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COMMUNICATIONS CABLES WITH OPPOSITELY TWINNED AND
BUNCHED INSULATED CONDUCTORS

Abstract of the Disclosure

A communications cable comprises an elongate cable jacket having an internal
cavity and a plurality of twisted pairs of insulated conductors disposed in the internal
cavity of the cable jacket, each of the conductors being insulated with a polymenc layer.
Each of the insulated conductors within each of the twisted pairs of conductors defines a
twinning helix having a first rotative direction, and each of the twisted pairs defines a
bunching helix having a second rotative direction, the second rotative direction being
opposite that of the first rotative direction. In this configuration, the communications
cable can provide acceptable crosstalk and attenuation performance, even with foamed

insulators that have demonstrated unacceptable performance when twinned and bunched

in the same rotative direction.
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COMMUNICATIONS CABLES WITH OPPOSITELY TWINNED AND
BUNCHED INSULATED CONDUCTORS

Field of the Invention
The present invention relates broadly to communications cable and, more
particularly, to communications cabie containing at least one twisted pair of insulated

conductors.

Background of the Invention

Insulated conductors such as those used in communications cable are often
provided as twisted pairs of insulated conductors having two insulated conductors
twisted, or "twinned", about each other to form a dual conductor group. A typical
assembly for these communications cables comprises two or more twisted pairs of
insulated conductors "bunched" together (i.e., further twisted and in some instances
captured with a binder thread or cable) and contained in a cable jacket. The twisting and
bundling of the conductors can facilitate the installation of the cable and connection
between insulated conductors. Twisted pair conductors are commonly used 1n
applications such as local area network (LAN) cables and wireless cable network
architectures.

One problem associated with communications cable produced with the
conventional twisted pair assembly 1s that crosstalk can occur between twisted pairs of
insulated conductors that can negatively affect the signals transmitted by these
conductors. Crosstalk may especially present a problem in high frequency applications
because crosstalk may increase logarithmically as the frequency of the transmission
increases. Some twisted pairs are sufficiently impacted by crosstalk that insulating
spacers are positioned between pairs within the same cable. See, e.g., U.S. Patent No.
5,969,295 to Boucino et al. Another technique for adjusting crosstalk performance
involves twinning the conductors of different pairs so that they have different lay lengths

and carefully selecting the lay length for bunching.

1-



A

10

CA 02418421 2003-02-03

Attorney Docket No. 9040-19

The 1nsulation employed for conductors is typically a polymeric matenal.
Exemplary insulating materials include, but are not linuted to. polvvinylchlonde,
polyvinylchlonde alloys, polyethylene, polypropylene, and flame retardant matenals
such as fluorinated polymers. Exemplary fluorninated polymers, include but are not
limited to, fluorinated ethylene-propylene (FEP), ethylenetrifluoroethylene (ETFE),
ethylene chlorotrifluoroethylene (ECTFE), perfluoroalkoxypolymers (PFA's) like
tetrafluoroethylene and perfluoropropylvinylether (e.g., Teflon PFA 340), and mixtures
thereof.

In an effort to reduce the weight and cost of insulation, conductors with foamed
polymer insulation, and particularly foamed FEP insulation, have been constructed. The
foaming process introduces air into the dielectric medium. Air having a lower dielectnc
constant increases the velocity of propagation (Vp). Higher Vp typically translates to
improved signal transmission speed for high speed data or communications systems.
However, the resulting foamed medium tends to become more susceptible to crushing
during the twinning and bunching processes. Such crushing can undesirably raise the
capacitance and lower the impedance of the finished cable, which can consequently
degrade attenuation performance. In order to provide foamed dielectric insulation with
sufficient crush resistance to provide adequate cable performance, additional dielectric
material has been required, thereby negating some or all of the weight, cost and
performance advantages of using a foamed dielectric. Accordingly, 1t would be desirable
to provide a cable having a foamed dielectric with acceptable performance properties

while reducing material weight and cost.

