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(57) ABSTRACT 

This invention relates to an aluminum conductor composite 
core reinforced cable and method of manufacture. The 
composite core comprises a plurality of longitudinally 
extending fibers embedded in a resin matrix. The composite 
core comprises the following characteristics: tensile Strength 
ranging from about 250 to about 350 Ksi; a tensile modulus 
of elasticity ranging from about 12 to about 16 Msi; and a 
coefficient of thermal expansion less than or equal to about 
6x10 cm/cm: C. The composite core is further manufac 
tured according to a two die pultrusion System, the System 
comprising tooling designed in accordance with the pro 
cessing Speed, Selection of composite core fibers and resin 
and desired physical characteristics of the end composite 
COC. 
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ALUMINUM CONDUCTOR COMPOSITE CORE 
REINFORCED CABLE AND METHOD OF 

MANUFACTURE 

0001. This patent application is a US Continuation in Part 
application that claims priority to U.S. Continuation in Part 
application Ser. No. 10/971,629 filed on Oct. 22, 2004 which 
claims priority to U.S. Continuation in Part application Ser. 
No. 10/691.447 filed on Oct. 22, 2003 and U.S. Continuation 
in Part application Ser. No. 10/692,304 filed on 23 Oct. 
2003, each of which claims priority to earlier PCT applica 
tion PCT/US03/12520 filed in the International Receiving 
Office of the United States Patent and Trademark Office on 
23 Apr. 2003 which claims priority from U.S. Provisional 
Application Ser. No. 60/374,879 filed in the United States 
Patent and Trademark Office on 23 Apr. 2002, the entire 
disclosure of which is incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The present invention relates to an aluminum con 
ductor composite core (ACCC) reinforced cable and method 
of manufacture. More particularly, the present invention 
relates to a cable for providing electrical power having a 
composite core formed from a plurality of fibers embedded 
in a resin matrix. The components of the composite core are 
Selected to meet predetermined physical characteristics that 
enable the core to carry increased ampacity at elevated 
temperatures without corresponding Sag. 

BACKGROUND OF THE INVENTION 

0003. In a traditional aluminum conductor steel rein 
forced cable (ACSR), the aluminum conductor transmits the 
power and the Steel core is designed to carry the transfer 
load. Conductor cables are constrained by the inherent 
physical characteristics of the components, these compo 
nents limit ampacity. Ampacity is a measure of the ability to 
Send power through the cable. Increased current or power on 
the cable causes a corresponding increase in the conductor's 
operating temperature. Excessive heat will cause the cable to 
sag below permissible levels. Typical ACSR cables can be 
operated at temperatures up to 100° C. on a continuous basis 
without any Significant change in the conductor's physical 
properties related to sag. Above 100 C., ACSR cables suffer 
from thermal expansion and a reduction in tensile Strength. 
These physical changes create excessive line Sag. Such line 
Sag has been identified as one of the possible causes of the 
power blackout in the Northeastern United States in 2003. 
The temperature limits constrain the electrical load rating of 
a typical 230-kV line, strung with 795 kcmil ACSR “Drake” 
conductor, to about 400 MVA, corresponding to a current of 
1000A. Therefore, to increase the load carrying capacity of 
transmission cables, the cable itself must be designed using 
components having inherent properties that allow for 
increased ampacity without inducing excessive line Sag. 
0004 Some of these inherent properties consist of high 
Strength, impact resistance, Stiffness, temperature resistance, 
corrosion resistance and fatigue resistance. Although Some 
components may have high Strength and high Stiffness, these 
components may limit other desirable characteristics of the 
core, for example, flexibility. The composite core must be 
sufficiently flexible to wrap around a winding wheel for 
transport. Another difficulty with high Strength/high StiffneSS 
fibers is that many fiber types are expensive. Thus, to 
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achieve the desired Strength, Stiffness, flexibility and eco 
nomic feasibility. One solution has been to combine these 
fibers with another fiber type to achieve a more balanced set 
of fiber properties to form a hybridized composite core. 
0005. A hybridized composite core comprising two or 
more fibers also suffers from drawbacks resulting from 
inherent physical properties of the core fibers themselves. 
For example, differences in the coefficient of thermal expan 
sion for each fiber type results in a mismatch between fibers 
that may lead to residual stresses within the core. The fibers 
are mismatched because glass is in tension while carbon is 
in compression. It has been shown that degradation begins 
immediately and continues to propagate limiting the life 
span of the composite core in Some cases by up to 75% of 
the achievable lifespan. 
0006. One solution is to design a composite core com 
prised of a Single fiber type. There are many problems 
asSociated with the design of a single fiber type composite 
core. Single fiber type composite cores have been manufac 
tured using a high Strength member Such as carbon, embed 
ded in a resin matrix. However, as noted above, a core of this 
type does not achieve the required flexibility for transpor 
tation. As a result, the core must be manufactured in pie 
shaped Segments and fit together to form a core. Further, 
under certain conditions carbon can react with aluminum 
and cause corrosion of the cable. In a further alternative, 
composite cores manufactured with a low modulus fiber 
Such as conventional glass fiber (e.g., E-glass) contain 
boron. If there is any moisture present in the core boron 
functions as a catalyst to react with the moisture and create 
acid. Subsequently, the acid degrades the fibers and leads to 
failure of the core. In addition, although conventional glass 
fibers can achieve the desired flexibility of the core, con 
ventional glass fibers do not meet the necessary Strength 
requirements. The result is excessive Sagging at high tem 
peratures. 

