. " . ; . e q

i vi ace b Sl s e AL las O] R S8 Bt e RS 12520 10
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types of carbon, boron, Kevlar and glass fibers are commercially available. Each

fiber type has subtypes of varying characteristics that may be combined in various

15  combinations in order to achieve a particular composite. It is noted that these are only
examples of fibers that meet the specified characteristics of the invention, such that
the invention is not limited to these fibers only. Other fibers meeting the required
physical characteristics of the invention may be used.

Composite cores of the present invention preferably comprise fiber tows

20  having relatively small yield or K numbers. A fiber tow is an untwisted bundle of
continuous microfibers wherein the composition of the tow is indicated by its yield or
K number. For example, 12K tow has 12,000 individual microfibers. Ideally,
microfibers wet out with resin such that the resin coats the circumference of each
microfiber within the bundle or tow. Wetting may be affected by tow size, that is, the

25  number of microfibers in the bundle, and individual microfiber size. Larger tows



nunber of fibers contained within the bundl e whereas smaller fiber dianeter
increases the distribution of resin around each fiber within each fiber
tow. Wettwogsamdos i nfiltration of the fiber tows in conpo®CraSoaized als is
of critical inportance to 5 performancd of the resulting conposite.

| nconpl ete wetting results in flaws or dry spots within the fiber

conposi t @cstemeey hidiculty wetgnhargwed iddividoall fibesg imthebhedle dwpiodhe e product . Fi ber
tows may al so be selected in accordance with the size of fiber tow that

t he pr oceurber ahfiteadntitied withihethe bundéermelisreas fwalivr figeraligustpdsdirtaseshavi ng
optimal desired physical characteristics. One process for formng

conposi t e dsiribgtipmofaesinardambeachviibdr withiit dach fib@sent Werttingrahdon i s cal | ed
B-stage form ng process. Fiber tows of the present invention for carbon

ar e sel eofiddtipn efthe fbdryowsintchmposita gatenibls abafutitiéihporabeato 50K and gl ass
fiber tows are preferably selected in the range of about 800 to about 1200
yi el dd |putfomhaheabf the rasfilting eepdshie r insdnziete wbiting et BN RWWOE firyt he present
invention 15 preferably are within the range of about 8 to about 15 gm for

gl ass fidpetssvithiitheibér coppediRredubing abeigth -bQ dubiliydfithe SingsBeker wher eas
carbon fibers are preferably in the range of about 5 to about 10 m and

nost pr efroduk| Fibehowsd mdy 950 bekelbcRIB RtordiRE with I8 sizd of B®er B thdtbers a
suitable size range is determ ned in accordance with the desired physical

proper t i 88 proléif cirARGE® ibReStS lefblEfbrhMg 8 doPospP hivIRY optiial Bblred
characteristics 20 and feasibility. For exanple, fibers |ess than about 5

pm are 816 Icharhdlerfbtiad TRy R prédad! for folRMg ROSHFosHE ELBE A BE&RlnRe HitkKS to those
t hat hafllgllye tﬁearfi berls. Onptrhe oﬁler e%d, ﬁ(i)sbers aSproa%:nh?ﬁgﬁ% min

di angf erhapsdh folbitidhts éa‘ﬂeﬁ!‘@[sh W RiREHUSE FltEYovd! o rtrt%f_ﬂrésfeﬁtr and nore

brittle. nposite cores of thé present 1 nvention co Ise fiber tows that

are 25 SHOGHen ki 2ty SORULAUOS B i 18 irthee b gRLPRK IS SouCBfOON 11 Der tows

conprising the WO 03/09100 present 1 nvention are

pref erabjy gpagg hbs '?ov@sbagyf)reﬂeg)a%gl s%ﬂ:gteg Q‘Pt%e %Ecﬁ Bisabioﬁ éOﬁ Q(gclﬂniut 1200

yield.

Individual reinforced fiber sizes in accordance with the present invention
15 preferably are within the range of about 8 to about 15 um for glass fibers and most
preferably about 10 pm in diameter whereas carbon fibers are preferably in the range
of about 5 to about 10 um and most preferably about 7 um in diameter. For other
types of fibers a suitable size range is determined in accordance with the desired
physical properties. The ranges are selected based on optimal wet-out characteristics
20 and feasibility. For example, fibers less than about 5 um are so small in diameter that
they pose certain health risks to those that handle the fibers. On the other end, fibers
approaching 25 pm in diameter are difficult to work with because they are stiffer and
more brittle.
Composite cores of the present invention comprise fiber tows that are

25  substantially continuous in length. In practice, carbon fiber tows comprising the



depending on the size of the spool. However, glass fiber |engths can range
up to 36 km depending on the size of the spool. Mst preferably, fibers
are sel ecwedsjomobhre range of 1000 to 33,000 neters. It i Crmasb3/m@sed er abl e
to select the longest fibers that 5 the processing equi prent wl |
accommodate due to less splicing of fibers to forma continuous conposite
core in eRgataveriopammréfewbly bpivwsen abonti0fayd BROOgheterd ieledgtho- end forming a
substantially continuous fiber tow |l ength. Continuous towng orients the
fibers | @ﬁrpgncﬁmm@e kige af e spooh dHowmdyer glagdihsolengths canrrengea to Be pr esent
invention conprise fibers having a high 10 packing efficiency relative to
ot her cokidepending abithe sizsrof $he spoolpMosi mefembly, fiveasiare seleddd insieeel conduct or
cabl es generally conprise several round steel wires. Due to the round
shape of rangeofili0é@®, 3310406 mutere St anusoprefeeadle tbiscibdtltye Tongpet fiteers thatd can only
achieve a packing efficiency of about 74% The only way that a steel core
coul d5 hathe pi0e¥ing pautfneag vefl htconmneyte\ioeitodedsgplicindéffibers t6 @drinch St eel rod as
opposed to several round steel 15 wires. This is not possible because the
final calineinwsbenp@itt ors i dxdcessdd60WLtE. Ridkr ende Ry bé Plubdendoesent
invention, individual fibers are oriented |ongitudinally, wherein each
fiber i seicfaintifly Muibstah@AlytontithotfilRg tdwoleRgth O chtitydus it&*}iﬁ% dri&posite core
menber havi ng 100% packi ng efficiency. H gher packing efficiency yields a

conposi t @e Fibée MakRudiRaly alchgHeabler for a given volunme relative to other
cables. In 20 addition, higher packing efficiency allows for formation of a

conposi te cor@nifositsSeBRds @ hedrdbRlifentiBifdotlYist AGLE ANt ﬁigﬁ anmount  of
al um num conductor material = capabl e of wapping around the conposite

condygt ofackRb @fﬁc@ﬁ%ﬁ@ﬁiﬁ(f@ to ket %otﬁlfuct%f'&lb}%rc%%@ Nin oY@ (HRiRRAIPT | Se

reinforced frbers tthat are substantially heat resistant. Heat resistance

enabl es go, el{dtei6ARbRs %a%eh@?gﬁ@aﬁeggvee&m&m%gl POYE el Qulle ability of

the conposite core to r operatl ng

PCT! US04k o hifed AR bt Bpack Ay iBEfir URAThn oy ulfiehd £S€Nt 1 Nventi on

have the a ity to w
packing efficiency of about 74%. The only way that a steel core could have 100%

packing efficiency would be to have a solid steel rod as opposed to several round steel
15  wires. This is not possible because the final cable would be to stiff and would not
bend. In the present invention, individual fibers are oriented longitudinally, wherein
each fiber is coated with resin and cured forming a hybridized composite core
member having 100% packing efficiency. Higher packing efficiency yields a
composite strength that is greater for a given volume relative to other cables. In
20  addition, higher packing efficiency allows for formation of a composite core of
smaller diameter thereby increasing the amount of aluminum conductor material
capable of wrapping around the composite conductor core.
Composite cores of the present invention comprise reinforced fibers that are
substantially heat resistant. Heat resistance enables an ACCC cable to transmit

25  increased power due to the ability of the composite core to withstand higher operating



operating tenperatures between the range of about 90 and about 230 C. Mbst
preferably, the fibers in the present invention have the ability to

wi t hst anawopatgtodg t enperat ures between the range of abear/usi®12500 200 C.
Moreover, fibers used in the 5 presentidinvention can preferably w thstand
an anbi ent tenperature range between about -40 to about 90 C. That is,
under amdniperatureso i fibens :isedi it therppesentrimentiornf haveihegbilitntoanithd@@C cabl e, t he
conposite core is able to withstand tenperatures as |ow as about -40 C

Wi t hout opdtitin@nérgkritifeabstwedi thofanphyfabowt|oo ahdintat 230 «1.iMsst Rel ati ve amounts
of each type of reinforced fiber varies depending on the 10 desired

physi cabregdhafia@eSivetd ih % RéschilBvénBAPRIE R At B wiiktan@¥pdig, fibers having
a lower nodulus of el asticity enable formation of a high strength, stiff

CONPOSI fefyei %'ﬁfr%s be%eﬁ% rfaﬁ%gf §b(ﬂﬁi‘i’ﬂ) t% 2peg! Nﬁ)r&jvele ki@é% Ldatiy mer eferably in

t he range "of out 22 to about wher eas gl assfibers are considered

| ow god gieg%tt{n%;gi‘ogrcgrggﬁﬂ;ﬁ%{rﬁn&t%qg afablem. pditnRl Gl Gy 1 the range

e combi ned to

t ake adv. r.ent 1€ Jiber to create
it S R R Ty "6 nplsg.cfﬁélﬁ%?se‘”% f?%cuﬂga?%ﬂwgex. il ity o
one enbodi f.or, exa 0 ore rlses an i nner

car bon/ ?%@ﬁﬁ@éf%ble’ﬁlé‘?/‘foﬁgp’gﬁé e 13 @fncgwgl?%anggem?eﬁa %Flgwfais ber resin ratio
of about, 70/ 30, and an oute s/e 20X Iayer having an area of
o 075 s bout Eb%ltw%%rlrz%agﬁwa&qféﬁlﬁwi #s75) 25 by weight. In
accordance with. the pres i nventi on sical characteristics of the
conposi te coReetgpmounts e E?é’{‘@ﬂ’e re&ﬁ?‘ﬁ%‘{{%ei‘%@ depeydineoBdhe, ratio of each
conponent . Alternatlvely t he physi cal fharacterlstlcs of, the conposite
cor &0 ragesiyed plasigak caragipristics pf e CoBPasHe cakice 4 op eXaple A48rs BrVig& h conmponent

within the conposite core nenber. 25 For exanpl e, by reduci ng the total

area of laver Bedulns efplasticityensble formatiopef ajigh %&ﬁh@%%@%@f@@s
PCT/ US03/ 12520 14 the area of glass fromO0.074 sqg. in., the conposite core
nmenber e Eberhaveragaedudus of elasticity preferably in the range of about 22 to about

-

37 Msi whereas glassfibers are considered low modulus reinforced fibers having a

modulus of elasticity in the range of about 6 to about 7 Msi. The two types of fibers
15  may be combined to take advantage of the inherent physical properties of each fiber to

create a high strength, high stiffness composite core with added flexibility. In one

embodiment, for example, the composite core comprises an inner carbon/resin core

having an area of 0.037 sq. in. and a fiber resin ratio of about 70/30 by weight and an

outer glass/epoxy layer having an area of 0.074 sq. in. and a fiber/resin ratio of about
20  75/25 by weight.

In accordance with the present invention, the physical characteristics of the
composite core may be adjusted by adjusting the fiber/resin ratio of each component.
Alternatively, the physical characteristics of the composite core may be adjusted by
adjusting the area percentage of each component within the composite core member.

25  For example, by reducing the total area of carbon from 0.037 sq. in. and increasing



stiffness in the carbon core coupled with increased flexibility. In
addition, due to the snmaller tow dianeter of glass conpared to carbon, the
resul ti ngwvoonpowit e core is smaller in diameter enabl i ngPCRArSessxse0
conductor for the same resulting cablel4size. 5 Alternatively, a third
fiber, for exanple basalt, may be introduced into the conposite core. The
addi ti orhd arkd fgylass framgre74tsq einp Ihesomposite bok atdntbet filoded hadf reddeed end pr oduct .
For exanple, by substituting basalt for some carbon fibers, the core has

i ncr easegiffnéls &l @6 tarbén rOpRIpled dthdideaded fdxatilitye amiitas@ueitotheor e sti f f ness.
Conposite cores of the present invention conprise reinforced fibers having

10 rel atdmaibitowid@imeie? B8 blass cdhipRidd tdcarbbhethel 188 dmysale tdte &N OVer head
vol tage power transm ssion cable varies as the square of the span | ength

and i nvegRftdin Walldtek BRablih@ReichRd 3bidabet for Ble shkl6 rk@Bhe cabitcdizet hat an i ncrease
in the tensile strength effectively reduces sag in an ACCC cabl e. Carbon

fiberss afigne@l&s el BYeNBr BxdnPiShdsAl, Hal BB Hefddudh §t6 HRRloMpbdiet he range of
about 350 to about /50 KSi. More preferably in the range ES bet ween 710 Ksi

{2750 Kake 15 DS A6 SERE AT MDA GBI LR ShagRALD  or of o oDl
SOMOS! e A0RAS DNEATH B SUFSLL IR SR over Tencile

oroper 5k ROBAGLUBRS e ARG, i SRR 10 o 8 new cabl o baving
eS| DL O R A PO L RS g SR 7 2 resin

Th | I tJ As.th f fiber divided. by the total f th
or ast? s RIS kb RaFlE vao P iicBie of RE ' Ll iR Pt Brine (he rinal
i vol ESFRer FBle el Tl pes-sREaTboscmustsitos s ls i n che o

fiber/resin conpgsite is within ther f . 7%
val ue, ‘ensile strerggt of the cagle suéht at a% mecreager} %heotens?lg(s)tlfgngtioef eguv% yoUt 57% by

reduces sag in an ACCC cable. Carbon fibers are selected having a tensile strength
preferably in the range of about 350 to about 750 Ksi. More preferably in the range

15  between 710 Ksi to 750 Ksi. Glassfibers are selected having a tensile strength
preferably in the range of about 180 to about 220 Ksi. The tensile strength of the
composite is enhanced by combining glassfibers having a lower tensile strength with
carbon fibers having a higher tensile strength. The properties of both types of fibers
are combined to form a new cable having a more desirable set of physical

20  characteristics.

Composite cores of the present invention comprise longitudinal fibers
embedded within a resin matrix having a fiber/resin volume fraction in a ratio of at
least 50:50%. The volume fraction is the area of fiber divided by the total area of the
cross section wherein the weight of the fiber will determine the final percentage ratio

25 by weight. In accordance with the invention, preferably the volume fraction of fiber



Most preferably, the volunme fraction is calculated to yield a fiber/resin
ratio of 72% by wei ght depending on the weight of the fiber. In accordance
wi th t he woesemood nventi on, the conposite core is desi gne@Chhasest1253 on t he
desi red physical characteristics of antSACCC rei nforced cable. Mre
preferably, the conposite core is designed having an inner strengthening
cor e nenindhe fiteoremi compgsiens wibiarticashge@fipomit @ tosabbutdThdiegdvahie. an out er nore
flexible layer. An advanced conposite is a conposite having continuous
fibers hdestpefaalgy.ahd estuhé Anction doalonlatedro yiekct fitefreaamdaticeefiva® cal properties
exceedi ng the nechani cal properties 10 of glassfibers. Further, it is

pr ef er abhyewdight dapemdiag of tHeereiglayethe fibyy. nodul us conposite havi ng nmechani ca
properties in the range of glass fiber. A low nodulus fiber has nechani cal

characteri stimg &cbﬂah&k&viﬂﬁtﬂl?r_e@e_fnt Glvaginf thdedmpobiiecdie thrgpkAlbagaoper ti es of
gl ass fibers accomodate splicing whereas the advanced conposite is nore

britts e onReldstaespiiQical bREQEEARs Sitnl AT reifitbiced dabid iMges formng an
advanced conposite are selected preferably having a tensile strength in

t he ranggefabRP@E Lo itk Qord ROMLigdathatiRb an SintPdihyBeRle RkSRbhge:ty preferably

in the_range of about 22 to about 37 i; a coefficient of t her mal
expansi QiyniphisinBén advARSA cg{glpésg@ ‘éﬁ_rrdSquch B (yn%laféﬁf"nope fidWiCiayyt! @lhd €l ongati on

percent i n the range of about .5t 9 dielectric properties in the

e e BN s S S, 110 10

about 0.065 | to abo ng t outer | ow

modul Us JyeaU NI RaLISANANGET o GOTRORL LR RIELEEARave a tensi | e

strength in the range wthin a _ a i us of elasticity
B e T L A
o ongat SRR Pobet ST BB B SRR 1 et L
about 0. moélzzhgt\'{icr:gl Iéhggc en%ggssiintﬂ}le riat?geto glagsaiﬂgze. ”Pl;e rrauleoc gttlica proo?)grtiteso of
glass fibers accommodate splicing whereas the advanced composite is more brittle
and does not undertake splicing well.
15 Fibers forming an advanced composite are selected preferably having a tensile
strength in the range of about 350 to about 750 Ksi; a modulus of elasticity preferably
in the range of about 22 to about 37 Msi; a coefficient of thermal expansion in the
range of about -0.7 to about 0 m/m/C; yield elongation percent in the range of about
1.5 to 3%; dielectric properties in the range of about 0.31 W/m-K to about 0.04
20  W/m'K; and density in the range of about 0.065 Ib/in’ to about 0.13 Tb/in’.
Fibers forming the outer low modulus layer surrounding the advanced
composite preferably have a tensile strength in the range within about 180 to 220 Ksi;
a modulus of elasticity preferably in the range of about 6 to 7 Msi; a coefficient of

thermal expansion in the range of about 5 x 10°® to about 10 x 10" m/m/C; yield

25 elongation percent in the range of about 3 to about 6%; and dielectric properties in the



about 0.13 I bs/in3. A conposite core nmenber having an inner core conprising
an advanced conposite in accordance with the preferred ranges of val ues
set forthwelwewe1088 surrounded by an outer |ow nodul us | ayePCirusavese@ance
with the preferred ranges of values st forth above, has increased
anpacity over other conductor cables by about 0 to about 200% In

parti culrage of higut 0,034 tocaboas04t W/m-&l ad [dassity ivetht ednge of stguir.edsaoabl e  physi cal
characteristics. Tensile strength in the range within about 160 to about
240 Ksigbolt®r 18 pg/@f.erably, having tensile strength of about 185 Ksi.
Modul us of elasticity 10 preferably in the range of within about 7 to about

30 Msi. More AépfpREidddore mBavdrhgvidg alRdeH cdfe Rpskia %aﬁ fdvhce@f about 14 Msi.
Qperating tenperature in the range within about 90 to about 230 C. More

pr ef er albpodifRen s&amlséet\ﬁtméﬁrefe&e@pingest&vmu&sm%ﬁﬁmab@u%er ating tenperatures
at | east agout 190 C. Thermal expansion coefficient within the range of

abouts 0 shHotﬂQ@&‘By SXoutd 16w 'ﬁ{omxﬁs law 1§ a&%ﬁfaﬁéeaﬁ'ﬂythe bR& e gtd iy mal 15

expansi on coefficient is about C. Preferably, particul ar

conbi naty,ARSsp Eor{he@.{l%mfé) Bgﬁ‘%ﬁcrﬁéspc%ﬁ?a%{t?o\?‘e‘? Ioﬁng @o%d@&&%%alg{:‘bey 43 g €1 nforced

fiber's inherent physic properties’ in order to pro a conposite core

product. HaydRGeRAT bl i lar ARt Bl RRPEHL hEShe flloRRELIGHLAL O design an

thst’and anpacity gai ns, e coffposite core conprises

bot a gjmgﬁc%hc@aga @QH&SU%R{ﬂe%g@yﬂ oA ol USH 1 GAETOLSLERT Of ther mal

expansi Ders conductlve ave high
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t enper at'tires Wi YO S hont creasSe Th sa sus

ool e gl @%62%{@% ‘@ﬁ@%\? 7'@%‘*)@&%@” ﬁkzmspreg?{&@ﬁ%%%é? g™
duct /091008 . PCT 20 17 we A di th

Eﬁgsfgaf)r%dﬂfvgs&gﬁ%ﬂ% Pf:%bo&ftj iﬁ’efaﬁf‘%teﬁ?ﬁ ‘?mlthe Eag%;‘i‘”jél?r']} ng theecszgnpom te

core.

about 90 to about 230 °C. More preferably, the composite core is able to withstand
operating temperatures at least about 190 °C. Thermal expansion coefficient within
the range of about 0 to about 6x 10° m/m/C. More preferably, the core thermal

15  expansion coefficient is about 2.5 x10™ m/m/C.

