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(54) Electrical cable having improved flame retardancy and reduced crosstalk and method for
making

(57) Embodiments of the invention include a flute
(16), a fluted electrical cable (10) and a method for mak-
ing. The flute (16) is made of a perfluoronated resin such
as FEP and is configured with webs (24) arranged to
separate conductive elements within the cable. The
thickness (T) of the individual webs is approximately 10
mils to approximately 30 mils, the overall width (W) of
the flute from the tip of one web to the tip of an opposing
web is approximately 120 mils to approximately 170
mils, and the weight per unit length of the flute is less
than approximately 6.0 grams per meter (g/m). The flute
is foamed or, alternatively, is made with melt fractured.
The fluted electrical cable (10) includes a plurality of
paired conductors (14), a dielectric jacket (12) formed
around the paired conductors, and the inventive flute
(16) configured to separate the paired conductors within
the dielectric jacket. The method for making the electri-
cal cable includes providing the paired conductors, com-
bining the paired conductors with the inventive flute, and
forming a protective dielectric jacket around the paired
conductor/flute combination. In one embodiment, the
method includes forming a foamed flute. In an alterna-
tive embodiment, the method includes forming a melt
fractured flute, for example, by extruding the perfluoro-
nated resin at an extrusion rate that exceeds the critical
shear rate for such material.
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Description

Background of the Invention

1. Field of the Invention

[0001] The invention relates to electrical cabling.
More particularly, the invention relates to electrical ca-
bling having improved flame retardancy and reduced
crosstalk.

2. Description of the Related Art

[0002] Improving the transmission characteristics of
electrical communication cables including local area
network (LAN) cables is an existing challenge among
those in the communications industry. One aspect of im-
proving transmission characteristics is reducing cross-
talk. Conventionally, within electrical cables that contain
a plurality of twisted pairs of individually insulated con-
ductors such as copper wires, many configurations and
techniques have been implemented to reduce crosstalk
between electrically conducting pairs by separating par-
allel and adjacent transmission lines.
[0003] For example, flutes or cross-webs or other suit-
able spacer elements have been included in the electri-
cal cable to maintain sufficient spacing between the con-
ducting pairs and thus reduce crosstalk therebetween.
See, U.S. Patent Nos. 4,920,234 and 5,149,915. Be-
cause typical communications industry electrical cables
include four twisted pair, many flutes are configured as
centrally-located spacer elements with one or more
cross-web sections around which the twisted pairs are
arranged. See, for example, U.S. Patent Nos.
5,132,488; 5,519,173; 5,574,250; and 5,789,711.
[0004] Another concern for electrical cabling, particu-
larly plenum rated cabling and other cabling used in var-
ious indoor applications, is maintaining sufficient flame
retardancy and low smoke characteristics. Electrical
communication cables having insulation materials
formed from fluoropolymers typically must pass stand-
ardized fire tests, for example, the Underwriter's Labo-
ratory Standard 910 test (the Steiner Tunnel test), which
qualifies these cables for use in a plenum space inside
buildings.
[0005] Unfortunately, improving crosstalk within elec-
trical cabling by increasing the spacing between the
twisted pairs using larger and/or thicker flutes or cross-
webs often reduces flame retardancy characteristics of
the cable. For example, when spacer elements are
made of, for example, fluorinated ethylene-propylene
(FEP), and have an average web thickness greater than
approximately 15 mils (0.381 millimeters), the FEP from
the spacer element adds to the existing FEP insulation
of the copper wires and, during burn tests, increases po-
tential pooling of FEP within the cable's dielectric jacket
surrounding the conductive elements. The dielectric
jacket typically is made of poly(vinyl chloride) (PVC) or

other suitable material. During burn tests, the increased
FEP pooling caused by the FEP spacer element often
is sufficient to cause the jacket to breach, which tends
to expose more PVC and often causes the cable to fail
the smoke portion of the burn test.
[0006] Accordingly, what is needed is a spacer ele-
ment for electrical cabling that improves crosstalk with-
out reducing the overall flame and smoke retardancy
characteristics of the cable needed for passing burn test
requirements.