0007 Accordingly, a need exists for an electrical trans 
mission cable comprising a reinforced composite core load 
bearing element wrapped by a conductor material that is 
capable of consistently operating at temperatures in exceSS 
of 100° C. without inducing excessive sag in the line. Such 
composite core components should further comprise a mate 
rial that approaches the Strength of a carbon fiber and is both 
readily available and economically feasible. 

SUMMARY OF THE INVENTION 

0008 One embodiment of a composite core for an elec 
trical transmission cable is disclosed, comprising a plurality 
of Substantially continuous and longitudinally extending 
fibers embedded in a resin matrix. The fibers of the com 
posite core are Selected to meet certain inherent physical 
properties. Such values include, an impregnated tensile 
strength ranging from about 450 Ksi to about 650 Ksi; a 
tensile modulus of about 12 to about 16 Msi and a coefficient 
of thermal expansion of about 1.6x10 cm/cm: C. to about 
0 cm/cm: C. Fibers comprising these values enable fabri 
cation of an end composite core comprising a tensile 
strength in the range of about 250 to 350 Ksi, a modulus of 
elasticity of about 12 to about 16 Msi and a coefficient of 
thermal expansion less than or equal to about 6x10 
cm/cm: C. and more preferably a coefficient of thermal 
expansion less than or equal to about 3.6x10 cm/cm: C. 
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In this embodiment, the resin matrix comprises a catalyst 
activation temperature of about 200 to about 220 F. and a 
curing temperature ranging from about 240 to about 400 F. 
The composite core is further processed according to a two 
die processing System. 
0009. In another embodiment, a composite core for an 
electrical transmission cable is disclosed comprising a plu 
rality of longitudinally extending fibers embedded in a resin 
forming a fiber/resin matrix. The fiber/resin matrix is pro 
cessed through a first die at about 220 F., a gap at about 
ambient temperature, and cured in a Second die comprising 
a ramped temperature from about 240 F. to about 400 F. 
0010. In a further embodiment, a composite core for an 
electrical transmission cable is disclosed comprising a plu 
rality of longitudinally extending S-2 glass fibers embedded 
in a resin matrix forming a fiber/resin matrix, the fiber/resin 
matrix forming a concentric core. 
0011. In yet another embodiment, a method for process 
ing a composite core for an electrical transmission cable is 
disclosed. The method comprises pulling a plurality of fibers 
through a resin wet-out System, removing exceSS resin, 
pulling the fibers through a first die comprising a tempera 
ture ranging from about 200 to about 240 F., pulling the 
fibers through a gap at about ambient temperature, and 
pulling the fibers through a Second die, the Second die 
having a first and Second end, wherein the temperature 
within the second die ramps from about 220 F. at the first 
end to about 400 F. towards the second end. 

0012. In another embodiment, a composite core for an 
electrical cable comprising a plurality of fibers embedded in 
a resin matrix is disclosed wherein the core is processed 
according to the method of pulling a plurality of fibers 
through a resin wet-out System, removing exceSS resin, 
pulling the fibers through a first die comprising a tempera 
ture ranging from about 200 to about 240 F., pulling the 
fibers through a gap at about ambient temperature, and 
pulling the fibers through a Second die, the Second die 
having a first and Second end, wherein the temperature 
within the second die ramps from about 220 F. at the first 
end to about 400 F. towards the second end. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 illustrates one embodiment of an electrical 
transmission cable comprising a composite core comprised 
of a plurality of fibers embedded in a resin matrix Sur 
rounded by a first and Second layer of aluminum conductor. 
0.014 FIG. 2 illustrates one embodiment of a method to 
fabricate a composite core comprising a plurality of fibers 
embedded in a resin matrix. 