Summary of the Invention
The present invention 1s directed to a communications cable and an associated
manufacturing method therefore that can utilize foamed insulators for electrical
conductors and still provide acceptable performance. According to certain embodiments
of the invention, a communications cable comprises: an elongate cable jacket having an
internal cavity; and a plurality of twisted pairs of insulated conductors disposed 1n the
internal cavity of the cable jacket, each of the conductors being insulated with a

polymeric layer. Each of the insulated conductors within each of the twisted pairs of
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conductors defines a twinning helix having a first rotative direction, and each of the
twisted pairs defines a bunching helix having a second rotative direction, the second
rotative direction being opposite that of the first rotative direction. In this configuration,
the communications cable can provide acceptable crosstalk and attenuation performance,
even with foamed insulators that have demonstrated unacceptable performance when
twinned and bunched 1n the same rotative direction.

It 1s preferred that at least one, and more preferably all, of the polymeric layers
are formed of a foamed polymeric matenal (as used herein, a “foamed™ polymeric
material means both foamed and foam skin matenals). It 1s also preferred that the
twinning helices have different lay lengths, and the bunching helix also has a different

lay length.

Brief Description of the Figures

Figure 1 1s a perspective cutaway view of an embodiment of a twinned pair cable
of the present invention.

Figure 2A 1s a section view of the cable of Figure 1 taken along lines 2A—2A
thereof.

Figure 2B 1s a section view of the cable of Figure 1 taken along lines 2B—2B
thereof.

Figure 3 is a perspective cutaway view of another embodiment of a twinned pair
cable of the present invention, wherein the cable includes an insulating spacer.

Figure 4 A 1s a section view of the cable of Figure 3 taken along lines 4A—4A
thereof.

Figure 4B 1s a section view of the cable of Figure 3 taken along lines 4B—4B
thereof.

Figure 5 1s a perspective cutaway view of another embodiment of a twinned pair
cable of the present invention.

Figure 6 1s a graph plotting attenuation as a function of frequency for a cable

sample twinned 1n a counterclockwise direction and bunched 1n a clockwise direction.
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Figure 7 is a graph plotting near end crosstalk as a function of frequency for a
cable sample twinned in a counterclockwise direction and bunched 1n a clockwise
direction.

Figure 8 is a graph plotting attenuation as a function of frequency for a cable
sample twinned in a counterclockwise direction and bunched in a counterclockwise
direction.

Figure 9 is a graph plotting near end crosstalk as a function of frequency for a
cable sample twinned in a counterclockwise direction and bunched in a counterclockwise

direction.

Detailed Description of the Invention

The present invention now will be described more fully hereinafter with reference
to the accompanying drawings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in many different forms and should
not be construed as limited to the embodiments set forth herein. Instead, these
embodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in the art. It will be understood
that when an element (e.g., cable jacket) is referred to as being "connected to" another
clement, it can be directly connected to the other element or intervening elements may
also be present. In contrast, when an element is referred to as being "directly connected
to" another element, there are no intervening elements present. Like numbers refer to
like elements throughout. Some dimensions and thicknesses may be exaggerated for
clanty.

Referring now to the figures, a twinned pair cable, designated broadly at 20, 1s
illustrated in Figures 1, 2A and 2B. The cable 20 comprises two twinned pairs 22, 28 of
conductors, with the first pair 22 including conductors 24, 26 and the second pair 28
including conductors 30, 32. The conductors 24, 26, 30, 32 are covered with,
respectively, insulators 25, 27, 31, 33. The conductors 24, 26, 30, 32 may be a metallic
wire of any of the well-known metallic conductors used in wire and cable apphcations,
such as copper, aluminum, copper-clad aluminum and/or copper-clad steel. Preferably,