Preferably, particular combinations of reinforced fibers are selected based on
the reinforced fiber’s inherent physical properties in order to produce a composite
core product having particular physical properties. In particular, to design an ACCC
cable able to withstand ampacity gains, the composite core comprises both a higher

20  modulus of elasticity and a lower coefficient of thermal expansion. The fibers
preferably are not conductive but have high dielectric properties. An ACCC cable
operates at higher operating temperatures without a corresponding increase in sag.
Sag versus temperature calculations require input of modulus of elasticity, thermal

expansion coefficient, weight of the composite strength member and conductor



VWiile it is preferable to forma conposite core having an inner advanced
conposite surrounded by a | ow nodul us conposite, it is feasible to nmake a
conposi t ewOR3ogres conpri si ng i nterspersed hi gh nodul us of pelrasn/casey fi bers
and | ow nodul us of elasticity fibers. Depending on the strain:failure
ratio, this type of core may have to be segnented in order to achieve an
appr opr i witightc dvedordingly, thiesedihgigjcad pharactanispesraratakemintovdaesint inVbr eover, t he
conposite core is designed having the fiber of increased nodulus of

el asti ci degignmgtilieecomposite e e surrounded by a fiber having a | ower nodul us
10 of elasticity due to the decreased degree of strain on the inner core.
For exanpl e, Whildibis prefemblees foefl afcompbsiglRorddauing an heddasice€i ty in the range
of about 22 to about 37 Msi, |low thernmal expansion coefficient in the

range of coaiposite suftoundell Oy aldiiinoduliid ddnfposied) i iLfeaigatd DikeRVoGDBLitel N t he range
of about 1.5 to about 3% d assfibers are selected for | ow nodul us of

el astj ci doye ¢ompriRig e Fers¥id hadhGhddufustod QR fib&s dndVblv mdRWstdper mal  expansi on
coefficient in the range of about 5x10"6 to about 10x10(err) mm C and

el ongat i Qaxtibiey SR, Dépehdifiy 68 Strddh: FARRULLS Hif P BtlorEHay TG (St r ai n
capability of the conposite is tied in with the inherent physical

proper t i RsseftherdtéFin Wﬁ?@aﬂ?ﬁr&pﬁﬁte‘é@ﬁdﬁ%r {irRedg dﬁr{ra?gpiofﬁ{mp nents. After

the fiber/resin conposite is seleCted, the strainto ure ratio of each

fiber/reghddl. CABREN:! e bemiRkEEL Q%Si%r}aeg hgzgn%gﬁq{bg%}qﬁcrwséd1 the present

invention, the resins can be custom ieve certain properties for

rocessi 1B : i j1Gal i i end product.
25 such}ﬂtlgﬁgggggﬁﬁggﬁ%%ﬁggg&ﬁggFﬁmé%?a'ﬁj?%ngg Jﬁgwéa %@ﬁﬁs det er m ned.

For 16X M rici2H,0 AL BONAs AR fRo SF iftilod B Ik e fall 0 of 2. 1o uhereas

gl assfi ber/epoxy has a strain”to tailureratio ot 1.7% Accordingly, the

N N T R N i el
A T TR e e A TR
to about 0 m/m/C, and elongation percent in the range of about 1.5 to about 3%.
Glassfibers are selected for low modulus of elasticity in the range of about 6 to about
15 7 Msi, low thermal expansion coefficient in the range of about 5x10°° to about 10x10°®
m/m/C and elongation percent in the range of about 3 to about 6%. The strain
capability of the composite is tied in with the inherent physical properties of the
components and the volume fraction of components. After the fiber/resin composite
is selected, the strain to failure ratio of each fiber/resin composite is determined. In
20  accordance with the present invention, the resins can be customized to achieve certain
properties for processing and to achieve desired physical properties in the end
product. As such, the fiber/customized resin strain to failure ratio is determined. For
example, carbon/epoxy has a strain to failure ratio of 2.1% whereas glassfiber/epoxy
has a strain to failure ratio of 1.7%. Accordingly, the composite core is designed

25  having the stiffness of the carbon/epoxy in the inner core and the more flexible



Al ternatively, another advanced conposite having mechanical properties in
excess of gl assfiber could be substituted for at |east a portion of the
carbon fiwerig/ogmads 5 another fiber having the nmechani cal pcopsos/y2se@nge of
gl assfiber could be substituted for gl®ssfiber. For exanple, basalt has the
following properties: high tensile strength in the range of about 701.98
Ksi ( conplaysBlier{epoxihia thewitier cofe tabiseie a te@pesie abroithSreiisisite f or gl assfi bers),
hi gh modul us of elasticity in the range of about 12.95 Msi, |low thernmal
expansi ofexibitifyfand ilesn theimal exgansiamgeeffiebout 8.0 ppmf C (conpared to about
5.4 10 ppmi C for glassfibers), and el ongation percent in the range of about
3. 15% ( conpar Alferndtivelyy anvgher afvanded aomposite habug eddnitad prapeaiesfi ber s). The
basalt fibers provide increased tensile strength, a nodulus of elasticity
bet ween eweds@f ghsufibgt amkftesebstianea fanat ledstap@atiornsr the aliwadibers ahthat of car bon
fibers. A further advantage is that basalt has superior dielectric

propef t | avthen fibarhaving tiermedchiaradal propétieran@eraighkifibe @ikl LeGaMtingRs an 15 i nner
strength nmenber that is non-conductive. By designing an advanced conposite

cor e havionglatsfiber. $FobExaniie besalt hphis tlRvipAsReAT High lefSleSHéde@inded by | ow
nodul us fiber outer core, a new property set for the conposite core is

obt ai nedin the@nyEsHbEu7BNPE Kaf (J6Bpdred @eﬁ&@ﬂ%ermb&mgmsajbaﬁ@oom he nodul us
of elasticity, the thermal expansion coefficient, the weight of the

conposi t Ryr glaksEiBers)) highHetulus 3Nélastiélly IhBe AARAMGHOL: 1985 8R4 -104he hi gher nodul us
of elasticity and | ower coefficient of thermal expansion in the resulting

CONPOSi t @ediil BxRAGAEL e enMaGhe AR 6 dbGut 2V ﬁﬂ%%%&ﬂns;%mgs Et‘%n g3l ns and

operating tenperatures between about 90 to about 2 e conposite core

of the PpRSenb élﬁ'ééﬁﬂér%?j?&d StichSRrdeRiGh fﬁ%sr%&gtgioggooﬁlﬁ".ilf}%(c&%)a%w ng physi cal

properties that are adjustabl’e to achieve t j ects of the present WO

03/ 09100 BETL bSR3 AZRARou 1, LPYUGRIHOD, RGNS QR lgnlBkgnded cabl e

application, "suitable thernosetting resins are selec a function of

the desiffdeGalloth, RARERE oPSadiRitf BANLG LliSn SRIRRSHDE 25PLE

elongation % close to that of carbon fibers. A further advantage is that basalt has
superior dielectric properties to carbon. Preferably, the composite core comprises an
15  inner strength member that is non-conductive. By designing an advanced composite
core having fibers of inherent physical characteristics surrounded by low modulus
fiber outer core, a new property set for the composite core is obtained.
Sag versus temperature is determined by considering the modulus of elasticity,
the thermal expansion coefficient, the weight of the composite strength member, and
20  the conductor weight. The higher modulus of elasticity and lower coefficient of
thermal expansion in the resuiting composite core enables an ACCC cable to
withstand ampacity gains and operating temperatures between about 90 to about 230
°C.
The composite core of the present invention comprises thermosetting resins

25  having physical properties that are adjustable to achieve the objects of the present



to have long termdurability at high tenperature operation. Suitable
thernosetting resins may al so be selected according to the process for

f or mat i orwofosdwogonposite 5 core in order to m nimze friPCTiusn3/tied ng
processi ng, increase process speed andl9 preferable viscosity to achieve the
appropriate fiber/resin ratio in the final conposite core. The conposite
core of ihvtipn. eBgRrhdingvei itended o3vld HPHcien saBablatbmpsgfingresingchani cal
properties and chemi cal resistance at prol onged exposure for at |east 10

about 6Qryekictdal a AsREeM oﬂ‘tﬁHcﬁasﬁécchaBIe%bdéz\értieE feengBIB R TotnPogiRicere0f t he present
invention conprises resins having good nechani cal properties and chem cal

resi st ang gawtiongeh QNGEIHiyX RIR tinthetMire BperdtRAS SuddRtherfidsitfag S of usage.
Further, the conposite core of the present invention conprises resins that

oper at e rpfiffiRiyNobeelebtbdladcBidinzad 8 pAicessABOBImAIn b aRRBMposf30 C. Mre
preferably, the resin operates within the range of 15 about 170 to about

200 G ThR ik OMRPRI hRRikies Biclbn alt}ﬁlﬁgﬁ&%&mg, in@%@é&tpir&@ss%?égarainges a resin that

is tough enough to withstand splicing operations wthout allow ng the
CONPOST tee DAL viBosits idbievéthe SHmBMidiehn h&NBAto Afnd i nvention is
t he abi Ipi?% y tovssp(I)siltge t hleev cgn%%lgﬁle core ne %r hn ﬁg&ﬁﬁ%g{e cabl e
product .., the conposite core of the present 20 invention conprises resin
having a neat resin fracture toughness preferably within the range of
about 0.87 | N&; i N . Lb/in. . osite core of the
present i nveﬁf3 %%%%%?ﬁrggﬁépégﬁwbﬁ%?lrglaﬁignﬁeg%gmg gagﬁ?% ‘(E'ﬁognt of thermal
expansi . | Gi . gf _thernmal expansion reduces the anount of
sag int egh@é‘!sagﬁoﬁ%ggi%ngIcg&ﬁlﬂﬁrreesésltaﬁwgat qrﬁgg%ag}é%oﬁ‘tm?wgﬁetafton preferably 25
oper.at es, i he rapnge of, abou 10"6 C and out 42 x 10Q-6 C. The
corrpl?si tagoggbgewg%f%i%ﬁg pﬁ&fﬁ]@ﬁ?)&‘?"fﬁfﬁw wlig %?hetmgseﬁtrl@éeé‘ﬁ?ni nventi on
conprises _a.resin havin %n e ong&tion gre%t r than.about 4.5%
comprises resins having goo S an

mechanical properti chemical resistance at
prolonged exposure for at least about 70 years of usage. Further, the composite core
of the present invention comprises resins that operate preferably within the range of
about 90 to about 230 °C. More preferably, the resin operates within the range of
15  about 170 to about 200 °C.

The composite core of the present invention comprises a resin that is tough
enough to withstand splicing operations without allowing the composite body to
crack. An essential element of the present invention is the ability to splice the
composite core member in the final cable product. The composite core of the present

20  invention comprises resin having a neat resin fracture toughness preferably within the
range of about 0.87 INS-1b/in to about 1.24 INS-Ib/in.

The composite core of the present invention comprises a resin having a low
coefficient of thermal expansion. A low coefficient of thermal expansion reduces the

amount of sag in the resulting cable. A resin of the present invention preferably

25  operates in the range of about 15 x 10°° C and about 42 x 10 C. The composite core



A conposite core of the present invention conprises fibers enbedded in a
hi gh tenperature resin having at | east a 50% volune fraction. The fiber to
resin ratwo 0359mb$ ects the physical properties of the compa3iuses/casee
menber. In particular, the strength, eloectrical conductivity, and
coefficient of thermal expansion are functions of the fiber volune of the
conposi t ef thapresentiarentigh Pgmpriseea Fesighering he clondatime gieatacthimaloudf  fibers in
the conposite, the higher the tensile strength for the resulting conposite.
A fiber46% resin volume fraction of the present invention preferably is
within the range of 10 about 50 to 57% corresponding to preferably wthin
about 62 to abeemposBesdy ofibe giesent inventenpompesealfibyts embaldbd vexr / resin ratio in
the present invention is about 65 to about 72% by weight. Mst preferably,
t he fi belghnpamtie meinihaving at ledsea §0% selnineiffaviivnt iThe fibweab Sesimttiexceeds about
72% by wei ght. Each fiber type of the conposite core may have a different
fi berd r eaffentstiat physibal propbriieeofrhé comgpoatié sofe indmbie [opdreuldr hers. This is
acconpl i shed by selecting the appropriate nunber of each fiber type and

t he appraengthfedecirizal dontiydbieity, an@cduifiient bhbedes bipaskib@drk GunctibRlorexanpl e, a
conposite core nenber having a carbon/epoxy inner core surrounded by an

outer gl e fibapokiynd VIR comPYsiRROR! IGeRerd D t eBthevolthRSmclidReF and epoxy
resin having a viscosity of about 2000 to about 6000 cPs at 50 C which

yi el ds afitesin 2@ ddaipesit M HightBE fch@Rished g fo ﬂfafresanﬁlgtcoﬁé&é. Ry weight.
Preferably, the resin may be tuned to achieve the desired viscosity for

the proc@ssto rtfif veIRRRGatidd JFMk (RESR iBANBon frefemBRAL %ithh (hfd Qenolf I ber and
epoxy resin having a viscosity of about 2000 to about 6000°cPs at 50 C

whi cty Vi SbiSs0ao BT RL6EEHBR o j ] A 3 by wei ght.
Changi ng t he nanber ogﬁspoo S‘%?E%?%gamgﬁgﬁgggt??%%??ﬁiﬁ&?% ﬁ by wei ght 25

ratio t*’!@Bx%%Yef&Qﬁl?%@ﬁbérH i §§i1r§§!§8ﬁt§i&x%r§foh%4b5ﬁt ftotapﬁlet‘%%o?si te core

product. WO 03/09_@08 PCT/ USO _ ernatively, ‘resin may be
ad) ust ek, LNGEROX1dsIGERABLY e Hber \RRRRARCAGN b EShTm R ARELY O change

the fibe I'n ratto.
or exceeds about 72% by weight.

D)

Each fiber type of the composite core may have a different fiber/resin ratio by

15 weight relative to the other fibers. This is accomplished by selecting the appropriate
number of each fiber type and the appropriate resin type to achieve the desired ratio.
For example, a composite core member having a carbon/epoxy inner core surrounded
by an outer glass/epoxy layer may comprise 126 spools of glass fiber and epoxy resin
having a viscosity of about 2000 to about 6000 cPs at 50 °C which yields a pre-

20  determined fiber/resin ratio of about 75/25 by weight. Preferably, the resin may be
tuned to achieve the desired viscosity for the process. The composite may also have
16 spools of carbon fiber and epoxy resin having a viscosity of about 2000 to about
6000 cPs at 50 °C which yields a predetermined fiber/resin ratio of about 70/30 by
weight. Changing the number of spools of fiber changes the fibet/resin by weight

25 ratio thereby changing the physical characteristics of the composite core product.



The conposite cables nmade in accordance with the present invention exhibit
physi cal properties wherein these certain physical properties may be

cont r ol | eaolwg/od106hhangi ng paraneters during the conposite ®cTashyrIasehg
process. More specifically, the conpo¥ite core formng process is

adj ustabl e to_achi eve desired physical characteristics in a final ACCC
cabl e. | Mtersetbiclyathe sesii mpy berastivsted drerébynncrensing bt decphsisg tiBretmge f or mi ng
process produces a conposite core nenber from substantially continuous

| engt hs wcosit togghinge the(fitfei/tysin retins and heat processable resins. In a
further step, the conposite core nenber is wapped wth high conductivity
al um num A prhscempodite cablesaaly it ecouiaideavidothe prefent indGEGneahibes accordi ng to
the invention is described as follows. Referring to FIG 1, the conductor
core B- splysieal prapertien ghpremohess cafait pleysipulgaepeitics mag bt camrdllsd BHown and
designated generally by 15 reference nunber 10. The B-stage form ng process
10 i S5 enghlanginglpdrameterk duriggnthé camisite t@a GiringPhoceSIMOGHE keciaBy, Terber s from
suitable fiber tows or rovings and heat processable resins. The resulting
conposi tthe cangositecdie formpo@eSis adjusiyds todiciedk degRcsiykital core having an
inner and outer layer of uniformly distributed substantially parallel
fibers. @rab®risicaid 4 fighl AT OaBIAat i on, the pulling and w ndi ng spool
mechanismis activated to comrence pulling. The uninpregnated initial

fiber tows exheadidagodwieiht ifvefiidnt 2 nARHpiate BRAEARMIRGHAEL i On in zone 9
serve as | eaders at the beginning of the operaglon to pull fiber tows 12

from spgabducdsla sdMpNE cord REMbEIMNYSILSEnthE i iBipieCOr ©
processﬁﬁg gystenﬁ%mo 03/ 091008 PCT/Ué%S/{gggghggé&%ﬁggﬁaﬁﬁ?? mul tiple

Spooi(s Ofinef td¥RTand Has: efNable CQMs NS Fhiritbd s ind c&t;xgﬁ(gsit%g?& ?{ggn 14 and are

provided with the ends of the individual fiber Ing from spool s

11, bei ng whidpeRH8H nigh oMM Aty dilifhuh,OW gui de 18. The fibers undergo

t angenti al

A process for making composite cores for ACCC cables according to the
invention is described as follows. Referring to FIG. 1, the conductor core B-stage
forming process of the present invention is shown and designated generally by

15 reference number 10. The B-stage forming process 10 is employed to make
continuous lengths of composite core members from suitable fiber tows or rovings
and heat processable resins. The resulting composite core member comprises a
hybridized concentric core having an inner and outer layer of uniformly distributed
substantially parallel fibers.

20 In starting the operation, the pulling and winding spool mechanism is activated
to commence pulling. The unimpregnated initial fiber tows extending from the exit
end of the cooling portion in zone 9 serve as leaders at the beginning of the operation
to pull fiber tows 12 from spools 11 through fiber tow guide 18 and the composite

core processing system.



pulling to prevent twisted fibers. Preferably, a puller 16 at the end of
the apparatus 5 pulls the fibers through the apparatus. Each di spensing
rack 14 cwopsioewes a device allowi ng for the adjustnent ofPCrarsed/@s2d or each
spool 11. For exanple, each rack 14 n®y have a snall brake at the

di spensing rack to individually adjust the tension for each spool. Tension
adj ust ment nilnFig.kavulgple epovdy of flbavtiows 42 srecomnined withip afradkesystwhen it travel s
and aids in the wetting process. The tows 12 are pulled through the guide
18 10 anid# dndtare moyidesteislt ihn gndsvod thedidividual fibaraowal 2 deadivigditonr spool§he preheati ng
oven 20 uses continuous circular air flow and a heating el enent to keep

t he t enplr bting treadevsthenugh a fibéraow @uisle 12 Thieefiherd undergb mingertialet out tank 22.
Wet out tank 22 is filled with resin to inpregnate the fiber tows 12.
Excess rmdling to prevampwisttd fiber) Plegeriblfarpull@ws althe ealliof thgappatangut tank 22

exit. The fiber tows 12 are pulled fromthe wet out tank 22 to 15 a
secorfdarpulls yigtfibeis tidosgiage agpaeius? Eachl dispeleingd AGC 1Py@prizesd gevidde resin to a
tenperature changing the liquid stage of resin to a sem -cure stage.

B- st age dlldtving f8sSthe adjiismeit of tdngick YorehahGBootnil C RoRbbleSedch eackilper tows 12 to
be bent, changed, conpressed and configured. The tackiness is controlled

by nani puAyelave s s@hll biake it¥RedisfendifSiabk tolil@vidhdlRakjukyBS entibs 82D count and
size of the fibers and tenperature of the oven. %lber tows 20 12 mai nt ai ned

separ at edcibypobl eredliibl &djddmeR minitibds @ekeinly And@ cRSEORE oBnS FiBgSvRY EN 26
conprising a plurality of consecutive bushings to conpress and configure

the t ows trk@is ahafdb i HE GRfHlg BroetRIFheq¥RN 2he philA thibh %2 are directed
t hrough a plﬁfélfky of pas%gaewayseprovide%pby t he %ﬁ?ﬁgﬁg?; The

CONSRL Ut M €D 3 RAGRINE Y FerC Hhbt A ubis m%ﬁﬁ%gﬁ%gg%g?ﬁ%k%%g %S%he fiber tows

12 into the final uni'formconposite core / 008

PCT! USOYoddmads cifedlaFhg 185300 ¥ nedifif RAERIS KIS filefindBIR Lonk@nPu! | ed Trom the

second B-stage oven to a next “oven processing system Wwherein the

composi te COffe RING ard Ryfelliidla waNGh: Bitk bE dwePoft 1l i€ Akd Wi SYStem 30 Tor

cooling. After cooling, e conposite c

resin to impregnate the fiber tows 12. Excess resin is removed from the fiber tows 12
during wet out tank 22 exit. The fiber tows 12 are pulled from the wet out tank 22 to
15 asecondary system, B-stage oven 24. The B-stage oven heats the resin to a
temperature changing the liquid stage of resin to a semi-cure stage. B-stage cure resin
is in a tacky stage which permits the fiber tows 12 to be bent, changed, compressed
and configured. The tackiness is controlled by manipulation of the type of resin, the
fiber type, thread count and size of the fibers and temperature of the oven. Fiber tows
20 12 maintained separated by the guide 18, are pulled into a second B-stage oven 26
comprising a plurality of cqnsecutive bushings to compress and configure the tows
12. In the second B-stage oven 26, the fiber tows 12 are directed through a plurality
of passageways provided by the bushings. The consecutive passageways continually
compress and configure the fiber tows 12 into the final uniform composite core

25  member.



is pulled to a next oven processing system 32 for post curing at el evated
tenperature. 5 The post-curing process pronotes increased cross-Iinking

Wi t hin t hworesdrosatri x resulting in inproved physical clreTamsos1isesdi cs of
the conposite nmenber. The process gen®rally allows an interval between the
heati ng and cooling process and the pulling apparatus 36 to cool the
product nat uPadfergblysthgyorpnsitectré memberdhpulled fromrtbe pagbhd Betagelevence 34 used to
grip and pull the product will not damage the product. The pulling 10
mechani s tpahksg ovéreprocassiug systelr 2 gher¢in theppmpests codettengreesicstedn control | ed
speed. Referring now nore particularly to FIG 1, in a preferred

enbodi nmeamt] pulldiigo a pexteeskngysitm 30 dorsdoylingu |Afer Eodbiag, the composité car® ri ght of the
systemthrough a series of phases referred to herein as zones. Each zone
per f or meis pulibdfid £henbvar moesdngdgysttin Rfocidsioouring bt didiagedpanparatiear enbodi ment
the process conprises 9 zones. The process originates froma series of
fibers di Bpeosidiging pokss pbniiarifhvased Gedsdinking methirdde reeinthatiidousl y pulls the
fibers 12 through each zone. One advantage to the caterpullar systemis
that it bauledpli REpraPedephyeibdl ChaiuicisheH dfitiRGomypséiR Mty eThdprogss el ectri cal
notor as opposed to the traditional reciprocation system The caterpullar
syst em Usf&aky Aldws ¥h iehvalfoetwin BRIKb&inkaAY 8Joling pRReds ARd thepaningnd | ower
portions of the product squeezing the product there between. Accordingly,

the cat ef,pithi@86 RYSHEMRE BRI inBfirally oS by dnbddiBA sitRithR iEfauldgl ng system
functioning at precision controlled speed using only one device instead of

a mul ti bl 8YuQf b iSRG ﬁ@éli&éwﬁﬁ% b REPEL $:ORE OPRI pudiliig  Pr oduct

t hrough the process. Alternatively, a reciprocation systemmy be used to

25 piy | ﬁl&%ﬁl{iérp%ﬁlﬁﬁlggﬁgw 3SR OfE&Es with 301 %9&&11@8%5&&03/ 12520 24 The

process starts 1. Zone 1 conprises a type of ftiber dispensing
system Fibers that can be used for exanple are: glass fibers, carbon
fibers, both HM and HS (pitch based), basalt fibers, Aramd fibers, liquid

HELIIC IR T ST
process continuously pulls fiber from left to right of the system through a series of
phases referred to herein as zones. Each zone performs a different processing

15  function. In this particular embodiment, the process comprises 9 zones. The process
originates from a series of fiber dispensing racks 14 whereby a caterpuller 34
continuously pulls the fibers 12 through each zone. One advantage to the caterpullar
system is that it functions as a continuous pulling system driven by an electrical motor
as opposed to the traditional reciprocation system. The caterpullar system uses a

20  system of two belts traveling on the upper and lower portions of the product
squeezing the product there between. Accordingly, the caterpuller system embodies a
simplified uniform pulling system functioning at precision controlled speed using
only one device instead of a multiplicity of interacting parts functioning to propel the

product through the process. Alternatively, a reciprocation system may be used to

25  pull the fibers through the process.