Summary of the Invention

[0007] The invention is as defined by the claims. Em-
bodiments of the invention include an electrical cable
flute and fluted electrical cable. The electrical cable flute
is made of a perfluoronated resin such as fluorinated
ethylene-propylene (FEP) or perfluoroalkoxy polymers
(PFA), and is configured to have a plurality of webs ar-
ranged in such a way that the webs separate various
paired conductive elements within a fluted electrical ca-
ble. The thickness of the individual webs is, for example,
approximately 10 mils (0.254 millimeters) to approxi-
mately 30 mils (0.762 millimeters), the overall width of
the flute as measured from the tip of one web to the tip
of an opposing web is, for example, approximately 120
mils (3.048 millimeters) to approximately 170 mils
(4.318 millimeters), and the weight per unit length of the
flute is, for example, less than approximately 6.0 grams
per meter (g/m). According to an embodiment of the in-
vention, the flute is a foamed flute. According to alter-
native embodiments of the invention, the flute is a melt
fractured flute.
[0008] Embodiments of the invention also include a
fluted electrical cable having a plurality of paired con-
ductors, a dielectric jacket formed around the paired
conductors, and an inventive flute configured to sepa-
rate the paired conductors within the dielectric jacket.
According to embodiments of the invention, the flute is
made of a perfluoronated resin such as FEP and is con-
figured with webs arranged to separate the conductive
elements within the cable. The thickness of the individ-
ual webs is, for example, approximately 10 mils to ap-
proximately 30 mils, the overall width of the flute from
the tip of one web to the tip of an opposing web is, for
example, approximately 120 mils to approximately 170
mils, and the weight per unit length of the flute is, for
example, less than approximately 6.0 grams per meter
(g/m). The flute is a foamed flute or, alternatively, a melt
fractured flute.
[0009] Embodiments of the invention also include a
method for making a flute used, for example, in a fluted
electrical cable. The method includes extruding a per-
fluoronated resin such as FEP from an extruder in such
a way that the flute has webs, for example, approximate-
ly 10-30 mils thick, an overall width from the tip of one
web to the tip of an opposing web of, for example, ap-
proximately 120 mils to approximately 170 mils, and a
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weight per unit length of less than, for example, approx-
imately 6.0 grams per meter (g/m). The method also in-
cludes extruding the flute in such a way that the flute is
configured to separate conductor elements within the
electrical cable. In one embodiment, the method in-
cludes forming a foamed flute. Alternatively, the method
includes forming a melt fractured flute, for example, by
extruding the perfluoronated resin at an extrusion rate
that exceeds the critical shear rate for such material.
[0010] Embodiments of the invention also include a
method for making an electrical cable having a plurality
of paired conductors separated by an inventive flute,
and a dielectric jacket formed around the paired con-
ductors and the inventive flute. The method includes
providing the paired conductors, forming the inventive
flute between the plurality of paired conductors, and
forming a dielectric jacket around the paired conductors
and the flute. The flute is a foamed flute made, for ex-
ample, by extrusion molding a perfluoronated resin such
as FEP. Alternatively, the method includes forming a
melt fractured flute, for example, by extruding the per-
fluoronated resin at an extrusion rate that exceeds the
critical shear rate for such material.

Brief Description of the Drawings

[0011] In the drawings:

Fig. 1 is a cross-sectional view of a conventional
electrical cable capable of employing embodiments
of the invention;
Fig. 2 is a photograph of a conventional flute in a
cross-section taken at approximately 38x magnifi-
cation;
Fig. 3 is a photograph of a flute according to em-
bodiments of the invention in a cross-section taken
at approximately 38x magnification;
Fig. 4 is a photograph of a flute according to alter-
native embodiments of the invention in a cross-sec-
tion taken at approximately 38x magnification; and
Fig. 5 is a simplified block diagram of a method for
making a flute and a fluted cable according to em-
bodiments of the invention.