the wire 1s 18 to 26 AWG gauge.
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Suitable insulating materials for the insulators 25, 27, 31, 33 include
polyvinylchlonde, polyvinyichlonde alloys, polyethviene, polypropylene, and flame
retardant materials such as fluorninated polymers. Exemplary fluorinated polymers for
use 1n the invention include FEP, ETFE. ECTFE, PFA's, and mixtures thereof.
Exemplary PFA's include copolvmers of tetrafluoroethylene and
perfluoropropylvinylether (e.g., Tetflon PFA 340) and copolymers of tetrafluoroethylene
and perfluoromethylvinylether (MFA copolymers, which are available from Ausimont
S.p.A.). In addition, the material of the insulators 25, 27, 31, 33 may contain
conventional additives such as pigments, nucleating agents, thermal stabilizers, acid
acceptors, processing aids, and/or flame retardant compositions (e.g., antimony oxide).
If desired, the insulating material may not be the same for each twisted pair 22, 28. In
accordance with the present invention, some or all of the insulators 25, 27, 31, 33 may be
formed of polymeric matenals that have been foamed or that have a foam skin structure,
such as FEP or polyethylene. Typically, these matenials are foamed to a density of
between about 50 and 80 percent of their solid volume.

As 1llustrated in Figures 1, 2A and 2B, the conductors 24, 26 of the pair 22 are
twinned about a twin axis T1 and follow a counterclockwise twinning helix when viewed
from the viewing direction indicated 1n Figure 1 and from the vantage point of Figures
2A-2B. Likewise, the conductors 30, 32 of the pair 28 are twinned about a twin axis T2
and follow a counterclockwise twinning helix when view from the viewing direction
indicated in Figure 1 and from the vantage point of Figures 2A-2B. However, the pairs
22, 28 are bunched about a bunching axis B1 and follow a clockwise bunching helix
when viewed from the viewing direction indicated in Figure 1 and from the vantage
point of Figures 2A-2B. It has been discovered that, when conductors with insulation
are helically twinned in one rotative direction and helically bunched in the opposite
rotative direction, there can be reduced crushing of the insulators 25, 27, 31, 33 without
the expected corresponding reduction in cross-talk performance.

Typically, the pairs 22, 28 are twinned such that the "lay length” (defined as the
distance along each conductor required for the conductor to travel one complete
circumference of the helix) of twinning 1s between about 0.25 and 1.0 inches. In some

embodiments, the lay lengths of the pairs 22, 28 will differ from one another (usually by
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about 20 to 50 percent). The pairs 22, 28 are typically bunched so that the lay length of
bunching is between about 2.5 and 6.0 inches.

Those skilled 1n this art will recognize that, although the cable 20 1s illustrated
with pairs 22, 28 being twinned 1n a counterclockwise helix and being bunched in a
clockwise helix, cables can also be constructed with pairs being twinned in a clockwise
helix and bunched in a counterclockwise helix.

The pairs 22, 28 are enclosed within the cavity 35 of a jacket 34. Preferably, the
jacket 34 1s made of a flexible polymer matenal and 1s formed by melt extrusion. As
will be understood by those of skill in the art, any of the polymer matenals
conventionally used in cable construction may be suitably employed; these include, but
are not himited to, polyvinylchlonde, polyvinylchlonde alloys, polyethylene,
polypropylene and flame retardant materials such as FEP or another fluoninated polymer.
Moreover, other materials and/or fabrication methods may be used. Preferably, the cable
jacket 34 is extruded to a thickness of between 15 and 25 mils (thousandths of an inch),
which may facilitate stripping the cable jacket 34 away from the twisted pairs 22, 28.
However, other dimensions may be used. The jacket may overlie one or more optional
shielding layers 36; these are typically formed of a wide variety of known conductive
and/or nonconductive materials such as nonconductive polymeric tape, conductive tape,
braid, a combination of nonconductive polymeric tape, conductive tape and/or braid,
and/or other such materials as will be understood to one of skill in the art using
conventional fabrication techniques.

The cable 20 may be used in a vanety of computer, communication, and
telecommuncation environments, including residential and commercial buildings.

Another cable embodiment of the present invention, designated broadly at 50, 1s
1llustrated in Figure 5. The cable 50 includes four twisted conductor pairs 52, 58, 64,
70, which comprise, respectively, conductors 54 and 56 (insulated by insulators 5§ and
57), conductors 60 and 62 (insulated by insulators 61 and 63), conductors 66 and 68
(insulated by insulators 67 and 69). and conductors 72 and 74 (insulated by nsulators 73
and 75). Like the cable 20 iliustrated in Figures 1, 2A and 2B, the pairs 52, 58, 64, 70
are covered by a jacket 76 and an optional shielding layer 78. The description of the

materials appropriate for use in the conductors, insulators, jacket and shield of the cable

_6-
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20 are equally applicable to these components of the cable 50 and need not be repeated
here.