5 one enbodi nent, the fiber dispensing systemconprises two racks 13 each
rack containing a plurality of spools 11 containing fiber tows 12.
Further, wbae3spwod s 11 are interchangeabl e to accomobdat @Crarsys/my24 ypes of
fiber tows 12 depending on the desired properties of the conposite core
menber. For exanple, a preferred conposite core nenber fornmed by the

B-stage 10 f orhgipigresty DaBSETHCORPLI Bk 1RofPFibR A/ (yRSIffibbindisgens®y € surrounded
by a glass/resin outer core |ayer. Preferably, high strength and high

qual ity @8kROFiliess HsREAn bd ited f@SxinploRe! %léssd’ib‘éﬁ R SWess, botR HiM ber s from
surface danege, and prevents cracklng through a nmass of fibers i mprovi ng

fract ur eafdgss @ieRbaed)] bRaE APHY HrdhiddibeR, Bnsd 898all Ml REviaPfiReess 10 creates
a systemfor pulling the fibers to achi eve the optlnun1degree of 15 bondi ng

bet ween fd:&efiserd, 'ﬁlg%rﬁéﬁﬁrrﬁéﬁc&ﬁ(ﬁ?etﬂ%déi\e ¢GOSR 9= dBodHERRSELE (tJIt?F opt i mal

conposi te propertles As previously nmentioned, the co onents of the

CONpPosi t gheGRbBdiReR:, AR el BidhenDRS %teﬁfboﬁ?ﬁkés%o %MIP Eécﬁ 14

characteristics. One advantage of” the process is t ablﬁlty to adj ust

conposi t&n&m@@m t}’(ﬁ"sﬂé\ 15091E)af1ﬁngc 19, %ﬁﬁﬁﬁr} Be g&dta& Hye the 20

desired goals © nanely, a ca can carry current

Wi thout b flihahPEGIED aSXRANARRYaG AU TR AR 19 dehingl AR | € Strength

reducti on prefera types o 3" ¢6nbi ne t he

phyS|calﬁg éﬁgé?ﬁé(kh% 9@ ﬁé%amé? q?fornance can be |nproved by formng a

core wit 3 stren ness coupled with a nore flexible

t I FoR th 03/.091008 PCT/ US03/ 12520
gg gLarggférlsf?é@uﬂgeiﬁﬂ&g%aﬁgéqﬁncg%n$§%§gﬁ¥?yék¥ %ﬂﬁ of rovings
Iead 4% nore unif rn1met %.and stre éQﬂQ’Cter stlc For exanpl e,
in a pr e 8?#“58“’8%%81%??? a(‘}?r S’Bd’?‘ﬁ%gcfr?& gss r‘fsﬁbou Conposite core

15 Pl d PrteEoRrer S g oy aeh A G B doris oo TSRS The 11 ber tows
12 matrix also protects the fibers from surface damage, and prevents cracking through a
mass of fibers improving fracture resistance. The conductor core B-stage forming
process 10 creates a system for pulling the fibers to achieve the optimum degree of
15  bonding between fibers in order to create a composite member with optimal
composite properties.

As previously mentioned, the components of the composite core are selected
based on desired composite core characteristics. One advantage of the process is the
ability to adjust composite components in order for a composite core to achieve the

20  desired goals of a final ACCC cable, namely, a cable that can carry current without
undue thermal expansion causing sag and without tensile strength reduction. It is
prefe;able to combine types of fibers to combine the physical characteristics of each.

Performance can be improved by forming a core with increased strength and stiffness,

coupled with a more flexible outer layer. The process increases the optimal



| eadi ng fromspools 11 are threaded through a fiber tow guide 18 wherein
fiber tow passageways are arranged to provide a configuration for

f or mat i orwofo3@wes e conposite nmenber having a uni f or m caPberusey1z2@nd
outer glass layer. The carbon |ayer i% characterized by high strength and
stiffness and is a weak electrical conductor 10 whereas the outer |ow
nodul us dhastsristizy of the sompasite by prevdittiag twiskingorf redmgdUeddingdo mokdavi ng an out er
gl ass |l ayer provides an outer insulating |ayer between the carbon and the
hi gh conghifotn wiettingahd sirength shaappristigs.i n t he final conposite conductor
product. The fiber dispensing system di spenses fiber tangent fromthe fiber
package pul [For &amged)tin pplclerfet efbédifegpOtle coinbbsite @bretidnster, ke fi ber. The
center pull nethod will 15 twi st fibers dispensed fromthe spool. As such,

t he cent@mpobitd coftrddnfffisésaiabk hifd dafboaN Usiig HeAS-ee gd o Rig padcedsydhet ed fi bers.
Twi sted fiber will occasionally lay on top of other tw sted fiber and

creat® a,gMBASId B26Whbdls MHbL 15k nd 80191 1 BF darBdnbdelhe filer fos 1pr ef erable to
use tangent pull to avoid dry spots and optim ze wet out ability of the

fibers. @fiddh@orhishSiis 110W6 ihthddd @rdubh £ &E&ToW AL IR wiei AlRPRE System 18.
Preferably, the guide 18 conprises a pol yethyl ene and steel bushings

cont ai ni L 4 f SN¥RNPatioR £6F OMBEBE 6F Mdied pattern guiding
the fi bel%gsa %%y#gﬁéedrﬁﬁ%ﬁgopﬁﬁg%ggf rom tcrossi ng.@t Rgf erring to FIG 2, the

gui de Cowméigfeﬁga?%%%ﬂgam&m%gibkh €48 Bhd Yur r@%@%ﬁ@&%@% for

insertion of tl ers Tn a predetermned patte The passageways 25 a(rje
w0 oot B D B B o B e

| ar 9¢4 d\i)vﬁlerrrga%gﬁe St rr?r}?'v@ nIo'dpﬁ% glraﬁgl ar }sri'ﬁoqyﬁ 161@%?? &péo%ﬁuéﬂ%) rows of

passageways an e sna neter glass ers pass through the
outer tug. ki one, o el 8T 3, 8lict S SAEDSN RARSAURIANRNIRe A L ensi oning
devi ce, V\%?Vé?%‘?‘na%'lv e S3Ew %p ol aarj T e T A Y T lfqhe pul l ed fibers

and ass utlimee ﬁigl? C;[)I?(ﬁchﬁi’ig/earlgm%{lgl \Prlélglaplir?gdin %}gerﬁgagpgmgogﬂg g&guétgreprg&{xicg e 18.
The fiber dispensing system dispenses fiber tangent from the fiber package
pull. Tangent pull from the spool will not twist the fiber. The center pull method will

15 twist fibers dispensed from the spool. As such, the center pull method results in an
increased number of twisted fibers. Twisted fiber will occasionally lay on top of
other twisted fiber and create a composite with multiple spots of dry fiber. Itis
preferable to use tangent pull to avoid dry spots and optimize wet out ability of the
fibers.

20 The fiber tows 12 are threaded through a guidance system 18. Preferably, the
guide 18 comprises a polyethylene and steel bushings containing a plurality of
passageways in a predetermined pattern guiding the fibers to prevent the fibers from
crossing. Referring to FIG. 2, the guide comprises a bushing with sufficiently spaced
passageways for insertion of the fibers in a predetermined pattern. The passageways

25  are contained within an inner square portion 40. The passageways are arranged in



At least two fibers are pulled through each passageway in the guide 18. For
exanpl e, a guide 18 conprising 26 passageways pulls 52 fibers through,
wher ei n esoh3op@ssageway has two fibers. If a fiber of a paTrushs/esks, a
sensing systemalerts the conposite c®re B-stage form ng process 10 that
there is a broken fiber and stops the 10 puller 34. Alternatively, in one
enbodi meows ofvabyingmber b@erchl the et diempenaass fived pafiahrotgpthe r can be nmade
on the fly wi thout stopping the process dependi ng on where the breakage
OCCUrS. céfter tBPabws ofpas@ipeddyar ahdthpsthdlkd diafnei®t tlae fikepadsihdigh gl ued to the
broken end of the new fiber. After the fiber is repaired, the conductor

core B- sha@Rer tivo oW SRGINENEdeld tHeTafoR phRsbeda 42, ARnéibniRg ef erred form
the fibers are grouped in a parallel arrangenment for a plurality of rows.

For exangelis, pkd¥erbbl{Pon 8achtsg@61,eadﬁfs@ {8 téndsH GPtheSlulle@WBer® hndRSR@IEWayS. The
outer two rows conprise 32 passageways, the two inner rows conprise 31

passagevgySoerfie phlta shWBhCRRLET thE QY¥13e $TPr i Se 4 passageways each. Fibers
are pulled at least two at a tine into each passageway and pulled into

zone 2. 20 ZQRGa& tﬁf@'ﬁ@éﬁ%ﬁ?puﬁ@dﬁ%%%l‘ g&p&fﬁ@%ﬁﬁé@%& hatpgreheats the dry

fibers to evacuate any noi'sture. ibers o present invention are

prefer a@(élm g,aat %ﬁjde 1"8‘ ctom ?isﬁlg 86 gé}g%g%%% gﬁﬁ?f& ﬁﬂé@th}&l\gg,%ewfn éa%h evaporate

noi st ur e. oven processi nprises an oven portion wherein the
1 ow of Tat @Rl ot SHAIRG T ol BERDS: GRS GhRanfliesldeT °0F The oven
e 11 pePRofiEdoh SEARE A il 0 B BR kRl BRCPme B 5 2ot on,
comPt <881 e Attt Y EhEhhERh o Skt Wi MER B BUE L power ea by
i i Senai by B & G Lot REH AP b IR PR S RoTURE 02 4 he heat drive

system (r)e% ellgré cpu?‘sl;{s oS re(fl)ailrj,laonvev\%rﬁber8 1s pulled from the rack 13 and glued to the

broken end of the new fiber. After the fiber is repaired, the conductor core B-stage
forming machine 10 is started again.

15 In preferred form, the fibers are grouped in a parallel arrangement for a
plurality of rows. For example, in FIG. 2, there are six parallel rows of passageways.
The outer two rows comprise 32 passageways, the two inner rows comprise 31
passageways, and the two center rows comprise 4 passageways each. Fibers are
pulled at least two at a time into each passageway and pulled into zone 2.

20 Zone 2 comprises an oven processing system that preheats the dry fibers to
evacuate any moisture. The fibers of the present invention are preferably heated
within the range of about 150 to 250 °F to evaporate moisture.

The oven processing system comprises an oven j)ortion wherein the oven
portion is designed to promote cross-circular air flow against the flow of material.

25  FIG. 9 illustrates a typical embodiment of the oven system. An oven is generally



upstream of the heater assenbly 66. The bl ower 68 propels air across the
heater assenbly 66 and through the oven system The air flows downstream
to a curwo o3ebteosy duct 72. The curved el bow duct 72 shi f psTaiSP3/14500v 90
degrees up into an inlet duct 78 and2through the oven inlet 76. Through
the inlet air flow shifts 90 degrees to 10 now upstreamthrough the oven 60
agai nstdesigeated 0. Wierfibersipass trbughibe pydandrom upstrearh ¢o davdistresin t he oven 60, the
air flow shifts 90 degrees down through the oven outlet 80 through the

out | et dirgetiony thetafrpessghint therenmyseadireg@ona nldhe loserkprocessing $ystemeat dri ve system
housing 64. The notor 70 conprises an electrical notor outside of the heat
drive sopgipeimestacheatpiriye systenob@ising &4 ithaghouFesen blower68idwemdby eketsica pul | ey with
a timng belt that noves 15 the bl aded bl ower 68. Preferably, the systemis
conput emotonTil locdtédoupstibdno fibing hegterissembbyieo t@icircalute @itlims domsatana desi r ed
tenperature. More preferably, the process allows for the tenperature to
charfge ditectivnythtoupieaiadowrddetsd. The hdaedieasigethotidity wuesadtowdr6g exanpl e, the
conput er senses a tenperature below the required tenperature and activates

t he heatpstignedfahehdated bsseinbigGti Thd BlowwheoShiraiey aivdeedss the@eatd0 tenperature is
too high. The bl ower blows air across the heating el enent downstream The

syst em dsepnfeyped i1 thiohgh te b{le'h\/sZéteﬂl.nTﬁe &t 6RdddvaRRednh fo@ Rrwant i nuousl 'y
circulating through the oven keeping the tenperature constant. FIG 10 is a

nor e dediiv @bt 2. €YheXur@dRIBHIEED BRI TRNI0 Rrdehey ARAMI e el enent 66. In

one enbodi nent, the heater assenbly conprises nine horizontal steel 25

el ect riduel 7818@kB6515Re 0TGN TREoudR ke ihiSt SEMAY Hifls FNEbofllesiol NCt fromthe
ot her heater. WO 03/091008 PCT/US03/12520 28 Each heater unit is separated

by f 98w Hitah ahbikh B §veh 66 ERHsDe ull BARBLALHLE fibdls.f ALfkERid 8l , the
conputer activates the nunber of heaters to provide sufficient heat. If

the SYSIG A/eAHb,iRSait o SARD BlrE LNl FS R Rbn BURESHRAER S

Al ternatively, ependi ng on t need e process, t onput er

activatfs oﬁ}éﬁﬁ%t 94 B0 MG HiSt0r T a%dtbpfk iﬂ%%éeﬁea%&x%’%até/m nbikufy10t her

enbodi ment the conputer activates a eaters Int

64. The motor 70 comprises an electrical motor outside of the heat drive system to
prevent overheating. The motor 70 comprises a pulley with a timing belt that moves
15 ° the bladed blower 68. Preferably, the system is computer controlled allowing
continuous air circulation at a desired temperature. More preferably, the process
allows for the temperature to change at any time according to the needs of the process.
For example, the computer senses a temperature below the required
temperature and activates the heating element or disactivate the heater when the
20  temperature is too high. The blower blows air across the heating element
downstream. The system forces the air to travel in a closed loop circle continuously
circulating through the oven keeping the temperature constant.
FIG. 10 is a more detailed view of a preferred embodiment of the heating
element 66. In one embodiment, the heater assembly comprises nine horizontal steel

25  electrical heaters 82. Each heater unit is separate and distinct from the other heater.



heater assenbly. In a further alternative, the conputer activates a portion
of the heaters in the heater assenbly or turns all the heaters off. In an
al t er nat ewertbogiionent , el ectromagnetic fi el ds penetrate thPoCENJIS0y/s20 process
material to heat the fibers and drive28ff any noisture. In another

enbodi nent 10 pul sed m crowaves heat the fibers and drive off any

nMoi st ur Eachl eanoiihBsephalbiyrsn., Pefedily, aftedeadingd Bo@aatuig uses el ectrons as
ionizing radiation to drive off any excess noisture. |In another

enbodi maitfereritibiethetbinpiiteaetiV Aestthendiiee b Shehtetsto pesvelcduffidienoiat. If the fi ber

i npregnation system Zone 3 conprises a wet out tank 22. In a preferred 15

enbodi mghetsystéh eqivivts BB Corhid adidvate BhabMNEnehedRys, Chtebiadleldl | ows t he
redirection of fibers during wet out. Preferably, the device is located in

t he centggendihg b thelrRbds AR PREVERS the HBpitbrRfiPatdbvbiy @Rk Neat imnd down
perpendi cular to the direction of the pull whereby the deflection causes

the §i b@fehehter ds650M.1 BUhShé RBodinfeatHRd c&{lamé&uﬁaa&ésgn hb&erd irf hat

configuration. The flat configuration allows the fibers to lay side by side

and al | qugeraQsefdly. g ﬁﬁ@?&l&rﬂaﬁv@%em%ﬁﬁu{ep%tﬂh@@é York6i 6&He by the resin.

Various alternati've techniques well known 1n the art can be enployed to

2ppl Y QbR RORBAS o RRioki PRI M iindRS] gt Such techni ques i ncl ude for

exanpl e, sprayl ng, I pping, reverse coating, brushing and resin injection.

I |t t i . " . i j Lbrati t

| prove the mrEaa i imeny b ARG HAAIRHIRED b DS/ 12500 29
Gen?r al yobes%. ate?fal {ohl%atvt ﬁl%?é%aﬁ%%@go{?%@ mgﬂ{u? lﬁaﬁ&%%%%&ﬁﬂeﬂtg p0| ymeric
resin conpositions can e us_e Wt ) h | _nven | pn_. e res! n_ my be for
exarfBI eguls?@ﬁroﬁ%&@@a{] t%% E%g% gn% ({?1%% 'r(]):ﬁ)gaﬁy %%o%srtruale. rgndt%%r Pol yi m de,

i qurd-cCrys an enperatur poxy based on |iquid

ol
)

crystal technol o or .simlar resin terials. Resins ar.e sel ected based
on’the BB RSByl e kel e (e BRRPIA TR  he conposi L o
core. off any excess moisture.
In another embodiment, the puller pulls the fibers from zone 2 to zone 3, the
fiber impregnation system. Zone 3 comprises a wet out tank 22. In a preferred
15 embodiment, the wet out tank 22 contains a device that allows the redirection of fibers
during wet out. Preferably, the device is located in the center of the tank and moves
the fibers vertically up and down perpendicular to the direction of the pull whereby
the deflection causes the fibers to reconfigure from a round configuration to a flat
configuration. The flat configuration allows the fibers to lay side by side and allows
20  for the fibers to be more thoroughly wetted by the resin.
Various alternative techniques well known in the art can be employed to apply
or impregnate the fibers with resin. Such techniques include for example, spraying,

dipping, reverse coating, brushing and resin injection. In an alternate embodiment,

ultrasonic activation uses vibrations to improve the wetting ability of the fibers.



Further, the viscosity of the resin affects the rate of formation. To
achieve the desired proportion of fiber/resin for formation of the
conposi t ewomseIrwestber, preferably the viscosity ranges WPCRiUsoy/es20 ange of
about 200 to about 1500 Centipoise 102%t 20 C. Mre preferably, the
viscosity falls in the range of about 200 to about 600 Centi poise 20 C .