Detailed Description

[0012] In the following description, similar compo-
nents are referred to by the same reference numeral to
enhance the understanding of the invention through the
description of the drawings.
[0013] Although specific features, configurations and
arrangements are discussed hereinbelow, it should be
understood that such is done for illustrative purposes
only. A person skilled in the relevant art will recognize
that other steps, configurations and arrangements are
useful without departing from the spirit and scope of the
invention.
[0014] Electrical communication cables typically com-

prise a plurality of paired conductive elements such as
twisted pairs of copper wire having insulation for the in-
dividual wires forming the pairs, and a protective dielec-
tric jacket surrounding the group of conductive pairs.
Many electrical cables also use a flute or cross-web or
other spacer element to provide spacing between the
conductive element pairs within the jacket. In this man-
ner, crosstalk is reduced by separating parallel and ad-
jacent transmission lines in an electrical cable.
[0015] Electrical cables for use, for example, as ple-
num cables, and for other indoor applications typically
have flame retardancy and low smoke requirements, as
set by an authority such as the Underwriters Laboratory
Incorporated or Intertek Testing Services. For example,
cables passing the UL-910 test (the Steiner Tunnel test)
are considered plenum rated. Because of the UL-910
bum test requirements, many plenum cables use mate-
rials that are relatively flame retardant and that produce
relatively low smoke. For example, such materials are
used for individually insulating the copper wires or other
conductive elements that form the twisted pairs. Also,
such materials are used for spacer elements. Such ma-
terials include fluoropolymers such as fluorinated ethyl-
ene-propylene (FEP), ethylenechlorotrifluoroethylene
(ECTFE), perfluoroalkoxy polymers (PFA), poly-
tetrafluoroethylene (PTFE) and poly(vinyl chloride)
(PVC).
[0016] Referring now to Fig. 1, shown is an electrical
cable 10 having a conventional arrangement, as just dis-
cussed. The electrical cable 10 comprises a jacket 12,
made of a suitable polymeric material, surrounding four
pair of individually insulated conductors or conductive
elements 14 separated by a flute or spacer element 16.
The individually insulated conductor pairs typically com-
prise twisted pairs of copper wire 18 individually insulat-
ed with FEP or PFA insulation 22. The flute 16 is made
of a suitable dielectric material such as FEP, ECTFE,
PFA, PTFE or PVC. The dielectric jacket is made of, for
example, low smoke polyvinyl chloride (LSPVC), ECT-
FE or other suitable material.
[0017] To reduce crosstalk within the cable 10, the
flute 16 has a plurality of webs or fins 24 arranged to
maintain substantially constant spacing between the
conductor pairs 14 along the length of the electrical ca-
ble 10. Typically, when only two of four twisted pairs are
active, alternating conductor pairs often are active to re-
duce crosstalk. In this manner, a certain degree of spac-
ing for reducing crosstalk is inherent in the specific ar-
rangement of the electrical cable.
[0018] Conventionally, the flute 16 has an overall
width, defined herein for purposes of discussion herein
as the distance from the tip of one web to the tip of an
opposing web. The overall width of the flute 16 is shown