The pairs 52, 58, 64, 70 are twinned such that they form clockwise helices along
their respective twinning axes T3, T4, TS, T6, and are bunched such that they form
counterclockwise helices along the bunching axis B2. Lay lengths of the twinning and
bunching helices are as described above for the cable 20.

A further cable embodiment of the present invention, designated broadly at 150,
1s illustrated in Figures 3, 4A and 4B. The cable 150 includes four twisted conductor
pairs 152, 158, 164, 170 which compnse, respectively, conductors 154 and 156
(insulated by insulators 155 and 157), conductors 160 and 162 (insulated by insulators
161 and 163), conductors 166 and 168 (insulated by insulators 167 and 169), and
conductors 172 and 174 (insulated by insulators 173 and 175). The cable 150 also
includes a jacket 176 and an optional shielding layer 178. The discussions hereinabove
regarding the materials and construction of the conductors, insulators, jacket and shield
layers are equally applicable to the cabie 150 and need not be repeated here.

Unlike the cable 50, the cable 150 also includes a spacer 151 that extends the
length of the cable 150 and separates the internal cavity of the cable 150 into four
compartments 153a, 153b, 153¢, 153d. Each of the pairs 152, 158, 164, 170 resides in a
respective one of the comparunents 153a, 153b, 153¢, 153d. The spacer 151 1s typically
included in a cable in order to regulate the distance between twisted pairs, which 1n turn
can render crosstalk performance more consistent. Suitable different spacer
configurations and materials are discussed in detail in U.S. Patent No. 5,789,711 to
Gaeris et al., U.S. Patent No. 5,969,295 to Boucino et al. and co-pending and co-assigned
U.S. Patent Application No. 09/591,349, filed June 9, 2000 and entitled Communications
Cables with Isolators; the contents of each of these documents are hereby incorporated
herein by reference 1n their entireties.

The invention will now be described 1n great detail in the following non-limiting

example.
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EXAMPLE 1

Testing was conducted comparing the performance of cables employing

oppositely twinned and bunched conductors with cables having similarly twinned and

bunched conductors.

Two cable samples were constructed, each having four twisted pairs of insulated

conductors and having the specifications set forth in Table 1.

Table 1
B Property Value -
Conductor Dimensions 24 gaupget L
' Conductor Material ) | AWG COppEr Wire -

Insulator Matenal )

—

3 ;airs foam/skin FEP; 1 pair foam/skin PE

— et i

P

Insulator Thickness

[ 0.007 in

Insulator Coaxial Capacitance

im—

FEP 52 min., 57 max; PE 61 (pf/ft)

Cable Length

328 ft

Jacket Matenal

prom

PVC Alloy (plenum raied)

vV

The twisted pairs of each cable were twinned 1n a counterclockwise direction at a

lay length of between 0.45 and 0.8 inches. One cable (Cable 1) was bunched 1n a

clockwise direction at a lay length of 6 inches (such that the twinning and bunching were

1In opposite rotative directions), and the other cable (Cable 2) was bunched in a

counterclockwise direction at a lay length of 6 inches (such that twinning and bunching

were 1n the same rotative direction). The cables were evaluated under testing conditions

set forth in ASTM-D4566-2000.

Results of the evaluations are set forth in Figures 6-9. Figures 6 and 7 are

graphs 1llustrating the performance of Cable 1. Figure 6 1s a plot of cable attenuation as

a function of frequency of Cable 1 and the permissible attenuation per specification.

Figure 6 demonstrates that the plot of Cable 1 falls below the specification (1.e.. 1s

acceptable) for attenuation performance. Figure 7 1s a plot of near end crosstalk as a

function of frequency for Cable | and specification. Figure 7 shows that the plot for

Cable 11s positioned above the specification curve, thereby indicating acceptable

performance. These results compare favorably to Figures 8 and 9, which show that

-8-
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Cable 2, while having acceptable crosstalk performance, was not able to meet the
specification for attenuation.

