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invention relates to an alunlnun1conductor conposite core (ACCC
reinforced cable and nethod of manufacture. Mre particularly, to a
cable for providing electrical power having a reinforced fiber
thernosetting resin conposite core surrounded by al um num conductor
capabl e of carrying increased anp&daim/fonPrietivat ed t enper at ur es.
Background of Invention This invention relates to conposite core nenbers

and al um num condyct conposite, care rei nforced cab products
made thehwp%ﬁp tor ﬂﬂw@w PPI&ﬁaPH’éraPPQ‘F%‘ESéémeP%OHWSgWﬁ ‘§$ocess for
an al um 003 NoS R4 yn the
traditi o %ﬂ%%&é%ﬁduct (k)\rr0 g?@ﬁs?glﬁnpg{lced Igla I eat%é%%‘tanhe al um num
conduct oﬂ“radbmﬂs@fﬁ& a3 Aprike2002nitie thtire disebdsuearfeviich Besdogpardtet bycar ry
the transfer load.. In an ACCC cable, the steel core of the ACSR cable is
r epl aced " HsreBcedisifiBsite core conprising at |east one reinforced fiber
type in a thernosetting resin matrix. Replacing the steel core has many
advant ages. An ACCC cabl e can main ich] Befg OCT 2005 operating
tenperatures in the range of about t 230C wi thout corresponding
sag induced in traditional ACSR cables. Mreover, to increase anpacity,

an ACCC q@b€ bféserﬁ(ih‘r%lnﬁ& feldtbHdain d@ﬂiﬁhﬂﬁccﬂﬁu&b%ﬁdsitb’ cWet(hGEd)Q%forced

coefficient of thermal expansion. This invention relates to an al um num
conduct oratde apbwiethed 06 manufacute Maerd pedisitlarly; tiotazdable fovprovisiieg ele¢tiealat  hi gh
operatin

t | t ed t
P tat i BRETTRt e TRt AB belfioBnh s ome g E durPREeH by afhgpinum
wher ei n ps@Micfr @ipable of carrying increased ampacity at elevated temperatures.

Background of Invention

This invention relates to composite core members and aluminum conductor composite core
(ACCC) reinforced cable products made therefrom. This invention 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 1s designed to carry the transfer load.

In an ACCC cable, the steel core of the ACSR cable is replaced by a 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



el ectrical power includes both distribution and transm ssion cabl es.

Typi cal ACSR cabl es can be operated at tenperatures up to 100d) bCh 2003
continuous basis without any significant change in the conductor's

physi cal properties related to a reduction in tensile strength. These
tenperature limts constrain the thermal rating of a typical 230-kV |ine,
strung with 795 kcm | ACSR "Drake" conductor, to about 400 MA,
corresponding to a current of 1000 A Conductor cables are constrai ned by
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anpacity, Mre specificall the anpacity is a nmeasure of the ability to
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inthe c tqr i . SSi heat, ¢ es the
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carrying capacity of transm ssion cables, the cable itself nust be
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i ncreased anpacity w thout 1 nducing excessive sag. Although anpacity
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infrastructure. Such large load increases typically would require

st r uct ur eants offeratedbatdemperaturespipato d 81 on akhentsiuouebis @R @O signifigant
infrastructure podifications .are typical ot financially, feasibl.e.
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| i ens. European Patent Application No. EP 1168374A3 discloses a conposite
core conpemd "R “Braks? egiductoy,de abdut 400 MV AcewTagpersking toregureentiof 1000 A.

t hernopl astic resin. The object is to provide an electrical transm ssion

cable which utilizes a reinforced plastic conppsite core as. a |oad
bearing SOBHRAIRT cPRles fe congfrain th mgwwr Hysgaﬁélaﬁ@aew%af% Forgponents
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utilizes gn f|1llnner rfé?rll\?or cg?j pf agﬁhtg cor elt} 'Is'he conposite (1: re #%kqogefn
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the required sti flfiness t}cl) attrac{;h transfer | ?ad and kbe;i) tPeTﬁab e from

saggi ng. tegg@mey, xcessive heat causes the cable to sag below permissible Tevels. Theretore, to
increase the load carrying capacity of transmission cables, the cable itself must be designed
using components having 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 increases typically would require

structure reinforcement or replacement, wherein



conposite core conprising glass fiber and thernoplastic resin doe% gﬁg 05
neet the operating tenperatures required for increased anpacity, 3 I@,
bet ween 90 and 230C. Conposite cores designed using a carbon epoxy
conposite core also have inherent difficulties. The carbon epoxy core
has very limted flexibility and is cost prohibitive. The cable product
havi ng a carbon epoxy core does not have sufficient flexibility to permt
wi ndi ng and transport. Moreover, the cost for carbon fibers are expensive
conpar edsiich infrivefictude/molidithiorsi dbetypicalli fotcfamihciblly feasible) Mhis, biesreis s in the

range of $5 to $37 g&; pound conpared to glass fjbers in the range of
$.36 to §nansgal mativakemie, ingreassithe logd gapagity ghrglssirical Eansmissigneables sthily of
only car i o ] 01 - ] jally feasible. Physical properties of
conposi tgﬁ{g%ﬁﬂg?g@gh?rtﬁlﬁ%%lg%lbﬁﬁﬁﬁ ed by processing nethods. Previous

processi ng nmet hods cannot achieve a high fiber/resin ratio by volune or
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that will achieve the strength to conpete with a steel core. reover,
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const ant be‘éﬁ‘fng%rﬁ@ﬁ irl 8 cablband esprotide %_ﬂlé’tﬁdcﬁ@&ﬁﬂ?ﬂgi lédtaenl berrae erotdte
conposite and the die slowng processing tinme., The processing tinmes in
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fhese pr SUBBOEE Bl Relesiv B A SRR LR Korpihd ol MR BB Ghave
during t ke reqiifdsiithedshie attadt framien Joalenf kegethe ¢hible fiong sdgaingl Be@nllyesi n
ratio. It is therefore desirable to design_economcally feasible ACCC
cabl es h&VmPRpitgcorecstrrighe slassifibppanddhenmaplastie yesin dogs Jiot meetHhe aparating
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facili taEJenlll%%ﬁcr eagégéirg%dggﬁﬁéﬁ%a ?ﬁgﬁéiyégél?eel ’pond?g%?dca;@l %%sgg. It is
further desirable to process conposite cores using a process that allows
conf i gur @ohfosifd brésdisipbe@lising R earbONBASy @nipRLiRScotd hlsh Batd REGRAT Ng and
allows for processing at speeds in the rangé of about 9ft/mn to 50 ft
/ mi n. Sudiffieylties. The earbow epaxymere 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 per pound. 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 will achieve the strength to

compete with a steel core. Moreover, the processing



I n one enbodi nent, a conposite core for an electrical cable conpr'ies an

i nner core consisting of advanced conposite material conprising g OCE 4805
one longitudinally oriented and substantially continuous reinforced
fiber type in a thernosetting resin; and an outer core consisting of |ow
nodul us conposite material conprising at | east one |ongitudinally
oriented and substantially continuous reinforced fiber type in a

t hernosetting resin; wherein, said conposite core conprises a core
tensile ghde@BBpRevifus ProdeSiidd methodd ard GithiteaibyiAHdént WRaacteHiticR R tH Irocess
enbodi ment, an electrical cable conprises a conposite core conprising an
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al um numwhertiimining. colipriaes ¢ahginp dicfitipet rXidl , a conposite core for an
el ectrical cable conprises two or nore types of longitudinally oriented

and substantially continuous reinforced fiber types in a thernosetting
resi n maitris thereferedlesioabde toadeisigy eqondnaiadlly Basible AL C vablesrhavingaitleashone
characteri.zed .in that.at.least one f.iber.conprises.a nmodul us of
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0.7 to about 0 M C and a tensile strength at | east about 350 Ksi (2413
MPa) and degirablsde procgsrecompssite eerapuding mprogess dadtiailewe gentigurativarapd|tuning of
expansiop in the range.of about .5 X 16 m C to abaout 10-6 mnm C
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Al t er nat kv&lt Pit/MinaeSPABMie core for an el ectrical cable conprises one or
nore types of longitudinally oriented and substantially continuous
reinforced fiber types in a thernosetting resin matrix, said core having
a tensile strength of at |east Summarybdthedgierntbon03 MPa) and a nodul us of
el asticity in the range of about 7 to about 30 Msi. In yet another

enbodi nent, a_conposite core for an electrical cable conprjses a
In or?e-:p embodiment, a composite core for an elecmcﬁ cable COH’R’I’ISCS an inner core

consisting of advanced composite material comprising at least one longitudinally oriented
and substantially continuous reinforced fiber type in a thermosetting resin; and an outer core
consisting of low modulus composite material comprising at least one longitudinally oriented
and substantially continuous reinforced fiber type in a thermosetting resin; wherein, said

composite core comprises a core tensile strength of at least about 160 Ksi (1103 MPa).

In another embodiment, an electrical cable comprises a composite core comprising an
inner core consisting of advanced composite material comprising at least one longitudinally
oriented and substantially continuous reinforced fiber type in a thermosetting resin; and an
outer core consisting of low modulus composite material comprising at least one

longitudinally oriented and substantially continuous reinforced fiber type in a thermosetting



conposite material, said core having a tensile strength of at |east about
160 Ksi (1103 MPa) and an operating tenperature of at |east aboujy ?9]62005
wherein, said core is sufficiently flexible to wind around at | eas

seven foot wheel diameter for transportation. In one enbodinment, a
conposite core for an electrical cable conprises an inner core

conprising a high grade carbon fiber conprising a tensile strength of at
| east 70€esiswhereid, said canposite carpdwinpsises a eare twa'rldz stBgitsef 4t heast about 160 Ksi

th ' ' t f t 200
e e a3 5 oS SRR Bl SRR 8
fiber i glughitdiBcHmERIdrl Ng resin corrprl sing a viscosity range of at |east

about 200 to about 1500 Centipoise at 20C wherein, the conposite core
conprises a t&nha#i alterrate embedimient, aleempasitpecons for an electrivabeabls comeprises twondt a
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the range of at |east about 160 Ksi (1103 MPa). |n_another enbodinent, a
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and a pl wicdliusYbf elastidityShitigansPet@duePy dboiO3GhBPe and conpress said
fiber tows; and curing the conposite core nenber.

In yet another embodiment, a composite core for an electrical cable comprises a
composite material, said core having a tensile strength of at least about 160 Ksi (1103 MPa)
and an operating temperature of at least about 90C wherein, said core is sufficiently flexible

to wind around at least a seven foot wheel diameter for transportation.

In one embodiment, a composite core for an electrical cable comprises an inner core
comprising a high grade carbon fiber comprising a tensile strength of at least 700 Ksi and a
tensile modulus of at least 30 Msi in a thermosetting resin comprising a viscosity range of at
least about 200 to about 1500 Centipoise at 20C; and an outer core comprising a glass fiber
in a thermosetting resin comprising a viscosity range of at least about 200 to about 1500
Centipoise at 20C wherein, the composite core comprises a tensile strength in the range of

about 160 to 240 Ksi and a modulus of elasticity in the range of about 7 to about 30 Msi.



Conposite cores according to the invention neet certain physical
characteristics dependent upon the selection of reinforced fibe&7gypg@5
and thernosetting resins with desired inherent physical properties.
Conposite cores according to the invention have substantially [|ow
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substantially high dielectric properties and sufficient flexibility to
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240 Ksi,gggﬁgﬁgﬁ%g 0 g%ﬁ%@%%ﬁ@@ wi thin the range of about 7 to about 30
Msi, an operating tenperature within the range of about 90 to about 230
C and a ther milccexdpgnsitineoidn, & nratiodvis fltiher pReented e nahsrafOny el€btiical
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Composite cores according to the invention meet certain physical characteristics
dependent upon the selection of reinforced fiber types and thermosetting resins with desired
inherent physical properties. Composite cores according to the invention have substantially
low thermal expansion coefficients, substantially high tensile strength, ability to withstand a
substantially high range of operating temperatures, ability to withstand a low range of
ambient temperatures, substantially high dielectric properties and sufficient flexibility to
permit winding. In particular, composite cores according to the present invention have a
tensile strength within the range of about 160 to about 240 Ksi, a modulus of ¢lasticity
within the range of about 7 to about 30 Msi, an operating temperature within the range of
about 90 to about 230 °C and a thermal expansion coefficient within the range of about 0 to

about 6 x 10° m/m/C. These ranges can be achieved by a single reinforced fiber type or a



conposite core nenbers in accordance with the present invention. FIG 2
is a schematic diagram of a bushing showi ng sufficiently spaced 07 (T 200%
passageways for insertion of the fibers in a predeterm ned pattern to
gui de the fibers through the B- stage formng process in accordance with

the pres %bihﬁﬁ’cﬁf'ﬁfir@iﬁforgéﬁilgé é&p%s.aTﬁed}@ﬁan&pauhbﬁ& e cﬁ%cﬁﬁﬁtgc%tc%lﬁﬁ wRf a

bushi ng, said view showi ng the ‘passageways” used to shape and conpress
t he bundadsevefl by aisirigbe et tipeadone, fomaprcticahpeintbf viewhmopircosesiwithin the

i tion, 7 0Z.0CT 2005 FIG 4 | hemat | i ft iff t
bushi ngsenbaf fis TR omariss fvq A moR it toRen shebntes, SBRodlbho e
next to ggrAGingdd tkOpMARhl éaeactdrRBESddsitePinaHO Bhglcomtpos©Edte N8e Ediposite

conposite core in accordance with the present invention. FIG 5 shows a
Cr 0SS- SeerE aprpmmpdaigsofariphipnstip thrrslativg ameumtp o€ fiberscore cross- secti on
geonetries according to the invention. FIG 6 is a multi-dinensional
cross-sectiongl view of .a plurality of bushings overlaid top .. of one
anot her showi 1§ 2 HEedsiied empaciiy:ans, a GEMIPASI §0TG Aeporiig ot LRSHIRAMAys.
FIG 7 i 8158 cbink iBBAMAVHE ABRIhEdulhsSdY ePstiditPivith Fbkisha®ingRUS Bk ARduben ng
mgration of the passageways and di m nishing size of the passageways

wi t h eacblasligitydesinorsased stiffngssiof theoro antbmloavenelongatinn pencenht By rombindg 8 i s
a Cross ctional view of .one,.e i ment .of a.c osi Le care according to
Che °F ny ERERCHEEEPEPERY R GRE RAeraR odios P SREB0& HERBR SRR ng
cross ci ggisitpandidst i aihed. KR8 tﬁhoﬁqrathﬁrﬁaﬁilﬁ{ti%Qslﬁﬁﬂﬁélﬁé\lablerhmpacity
accordance with the invention. FIG 10 is a cross-sectional view of the

heat i ng etissrwhen madvanceseomposite iseomberediwittFiog modulysirainforped dbarshesingr in
the heating e|lenment.in accordance with the invention. FIG 11 is a
schemat i W}\g’i'e E‘WC MOBﬁSﬁWﬂ&ﬁtg%?m%%mggﬁ?ﬁ é\lﬁ%ﬁhﬁrnduct or conposite core
(ACCC) reinforced cable showi ng an i nner advanced conposite core and an

outer |low nodulus core surrounded by two | ayers of al um num conduct or
according to the invention. 8

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the invention are best understood by referring to the detailed

description of the invention, read in light of the accompanying drawings, in which:

FIG. 1 is a schematic diagram of a B-stage forming process used for forming reinforced fiber

composite core members in accordance with the present invention.

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 passageways
used to shape and compress the bundles of reinforced fibers in accordance with the present

invention.



0 7 OCT 2005 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
w Il now be described nore fully hereinafter with reference to tt‘[p7 70
acconpanyi ng drawi ngs, in which preferred enbodi nents of the invent pgn 03
are shown. This invention may, however, be enbodied in many different
forns and should not be construed as |limted to the enbodi nents set
forth hegein . rather, these embodi.nents.ar,e provided s t hat .1 he
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are not necessarily drawn to scale but are configured to clearly

i |1 ust r afesmingthe gompesitgrorerinaceprdancgwithihe praset iIRedntiPBs to a reinforced
conposite core nmenber made fromreinforced fibers enbedded in a high

t enper at sin for use.in alunm.num condyctor conposite core
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wher ei n gbfdtFiésatlcor th&lingbhtidaut 1 on i ncl udes distribution and

transm ssion cables. FIG 11 illustrates a typical enbodi ment of an ACCC
reinforced cable 300. FIG 11 illustrates an ACCC reinforced cable

havi ng aFKaitnis empdd-dimehoonal clvss-sapional vies oha plungivy bf bushimgs overdaié o868 and
a reinforgced gl gss , fiber/epoxy .resin conposite _outer .core.304,

sur r ound@iotsyAmather shawing (s desresing RisTesAv =Y SHARHLI RS VRREHINES. o
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t he firspasahgemapsiand diyenisRiag siz€oftheatagewsygsviti edch gugpesseribushingdnt i on
conprise the foll owing characteristics : at |east one type of reinforced
fiber, vaeslnes vEhhGBEeniiBunt s of each reinforced fiber type,
reinforced fiber types of substantially small dianmeter, reinforced fiber
t ypes of hst i ti C j havl a
o packiia AasCypyBiols o BHPHaRodRE br SRS rdaraiatBlo b

w thin t higepagki ng density, a volume fraction at |east 50% a fiber

wei ght fraction between about 60 and about 75% adjustable vol une
fraction, substantially |ow thermal expansion coefficient, a ‘
subst ant FEF.I%/is kisghematiesVi¢w of an evep trocesh having ciogs eirqulastasitpvato keep the air
subst ant }eir'pr-%aqﬁ'rig%gggt%qgﬁegﬁr%gé%th% 1In$e ﬁ,rn?‘t ures, ability to w thstand

subst ant

FIG. 10 is a cross-sectional view of the heating element in the oven represented in FIG. 9

showing each heater in the heating element in accordance with the invention.

FIG. 11 is a schematic view of one embodiment of an aluminum conductor composite core
(ACCCQ) 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,
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power t r soakrihg steon§gured to cleartheillustraty thednvaitiont ed from t he group
conprising, for exanple: car bon fi bers-both HM and HS (pitch based)

Kevl ar fjpe basal t fi bers, i bers, Aram d fibers, boro ers,
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meeting the required physical characteristics of the invention nmay be

used. Cohpung & reinforced cafbon fiberermxymesin enrepusito nner edre 348 lapd o oeipforesd glisber
t havi | at |1 viel K ) fib '

unt wi 1 eEPBREREII YRORRONE Sire PofspEp BE B R 1vE L alu on of
the tow pgndubidt 566 fflefeih 4 %%ra)h'tﬁbﬂtréifez&dﬂ%ﬂﬁl%d ahiAinuBX&FaRL e wrapdfourldife has

12,000 i ndividual mcrofibers deal I¥ m crofibers wet out with resin
such t hatomppsite Qo andhIvVing@Fecond layer of aluminum conductor 308 wherein a plurality of

trapezoidal shaped aluminum strands wrap around the first aluminum layer 306.