generally as W. Also, the webs have a thickness, de-
fined herein for purposes of discussion herein as the dis-
tance from the surface of one side of the web through
the web to the surface of the opposing side of the web.
The thickness of the web is shown generally as T.
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[0019] Although FEP is advantageous for purposes of
reducing crosstalk and for having advantageous bum
test characteristics, having too much FEP within the ca-
ble 10 is disadvantageous. For example, according to
embodiments of the invention, FEP flutes with an aver-
age web thickness greater than approximately 14 mils
(that is, 0.015 inches or 0.381 millimeters) typically have
a sufficient amount of FEP to cause a breach of the di-
electric jacket during burn tests by pooling and combin-
ing with pooled FEP from the conductive element FEP
insulation 22. As discussed hereinabove, breaching the
dielectric jacket exposes a greater amount of PVC dur-
ing the burn test, which exposure often causes smoke
failures for the cable during UL910 or NFPA 90A burn
tests.
[0020] Embodiments of the invention are based on
the realization that flutes and other spacer elements are
effectively increased in size for improving crosstalk with-
out correspondingly increasing the volume or amount of
flute material in the electrical cabling, which additional
volume often contributes adversely to failed burn test
characteristics. Thus, embodiments of the invention are
based on flutes that effectively are larger, wider and
thicker, but generally are less dense (more porous) that
conventional flutes.
[0021] According to embodiments of the invention, a
foamed, perfluoronated resin flute or cross-web is used
in electrical cables, for example, the cable 10 shown in
Fig. 1. The foamed, perfluoronated resin flute, which
typically comprises gas-filled cells throughout its mass,
has a density less than conventional, non-foamed flutes.
Thus, according to embodiments of the invention, it is
possible for electrical cables to use thicker but less
dense, foamed flutes, which do not disadvantageously
increase the amount of FEP or other perfluoronated res-
in within the electrical cable. Accordingly, the increased
size of the foamed flute improves crosstalk spacing with-
out adding additional perfluoronated resin in the cable
that might otherwise contribute to increased smoking
during burn tests.
[0022] The foamed flute is made, for example, by a
conventional process such as continuous extrusion or
other suitable process. In conventional continuous ex-
trusion processes, foamed flutes are made by feeding
a thermoplastic resin or other suitable material into an
extruder and, through the shearing action of one or more
extruder screws, melting the resin continuously in the
barrel of the extruder. A chemical nucleating agent such
as boron nitrate or other suitable material is dispersed
throughout the particulate resin in powder form before
the resin is fed to the extruder. The extruder screw then
mixes and disperses the nucleating agent uniformly in
the molten resin. In an intermediate or mixing section of
the extruder, a gas such as nitrogen or carbon dioxide
is injected into the molten resin. The molten mixture is
forced through a die, then undergoes decompression to
atmospheric pressure so that the gas expands out from
the nucleating agent within the body of material as bub-