0015 FIG. 3 illustrates an alternate embodiment of 
method to fabricate a composite core comprising a plurality 
of fibers embedded in a resin matrix. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0016 Referring to FIG. 1, there is depicted one embodi 
ment of a composite cable 100 for carrying electricity in a 
power grid. The cable 100 comprises a composite core 104 
surrounded by a first layer of aluminum conductor 106 and 
a second layer of aluminum conductor 108. In this embodi 
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ment, the composite core 104 comprises a plurality of a 
Single fiber type embedded in a resin matrix. The compo 
nents of the core 104, namely, the fibers and the resin, are 
Selected to meet certain physical characteristics in the end 
composite core 104. Generally, the components are Selected 
to achieve a composite core 104 having a Substantially low 
coefficient of thermal expansion, Substantially high tensile 
Strength, the ability to withstand a large range in operating 
temperature, Substantially high dielectric properties, and 
Sufficient flexibility to permit winding on a transportation 
wheel or a transportation drum. Each of these end charac 
teristics should be achieved in the composite core 104. 
0017. In particular, composite cores according to the 
present invention comprise: a tensile Strength ranging from 
about 250 to about 350 Ksi, a modulus of elasticity ranging 
from about 12 to about 16 Msi and more preferably ranging 
from about 13 to about 15 Msi, an operating temperature 
capability above -45 C., and more preferably within the 
range of about 90° C. to about 230 C. and more preferably 
exceeding 230 C, and a coefficient of thermal expansion leSS 
than or equal to about 6x10 cm/cm/°C. and more prefer 
ably less than or equal to 3.6x10 cm/cm/°C. 
0018. In order to operate in a temperature range between 
90° C. to about 230° C., the composite core 104 must fall 
into each of the required ranges for the physical character 
istics outlined, namely, Strength, flexibility and a limited 
thermal expansion. Accordingly, in various embodiments, 
the components of the core must inherently be able to 
achieve each of these physical characteristics. A composite 
core 104 comprised of a single fiber type able to achieve all 
of these physical characteristics has not been conceived. 
0019. Difficulties have been encountered with composite 
cores comprised of more than one fiber type. A composite 
core comprising conventional E-glass and carbon Suffers 
from inherent difficulties. Glass and carbon have different 
coefficients of thermal expansion. The coefficient of thermal 
expansion is a materials fractional change in length for a 
given unit change in temperature. The composite core is 
manufactured by pulling the glass and carbon fibers through 
a resin tank and into a first relatively low temperature die to 
compress and shape the fibers and remove exceSS resin. The 
composite core is then pulled into a Second heated die to 
cure the fiber/resin matrix. Due to the respective coefficient 
of thermal expansion for each glass and carbon, heat causes 
glass to expand while carbon's expansion does not closely 
mirror that of glass. Accordingly, during the cooling process, 
the contracting glass forces the carbon into a compression 
State. Consequently, the differences in the coefficients of 
thermal expansion between glass and carbon results in a 
mismatch between the fibers thereby creating residual 
Stresses within the core. In Some instances, these Stresses can 
lead to premature aging of the core thereby effecting the 
lifespan of the core. Accordingly, a composite core com 
prising two fiber types of differing coefficients of thermal 
expansion has been shown not to be the optimal configura 
tion. 

0020. Although residual stresses are likely eliminated by 
designing a core comprised of a single fiber type, Single fiber 
cores suffer from other inherent difficulties. One example is 
a composite core comprised of E-glass. In particular, E-glass 
often contains boron. Boron acts as a catalyst with any 
moisture within the core to create acid. The acid degrades 
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the fibers and Subsequently causes failure of the core and 
cable. In addition, although a core comprised of E-glass may 
achieve the desired flexibility to permit winding for trans 
portation, the Strength of the fiberS is not Sufficient to prevent 
excessive Sagging of the core. Accordingly, to achieve a 
Single fiber composite core, the fiber type must be Selected 
having a combination of three variables, namely, high tensile 
strength, sufficient flexibility, and a low coefficient of ther 
mal expansion to prevent exceSS Sagging of the cable itself. 
Moreover, the composite core must be able to withstand 
Sagging under extreme conditions Such as ice loading. 
0021 Comparing for example, conventional E-glass 
fibers to S-2 glass fibers, S-2 fibers comprise Superior 
inherent physical characteristics including increased 
Strength, comparable flexibility, lighter weight, and a vastly 
lower coefficient of thermal expansion. Indeed, S-2 fibers 
comprise 85% more tensile Strength in resin impregnated 
strands than conventional glass fiber and delivers 25% more 
linear elastic Stiffness than conventional E-glass or aramid 
fibers. Moreover, S-2 fibers comprise a coefficient of thermal 
expansion about 70% lower than conventional E-glass. 
Additionally, S-2 fibers weigh less than conventional glass 
fiber and deliver better cost performance than aramid and 
carbon fibers. 