Composite cores of the present invention comprise the following characteristics : at least one
type of reinforced fiber, variable relative amounts of each reinforced fiber type, reinforced
fiber types of substantially small diameter, reinforced fiber types of a substantially
continuous length, composite cores having a high packing density, reinforced fiber tows
having relative spacing within the packing 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



resin coats the circunference of each mcrofiber within the bundle or
tow. Wetting may be affected by tow size, that is, the nunber of7 gCT 2008
m crofibers in the bundle, and individual mcrofiber size. Larger tows
create nore difficulty wetting around individual fibers in the bundle
due to the nunber of fibers contained within the bundl e whereas snaller
fiber diameter increases the distribution of resin around each fi ber
within each fiber tow Wtting and infiltration of the fiber tows in
conposi t anbighiempeaturs, akingrthd patadtial epasstonnee composite char resin peopeftidshe

resul ting conpasite. .Jncomplete wetting results in flaws of dry spots

Wit hin t s ng%‘fy Righ disiactrs IPTBH‘?IEF%ba‘éng Bieqroterdiabofplality 9{,g TOSS
conposi t iRsr i - i GEMWLE D
The si zehop Hfurdion and SOHRi AR N BARy REp R ERg of HRERUSRARIDE
form ng composftesotee havi ng opti mal desired physical characteristics. One
process for form ng conposite cores in accordance with the present

invention is called B-stage form ng process. Fiber tows of the present

i nvent i oft OBWOsIE ¢ae of e dolqsying ansgnfion:hasatsnsjle;sirengih i thegangsrofabenft 168K t o
about 50 | . f lect | ange of
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accor danegeratirighteinperapure fethe range efihboun 9P tefiteouadiy °@rad a thdrhahexphasisiange of
about 8 to _ghout 15 mfor_glass fibers ang nps referably about 10 m in
di anet er SHierIgndn theBRge 9f 8?%0%@°B?é¥épaww¢n?? ﬁ@v?‘&ﬁg‘ésedgya%ut 5 to
about 10 ‘ot I gé;&g Ly o . of
fibers ac}{s%l ta Sflggg%?gsﬁg%)ggi%ﬂ et l%eern ﬁ]mgglglc{ﬂn&g%%g{p ggér?glge %?ﬁfﬁeg}eﬂ%%
desired fibgrdiagmlg iphiengd physeal pidpertiea oy emabiy the sepoditedobatoadect tre reguiradal

wet -out charagteristics and feasjbility. _ For exa , fibers |ess than
about  5nPMAlal sclicatans; From & RReksal ph of vigy- ﬁag@la@ﬁwashhﬂ Hhesrene ofitiks t o

t hose thﬁfveﬁlﬁ‘fﬂoﬁ;ﬂﬂ%@aﬁe@ﬁ%o dgﬁncttrgﬁf&Eélﬁﬁbéf'@fbcsfi bers approaching 25 m
in diameter are difficult to work with because'they are stiffer and nore

brittle. Conposite cores of the present invention conprise fiber tows

t hat ar eCsmbati@gtweadd noreaeinforoedofilsers imtd thegbmpodite qranicmber offas babstantibler
tows conprising the present inventjon are preferably between about 1000
and 3000MRFPEFEENtHIN SH5HEHR O Hefhh EtioP vshmptsglalsicomumly ped foneable ingdwever

0 a5 1| Bekb e ot kL SeSad et ap Sy o

33, 000 netamrpe: chtbondibemssbothHM and HS (pitch based), Kevlar fibers, basalt fibers, glass
fibers, Aramid fibers, boron fibers, liquid crystal fibers, high performance polyethylene
fibers and carbon nanofibers. Several 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 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 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

10



11 0 7 OCT 2005 preferable to select the longest fibers that the j T
processi ng equi pnent will accommbdate due to |ess splicing of fi b(!r‘:Lc tm
forma continuous conposite core in excess of 6000 feet. Fiber ends nmay

be glued end-to- end formng a substantially continuous fiber tow | ength,

Qont | NUOKSin doiefilcifthinfilicficd Oeabh Hﬁ&aﬁwwhﬁgg;i\gdnpy%&'twgwen&ggqg%&gh

Conposite cores o e present Invention co I'bers havin

packi ng efifécted tyow sizeotlat isy thetmmbichef mivosfiheed imrthe timdie, and érsdividoal
particular, fraditional steel conductor cables generally copprise
Caveral WSRO sige) Citgrdaws ﬂ?@tetfsorﬁﬁiéf%%%wegwgaéow ingjaidupl aliers iibe vi r es

cannot _paglyd bkolle hAAGH U ivebofifihed Withi AN EIAIRACKISHAIE! fia1 ency of

about 74% The only way that a steel core cou % packi ng
ef fi ci endipmetonindrénses the datrebution of redinsdrewdd each dibaswithincmeld fiber towy Bietting

round stee|. wres. | s..0 s, not, possi bl e because the final cable would be
oot £ 1 SEHERn of e HRsR oS iSO RROPICBRRTAS S lsAL ImoERRReal T ber o
are ori epesim ' aey ' ' | ] in and
e e 1 o o e D B g

ef fi ci enwythinHhg fiber gagiositgredii€ing steengh gridedwtability afdhposnpasits pratugt Fibehat

Is greater for  ve oJ.une relativ 0 .oth cables. In addition,

i gher - piadteTey SrFberelsels! iepettaes Mioh e 6h it S AR ERPES pE ot
smal | er gl iein&rderitd Sh&HNY forRSiLAS slt@ﬁa\ﬁﬁg’ldﬁt’imﬂfde@iré%ﬁyéﬁhpOndUCt or

mat eri al capabl e of wrapping aroun t he conposite conductor core.

Conposi t charapteristiod. Qrivgprovess fontforiming nomposite onyes iirs accoadantowith dthef prosent t hat
are substantiall t . resistant. Heat. resistance enapl es an cabl e
ot r anstEn s Salelt sispE PO bigctar ib&pIS pf e ProEl LorBE: e« o
wi t hst angrehibrea REH?% I thel rAARESFALYAIAK toldbRuf 531eaRd PRSIbd towdiirePr esent
invention have the ability to W thstand operating tenperatures between

t he rangprefesiblpbelectedd the tangp ofiabRB 800 © abowt 12(8yweéldr abl y, the fibers in
the present invention have the ability to w thstand operating

t enper at yr es baztwe n t range, of aaout 170.to 200.'C. . Moreover, fibers
used in vidual zeaptorg Siges ingheqface math the pRreserddnyrytign PLaieraliyare

t enper at yr.e: : '

by ont om0 g B ARRR £30 2t 12 i) for iR e anlFmoi Bsbly W10
conposi t i diameter whedshecarboniibédrs ampdefermbiydn shamege ofzabobbivtaaboabblipm-athd ' C

Wt hout ?n%fstf lg'g}ePa%l)i/ arlﬂ:t))%it 5&%% d?afm v?ly lgérco?}ller%]p%g %(t:%'lggris %.tsimctglile size range is
determined in accordance with the desired physical properties. The ranges are selected based
on optimal wet-out characteristics and feasibility. For example, fibers less than about Spum
are so small in diameter that they pose certain health risks to those that handle the fibers. On
the other end, fibers approaching 25 um 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 substantially
continuous in length. In practice, carbon fiber tows comprising the present invention are
preferably between about 1000 and 3000 meters in length, depending on the size of the
spool, However, glass fiber lengths can range up to 36 km depending on the size of the

spool. Most preferably, fibers are selected in the range of 1000 to 33,000 meters. It is most
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Rel ati ve amounts of each type of reinforced fiber varies depending on the
desired physical characteristics of the conposite cable. For exdnipl, 2005
fibers having a | ower nmodulus of 12 0 7 OCT 2005 el asticity enable
formation of a high strength, stiff conposite core. Carbon fibers have a
nmodul us | & I ' : : 7 Msi
Wher eas BITAZATE kLI LRI, i W8 RroBlife Sl brifl SclhnA0R gt
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wei ght and an outer gl ass/epoxy |layer having an area of 0.074 sq. in.
and a fi Qempbsit dordsaifitlie mresemp iventicn ctnprise ibkGHavinkn gl padkancsfiviehdy t he
present invention, the physical characteristics of the conposite core

may be atglaiivedeolgr eandustor prple epres. Iy particwlas, fraditiony) stel eendyctospiilerent .
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fromO0.037 sqg. jn. and increasing the area of glass fromO0, 074 ;{g in.,

the conpBRlyteYdkAt@ SIRENERF cphiddave 19(ke prekma eldicicpey vaBlDe th hayga

core couplsed oﬁp&géfi td Q&fe?ﬁ?&gld&kc%l({w@eé."[gﬁs is h@hg&‘;‘ibﬁé audtific Fiflalldafles MRl | er
tow di anmeter gl ass conpared to carpbon, t resulting conposite core

i s snmal | ewuldrbedo atitftaed wenbkbhatbgnd. fin tlegrestntimnentng individual tfiberssaaereriented

resulting cabl.e size. Alternatively, a.third fiber, for. ex e basalt,
may be "I‘i‘ﬁﬁﬁhﬁﬁlg'd“’i e ?%B%GW&Q%‘F@ We@lrrssm A Cura FeTTHRARR DYbAFed hanges
t he physj - h St o : Cily; .
Sobsert ueifibosBRbRGhaRLE Habihe 1809 KiEIRY 4 ARA I CHighECPackIR Wi Genchliclds o

di el ect r canpositp siréngtls thahit greaterd fat a givenl eclueegelatine wostherstables. e addition,

Conposite. cores of e present .inventjon conprise reinforced fibers
vt g + BB BBk s FRRercy RGP Eor b RBAISRIPY & PEPASE o5t BF Sl dHmeter

over head IrSRinfRuGah h &Sy ok odnde
Span | eng e e e p RS R O Rt B g OIE pE R gtk
t hat an therompasite gomdudter ¢easi | e strength effectively reduces sag in an

ACCC cable. Carbon fibers are selected having a tensile strength

preferablcy in the range of about 350 to about 750 Ksi. )
omposite cores of the present invention comprise reinforced fibers that are substantially

heat resistant. Heat resistance enables an ACCC cable to transmit increased power due to the
ability of the composite core to withstand higher operating temperatures. The fibers used in
the present invention have the ability to withstand operating temperatures between the range
of about 90 and about 230 °C. Most preferably, the fibers in the present invention have the
ability to withstand operating temperatures between the range of about 170 to 200 °C.
Moreover, fibers used in the present invention can preferably withstand an ambient
temperature range between about -40 to about 90 °C. That is, under ambient conditions with
no current flowing in an ACCC cable, the composite core is able to withstand temperatures

as low as about -40 °C without suffering impairment of physical characteristics.

Relative amounts of each type of reinforced fiber varies depending on the desired physical

characteristics of the composite cable. For example, fibers having a lower modulus of
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More preferably in the range between 710 Ksi to 750 Ksi. {d assfi b@i‘s are
sel ected having a tensile strength preferably in the range of abbif)lEd805
to about 220 Ksi. The tensile strength of the conposite is enhanced by

conbi ning gl assfibers having a lower tensile strength with carbon fibers

havi ng a_.hi r ' . . : | f.fibers
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section wherein the wei ght fthe“fi'ber wll determne the fina
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dependi ng on the weight of the fiber. In accordance with the present

i nvent i oB074 be in.amd asfitien'resir watip of dewit §HR4 byawsighton the desired physi cal
characteristics of an ACCC reinforced cable. Mre preferably, the
conposite core is designed having. an_inper. styengthening core nenber
Conpr 1 si IAeEAFaankR I B REGs RIS eBioBhF BhyeAl CBAFaSTvE 8 gPBPPISAOH ¢

| ayer . Aad@y adicadd 60 aRSk Lt fibeyreSATRRS o AcheUhBond R MIteHRNEL tRET S

havi ng a greater than 50% vol une fraction and mechanical properties
exceedi nghystral chacdréaristied ofithe pemposite cofe yhalssidjbtedby &ynstingthe areai s

preferable to have an outer |ayer low noduyl us conposite having, nechani cal
br oper t 1 BgeTiagf eacticqmpanentiin the GaumpOSie Fors MR Lot 4 BIgp eyt reducing
nmechani cgie 16tpdras bEEarSdn £Smi00INQ. e RPinefealh@ &R aréd HBJlass Fen 08P EQIIE 2!
properties of glass fibers acconmpdate splicing whereas the advanced

conposi t theijcomposite dore membenprodudies reducedratidéinessdo thptdroomeproedupledwvitier s
form ng an advanced..conposi.te are selected preferably. having a tensile
st r engt nCTEARS e 6 5e T pacin, Ao Stccife Sl P Sidindles of elistitlefish i

el astici EMb&i,@ﬁ@ﬂ’e&h{iﬁ% bompditecBRAS s@AIGRR diamelet ehblafpatéredsed Wohduckor for
coefficient of thermal expansion in the ragjge of about -0.7 to about O
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dielectrj i ' - a " 0, . Wm
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of the end product. For example, by substituting basalt for some carbon fibers, the core has

increased dielectric properties and a relative decrease in core stiffness.

Composite cores of the present invention comprise reinforced fibers having relatively high
tensile strength. The degree of sag in an overhead voltage power transmission cable varies as
the square of the span length and inversely with the tensile strength of the cable such that an
increase in the tensile strength effectively 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 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
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| b/in3 to about 0.13 Ib/in3. Fibers formng the outer | ow nodul us b] éer
surroundi ng the advanced conposite preferably have a tensile stre g Rl 45
the range within about 180 to 220 Ksi; a coefficient of thermnal
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the rangd FPoRBRER VN 15 PIERSTt InEsating. e cpmpesitarets Seaes brsgd oR e core

t her mal ' LCl ' @ng : o abl y,
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J fiber. The mechanical properties of glass fibers accommodate splicing whereas the advanced

composite is more brittle and does not undertake splicing well.

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 W/m- K; and density in the range of about 0.065
Ib/in® to about 0.13 Ib/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 coefficient of thermal
expansion in the range of about 5 x 10°® to about 10 x 10" m/m/C; yield elongation percent

in the range of about 3 to
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menber and conductor weight. Accordingly, these physical characteristics
are taken into account in designing the conposite core. Wile itﬂigEsz5
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After thesfi ' i ' l.ect LA o £ ai tio
of | oach PIEATPIUEERtdLf SAPAE s s oBEAE o sBBuCIA T OpbbBitifute
present in theemigeavithit beout 98it¢ abaa a3 eC cMataprefeeably, chacdmposite caretigabile to
properties for processing and to. achieve desired physical properties in
the end Pribsaad opogting femperafues gt deasy Qm-lf 5 dhemuhl Pxparsion spelEienti | ur o
ratio is ' of ER6ut 48 6xCIRFBRL/EP 191 th@kBret flure
rati o of “q@ﬁ{hg/};\sf\lﬁgroeas ugI asrsgpélﬁgerxl g{)ﬁoxy hagﬁb\ge E@%@l%%@?gﬁeltgﬁeﬁ; ati o of
1. 7% Acegpatikioglcyefficieat isaboptdss k80 tavm/G.s desi gned having the stiffness
of the carbon/epoxy in the inner core and the nore flexible

gl assfi ber/epoxy in the outer core to create a conposite core with the

s equi si t Ereferpbly} particylgr eombinagigns pEreirfproed Hhersiapmselestadrhaseden the reinforced
excess of oegy Bu@PRaFbieA YRR A DRA R O oA RERE eGPl PR T

car bon f pheicslappliysivabproperties. i@ particular, to design an ACCC cable able to withstand

ampacity gains, the composite core comprises both a higher 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 weight. Accordingly, these physical characteristics are taken into

account in designing the composite core.

While it is preferable to form a composite core having an inner advanced composite
surrounded by a low modulus composite, it is feasible to make a composite core comprising
interspersed high modulus of elasticity fibers and low modulus of elasticity fibers.
Depending on the strain : failure ratio, this type of core may have to be segmented in order to

achieve an appropriate conductor winding on transportation wheel. Moreover, the composite
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havi ng the nmechani cal property range of glassfiber could be substituted
for glassfiber. For exanple, basalt has the follow ng properties:nfwgr 5
tensile strength in the range of about 701.98 Ksi (conpared to the nﬁ@
of about 180 to about 500 Ksi for glassfibers), high nodulus of

el asticity in the range of about 12.95 Msi, |ow thermal expansion

coef fi ci edit id desighb®hivafg theGbenbPintbreBsed niginlis dfeEtiaiteih the irmepedre 5. 4 ppn C
for glassfibers), and elongation percent in the rangle of about 3.15%

( conpar etrrayadedbiyefiber hapiga lgwepmadelus obelagtisity dye testbeidsereased degree phsal t

fibers p ' | d tensile strength, a nodulus of elasticity
bet ween %:tga\r{%gﬁtﬂgﬂg&g@%éfi ber and an el ongation %close to that of carbon

fibers. A further advantage is that basalt has superior dielectric

properti Bsr dxampid, baBon B Ricefcdlibiyhigh hddhfis Of élas¥elty3h G @ASPORIboRt TOM0e
conprises an inner strength nmenber that is non-conductive. By designing

an advarhos 32 dsddewitherost exprasipn gogffipientinghe fangeebahouptys tecabiout 0 m/m/C,
Cror ot cREhbO ALY R band S UTRCES oS ASGPRhE BBy

property“se ¢ ¢onposi 't rature

I's det er fodglds by elagitstydow thernidd expaeioh 4sefbitical msthé finigy of bt SREY Ml about
expansion coefficient, the weight of the conposite st rer@t h menber, and

t he condi@xlér mipECqamd elongation pavesnt foda rangeof akow Sttp @abeyt 6xpdlheditein

B e

bet ween aipihit vORinteofratinion of 2&Apéhentsh A fieotiip Fidei/estotnpokité RecletR8 At strain

i nvention conprises_ thernosetting resins havij ng physi cal pr}&gert i es that
are adj utstfabws ratip efcserh fiberresinsempesite 18 deterpingd da aggorflange feiihdhe PSePEndi ng
on the j e | i | 00y L {]ﬂﬁ% | ?s?:‘f ﬁnﬁ1 e

sel ect edingtgﬁta %ﬁgﬁﬂéﬁc%ﬁ% tdrlllgt%h{d%% tpéglﬂ%géb)‘lfegtapr opggrl??%agolr? gocéna edtat ﬁe
conposi t achievealeticedyweichlprgpdraesnindhe atd prodyct.ads duchhthe fideperstimived resin
operation. Suitable therposetting resins may al so he sel ect ed .according
to the PFdR &éﬁmrra%}sr#&ﬁweéf lg?waew%ps%rﬁwemyéwﬁﬁ SHARP falﬁuwmp Hze

friction ' i ' Se56 . o/ [%ﬁ{ e
Vi scosi t%’q%wg%ﬁ%@gﬁtﬁﬁéeﬁ%gﬂ g%(r:fl{ at e *ﬁag%%ﬁ%‘?ﬁ??zﬁ gglcn e’ﬁﬁ nal
conposi t eompusite cdieds desigred ihaeing ehiestiffnessel the eabo/epoxyan theoinnarawps akldbe
resins havin ggood rreé)t?he?i cal, 1tl)ro erties and chem cal resi S&,?}?CG at.
pr ol ongeﬂ“’é‘%(‘g ble glassfibereporgninithe, pls cogp o Ieats 2 Gpmpesitgseore with the requisite

flexibility and low thermal expansion coefficient.