bles (cells) and a foamed shape is produced. The size
of the cells within the foamed flute varies, for example,
from relatively large cells having diameters greater than
approximately 10 microns (µm) to microcells having di-
ameters less than approximately 10 µm.
[0023] According to alternative embodiments of the
invention, a melt fractured, perfluoronated resin flute or
cross-web is used in electrical cables, for example, the
cable 10 shown in Fig. 1. More specifically, alternative
embodiments of the invention include a flute or cross-
web made of a perfluoronated resin such as FEP, and
includes melt fracture characteristics on its surface.
[0024] Flutes made of FEP and/or other polymer ma-
terials are manufactured, for example, by continuous
extrusion processes, in which the polymer material is
pumped, for example, with an extrusion screw, through
an extrusion die that shapes the polymer as desired. As
the polymer is pumped through the extrusion die, the
polymer undergoes a wide range of shear rates. As long
as the extrusion rate remains below a value known as
the critical shear rate, the extruded material will not be
subjected to shear rates that cause a phenomenon
know as melt fracture.
[0025] Melt fracture is a general term used by the pol-
ymer processing industry to describe a variety of extru-
date irregularities during extrusion of molten polymers
through extrusion dies. As discussed, melt fracture oc-
curs when the extrusion rate exceeds the critical shear
rate. As long as the extrusion rate remains below the
critical shear rate, the surface of the extruded material
generally is relatively smooth and glossy. However, at
extrusion rates above the critical shear rate, the extrud-
ed material begins to exhibit loss of surface gloss
(known as surface melt fracture). The loss of gloss is
due to fine scale roughness of the surface of the extrud-
ed material, which roughness is observable under a mi-
croscope at moderate magnification (20-40x). The
roughness is the result of surface irregularities in the
form of closely spaced circumferential ridges along the
surface of the extruded material. In a more severe form,
the roughness resembles'what is generally known as
"sharkskin". Moreover, as the extrusion rate increases
even further, the extruded material exhibits additional
irregularities not limited to the surface (known as gross
melt fracture).
[0026] In extrusion processes, the extrusion rate is a
function of several process parameters, including, for
example, line speed, production output, extruder tem-
peratures and tooling design such as the shape of the
extrusion die. Accordingly, varying one or more of these
parameters determines whether the extrusion rate ap-
proaches and/or exceeds the critical shear rate for the
given extruded material. Thus, the extent of melt frac-
ture on the extruded material is affected by the various
processing parameters.
[0027] In conventional continuous extrusion process-
es, melt fracture of extruded materials is undesirable,
for example, for aesthetic purposes and other reasons.
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Thus, continuous extrusion processing parameters con-
ventionally are set to increase or even maximize pro-
duction (that is, extrusion rate) without sacrificing the
smoothness of the extruded material (that is, reduce or
minimize melt fracture). For example, a number of U.S.
Patents disclose methods for reducing and/or eliminat-
ing melt fracture within continuous extrusion processes.
See, for example, U.S. Patent Nos. 4,522,776;
5,204,032 and 4,321,229.
[0028] However, according to alternative embodi-
ments of the invention, a flute or cross-web used in elec-
trical cables, for example, the cable 10 shown in Fig. 1,
is made of a perfluoronated resin such as FEP or per-
fluoroalkoxy polymers (PFA), and includes melt fracture
characteristics on its surface. In this manner, the rough-
ened flute surface effectively increases the size of the
flute webs (and thus works to increase the spacing be-
tween conductive elements in the electrical cable) with-
out actually increasing the size and amount of flute ma-
terial used in making the flute. In this manner, crosstalk
is reduced by the increased spacing between the con-
ductor pairs. The method for making such an apparatus
according to embodiments of the invention includes ex-
truding the perfluoronated resin flute at an extrusion rate
greater than the critical shear rate for the extruded ma-
terial.
[0029] Referring now to Fig. 2, shown is a photograph
of a cross-section of a conventional flute in a cross-sec-
tion taken at approximately 38x magnification. As
shown, the conventional flute is a relatively solid mate-
rial with relatively smooth surfaces. The flute has a plu-
rality of ribs or cross-webs used for maintaining separa-
tion of the conductive elements such as twisted pairs,
as discussed hereinabove. As can be seen from the
photograph, the surface of the flute is relatively smooth
and glossy. In this manner, the finish is aesthetically ap-
pealing. The overall width of the flute shown is approx-
imately 150 mils (∆x, which extends almost to the tips
of the webs, is 100.0 mils). Again, the width is defined
herein as the distance from the tip of one web to the tip
of an opposing web.
[0030] The average thickness of the webs shown is
approximately 13-14 mils (ny is 13.3 mils). As discussed
previously herein, the thickness is defined as the dis-
tance from the surface of one side of the web through
the web to the surface of the opposing side of the web.
More specifically, for purposes of discussion herein, the
measured thickness of the webs is taken at locations
approximately 50 mils from the center of the flute. Such
locations are marked in Fig. 2 by a vertical line. Accord-
ingly, the distance ∆y at either of the vertical lines is ap-
proximately 13.3 mils. The weight per unit length of the
conventional flute shown is approximately 5.07 grams
per meter (g/m).
[0031] Referring now to Fig. 3, a photograph of a
foamed flute according to embodiments of the invention
is shown. The photograph of the foamed flute, shown in
cross-section, was taken at approximately 38x magnifi-