0022. Additionally, the fiber diameter achievable for S-2 
glass exceeds that of conventional glass fibers. The nominal 
filament diameter comprises about 6 to about 25 um. Fibers 
of Small filament diameter enable improved bonding 
between the matrix materials. It is preferable to achieve 
about a 70% fiber/resin ratio by volume or a range within 
about 65 to 75%. The Small fiber diameter combined with 
the high Speed processing developed specifically to manu 
facture the composite core, enables tighter compaction with 
maximum fiber/resin coating and minimal air bubbles cre 
ating a core with Superior Strength properties. 

0023. In addition, a composite core comprised of S-2 
glass fibers embedded in a resin matrix have been demon 
Strated to exhibit Similar Sag behavior to that of a composite 
core manufactured with E glass and carbon, the carbon 
providing a low coefficient of thermal expansion. The cal 
culated coefficient of thermal expansion was only slightly 
lower than a conventional glass/carbon core under extreme 
loading conditions without the corresponding problems of 
residual thermal Stresses created by mismatched fibers. 
0024 However, selection of a single fiber type having 
Sufficient inherent physical properties Still does not enable 
fabrication of a composite core that achieves the inherent 
physical characteristics required to carry a heavy load at 
elevated operating temperatures. Accordingly, in one 
embodiment, the composite core is comprised of a fiber 
type, the fiber type comprising the inherent physical char 
acteristics required in the end composite core. In various 
embodiments, two or more of the following aspects of the 
composite core are combined to achieve a composite core 
having the appropriate end characteristics. These aspects 
include, Selection of a fiber type having a defined range of 
Selected inherent physical characteristics, a fiber type having 
a Sufficiently Small diameter to enable Substantial coating of 
each fiber within the fiberbundle that comprises the core and 
further to enable a high fiber/resin fraction, a resin designed 
to Substantially contribute to the fiber type achieving the end 
physical characteristics of the composite core; and a manu 
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facturing method to enable continuous processing and for 
mation of the composite core, and to further enable Substan 
tial coating of each fiber that comprises the composite core 
while minimizing the introduction of air bubbles and incon 
Sistencies, and to Still further enable fast processing of the 
composite core to form a composite core that is economi 
cally feasible. 

0025 To achieve a functional core, two or more of these 
aspects must be combined to achieve a composite core 
comprising a single fiber type. For example, a composite 
core comprised of a carbon fiber embedded in a thermo 
plastic resin has been disclosed. A core of this type cannot 
consistently operate in the range of about 90° C. to about 
230 C. In this embodiment, the core is formed by inter 
mixing thermoplastic resin fibers with carbon fibers and 
heating the fiber-resin bundle to form the core. Theoretically, 
the thermoplastic resin should coat or wet each fiber 
enabling formation of a tightly compressed and compact 
core. However, it has been shown that the resin coats the 
fibers unevenly. Wetting and infiltration of the fibertows in 
composite materials is of critical importance to performance 
of the resulting composite. Incomplete wetting results in 
flaws or dry spots within the fiber composite reducing 
Strength and durability of the composite product. 

0026 Still further, a core comprised of carbon and resin 
is Susceptible to failure due to a galvanic reaction between 
carbon and aluminum. Although carbon is a poor conductor, 
once current is carried through the cable the carbon begins 
to heat. This heating leads to failure of the core. Moreover, 
the reaction between the aluminum and carbon causes the 
aluminum to corrode. Accordingly, a carbon composite core 
is not an effective core. Notwithstanding these inherent 
physical incompatibilities, carbon is difficult if not impos 
Sible and expensive to obtain. AS Such, carbon is not an 
economically feasible Solution. 
0027 S-glass or equivalent type fibers are less suscep 
tible to Strain corrosion than conventional glass fibers. Strain 
corrosion occurs when the ions in the glass disperse and 
cause pitting along the Surface of the composite core. Such 
pitting weakens the core. 
0028. To further protect against strain corrosion and other 
effects caused by moisture penetration of the core, Surface 
coatings may be used to coat the outer Surface of the core. 
Such Surface coatings were disclosed in Continuation in Part 
application Ser. No. 10/971,629 which is incorporated by 
reference herein. In Such embodiments, the core is pulled 
from a first die and wrapped with a protective tape, coating 
or film, as depicted in FIG. 3. Although tape, coating and 
film may be used to describe different embodiments, the 
term film is used herein to Simplify the description and is not 
meant to be limiting. 