Alternatively, another advanced composite having mechanical properties in excess of
glassfiber could be substituted for at least a portion of the carbon fibers and another fiber
having the mechanical property range of glassfiber could be substituted for glassfiber. For
example, basalt has the following properties: high tensile strength in the range of about
701.98 Ksi (compared to the range of about 180 to about 500 Ksi for glassfibers), high
modulus of elasticity in the range of about 12.95 Msi, low thermal expansion coefficient in
the range of about 8.0 ppm/C (compared to about 5.4 ppm/C for glassfibers), and elongation
percent in the range of about 3.15% (compared the range of about 3 to about 6% for
glassfibers). The basalt fibers provide increased tensile strength, a modulus of elasticity
between carbon and glassfiber and an elongation % close to that of carbon fibers. A further

advantage is that basalt has superior dielectric properties to carbon. Preferably, the
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More preferably, the conposite core of the present invention conpyjses
resins having good nmnechanical properties and chem cal resistangg alCT 2005
prol onged exposure for at |east about 70 years of usage. Further, the
conposite core of the present invention conprises resins that operate

pref er abl | thin the range of about.,90 tio about 230 €. Nbor referably,
Phe reat omBe P RPe S Raertikon sportiB B0 a onlipat ByBedothgin
conposi t adwaat&l @mpdie pore having ifibeBnifiinherend pRysicaeshaadt@stios biltddunded bpugh
enough to wthstand splicing operations wthout allow ng the conposite
body to évagwdulns fibeatier core, agiewrsppertyfset 1o thercopnesite pRIe it PWANed t he
ability to splice the conposite core nenber in the final cable product.
The conpg@site core of the present,.i nventi on conpri ses.resi.n havi a
noat r oSPRE FEEE GrRSRS Ry e F FREhBSRERBR e DefiFmd! o
I NS- 1 b/ i gxpansioR ebéffidiént) theFedighiQthd cotfipdshiSstrdtigtimertiber, aAdBRohBuctsr e of
the present invention conprises a resin having a | ow coefficient of

t her nmal ];ewi@hs'l@*b@dlighhﬂrnm@u l@_f Flagticifytand flow ¢reos cie?kpﬁthgnmi expaisiongn thee
orof or abl o008 Arb3fe FF ibletin 4,0 G pufle Ryl SRy SRl PrG0IL,"

10°6 C. TenepeeAiRe betwees Abcut 90 t6 souPR®GEDE 1 nvention conprises a resin
havi ng an el ongati on greater than about 4.5% A conposite core of the

present invention conprises fibers enbedded in a high tenperature resin
havi ng afTht eamposite 5086 afdheipresdnt auvtehiven cothprises thermossttingsiesing baving pliysizal s

t he physical . properties t he, conposite cqre nenber. In ticular, the
St egt hPIBFBiEE FRL R AR g Ve T atl ey Erumene bivenfiut HepemiBEs  on
are functicaRenddd dabR dpphedtionOtuiiaBleqherildSetfiRERRRIs P &Xcted AN RE@IdnYof thde

hi gher the volunme fractions of fibers in the conposite, the higher the

tensi | e dssiredwghlha pfapertidsdo erablg the sgmposiisaore ie. hape fdangderm dunabiitnatinaghime
fraction,of the present Jnventjon .ef erabl y i ithin the ran f

about 50'TWPEIieCOFROCH RS hempreits iy pvalra et BRI TR 7506
by wei ghiprochrer fr@h@s6f the cbmifodileRSrd ih@Fder té Afinititdfrichin Bﬁﬁﬁgﬁ‘occssin?!

I nvention is about 65 to about 72% by wei ght. Mbst preferabl the 11 ber

vol une f inseeasoprocesstshecdmandpaeferablexisnosityte ashisve thsrapprapsietesfiben/sesin LigGmy
wei ght . Efaﬁlh Li ber ttgpe of the conposite core may have a different
[+ 1r],a f

fiber/re PTBPHY \Rﬁfeght
The composite core of the present invention comprises resins having good mechanical
properties and chemical resistance at prolonged exposure for at least about 60 years of usage.
More preferably, the composite core of the present invention comprises resins having good
mechanical properties and 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 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 invention comprises resin having a

neat resin fracture toughness preferably within the range of about 0.87 INS-Ib/in to about
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relative to the other fibers. This is acconplished by selecting the
appropriate nunber of each fiber type and the appropriate resin type to
achieve the desired ratio. For exanple, a conposite core nenber nﬁg' 215
car bon/ epoxy inner core surrounded by an outer gl ass/epoxy |ayer @ﬁg
conprise 126 spools of glass fiber and epoxy resin having a viscosity of
about 200Q4tmNSabant 6000 cPs at 50 C which yields a pre-determ ned
fiber/resin ratio of about 75/25 by weight. Preferably, the resin maybe
tuned to achieve the desired viscosity for the process. The conposite
may al soThavempeitgsers! of the presend oryentigresomprisesp ossin havdnga keav boeglicient of

vi scosity of about .2000, to abhout 6000 cPs at 50 C.which vields.a .

br edet er MR RPRLFY ds o octaiten of BepBe-Finld wg iR Am et Shalp e
nunber ofesaltigglcablef A fréddess B ?f&eﬁi ihvitioh pREEraBIYDpBrakdy iNEHeGBAgd GTtabbut 15

t her eby cha_gﬂ;ng t he physi cal characteristics of the conposite core
product . XAt & #ng abget 42 X 1Ae G- dbe gompgsitsecorpiibe Bresen dnveniion pRINRESES Ag or
decr easi ng. . 0 : Q [ i sity to change the fiber/resin
ratio. T %%%Sr’f)rgﬂeelg%g%;%épeﬁ%crigﬁ?lﬁgg%tc%%ance with the present invention
exhibit physical properties wherein these certain physical properties
may be candon@osRélcdt¥ of iREERAt inkeitRMROLAIpFiseiUitepderhb&ide@ PSP BighQerfipérture
form ng process. More specifically, the conposite core formng process

i s adj ustesisl kaving al dersey 80%esiumesifrptiioni The filkdrde msiroratigtaffeets the physicalal ACCC
cable. In accordance with the invention, .a nmulti-phase B-stage for.m.ng
orocess BIOBEEET e colipssts (ote Do IR BarriCylih M isapd elesrd DniEibus

| engt hs  ahd sdsfficibhtefihdmial éxPafisiam drelTeitiond b ke FhePl Eume Hif Bfe conipositd sbré.her
step, the conposite core nenber is wapped with high conductivity

al um num A process for naking conposite cores for ACCC cabl es according
to the i Gieeemallprhé kighetabevolnew feastibud ofdikers iRdhecompayite ahe hi@herithe tdneile

conductor, cor.e.B-stage .formng.pr ss, of .the resent i.nvention i s shown
and desi GREUGI TRPSHTTnE BompasitE, & HBET o RUBPOIGTe fgriopof thegmeseplimyntion
process hR:férabl PivaNRGhE PinEBKEaRD S0 BHOPS cbﬁE@bH&in@fto pRIGATY WRtHEPiD Ut
menbers from3Suitable fiber tows or rovings and héat proceSsabl e resins.

The resul6@itmgbandApldiytwecighir Morerprefierablg.che fiberdssin riticoini the pregert dnvsation isc
core hav 2Bt 38 tb Aot 79‘%%3%&&6 t. Mc}é? Ir)re?grabl‘fyn,ltﬂg figéryvolume fraction in the present

invention meets or exceeds about 72% by weight.

Each fiber type of the composite core may have a different fiber/resin ratio by 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-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
fiber/resin by weight ratio thereby changing the physical characteristics of the composite

core product. Alternatively, the resin may be adjusted thereby increasing or decreasing the
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di stributed substantially parallel fibers. In starting the operation, the
pul ling and wi ndi ng spool nmechanismis activated to comrence pulﬁ7mmrzm5
The uni npregnated initial fiber tows extending fromthe exit end of the
cooling portion in zone 9 serve as |eaders at the beginning of the

operati Onesfnovigc%lsft {Oicl?&r] ett%\é\%b%grcfsfnc%‘g@iospool s 11 through fiber tow guide
18 and thé conpo e Core processing system In FIG 1, nmultiple spools

of fiber tows 12 are contained within a rack system 14 and are provided

Wi th t heTROESmAsit REbledBladd BURtodIhRRWiliOMe file%enﬂ ifvditiod ekhiBmphpaedis 11,
being threaded through a fiber tow guide 18. The fibers undergo
t angent i proppiiics Mhgreinthgsecsesiain physical pseperii¢senay beeaitiollad by changingl | er 16 at

o <pensi AR SRRy Bl ] clpSTolrbBE bRy, 488 phod A Bl 7SN

tensi on TMiwhc@@médgjrdslablfwacﬁieaaﬂémed@ayéical ahBkadiéristRy iMaVinalbacqal |
brake at the 19 0 7 2005 dispensing rack to individually adjust the

t ensi on f#le.each spool. Tension adjustnent minimzes caternary and
cross-over of the fiber when it travels and aids in the wetting process.

The tows_ 12 are pulled t.hrough the ide. 18 a into a preheati ng oven 20
Thet o It Dlint ek Hhednv i, 4 BRLEPRARE Byadt 1opmine Dudtels PR a% .Y cul o
ai r fl oweaposhte R8Rh&HberS B stdnfaliEEdhtiniSus IBARRE 61 4itBbIeFIbeE fARks-and Reat

tows 12 are pulled into a wet out tank 22. Wt out tank 22 is filled with

resin t oprocessallg mesins. naefurihoesten, dhesconmpositx eers snenehsr is Weappedpitbdrighy om t he
fiber toys 2t'dt”iln1%' wet out tank 22 exit. The fiber tows 12 are pulled
fromthe® SO YRR to a secondary system B- stage oven 24. The

B- stage oven heats the resin to a tenperature changing the liquid stage

of = resi i §8cds ik hakity SorpRHE C%Ilé% g&%@c@ YhBled &tbRlihStd e TvieffidvisSt age

which pernits the fiber tows 1 be bent, changed, conpressed and
conf i gur dekcritiérbast fal s Referiring do A1G.dl, thed-ohguctormorg Bl stagedormung phaeessyqfdheo f

resin, the fiber type, thread count and size of. the fiber

{ enper at BEEeS NGRS GishowR AR AoT g RS TREK By FrictenCepimiirad” B Briregui de
18, are piHdigeprobdss 103 SRFBYEH B ilRA/nGMRms 2 gBRBTCbipbSteicdpd HieRiblsy Of
consecutive bushings to conpress and configure the tows 12. In the
second Bfromayétable é*%ezw,wsm eovingreandthsaksproges wsinechedresultingiggmpasite core

ol ural | % OhePERRASRY YR d5defbic LR YR Hiier ERF SRS oty

distributed substantially parallel fibers.

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.

In FIG. 1, multiple spools of fiber tows 12 are contained within a rack system 14 and are
provided with the ends of the individual fiber tows 12, leading from spools 11, being
threaded through a fiber tow guide 18. The fibers undergo tangential pulling to prevent
twisted fibers. Preferably, a puller 16 at the end of the apparatus pulls the fibers through the
apparatus. Each dispensing rack 14 comprises a device allowing for the adjustment of

tension for each spool 11. For example, each rack 14 may have a small brake at the
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continually conpress and configure the fiber tows 12 into the final

uni form conposite core nenber. Preferably, the conposite core negper_is
pulled fromthe second B-stage oven 26 to a next oven processing ﬁ§fém5
28 wherein the conposite core nenber is cured and pulled to a next
cooling system 30 for cooling. After cooling, the conposite core is

pul I ed t @isperid@plrallV Ind RIRARS 84j08 tRY fh§ibh St dabl spRSI Tehbioh Adjueiment evat ed
t enperature. The post-curing process _pronotes increased cross-linking

wi t hi n t FeEniiggscatemary and eoss-evan@f the flbeprdord timolsiand pids i theavatiend st cs

of the c i r - I .al | ' r et ween
he hoat PRSEande Baf ageee PEfesREEA T EREY 8 and 1o siEncAlal BRGH APt T 112
product Bedouttes mpisture. Dhe sroimaciag oogh Juedes thttinubiecipdildrianofl e whd £ hédings ed
to grip and pull the product will not danage the product. The pulling
mechani sglcpiont o kepp thertemperature,consAt-t he process with preci sion

control |l ed speed. Referring now nore particularly to FIG 1, in a

erc Lo AgRtn FRBuILEAh FRFBR ok 2L oGO Bk AR Bith bl O
B

her ei n asmpRpRAe tHediber Tl 0 Bx b Mdsirdis GerhbRIdefdm PEORIRG 36WY 11 Unedd W out N
this particular enbodinent, the process conprises 9 zones. The process

ori gi nat &kf22switaThefibadows 12 predrulled fropethe wed ovtdanis 22 tp yprsprdayy system, B-
|| 4 i | . ) )
S ovant agsfike Ster P ThEBOHRIIOR nedts ielih REE RerdepNeOMANRR Bl iRl iage 0}

pul i ng r&itslocsethiicusystdpe. Brstae@td resifilis i tackyatagenpitske gerntdtstthefiber tows
traditional reciprocation system The _caterpullar systemuses a system
of two baP{ebe bechangedspompressed gad cemfigur ¢ faskinesis centrelied bypr oduct
squeezin 'y t | A ehll system
enbodi es%agalt@llér?r%ﬁ%? ?%J&E%lgﬁgr % %ﬁ%fﬁn‘gbg’%% é%%‘xﬁl;tlg{l ?%ﬁ‘?ﬁgﬁ‘gﬁm S}rsgdélldsi on
control | egnsspstedt ofshegvennFipeotosrs 1danainined sé¢pdatedby thergulide 18, agi fufled into
interacting parts functioning to prapel, the product th_rou?qh t he praqcess.

Al t er nat PPEIpd BistageoysndoRompisiizst RIRRaE) Ofisanspsudve RIshINgs 1q fRmpTPEand
through H&‘@é@é Be85ws 1216 o 5%&’%8%,%%%? Lo%el’/‘%é e BB% tdws ¥931%fd]ire‘a£%m?ﬁrbﬁ§§ a

type of di spensi ng system thdt can be use or exanp
are: gl aaphiralitgro$ passagdways prdvaded, bylth¢ bushivigarithd-{Snégiutied pisasgedyays

continually compress and configure the fiber tows 12 into the final uniform composite core

member.

Preferably, the composite core member is pulled from the second B-stage oven 26 to a next
oven processing system 28 wherein the composite core member is cured and pulled to a next
cooling system 30 for cooling. After cooling, the composite core is pulled to a next oven
processing system 32 for post curing at elevated temperature. The post-curing process
promotes increased cross-linking within the resin matrix resulting in improved physical
characteristics of the composite member. The process generally allows an interval between
the heating and cooling process and the pulling apparatus 36 to cool the product naturally or
by convection such that the pulling device 34 used to grip and pull the product will not
damage the product. The pulling mechanism pulls the product through the process with

precision controlled speed.
Referring now more particularly to FIG. 1, in a preferred embodiment, the process
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basalt fibers, Aramd fibers, liquid crystal fibers, Kevlar fibers kﬂﬁ%
fi bers, high performance pol yethylene fibers and carbon nanofi ber Q

I n one enbodi nent, the fiber dispensing systemconprises two racks 13
each rack containing a plurality of spools 11 containing fiber tows 12.

Furt her, c%xﬁ&uﬁ@?h&llslﬂb rﬁ%n{ ﬁheth %ﬁg{‘gﬁﬁg gg%tén? tH1G @g&g&g@& gﬂél?a':sgé ﬁ%@erre?%’es

of fi ber e en ont esire proper

cor e nenhetin aE(ZDn&SXEBiILﬂ mneqaerfbeﬁﬁ Aiffdreno pro0sdsing mmtﬁannﬁmhwpaﬁ-mmd by the
B- st age fo;)n% %Process rrises a c%r bon/resin.inner core surrounded
by a gl aSEPPHERH HLP(IEPC‘??BF%HI H§Fe P Zopesefl BF BEACESS onginatesdrons ageries it gh

qual ity gﬁhﬁﬁ{hg' rBesAyncl o ERUDUIR Y EnBhRASH TS HeSeer IhSIgh chetp™

surface prevent’s cra |ng through I"pr ovi ng
fract ur ezomee ans ndvanitage T theaatedmd tao systaon & tBatdt Ametidrsrasiarngntimoes pallihg

creates a stem for lli.ng the fibe achj eve, t he opt.i num degree of
bondi ng ﬂ@?ﬁyx%éﬂm Beatelociri auionas appatao the el testrasmbien Sy The
opt i nal ???Qﬁéﬁs%st%%% 5 kfRtem 68 twRS B1is W49 L g BRI tht APSE antl IGw GYTRERR B theOf

t he conposite cofe are sel’ected based on desired conposite core

char act episiictogues2ing thel pmuhlatghemf’oetw'fenpﬁwwaglwsthb lcategrimller syptetoerabipdiest
conposite co ent rder for. a,.conp |te core h|e e the desi red
Goal s of S siTHIREN itSen Byllng FsiesBuRER hinreisl eilf R feibe A ey

current wedibOktehDIULmuRIIRY o ¥ RFAGn ?@)artff AlRtiBsing @&pl%ﬁ@l tl%. Eﬂﬁﬁét thmgh! e
strength reduction. It is preferable to conbine ty ers

conbi ne theprptess iAdtemativalyas tesifiretation systern awy. be%ﬁ:d t;mrdhthe fibalfs tbreuglmﬁneoved
by formn core with increased strength and stiffness, coupled with a
nor e fleﬂ%ﬁf’sé‘ outer |ayer. The process increases the optimal
characteristics of the conposite by preventing tw sting of rovings

| eadi ng tfe JRIcEss Y s%lgi Yt an@[‘goﬁf)ﬁ&@Qtt?p%&?ﬁﬁgéﬁﬁﬂﬁsteézF@fs

exanple, in"a preferre mbodi ment of "t he conposite core menb
conposi t dlat carebe usadr]ﬁcm esxempl;l areglass dibemy ¢robon ﬁbamg)otthl\/Bami E§dpitar brised),

process, ack 26. S 11_of ss .and | s 11 of

car bon. Fff{ i‘&ﬁﬁdrfé’s%r]zﬁlhersspgﬁﬂ?gé €18, horqr, %gﬁal hrough a

fiber t O%ﬂ&hﬁﬁcéﬁol%ﬁﬁl@hé‘ﬁﬁé@ﬁﬁd ERVO DR ABEENT) AnborRTehoaffer: Qhe fiber
dispensing system comprises two racks 13 each rack containing a plurality of spools 11
containing fiber tows 12. Further, the spools 11 are interchangeable to accommodate varying

types of fiber tows 12 depending on the desired properties of the composite core member.