cation. As can be seen, the foamed flute, which has gas-
filled cells throughout its mass, appears thicker yet less
dense than the conventional flute shown in Fig. 2. Also,
the surface of the foamed flute does not look as smooth
and glossy as that of the conventional flute of Fig. 2,
although such surface roughness is not as significant
as, for example, the surface roughness of a melt fracture
flute (shown in Fig. 4 and discussed hereinbelow).
[0032] Foamed flutes according to embodiments of
the invention have a weight per unit length less than ap-
proximately 6.0 grams per meter (g/m). For example,
the foamed flute of Fig. 3 has a weight per unit length of
approximately 3.6 grams per meter (g/m). This com-
pares advantageously with the 5.07 grams per meter of
the conventional flute shown in Fig. 2 and described
hereinabove. As discussed hereinabove, foamed flutes
made by continuous extrusion processes are made sim-
ilar to conventionally continuous molded flutes except
for the addition of the nucleating agent and its associat-
ed processing.
[0033] Even thought the weight per unit length of the
foamed flute shown in Fig 3 is less than that of the con-
ventional flute shown in Fig. 2, the thickness of the webs
of the foamed flute is approximately 20 mils (∆y is 19.9
mils), which is approximately 33% thicker than the web
thickness of the conventional flute of Fig. 2. In general,
foamed flutes according to embodiments of the inven-
tion have an average web thickness of approximately
10-30 mils. The overall width of foamed flutes according
to embodiments of the invention is approximately
140-150 mils, which compares similarly with an overall
width of approximately 150 mils for the conventional
flute of Fig. 2.
[0034] Accordingly, the foamed flute of Fig. 3 has larg-
er (thicker) webs than a conventional flute and thus im-
proves crosstalk of, for example, conductive elements
positioned between adjacent webs, by increasing the
spacing between twisted pairs. However, as discussed,
even though the volume of the foamed flute is greater
than that of the conventional flute of Fig. 2, the foamed
flute has a weight per unit length similar to or even less
than that of the conventional flute. Thus, the foamed
flute according to embodiments of the invention does
not provide additional FEP to an electrical cable.
[0035] Referring now to Fig. 4, a photograph of a melt
fractured flute according to alternative embodiments of
the invention is shown. The photograph of the melt frac-
tured flute, shown in cross-section, was taken at approx-
imately 38x magnification. It should be noted that the
melt fractured flute shown in Fig. 4 has a weight per unit
length similar to or even less than that of the conven-
tional flute shown in Fig. 2, since the process parame-
ters used to produce the two flutes were similar except
those process parameters used to increase the extru-
sion rate above the critical shear rate in producing melt
fractured flute of Fig. 4.
[0036] Unlike the relatively smooth and glossy sur-
face of the conventional flute shown in Fig. 2, the melt
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fractured flute according to alternative embodiments of
the invention is characterized by a relatively rough sur-
face along the webs.
[0037] Because of the roughened surface, the aver-
age thickness of the webs, at least for purposes of sep-
arating conductor elements within an electrical cable, ef-
fectively has been increased. For example, in Fig. 4, the
effective thickness of the webs shown, on average, is
approximately 20 mils. However, despite the increased
spacing created by the melt fracture flute, its weight per
unit length is approximately the same or even less than
that of the conventional flute shown in Fig. 2. For exam-
ple, the overall width of the melt fractured flute shown
in Fig. 4 is approximately 145 mils and the weight per
unit volume of the melt fractured flute shown in Fig. 4 is
approximately 4.918 grams per meter (g/m). Such prop-
erties compare with the conventional flute of Fig. 2,
wherein the overall width of is approximately 150 mils
and the weight per unit volume is approximately 5.07
grams per meter (g/m).
[0038] Referring now to Fig. 5, shown is a simplified
block diagram of a method 30 for making a flute and a
fluted cable according to embodiments of the invention.
The method 30 includes a first step 32 of providing the
paired conductive elements 14, for example, four twist-
ed pairs of copper wire individually insulated with FEP
or other suitable polymer.
[0039] The next step 34 is to form the flute 16. Accord-
ing to embodiments of the invention, the flute 16 is made
of FEP or other suitable perfluoronated resin such as
PFA. As discussed hereinabove, according to embodi-
ments of the invention, the step 34 forms a foamed flute,
thus effectively increasing the width of the flute 16 and
the thickness of the webs of the flute 16 is without in-
creasing the amount of FEP used in making the flute 16.
Alternatively, the flute 16 is formed so that melt fracture
of the flute 16 occurs, thus effectively increasing the
thickness of the webs of the flute without increasing the
amount of FEP in the flute 16.
[0040] The next step 36 is to configure the flute 16
and the conductor pairs 14 such that the flute 16 pro-
vides spacing between the conductor pairs, for exam-
ple, as shown in Fig. 1. For example, once the flute 16
has been formed, the flute 16 and the conductor pairs
14 are payed out together, for example, in a convention-
al manner, such that the conductor pairs 14 generally
occupy the regions of the flute 16 on either side of the
individual webs 24.
[0041] The next step 38 is to form the dielectric jacket
12 around the conductor pairs 14 and the flute 16, for
example, as shown in Fig. 1. The dielectric jacket 12 is
formed, for example, by extruding a suitable polymeric
material around the conductor pairs 14 and the flute 16,
for example, using a conventional continuous extrusion
process.
[0042] It will be apparent to those skilled in the art that
many changes and substitutions can be made to the em-
bodiments of the electrical cabling flutes and fluted elec-