The resin i sgael8¢lRY of e Raricis $86%h hRehaitle tlermpiseag polpmerdind  excel | ent
chem cal resistance to prolonged exposure of at |east 60 years and nore

pr ef er aaki cobodiths bar/ Bt 166@Hih e iMRARG, | TH2 rekin fgy BddExandle, T. A particul ar
advantage of the present invention is the ability for the process to

accommﬁ'@Aﬁi(ita!&?Etﬂér AR R2sil), BEAmidiMideO%Iimidel NqAE-EHEERIMAnek t h the present

i nvention, Is preferabl e to achieve a fiber/resin ratio within the

range 0{;@,};@%@@@?{8&&%@%@{ s IR AR rfstdl %ecﬁnqlcf)éybﬁ_rsil'nlﬁﬁ$ feBinr ati o within

the ran y wei Low viscosity resins w sufficiently wet

the fibers forplde SOMMARI LS Oh ro PRoRE! and BB kisdi cRHaGIsKEEr  provi des
0 a br (ﬁg I

resi'stance oad spectrum o gressive chem cals and has very stable

20 dielectric and | ing properties. It is further preferable that the
polyner&ﬁg% gi%K%$NE§%%&%%tgassing requi renents and UL94 flammability tests

L A
EES rfhj?ﬁ? WQBOI??Q %%ﬁ?;g%ggﬁ%n%dﬁﬁéreéﬁ Pgafregtﬁbnaﬁ W pi ng bars. As
e TV g1, L5, Y0 DY IEIG00, CETLS a2t i auyal o Vet ou
i“re g;@?: 'r g %th%éﬁleh Prippiib deegsidp i B AR BRET Chet i bers.
Lank 2oCeHinaiseanfia: (ergn it Feaidtio Jore an Repro PrgriEand: squeese out
bush ngs g felove, excess, ol W10 (15 L, QUL pigcgss sach budi e o

preferably, at least 70 years of operation up to about 230 °C. A particular advantage

of the present invention is the ability for the process to accommodate use of low
15  viscosity resins. In accordance with the present invention, it is preferable to achieve a
fiber/resin ratio within the range of 62-75% by weight. More preferable is a
fiber/resin ratio within the range of 72-75% by weight. Low viscosity resins will
sufficiently wet the fibers for the composite core member. A preferred polymer
provides resistance to a broad spectrum of aggressive chemicals and has very stable
20  dielectric and insulating properties. It is further preferable that the polymer meets
ASTMES595 outgassing requirements and UL94 flammability tests and is capable of
operating intermittently at temperatures ranging between 220 and 280 °C without
thermally or mechanically damaging the strength member.
To achieve the desired fiber to resin ratio, the upstream side of the wet out

25  tank comprises a number of redirectional wiping bars. As the fibers are pulled



three tines the desired resin for the final product. To achieve the right
proportion of fiber and resin in the cross section of the conposite core
menbers, wbasamoeht of pure fiber is calculated. The squeezaiSos25kushi ng
in designed to renove a predeterm ned320 percentage of resin. For exanple,
where the bushing passageway is twice as big as the area of the cross
sect i on tlobughhtbe et fank thedibers acoadheted g tand dovgr &ainsta dehieo50% by  val ue
won't be pulled through the bushing, the excess resin will be renoved.

Al t er natwipieg vars tdasovinghtasgresian Alermdasdlgnigtredicectdd Gutemadapeieesal 100% f i ber
and 20% resin. 15 Preferably, a recycle tray extends | engthw se under the
wet out wiperlksys2ein toowip€ toess resietdrtiediout @8 the tankidy ehefdibefse Padibyblyfthe wet out tank
has an auxiliary tank with overflow capability. Overflow resin is returned
to the akoekd desihYs dofitdteddhdGédvied Shto thBmRYER tidk@2pi pi ng. Al ternatively, tank
overflow is captured by an overflow channel and returned to the tank by

gravisty. In ajbidbéies, thdlvee bitaik usbd eseAb ORGSR bshitigBkdreafdvUNMP System to
recycle the resin back fromthe auxiliary tank and into the wet out tank.

Pref er alkatss Rsif BiHeGhe SUSuEPOERNLIAbEndIOES HIRY Sntdhs ds@Rich aWi thi n the tank.
Sensors detect lowresin |evels and activate a punp to punp resin into the

tank frgupe fh16s B dskrbPre¥inTorthd ndl BanbN 8 b I&REOGER giogenfoﬂek- Mor e
preferably, there’is a mxing tank located wthin the area of the wet out

tank. T L ) L1 I dWale® into the resin
wet out fﬁ?;ﬁiﬁ&%{ %é@o%ﬁ%ggﬁsﬁf%gg@l%g%w?f@ﬁg’n%%Pﬂé@gg% % the fibers

from zopge3s Eﬁclﬁ:%‘cg 4’ﬂ1e|§£11tfb%z~,561§ro§§1%% '%Qsi%ﬁaﬁ ?c?reﬂmv&&’ﬁ?g%ﬁété nddl. OVen

processi ng system efera € OVen processi systemis an oven

o e S g A Lt R A

5 The pgtﬂel erspull the fi Q{etlijg rom zone qven circul ates
a

3 . zone 4. The,
air in a(r:?arogu ea‘*rmsaﬁ?"élc? Ion go?/\r/haers%la%%68&%8§§63§H%9Igg °p|yopel | er heating

system v;rlgg won’t be pulled through the bushing, the excess resin will be removed.

Alternatively, the bushing can be designed to allow passage of 100% fiber and 20%
resin.

15 Preferably, a recycle tray extends lengthwise under the wet out tank 22 to
catch overflow resin. More preferably, the wet out tank has an auxiliary tank with
overflow capability. Overflow resin is returned to the auxiliary tank by gravity
through the piping. Alternatively, tank overflow is captured by an overflow channel
and returned to the tank by gravity. In a further alternate, the process uses a drain

20  pump system to recycle the resin back from the auxiliary tank and into the wet out
tank. Preferably, a computer system controls the level of resin within the tank.
Sensors detect low resin levels and activate a pump to pump resin into the tank from
the auxiliary mixing tank into the processing tank, More preferably, there is a mixing
tank located within the area of the wet out tank. The resin is mixed in the mixing tank

25  and pumped into the resin wet out tank.



conputer systemcontrols the tenperature at a tenperature to heat the wet
fiber to B- stage. Preferably, the process determ nes the tenperature.

B- st age twopanatoss e of the present invention ranges frompartusosiizbout 200
to 250 F. One advantage of the B 10 st¥lge sem -cure process in the present
invention is the ability to heat the resin to a sem-cure state in a short
duration of tiheeunllappulbtke fibérefrgmlzote 5tarone t ake Bistadgagoeh@onednt i nuat i on of
the process. The advantage is that the heating step does not affect the

pr ocessi dognpsisesedl 00én prissysiyelin 20N @rddeablaOhe Pved Gassssitlgl spsembior the furt her
tuning of the fiber/resin ratio by renoving excess resin fromthe wet-out
stage. FRurdvegwith Beshpger shbiemltha ésntiofiahd ichthfugsdfhdat sdkebss the further
conpacted and configured during the process. Accordingly, the process

di ffers fif QoW porRichOMErdh BRIVEES thekatne USBeRVAriALEgE 2.5em - cure. Heating
sem -cures the fibers to a tacky stage. More specifically, in traditional

conpgsi te progepelladpaPhé H6&t 8MSond N 208E § eFhe dVeRhSulAtEaifaat ed gradual Iy
to a sem -cure stage. However, the heating process 20 generally takes

peri ods GfcudP@ird2Q8H ddWnstr@RIR upkiRahER L prbhBleSRAinL Y €mS trgge. Moreover, the
conposite nust be imredi ately wapped and frozen to keep the conposite at

the  serdonfiifel syaleRt@natld 1RGSR 4 RehpbAnfe HIHIR thsh@dfer 05507 di ngl y, the
processing is ‘fragnmented because it Is necessary to renpove the product
fromth Ln i : 03/ /12520 32 In
accord a%(t:deg'e ngeE&%b?\}g %%Irlgg%gst dei erll\?/lg%% ?Igqu‘%ﬁqeﬁ%@%- %fsg%é Qﬁgﬁjaeﬁ% ylﬁggd edicated to
a high [clen rcial..appli j enein. sem - is rapid,

ST ARSI 3Rk 581 R0 COR BuBEhe R B o e

prefera

process. Preferably, the resins . are desjgned to allow rapi d B-stage
Sem 102 7§85 ST HOsrat 1 (RORSI RN THPB g 1Y &9 WALBEESIP Row ng f or
shapi ng and confiqurin nd, further conpaction of the product. The pullers
pul | thée?’?'B'EF§fa’fea’bﬁf‘@-g%@f“é@@nféﬁ@ea@w{ﬁ’%ﬂy E-1i5gpingiss dpReBt i on of the

conposite core nenper. Zone 5 conprises a next oven processing system 26
continuation of the process. The advantage is that the heating step does not affect the

D,

processing speed of the system. The B-stage process allows for the further tuning of
the fiber/resin ratio by removing excess resin from the wet-out stage. Further, B-stage
15  allows the fiber/resin matrix to be further compacted and configured during the
process. Accordingly, the process differs from previous processes that use pre-preg
semi-cure. Heating semi-cures the fibers to a tacky stage.
More specifically, in traditional composite processing applications, the wetted
fibers are heated gradually to a semi-cure stage. However, the heating process
20  generally takes periods of one hour or longer to reach the semi-cure stage. Moreover,
the composite must be immediately wrapped and frozen to keep the composite at the
semi-cure stage and prevent curing to a final stage. Accordingly, the processing is
fragmented because it is necessary to remove the product from the line to configure

the product.



having a plurality of bushings. The bushings function to shape the cross
section of the fiber tows 12. Preferably, the bushings are configured in a
series cowprid®dmgs a 10 parall el configuration with each otrh@&rusod/msehi s
enbodi ment, there is a set of seven Bushings spaced laterally within the
oven processing system 26. Preferably, the spacing of the bushings are

adj ust ed accdn aticorganas Wlﬂethppmmémveﬁr%e theiBstagg beating lﬁlfb‘dlcéﬁﬁééé’fd

equi -di stance or variable distance fromeach other. The series of bushings
i n zone loghefficiancy eommierdtial @pplitatort wheréin senaitcats iv edpyd, preferably 5-1ushi ng r angi ng
wi thin about 3/8 to about 3/4 inch thick. Mnimzing friction aids in

maxi m zimiguteh durpnzacessnepepdcesy orlés withitbtha pobcéss oPrefdreblp teswesins | nvent i on
extends within the range of about 30- 45 feet. Mst preferably, the zones
4, 5 ancrédsighedid alibwlrgss B-sdfye bant-curihp timt o hbldicoastarnd ilstwhake and t he
decreased friction due to thin bushing plates aids in achieving a 20

desi red pudess Aot fonstapag ban@mfighrigad furthef ¢onpattidnoofalioptddds® ft/ mn. Most
preferably about 20 ft/mn. Processing speed is further increased due to
the high fi bqﬂléf)ﬁi&iré’\plﬂﬁﬁhb @ibers RoB-Etagdzoh®4 b £one 3, forf thé fodinatiqal of, t he bushi ngs
90 conprise a flat steel plate with a plurality of passageways through

whi ch t hge EdriR¥kitd DM méRba! Foldlh bedpristh@ndxt a¥en fRbRbsngSdyste 2sushi ng 90
preferably rdgf?g’;es from3/8 inch to 1/2 inch thick determined by 25 the

process. hamg gm it 88buRfin ?@vmrwblﬁﬁgs\f@.woﬁwm b SrobOseb@shustend ri cti on and
the WO 03/091 CT/ US03/ 12520 33 amount of heat which nust be added or

removed By Re 10 BldiabIARRe &faﬁﬂngme RSHEERE in 4 Sbrigk SHpristheachi eve the
tenperature changes required to effect curing of the fiber resin mtrix.

The {di cknggs. oﬂﬁgﬁ%@m@v‘ﬁméd&ﬂo&gr 18 s aﬁﬁddﬁﬁérx thd}€ idH Joi YR dshi ckness

required to provi the structural strength necessary to constrain forces

| mposed Hﬂﬂﬂ%iéégcea m@ﬂh?(@heﬁ%eﬁg i@&g@g@ﬂ@%g&% ethrough. In

parti cul ar ness 0 O 1s prefe the m ni num

needed ! galihd %éthedﬁfsﬂfnggyegg,u% SGaRAISD 3 Groct] hrnk pusmgelcmeb' e level which

wi |l not Briere wi |ng materi a

spaced equi-distance or variable distance from each other.
The series of bushings in zone 5 minimize friction due to the relatively thin
15  bushing ranging within about 3/8 to about 3/4 inch thick. Minimizing friction aids in
maximizing the process speed.
Zones 4, 5 and 6 of the present invention extends within the range of about 30-
45 feet. Most preferably, the zones 4, 5 and 6 extend at least 30 feet. This pulling
distance and the decreased friction due to thin bushing plates aids in achieving a
20  desired pull speed in the range of about 9 ft/min to about 50 ft/min. Most preferably
about 20 fi/min. Processing speed is further increased due to the high fiber/resin ratio.
Referring to FIG. 3, for example, the bushings 90 comprise a flat steel plate
with a plurality of passageways through which the fiber tows 12 are pulled. The flat
plate steel bushing 90 preferably ranges from 3/8 inch to % inch thick determined by

25  the process. The bushings 90 have relatively thin walls to reduce friction and the



t hrough the system Preferably, the design and size of the bushings 90 are
the sanme. More 10 preferably, the passageways w thin each bushing 90

di m ni sh wop 0giogmosand vary in |ocation within each succes®Crasbusiseng 90 in
the upstreamdirection. FIG 3 illus8¥ates a preferred enbodi ment of a
bushi ng 90. The bushing 90 conprises two hooked portions 94 and an inner
pr ef er ablajpoygipd heat yeyieh nayst bQ%ldrgﬁ er iemAed bydhalreatingand: doolingomrotesruses t he
passageways through which the pulling nechanismpulls the 15 fibers. The
out er hodkedetepehioresheemperamrachangss srquired toteiastwhringofithe fikereswhi ng 90 s
pl aced within the oven in zone 5. The outer hooked portion 94 connects with
i nt er | ockeatgx. | Bheghickress ofsbabushing 9 isprefamblyvenminirasm fthiclotessomquimd suppor t  t he
bushi ngs 90. Zone 5 conprises a series of eight consecutive bushings. The
bushi ngs thpreride thesthicmel steangth nedessaguiodensthim fHickeimposedtdpen @enf i gur ati on for
the final product; and (2) 20 shape and conpress the fibers. In one
enbodiSme hushing @ yubhimagsialgssugthakthoongh. afpgatticwiat, henthickeesow@he support ed on

t he hooked structures. The bushings 90 function to continually conpress

t he fi bembsshinpd(fis profaatdpthe asinintint teededato tiprii defor@atiomoftthé Bushiagbodi nent ,

carbon and gl ass while the process is under appropriate tension to achieve
concent r ivailtty a aodetabla idvelrwinich ®11r idp titdrRfe With fhk PeNinpbt e wlatez@mm ngl i ng of

fi bers. 25 The bushings 90 may be designed to form bundles of a plurality
of geonettirbgh thd&-isted¥D 03/ 091008 PCT/ US03/ 12520 34 exanple, FIG 5
illustrates the variations in cross sections in the conposite nenber. Each

cross secti onpre@sally, $hd desigh dhd digy ke RUBREND L0md8shdMothe passageways in
each successive bushing 90 dimnish in size further conpacting the fiber

bundligs. ﬁﬁ‘i’éralﬂ%ﬁﬁ@ﬁ@saggdv%s v@th%@ﬁbl%ﬁﬁt@ 9B URHhRE P9, anauRRfih mPosed on top of
one anot her. Several changes are apparent with each consecutive bushing

90. Fi r Stocaf@RitiaN S5dnaYEedsdreikinge &ﬂiﬁmﬁéaﬁx@&iﬁcﬁ&ﬁh@sof each

passageway decreases. Second, the superinposed figure shows the appearance
of the jiustratesa preferred embodiment of a bushing 90. The bushing 90 comprises two

hooked portions 94 and an inner preferably square portion 92. The inner square
portion 92 houses the passageways through which the pulling mechanism pulls the

15  fibers. The outer hooked portions 94 form a support system whereby the bushing 90
is placed within the oven in zone 5. The outer hooked portion 94 connects with
interlocking long steel beams within the oven that function to support the bushings 90.

Zone 5 comprises a series of eight consecutive bushings. The bushings have
two functions: (1) guide the fiber in the configuration for the final product; and (2)

20  shape and compress the fibers. In one embodiment, the bushings 90 are placed apart
within the oven supported on the hooked structures. The bushings 90 function to
continually compress the fibers and form a composite core comprising, in this
embodiment, carbon and glass while the process is under appropriate tension to
achieve concentricity and uniform distribution of fiber without commingling of fibers.

25  The bushings 90 may be designed to form bundles of a plurality of geometries. For



center hole for conpaction of the core elenment. Third, the figure shows the
novenent of the outer corner passageways towards the center position. 10
Ref erri ngwo®3®91808 4, there are two bushings illustrated. Pag/usos/sis2doushi ng
100 illustrated, is in a simlar conB#guration as the guide bushing 18.
The second bushing 104 is the first in the series of bushings that

f unct i orextmplegfipr & #ksaates tho mdriagjonsintcives sectdony @s fht @ompoesie niEmber. i r st bushi ng
100 conprises an inner square portion 92 with a plurality of passageways
102 pr edfachiomeckettivnaugplits omcdifférue bustiey 30 designpul | ed. The 15 passageways 102
are designed to align the fibers into groups in bushing two 104 having

four outer Qgribdpsssdge®andinfehdhanscessing Bushing Yndigrinigh mujrs fi@ifer of fi bers. The
inner square portion of the bushing 100 conprises six rows of passageways

110. Theonphdtmpgieet befdldshoasmpRENay § sHokd saetybdsking®0f i gured into any
plurality of configurations depending on the desired cross section

geomest I YsuPrih$tBed S BH SF b1 #mBIher. NvErEIthSiges A @padht e eldt t om row, 112 and
114 respectively, contain the same nunber of passageways. The next to top

and neXtcoBEbc@tWetbQMiﬁ%%Eiﬂsﬂ;_@a@fﬁ%ﬁéy%d biBRRS0ho Mat (BORESéRadthe same nunber
of passageways and the two inner rows 120 and 122 contain the same nunber

of  passgaeuRYRry defedbe®! Slcoid, BH <8 JoSRIMourd A6wh MR a?;ﬁé_dralﬁ@é 4G rows contain
al

32 passageways 25 each. Thé next |evel of rows con n 31 passageways

each. The,m thié: for E&%ﬁﬁwg%gc%eﬁ;%&g 908 tﬁéﬁ%&r@‘%%ﬁ?o 35 4 passageways

each. The pulling mechanismpulls two fibers through each passageway.

Feler Ll Moldhohl dmco@ ot ATRLSw b PINS hO P ROGRID T PUl | S 120 G a5S

fi bers through rows urther, the pulling nmechani sm

pul I 5 16 Carﬂ%%@mggstg%&g& @ﬁewgg Mw@shﬂlggwaagte@ Zhe %rﬁsas%{g g to FIG 7,

t he next bushing ushing threein e series conprises an inner
s B IR RO T RS R by 920 %
104 is the first in the series of bushings that function to compress and configure the
composite core. The first bushing 100 comprises an inner square portion 92 with a
plurality of passageways 102 prearranged through which the fibers are pulled. The
15  passageways 102 are designed to align the fibers into groups in bushing two 104
having four outer groups 106 of fibers and four inner groups 108 of fibers. The inner
square portion of the bushing 100 comprises six rows of passageways 110. The
arrangement of the passageways 110 may be configured into any plurality of
configurations depending on the desired cross section geomeiry of the composite core
20  member. The top and bottom row, 112 and 114 respectively, contain the same
number of passageways. The next to top and next to bottom rows, 116 and 118
respectively, contain the same number of passageways and the two inner rows 120
and 122 contain the same number of passageways.

In a preferred embodiment, the top and bottom rows contain 32 passageways

25  each. The next level of rows contain 31 passageways each. The middle rows contain



fibers exit bushing two and are divided into equal parts and pulled through
bushing three. Each passageway in bushing three conprises one quarter of

t he partiwoloanstogpe 10 of fiber pulled through bushi ng t weCTMSN®12520
specifically, the top two rows of the3fop and the bottom of bushing two
are divided in half whereby the right half of the top two rows of fibers
are pul | eppssagewayg leachh &' he ipyling ogclemismquile twoofibep ihtvivglyeachr ee. The left  hal f
of the top two rows of fibers are pulled through the upper left corner 132a
of  bushjapgtiaye Refedng eG4 fpntxdngld, thefputling nteolanisvopullsvig6 ghss | ber s ar e

pul l ed through the 15 upper right corner 132b of bushing three 130. The

ri ght hafiferschronggerowstll @il rands 18. furthed the puliing npohdnisth pdikkadgh t he | ower
right corner 132c of bushing three. The left half of the bottomtwo rows
of fi berartendibay lthreashitwe ugharddie@2) ower | eft corner 132d of bushing three
130. The inner two rows of bushing one are divided in half whereby the top
ri ghts hal f ofRefdiéng 0[F1G1 T dthenek OvisBihg f 30) BiishirgXhiesl i 16l sdrfes ough t he i nner
upper 20 right corner 134b of bushing three 130. The left half of the top

m ddl e rewpeikesfah Defessqusre pottioneid 1 hiviRLBG: suie cbﬁ@ﬁﬁasb&%@@iys'lsid, corner 134a of
bushing three 130. The right half of the lower mddle row of fibers is

pul I ed tixnpughc il 320084 fdu@ﬁﬁérﬂaﬁﬁ?éwa?@[%!13_113,4@49fand bugihitpg three 130. The
|l eft half of the lower mddle row of fibers is pulled through the inner

| over | efiferCRitBEhi A aRUENIA0InIoRG8LE pdrdCna HRRQY #odgh Yushigshi ng three 130
WO 03/ 091008 PCT/ US03/ 12520 36 creates eight bundl es of inpregnated fibers

that wil 1 GRRRY Wes: t bushi ngs.
The pul Itielrrep'ggfcﬁs% %Sﬁge@h%%r S tﬁ?@ﬁﬁ%%‘gﬁﬁﬁg a?%ggﬁﬁégﬁt%%ﬁ rutﬁs)lﬁix ng four 140.