0029 FIG. 3 illustrates a system 400 to fabricate a core 
409 further comprising an outer coating. In this embodi 
ment, fibers 402 are pulled through a first die 406. Once the 
core 409 exits the first die 406, the core 409 a coating or 
wrapping is applied to the outer surface of the core 409 in 
the gap between the first die 406 and a second die 418. 
0030. In particular, as shown in FIG. 3, two large rolls of 
tape 408 introduce tape into a first carding plate 410. The 
carding plate 410 aligns the tape parallel to each other 
surrounding the core. The core 409 is pulled to a second 
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carding plate 412. The carding plate 412 function is to 
progressively fold the tape towards the center core 409. The 
core 409 is pulled through a third carding plate 414. Carding 
plate 414 functions to fold the tape towards the center core 
409. Referring again to FIG. 3, the core 409 is pulled 
through a fourth carding plate 416 which functions to further 
wrap the tape around the core 409. Although this exemplary 
embodiment comprises four carding plates, the invention 
may encompass any plurality of plates to encompass the 
wrapping. The area between each die can also be tempera 
ture controlled to assist with resin catalyzation and proceSS 
ing. In this embodiment, once the core 409 is wrapped it is 
pulled into a second die 418. 
0.031 AS described above, selection of appropriate fibers 
alone, that is, Selection of fibers that comprise all of the 
desired physical characteristics of the end composite core 
may not result in a composite core capable of achieving the 
desired physical characteristics and capable of Sustaining 
operation above 90° C. Accordingly, in one embodiment, 
fibers are Selected having particular inherent characteristics 
and combined with a resin also having predetermined physi 
cal characteristics. 

0032. In various embodiments, a smaller fiber diameter 
enables a higher Surface to resin Volume fraction and 
increased bonding within the composite core. Preferably, the 
resin should coat the entire Surface of each fiber in the 
bundle. In addition, the manufacturing process should 
remove exceSS resin and not allow the formation of air 
bubbles within the fiber resin matrix. Accordingly, the 
manufacturing process plays a role in the ability to achieve 
a composite core comprised of a Single fiber type capable of 
operating within the required physical characteristics of the 
end composite core. 
0033. The inherent physical characteristics of the resin in 
the fiber resin matrix contributes to the ability to design a 
Single fiber type composite core comprising the desired 
physical characteristics of the end composite core. In various 
embodiments, the resin should comprise a Viscosity that 
enables coating of the fibers at about ambient temperature 
and further comprises a relatively rapid catalyzation and 
cure rate to function in a high Speed processing environment. 
0034. In further embodiments, the manufacturing method 
contributes to the ability to fabricate a composite core 
comprising the required physical characteristics. In one 
embodiment, the processing method comprises at least a 
resin tank, a first die to activate the resin and compress and 
shape the fiber/resin core, and a Second die at a higher 
temperature than the first die to cure the fiber/resin core. It 
has been determined that Speed of processing may be limited 
by the tackineSS and adhesive properties of the resin matrix. 
That is, at a certain temperature the resin is heated to a 
“tacky' Stage. This Stage translates to a certain lengthwise 
portion of the die where the core may adhere to the inside 
walls of the die. The lengthwise portion depends on the 
Speed of pultrusion through the System, however, this adher 
ence may remove Outer portions of the core and cause 
weaknesses in the core and corrupt the manufacturing pro 
ceSS itself. 

0035. Accordingly, a two die system was developed 
wherein the first die functions to pre-heat the fibers and resin 
to a stage that allows compression of the core, removal of 
exceSS resin and begins catalyzation of the resin. There is a 
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gap between the first and Second die to allow the resin to 
begin catalyzing before entering the Second "curing die. 
The effect of this two die system is to minimize the time in 
the "tacky Stage within the Second die and consequently, 
enables much faster processing. The proceSS is described in 
detail below. 

EXAMPLE 

0036) A particular example embodiment of the invention 
is now described wherein the composite Strength member 
comprises S-2 glass. It is to be understood that the example 
is only one embodiment of the invention and it is not meant 
to limit the invention to this one embodiment. It is noted that 
one skilled in the art will recognize other equivalent embodi 
ments. An example of an S-2 glass is S-2 Glass roving by 
AGY Corporation, the specifications of which are set forth 
in the brochure, "Advanced Materials-Solutions for 
Demanding Applications”, Pub. No. LIT-2004-341 (03/04), 
which may be found at www.agy.com, the contents of which 
are incorporated by reference herein. Compared to Aramid 
and carbon fiber, S-2 Glass fiber offers enhanced high 
performance properties at a lower cost. Moreover, the cater 
nary-free, Single-end roving construction of ZenTron fiber 
for example, translates into more efficient processing for 
composites that are pultruded. A typical fiber roving diam 
eter ranges from about 9-25 lum, and more preferably ranges 
from about 9-15 tim, and most preferably is about 13 lum. 
0037 Compared to conventional glass fiber, S-2 glass 
fiber provides 85% more Strength in resin impregnated 
Strands, better fiber toughness, better impact deformation 
characteristics, and 25% more Stiffness. 