For example, a preferred composite core member formed by the B-stage forming process
comprises a carbon/resin inner core surrounded by a glass/resin outer core layer. Preferably,
high strength and high quality carbon is used. The resin 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 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 desired goals of a final
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provide a configuration for formation of a core conposite nenber having a
uni form carbon core and outer glass |ayer. The carbon layer is D7 0LT 708
characterized by high strength and stiffness and is a weak el ectri cal

conductor whereas the outer |ow nodulus glass layer is nore flexible and

non- condUeiciy Eabld MBS, 3 Bale iR cﬂi@a?@duﬁ%ﬁtrwil?ﬁdﬁ‘t’hﬂ&fc tﬁé‘m?dl%%anisﬁﬁu! ating
| ayer between the carbon and the high conductivity al um num w apping in

t he fi narausngseg pndwithenfiensde strengslaitadnctionh & i prederable $peorabing types oEfibers

he"epoolo faiine ARG Chitakbhich P SlenPRGHHlin g tan v IR B ormip g
fibers dispengecrehdeaBrehih aROSfiess couslbd withe hemRifRikitlebitePBYEOThe esul t s
in an increased nunber of twisted fibers. Twisted fiber wll

occasi onBracgss|ipgreasas thepptimabehpsacterigtiss elithe rerppositebydreventng twistingefsi t e
Wi th nmul ti ryd 0 . use tangent pull to
avoi d dr%/dﬂs%(%?@%aﬁitgq%%gi%é@%@nguaphggﬁﬁﬁ ;Slﬁag‘?ét%h%ﬁ?'i bers. The fi ber
tows 12 are threaded through a guidance system 18. Preferably, the guide

18  conprbS@ANPIN M ¥ Bt &INEn Buiin it OF khetoBpoBilS c e Memibie 1He Sopositdlcbiey Of
passageways in a predeterm ned Eattern guiding the fibers to prevent the

fi bers feonpisesghishand Revar Usig the B-stage forming procgss, ths reckspls; 126 $neslsi ng
with sufficpentl ce ssagewa fQr insertion o the fihers in a
o edet or M ALER A IRABEe 17 3T BREAR ThelMer LR el bropl ¥BRlSLT o
square pRédde@thrétgh a- ﬂ&rﬂ@ﬁ?ﬂﬁvﬂ}’\ﬁh@éiﬁ fivef RROFRsdgiwady\Gre @fraﬁ%rdytb ng

|

nunber wherein the | arger aneter carbon fibers pass through the center
two rowsPrVidsaseoagevraiian fr farpptioneof §9a1d eomppsitgme PONSA HRIEQFE @HbARl ass

fibers PaSs aﬁ@ .[)8%9 Elagm%&%ﬁé %M& lraff’éﬁ? c Aéu‘z?c'?% .eEl Igﬁ%@;ﬂﬁg%oaﬁ?%ggﬁéﬁon

passageways ensioni ng devi ce&; prérerably Usts

t he tensumhisafwéadkeslecpital eshducioe heasithe Duter dow dvdufusipdiss laeeis mdrt fldxible
straight through the guide 18. At |east two fibers are pulled through
each pas dedyeeisondyctivee Hguingan pyter glass layerpspddesayoyteransulating laysribstwign 26

Frners. T cafiah s gl Bomula ) HlmidtBF W e BT BRI RIPY  abete

conposi t eradacte B-stage formng process 10 that there is a broken fiber
and stops the puller 34. Alternatively, in one enbodinent, a broken

fiber alerts the process and the regair can_be nade on the fly w thout
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 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. It is preferable to use tangent pull to avoid dry

spots and optimize wet out ability of the fibers.

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 are contained within an inner square
portion 40. The passageways are arranged in rows of varying number wherein the larger

diameter carbon fibers pass through the center two rows of passageways 42 and the smaller

22



stoppi ng the process dependi ng on where the breakage occurs. To repair, a
new fiber is pulled fromthe rack 13 and glued to the broken end{9fpctiyags
new fiber. After the fiber is repaired, the conductor core B-stage
form ng machine 10 is started again. In preferred form the fibers are

gr ouped Hi@m%he? gfaﬂ fidrs Eéfsqmﬁﬁﬂ{e Juldr t@o AW 34 b Yy sfd@‘_’l&i‘thé: QboreXxanpl e,

in FIG 2 e are s x par a rows o passageways he outer two rows
conpris epas?.&eprassd@ ewtepsioningalevine, prefembly awsach spolj abudd thedersamefdys, and

the two ¢ e conprise.4 pass s.each. . Fj ber. e pulled at

| east | CwBILE Eefs 418 FRTD B3 ChepRes AOERAT e rolah BEIEFiRe S8z one 2. Zone 2
conpri ses an oven processing systemthat preheats the dry fibers to

o of or abf'y e PR Rk e pUGL hhoth ol pdepBcer BERE gbia 8! S bARRIC 3 guide
nmoi st urel8 &'ﬁmpmmgﬂ@pmsemraggpsl}sﬂeﬁbemﬂmu@ewhmlmmh ppssagéway hakéwei n

t he oven Bortlo esr neg( to pronote chss circular air_f| ow_ agai nst

the fl owfiBFrsp F%ﬂ’ arrar re SrPF‘?Pé’c“rgéB’%tEmé* qrip ihe. cemposits sareRqstags fo
oven syshibssAD (M thert i SGRRERLb a8 309D teSHhIIEP34. Tahﬁelﬁdtne giupélﬁs t hrough

the oven fromupstreamto gownstream |rect|on the air ses in the
rever se dinbedtimicota bidlen fiberaleps heessiesgamitbt mparcapbe smde anlieeafly withow

syst em housi.ng 64 that hou es a owered electric.nmotor 70
bont od SPRRPEATA AP AeHrBIg o i e e R DT e b HEiTaf et b S
downst r egaNed! fFdif ek 18 @MDRad fo the BWKkER 6hd 62the TBR MIRATARKTINEHIBHSS €M
housi ng houses a bl ower 68 upstream of the heater assenbly 66. The

bl ower 68&ppireth dhesconductaceare B-stége fhuningmachine d s stadéd again.t hr ough t he oven
system The air flows downstreamto a curved el bow duct 23 0 7 OCT 2005

72. The curv | bow du t 72 shifts.air flow 90 de into.an inlet
duct 78 §rrar ?errrg » thehibery @l gropned iy g parg ?I&a@ﬁg?fﬁ%t of &P &?rlryrﬁrawss@ﬂrfts
90 degreexsmﬁ e.fih Lmﬁér@ar@s&,bg va?ofﬁa‘éﬁ\;e qrre Bﬁferm@¥MAo rise

n end oven ifts

directio the bérs. At th of the the air flow s
90 degred2 pahsagwtabrs dbgtwd meeroms conipliet 3Bﬂass¢gewg$] ‘anéh ehectwtol oentedms 74

t hrough t he not 70 and b into t ive st.em hqu 64. The
ot o 70CBRI SeRssa B s g RATE L Pest B0 BF 2 FHE RSP IPEERFE  om
to preveptq pMRUKABIAAG2. The motor 70 conprises a pulley with a timng
belt that noves the bl aded bl ower 68. Preferably, the systemis conputer

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 portion wherein the oven portion is designed
to promote cross-circular air flow against the flow of material. FIG. 9 illustrates a typical
embodiment of the oven system. An oven is generally designated 60. The fibers pass through
the oven from upstream to downstream direction, the air passes in the reverse direction. The
oven processing system comprises a heat drive system housing 64 that houses a blower 68
powered by electric motor 70 located upstream from a heater assembly 66 to circulate air in a
downstream direction through air flow duct 62. The heat drive system housing houses a
blower 68 upstream of the heater assembly 66. The blower 68 propels air across the heater

assembly 66 and through the oven system. The air flows downstream to a curved elbow duct
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control l ed allowing continuous air circulation at a desired tenpergy Wrf 505
More preferably, the process allows for the tenperature to change at any
time according to the needs of the process. For exanple, the conputer
senses a tenperature below the required tenperature and activates the

heat i ng ' L, vat e I : r '

i gh. " Tha’ DraGErs e sl 2R ARF00 Uodbalh e SPEREULLSnl Tnbith
syst em f ¢recmven iklet 7. Thtomgh tlsevialet airflosy shii foss@iddgoers to floed wstrean thromghsthy
circulatin rough t he oven keeping the tenperatyre copstant.. Fl 10
s o or BV PRI QeI ORGF RBEALBBFREAL 5 0VEREOHRS F AgvPEhent
66. 1n 09fde mouglhﬁe SER i1 PSRRI (ROBRIC: 36 72! tﬂl%ugﬁ EeAREbAT0

steel electrtcal rs 82. Each heater "unit 1s separate and distinct
f rom t he and bak ihtedheheat Briwé syséan bousing §4. The swypenr ) @ungrisenan glagtrical motor

Preferably, . after sepsing a tenperature dif.ferential he conpute
ot i vat eobsidR of Hasial e BeraPerr gnhtbieing iimelon70 Fumpaec  Rijey
system r Qg d t?rﬁinrghﬁlt(iﬂﬁ%v%ﬁ tiRU1436 GV S HR. Plfefé}hlﬂ?, thB Sk &h $s computer
Al ternatively, depending on the needs of the procéss, the conputer

act i vat esontvadled allowingrcohtinnans ainvinchlatipe att desired temipeyatusenMonopigéarably, the
enbodi nent the.computer activates all heaters in t.he heater,a nbly. In
o Fur t neProseraRaeoahe (eriifisp shengsAf iy Whe 2t QediE I TEmerha it of s

in the hegjcess assenbly or turns all the heaters off. In an alternate
enbodi nment, el ectromagnetic fields penetrate through the process materi al
to heat the fibers and drive off any nbisture. In another enbodi nent

pul sed niFor exampds theadmpittéresehses artemperatudy belew did requiyeditempematere ahdh anot her

enbodi nent, el ectron beam processi.n ses electrons as ionizing.

adi at | RCHEE NG RPARE CEPRL S tiNge d1a eater 24pen F \emPporabis s o igh: s
enmbodi MeRjowdr BRI froRRHhd Beatifg clchRA Sov i OTRe Ksteth ZRER tf ail ffrdvePer
i mpregnation system Zone 3 conprises a wet out tarlk 22. In a preferred

enbodi mem a clobal lovp tirda contanioudg corowlatagibrougt ¢hd eeentieaping thedampedatire
redirection of fibers during wet out. Preferably, the device is |ocated
in the c&MMMof the tank and noves the fibers vertically up and down
perpendi cular to the direction of the pull whereby the defl ection causes

the fiberss {PishGhHEdQHES view S ahrbRHBE emBOdihRHT 6 the Redtthg1drh@t 66. In one
'Ph on

configuratrion. e flat configuratl
embodiment, the heater assembly comprises nine horizontal steel electrical heaters 82. Each

heater unit is separate and distinct from the other heater. Each heater unit is separated by a
gap. Preferably, after sensing a temperature differential, the computer activates the number
of heaters to provide sufficient heat. If the system requires the computer activates one of nine
heaters. Alternatively, depending on the needs of the process, the computer activates every
other heater in the heater assembly. In another embodiment the computer activates all heaters
in the heater assembly. In a further alternative, the computer activates a portion of the heaters

in the heater assembly or turns all the heaters off.

In an altemate embodiment, electromagnetic fields penetrate through the process material to
heat the fibers and drive off any motsture. In another embodiment pulsed microwaves heat
the fibers and drive off any moisture. In another embodiment, electron beam processing uses

electrons as ionizing radiation to drive off any excess moisture.
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allows the fibers to lay side by side and allows for the fibers to be
nore thoroughly wetted by the resin. Various alternative techniques well
known in the art can be enployed to apply or inpregnate the fiberls/ 08Tt B05
resin. Such techniques include for exanple, spraying, dipping, reverse
coating, brushing and resin injection. In an alternate enbodi nent,

ul trasonic activation uses vibrations to inprove the wetting ability of
the fibers. Generally, any of the various known heat curable

t hernosetting polyneric resin conpositions can be used with the

i nvent i oln ariptter embpdimeay thepiller pebtatip fibers PlotiRzordbioydank 8; tharfibde Resi n)

Bi smal eimde, Polyimd | i gui d-crysta I LCP d high

Cenper at IPEEe) B2 1 astmiret s yat oft lthndt 8 goetarlmiadifentete,
mat eri al §et RATANKS2BdoRtaiSed @SHQRAMNBIVs U deBRedtiof O FibeRHirhB WP byiS| cal
characteristics desired in the conposite core. Further, theé viscosity of

t he resi Rrefgrallysthe derdce istlecatdd indhereantayof thedanicaridamevestthe fbers vertically up
proportion, of fiber/resin for.formatpon o he,c |te core r

b1 o e abiSh St GG o i @A AR ol PG IR Ptk o B8 M
1500 Centd feedriusd frél aGouhPEshfigfAbs tah it cdnfiguiatisf OFid fYat icahfigurhtibnt he
range of about 200 to about 600 Centipoise 20 T. The resin is selected

to have gl the dibamite iy sidedpeside el allowsdsactae fibans te he marathoreughbyt wetted t o
pr ol ongeg &xr%gflhlre of at least 60 years and nore preferably, at |east 70
years of %p i'on up to about 230 C. A particul ar advantage of the
present invention is the ability for the process to accommbdate use of

| ow Vi scoafibis dIRplafTe tdcinREEOW SR RGN the b 8aPbE ERPloybdMEHPIPS inptegdnite
preferable to achieve a fiber/resin ratio within the’range of 62-75% by

wei ght . Merfbergwigh sasmbPach techniffidsandlndssion example, spraying; difping, sevgeseof
72-75% by weight...Low yiscaosity resins 25 0 7 2005 will sufficiently
wet the FodBetuing ihd teSiierdort B b ictrhie pnbadipleah dRFstnig GFYApH uses
provi desvib&ﬁﬁinﬂ@iﬁ@;ﬁ‘oﬁ@th@vﬁé’ﬂﬂ?gdabillﬂ?%‘ﬁﬂérﬂlﬁs. aggressi ve chenicals and has
very stable dielectric and insulating properties. It is further

preferable that the pol ynmer neets ASTME595 outgassing requirenents and

UL94 f| afendnlly,tany bEtheyadocs krovwaepabtwaldé thepmopsatiimgpolpmenaidsinent | y at

t emper atures rangi ng, bet ween 220 and 2 C wi thoyt 1hermall r

mechani cS9TR° é:[a.lgae ug w1£|-11 ﬁ'@ﬁﬁ‘fqﬁlg% Tesin may%e f%r example,)i’EOAR
(PolyEther Amide Resin), Bismaleimide, Polyimide, liquid-crystal polymer (LCP), and high
temperature epoxy based on liquid crystal technology or similar resin materials. Resins are

selected based on the process and the physical characteristics desired in the composite core.

Further, the viscosity of the resin affects the rate of formation. To achieve the desired
proportion of fiber/resin for formation of the composite core member, preferably the
viscosity ranges within the range of about 200 to about 1500 Centipoise at 20 °C. More
preferably, the viscosity falls in the range of about 200 to about 600 Centipoise 20 °C. The
resin is selected to have good mechanical properties and excellent chemical resistance to
prolonged exposure of at least 60 years and more 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 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
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To achieve the desired fiber to resin ratio, the upstream side of the wet
out tank conprises a nunber of redirectional w ping bars. As theuzi(ﬂg\r@
are pulled through the wet out tank the fibers are adjusted up an 03
agai nst a series of w ping bars renoving excess resin. Alternatively,
the redirection systemconprises a w per systemto w pe excess resin

carried walbu@kichll§ wieBte fBrd B8 tHel JoRIpSsitd R E{eggjby. A {:&eer?e&%aﬁnér%wdéss

collected and recycled into the wet out tan ernatively, 'the wet
out t ank restséance tasebioad spictryifuelasgressive phesticalyand hasrvempsteble disdertria ol n.

i meat n b Bl e RIS RIS ARG by ARl gl et SR A UBBS TS e ™ °°

proporti egyquitembhieand O4rRsimabiltyttéds £1dds SapabRCfloperadihg imtermsiasmbedtt e core
menbers, the amount of pure fiber is calculated. The squeeze _out bushing

in desi gheapargures REBingbatyeanet 2 awd 288 “bavithont Hgemally eragpehanically damgging

wher e t@&%ﬁ%q&msagemy Is twice as big as the area of the cross
section o e“fiber, a resin concentration greater than 50% by val ue

won't be pulled through the bushing, the excess resin will be renoved.

Al t er nat iméakciievéd the desisddl filter €atresErafs IhdBRtkeln@ salel cTMhdResaE Rarf cohPpikes a
fiber and 20%resin. Preferably, a recycle tray extends | engthw se under

the wet oumbengficedirectiond avipingdas: Aisdhe fihess arg pulied throughfthe aist gut tankethpet

out tank has an_auxiliar ank . wi. verfl.ow.capability. Overflow resin
s et ur Aol e P ol SR o PR BAR ghbYioe srih e

Al t er nat iAlkdativellypthl rediREfidoP¥Ysictn Eaprites d wiperaPstomas Wipyetdessasih camidd
returned to the tank by gravi Feéiﬁbln a further_ alternate thegﬁ_rocess

uses a diof of theitapk Sy shefbery Br i therrxcessgesin iscolleeted and resycledintg thr y
tank and_j t out tank. Preferably, a conputer systemcontrols

t he Ievelweg%’&t%lgglz%evmthi n the tank. Sensors detect |low resin |evels and
activate a punp to punp resin into 26 0 7 OCT 2005 the tank fromthe

auxi ! i ar )Altaﬁ%iti’&glyl B Kvelt Bhﬂaﬁl@ﬁse@%@@ﬁ@dﬂ% ude2 Kut BRAR 2P EE R0 eXoest i%;@ih.e_ is
a mxing tank |ocated within the area of the wet out tank. The resin is

m xed i n Durisgitheciveicout ardcesseaach pundle df fibargontams as siughwe threetimesiie desited
Conpri sedehord iRt ARRHE: Borkat Sspefioratiye HE4G0dR B e ng
syst em i se@idpn@f @it dnigdsite core members, the amount of pure fiber is calculated. The squeeze
out bushing in designed to remove a predetermined percentage of resin. For example, where
the bushing passageway is twice as big as the area of the cross section of the fiber, a resin
concentration greater than 50% by value 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.