Bushing CaergLics FRTRELAGR 08, ST R ER A e SRR, hg Four o

Bushi n e I nné on 141 ng four outer

Taan. 1000 SRERBEDrhte ool o hl e O ey B e e S ageays
L42a-d a0 000U dONRIo BASARSRVENS cubAdBicd oERABLUANL 1 hetg! T e T oi ze

than the 'simlarly configure ass
half of the top two rows of fibers are pulled through the upper left corner 132a of

bushing three 130. The right half of the top two rows of fibers are pulled through the
15  upper right corner 132b of bushing three 130. The right half of the bottom two rows
of fibers are pulled through the lower right corner 132¢ of bushing three. The left half
of the bottom two rows of fibers are pulled through the lower left corner 132d of
bushing three 130. The inner two rows of bushing one are divided in half whereby
the top right half of the top middle row of fibers is pulled through the inner upper
20  right corner 134b of bushing three 130. The left half of the top middle row of fibers is
pulled through the inner upper left corner 134a of bushing three 130. The right half of
the lower middle row of fibers is pulled through the inner lower right corner 134c of
bushing three 130. The left half of the lower middle row of fibers is pulled through

the inner lower left corner 134d of bushing three 130. Accordingly, bushing three 130



bushi ng three 130. Bushing four 140 conpresses the fibers pulled through
bushing 10 three. The puller pulls the fibers frombushing four 140 to
bushi ng fwoe3a%008 Preferably, the four outer corner pass&gensyy1253Ra,
152b, 152c¢ and 152d and the four innéf passageways 154a, 154b, 154c and
154d are slightly smaller in size than the simlarly configured
passagewstes bighibisbies gf fpuegnatdd fibdduthbi wigi teicomtinbblly compesseses 15 the fibers
pul l ed t hrough bushing four 140. For each of the successive bushings, each
bushi ng ot 186 setieh UNExEbidhings.bers with an increasingly smaller dianeter.
Preferably, each smaller bushing wi pes off excess resin to approach the

optimal and ¢8spulRE pMIAROFibdrOthrdph beshing thiee 13MRbusiaAPREt 1400n. 20 The
puller pulls the flgers from bushing five 150 to bushing six 160.

Pref er aly¥hing Riar 1 80/ EontiHs6d thé HonR@EARANBYshinkGRRe 136 2ushkf2c and 162d and
the four inner passageways 164a, 164b, 164c and 164d are slightly smaller
in sigze f,3aag LoGprish Tsqidfd in& B%E@ﬁ?ﬂavﬂ%%&%‘(@%%% L9 five 150.
Bushi ng g?x 160 %%npreises t%@ fibers pulled throudﬁ)bughiﬁg five 150. WO

03/ 0910 / ' I 4l AAql nner square
171 havﬁ%&fggég$%%%%@qgg?ﬁ%%mﬁgggg§g§a§¥§ﬂﬁ¥%%}q?§gb,§%§50 gnd 172d and one

e LSRR TG L SO L i i |

passageways ushing s hrough t si ng passageway 174

passags: _ ) final unif
concent riae- B3 eh Sumalo B AR T SAEREE) SRS R ° B o oy

172 17 { 7 f ' Y/ ' ith
Comact (R pEd0; Ridne bhrFioZbuBEls 08 R TIABRRIMARITNS 01 1

pul | er Q§J|S the fibers through bushing seven 170 to bushi ng ei ght 180.
The ﬁhl Ppul I's the inner conpacted core 184 and the outer four corners
182a, 182b,

The puller pulls the fibers from bushing four 140 to bushing five 150.
Preferably, the four outer corner passageways 152a, 152b, 152¢ and 152d and the four
inner passageways 154a, 154b, 154c and 154d are slightly smaller in size than the
similarly configured passageways in bushing four 140. Bushing five 150 compresses

15  the fibers pulled through bushing four 140.

For each of the successive bushings, each bushing creates a bundle of fibers
with an increasingly smaller diameter. Preferably, each smaller bushing wipes off
excess resin to approach the optimal and desired proportion of resin to fiber
composition.

20 The puller pulls the fibers from bushing five 150 to bushing six 160.
Preferably, the four outer corner passageways 162a, 162b, 162c and 162d and the four
inner passageways 164a, 164b, 164c and 164d are slightly smaller in size than the
similarly configured passageways in bushing five 150. Bushing six 160 compresses

the fibers pulled through bushing five 150.



10 182c, 182d migrate inwardly closer to the core 184. Preferably, the
outer fibers dimnish the distance between the inner core and the outer
corners byohaldioohe di stance. The puller pulls the fiber®#crhsougs2bushi ng
ei ght 180 to bushing nine 190. Bushi®g nine 190 is the final bushing for
the formation of the conposite core. The 15 puller pulls the four outer

fiber bundl eguafsh dher CRIBRRGHES af Rin6r dgareughhaviRaHaagasaymed 92 in the
center of bushing nine 190. Preferably, bushing nine 190 conpacts the outer

por ti on ,aad dhes 171@6{7280{7%@9(1 1na%ﬁabﬁ&nﬁé}ph@a@rwapqv4lmpailexcar bon and an
outer portion of glass fiber. FIG 8 for exanple, illustrates a

Cross- S%%ﬁé 8 £8Ers %oﬁﬂﬁp?&ﬁtﬁep@@agewa DessaiBhife bik 186 iHélR%hed 20 conposite

core ne 200 having an inner reinforced carbon fiber conposite portion

202 surr 91 e [le Eyssgééwggtl% mrbpu'ts ﬂéagegﬁ‘glﬂ)l %@ dc@s%rcoﬁ@m& bRarart ion 204.

Terrperatu e I's kept- cohst ant roughout zon® 5. The tenperature is

det

ser R?@%ﬁﬁ%“aﬁ’“@m‘? (EERe BG b Bl CRACHRUAL KERR WOBERLE | Ret i na
evel of. comnast 105, 499 458, §§1aline 200! ATGh Aane I ARG, PCT/ US0S/ 12520

38 The puTnIeer ptjl 'St he” 0 zone ri né stag
preferablf}?ﬂﬁé ”E#r%%sgg%%vgﬂoi’ﬁ'}m%bush s&tl%ﬁ.t heat and airflow as |n zone 5,

4 and 2.° e same constant heating and cross circular air
flow as in

heat. The cu&gﬁﬁamﬁ‘ t@ﬁ‘g ﬂ’éouﬁgggsﬁjf g'ése}'%lplggg%gusg“ eeghg}Jérble?\gt gsogggls ngl n
the pres nvention, the preferr e for ranges from
about 3 e %fhelf‘@ﬁfzco teﬂ ﬁ?rFﬁg ﬁ‘%qg%g 3P CFEb g’pla%l%’ within the
O L e B i e DS 0 LS
final c udl;r(rallnls]ch()tll;en;'ixgtgnc% bggxl;e%n I;h%snlmrér core and the outer corners by half the
distance.
The puller pulls the fibers through bushing eight 180 to bushing nine 190.
Bushing nine 190 is the final bushing for the formation of the composite core. The
15  puller pulls the four outer fiber bundles and the compacted core through a passageway
192 in the center of bushing nine 190.
Preferably, bushing nine 190 compacts the outer portion and the inner portion
creating an inner portion of carbon and an outer portion of glass fiber. FIG. 8 for
example, illustrates a cross-section of a composite cable. The example illustrates a
20  composite core member 200 having an inner reinforced carbon fiber composite
portion 202 surrounded by an outer reinforced glass fiber composite portion 204.
Temperature is kept constant throughout zone 5. The temperature is
determined by the process and is high enough to keep the resin in a semi-cured state.

At the end of zone 5, the product comprises the final level of compaction and the final

25  diameter.



10 Zone 6 may incorporate a bushing ten to assure that the final fiber
conposite cor nenber holds its shape. In addition, another bushing
prevent s WbhwaiongooHf the core during curing. During the nexT/snagse0t he
conposite core nenber product is pull 88 through a series of heating and
cool i ng phases. The post cure heating inproves cross linking 15 within the
resin matri x Thepultipads thbgibgk fisincahe £ivamoact ercisitg sapepieférhldy pr oduct . The
pullers pull the fibers to zone 7, a cooling device. Preferably, the

nmechani Cprisiaf bih GdnavitiOgbnehnt thed aﬁd/ﬁfﬂdeastlheolseaam ané2i Thaovras 2, 4, 5 and
6. More specifically, the device conprises a closed circular air system

usi ng a 80k BEndl@kaR 1RMEhednd boYEirculaPiieflew abinyzoné heof®dhindrg devi ce
conprises a plurality of coils. Alternatively, the coils 20 nay be

hori zont,ghly. $hd pobdis a&em%hygh&ommnﬁg BEW Rdnfains|cBndtardt Ur t her
alternative, the cooling device conprises cooling spirals. The blower is

pl aced %@%&%@ﬁm [-Qfhd PScesE qgltﬁéweséﬁmeen@fn%ec@éveﬁéwemsérxmm@ws air in the

cool i ng in an upstream ‘direction. air circulates through the

devi ce in g eﬂ‘iorﬁlaﬁ% 5 °F %{b%ﬁ{AdasF k’ﬁ%%uﬁg fo@gss?i‘erfercjlﬂw gﬂdﬂ@om at a

cu
const ant fle e ture era t he coollng enperature” 25 ranges from

w Ehin abaut 49 L9 Faul s 1095y Meeaswogégrgérfg/m%ggﬁ@%@@e@s 39 The pul lers

pul | h~Zone ost- curing phase.

The conpo cor ted to post-c ure to inprove
the mec h?ﬁ?S@;P“WEfB‘gE’iT}%Q?hO?h q‘ﬁ%t%ﬂ%%tg Z%Ibuére neifrlrﬁ%}l%gruct The pul lers
pull the_ conposite core nmenber through zone 8 to zone 9, the post 5 curing
cool i ng Hﬁ’é‘éai’ﬁﬁi&@“ﬁ‘he conposite core has been reheat ed the conposite

core is cooled before t he g L % abs t he C(%gf‘rr)F tlgg OSIte core.
Prefttably, tH@° OSRAYIBIREA L pPY H’§ P a3y thateihg final gbericam %Sltf’angl ng about 8
to about 15 feet by air caonvection hefore, reachi n t he (E)fu | er. NMbst

pr ef er abtoy mepther itsrigane i addetion; anotgh pigs m@@’“f"@'étf luming
core during curing.
During the next stages the composite core member product is pulled through a

series of heating and cooling phases. The post cure heating improves cross linking

15  within the resin matrix improving the physical characteristics of the product. The
pullers pull the fibers to zone 7, a cooling device. Preferably, the mechanical
configuration of the oven is the same as in zones 2, 4, 5 and 6. More specifically, the
device comprises a closed circular air system using a cooling device and a blower.
Preferably, the cooling device comprises a plurality of coils. Alternatively, the coils

20  may be horizontally structured consecutive cooling elements. In a further alternative,
the cooling device comprises cooling spirals. The blower is placed upstream from the
cooling device and continuously blows air in the cooling chamber in an upstream
direction. The air circulates through the device in a closed circular direction keeping
the air throughout at a constant temperature. Preferably, the cooling temperature

25  ranges from within about 40 to about 180°F.



10 The pullers pull the conposite core nmenber through the zone 9 cooling
phase into zone 10, a w nding system whereby the fiber core is wapped
around a wbealofoos storage. It is critical to the strengrhTafSovims2core
menber that the w nding does not over 39stress the core by bending. In one
enbodi nent, the core does not have any tw st and can only bend a certain
degree. |n armht pellerepdibiiie nempositd inembérelaoudiesona 7 o zometdethe pbst-15 seven f eet
and handl es up to 6800 feet of conplete cured conposite core nenber. The
wheel i scufiagplgine dThecongositerottahentieh s Isbted foy@sscwing tdnpeBtet &ge f or med
conposite core nenber without forcing the core nenber into a configuration
that is il@fovkilghhechatital propeiticdefitheringdsiteidie memBerwrodeing syst em conpri ses a
means for preventing the wheel fromreversing flow fromw nding to

unwi ndi ng. Thae FRRASpEbie BEnRRIe LY neRbEQhlohgH zdae 8\ erdrs % the pudieel direction
fromreversing for exanple, a brake system In a further enbodi nent, the

process dufifib bsiing dhakd 2Dnbdthé Qtgotite oY ShaR Meer@AFAEddSThB Gorfipdsitél€ort NSpect i on
system The quality control process assures consistent product. The

qual i ty i¢esidbersty HleSm1EEYats el diBadidd domRBiteCcokd) IREBIbYNNOT conmposite core
menbers; record the nunber of tows in the end product; nonitor the quality

of 25 t%n{p%&e%rerma{ls&&;o&mﬁnsemﬁee%h%%mouﬁ b MYENS By ek the product
during various WO 03/091008 PCT/ US03/ 1 0 40 phases; neasure fornmation;

reasur e ARes: o betbidGeRHink HRGuREO AP prefeb1E A BbEne £RGH: iAbeh of conposite
core nmenber has supporting data to keep the process performng optinmally.

Al ternatfovfg%ty, the quality control system conprises a marking system The
mar ki ng system wherein the marki ng system narks the conposite core nenbers

5w t he prod I [.on. i to ks t he

co rrpfods] ite co rlgle %ﬁrféﬁ% g‘élg{h%émﬁ%ﬁ% %(g%: glgmer%rthlllo? gllétr%% %{)1%09' s }sﬂé%&?%\e accordance

wth specjfic aliti.es ar_. exanpl S I i Class B and
Cass C mLPhZém? ?(ggrvglna 033 S{egr)n ‘76}?65%)_ rshge eé%:rg?r%‘gépé% ag%lkggé%l% gﬂr)rs can be
Irrgaie);? hgﬁl}l 'ﬂggFC EI’P is |c_;8 ceatl tostgg gtlre];llgt?l%tf !th%%grern?ec}n%e? ﬁxceilt tl”ﬁg wtirpd‘langf ciore]s{,jl Lot%%gp osite core

stress the core by bending. In one embodiment, the core does not have any twist and

can only bend a certain degree. In another embodiment, the wheel has a diameter of
15  seven feet and handles up to 6800 feet of complete cured composite core member.

The wheel is designed to accommodate the stiffness of the B-stage formed composite

core member without forcing the core member into a configuration that is too tight.

In a further embodiment, the winding system comprises a means for preventing the

wheel from reversing flow from winding to unwinding. The means can be any device
20  that prevents the wheel direction from reversing for example, a brake system.

In a further embodiment, the process includes a quality control system
comprising a line inspection system. The quality control process assures consistent
product. The quality control system may include ultrasonic inspection of composite
core members; record the number of tows in the end product; monitor the quality of

25  the resin; monitor the temperature of the ovens and of the product during various



10 exanpl e, the process allows replacenment of fibers in a conposite core
menber having a carbon core and a glass fiber outer core with high grade
carbon amiomE3g@Pmss. The process allows the use of nore erpeEnsIvesbett er
performng fibers in place of |less exoensive fibers due to the conbi nation
of fibers and the small core size required. In one enbodi nent, the

conbi natphases;ahedsio dormation atcesraspeeddf the pdhgg procass efor epamplavieadh 15 mi ni nal
conductivity surrounded by a | ow nodul us nonconductive outer insulating

| ayer . [|hatchndtdmpositarbad ngmber, hat bpponting dath nskeea ttheygodesseefooompr i butes to the
flexibility of the conposite core nenber and enabl es the core nenber to be
wound, sdptifmally. aAternitivalyshe qhatidy cohrol Jystemenh@tsayamiarkihg fseni. nventi on, al | ows
for redesign of the conposite 20 core cross section to accommobdate varying
physi calTHeme#kihg byRGendwhkréil @leaRfRInk Bfstent ek el domyposie chkRandbigRosi te core
menber. Referring again to FIG 5, the different conposite shapes change

the fsl exyibi he prodeét ihfofnaRABOME patiEWACoNE R8s, thebangésig céibe core design may
enabl e wi nding of the core on a snaller dianeter wheel. Further, changing

t he conpashiess ﬁws‘e%@&h%dimn&fﬁs@&tm hdeBrashdefiepecia®uatitic€ngt h of the
i nner WO 03/091008 PCT/ US03/ 12520 41 core. As an advantage, the core

geonet I Yo, RN DO 68 idnafehd, @R BYRd ORLd @RI physical characteristics
desired in a final A cabl e. In anot her enbodi nent of the invention, the

core di amet eyl §pek Geddgh plod a8 the%éﬁxgo%i@%&%ﬁne&e%aﬁ b iRAkRheddtBN - 375 inches
7-1fo0 el 5d

cannot bend to achieve a t iameter wap. The potenti al

st rengt QS LG hg..0of the materi al
and t hennrr%'lt9 %éelggﬁc W §}Kgl;ﬁlrrac ) hiﬁ@%?gﬁé@?ﬁ&?rg?&%}b@%@@% F5‘71‘8 i nch may
requjnr e P@ﬁl‘%e ' 1 his |S. ially viable. To
i nc?lé)as eé:?{a e’ t1l‘hf gioﬁ%ﬁ}aﬁ%v&&%?l&%ﬁgﬁg%fnf%ggi1{1gcénc}#’%,ltgg é{gﬁ%@g{%@gbe tw sted or
segnented t.o achieve .a wrapping dj ter that.|s ept akle. One 360
degree tavﬁagfon(ff’refaln é‘rglagsrl eeﬁg'%ﬁ %rr]e Wﬁgﬁﬁﬁtgﬁagegag})één ?n?rﬁ:glﬁses' revol ution of
core. Alterna {velﬁ/ thF core can be a c?rrbi.naéion o{

process allows tHe use of more eXpensive better performing fibers i place of less

expensive fibers due to the combination of fibers and the small core size required. In
one embodiment, the combination of fibers creates a high strength inner core with
15  minimal conductivity surrounded by a low modulus nonconductive outer insulating
layer. In another embodiment, the outer insulating layer contributes to the flexibility
of the composite core member and enables the core member to be wound, stored and
transported.
Another embodiment of the invention, allows for redesign of the composite
20 core cross section to accommodate varying physical properties and increase the
flexibility of the composite core member. Referring again to FIG. 5, the different
composite shapes change the flexibility of the composite core member. Changing the
core design may enable winding of the core on a smaller diameter wheel. Further,

changing the composite core design may affect the stiffness and strength of the inner



tw sted and straight fiber. The twi st may be determ ned by the wheel
dianeter limt. |If thelimt is prohibited then twi st by one revol ution of
di anet er wb oslogroodhieel . The tension and conpressi on stresPET/USN3/N1I30 cor e
are bal anced by one revolution. Wndi #g§ stress is reduced by producing a
segnented core. FIG 5 illustrates 15 sone exanples of possible cross
sect i on wonfAgpmragdyantags, thé cae gerareiny dnayde dssigiEt do achisymeptimal core under the
process is fornmed by curing the section as separate pieces wherein the
separ at ephysiedd ebaracteistitaiesigrddn p fidalt A0@€ leehle. Segnenting the core enables a
conposite nenber product having a core greater than .375 inches to achieve
a desirabl e Iinamgdher gmbodnehtex thaiihvention, dediotd dinradterds pesisr than 8A%e nmenber
product. 20 Variable geonmetry of the cross sections in the conposite core
menber s jagies. Alcofeasraldr Yhaf! 315 aachescantotdbeidlotdchieee ST-f@amheelne processi ng
systemis designed to accommpdate formation of each segment in parallel

Pr ef ey aldiymet@aeiap S € EIMntilSstrehQh 6E theldyitsRieGBRNGafgexcbels fRrsesgtiof consecutive
bushi ngs for busﬁings having predeterm ned configurations for each of the

passagevife mhtdrifldhd ihe Wabial WillorsdkZ @ @re didmbiBoMAESAYRIAYERyBYbE Varied to
accommodate nore or |less fiber, the arrangenent WO 03/091008 PCT/ US03/ 12520

42 of pagGALSWRYR] MRMettofM3 ke nd Misqé AR cofmeRidIgWiabRMHoNhéehs®f the fibers
in adifferent configuration in the end product and further bushi ngs may

be addedyWhbAbitf SiShe Rhipbéle dote, B 6RMSEVtHMRARE SRARA t@adhReE | 1 tat e

formati on of the varied geonetric crosS sections in the conposite core

menber . Ag\%zragplglg AcheRf 1€ ale ﬁ%%ﬁ%@%&@m\%ﬁ%f ]cﬁ%)%leorﬁnﬁﬁ&{ fons in five

streans essi ng are cohbined at the end of e process to form the

conppsi ttﬁe? RIS o Il}e?olué!)ﬁ @géa?et. iAﬁ?eerativw,ﬁtg?ﬁgg%ﬂgj% fairE%bﬁﬁtiw&fSt ed to

i ncrease exi bi y and facilitate conposite core is

wr apped UebGiber. MO RAY L bellhitn Ay TI W] BETbB0f COMPOS! ! @

ed e
cabl e. Fﬁ%ﬁerﬁﬁly nposite’ core cabl e’ conprises an 1 nner carbon core
Lo 0d R g el Bl R cfisP 8 orh Fechieh o BIERER bfind AHSH. FR Vo Tavers of
tension and compression stresses in the core are balanced by one revolution.
Winding stress is reduced by producing a segmented core. FIG. 5 illustrates
15  some examples of possible cross section configurations of segmented cores. The
segmented core under the process is formed by curing the section as separate pieces
wherein the separate pieces are then grouped together. Segmenting the core enables a
composite member product having a core greater than .375 inches to achieve a
desirable winding diameter without additional stress on the member product.
20 Variable geometry of the cross sections in the composite core members are
preferably processed as a multiple stream. The processing system is designed to
accommodate formation of each segment in parallel. Preferably, each segment is
formed by exchanging the series of consecutive bushings for bushings having

predetermined configurations for each of the passageways. In particular, the size of

25  the passageways may be varied to accommodate more or less fiber, the arrangement



I n one enbodi nent, the inner |layer of alum numconprises a plurality of
trapezoi dal shaped al um num segnents w apped in a counter-clockw se

di recti orwOasounds t he conposite core nenber. Each trapezoipdaluss®ctseon i s
designed to optimze the anpunt of aldam num and increase conductivity. The
geonetry of the trapezoidal 15 segnents allows for each segnment to fit
tightly ¢fpgsugesayeamaly be cuied it drderdo albos cangbinipg pEthedibtye in a differgnt ur t her

enbodi ment, the outer layer of alum numconprises a plurality of

t r apezoi aebafigehdmad thel endiprodnvtised) fetibsbushiagpedy bernddedcwititikwhese di recti on
around the conposite core nenber. The opposite direction of wapping

pr event spitualigtof oensefutivéibushihgé tofadiliatifbmatibmctthe vajpdzoodettic atossri num el enent
fits tightly with the trapezoidal alum num el enrents wapped around the

i nner  al 4¢Blidhd M thay&tiposité Cort in@hibed. i At thednid OF the procedsengagmer theafiveal umi num and
decreases the alum numrequired for high conductivity. EXAMPLE A

par t i £ul REti@RROAVSEBAM OGS friRsdinp/ a8 bériinddst tHe\Wnd 65%E bleeks\Whiai n t he 25
conposite strength nmenber conprises E-glass and carbon type 13 si zing.