0038. In various embodiments, the composite core diam 
eter ranges from about 0.25 inches to about 0.75 inches. The 
fiber structures in this particular embodiment are for a Drake 
Size core, namely, a core that is 0.375 inches in diameter 
comprises 57 ends of 250 yield AGY S-2 ZenTron fibers. 
The resin used is XU9779 by Huntsman Corporation. Prior 
to processing, the resin generally has a Viscosity of about 
5000 to about 15,000 cps (a 50° C. and an epoxy equivalent 
weight of about 140 to about 180grams/equivalent weight. 
The resin may further comprise at least one mold release 
element. The mold release element comprises a type of 
animal fat and is Selected for a particular melting point. AS 
the resin is heated, the mold release element rises to the 
outside of the core and functions as a lubricant to facilitate 
transmission through the die System. In one embodiment, the 
resin may comprise two or more mold release elements, 
wherein the first mold release element comprises a low 
melting point and the Second element comprises a higher 
melting point to facilitate lubrication of the core in the 
Second high temperature die. 

0039 The processing speeds for a two die system for the 
manufacture of a composite core according to the invention 
may range from about 30 to about 60 inches/min. More 
preferably, the processing Speeds are in the range of about 48 
inches/min. For this example, a processing Speed of 48 
inches/min is used. Generally, as depicted in FIG. 2, one 
embodiment of a system 200 for the fabrication of a com 
posite core 104 comprises a wet-out System (not shown), a 
first die 206, a gap 209 between the first die 206 and a 
Second die 218, and a second die 218 that functions to cure 
the core 104. In operation, the fibers 202 are pulled through 
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a wet out System comprising approximately ambient tem 
perature and into a first fiber guide 204. The temperature of 
the wet-out System must be Sufficiently low So as not to 
begin catalyzation of the resin. The wet-out System may 
further comprise a tank or relatively shallow reservoir of 
resin wherein the fibers may be pulled through the reservoir 
for wetting. The fiber guide 204 separates the fiber rovings 
202 for optimal wet-out. The fibers 202 are then directed 
towards the center and into the first die 206. 

0040. The first die 206 comprises a minimal length of 10 
inches but may extend up to three times this length depend 
ing on the process Speed. For example, to double the line 
Speed in the process, it may be necessary to double the 
length of each die. Preferably, the length of the first die 206 
is approximately 12 inches. 
0041. The temperature of each die is important to the end 
characteristics of the composite core. In this example, the 
temperature range of the first die 206 is preferably from 
about 200 F. to about 240° F and more preferably about 
220 F. The purpose of the first die 206 is to begin the 
catalyzation process of the resin and retain the fiber/resin 
matrix in the beginning Stages of transformation from liquid 
to Solid. For this System, the resin is Specifically designed to 
change from a liquid to a Solid in a short period of time. 
Where the first die exceeds the appropriate temperature 
range, the fiber/resin matrix transitions into a tacky Stage and 
begins to harden. Because the core is being pulled through 
the die at fast Speeds, particles from the exterior portion of 
the core tend to break off and stick to the inside of the die. 
The process not only weakens and adds stresses to the core, 
but further effects additional core Segments being pulled 
through the die. Such particles contribute to System crashes. 
0042. The system further comprises a gap 209 at about 
ambient temperature between the first 206 and second dies 
218. Preferably, the gap 209 ranges from about 4 inches to 
about 20 inches depending on the Speed of processing. More 
preferably, the gap 209 is about 6 inches in length for a 
processing Speed of 48 inches/min. During this phase of 
fabrication, the resin is Still catalyzing outside of the dies 
206 and 218. 