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 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
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conmputer systemthat controls the tenperature of the air and keepﬁ %Bf
air flow constant wherein the oven is the sane as the oven in zo L 1 2805
The pullers pull the fibers fromzone 3 to zone 4. The oven circul ates
air inacircular direction dowmstreamto upstream by a propeller
heati ng system The conputer system controls the tenperature at a
tenperature to heat the wet fiber to B- stage. Preferably, the process
determ nes the tenperature. B-stage tenperature of the present invention

ranges theaanknrotithe abdlidry 201RinkaarkSidtothe preesihpaahla Mofpréfombhy, (iRtaiga
sem -cure process in the resent _invention is the abili té to heat the

resin tonaX@smnkémaéedsthi@Qh%araa ehibe ey guidanks Themresip isypixed in themixingdagk
1-1.5 m ﬂé&’i&lf&h&ﬁ&i&&@%dﬂt‘@y on of the process. The advantage is
eat i ng 0

that the step es not affect the processing speed of the system
The B-stage process allows for the further tuning of the fiber/resin

rati o byThe F@nér@?ummﬁr £6zohé 310 kdiR 4\ B-otage 56180 Zond U icbpfisesBnSt age
allows the fiber/resin matrix to be further conpacted and configured

duri ng t RECHprEesssiag systers 2di Prgferably,Hbe pyendueeessing systam is anevysnavitton s

C Cacky rRfaes nifEfh ShCedh R BPhifie ohRE A M B G S0 1

appl i cat iwhetin the@veeisttelsdmdgythe avén inl¥eaé 2d gradually to a sem -cure
stage. However, the heating process generally takes periods of one hour
or longer to reach the sem -cure stage. Mreover, the conposite nust be
i mredi at dhg pullerp peld therfibers Bomrzone 3 keaqnetdr d'he owgrosiraudates air inea geowlarcur e

stage and. prevent curi to a final stage. .Accordi ngl t he praqcessing
s T agniibeiphiivmg Eem [Phasteln b SroPigeant St B eomifertARRL b
line to gentfdlgike Rerhp@atfcPstuGEmpératds HcdPine fetibér thB shice SPreferdbly,eRd | on,
the B-stage heating is dedicated to a high 27 0 7 OCT 2005 efficiency

cormmer ci frocagspletezrines the jgmperatire diristage tempieratyrg oif the pesentinypntioniranges

m nut es . duri ng i oProce in li i thin the pr .
Preferab Ifm,}{l Yﬂ@n‘}éﬁt%dog? ggge@l (glﬁee ?%tag%?ﬁg\?v‘ﬂr' g&ﬁﬁl S‘%gls'?’ga glcogg%i s ghe ring
that is BpisehtGonentionis theabiligotheet the EREOH adel®ounGtdtein a shvapduraidst
configuring and further conpaction of the product. The pullers pull the

fibers f o spsexigatelnhd - Yminntesshising thepontineationrafdhe precess. Thradvantpessist e
core menbey theHRAfing st 6P BBYs € &bt B roCeésilg B2 3F e/ Wi TROBARAPHAGs @

plurality o
allows for the further tuning of the fiber/resin ratio by removing excess resin from the wet-

out stage. Further, B-stage 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 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.
In accordance with the present invention, the B-stage heating is dedicated to a high
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bushi ngs. The bushi ngs function to shape the cross section of the fiber

tows 12. Preferably, the bushings are configured in a series cominigrmggs
a parallel configuration with each other. 1In this enbodinent, there is a
set of seven bushings spaced laterally within the oven processing system
26. Preferably, the spacing of the bushings are adjusted according to the

process. efffefenby sfthiidfidl APpIkRtisR ATRELL M-S s3AG8, Refeyadly #A! Smetusdsance
from each other. The series of bushings in zone 5 mnimze friction due
to the rduang yednfinnpisproesshimbng withinthe praicessi Rrefepahly, (B¢ 8:sing arghingigngd

Zones. 4. dow s B el fefls PRI oo Flof e ifr 8 B Ra BE ot
about 30sﬂa%jﬂg%ﬂ-cohﬁgﬁﬁng‘mﬂffﬁﬂﬁéﬂcbmph&'tﬁ)nzdfl’m@plﬁdu&. and 6 extend at | east
30 feet. This pulling distance and the decreased friction due to thin

bushing plates aids in achieving a desired pull speed in the range of
about 9 The pulkers pulhbwfibesOfrém/Brstage Mostd tprzehied &yl the firymatior Of fhie/coinposite

B e e e B A
plate w bbslﬁhﬁ%! Thébushihgs Rinchias SAERPBIR drdisQB@dnWTIk b %ok @?.Wréf%%ly%/zs

are pul | ed. e flat plate steel bushing 90 preferably ranges from

inch to thetiuslings sre chnfdgired m meegichgompiasing dparelel conbgiration with each otherve
relatively.thi | | Q r.educe friction and th nt.of heat which
st be SugE R Pngho bl 15 it R BB ek R b Bt Rty der 1o
achi eve f&eésﬂ{ﬁ%@ét@htﬁ@ P%féﬁgl?,sthe rsﬁwiﬁ%]ﬁdhé BusbidgGle ﬁ?ﬁétéwa&f)rdiﬁgetofth@er
resin matri x. The thickness of the bushing 90 is g.re erably the m ni mum

t hi cknes gracessuil hebushings caw belspacedequidigtange af van stanereites saehother.
constrain forces inposed upon the bushing 90 by the material passing
t heret hr (i‘

h..In rticular,_the thickness of the bushing 90.is )
or of o abitpepiriesf REsHRg AR aas HTish F1c0an 89 teche g <Lt RRbing fensing he
bUSh! Ng \@dhin 4HOuB3/89b ﬁB@tﬁ'Bﬁl in%H%licWﬁhniﬁﬂg' frid@bn hidb & fn@kienivin rt’hé_ﬁl-@cess
pulling of the material through the system Preferably, the design and

si ze of speedbushi ngs 90 are the sanme. Mre preferably, the passageways
wi t hin each bushing 90 dimnish in size and vary in |ocation within each

e e g e R S Shce S5 e o of ot 428 B Ra
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 desired pull speed in the
range of about 9 ft/min to about 50 fi/min. Most preferably about 20 ft/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 1/2inch thick determined by the process. The bushings 90
have relatively thin walls to reduce friction and the amount of heat which must be added or
removed by the heating and cooling process in order to achieve the temperature changes
required to effect curing of the fiber resin matrix. The thickness of the bushing 90 is
preferably the minimum thickness required to provide the structural strength necessary to
constrain forces imposed upon the bushing 90 by the material passing therethrough. In

particular, the thickness of the bushing 90 is preferably the minimum needed to limit
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a bushing 90. The bushing 90 conprises two hooked portions 94 and pﬂ 0
I nner preferably square portion 92. The inner square portion 92 ho QQL 5
t he passageways through which the pulling nechanismpulls the fibers.

The outer hooked portions 94 forma support system whereby the bushing

90 is pl geemitidndfihd hsheoRall t ZRNLable lclBEwRidh Hill ABOHEIfPOwIth Bt Adling
connects with interlocking long steel beans within the oven that function

t o suppopf themeatenal $hpngsthe@ystiBne 5 conprises a series of eight
consecuti ve bushings. The bushings have two functions: (1) guide the

fiber in_the configuratiopn.for.the fi.nal roduct : 2) .S and
Comor csa PG i AENER AR siad bt e Brsiinid oSt ee Ero e R 0d apart
Wi thin t Bessyaihys WRRAT éRH bAshiAZ90 dMIAKRG Siké bied ¥irh loERGorPWRRinRdeh 90
function to confinually conpress the fibers and forma conposite core

conpr i si megcessiverthisking 98 el theapstrean disentioantlGy 3aHustiatds aprefereg enbedisent of

under appr.apri tensi.on. .o achi eve concentri.city, and uni for

di st ri but.ounus 0 e BihBR sh BoRBE g AR oS A and e Hhstvao ray
be desi gﬁ@ﬁré porii@ﬁ UB.bPl{Bihﬁér sqflar@ pﬁhwhfﬂzl Hoviséafthe ﬁ&@i@ﬁﬂa&@ﬁ}m@rwﬁmfﬂ& e,
FIG 5 illustrates the variations in cross sections in the conposite
menber . Balingarashanisia pullptherfibers. The putsrhenked pedions B4 $ornhg sawodssstem. The

passage ' assi hi di_m nj i [ t

Compact | ekl dRARBN LS Pkt RiA 0 aren ' Fhs e B oBed MilSho4, o0
super i npee@tcBwitiDiptedlocRiRg 1Gip0dtdte beamSRitkinhahe 6VeantBasfuActonap Rappnt thed t h
each consecutive bushing 90. First, each overlayed bushing 90 shows that
t he si zebBshiggs- passageway decreases. Second, the superinposed figure

shows the appearance of the center hole for conpaction of the core

el enment. ,Thictd, the fiqure.shaows the.mvenent .of .the outer corner.
passagendyBt b ShmpEes s L SO SButePaft DiBBRE e pOGmi e 8 g gns; o
two bushi nggfsl_idd thel Sibéreih €k cohlfigufatiof forlths fhaHrddiRt; anll ) shap@shd doingréss the
simlar configuration as the gw de bushing 18. The second bushing 104 is
the firstibem. ezgbpdimentthe budingsH0ase plcasi apartiygthin Herovien sepnosted oo the

compr i scbBaeabmR g R TRTBATGoRRE Fong IRt by Bhed abtlerme 102
pr ear r angefipbdife@oe conipridihg, fiethis daiodlimens, Qilbdreshd gTAS WIARIAGEMRYSE isletienr €

designed to align the fibers into groups in bushing two 104 having four
out er gr @PRFEPIIYE tapsion|te aphievareneeyicity and uniform distribution of fiber without

commingling of fibers. The bushings 90 may be designed to form bundles of a plurality of
geometries. For example, FIG. 5 illustrates the variations in cross sections in the composite

member. Each cross section results from different bushing 90 design.

The passageways in each successive bushing 90 diminish in size further compacting the fiber
bundles. For example, FIG. 6 shows each bushing 90 superimposed on top of one another.
Several changes are apparent with each consecutive bushing 90. First, each overlayed
bushing 90 shows that the size of each passageway decreases. Second, the superimposed
figure shows the appearance of the center hole for compaction of the core element. Third, the

figure shows the movement of the outer corner passageways towards the center position.

Referring to FIG. 4, there are two bushings illustrated. The first bushing 100 illustrated, is in
a similar configuration as the guide bushing 18. The second bushing 104 is the first in the
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I nner groups 108 of fibers. The inner square portion of the bushing 100
conprises six rows of passageways 110. The arrangenent of the
passageways 110 nmay be configured into any plurality of configup&ﬂmﬁﬂﬂm
depending on the desired cross section geonetry of the conposite core

menber . rrger stogpu%%qg%ttf&?tiroﬂ% cc}rillérxe : d%ﬂﬁﬁﬁ%gﬁé:édrﬂfdsﬁe cGRMAL first NE

sanme nu ageways. en 0 top~and next” to bottomrows, 116
and 118 beshixert(v@mpriseoat mnar squhe poatiom 9wtk & phiraliysd pgsagamayand2 t he t wo

or of er 1 oHTea B AL PR B Hatta oAt TRy ara D2 e iayaen
each. Thend'¥beks in{c?gfr%hpsoih HuShiRg 08164 Ra RP SRREYRVIDs P66 OF fiddheard At ©
rows contain 4 pasSageways each. The pulling nechanismpulls two fibers

t hr ough émehgaps HfeoffjherRdthe nmien gquare partion af thebushing AP eompiises pixl tova g
hani Ils 126 fib h h 112,114, 116.and, 118.

Forthar - ot Resagsrerol 358 atmdiiieal pE0S Shsions 10 7Y berPRIERE Biganmo

and 122. pRRedify bf Bshflplrdtibfs ddpenliih@ oRaNd dRAHENLFEs dedton BEsHEtREoftRE BSmpdtitthe

series conprises an Inner squarée portion 131 having four ‘outer corner
passagewsyrs manker. Tigptop and betiemdow 303 andd 14 frespectiviehs copaighe sanag/sumizt o,

134b, 134¢ _and 134d..The fibers exi ushi ng t nd, afr di vided into
cqual paPt RRNErVEYY g st BUGH (AR e RpDR st B eroadielivels oGl g
three ceE¥ameosnREcOpREIgRWaR aldiBe BAF inntdods 12WRA 202 bomGin (he!sdned

t hrough bushing two. More specifically, the top two rows of the top and

t he bot t GHNbEr PPessageva¥io are divided in half whereby the right hal f of
the top two rows of fibers are pulled through the right outer corner of

b g eSS be o i BRh0R L Lo SRR ES
of the t Qivel ¥oweWentain 31 REaEeRaR dadh. BRE middreqyan cbﬂﬁirﬂw?ﬁﬁag’eww edeRr ner
132b of bushing three 130. ThHe right half of the bottomtwo ~rows of

fi bers aflde pullinganachargsmy pullstve Ghers thrpagic cach passageByc Roferimgstoi G- 4 foree.
The left half, of the bot t f Lib | h
over 1 eFFaRge B piE5g Riehiiun PRUE P4huds Qb iiohioRd 1214 NiGatgs 19

bushi ng gagh&! SeGulli dhﬁnibﬁh'ﬂull@h@b%ﬁnﬁb@rs&%u%lﬁ s 170 dnd3@20 7 OCT
2005 of the top mddle row of fibers is pulled through the inner upper

ri ght corner 134b of bushing three 130. The left half of the top mddle
row of fiReéardng o FH@. 7eidhe nhxtchnghing 180, usking thppe in thef¢ries comprises an inner

square portion 131 having four outer corner passageways 132a, 132b, 132¢ and 132d and
four inner passageways 134a, 134b, 134c and 134d. The fibers exit bushing two and are
divided into equal parts and pulled through bushing three. Each passageway in bushing three
comprises one quarter of the particular type of fiber pulled through bushing two. More
specifically, the top two rows of the top and the bottom of bushing two are divided in half
whereby the right half of the top two rows of fibers are pulled through the right outer corner
of bushing three. The left 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 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
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comer 134a of bushing three 130. The right half of the |ower m ddle row
of fibers is pulled through the inner |Iower right corner 134c ofﬂbq&ﬁ”m%
three 130. The left half of the lower mddle row of fibers is pulle

t hrough the inner lower |eft coner 134d of bushing three 130.

- Accor di ngf the t&l&'ﬁﬁhdﬁ&r&héﬁﬁoééﬁ{% ;ﬁl'll@di&ﬁ%@' 188 lanHBﬁBe@ %gﬁf corfid 1546 %}'B@Ehmg
fibers that wl continual I'y conpressed through the series of next

bushi ngs thrﬂihbwpﬁ'hb éﬂﬁ lpﬂlf¢fsthc bap hiddlerrowt afrhgtsis pulled ﬁhgouglhrtb@nmgmnp@r left

bushi ng four es, the s con ur at i

bushi ng PoiPee Y DTN et b0, TQ pefill i TiKIoh A e 7 R B0 B4 "3
havi ng f gitbughithe innePloWei riphScHa \I3Y6 ol idRing ¥hrzb 1304 e lefithalkd2 thedbwei Our

i nner passg{geways l44a, 144b, 144c and 144§ Preferably, the four outer

cor ner gmyéﬁherwmﬂl&dahmn@ the dmner Mrvesr lefh eerngreldddof byafing thageel 30.
li ght
pushi ng. (ReagiiEly b feed 20 crddl Al Al oE LA SRR 0,

bushi ng thithrally bsmprabdea thriotgh thetsbtesfofiaextbushiaps.bushi ng four 140 to
bushing five 150. Preferably, the four outer corner passageways 152a,
152b, 152c and 152d and the four inner passageways 154a, 154b, 154c and
154d ar e Th palieripplls thel fiters through:bushing fireen 3 Ostiorbusking Jour ddPi Bushéng four 140

Dt T oq 1t YR SRS balaa s bEHREARA  of BB I LERG By ya® °

each bushinegpétient 25 havikg fstr ouek cémaeﬁa%sagbﬁrbysamza, b8 8520 ldyl 42dahd &fur
di aneter. Preferably, each smaller bushing pes off excess resin to

appr oach inngepasgageivays be, 4é4h, ddée Fdoliddt ?r@fﬁraifrly,rtbg favr pyter coraer

conposi ti II fi hi ng
i 160, PRRucbiGy PdaE P o i paREE R TR AR Aty KBalet a5 fhe R0
and 162d tiensimilhy é(ﬁiﬁgui‘édﬁﬁﬁsa@&ﬁﬁﬁgﬂ\bﬁslﬁngl@ﬁﬁ 1301 Bdshing foie 1a0dorhpréskcaiR
slightly smaller in size than the simlarly configured passageways in

bushi ng” fiP vrépyﬁgithmrghuwghl@gk ¢60 conpresses the fibers pulled through
bushing five 150. Bushing seven 170 conprises an inner square 171 havi ng

four out ) 0 7 / d.l72d
and one. 1 E¥ 2408 DBCAGHEHm Braing S 00 K Phb v TR Pectfaing B £ o
i nner pa%ﬁ@?%@b&%a&%eﬂﬁyﬂ&ﬁ' 2b5150cHA8 150d enDihelfO® iBhétPaSsabeBs 154a,
assagewa
P J ¥4b 154c and 154d are slightly smaller in size than the similarly configured passageways
in bushing four 140. Bushing five 150 compresses 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.

The puller pulls the fibers from bushing five 150 to bushing six 160. Preferably, the four
outer corner passageways 162a, 162b, 162¢ 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.