E- gl ass HO-835RRL DR Jotel/ AlRRilD e sefmemo Al BeswikiB@todastdsabl e properties

of good chem cal and heat stability, and good electrical resistance with

hi gh st rgaeilty afdBcHitdS Wikt | 0Nk RRABRpNiteRbRIiE Wiapb&iin | | ustrated in FIG
8 wherein the conposite strength menber conprises a concentric carbon core

encapsul i Kb WBhdRE P MBIk fohias S cdhRRfic AP IitA@blyl hed Preferred 5
enbodi rrel?glﬁ\? 1%*p?gé)lcess p?ﬂé}{jucesnua ﬁyﬁ??dfze%ﬁé%re menber (}:,orrfc)ri sing two

di { F e enfompBRldtolAlabtc Hhirilds B innf Gaich UbRhalilg htbsteALilinl s embodi ment

are 126 en 0 -glass “product, yie eterotex Aner and 16 ends of
carbgn T - WA : 'd?]_F]H [ ik MY 721 from
Vantﬁgo.ﬂﬁegxﬁﬁp%%er %riagggﬁg?ﬁéégﬁ%@bg%&%;g |%§?an %\)/\1/75%6 -glass and 16

fiber tows OfIn oaL ?n%‘odiment, the inner layer of aluminum comprises a plurality of

trapezoidal shaped aluminum segments wrapped in a counter-clockwise direction
around the composite core member. Each trapezoidal section is designed to optimize
the amount of aluminum and increase conductivity. The geometry of the trapezoidal

15  segments allows for each segment to fit tightly together and around the composite
core member.

In a further embodiment, the outer layer of aluminum comprises a plurality of
trapezoidal shaped aluminum segments wrapped in a clockwise direction around the
composite core member. The opposite direction of wrapping prevents twisting of the

20 final cable. Each trapezoidal aluminum element fits tightly with the trapezoidal
aluminum elements wrapped around the inner aluminum layer. The tight fit optimizes
the amount of aluminum and decreases the aluminum required for high conductivity.

EXAMPLE

A particular embodiment of the invention is now described wherein the

25  composite strength member comprises E-glass and carbon type 13 sizing. E-glass



are threaded through a fiber tow guide conprising two rows of 32
passageways, two rows inner of 31 passageways and two innernost rows of 4
passageway® oanghophit o a preheating stage at 150F to evacu®Ca/sny12526 st ur e.
After passing through the preheating4dven, the fiber tows are pulled
through a wet out tank. In the wet out tank 15 a device effectually noves
t he fi becombines thedesime ropestios of goodaherdicalapd heat sigbidityl, amtgootthor ough wet ti ng
of the fiber tows. On the upstreamside of the wet out tank is |ocated a
W per syal¢otnat fesistaneenitidsglesteagh. Thsemssasctionel shafweor prafilsisar e pul  ed from
the tank. The excess resin is collected by a resin overflow tray and added
back to illbgratedds FIG.\Bethedid the@tkposO stfdugthf mdyalier amprisas @ cgebdted from t he wet
out tank to a B-state oven that sem - cures the resin inpregnated fiber
tows to @rBoackreshe@peulatdd by husifainager bihgask fibarcotmpusiteC &Na pleterkdr t her
conpacted and configured to their final formin the next phase. The fi ber

t ows | eepidldinsht the pocB&prodié&h bridizad REEmemBdt copRdndwd dfférentmai Nt ai n t he
tack stage. Wthin the oven are eight consecutive bushings that function
t o conmpaghieddlsl 25 configure the fiber tows to the final conposite core
menber form Two fiber tow WO 03/091008 PCT/ US03/ 12520 44 ends are

threaded t hr ogghibeadhchtes il @islpaticHRS SALANRNS ateN 26 BRdsldfESglalUshi ng whi ch are
machi ned to pre-cal cul ated di nensions to achieve a fiber volune of 72

percent anghicR vidi®8d0) VRRIHEEARE: A8 18 h&barbbh THEyLITY®OSRAROSi te core
menber. The ends of the fiber tows exiting from passageways in the top

right quﬁﬁ.%&&{)ﬁ?ﬁéeﬁ@ﬂmﬂ@l%@lrﬁjaﬁl\{’%’x}‘ﬁeic&()p 5 rows are threaded through

passageways t he next bushi ng; ends of the fiber tows exiting

fr om assage%%%igtﬁg} ﬁl@ eﬁ&’spofll% hbé}lﬂaﬁstcg‘rg-%lgﬁphﬁ $ ﬂgerh@hé %ﬂfarbt)ﬂe top two

rows are threa _ _r’oug passageway 1 ( e next shing; the ends of
e gk BTk R AR o S Bt Al o
SRICH NI A R
preheating stage at 150°F to evacuate any moisture. After passing through the
preheating oven, the fiber tows are pulled through a wet out tank. In the wet out tank
15 adevice effectually moves the fibers up and down in a vertical direction enabling
thorough wetting of the fiber tows. On the upstream side of the wet out tank is
located a wiper system that removes excess resin as the fiber tows are pulled from the
tank. The excess resin is collected by a resin overflow tray and added back to the
resin wet out tank.
20 The fiber tows are pulled from the wet out tank to a B-state oven that semi-
cures the resin impregnated fiber tows to a tack stage. At this stage the fiber tows can
be further compacted and configured to their final form in the next phase. The fiber
tows are pulled to a next oven at B-stage oven temperature to maintain the tack stage.

Within the oven are eight consecutive bushings that function to compact and

25  configure the fiber tows to the final composite core member form. Two fiber tow



the bottomtwo rows are threaded through passageway 138 of the next
bushing; the right and left quarters of passageways in the m ddl e upper
row are twoeagdewos hr ough passageways 142 and 144 of the mextUusSbs/siseing and
the right and left quarters of passagéways in the mddle bottomrow are

t hreaded t hrough passageways 134 and 15 146 respectively. The fiber tows
are pul leads ere fisederd thwelgh etdbrof thgH 34 pessageweys ianike fimileshingwbshgeways of each
successi ve bushing further conpacting and configuring the fiber bundles.
At bushimghied epre-tdlenlited dimensionH te aclpeneladibet Yuloug bf T2h@réentand af our
passageways of bushing six are conbined to forma conposite core whereas
the 20 rregiivolumg oP18 EicepbimIRORvEd ySmpaBité coreimetnberk Gthp ehdsafitleufibebundl es gl ass
fi bers separate. The four outer passageways of bushing seven are noved

cl oser ipweEdtingrdin piisat@wag i@ lle top Hgh@arted cohpridinpieif afalidyon teor e.  The fi ber
tows are conbined wth the inner carbon core in bushing nine formng a
hybrisdi zgés e@nmResed ﬂu&%%agmgem@s cxngtheseRObushig] theexds o8 tedibecor e havi ng an
outer glass |ayer. WO 03/091008 PCT/US03/12520 45 The conposite core
nenber i gwpekitifOidh piBshdetalia lhd8p HfNRaki@ cmblisiad hatéfithgtop@¥en at an

el evated tenperature of 380F as required by the specific resin. Fromthe

curing c’r%@z@afe'i‘ﬁeﬁ@@ﬁﬁ@dg%g)a% SvayBBD6F th Sex? BLdnBih; HeI-AGONT tRe £RP! i Ng oven to
be cooled to 150 to 180F. After cooling the conposite core nenber is

pul | ed t@%@&gﬁngaﬁ&ﬁgéss%e% éiﬂ%&%@@rﬁ%ht&&a?t\é@éd?ﬂnﬁsﬁ%?ﬁff@?%e’ preferably to

heat the nenber to |'east B-stage enperature. ter post-curing the

mber | - b e ne et l'ed pri
member 'l?oﬁ%ﬂ)b%gg%\gsyaégt}%?atgﬁ @g);h';ggélfz FhY 1484 he nekPEuHREDRE ehfs COOl ed prior

to grabbing er to the core wnding wheel having

6000, { ee " ) 8 Blifdsor ced cabl e
in a%{orééﬁ%%%%ﬁ%ﬁggﬁggégg§%%?g6%§§?ﬂ??gﬁ&?kﬁr@%génﬁﬁ$§%%%§$£§nforced cabl e
conpri st g b(f)t%lﬂ{ t\x}oarX%E gre%e&&%ﬁ%@@g@)tp%ssageway 138 of the next bushing; the

right and left quarters of passageways in the middle upper row are threaded through

passageways 142 and 144 of the next bushing and the right and left quarters of
passageways in the middle bottom row are threaded through passageways 134 and
15 146 respectively.

The fiber tows are pulled consecutively through the outer and inner
passageways of each successive bushing further compacting and configuring the fiber
bundles. At bushing seven, the fiber bundles pulled through the inner four
passageways of bushing six are combined to form a composite core whereas the

20  remaining outer passageways continue to keep the four bundles glass fibers separate.
The four outer passageways of bushing seven are moved closer inward in bushing
eight, closer to the inner carbon core. The fiber tows are combined with the inner
carbon core in bushing nine forming a hybridized composite core member comprising

an inner carbon core having an outer glass layer.



consi sting of an inner carbon/epoxy |ayer, a next glassfiber/epoxy |ayer
and two layers of tetrahedral shaped al um num strands. The strength nenber
consi st s wb oat91oeglvanced conposite T700S car bon/ epoxy haviPeg/usosiizeet er of
about 0.2165 inches, 15 surrounded by4an outer |ayer of R099-688

gl assfi ber/epoxy having a |ayer dianmeter of about 0.375 inches. The

gl assfi ber/ epihe yopysite cors nsentheoispdia fioym the bushig nihatper firel curingne tr apezoi dal
shaped al um num strands having a di aneter of about 0.7415 inches and an
out er | ayeh atdn didvatet @anpekatap @ 880 bs =idifddy ahaspecificresint Fnshs theavi ng a

di ameter of about 1.1080 inches. The total area of carbon is about. 037

in2, of ghiagsvinshabmmosddcor® idmberds pulled iftirouegh axdoulimgonen tsbedoolstl . 315 i n2 and
outer alum numis about .5226 in2. The fiber to resin ratio in the inner

carbon styrig0@s IROMRNRREr dodlirdthe Borlposieé@diine@bét it hilled htb@sh Hogss | ayer fi ber
toresin ratio is 75/ 25 by weight. The specific specifications are

sumTeg i Zﬁﬁ‘iﬂg Bvdn R efe%té&t&r%@raﬁﬁ@?&'fem@ RIBat\B mehiBer t6 KMERIBRAZH- 686 (900
Yi el d) WO 03/091008 PCT/ US03/ 12520 46 Tensile St rength, psi 298,103

El ongat i Qﬂlp@llatuF@iAﬁHigost%ﬁthhe%%H i€ cd¥pCiy Uy to %pPrBxiRBitely 1808, G ass
Content, % 57.2 Carbon (graphite) Carbon: "Torayca T700S (Yield 24K)

Tensile ’gﬁcr rﬁé]ﬂﬁe? is %%iedélilig)r toE?z[B%HIg%y gﬁ%&%{egﬁllar Mitier 33t corelwifthiflg 2- 1% Density

| bs/ft0.065 Filanent amet’er,
wheel having 6000 feet of storage.

Example:

10 An example of an ACCC reinforced cable in accordance with the present
invention follows. An ACCC reinforced cable comprising four layers of components
consisting of an inner carbon/epoxy layer, a next glassfiber/epoxy layer and two
layers of tetrahedral shaped aluminum strands. The strength member consists of an
advanced composite T700S carbon/epoxy having a diameter of about 0.2165 inches,

15  surrounded by an outer layer of R099-688 glassfiber/epoxy having a layer diameter of
about 0.375 inches. The glassfiber/epoxy layer is surrounded by an inner layer of
nine trapezoidal shaped aluminum strands having a diameter of about 0.7415 inches
and an outer layer of thirteen trapezoidal shaped aluminum strands having a diameter
of about 1.1080 inches. The total area of carbon is about .037 in?, of glass is about

20  .074 in% of inner aluminum is about .315 in® and outer aluminum is about .5226 in*.
The fiber to resin ratio in the inner carbon strength member is 70/30 by weight and the
outer glass layer fiber to resin ratio is 75/25 by weight.

The specific specifications are summarized in the following table:

Glass

Vetrotex roving R099-686 (900 Yield)




Epoxy Matrix System Araldite MY 721 Epoxy val ue,
109- Viscosity @50C, cPs 3000-6000 Density @ 25C

Equi val e
| b/ gal .
25C, Ib/

nt, g/equ.

equ./ kg 8.6-9.1 Epoxy

WOo9A091088 Har dener 99-023 Viscosity @25C, cPs 7RC30B03/DEpsity @

gal

1.19-1/22 Accel erator
03/ 091008 PCT/ US03/ 12520 47 Density @ 25C,

DY4070 Vi scosity @5C, cPs <50 WO
| b/ gal

0.95-1.05 An ACCC

r ei nf or ddenslelStrength\ishg t he| 288008 speci fications is manufactured according
to the floll owi ng. The process used to formthejconposite cable in the
present |@tagplion dtFaildrbwstraf®d in FIG 1. First, 126 spools of glass fiber
tows 12 |and 8 5 spools of carbon are set up in{the rack system 14 and the
ends of |[tilksgsileMbaal@lal 0%Fgsbef11.4 ows 12, Teading|from spools 11, are threaded
through |a fiber tow gui e 18. The fibers undefgo tangential pulling to
prevent [(GMsSCeftehi, DETS- poiier 16 at the end|of the apparatus pulls the
fibers tihrough t he apparatus. Each di spensing tack 14 has a small brake to

i ndi vi duattyadjust—thetensiom for eachspool~ The tows 12 are pulled 10
t hrough the gui del8 and into a preheating oven 20 at 150 F to evacuate
noi st ure. Th%Me pulled into wet out tank 22. Wet out tank 22 is
illed wiin AEFOTES WY 721/ vardener 99029/ Accel erator DYOTO Lo
127 dart 15 UBE BUP Al SO B The 11 ber towe 12 are pul led 1]om e vt
out tanl T%nsﬂe strengﬂ) Ks1 ge—even—24—ang 7:111% heat-ed-

Tensile Modulus, Msi 334

Strain 2.1%

Density Ibs/ft” 0.065

Filament Diameter, in 2.8E-04

Epoxy Matrix System

Araldite MY 721

Epoxy value, equ./kg 8.6-9.1

Epoxy Equivalent, g/equ. 109-

Viscosity @ 50C, cPs 3000-6000

' Density @ 25C 1b/gal. 1.1501.18

Hardener 99-023

Viscosity @ 25C, cPs 75-300

Density @ 25C, Ib/gal 1.19-1/22

Accelerator DY 070

Viscosity @25C, cPs <50




15 to 200 T. Fiber tows 12 maintai ned separated by the guide 18, are pulled
into a second B-stage oven 26 also at 200 F conprising a plurality of
consecut iwe oblstidsigs to conpress and configure the tows PRI/USN3/13520 second
B-stage oven 26, the fiber tows 12 a#® directed through a plurality of
passageways provided by the bushings. The consecutive passageways

cont i nuaDeysityq@25€s®h/@hd confi gure tjO5fi.ter tows 12 into 20 the fi nal

uni f or m{conposite core nenber. The flirst bushing has two rows off 32
passageways, two inner rows of 31 passageways each and two inner nobst rows
of 4 passageways each. The 126 glass fiber tows are pulled through the
outer two rowanXCGER réfdrced capRIBAGE WRYbove dpeSiReAibhyE manufhbiredar bon fi ber
tows are pulled through the inner two rows of 4 WO 03/091008 PCT/ US03/ 12520

48 passagesvadifig RARNfollWRgN EPHe pRI¢sd3IUdEH 6 Bbiint the LORpJsAP LIRS i1 n hal f and
the left portion is pulled through the |Ieft upper and outer corner

passagewgyesé ekdiipls RGMMate® HSHIGNY - Fikh €26 Lihdls dPelatd Rr towsPYlah@d t hrough the
ri ght upper and outer corner passageway in the second bushing. The bottom

tWo 1 ews saddfs GtRhibbn bt sBalpfin #eGadkh§stom i G B @hdsl P thel iRdiPidhidigbet hrough the
| ower right outer corner of the sécond bushing and the left portion is

he |
pul | ed t hyaughidBige hfampo&@if, afé}t’rh%ﬁdeﬁ%@ﬁ%h @ﬁbe}tb%v @ﬁ& Qf fﬁlléshi ng.

Simlarly, the two I nnef rows of carbon are split and the fibers of

the two g F h i upper right
corner o %ﬁgmgg%gﬁggﬂ%ﬂ?ﬁ?ﬁgﬁy@ﬁg%fpﬁg%iﬁﬁﬁét%gH@£#§Qﬁ%%ggﬁgasgggemayg are

ul led t | I r he.s ushi ng. The
1I‘O i bers o e’?‘ﬁ g*ﬁ?‘f“g ﬁgﬂs{l@%\f&e&’%ﬁﬁb@ éléglme/ggéag%tgsg ﬂg@ flﬁ ?ﬁlg]lt;lg F %’Egﬁ% 71% in negrJ | ower
right corn he ,. d .b i and the fihe f e left | ower

p Iag sag ewﬁ?gﬁ ggée %’ulfl?lg'%%@ﬁ'ragﬂl éﬁt@% ﬂegSllmh ﬁoé r aﬁ%os R:%‘? I&g‘? @Wg g? r%erpuglf d t he second
bushi_ng. .The fj ber. ndles are pulled thro a series of seven bushings
cont#ﬁgaﬂFVW%@L%%H$$§§@$H§>%ﬁ@h%%ﬂ$PﬁﬂﬁnﬁbﬂgﬂﬁfﬁaﬁﬁPﬁgnPﬁPﬁﬂone hybrid?zed
uni form concentric core . . )

The tows 12 are pulled into wet out tank 22. Wet out tank 22 is filled with

Araldite MY 721/Hardener 99-023/Accelerator DY070 to impregnate the fiber tows
12. Excess resin is removed from the fiber tows 12 during wet out tank 22 exit. The
fiber tows 12 are pulled from the wet out tank 22 to a B-stage oven 24 and are heated
15 to 200 °F. Fiber tows 12 maintained separated by the guide 18, are pulled into a
second B-stage oven 26 also at 200 °F comprising a plurality of consecutive bushings
to compress and configure the tows 12. In the second B-stage oven 26, the fiber tows
12 are directed through a plurality of passageways provided by the bushings. The
consecutive péssageways continually compress and configure the fiber tows 12 into
20  the final uniform composite core member.
The first bushing has two rows of 32 passageways, two inner rows of 31
passageways each and two inner most rows of 4 passageways each. The 126 glass
fiber tows are pulled through the outer two rows of 32 and 31 passageways,

respectively. The carbon fiber tows are pulled through the inner two rows of 4



menber. The conposite core nenber is pulled fromthe second B-stage oven 26
to a next oven processing system28 at 330 to 370 F wherein the conposite
core nenbwpo 03jos1008ir ed and pulled to a next cooling systempP8@/sh3/B32¢4 0 100 F
for cooling. After 20 cooling, the co#posite core is pulled to a next oven
processing system 32 at 330 to 370 F for post curing. The pulling

mechani spp elv%;sée?%l. %@%@#buhﬁﬁ%#ﬂi& tfle 1o} t\gVQEHWdSQh half &RPE G area at about

180 F. ne-tr shape m num strands each having an area of

bout . 03570 . i 0. t ] : d d
oI e 8 358 e e g oped oo

t he conposi re er c trapezoi dal shaped

al um nu%&%ﬁ%gq%?%%hgf&@%d ﬂ@ﬁh&%\@ﬁ%% é 8&99&5@;}%&@?/ 12520 49 an area

of about area on the core are w apped
around the inner alum num]l.ayer. It is to be undetrs t the invention
is not | P‘fﬁsﬁgggaﬂ?tﬁerl%ec%‘%}é’fﬂla%t g‘i’ﬁ %OtttSansthﬁéowscac%%qq{r%ﬁ% a?%%dtt%ger ation, exact
materjal s,, or enbodi ts and .described, .as 5 i fications and

equi val eFg RRFion lwlggﬂ};{?'ﬁi&qg%w%%g RIFT 45t ﬁf@ﬁéecgg‘?g% fesad departing
fromthe scope of the invention. WD 03/091008 PCT/US03/.12520 50 We Claim
1. A conpids %"r@%‘?"épflg‘?‘{]tﬁwuﬁli‘ ﬁ’ﬁi]‘r‘\"ﬁﬁﬁk%&?*ﬁ?fc?f’%’?r %f%r‘b%?g?qc{ebué P& reinforced
cable conprising: 5 two or npre |ongitudinaglly orlent and .substantially
cont i nuoSunilarly; the Gy wgerrPBR et qa{hopery Stl?h'amthﬁ]gf‘ @Sﬁ’f’rﬁﬁﬁg’&ﬂvﬁnéﬁtri X, said
core having at |east 50%fiber volune fraction and_an ocper ating capability
in the r&piRfs PevageyByAre pled ghrgugh fhe mner ypper right corner of the second

bushing. The fibers of the left upper passageways are pulled through the inner upper

10  left corner of the second bushing. The fibers of the right lower passageways are
pulled through the inner lower right corner of the second bushing and the fibers of the
left lower passageways are pulled through the inner lower left corner of the second
bushing.