trical cabling apparatus and methods herein described
without departing from the spirit and scope of the inven-
tion as defined by the appended claims and their full
scope of equivalents.

Claims

1. An electrical cable (10), comprising:

a plurality of paired conductive elements (14);
a dielectric jacket (12) formed around the plu-
rality of paired conductive elements; and
a flute (16) configured to separate at least one
pair of the paired conductive elements from at
least one other pair of the paired conductive el-
ements within the dielectric jacket,
wherein the flute is made of a perfluoronated
resin,

CHARACTERIZED IN THAT

the flute has a plurality of webs (24) having a
thickness (T) within the range from approxi-
mately 10 mils to approximately 30 mils,
the width (W) of the flute from the tip of one web
to the tip of an opposing web is within the range
from approximately 120 mils to approximately
170 mils, and
the flute is less than approximately 6.0 grams
per meter (g/m).

2. The cable as recited in claim 1, wherein the flute
further comprises a foamed perfluoronated resin or
a melt fractured perfluoronated resin.

3. The cable as recited in claim 1, wherein the flute
further comprises a material including one or more
materials selected from the group consisting of
fluorinated ethylene-propylene (FEP), ethyl-
enechlorotrifluoroethylene (ECTFE), perfluoro-
alkoxy polymers (PFA), polytetrafluoroethylene
(PTFE) and poly(vinyl chloride) (PVC).

4. The cable as recited in claim 1, wherein the at least
one pair of conductive elements further comprises
four pair of individually insulated conductive ele-
ments and wherein the flute separates the four pair
of individually insulated conductive elements in
such a way that the pairs of individually insulated
conductive elements generally occupy a different
quadrant within the electrical cable.

5. A flute for use in a fluted electrical cable, the fluted
electrical cable having a plurality of paired electrical
conductive elements and a dielectric jacket formed
therearound, said flute comprising:
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a plurality of webs arranged with respect to one
another in such a way that the webs separate
at least one pair of the paired conductive ele-
ments from at least one other pair of the paired
conductive elements within the dielectric jack-
et,
wherein the thickness of individual webs is with-
in the range from approximately 10 mils to ap-
proximately 30 mils,
wherein the width of the flute from the tip of one
web to the tip of an opposing web is within the
range from approximately 120 mils to approxi-
mately 170 mils,
wherein the flute is less than approximately 6.0
grams per meter (g/m), and
wherein the flute is made of a perfluoronated
resin.

6. The flute as recited in claim 5, wherein the flute fur-
ther comprises a foamed perfluoronated resin or a
melt fractured perfluoronated resin.

7. The flute as recited in claim 5, wherein the flute fur-
ther comprises a material including one or more ma-
terials selected from the group consisting of fluori-
nated ethylene-propylene (FEP), ethylenechlorotri-
fluoroethylene (ECTFE), perfluoroalkoxy polymers
(PFA), polytetrafluoroethylene (PTFE) and poly(vi-
nyl chloride) (PVC).

8. A method for making a flute for use in a fluted elec-
trical cable, said method comprising the steps of:

extruding the flute from an extruder in such a
way that the flute has a plurality of webs with a
thickness within the range from approximately
10 mils to approximately 30 mils, the flute has
a width from the tip of one web to the tip of an
opposing web within the range from approxi-
mately 120 mils to approximately 170 mils, and
the flute has a weight per unit length of less than
approximately 6.0 grams per meter (g/m),
wherein the flute is made of a perfluoronated
resin, and
wherein the flute is configured to separate
paired conductive elements within the electrical
cable.

9. The method as recited in claim 8, wherein the ex-
truding step is performed in such a way that the ex-
trusion rate exceeds the critical shear rate for the
flute.
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