0043. The core 104 is pulled through the gap 209 and into 
a second or downstream die 218 having a first 220 and 
Second end (not shown) and further having a ramped tem 
perature within the die 218. Preferably, the second die 218 
comprises a length ranging from about 30 inches to about 80 
inches depending on the processing Speeds. More preferably, 
the die 218 comprises a length of about 36 inches. Further 
preferably, the temperature ranges from about 230 F to about 
400 F within the die. More preferably, the temperature 
ranges from about 240 F to about 400 F and then drops to 
about 380 F towards the end of the second die 218. The 
ramping of the temperature within the die 218 combined 
with the processing Speed and the pre-catalyzation Step 
effectively reduces the time that the core spends within the 
die 218 in the tacky phase by about 75% thereby translating 
into an approximate 75% decrease in length of the die 218 
that the core 104 may stick to the inner Surface. To further 
combat the tacky Stage, a mold release element may be 
added to the resin System comprising a melting point within 
the ramped temperature range of the die, namely, between 
about 240 F and 400 F. Preferably, the mold release element 
comprises a melting point that coincides with the tacky Stage 
of core curing. 
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0044) The composite core 104 is pulled from the second 
die 218 and into ambient temperature for a distance suffi 
cient to allow the core to cool before entering the gripper 
System. 

004.5 To create a composite core 104 comprising a 
plurality of fibers 202 of a single fiber type, the pre 
processed fiberS 202 are Selected to comprise a coefficient of 
thermal expansion in the range of about 1.6x10 cm/cm C. 
to about 0x10 cm/cm C.; an impregnated strand tensile 
strength in the range of about 450 to about 650 Ksi; and a 
modulus of elasticity of about 12 to about 16 Msi. Moreover, 
the resin is Selected to comprise a catalyzation temperature 
that begins around about 220 F. However, mere selection of 
the appropriate fiber/resin matrix does not enable formation 
of a core comprising the appropriate inherent physical 
properties. The resin Should be further adapted to process at 
predetermined speeds and activation/cure temperatures. 
Accordingly, the Selected fiber/resin matrix is combined 
with predetermined characteristics of the tooling, i.e., the die 
System including temperature ranges and gaps. 

0046. In various embodiments of the invention, the tool 
ing may be adapted to accommodate increased processing 
Speeds. In general, the length of the tooling, i.e., the length 
of the first die, the gap and the Second die, is increased 
linearly with respect to the increased processing Speeds. For 
example, to increase the processing Speed to twice as fast as 
a baseline speed, the tooling lengths (first die, Second die and 
gap between the first and second dies) will have to be 
increased to about twice the baseline lengths. 
0047 Accordingly, in various embodiments, the length of 
the dies 206 and 218 are designed in conjunction with the 
fiber/resin matrix and desired processing Speeds. According 
to the resin properties, the dies are designed to be a certain 
length and temperature. Moreover, the gap between the dies 
is formulated based on the cure time of the resin System. 
Accordingly, the fiber/resin matrix is dependent on the 
processing components and Vice versa. 
0048. 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. 

We claim: 
1. A composite core for an electrical transmission cable, 

the core comprising: 
a plurality of longitudinally extending fibers embedded in 

a resin matrix, the fibers further comprising: 
a tensile Strength ranging from about 450 KSi to about 
650 Ksi; 

a tensile modulus of elasticity ranging from about 12 to 
about 16 Msi; and 

a coefficient of thermal expansion ranging from about 
1.6x10 cm/cm. C. to about 0 cm/cm: C.; 

wherein, the composite core is processed via a two die 
processing System. 

2. A composite core according to claim 1, wherein the 
fibers are S-2 glass fibers. 

3. A composite core according to claim 1, wherein the 
composite core further comprises a tensile Strength ranging 
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from about 250 to about 350 Ksi; a modulus of elasticity 
ranging from about 12 to about 16 Msi; and a coefficient of 
thermal expansion less than or equal to 6x10 cm/cm C. 

4. A composite core according to claim 1, wherein the two 
die System comprises at least a first die, a Second die and a 
gap between the first die and the Second die. 

5. A composite core according to claim 4, wherein the 
length of the first die, the Second die and the gap is 
determined by the processing Speed. 

6. A composite core according to claim 1, wherein the two 
die processing System operates at a Speed of about 48 
inches/min. 

7. A composite core according to claim 6, wherein the two 
die processing System comprises a first die having a length 
in the range of about 10 to about 14 inches, a Second die 
having a length ranging from about 34 to about 38 inches 
and a gap between the first and Second die ranging from 
about 4 to about 8 inches. 

8. A composite core according to claim 1, wherein the 
composite core is manufactured by a two die process System 
the Steps comprising: 

pulling the plurality of fibers through a resin wet-out 
System to form a fiber/resin matrix; 

removing the exceSS resin from the fiber/resin matrix; 
pulling the fibers through a first die comprising a tem 

perature within the range of about 200 to about 240 F.; 
pulling the fibers through a gap at about ambient tem 

perature; and 
pulling the fibers through a Second die, the Second die 

having a first and Second end, wherein the temperature 
within the second die ramps from about 220 F. at the 
first end to about 400 F. towards the second end. 