Bushing seven 170 comprises an inner square 171 having four outer corner passageways
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I n bushing seven 170. The process conpacts the product to a final uniform
concentric core. Preferably, fibers are pulled through the Ou“qucﬂfﬂ%
corners 172a, 172b, 172c, 172d of bushing seven 170 si nul t aneous
conpacting of the inner four passageways 164 from bushing six 160. The
puller p | r 0.
The pull g?ia;&?#\g lﬁtb'?%{{lﬂnin%ra%u%%%ﬁpgwﬁ%ﬁgz& cft @hﬁpﬁm (lt))gljrgtﬁ(.:(})r? ners
182a, 18#ie,fodBiAner ph%@emgrlzﬁﬂmf bushiag sik Y160 ttroegh the singke 1me1qaa3§hgeway 174

Pr ef er abl he oute ers dimnish the d st anc t he i nner
Core: andi? Bshagsgten it ahe PRGCS5£0PAHS i repdict [0 a K "&%ﬁ@r"%‘iﬂ“@ e

fi ber st prauahybrsds S (RIEHdah 0 olP VP Bori 7390 7oBup N g e 190

is the final bushing for the formation of the conposite core. The puller
pul I s t hbushig sewent £70 sifiuttenedvs mithasmpactingaf thompeacfoad passagevwtays bodyfrom
passagewgﬁ 192 . |26(§he center of bushing nine 190. Preferably, bushing

ni ne 190 % ‘he outer portion and the inner portion creating an

i nner portion of carbon and an outer portion of glass fiber. FI G 8 for
exanpl e, e @5 (Tyralely I gm

I 11 ust ratplgébgﬁ%gﬂggg}e?ébec%re @%ﬁgmﬂgaééfenﬁg\ﬁn ng a%&g?eﬁ%gqsrge}‘ nt orce

car bon f thzdnnereompséted cqrerl 84 and RDusarfowwodeds tgﬁaahSZiutl 82c, 182d migreed

gl ass fi ber osite ortl 4. eratu pt copst ant

thr oughomwaz@ag?%er tpr{ P%Vﬁﬂgf‘al% Bicizhs %t&?&ﬁ%ﬁlﬁ}}mﬁh&hﬁ fﬁﬁt%s@%& i s
i gh enoylinh@ KRERAHEEFIdndS b hilF e fisthd, state. AL the end of zone
5, the product conprises t final level of conpaction and the final
dianeter. The puller pulls the fibers fromzone 5 to zone 6 a curing

st age pr &he paldrputle therfiternthraugh bastdng wighhl 8Howbusliihg hitrt1 99nBushing higevi®E i n
zone 5, 4 and 2. The qven uses the_sanme constant __heating and ¢cross

ci r cul ar isthe fipplhwshias for the frmstion gfihe gompasitesiore. The-pylerpdlsdhc foyeeweni nes
the curi r AL i ng
process, Tpe idles B8 ¢ oblielad Bhec UL 3 pERREMAT ) ok ARy ST BEME 10
ranges fmml@bout 350F to about 32 07 OCT 2005 400F. The curing process
preferably spans within the range of about 8 to about 15 feet. More

preferably, the curing process spans about 10 feet in Iength The hi gh
t enper at rafergbly, 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 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 diameter.

The puller pulls the fibers from zone 5 to zone 6 a curing stage preferably comprising an
oven with constant heat and airflow as in zone 5, 4 and 2. The oven uses the same constant
heating and cross circular air flow as in zone 5, zone 4 and zone 2. The process determines
the curing heat. The curing heat remains constant throughout the curing process. In the

present invention, the preferred temperature for curing ranges from about 350°F to about
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zone 6 results in a final cure formng a hard resin. Zone 6 may

I ncorporate a bushing ten to assure that the final fiber corrpositmcﬂﬂ 2005
menber holds its shape. In addition, another bushing prevents blunm ng of
the core during curing. During the next stages the conposite core nenber
product igooPUThEErinRY@Rs PreR@iBIP SpRk with@RiheRshRHF 166@R!S BGbBIEISRet. The
post cure heating inproves cross linking within the resin matrix

i npr ovi niylortprefighdy.che cwing procass spans gbowfl Otfert ip lengthe The figh tprpéretuze ¢ful |
the fibe t ne .t I n vi.ce. Preferably, the nechani cal
configuréqeoﬁre%‘%l%tlﬁgﬁél\?g%&?g’ﬁggggﬁgrgssm' in zones 2,4, 5 and 6. More
specifically, the device conprises a closed circular air system using a

cool i ng gdeid & mafitofpd?hte Wdushiltk Gntb auYe thhf Re GRAI FfiBLY cORPbGR P MRMHILRES @
plurality of coOils. Alternatively, the coils may be horizontally

st r uct ur belds s shapetlnwaddition) anethee bushing preventsblaming offthe catetduringringg. t he
cool ing device conprises cooling spirals. The blower is placed upstream

fromthe_caoli,ng device and conti nuously bl o air jn the cooli.n hanber
in an uP&PF‘%Q’rﬁq‘@?‘F siages the coppposite porgmemper p “PWFBHB?N E‘E‘é\ﬁe&‘ ?trpw a

cl osed chEe | tq | e e = ; :

C ommer at Lotk 3hd ChAREIHAs, KRNSOt BEottlelinfphR SR linihe SrflAAL AN

about 40matixalpgpuovia (e, phybiealphhtactesstpnslof thehroduntpbied pudlersgriblethe fiberstig h
zone 7 to zqgne 8,..th 0Sf,- .curin hase. The . conposite core nber is
heat ed t ok e SBUNTE g pieratly e BREREI ) EonTAE R frearen B gan Pbe

of the caiRmes g, SehEs WBRApeANCHHS the dEVRe RHIbASS albded chiBulaPAPSSIdE COre
menber through zone 8 to zone 9, the post curing cooling phase.” Once the

conposi t Bsispa eodling dswisa ané hdlaveat, Prefrsabln thoedoling deviee cempusssagluplbityofe

the pull er., gnabs {.h act ed 0si core. PRreferabl .he _conposite
core merilsr ARgEptvey REBG Ty SR ERplefy SEidmeTisSp e soolind FERFRE, o
convect i Ba Arfher AteriAive thd dodliify desde @bmplbstcobli®d §ial. The bittves @0pladed
di stance is about 10 feet. The pullers pull the conposite core nenber

t hr ough tpstrezmfeom thespling dptesand eontnyansly bigws air inihggoakingshander irasr eby

the fibe e i.S . al wheel f.or. o) 1 is.eriitical to
55°0 7 PR RS EARE dri RlAts RorbFthe aBlicS if f¥feq difeula? afibotgnSes not
over str Redpirghtie 82 tigrolighdue it SighstahNtenmPBRNSEITaE crEdN, thd did1i6G tanstpgarenOt

have any tw st and can onl% bend a certain degree. In
ranges from within about 40 to about 180°F.

The pullers pull the composite member through zone 7 to zone §, the post- curing phase. The
composite core member is heated to post-curing temperature to improve the mechanical

properties of the composite core member product.

The pullers pull the composite core member through zone 8 to zone 9, the post curing
cooling phase. Once the composite core has been reheated, the composite core is cooled
before the puller grabs the compacted composite core. Preferably, the composite core
member cools for a distance ranging about 8 to about 15 feet by air convection before

reaching the puller. Most preferably, the cooling distance is about 10 feet.

The pullers pull the composite core member through the zone 9 cooling phase into zone 10, a

winding system whereby the fiber core is wrapped around a wheel for storage. It is critical to
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anot her enbodi nent, the wheel has a dianeter of seven feet and handl es up
to 6800 feet of conplete cured conposite core menber. The wheel B8%(CT 2805
designed to accommpdate the stiffness of the B-stage formed conposite

core nmenber without forcing the core menber into a configuration that is

100 1! OPlie liBndin bY oSk, FBRBH dEhe whikn 0 BP0 S SEIE GORRE b5 Bendind

for preventindg the Wheel romreversin omwn 10" unw

The nean ene:anbds:hmmﬁyt}d&mrmet lnat hgveewe ntist aridan whbdiendiarcecthinategfet oIm
reversin r e anpl e, system t her, _enhodi nen e
process gﬁ@ﬁ%ﬂtﬁ? éﬁ?ﬁgl‘h%‘?" SEY?H;HW@M&@F% PRto; @Bé'%ett Pbn
system - gy ﬁeeaéu}édvco e Blre RIRRRE STIRSHEPS déﬂgﬁéé&%koxﬁﬁa%?%fthe ifiess
quality con rol system nmay I nclude ultrasonic nspection o onposite
core nenbéths B- stegmfodnedleomm comfmé¢mber withonhforaing t}mramdummbemm 4or the
qual ity o he rez q go ‘#%Egr the tenperature of the ovens and of the
product 18uFRLon ]:Rf i OB nmeasure formation ; neasure speed of the
pul l'ing process. For exanple, each batch of conposite core nenber has
supporti | hvely,
the qual 1Fg By bilpEent I PhEliE Sy eh o AmoRls SFblofnt e PR

system V\,frenmenersllng floar fromgvisging eonumeinkdmgt The meaosntbe anp devioethaeprevenits h

t he prodyc rmatiqn of the rtlcular Furt the ¢ 05|t
core momtk ﬁ?L@ls@twa EDEVERIng IoT eXaBTRlC, e|b5§lgee9§8tﬁw 2 Biethsh mbogiment, th

speci fic Fb‘éé’és ihd1Gdos o ch(ra ﬁ?&%ﬁ%ﬁsgg@sx??ﬁ%p% r%p i insSHeAGE s nl‘g’glﬁsﬁle%éﬁﬁ%e

Cl ass C. The fibers used’to pro osite core nbers can

i nt er changeol pmcnﬁeissureq)mnsfstenapnodn& Tmmuaﬂlgdcdnyroﬂ bystdnl naly indwizasirssenicor e
menber prod For exanpl e I‘OCﬁ al | .ows revgﬁl acenment of fibers in

e o ign o AR oA M Bers e Uy mSet §f Lo 450 FRUSPONE or cor o
W t h hi ghogiftecide ﬁﬁﬁl?t? Bf ﬁﬁ%ﬁn%&ﬁﬁ'}r tﬂé‘@nﬁéﬁﬁﬁé §f ﬂfﬂelcﬂ@ﬁs iﬂi‘ﬁ) ]?@ﬁuct nor e

expen5| ve better perror m ng bers in p ace of |ess eernS| ve i bers
to the dunitg quu@phms,fmmu@ faraationes massure spesdeof ¢hepul wmope&s Farn one

embodi nent ., t.he f fiber eat es stren nner core
o B bl CatP RRLD B StRansE abrs diRhst e biEBofind RO s Blehradtiy o
out er i NpetfGiiRGoptadAly. Alﬁnﬁﬁeélpeﬂhe qrmﬁsi M1 sy$tefl cOtipeikes d1@bfkadg dyStem.
| ayer contrlbutes to the flexibil ity of the conposite core nmenber and

enabl es The madsing gystam wherein thg omrking system marks the composite core members with

the product information of the particular lot. Further, the composite core members may be

placed in different classes in accordance with specific qualities, for example, Class A is high
grade, Class B and Class C.

The fibers used to process the composite core members can be interchanged to meet
specifications required by the final composite core member product. For example, the
process allows replacement of fibers in a composite core member having a carbon core and a
glass fiber outer core with high grade carbon and E-glass. The process allows the use of
more expensive better performing fibers in 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 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
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menber to be wound, stored and transported. Another enbodi nent of the

I nvention, allows for redesign of the conposite core cross sectiﬁ] E]g 005
accomodat e varyi ng physical properties and increase the flexibil 9 ?
the conposite core member. Referring again to FIG 5, the different
CONMPOSi t gheafhRPRDHWGRRIE stofedtinfl n@fififelit Y of the conposite core nenber.
Changi ng the core design nmay enabl’'e wnding of the core on a smaller

di anet er wheel. Further, changing the conposite core design nmay affect

t he stif Amethsr emblochtnlequtthe oiventiven, biloves fotmchs:gﬁ@ftm c@dxmmltagma ctose core

geonetry nm, e desighed taq achiev timal physical characteristics
desi r ed ﬁwtﬁnm Br5P COLBYIRE P W%ﬁ%@ﬁ@m%%ﬁ reash thg dlexiblity oGt i on,
the core i 37
S nehes SR e enken e Hio! GRS G Bpodiaing kil

pot ent i akhe fhxllahg'tdf thﬂnmmlmsﬁmtmdmnMcClﬂngm th«ctn‘edsmgrmmagtendﬂgwmdmig t he
mat eri al d the mater wi | | k. ore,. rreter of '/2,.to 5/8 inch
oy T bauPFIIE sorthut sragleR diafhetes w el e, mEinaahs Comppsttc cgeisrien 1,

viabl e. IffedtMd KAFRsS HR sftﬂeﬁg‘thl?)'fkﬁetlﬂné?fcoié”'ﬁs%ﬁ%%tég% fHelcere %é&&e&?h@ayrﬂéy
be tw sted or segnented to achieve a wapping dianeter th

accept abHdesigreddo 3g0eteptioel physiical chgfradtétistics desired ima final AGCCOmablsor e f or
one revolution of core. Alternatively, the core can be a conbi natlon of

twi sted and strai ght. fi be The tw s be det.erm ne e whe
di anet er fil‘l ther °F‘% é‘ﬁ‘éenFP “il‘éanP‘b %?‘tféélafﬂ?é‘?{ 1 geater &V“a?{gl INERESH tCP’E’in
of diane a}e?fhahhﬁs 1%?&'::@%%&?{2)%%@5@ H8MRh&ET A At WG dug?febﬂdﬂexﬁl'aﬁ

core are anced by one revol ution stress is re
pr oduci ngtrengttegméhetoatsidedyend shap@ exbedds Ithe&ltneagtm)f stempatexrialguidabe mafenpbwﬂl bl e

Cross sectipon conf| urati .segnent ed. cor The se ed core.under
ThesS r etk h SSR A W ih Sk S aeLtating  wheellimedt 8 T e ahg it
t he Sepahéitc%rrﬁhﬁ‘éﬁﬁ Hable. frB‘%ﬁbr%@'ﬁReﬂle)ﬁlﬂﬂﬁlcﬁ'f%e céﬁmae%feg&fe%r&ﬁagbe
enabl es a corrp03|te menber product having a core greater than .

i nches t twiatstioe segnzentimktioraghiewe amvmatipmg damstet that isiactepiabla ddfiet 360rdgkreest r ess
on the roduct....Vari.abl e eorretr of t ctions in th
oot { EVREh e B irariaff ' B ie RS oot Bt R, Aieriiv by g coft callfe
The procggsmnBhafiys bLMWisted deSseigd fiber. ahe MNTEPARY Be dbRfthiddl b thdvh&ach
segnent in parallel. Preferably, each segnent is formed by exchanging the

series ofliaowstesdionit.lfthe g hisrpgehibided ther hwisidy dneveyrjutiereeicdiametenelthe

confi gur ath f(:)ln"'fh fhsish %II?d gomgr%ssmn stresses in the core are balanced by one revolution.

Winding stress is reduced by producing a segmented core. FIG. 5 illustrates 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. -

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
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0 7 OCT 2005 the passageways. In particular, the size of the passageways
may be varied to acconmpdate nore or |ess fiber, the arrangene 7ﬁ@ 2005
passageways may be varied in order to allow conbining of the fi in a
different configuration in the end product and further bushings my be
added wi Qi u | & f i ' W

formati OF]H%(#A Sgt.dggw%ar ?}%a ég{lé%h%[%gl&c%:%g#% \égssa g?%%%f l?]é)‘{ e(ac#()) h%%glﬁ?%da(t:eor e
menber . Aford¢ ticlessniibenfthe hranpeneatsf pagsageysgsamyt trevdriedén satet tcoalbow n fi ve

Compost t SRR Q3HobGt ot AAEFPLFoTupoEat hevid MRGehgnd G etpshes
| ncr ease mak e piid Wftﬁﬁn%l&ﬁ@ é)ﬁ&ﬁl@@c‘ﬁﬁ@ﬁﬁiﬂin&@@o Hc]ilﬁlltcmhto?t}féor eis

wrapped in"lightweight hig conductivity alumnumform ng a conposite
cabl e. Pratfiakgeoingiria dresscectpmsiin theavmposikhtare meorher.iAtdbe emd ofithe processingn

core having an outer insulatin | a fiber composite | ayer .a t wo
e o o eerh he e i tiqt i Bive Bkalhrtd PeodeSiite R GRDIed ot B End 9 heibcest e
i nner | aY@fonﬂfth@édiﬂidﬁt%ﬂﬂE%ﬂe.sﬁﬁeﬁaﬂ&i,Qﬁé §e\g_rrféf1tst1ﬁ§3ﬂ§‘e2@iﬁéd toSinafeedd

al um num segnents w apped in a counter-clockwi se direction around the

conposi t Sexibility ambfaoiditate Banding The 8ndli conipositredro s wappesbindightweightdygh ni ze
the anmpbunt of .alum num and .i ncrease.conducti vi . .The geonetr f. the

{1 apor o BoRdEET ARG Bimisef CERRGHE SIE Rretetbty. the Sanieny ol satiher and
around t B@mﬁﬁ’i@@ﬁ liRr g&bén Ha*aft)ﬂ{ring laf _oatei- H{shﬁﬁﬁg gmb@ﬁbéfﬁzﬂhlpogilf@la%ﬂaﬁﬂ

| ayer of alum num conprises a plurality of trapezoidal shaped al um num
segnent s twip lgyprs @f tnaperotdad Exmied strandsed elugrinynound the conposite core

menber. The opposite direction of wapping prevents twi sting of the final

ble. Each t i dal .al i | t fits ti tl i.th th
R bezor Hapne g ente i idhet Ty O Ao eawrieeh 2 Bty Ot irpganetel sheped

The ti ghfaluf[ﬂiﬁmﬁ@%gr?‘hﬁﬁﬁfréﬂfb@d HRERInt el AkWR U Ao arolfE fiRARRDokiECore

al um numrequire or high conductivity. EXAMPLE A particul ar enbodi nent
of the i member.diach trapernidadsestioh dscdesigped tooptingze thepoziuntobalneimpnhandrenber

conprises E-gl ass, and. carbon type I zi ng. . E- gl ass on‘ginesthe

dest r abl ereseRuRpRBnG theggemdREed Be Fug L st ERE jor G eidept o
el ectri cah tipRs SbaR6Cand akbuddi tBE corfipdsiB 3brd- mehigerCr 0Sss- secti onal shape or
profile is rllustrated in FIG 8 erein the conposite strength nenber

conprises a concentric carbon core encapsul ated by a uniform | ayer of
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 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 composite strength
member comprises E-glass and carbon type 13 sizing. E-glass combines the desirable
properties of good chemical and heat stability, and good electrical resistance with high
strength. The cross-sectional shape or profile is illustrated in FIG. 8 wherein the composite

strength member comprises a concentric carbon core encapsulated by a uniform layer of
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36 07 OCT 2005 glass fiber conposite. In a preferred enbodi nent the
process produces a hybridized core menber conprising two diffdreypT 2005
materials. The fiber structures in this particular enbodi nent are 126
ends of E-glass product, yield 900, Veterotex Amer and 16 ends of carbon

Torayca gl%%éf ic&jngoﬁfle!(ln d P férfl @ikt the/Hraddst OdN%c??a?é'b?{Pﬁtgz? Yaati co.