The fiber bundles are pulled through a series of seven bushings continually

15  compressing and configuring the bundles into one hybridized uniform concentric core
member.

The composite core member is pulled from the second B-stage oven 26 to a
next oven processing system 28 at 330 to 370 °F wherein the composite core member
is cured and pulled to a next cooling system 30 at 30 to 100 °F for cooling. After

20  cooling, the composite core is pulled to a next oven processing system 32 at 330 to
370 °F for post curing. The pulling mechanism pulls the product through a 10 foot air
cooling area at about 180 °F.

Nine trapezoidal shaped aluminum strands each having an area of about .0350
or about .315 sq. in. total area on the core are wrapped around the composite core

25  after cooling. Next, thirteen trapezoidal shaped aluminum strands each strand having



10 2. A conposite core as set forth in claim1l wherein the reinforced fiber
types of the conposite core are selected fromthe group consisting of
carbon, WewBasioodvasalt, glass, aram d, boron, liquid cry®calushy/eses, high
performance pol yethylene and carbon #anofibers. 15 3. A conposite core as
set forth in claim1 conprising a thernosetting resin having a neat resin
fract ure,t QUOSNBSS: @402'0?§§Jut %QQGJéq ghﬁ)zal LN oh e dBre Ao whk ﬁQ&‘H&?A g€ core as
set forth in claiml conprising a thernosetting resin aving a tensile
strengt hth@tmﬂe?ﬁﬁ&nﬁﬁﬂ 160 to about 240 Ksi. 20 5. A conposite core as set
forth in claim1l conpr 5| ng a therrmsettl ng resin having the ability to

w thstand opeg aty BRIt i Smteib 1§ nbAMARARD e 2RO, difp 20Ut 230 €

25 6. A conposite core as se ort |nca|m & one

reinforc & Gonp us of iCit. n the range of
about Zz&glsmgd}‘%g’ Enbécou’l edm\?\n%fl%b’ Orgglg?4lpg?t§ﬂ}°“6¥a“?ﬁgﬁcﬁﬁTd »8%pansion in the
range; of osite core as set forth
in clai ™ Q&ﬁaenroélf #d etquwfilggtg l%ﬁ%aﬂpé’feﬁﬁt8r°8%ﬂﬂ“ﬁéﬂﬁﬁ}e BB npri ses a modul us
of el asti Clt i.-n the ran of about 6 to about 7 Msi coupled with a
coef fi ci er]i’fwt fiopd Wp%gﬁaﬁ’:ﬂvm‘}iﬂn the range of about 5 x 10-6 to about
10 x 10-6 mn C. WO 03/091008 PCT/ US03/ 12520 51 8. A conposite core as set
forth in claiml conprising a fiber/resin volume fraction in the range of
about 50 to about 57% 5 9. A conposite core as set forth in claiml
conprising a fiber/resin ratio in the range of about 62 to about 75% by
wei ght. 10. A conposite core as set forth in claim1l conprising an anbi ent



tenperature capability in the range of about -40 to about 90 C. 10 11. A
conposite core as set forth in claim1l wherein said conposite core

conpri seswea obyphrigli zed concentric coie having an inner carPb@nisepmsyo | ayer
and an outer glass fiber/epoxy |ayer.505 12. A conposite core for an

al um num conduct or conposite core reinforced cable conprising: at |east
one | ongvt@idimal |y oriented and substantially continuous, reinforced fiber
type in a thernosetting resin matrix, said core having at |east 50% 20

fiber vol ure frA@bmFémea&e@@%alunﬁiﬁmﬁa&aﬁbiot&atnpo@né&ﬁefe@rﬁsﬁe@f about 90 to
about 230 C, a nmp us of elasticity in the range of about 22 to 37 Msi, a

coefficient of ¢ Cﬁﬁ’ﬂ’"%‘?&)anm on in the range of about -0.7 to about 0
mmn C and a tensile strength in the range of about 160 to about 240 Ksi. 25
13. A conposite core as_set forth in claim12 wherein the reinforced fiber
of Bhe conposi & @Hrae loggigudinally erertedyandisubstaptiglfconEBMNS st i ng of car bon,

Kevlar, basalt euﬁ&«aééﬁbeafygga fa d?a{negbmdgrg%ﬂm&rxyéammé hfghear hi gh

perrormance poﬁ yet hyl ene "and car bon nanofi bers . A conposite core as
set forth in cllrsdd? fibenynlume fraction epdamenseating papabidisyl in thevavgend a neat resin
fracture toughngss, &fl6aibsghout 0.87 INS-Ib/in. 15. A conposite core as
set forth in claim12 conprising a thernosetting resin having a tensile
strength at | east about 160 to about 240 KSI WO 03/ 091008 PCT/ US03/ 12520

52 10 A CQnpos| t%gnggﬁltgcgr% a§§etf iy é:lr?l h rel %reqt?fro%r q%nt her moset ting

resi having t Tty tO" W ranbloen era ures t he range of
about -40 to abfthé cdfpokite ore are selected from the group consisting of carbon,

Kevlar, basalt, glass, aramid, boron, liquid crystal fibers, high performance

polyethylene and carbon nanofibers.

15 3. A composite core as set forth in claim 1 comprising a thermosetting resin

having a neat resin fracture toughness at least about 0.87 INS-Ib/in.

4. A composite core as set forth in claim 1 comprisir_xg a thermosetting resin
having a tensile strength at least about 160 to about 240 Ksi.
20
5. A composite core as set forth in claim 1 comprising a thermosetting resin
having the ability to withstand operating temperatures in the range of
about 90 to about 230 °C.

25 6. A composite core as set forth in claim 1 wherein at least one reinforced
fiber type comprises a modulus of elasticity in the range 'of about 22 to 37
MEsi coupled with a coefficient of thermal expansion in the raﬁge of about -
0.7 to about 0 m/m/C.

30 7. A composite core as set forth in claim 1 wherein at least one reinforced
fiber type comprises a modulus of elasticity in the range of about 6 to
about 7 Msi coupled ;;vith a coefficient of thermal expansion in the range
of about 5 x 10 to about 10 x 10" m/m/C.



17. A conposite core as set forth in claim 12 conprising a fiber/resin
volunme fraction in the range of about 50 to about 57% 18. A conposite
core as swDoBoswbs in claim 12 conprising a fiber/resin raPCce/uisn3/125Q0 t he
range of about 62 to about 75% by weight. 19. A conposite core as set forth
in claim212 conprising an operating tenperature capability in the range of
about 170 to about 220 C. 15 20. A conposite core as set forth in Caiml2

conprising an apbi ent tenperatyre capability in the range of about -40, to
abdut ' 90C. 8-21. ‘&EE‘BPR%SF? a%qxgorggnggfmﬁgpm %‘W%EB‘?’&‘F% VeliBf ein the core

conprises two ffctibRirtthé fAingé buMotk80l ¥ abu §7%ed and substantially continuous
reinforced 20 fiber types in a thernpbsetting resin matrix. 22. A conposite

core as set forth in claim 12 wherein said conposite core conprises a

hybrisdi zedg coONCLBbpésite 0618 ab 8¢ Fdtth iR IaiM 1 bmPRGRLNIBRAYn faB¥® and an outer
gl ass fiber/epoxy layer. 25 23. A conposite core for an al um num conduct or

conposi te core hefangdelabgut @dppbout d3fetysveight: an i nner core conprising an
advanced conposite; and 30 an outer core conprising a | ow nodul us
conposite. 24. A conposite core as set forth in claim23 wherein said inner
and out er 10.ayeh sompesite goramas sab forthcin glaém il cpwpiising arddmbientcore. WO 03/ 091008

PCT/ US03/ 12520 ﬁgﬁ@ | r st % I claim23 having a
total fiber voltﬁngeraﬁafeac I on ?l?l{hre?ﬂ% Pg%ljg%gt'b‘@tg gﬁtgg?to about 57% 5 26.
A cdfiposite core as set forth in claim23 having a total

fiber/ther FPsetl&lchgposite core as set forth in claim 1 wherein said composite core
comprises a hybridized concentric core having an inner carbon/epoxy layer

and an outer glass fiber/epoxy layer.

15 12. A composite core for an aluminum conductor composite core reinforced

cable comprising:

at least one longitudinally oriented and substantially continuous reinforced
fiber type in a thermosetting resin matrix, said core having at least 50%

20 fiber volume fraction, an operating capability in the range of about 90 to
about 230 C, a modulus of elasticity in the range of about 22 to 37 Msi, a
coefficient of thermal expansion in the range of about —0.7 to about 0
ﬁUm/C and a tensile strength in the range of about 160 to about 240 Ksi.

25 13. A composite core as set forth in claim 12 wherein the reinforced fiber of
the composite core is selected from the group.consisting of carbon, Kevlar,
basalt, glass, aramid, boron, liquid crystal fibers, high perrormance

polyethylene and carbon nanofibers.

30 14. A composite core as set forth in claim 12 comprising a thermosetting resin

having a neat resin fracture toughness at least about 0.87 INS-Ib/in.

15. A composite core as set forth in claim 12 comprising a thermosetting resin

having a tensile strength at least about 160 to about 240 Ksi.



resin ratio in the range of about 62 to about 75% by weight. 27. A
conposite core as set forth in claim23 wherein the core conprises a

tensil e swoeagetos n t he range of about 160 to about 240 KeCT/usokoxded us of
10 elasticity in the range of about 7520 about 30 Msi, an operating
tenperature in the range of about 90 to about 230 C and a thernmal expansion
coefficient in the range of about 0 to about 6 x 10'6 mMmMC. 28. A

conposite core as set forth in_claim23 wherejn th hysi.cal . 15

char act eri ¥i co PMROS% °¥6 pLset forthdp Q&E%b%rm% %‘B?Meﬁj’.‘grfg?‘ A conposite
core as set f orfalink MheCdbRititAWithHRH QinBichAeMpSRIRG St the r&Me of akfpri ses a
Hybri di zed concentric core having an inner carbon/epoxy |ayer and an outer
gl ass fiber/epotfteaBaut9060 30. A conposite core as set forth in claim 23
whergin the core conprises a tensile strength in the range of about 160 to
about 240 Ksi. 31. A conposite core as set forth in claim23 wherein the
core conprikes Acomppsitp aerE assehforthin ghaine 12 gomprisinge fikexpsinofolumout 7 to about
30 Msi. 32. A %ﬁﬂ&?l&tﬁe&ﬂ%o@a%oéﬁbt&%&uﬂﬁﬁ claim 23 wherein the core

conprises an operating tenhperature in the range of about 90 to about 230
C. 30 33. A conposite core as set forth in claim23 wherein the core

6 X106 N & hirorr B 3L 8 seiThelyth Pobobfbii frRaaSiOV . 0T PO
an dlunm num condeange ofabowd?i to ebaw 72% bgiweight.ced cabl e conprising: An inner
core conprising a carbon/epoxy conposite; and 5

19. A composite core as set forth in claim 12 comprising an operating

temperature capability in the range of about 170 to about 220 C.

15 20. A composite core as set forth in Claim 12 comprising an ambient

temperature capability in the range of about 40 to about 90C.

21. A composite core as set forth in claim 12 wherein the core comprises two
or more longitudinally oriented and substantially continuous reinforced

20 fiber types in a thermosetting resin matrix.

22. A composite core as set forth in claim 12 wherein said composite core
comprises a hybridized concentric core having an inner carbon/epoxy layer

and an outer glass fiber/epoxy layer.

25
23. A composite core for an aluminum conductor composite core reinforced
cable comprising:
an inner core comprising an advanced composite; and
30

an outer core comprising a low modulus composite.

24, A composite core as set forth in claim 23 wherein said inner and outer

layers form a uniform concentric hybridized core.



An outer core conprising a glass fiber/epoxy conposite. 35. A conposite
core as set forth in claim34 wherein said inner and outer |layers forma
uni f or m cwomandwdg hybri di zed core. 10 36. A conposite coPeTASIyeX26d orth in
claim 34 wherein said inner and outer33|ayers forma segnented concentric
core. 37. A conposite core as set forth in claim34 having a total - fiber
fraction 15 volune in the range of about 50 to about 57% 38. A conposite

core as set forth in claim34 er/resi at|0|nthe range of

about 62 t d759% b IREFIore afée'sfgrd‘ cd%%%ai"@géz?@ ARer ¥lImE 5 ¢ 1y i clai m 34
wher ei n the cor éractioiinitie@ang? of bbsut 50 & abbutsSTg.h i n the range of about 160 to
about 240 Ksi, a nodulus of elasticity in the range of about 7 to about 30
Msi, an operating tenperature in the range of about 90 to about 230 C and

a thesmal egpang| évposigsiold 4 senbnhmdlm aaGag Qftodlmd/ildrhedpout 6 x 10-6
mmC. 25 40. A conl}éosme core as set forth_ in claim34 wherein the core

conprises a teff§M t‘%%“r‘@%{j‘f‘ﬁe?ﬁ?bPWéZrt%?Rj’@tﬁ%ébwghmo to about 240 Ksi.
41. A conposite core as set forth in claim34 wherein the core conprises a
30 nodul us of elasticity in the range of about 7 to about 30 Msi. 42. A
conposite @dre Ascosposifegoransisat ferthinalam fveieesin thetvereomprissapr i ses an

operating tenpeiati Grehh id'®e t/H28 WS 0 WO 03/091008
PCT/ US03/ 12520 b5 43 %hcon%)o@l%t gf%%?@%gs %%Q“? H‘"‘%‘ﬁ%"% 34 wherein

the &@re conpri slasticity in the range Oéadth‘étoahoméeﬂ\ﬂsloanmwramg tenperatnge of about O
to about 6 X 10yfhe pgn@é & about 90 to about 230 C and a thermal expansion

coefficient in the range of about 0 to about 6 x 10°® m/m/C.

28. A composite core as set forth in claim 23 wherein the physical

15 characteristics of said outer layer accommodates splicing.

29. A composite core as set forth in claim 23 wherein said composite core
comprises a hybridized concentric core having an inner carbon/epoxy layer

and an outer glass fiber/epoxy la);er.

20
30. A composite core as set forth in claim 23 wherein the core comprises a
tensile strength in the range of about 160 to about 240 Kisi.
31. A composite core as set forth in claim 23 wherein the core comprises a
25 modulus of elasticity in the range of about 7 to about 30 Msi.
32. A composite core as set forth in claim 23 wherein the core comprises an
operating temperature in the range of about 90 to about 230 C.
30 33. A composite core as set forth in claim 23 wherein the core comprises a

thermal expansion coefficient in the range of about 0 to about 6 x 108
m/m/C.



5 44. A conposite core as set forth in claim34 wherein the physical
characteristics of said outer |ayer accommobdates splicing. 45. An al um num
conduct orwoanpemig e core reinforced cable conprising: 10PaTASNPOESLE e core
having at | east one longitudinally orfented and substantially continuous
reinforced fiber type in a thernosetting resin matrix, said core having at
| east 50% f3ber 4EPunesite coredoren aluminyp songduptagcompenitesast widorcethabi | ity in
the range of abquable®BnpAsippout 230 C a tensile strength in the range of
about 160 to about 240 Ksi, a Tnodulus of elasticity 15 in the range of
about 7 to about 30 Msi and a thermal expansion coefficient in the range
of about 0 to ab : - : .. O | ayer of al um num
conduct or surrodﬁg?ﬁ%”?ﬁégggﬁ%%§?§§b§@9%55°§@3§%@”§@cab|e as set forth in
cl ai m345 wherein said at |east one layer of . alum num surrounding the

conposite core c | | aral i .apezoi dal shaped al um num
segnent s wapped&glrg‘%ﬁcgﬁ%%gﬁ)gglpg?g%s Rl&er@g%ﬁygcoggm%’%t forth in claim45

wherein a second |ayer of a plurality of 25 trapezoidal shaped al um num
segnents is apped around the core. . 48. A conposji.te core as set forth in
cl ai m 45 wheTei njggﬂ'@p%sgﬁﬁ%}'gﬁ %etgogﬁ'é“ g3t P4 wherein gaid pnes gRA-OYtT 1 i t udi nal |y
oriented and sulayesformalalupiforDéuntcennitisybeidized edsreed fi ber types. 30 49. A
conpgl%ite core as set forth in claim45 wherein the conposite core permts
splicing. WD 03/091008 PCT/ US03/12520 56 50. A conposite core as set forth

i n clai m 4536; 0N képissita.cdrt Betet foRthiin cMbh BAWherbiagidiifier kil dddg range of about

50 to about 57%_  51. A conposite core as set forth in claim45 conprising a
fiber/resin ratilygryform a segmented concentric core.

37. A composite core as set forth in claim 34 having a total fiber fraction

15 volume in the range of about 50 to about 57%.

38. A composite core as set forth in claim 34 having a fiber/resin ratio in the
rénge of about 62 to 75% by weight.

. 20 39. A composite core as set forth in claim 34 wherein the core comprises a
tensile strength in the range of about 160 to about 240 Ksi, a modulus of
elasﬁcity in the range of about 7 to about 30 Msi, an operating temperature
in the range of about 90 to about 230 C and a thermal expansion
coefficient in the range of about 0 to about 6 x 10 m/m/C.

25
40. A composite core as set forth in claim 34 wherein the core comprises a
tensile strength in the range of about 160 to about 240 Ksi.
41. A composite core as set forth in claim 34 wherein the core comprises a
30 modulus of elasticity in the range of about 7 to about 30 Msi.

42. A composite core as set forth in claim 34 wherein the core comprises an

operating temperature in the range of about 90 to about 230 C.



5 the range of about 62 to about 75% by weight. 52. A cable of claim45
wherein the reinforced fiber types of the conposite core are selected from
t he groupwomn®d®ds ng of carbon, Kevlar, basalt, glass, arPamusp3/mseon,
liquid crystal fibers, high performang® pol yethyl ene and 10 carbon

nanofi bers. 53. A conposite core as set forth in claim45 wherein said
conposite cétre 4 cHppositesorg ahsedfardiin elding 34 sbedeini the cave eorymiseng an i nner

car bon/ epoxy | ay : [ be I - 3 53. An

al um num conducttgérméli:)1 %sz ‘g&%ﬁcg’%@?ﬁ %Pgeeéf/aggﬁfﬁﬁogﬁ%ghxgﬁng; a conposite
core having two mim/@ore |ongitudinally oriented and substantially
continuous reinforced fiber types in a thernosetting resin 20 matrix, said
core having at |least 50% fiber volunme fraction and an operating capability
in thé rangét.of Abouposde core asiroftrthddOlait 3anMiedin theptikicane | ayer of al um num
conduct or surroupding.the {:og‘noo%tg e core. 5 54 . A conposite core as set
forth in claim é%‘aﬁﬁgf'?{ﬁs Yl igr Javet Jospymedates sPHENEY ange of about 160 to
240 Ksi. 55. A conposite core as set forth in claimb53 having a nodul us of
elasticity | the range of .about 7 to 30 Msi. 30 56. A conposite core as
set forth it cl MHHEBIRER sopductorchmposite cateseintorcsd cable gemprisingat r ange of
about 0 to 6 x 10-6 mMm C. WD 03/091008 PCT/ US03/ 12520 57 57. A cable as
set forth in claimb53 wherein said at | east one |ayer of alum num
surrdlindi ng t he aSOMPOsita corehving ablepst oaglongitudingily prignfedyind t r apezoi dal shaped
al um num segnentsabyMrRIEEondheR teihfdRed A& type in a thermosetting resin

matrix, said core having at least 50% ﬁbc;r volume fraction, an operating

temperature capability in the range of about 90 to about 230 C; a tensile
strength in the range of about 160 to about 240 Ksi, a modulus of elasticity

15 in the range of about 7 to about 30 Msi and a thermal expansion coefficient
in the range of about 0 to about 6 x 10-6 m/m/C; and

at least one layer of aluminum conductor surrounding the composite core.