9. A composite core for an electrical transmission cable, 
comprising a plurality of longitudinally extending S-2 glass 
fibers embedded in a resin to form a fiber/resin matrix, 
wherein the fiber/resin matrix forms a concentric core and 
wherein the composite core comprises a tensile Strength 
ranging from about 250 to about 350 Ksi; a modulus of 
elasticity ranging from about 12 to about 16 Msi; and a 
coefficient of thermal expansion less than or equal to 6x10 
cm/cm: C. 

10. A composite core according to claim 9, wherein the 
core is manufactured using a two die processing System 
comprising at least a first die, a Second die and a gap 
between the first die and the second die. 

11. A composite core according to claim 10, wherein the 
core is processed at a speed of about 48 inches/min and 
wherein the first die comprises a length in the range of about 
10 to about 14 inches, the Second die comprises a length in 
the range of about 34 to about 38 inches, and a gap 
comprises a length in the range of about 4 to about 8 inches. 

12. A composite core according to claim 9, wherein the 
core is manufactured by a process, the Steps comprising: 

pulling the plurality of fibers through a resin wet-out 
System to form a fiber/resin matrix; 

removing the exceSS resin from the fiber/resin matrix; 
pulling the fibers through a first die comprising a tem 

perature ranging from about 200 to about 240 F.; 
pulling the fibers through a gap at about ambient tem 

perature; and 
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pulling the fibers through a Second die, the Second die 
having a first and Second end, wherein the temperature 
within the second die ramps from about 220 F. at the 
first end to about 400 F. towards the second end. 

13. A composite core for an electrical transmission cable, 
the core comprising a plurality of longitudinally extending 
fibers embedded in a resin to form a fiber/resin matrix, 
wherein the fiber/resin matrix is processed through a first die 
at about 220 F., a gap at about ambient temperature and 
cured in a Second die comprising a ramped temperature 
range from about 240° F to about 400° F. 

14. A composite core according to claim 13, wherein the 
composite core further comprises a tensile Strength ranging 
from about 250 to about 350 Ksi; a modulus of elasticity 
ranging from about 12 to about 16 Msi; and a coefficient of 
thermal expansion less than or equal to 6x10 cm/cm: C. 

15. A composite core for an electrical cable comprising a 
plurality of longitudinally extending fibers embedded in a 
resin matrix, wherein the resin matrix further comprises a 
mold release element and wherein the composite core com 
prises a tensile strength ranging from about 250 to about 350 
KSi; a modulus of elasticity ranging from about 12 to about 
16 Msi; and a coefficient of thermal expansion less than or 
equal to 6x10 cm/cm: C. 

16. A composite core according to claim 15, wherein the 
core is manufactured by a process, the Steps comprising: 

pulling the plurality of fibers through a resin wet-out 
System forming a fiber/resin matrix; 

removing the exceSS resin from the fiber/resin matrix; 

pulling the fibers through a first die comprising a tem 
perature ranging from about 200 to about 240 F.; 

pulling the fibers through a gap at about ambient tem 
perature, and 

pulling the fibers through a Second die, the Second die 
having a first and Second end, wherein the temperature 
within the second die ramps from about 220 F. at the 
first end to about 400 F. towards the second end. 

17. A composite core according to claim 15, wherein the 
fibers are S-2 glass fibers. 

18. A method for manufacturing a composite core for an 
electrical transmission cable, comprising: 

pulling the plurality of fibers through a resin wet-out 
System forming a fiber/resin matrix; 

removing the exceSS resin from the fiber/resin matrix; 

pulling the fibers through a first die comprising a tem 
perature ranging from about 200 to about 240 F.; 

pulling the fibers through a gap at about ambient tem 
perature, and 

pulling the fibers through a Second die, the Second die 
having a first and Second end, wherein the temperature 
within the second die ramps from about 220 F. at the 
first end to about 400 F. towards the second end. 

19. A method for manufacturing a composite core for an 
electrical transmission cable according to claim 18, the 
method further comprising the Step of wrapping the core 
with a coating. 
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20. A composite core comprising a plurality of fibers 
embedded in a resin matrix manufactured according to the 
proceSS in claim 18. 

21. A method for manufacturing a composite core accord 
ing to claim 18, the first die comprising a length in the range 
of about 10 to about 14 inches for a processing Speed of 
about 48 inches/min. 

22. A method for manufacturing a composite core accord 
ing to claim 18, the Second die comprising a length in the 
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range of about 34 to about 38 inches for a processing Speed 
of about 48 inches/min. 

23. A method for manufacturing a composite core accord 
ing to claim 18, the gap between the first die and the Second 
die comprising a length in the range of about 4 to about 8 
inches for a processing Speed of about 48 inches/min. 