In operation, the ends of 126 fiber tows of 'E-glaSs an tows of
car bon amembir eanmising twoodiffhreat mategelst ow gui de conprising two rows of 32
passageways, two rows inner of 31 passageways and two innernost rows of

o1 ot ur & Tho b SUBGEs 5 LbPBUGHAR HEDGHERBAFT HEP Yo T B TFBRIL OGRS e
pul | ed ¢ GEQaB AnbPlund ¥l chWUf caln T3EE T 7SS 1iBRISAR. SRS GEAGEANA ¥

noves t he ers up and rect1on enabl1 ng thorough
wetting MY VRAkfibimbéanticons. On the upstream side of the wet out tank is
| ocated a wi per systemthat renpbves excess resin as the fiber tows are
pulled fromthe tank. The excess resin is collected by a resin overfl ow

tray andlnepestipnpthelendsof 126 fies tawsRRE-glass angnlé fibasdows elgarhon age threadsd| | ed
f th . i - '
 tor egnaliGianit e B ebftetoRpRik By g ket 0 pRElby sl NS RhEYAL

be furt hpsssggempas iktiwoinferadf fonsiofd fgagsagbeays shi idtb afpeehvating sthge na50°F

phase. The fiber tows, ar eH’EéJl led . to_a next oven  at B—stat(_'i]@3 oven

t enper at Hr @ERGEDHNGISAITe. Hefter passing thippugh e prebeating oyep thefiker dpyhire
consecut | | | | . ber
Cove o pifeqfitbah B bint 4R WA bR TR Hce BB dising BEer Lo

t hr eadedatddouygin eeaticaidiretteonlspdbliasthagpegh yetting dfttke fibértsws.stheng whi ch

are machi ned to, pre-cal cul ated di nensions to achieve a fiber vol.une  of
72 per ceHPSUEAR sifeofdhe, wetyput tankds losgted @ vippr systam that remeXes eXshtsdssin as thsr e

menber . ' kd . | p
i ght quiDgaBReSredulich Mon) Indfini PHP aftkie ol i ARCRAT R i) 15 nl
passagewagded back taf the besimeztoudtesiki ng; t he ends of the fiber tows exiting

from passageways in the top left quarter conprising half of the top two
rows are threaded through passageway 136 of the next bushing; the ends

of the fiTBefiberdaws aseinulled fompihe et suldanaips Bretatpavandhial sepiiyguresthe Fasiy

conpri si ﬂ'gpljaﬁutecpﬁbérr?@w?f%tz{ 26 Et%’e. "AHis @ﬂ’age 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 configure the fiber tows to the final composite core
member form. Two fiber tow ends are threaded through each of the 134 passageways in the
first bushing which are machined to pre-calculated dimensions to achieve a fiber volume of
72 percent and a resin volume of 28 percent in the final composite core member. The ends of
the fiber tows exiting from passageways in the top right quarter comprising half of the two
top rows are threaded through passageways 132 of the next bushing; the ends of the fiber
tows exiting from passageways in the top left quarter comprising half of the top two rows are
threaded through passageway 136 of the next bushing; the ends of the fiber tows exiting
from passageways in the lower right quarter comprising half of the bottom two rows are

threaded through passageway 140 of the next bushing; the ends of the fiber tows exiting
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t hreaded t hrough passageway 140 of the next bushing; the ends of the
fiber tows exiting 37 O 7 OCT 2005 from passageways in the Io“ﬁq]wgﬁ%
quarter conprising half of the bottomtw rows are threaded t rgu
passageway 138 of the next bushing; the right and left quarters of
passageways in the m ddl e upper row are threaded through passageways 142
and 144 of the next bushing and the right and |left quarters of
passageways in the mddle bottomrow are threaded through passageways
134 and o psageahysvialile lowee 1dN Qattet cdiEprivig Hulf dfaHe BORSR EWd kot atet hr ough
the outer and inner passageways of each successive bushing further

conpact i Hycadsd threwgh passagslyay ha3 pf the nexfvwghing; tharighi i 1a6 qyarianof t he

fiber bu i { [ j X

ar o combPAapase pffle HIAOY SBpcifn’ e REcAtRl inARNRARHEE 4z WS 1 Br e
passagewayst boashihg antbthe eigheanl lefeubiuters of passafieaayginaks nfiddlebstterpawate. The
four outer passageways of bushing seven are noved closer inward in

bushi ng &reased thrpeghspassagepays 13dand 1d8repRctEshe. The fiber tows are
conbined with the inner carbon core in bushing nine formng a hybridized

. oI . bon. Hou
o ane’ | bt oG BN AR R EBR AL B Bhe GREORR 58T e 8RB ne o
a final §Wci:§sgzecvae1|ﬁn%mﬁ{er cEMmPAcAinG And EHTRIUAIN iR Fber BRAH e AtREME 86vehY

the specific resin. Fromthe curing oven the conposite core nmenber is
pul | ed t Hiedihghbundiesanilled thypugh the imner fpsipassagevays ©f bushimosix apsqombineddel i ng

ol cvat o0 OUH PP E0re sty i 2 A RiE SHEk i tiile B ecous g

t enper at glusdlesAflas fibRASIepardfel THe fduf BukEpRReigevays OO RHing e Pdn art thoved closer
approxi mately 180F, The nenber i s _cooled prior_to_grabbing b)é_ t he .
cat er pi | Iayardin pushingpighieclesst to the rnen garhipreedrenBhe iler douparesembyred ity age.

or csbnt (RS RARIR oBie FhuAhEninl Hefg KR ORR, S ARRELEB A ("

| ayer s otomptiging emnimeceuiborséore favihg amoutenglass lagrbon/ epoxy | ayer, a next
gl assfi ber/epoxy | ayer and two | ayers of tetrahedral shaped alum num
strands. The strength nmenber consists of an advanced conposite T700S
car bon/ epbg gompesitegoee membenie pulddd foro the ishmgninetotaciinal sunpeneiatiaby an
out er

| aXIeeQatgé temperature of 380°F as required by the specific resin. From the curing oven the
composite core member is pulled through a cooling oven to be cooled to 150 to 180°F. After
cooling the composite core member is pulled through a post curing oven at elevated
temperature, preferably to heat the member to at least B-stage temperature. After post-curing
the member is cooled by air to approximately 180°F. The member is cooled prior to grabbing

by the caterpillar puller to the core winding wheel having 6000 feet of storage.

Example:

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, surrounded by an outer layer of
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38 0 7 OCT 2005 R099-688 gl assfi ber/epoxy having a | ayer dianmeter of
about 0.375 inches. The (gl assfiber/epoxy layer is surrounded @y 0 Ener
| ayer of nine trapezoidal shaped al um num strands having a dianeter of
about 0.7415 inches and an outer |layer of thirteen trapezoidal shaped

al umi nuMRglH FRY 1A R LA Py aidhan!of 319mERS: TROe total area
of carbon 1s a%ouf% Og%@ﬁ)ﬁﬁz Sraséﬁ}l?s a%(])ag'g’gﬁgm f|ﬁn2, og I nner

al um numglassfitieoapoxydaferindirsnddalbem inaériayan ofmins tmpeadidal SEg4@diah@iniine
fiber to yresjn ratio.in. the. inne r.bqn strength nb is 70/ 30..b

wei ght - aftetdbatEadiereron o0 1415dnches ind an Hups ey qiehiren saasotal gn;
The specishiged %Rﬁlﬁh&h%ﬁhﬁm&vﬁ{g% SHBRE bZMBut 1 108EinkRes. PHE Rffalladddl ST -caoRSS
Vetrotex roving 8099-686 (900 Yield), Tensile Strength, psi29§, 103

El ongat i éhabemt 037 infy ef glegs.i9aboné 5 in’, MbmELAlyminunD 1s-gbont 315 i a quter

Content, 9%7.2 Carbon arhiie rbon: Tor.ayca- 7700 Yiel d. 24K .
Tort S o lBfindmRAoRE, 522b W ThE R et phS Rk el Sth Hrbetfivliher i

| bs/ f [ 0. @6B0fylveeTBR tan PRI RItE o4 zaf%EﬁQék 5Pk raliBlis T¥2$p§ ey ai aue 1VAY
721 - - Epoxy val ue, equi kg8.6-9.1 Epoxy Equival ent, g/equ. '109-

Viscosity @50C, cPs3000-6000 Density @25C | b/gal.1501. 18
The specific specifications are summarized in the following table:

Glass
Vetrotex roving R099-686 (900 Yield)
Tensile Strength, psi . 298,103
Elongation at Failure, % 3.0

Tensile Modulus, x.10%psi.. | 11.2 .

Glass Comert. % | 572
Qari:;og_- {graphite}
) ‘Cramt_'l‘:on: Tura:yca'TZO()g(Y ield 24K)
Tenlile strength, Ksi T
Tensile Modulus, Msi . - l - 1334
Strain | | . ’ -2.1%
Density e/t~ | 0.065
Filament Diameter, i , 2.8E-04
- .- : EQOX! MEETEI“SVSIE:!H
A'ra_ldit:e MY 721 -
. E;;o-ky value.- equikg 8.6-9.1
"| Epoxy Equivale:nt, glequ.’ . 169-
Vi;cosity @ 50C, ¢Ps " 1 3000-6000
. [Density @ 25C To/gal_ ' “T11561.18
Hardener 99-023
[ Viscosity @ 25C, cPs 75-300
Density @ 25C, Ib/gal 1.19-1/22
Accelerator DY 070
Viscosity @25C, cPs <30
Density @ 25C, 1b/gal ‘_ 0.95-1.05




Har dener 99-023 Viscosity a(r)r 25C, cPs75-300 Density (r) 25C,

| b/ gal 1.19-1122 Accel erator DY 070 Viscosity @5C, cPs<50 Dengi i @0s
25C, 16/ gal 0.95-1.05 a 1 aci 2005 An ACCC reinforced cable having the
above specifications is manufactured according to the follow ng. The
process usedcte biatdtdd GbeNRAR the amelsﬁediﬁcéﬁ%ﬁs grrﬁeiﬁﬁctﬁ%aamo?dihgm the
illustrated in FIG 1. First, 126 spools of glass fiber tows 12 and 8
spool s ofolloaving Thepeocses usgg té formitbe compdsits gablemm the paerdnt ¢rampiets ilbdstrated

i ndi vi dual f4 Qeg. t.o 12, . | eadi ng, fr.om Spoo 11, are , threaded .t hrough a
Ther o Bl deFirts Y8 dopisiol B e aR® 12 R6LR spauls B Frvdrae setapat i

twi sted ticReysiemAdRul kigr enll6 odthetin@vRIng ffer tdvas BN Paakid{gUPoradbodls 1 hard | bers
t hrough t he apparatus. Each di spensi ng rack 14 has a small brake to

i ndi vi duthreaded dhraugh a fberitewguide BoThe fibers ypdaypo tangemiial puling 2o pregergul | ed

ot ot ar o Vst 8% R B LEhHn ol SRS yPacl s ot Wb e PURRNES ¢
filled wWEhth dipgdnding@adih 4 Had W/ soaillds e to $2diPidBAIAC I tRd rehisiblY F @adtOspool.
i mpregnate the fiber tows 12, Excess resin is renoved fromthe fiber

tows 12 dbetawg ledre pulled Girqushshegyideld spdinte p preheeting ovenOat 30 FE  from
t he wet o1V 9 t?%(oigt Lo a B-stage oven 24 and are heated to 200 T. Fi ber
tows 12 “ndl ntalned Separated by the guide 18, are pulled into a second
B-stage oven 26 also at 200 F conprising a plurality of consecutive

bushi ngs The t&aMY £ ?uﬂélﬁinf@ﬁéti i RN WRVEt thellc 23 T fildddw e aeslditddvat age
oven 26, the fiber tows 12 are directed through a plurality of

passagewdy HHordsuer¥4023/ Actederpigs Y9 to Inpregmate thedibey towsalds Hgessa yesin is

continually c ress ~.and c lgure the, fi i i nt o e fipa

i 1 or m EBHBEOTR B3 {vEerY &t ot oGt e 28 b Tradteb B o Ss ol
passagewsen the Wet biefik 2DwSa Bstagd oRas 34 eed\RY he@d€ fb 2607, FYher tdWier2 nost
rows of 4 passageways each. The 126 glass fiber tows are pulled through

the out emapinedsgpatsteddyy thagude Laars puldedbinty, a sesopd Britagsioyen Phelseat Both
fiber towgs af srﬁgﬂééﬁﬂ&r%ﬁt? rﬁ?%&%ﬁél{%ﬁrglblﬂ%g\égsttmoﬁ%&s d oMRARFARE VRS 1 £ RED-

The next budsh e
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 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 passageways each. The next bushing splits the top two rows
in half and the left portion is pulled through the left upper and outer corner passageway in
the second bushing. The right portion is pulled through the right upper and outer comer
passageway in the second bushing. The bottom two rows are split in half and the right
portion is pulled through the lower right outer corner of the second bushing and the left
portion is pulled through the lower left outer corner of the second bushing. Similarly, the two
inner rows of carbon are split in half and the fibers of the two right upper passageways are

pulled through the inner upper right corner of the second bushing. The fibers of the left upper
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in half and the left portion is pulled through the |eft upper_and outer
corner passageway in the second bushing. The right portion i &7 ﬁﬁTﬂ

t hrough the right upper and outer corner passageway in the second

bushi ng. The bottomtwo rows are split in half and the right portionis

et 1 poPEHR el e RIS SRl O HRF pRE A ccffr (T RERE AR Tl B0

bushi n g oStheiright onver phssagamays mrlmﬂled thesughf the ameo lowar eighpédrheriof theadetormind

the fibers. of the t t .u passageways ul l ed throygh th
ner uppesting aine BB of the 18R e B3Rrae AR pirpu e P e e Sl
upper 40cgh@r&pﬁégggﬁdggﬁﬁﬂgemays are puIIed t hrough the inner upper |eft
corner of the second bushing. The fibers of the right |ower passageways

are pulled through the inner |ower right corner of the second bushing
and the fThb&ber mindichard ;ﬁﬂled ltrogh memeagémysﬁ baslengy donefudllyrcouiphessing ahdiner
| oner | eft _corner of e second bushjng, The fiber bun%ﬁgf are pulled

t hr ough a%fauﬂegﬂzﬁb@é AN1E P8R R Zes HI{omR| cOPCIFIHFUE emPernd

conflgurlng t he bundles into one hybrldlzed uni form concentric core

26 to a Ao ORRERE <hfe ABREe T BRAY kBt Pind bR Set B R faPa Rl By O "

conposi t groeedsthgeysiBRl 28 4 36016 37@PRIwhereir e cblﬁp@sw&@éi‘e ®embermig cﬁl}édfaﬂm 30 at
30 to 100 OF for cooling. After coolin t he conposite core_is pulled to
a next ove%edptp@d@%m@ngmt@W@zt EW toslafg) Hotopeeplye. Adler erpding clie cagPostise

pul I'i ng I Q n rea at
about 18 %Q?Bwﬁﬂgggggﬁgggﬁéﬁé f%%ééﬂ%f%%?%%ﬁﬂgéﬁgngéﬁ‘ ﬁaﬁh@|%€9an
area of ablbing mdBafism lpuabﬂutprocﬂlbﬁthrmgh a 10 fobodiftodlingaredattabeutd80€Far e

wr apped around the conposite core after cooling. Next, thirteen
trapezoi dal shaped al um num strands each strand having an area of about.
0402 or I\hmmpezgﬂ@@hgnpd alwmrtum @trands e@hdmvmaen@ma@fageuwm@bamoahﬁ

t he inner_al ven on IS

ot 11 m eqygef HE o i contbos Frabls it B ShREtv e e AE hRONRE, cy
nat eri al shirtedn tedpeasiiamehbsedsdienhuaigragescach Regnd RevinPsl dres of ad0e 040Z or

equi valents will be apparent to one skilled in the art w thout departing
f r om t he 28BRWPEL26sqt Metotal grasran the corg are wrapped around the inner aluminum layer.

It is to be understood that the invention is not limited to the exact details of the construction,
operation, exact materials, or embodiments shown and described, as modifications and
equivalents will be apparent to one skilled in the art without departing from the scope of the

invention.
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0O 7 OCT 2005 W Claim 1. A conposite core for an electrical cable
conprising: an inner core consisting of advanced conposite rr%t7e dT;ﬂﬂUS
conprising at least one longitudinally oriented and substanti’a
continuous reinforced fiber type in a thernosetting resin; and an outer
core congwestiagg: of | ow nodul us conposite material conprising at | east
one longitudinally oriented and substantially continuous reinforced fiber
type in a thernosetting resin; wherein, said conposite core conprises a
core tendil &A somposife lcoffonsn tlectstalabblatcomPlisingsi (1103 MPa), 2. An

el ectrical cable conprising: a.conpasiite cpre further c ri si.ng:, .an
Cnner core consi st FEEE CAH GURHE0ANEPTLAmRIHF HAtBLEMTRTHEE 415 cast
one | ongi tudinal l'yopd i6pitadinalg ofeiied aif dubtadtiAR Hoh S reinfirédditee Bpe
fiber type in a thernosetting resin; and an outér core consisting of |ow

modul us conposi te irea heimosegmgpesisjand at | east one | ongi tudinally

iented and substanti al | t] i nforced fi. t
Cher moset t i ng r esi A1 OWECdIE SPRINRE G Lo HpdpfisEomposiie hpetdhiameriie =

surrounding the corgadnedoriiudinall}VofEREdandsibstas intifuARTEinfR AN fitees a
core tensile strength of at |east about 160 Ksi (1103 MPa). 3. A

conposi te core for type iepsarmpssiingrgbing conprising: two or nore types of
reinforced fiher types . in a.therppsetting resin.atri salLd, cor Vi ng
Lt Teast 500 MBI SO shloPrbl o Birisehd shEIPREarrhety gL Rt ST 1PS no
fiber conprisgsi@lopipayys of elasticity in the range of about 22 (151
GPa) to 37 Msi (255 GPa) coupled with a coefficient of thermal expansion
in the range of about -0.7 to about O mMm C and a tensile strength at

least abgut 42, clectrical cable comprising:

a composite core further comprising:
an inner core consisting of advanced composite material comprising at
least one longitudinally oriented and substantially continuous
reinforced fiber type in a thermosetting resin; and
an outer core consisting of low modulus composite material comprising at
least one longitudinally oriented and substantially continuous reinforced fiber
type in a thermosetting resin; and
at least one layer of aluminum conductor surrounding the composite core;
wherein, said composite core comprises a core tensile strength of at least about 160

Ksi (1103 MPa).