20 46. A cable as set forth in claim 45 wherein said at least one layer of -
aluminum surrounding the composite corc‘comprises a piurality of

trapezoidal shaped aluminum segments wrapped around the core.

47. A cable as set forth in claim 45 wherein a second layer of a plurality of

25 trapezoidal shaped aluminum segments is wrapped around the core.

43. A cdmposite core as set forth in claim 45 wherein the composite core
comprisés two or more longitudinally oriented and substantially
continuous reinforced fiber types.

30
49. A composite core as set forth in claim 45 wherein the composite core

permits splicing.



5 58. A cable as set forth in claim53 wherein a second | ayer of a
plurality of trapezoidal shaped al um num segnents is wapped around the
core. 59WOA3pgawbe as set-forth in claimb53 wherein the ceocpasid/eseore
permts splicing. 10 60. A conpositesecore as set forth in claimb53
conprising a fiber/resin volune fraction in the range of about 50 to 57%
61. A conposPte ¢bfanngsitagore gsgetfiorth in pint 45 Gmprising nifibevigsia vblumer / r esi n

ratio in 15 theﬁra@{qtgﬁng{erg&g%a@&“g@%o?%%gﬁ%ei ght. 62. A conposite core
|

as set forth in claimb53 wherein the ers of the conposite core are
selected fromthe group consisting of carbon, Kevlar, basalt, glass,

aram d, boragn, | is0H : i I f. e 20 | yet hyl ene and
car bon nanoﬁiberé g%o%&é’%})%g&iﬁ?ﬁﬁ@w]@hﬁ%%e ng:ég??ﬁlerﬁegpgﬁﬁgs wherein
sai d cdnposite cdregangsmfpbius 62 toeaboyidisveby weightoncent ri ¢ core having an inner
carbon/ epoxy layer and an outer glass fiber/epoxy layer. 25 64. An

al um num conductor conposite core reinforced cable conprising:. a

car bon/ epoxy52i nnércablered claB 4 whtrabishe eifbrepbiiber oupeeof hossmpaié at | east one
| ayer of al um num condté% surfound the. conposi.te core. 03/091008

WO
PCT/ US03/ 12520 585 ® ‘girBFFB ¢ gropprnsigting ofcagbop, Keviar, basall, glags wher ei n

sai d inner core amen@borasliquid @psilfibers highgéffordbhndeqRBetdRAYInB70 Ksi, a
t ensi i(g\ nodul us of , at Igf‘;\%t 20 Msi and tensile strain at | east about 1.7%
5 66. "A conposi t SR BANGEOLYt forth in claim64 wherein said outer core

53. A composite core as set forth in claim 45 wherein said composite core
comprises a hybridized concentric core having an inner carbon/epoxy layer
and an outer glass fiber/epoxy layer.

15

53.  An aluminum conductor composite core reinforced cable comprising:

a composite core having two or more longitudinally oriented and
substantially continuous reinforced fiber types in a thermosetting resin
20 matrix, said core having at least 50% fiber volume fraction and an

operating capability in the range of about 90 to about 230 C; and
at least one layer of aluminum conductor surrounding the composite core.

25 34. A composite core as set forth in claim 53 having 4 tensile strength in the
range of about 160 to 240 Ksi.

355. A composite core as set forth in claim 53 having a modulus of elasticity in
the range of about 7 to 30 Msi.
30
56. A composite core as set forth in claim 53 having a thermal expansion
coefficient range of about 0 to 6 x 10" m/m/C.



conprises a tensile strength at |east 298,103 psi and a tensil e nodul us at

| east 11.2 x 106 psi. 67. A conposite core as set forth in claim®64 wherein
sai d out ewomomgloesmd said 10 inner core forma uniform comCENISO3/€2520
hybridi zed core. 68. A conposite core5as set forth in claim64 wherein said
outer core and said inner core forma segnented concentric core. 15 69. A
conposi te cUre ascableasfsenfotth irrclaimaﬁ3nwl®neimm?dail¢uss<aieda3@ubbr core and said

i nner core have I of about 50 to
about 57% A nm&lﬁlsu%du%ﬁlg\(h%&@e{ {e% %%etqr%%lphpeé “ﬁa%ﬂggher ein said outer
core and sai d mptzouhrslmwd@hkmmnaegmmmwifapimlratmmdltltedoﬁl o in the range of
62 to 75% by weight. 71. A conposite core as set forth in claim®64 wherein
said core conprises a tensile strength in the range of about 160 to 240
Ksi, #modul us8. of Aemmtaiscsétttynh #icldim SBheheteting secoid RPARWE a Plur4licOf Msi , operati ng
tenperature in the r bout 90 to about 230 C and a thermal expansion
coefficient in {"RE ZID%BSZ' peélfa UM SeeReRtsis 3ApPRd groun e fotRy ¢ 72, A met hod
of providing electrical power using an al um num conductor 30 conposite
core reinforced ¢ e the step conpr|S|n : using a cable having a
conposite cBre @oﬁgk"élsﬁd"”é‘?“‘l 3&!@""“?&‘%9‘?&% SPE PeRRiisent ed and
substantial |y cepdigpious rei nforced fiber types in a thernosetting resin
matri x said core having at |east 50% by fiber WD 03/091008 PCT/ US03/ 12520
59 véPume fraction and an operating capability in the range of about 90 to
about 230 (gosur raoetsleeitddbréds Qe%ﬁﬁ npélﬁrd S &ImpREingh LA GBREECt o

surroundi ng the conposite core,
fraction in the range of about 50 to 57%.

61. A composite core as set forth in claim 53 comprising a fiber/resin ratio in

15 the range of about 62 to 75% by weight.

62. A composite core as set forth in claim 53 wherein the fibers of the
composite core are selected from the group consisting of carbon, Kevlar,
basalt, glass, aramid, boron, liquid crystal fibers, high performance

20 polyethylene and carbon nanofibers.

63. A composite core as set forth in claim 53 wherein said composite core
comprises a hybridized concentric core having an inner carbon/epoxy layer

and an outer glass fiber/epoxy layer.

25
64.  Analuminum conductor composite core reinforced cable comprising:
a carbon/epoxy inner core;
30 a glassfiber/epoxy outer core; and

at least one layer of aluminum conductor surround the composite core.



5 transmtting power across the conposite cable. 73. A nethod as set forth
in claim72 wherein said cable replaces at |least a portion of existing
cabl e. 10W®d3/080net hod as set forth in claim72 wherein tReTASNPESLE e core
conprises a fiber/resin ratio in thes$range of about 62 to about 75% by
weight. 75. A nethod as set forth in claim 72 wherein said cable conprises
tensile stéengtAcinpdsitecoraageet fokthabeldim d46Whdréin 34@ inft cordodul us of

elasticity in the_ 15 range of abou 0 enperature in
the range of abdGfP §f?sf""'" oen %aséﬁ&“ég)‘?ﬁrfhﬁe“g@ﬂ‘é‘ﬁié‘ﬂgﬁtf&befflC| ent in
t he range of abqwstﬂ)M‘mcanalamdiﬂeﬁraihal@ééstrﬁbadt@ﬂ%fi A nethod as set forth in
claim 72 wherein said cable conprises an anbient 20 tenperature range of

about -40C to about 90 C. 77. Method of processing a conposite core

conpr 5si ng égre SA&ﬁﬁpdaiftecor@a.@eétféhngnaalﬂ{@ﬂﬁﬁe?élmsm@u@yéﬁ?@r of fiber tows;
25 guiding the fiber tows through a wet-out tank filled with resin; using a

B-stage oven an@OmPpses mqsﬂeyswgtbashmagi% k%&@bﬂ\déﬁaﬁﬂewdﬁhl&@e and

conpress said fibgstoyge®Rpd, 30 curing the conposite core nember; 78. A
met hod as set forth in claim77 wherein said guide is a plate having a
plurality of passageways wherein the orientation of passageways is. WO

03/ 091008 P&/ US . ction

confi gur at |((g)=;:1- ofgﬁﬁégﬁ%gég?g%%%Q%@ﬁ%{rﬁgﬁ %‘Eﬁqscg{e%?grs in claim?77
wher 0n t he nuntiencr eerd farypeuniforth ichmpentric hybridized core.

68. A composite core as set forth in claim 64 wherein said outer core and said

inner core form a segmented concentric core.

15 69. A composite core as set forth in claim 64 wherein said outer core and said
inner core have a total fiber volume fraction in the range of about 50 to
about 57%.

70. A composite core as set forth in claim 64 wherein said outer core and said
20 inner core have a total fiber/resin ratio in the range of 62 to 75% by
weight.

71. A composite core as set forth in claim 64 wherein said core comprises a
tensile strength in the range of about 160 to 240 Ksi, modulus of elasticity
- 25 in the range of about 7 to 30 Msi, operating temperature in the range oi’
about 90 to about 230 C and a thermal expansion coefficient in the range-
of about 0 to about 6 x 10 m/m/C.

72. A method of providing electrical power using an aluminum conductor

30 composite core reinforced cable the steps comprising:

using a cable having a composite core comprising at least one
longitudinally oriented and substantially continuous reinforced fiber types

in a thermosetting resin matrix said core having at least 50% by fiber



5 tows is determned to neet physical characteristics in the end conposite
core including a tensile strength in the range of, 160 to 240 Ksi, a

nmodul us wboslogwd$ city in the range of about 7 to about 3®CWHISP3/82520
operating tenperature in the range of9 about 90 to about 230 C and a
thermal expansion coefficient in the range of about O to about 6 x 10.6

m m C. 10 80. Aolmhdattian acin dpetdting tapabiligi imthefangeasfaboutt9Beo st ep of gui di ng
the fiber tows_thr a wet-out tank filled with resin further conprises
a pre- heating @PE‘&%@WWB&%%{WSWW %Yféﬁg?lgm%f%‘[dﬂ?tgri n the fiber
tows. 15 81. A gipblingthe s&hpdsié tdtejandcl ai m 77 wherein the wet out tank

filled wwth resin, conprises a device to aid in wetting the fibers. 82. A
net hod as set forth in claim77 wherein the wet out tank filled with resin

conprsi ses a serg/SmfingPpdiRy fcrb® heEBMRsi@BRS resin fromthe fibers. 20 83.
A method as set forth in claim77 wherein the step of shaping and

conpressing the fiber tows further conprises: guiding the fiber tows into a

first B-stpge t{uNALNES fRMPR claih 72 WheRid\Gid BABlefbfifdes hOMEst kNt 0 a second
B-stage tenperature oven conprising a series of bushings wherein each

bushi ng in the ptigresolcaxigting eable.a plurality of passageways; 30 guiding the
fiber tows through the consecutive series of bushings and passageways; and

using the bushings to formthe conposite core. WO 03/091008 PCT/US03/12520
61 8 A ne4.hodAastiseltaskenforth inclaiing2wheeinghe cetnposith eorgicompudes at | east a

portion of fiber/resin ratio in the range of about 62 to about 75% by weight.

75. A method as set forth in claim 72 wheréin said cable comprises tensile
strength in the range of about 160 to 240 Ksi, modulus of elasticity in the
15 range of about 7 to 30 Msi, operating temperature in the range of about 90
| to about 230 C and a thermal expansion coefficient in the range of about 0
to about 6 x 10 m/m/C.

76. A method as set forth in claim 72 wherein said cable comprises an ambient

20 temperature range of about —40C to about 90 C.
77.  Method of processing a composite core comprising the steps of:

providing a predetermined number of fiber tows;

25
guiding the fiber tows through a wet-out tank filled with resin;
using a B-stage oven and a plurality of bushings spaced apart to shape and
compress said fiber tows; and"

30

curing the composite core member;

78. A method as set forth in claim 77 wherein said guide is a plate having a

plurality of passageways wherein the orientation of passageways is.



t he passageways di m ni shes with consecutive bushings. 85. A nethod as set
forth in claim77 wherein at |east a portion of the position 5 of the
passagewaWy® osharoges Wit h consecutive bushings. 86. A net hedTasoyexs2dorth in
claim77 wherein the first B-stage teffperature oven is in the range of
about 200 to about 250 F. 10 87. A nmethod as set forth in claim77 wherein
t he second B- st defermieexbley the desired crovsesactic donfigdrationaofgle @inpatieut 200 t o about
250 F. 88. A ne d as set forth in claim77 wherein the step of curing the
conposite core Turther conprises: 15 guiding the conposite core fromthe
second B-stage tenperature oven to a curing oven wherein the curing oven

tenperature ig, i,n the ran f. abo 30 to abqut 370 F;. 20 guiding the
conposite cor & B P%SSégf"u"ﬁg"g‘e‘é‘m%ﬁ%@%é}&ﬂ'}"ﬁ‘g’%%’e‘%‘gﬁ@h the cooling
zone §s in the rtowige debrmehelto n2Rt phgsiodl @hirad&tibs inghk lidv@mpbgeconposi te core
fromthe coolin zonc? .0 a ﬁQét-cure, oven whersi n_.the tenperature of the
post-cure oven FeIRFIEdins 2 wagjle sgenstihig the mage otlg0 tq,2 t2mo¢lys:  and gui di ng
the conposite Ceofgadtchiid i€ 428 bf i€y ©\iBout30MNI dpeafifd | NY  zone wherein
the core is cooled by air in the rangge of about 170 to, about 180 F. 30

89. A nethod as 'eRerageihthe sange of showtP0{pabent 43¢ fend pihermalof ¢ he conposite
core are sel echeghulARMHSHiPUR D3} MobS1hof s DA el ar . basal t,

glass, aramd, boron, liquid crystal fibers, high performance pol yethyl ene
and 1@arbon nanofibers. WO 03/091008 PCT/ US03/ 12520

80. A method as set forth in claim 77 wherein the step of guiding the fiber
tows through a wet-out tank filled with resin further comprises a pre-

heating step prior to wet-out to evaporate moisture in the fiber tows.

15 81. A method as set forth in claim 77 wherein the wet out tank ﬁlle& with resin.

comprises a device to aid in wetting the fibers.

82. A method as set forth in claim 77 wherein the wet out tank filled with resin
comprises a series of wipers to remove excess resin from ihe fibers.
20
83. A method as set forth in claim 77 wherein the step of shaping and

compressing the fiber tows further comprises:

guiding the fiber tows into a first B-stage temperature oven;

25
guiding the fiber tows into a second B-stage temperature oven comprising a
series of bushings wherein each bushing in the series comprises a plurality of

passageways;

30 guiding the fiber tows through the consecutive series of bushings and

passageways; and

using the bushings to form the composite core.



62 90. A nethod as set forth in claim 77 wherein the nethod of processing
conpri ses processing speeds in the range of about 9 ft/mn to about 50
ft/mn. 5wOb3oMopet hod of inproving the efficiency of an eCeaised/czko power
distribution systemthe steps conpriéing: form ng an al um num conduct or
conposite core reinforced cable 10 conErLsing a conposite core having at

| east one | on$dt-tAuntethall pysedfarthrin eldim Fhwhereipshesize odjat least apoitiomofis r ei nf or ced
fiber types in i ng. i I i.d core having at |east 50%
fi ber vol unme frgg% gﬁggiﬁkgﬁﬂﬂggéﬁgypﬁgﬁ%gﬁéﬁﬁg?%?‘in t he range of about 90
to about 230 C surrounded by at |east one |ayer of alum num conductor; and
15 repl aci ng thaon of i 8t 1. Lstributi lines with said
cable. 92. Aggrfe‘% ﬁ%gﬁ)ggs gegfpﬂfhg? lﬁmf ﬁ%ﬁ%‘ﬁg@%&% rortehloﬁ1 osgllego%ﬁé%osi te core
conprbses a fi oétherpassagewayt cianges witheconsengtivedfusti®gst 0 75% by wei ght. 20 93.
A nmethod as set forth in claim9l wherein said conposite core conprises a
fiber volunme fraction in the range of about 50 to about 57% 94. A nethod
ﬁsbseéI fogI th gé Achﬁihﬁuaismh eﬁaaﬁavﬁwmﬁpoﬁdﬁlgtm«/@rageféﬁml fuges ad 25

ybridi zed concentrj ¢ gore hayin i nner on/ epoxy layer and an outer
gl ass fi ber/ epoRfeh GyHe ifige o dﬁﬂﬁgﬁ§?%§mﬁa&gﬁfor an al uni num conduct or
conposite core reinforced cable conprising: 30 a segnented i nner core

conprising advanced conposite; and .
10 87. A method as set forth in claim 77 wherein the second B-stage temperature

- oven is in the range of about 200 to about 250 F.

88. A method as set forth in claim 77 wherein the step of curing the composite
core further comprises:
15
guiding the composite core from the second B-stage temperature oven to a
curing oven wherein the curing oven temperature is in the range of about
330 to about 370 F;

20 guiding the composite core from the curing oven to a cooling zone wherein

the cooling zone is in the range of about 30 to about 100 F;

guiding the composite core from the cooling zone to a post-cure oven
wherein the temperature of the post-cure oven is in the range of about 330
25 to about 370 F; and

guiding the composite core from the post-cure oven 'through a cooling
zone wherein the core is cooled by air in the range of about 170 to about
180F.
30
89. A method as set forth in claim 77 wherein the fibers of the composite core
are selected from the group consisting of carbon, Kevlar, baéalt, glass,
aramid, boron, liquid crystal fibers, high performance polyethylene and

carbon nanofibers. -



a segnented outer core conprising | ow nodul us conposite. WO 03/091008

PCT/ US03/ 12520 63 96. A conposite core as set forth in claim95 wherein

t he totalwbioBes1odbs action is in the range of about 50 to @beMSOHTEHR0 97. A
conposite core as set forth in claim®e@s wherein the total fiber/resin ratio
5is in the range of about 62 to 75% by weight. 98. A conposite core as set
forth in claim95 wherein the core conprises a tensile strengthhi n the f
range of abou in the range o
abogt 71to abggg&%e%??gggoﬁggfﬁgh?émggg#g?egtlhoﬂfgﬁ%gglﬁ%nge of about 90
to about 230 C av@pssastpeecatsingsrisdn i therangedf dboiehfi/min v aboet S0ange of about 0
to about 6 x 106G g C. 99. A conposite core as set forth in claim?95
wherei n the physical characteristics of said outer |ayer acconmpdates
splichng. 15 100. A conposite core as set forth in claim95 whfereiﬂ t he
segnments ar a 1 s core.as.set forth in

cl gl m 95 Wn%lrel n‘& g%ﬁ’&ﬁgg% oév(?+%th8 cwn%o s élspoév CHSEBRENY concentri ¢
core havi ng an isgstem tieestdps ndmaprising: | ayer and an outer gI ass fiber/epoxy

| ayer.

forming an aluminum conductor composite core reinforced cable

10 comprising a composite core having at least one longitudinally oriented
and substantially continuous reinforced fiber types in a thermosetting
resin matrix said core having at least 50% fiber volume fraction and an
operating capability in the range of about 90 to about‘ 230 C surrounded
by at least one layer of aluminum conductor; and

15

replacing at least a portion of existing distribution lines with said cable.

92. A method as set forth in claim 91 wherein said composite core comprises a
fiber/resin ratio in the range of 62 to 75% by weight.
20
93. A method as set forth in claim 91 wherein said composite core comprises a

fiber volume fraction in the range of about 50 to about 57%.

94. A method as set forth in claim 91 wherein said composite core comprises a
25 hybridized concentric core having an inner carbon/epoxy layer and an

outer glass fiber/epoxy layer.

95. A composite core for an aluminum conductor composite core reinforced
cable comprising:
30

a segmented inner core comprising advanced composite; and

a segmented outer core comprising low modulus composite.
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96. A composite core as set forth in claim 95 wherein the total fiber fraction is

in the range of about 50 to about 57%.

97. A composite core as set forth in claim 95 wherein the total fiber/resin ratio

is in the range of about 62 to 75% by weight.

98. A composite core as set forth in claim 95 w.hereixi the core comprises a
tensile strength in the range of about 160 to about 240 Ksi, modulus of
elasti'c;ity in the range of about 7 to about 30 Msi, operating temperature in
the range of about 90 to about 230 C and a thermal expansion coefficient
in the range of about 0 to about 6 x 106 m/m/C.

99. A composite core as set forth in claim 95 wherein the physical

characteristics of said outer layer accommodates splicing.

100. A composite core as set forth in claim 95 wherein the segments are

formed separately.

101. A composite core as set forth in claim 95 wherein said composite core
comprises a segmented concentric core having an inner carbon/epoxy layer

and an outer glass fiber/epoxy layer.