3. A composite core for an electrical cable comprising:
two or more types of reinforced fiber types in a thermosetting resin matrix,
said core having at least 50% fiber volume fraction, characterized in that at
least one fiber comprises a modulus of elasticity in the range of about 22 (151
GPa) to 37 Msi (255 GPa) coupled with a coefficient of thermal expansion in
the range of about -0.7 to about 0 m/m/C and a tensile strength at least about
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0 7 OCT 2005 350 Ksi (2413 MPa) and at |east one fiber conpri shg%
coefficient of thermal expansion in the range of about 5 x 10 Al to
about 10 x 10-6 mm C and a tensile strength of at |east about 180 Ksi
(1241 MPa). 4. A corrposi te core for an electrical cable conprising: one

or nore types of 95‘@1{%{‘@'4'1‘?%}3&?%& %E%goﬁé]ﬂb&%rﬁr‘gmt“ aa'éo\é N bf‘éﬁ%Hﬁal

reinforced fiber types nosetting resin core avi ng
a tensile strengt thsmnlm&Ea'an@tnfubom&)x KeF m{hi0® M%an) landOaGmnﬂAﬂ argl of

elasticity in the ran ou t 0.abo A conposite core
for an electrical &4 e§t5 %ﬁ%g"@%@ﬁbtﬁqgg (iﬂlelrvﬁ)&? sai d core
having a tensile strength of at |east about 160 Ksi (1103 MPa) and an

operating tenperature of at |east about 90C wherein, said core is
sufficiedtly ﬁmﬂﬂsmo@e\ﬁpmdaﬁm&hdalﬂ@ coraprstingt seven foot wheel

di t f t tati | t | bl
oot e g an e BRe bfharlnes otofelBRRNY fr R e SRR S Bohtids o o
a tensile strengt kifforcdt fitRASHesy At thEtmABMING rédsiMlatrik, SXiE EbieshaQingat | east

30 Msi in a thernosetting resin conp rrsrn a viscosity range of at |east

about 200 to about tenm@ar@eﬂwf;ﬁéieyeta&putz arﬁhl(&d\@a)@d%@péﬂl@bﬁ%rr si ng
an E-glass fiber settin a viscosity range
of at | east about S]Ggmilg”gﬁuﬁan%% trs]‘”]ag)oggf sQOC wherein, the

conposite core conprises a tensile strength in the range of about 160 to

240 Ksr and a nodul us of elasticity in the range of about 7 to about 30
Vi . 7. A compowsimnesiteeereifer anglectrieal calle ppmpriging.a compesitsimyerialnsaiorse

core CO”p“ Si Hiwvifle 8%@3 stFén%g{ o Healf ablofif 0 Bsi ?fé% lgfi"a?%.ncgﬂleoé%%aﬂ;%re

fibers having nec ani ca rtres 1 n excess

t her nbset t i ngtenip@sittre ofadleast aboitedO(CwheacmPsAM Lo mSﬁﬁgbmﬂéxleno iinda

thernosetting resin. 43 0 7 OCT 2005
around at least a seven foot wheel diameter for transportation.

6. A composite core for an electrical cable comprising:

an inner core comprising a high grade carbon fiber comprising a tenstle
strength of at least 700 Ksi and a tensile modulus of at least 30 Msi in a
thermosetting resin comprising a viscosity range of at least about 200 to about
1500 Centipoise at 20C; and
an outer core comprising an E-glass fiber in a thermosetting resin comprising
a viscosity range of at least about 200 to about 1500 Centipoise at 20C,

wherein, the composite core comprises a tensile strength in the range of about 160 to

240 Ksi and a modulus of elasticity in the range of about 7 to about 30 Msi.

7. A composite core for an electrical cable comprising:
an inner core comprising a carbon fiber and at least a portion of one or more
fibers having mechanical properties in excess of glass fiber in a thermosetting
resin; and

an outer core comprising a glass fiber in a thermosetting resin.
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8. The inner core as clained in claim7, wherein the fiber hat{}&ng

mechani cal properties in excess of glass fiber is basalt. 9. DBri‘%site
core as clained in claiml, 2, 3, 4, 5 or 6 wherein, the reinforced fi ber
types of the conposite core are selected fromthe group consisting of

carbon, Kevl arhe i@ 8tk as Slafisd in2NAM 0 wHeRiPthe ﬂﬂeﬁlﬂlﬁﬁn%frﬁé@ﬁﬁﬁcai hRPEfics
hi gh performance pol yet hyl ene and carbon nanofi bers. 10. A conposite

core as cl ai mitexcassodfzglass fibepisbasalty. 5 6, or 7, conprising a
thernosetting resin having a neat resin fracture toughness at | east
about 0.87 INS-Ib/in (0.96 MPa- nl"2). 11. A conposite core as clained in

claim1l, 92, 5A e@mposité\bereak Bladhed @asdimone, 8,64, Sfqareceherein| the reihftpésd fibet he
i nner core conprises a nodulus of elasticity in the range of about 22
(151 GPa) to Hpensf thesampepie copnergiselgctpd fmmithe geupiconapingAt cahonpipvlar,

S Tangtn i1 Rl R0 Sl SRR, liiort 3B, BT RE pBERDRRE fod

one rei nfor cedarbobasndfibess. i n the outer core conprising a tensile
strength in the range of at |east about 180 Ksi (1241 MPa) coupled with
a coefficient of thermal expansion in the range of about 5 x 10-6 to

about 10 10,6 ) e r | ai WA i 3,
3.5, o o0 7 onThll gl oc QuEREERRIR £31 5,85, B &7 Eombllsie T imbscriing
physi cal char agsirelidviiig £aeat resirhfractne toghipessiat Eastabeut 0.8% INSHIm @.9%6ensi | e
strength int rangﬁ of at least 160 Ksi (1103 MPa), a nodul us of
elasticity in > Parge of at | east about 7 (48) to about 30 Msi (206
GPa), an operating tenperature in the range of about 90 to about 230 C
and a thermal expansion coefficient at least in the range of about 0 to
about 6 *110- & cumpcSite ¢@e aAchimpbii daEmch2e 5 am 6 Mdieraial af lnast bag reiffpregd 3,

o oot BORPLS e et Bt ook YoM LISl P B Sh
é12%2i)y3\1/vei41g h t5 .(1 H. GPY) 1 39 MRS GFafedupRAwiltEStderidiait of tifrmal edpaAsdn APOUL
the range of about -0.7 to about 0 m/m/C and a tensile strength in the range of at least
about 350 Ksi (2413 MPa) and at least one reinforced fiber type in the outer core
comprising a tensile strength in the range of at least about 180 Ksi (1241 MPa)
coupled with a coefficient of thermal expansion in the range of about 5 x 107 to

about 10 x 10 m/m/C.

12. A composite core as claimed in claims 1, 2, 3, 4, 5, 6 or 7 wherein the number and
type of fibers are selected to meet physical characteristics in the end composite core
including a tensile strength in the range of at least 160 Ksi (1103 MPa), a modulus of
elasticity in the range of at least about 7 (48) to about 30 Msi (206 GPa), an operating
temperature in the range of about 90 to about 230 C and a thermal expansion

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

13. A composite core as claimed in claim 1, 2, 3, 4, 5, 6 or 7 comprising a fiber/resin

volume fraction in the range of at least about 50%.
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15. A conposite core as clained inclaim1, 2, 3, 5 or 6 wherein said
conposite core conprises a hybridized concentric core havi ngd AfCT raB08r
carbon/thernosetting resin layer and an outer glass fiber/thernosetting
resin layer. 16. A conposite core as clainmed inclaiml, 2, 6, 7 or 8

wh d
17eri| (r:]o?rglom E[AQLQ)?H rogﬂgg&gtgt%]faggﬁﬁ%ﬂl lgPaFn?’ 143'3(238 7 ‘%’%&l%erel n sal d

out er core anditmaifcit leastraboutcd®% by ereighh segnent ed concentrl c core. 18. A
cable as clained in claim2 wherein said at | east one |ayer of alum num
surroundi ng the conposite core conprises a plurality of alum num segnents

wr apped lgrOu%dcdxﬁlﬁ)sﬁ%&ea&@}mrﬂe&ﬁmlﬁmalsﬁﬁas&Qﬂwh@reﬁlﬁid% whecskn a
second layer of a plurality of alum num segnents is wapped around the

core. 20. A cgwpplssetsg lvbnélza@cmcanmaorema&immmcr carbon/th&moggttiffg resing
wherein at |east one er 2 ural j1 um num segnents is

wr apped aroun T caé.‘r0 erﬂass/ﬁ 8 ﬁﬁlagqsggmé&%n %l aimed in claim 20,
wherein a second |ayer of a plurality of alum num segnments is wapped
around the core. 22. A nethod of transmtting electrical power

conpri si Af:  udi wgResitarete g clapnedintipin banﬁo on ewherein gaidiinger andpaterone
| ayer of alum 0 uf & un |n the conposite core, the
corrp05| te core&gghrﬁ“{]&%%%ﬁ%?l Cﬂ 7 OCT 2005 an inner core
consi sting of advanced conposi te rrat erl al conprising at |east one

| ongi tud| naI |y oriented and substantially continuous reinforced fiber

type in theﬁmqsltﬁgorpégﬁﬁ fortin in elaimbLiZe . ¢ oF & vhsrrin said Ayteppore gud said
m)qul us conpo tep d@tf&?rﬁ‘ke 'f%?.lrd ﬁl:é?ﬁ’n@&o Least one longitudinally
BB Frconflil

oriented and NUOUS F el Rforced fiber type in a
thernosetting resin; wherein the conposite core conprises a tensile
strength in the range of at |east
18. A cable as claimed in claim 2 wherein said at least one layer of aluminum
surrounding the composite core comprises a plurality of aluminum segments wrapped

around the core.

19. A cable as claimed in claim 18 wherein a second layer of a plurality of aluminum

segments is wrapped around the core,

20. A composite core as claimed in claims 1, 3, 4,5, 6, 7 or 8 wherein at least one layer

of a plurality of aluminum segments is wrapped around the core.

21. A composite core as claimed in claim 20, wherein a second layer of a plurality of

aluminum segments is wrapped around the core.

22. A method of transmitting electrical power comprising:
using a cable comprising a composite core and at least one layer of aluminum
conductor surrounding the compaosite core, the composite core further

comprising:
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about 160 Ksi (1103 MPa); and transmtting power across the conposite
cable. 23. A conposite core as clained in claim?22, wherein a Hﬁgqmmone
reinforced fiber type conprises a nodulus of elasticity int g nge of
at | east about 22 Msi (151 GPa) coupled with a coefficient of thernal

expansion in the range qﬁiﬁﬁpéﬁrecens?stﬁlg oRa@¥Hncéd cmﬁasﬁe%%ﬁaw&ﬁ?ﬂiéiﬁg at
strength in the range of at |east about 350 Ksi (2413 MPa) and a | east

one reinforced fiber tyjrastaonetlprgiwdinelly eterted ampsubsiangally ecoptisiious strength
in the range of at |east. oyt 1 Ksi (1241 oupled with a
coefficient of thernal %é?(f%gcr?giﬁcl?ﬁ?g'ﬁe?%ae&lregﬁ sgwgr%)rgglguﬁ x 10-6 to about

10 x 10-6 mm C. 24. A gkrbhirtcérs comistinglof Tow oduRis BorPovikehigterialt he
conposite core conprises a fiber/resin ratio in the range of at | east
about 62% by wei ght. 25ComBtfBg abieashpae loagitudnallyerignéad and substantisiptper
comprising the steps of ntmugﬁéfgilﬁgrc@dﬁi) £l MEn YA rrgﬁlfr fiber tows;
guiding the fiber tows t%roug a wet-out process; using - St age oven
and a plurality wherbiughe cgspsitaced cappiitestatendiRpereagtt in damangesst as &ast
fiber tows; andzé’uri ng the conposite core menber. 26. A nmethod as set
forth in claim O%E%H(ﬁ(éh@%tﬂ};&édi s a plate having a plurality of

passageways wher ei ﬂaﬁ&%ﬁﬂ{-}?d%&tal:t%@sﬂg SaReuBNs 1s determ ned by the

. B :
desired cross section cornfiguration 019 tﬁe conposite core. 46 0 7 OCT
2005 27. A nmethod as set forth in claim25 wherein the nunber and type of

fiber to is, determned to peet, physigcal characteristics.in the end
conposi t S or & somMGHF Ffe4s Clegmed inhm & giberedt atipast gugreinfgrpekdiber Yo 3

, dul iseRla@nbduthd OF didtitRFin
)t S0 vt Yamfisdldibd i of IRt P BOBREO DT abod RN 20MI1 51 GPB) L0

about 30 Msi a), an operating tenpeirature in the range
90 to about 286upledwitha cobfficieat ofthpamd eppansioafif thei range offebbhie-Or7atogbowtf0

about O to about .6 10-g mMmC..28. A ne d se th im25

wherein the Spggﬂg@néait%sﬁa stﬁ{g% linég? ratngg\g% gﬁeas?eslbout 556 Rsi &4%1 Nﬁla?an at
least one reinforced fiber type in the outer core comprising a tensile strength in the
range of at least about 180 Ksi (1241 MPa) coupled with a coefficient of thermal
expansion in the range of about 5 x 10°° to about 10 x 10 m/m/C.

24. A method as set forth in claim 22 wherein the composite core comprises a fiber/resin

ratio in the range of at least about 62% by weight.

25.  Method of processing a composite core member comprising the steps of:
providing a predetermined number of fiber tows;
guiding the fiber tows through a wet-out process;
using a B-stage oven and a plurality of bushings spaced apart to shape and
compress said fiber tows; and

curing the composite core member.

26. A method as set forth in claim 25 wherein said guide is a plate having a plurality of
passageways wherein the orientation of passageways is determined by the desired

cross section configuration of the composite core.
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t hrough the wet-out process conprises using a wet-out tank filled with
resin and a pre-heating step prior to wet-out to evaporate WijofFt206% in
the fiber tows. 29. A nethod as set forth in claim25 wherein the wet-out
process further conprises a tank filled with resin and a device to aid

| VLU Bg, N el 3 ATERRYS AR ok Sobbet B PhALEY BBeitBEL B 1 the

wet out fank fi esin conprises a series ers to renove
excess resin fleterminbdtd inbetiphysiddl chaxactetistizd imthesat compoiite coreinaludinga
wherein the step,of shapi an r i the fiber tows further
conpri ses: gufeﬁgl,l,ﬁ-“vt{qﬁlg%?qug}e &ﬁ@ﬂi&ﬁ@ W?)S?HE’- "éd’éeiaé%g’rlaﬁlﬁﬁr@“%%;
gui ding the fhehsthbng 7 (ﬁBﬂo&b@Msﬁ%ﬁé @), 8 efafih Y t@n Y S lreGR MR rafgdd
a series of bushings wherein each bushing in the serres conprises a
plurality of opatat@isghout 830 diand atthermial epansiomsodfficicnigin théiangootabout | ve
series of bushin d ssageways; and using the bushings to formthe
conposite corg.tog%?u?ﬁxn]eﬁ set forth in claim31 wherein the size of
at least a portion of the passageways dim nishes with consecutive

bushings. 47 0 7 OCT 2005 33. A nethod as set forth in claim31 or 32
wherei n 38. | easmethgsastselioferthfin elain g ayhereimthefsteptafgupshing thgdihsy towshanges

with consecut v hi ., 34, A method. as set .forth,i | aj erein
Che v er o o s e WAt pieest o lRDRAN 18 Sbor ol e el Wi Bosih 87 0L
250 F (93 to phokdating dtefpridbto Wetttit BOevapsratethoistiré th the fibkriowis31 wherein
the second B-stage tenperature oven is in the range of about 200 to

about 250 F (93 to about 121 Q 36. A nethod as set forth in claim25
wherein bhe SUCRAba GUL Rkl REISAPOShESIGRE Gt bW dGLs ROIRE LaiSriscdH! di ng
- st age 0

t he conpOSite core rromthe seco enper ure oven curing
oven wherein tdak fillediwicth Rviarant afeeicataidid in seitihgithefibasge of about 330

30, A method as set forth in claim 29 wherein the wet out tank filled with resin

comprises a series of wipers to remove excess resin from the fibers.

31. A method as set forth in claim 27 wherein the step of shaping and compressing the
fiber tows further comprises:

guiding the fiber tows into a first B-stage temperature oven;
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;
guiding the fiber tows through the consecutive series of bushings and
passageways; and

using the bushings to form the composite core.

32. A method as set forth in claim 31 wherein the size of at least a portion of the

passageways diminishes with consecutive bushings.
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(165) to about 370 F (188 C); guiding the conposite core fromthe curing
oven to a cooling zone wherein the cooling zone is in the ramyggﬁfzgggbout
30 (-1) to about 100 F (37 ©; gquiding the conposite core from
cooling zone to a post-cure oven wherein the tenperature of the

post-cur g3 oveg d‘léthbcpast ¢ fIr a1 36113}:9‘39 \%%Qelﬁ 1PRhstl or@&?&’ﬁthé?@slf forl 9188

C); and guiding the conposite core fromthe post-cure oven thtough

cool i ng thempessagdvenysichariges withreensesuttoedbustiingy. air in the range of about 170
(76) to about 180 F (82 Q 37. A nethod as set forth in claim25 wherein
the fibers of the conposite core are selected fromthe group consisting

of carbopg, Kexlméthod@sseh forttiin@$hm A wheréin tROfiRNB-stdgeGethPerafuySdwdn if irBE S,
hi gh perfornance pol yetggp ene and carbon nanofi bers. 38. A nethod as set

forth in cl ai rnggofhent2¢0 torrbored WI(Brto pbeisd2dilg conpri ses processing
speeds in the range of about 9 ft/mn (2.7 neters/mn) to about 50 ft/mn

(15.2 meters/mn). 48 0 7 OCT 2005 39. A conposite core as set forth in

cl ai m 3135.he atpRhed asSel RirltinAMEMCINPhERSia tROsecbed BistdpRrierhpiatutdididhes in
conprises formng one or nore segnents to nake the conposite core. 40. A

conposi te cor@leé@%é{fabwttmolt%a@%?ﬁﬁ)5593/\,1‘:%#@!1?113%@) .step of guiding the
fiber tows further conprises twsting the orientation of the fiber. 41.
A conposite core as set forth in clains 1, 2, 3, 4, 5, 6, 7, or 8 wherein
the fibeB6. or Aanéthbd asset forthiinslatah 2548herein the step of curing the composite core

further comprises:
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
{165) to about 370 F (188 C);
guiding the composite core from the curing oven to a cooling zone wherein
the cooling zone is in the range of about 30 (-1) to about 100 F (37 C);
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 (165) to
about 370 F (188 C); 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 (76) to about 180 F
(82 Q).

37. A method as set forth in claim 25 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 polyethylene and carbon nanofibers.
38. A method as set forth in claim 25 wherein the method of processing comprises

processing speeds in the range of about 9 ft/min (2.7 meters/min) to about 50 ft/min

(15.2 meters/min).
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39.

40.

41.

07 0CT 2003

A composite core as set forth in claim 31 the step of shaping and compressing the
fiber tows further comprises forming one or more segments to make the composite

core.

A composite core as set forth in claim 25 wherein the step of guiding the fiber tows

further comprises twisting the orientation of the fiber.

A composite core as set forth in claims 1, 2, 3, 4, 5, 6, 7, or 8 wherein the fiber

orientation is twisted.
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