The foregoing 1s illustrative of the present invention and 1s not to be construed as
limiting thereof. Although a few exemplary embodiments of this invention have been
described, those skilled 1n the art will readily appreciate that many modifications are
possible in the exemplarv embodiments without materially departing from the novel
teachings and advantages of this invention. Accordingly, all such modifications are
intended to be included within the scope of this invention as defined in the claims. The
invention 1s defined by the following claims, with equivalents of the claims to be

included therein.
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That Which is Claimed is:

1. A communications cable, comprising:

an elongate cable jacket having an intemal cavity; and

a plurality of twisted pairs of insulated conductors disposed in the internal cavity

5 of the cable jacket, each of the conductors being insulated with a polymenc layer;

wherein each of the insulated conductors within each of the twisted pairs of
conductors defines a twinning helix having a first rotative direction; and

wherein each of the twisted pairs defines a bunching helix having a second
rotative direction, the second rotative direction being opposite that of the first rotative

10  direction.

2. The communications cable defined in Claim 1, wherein each of the

polymeric layers is formed of a foamed polymeric materal.

15 3. The communications cable defined in Claim 2, wherein the polymeric

material 1s selected from the group consisting of FEP and polyethylene.

4. The communications cable defined in Claim 2, wherein the foamed
polvmeric material 1s foamed to a density of between about 50 and 80 percent of that of

20  the solid polymeric matenal.

5. The communications cable defined in Claim 1, wherein the plurality of

twisted pairs of insulated conductors comprises four pairs of insulated conductors.

25 6. The communications cable defined in Claim 1, wherein lay lengths of the
twinning helices defined by the insulated conductors are between about 0.25 and 1.0

inches.

7. The commumnications cable defined in Claim 6, wherein a lay length of the

30  bunching helix 1s between about 2.5 and &.0 inches.

_10-
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8. The communications cable defined in Claim 1, wherein each of the

twinning helices has a different lay length.

9. The communications cable defined in Claim 1, further comprising an
elongate spacer that divides the internal cavity into compartinents, each of the twinned

pairs of cable residing 1in a separate compartment.

10. The communications cable defined in Claim 1, further comprising a shield

layer underlying the cable jacket.

11. A communications cable, comprising:

an elongate cable jacket having an internal cavity; and

a plurality of twisted pairs of insulated conductors disposed in the internal cavity
of the cable jacket, each of the conductors being insulated with a polymeric layer;

wherein each of the insulated conductors within each of the twisted pairs of
conductors defines a twinning helix having a first rotative direction, each of the twinning
helices having a different lay length; and

wherein each of the twisted pairs defines a bunching helix having a second
rotative direction, the second rotative direction being opposite that of the first rotative
direction, the bunching helix having a different lay length than any of those of the

twinning helices.

12. The communications cable defined in Claim 11, wherein at least one of

the polymeric layers 1s formed of a foamed polymenc matenal.

13.  The communications cable defined in Claim 12, wherein the polymeric

material 1s selected from the group consisting of FEP and polyethylene.

14. The communications cable defined 1n Claim 12, wherein the foamed
polymeric matenal 1s foamed to a density of between about 50 and 80 percent of that of

the solid polymeric matenal.

-11-
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15.  The communications cable defined in Claim 11, wherein the plurality of

twisted pairs of insulated conductors comprises four pairs of insulated conductors.

16. The communications cable defined in Claim 11, further comprising an
elongate spacer that divides the internal cavity into compartments, each of the twinned

pairs of cable residing in a separate compartment.

17. The communications cable defined in Claim 11, further compnsing a

shield layer underlying the cable jacket.

18. A communications cable, comprising:

an elongate cable jacket having an internal cavity; and

a plurality of twisted pairs of insulated conductors disposed 1n the internal cavity
of the cable jacket, each of the conductors being insulated with a polymeric layer, at least
one of the polymeric layers comprising a foamed polymernc maternal;

wherein each of the insulated conductors within each of the twisted pairs of
conductors defines a twinning helix having a first rotative direction; and

wherein each of the twisted pairs defines a bunching helix having a second
rotative direction, the second rotative direction being opposite that of the first rotative

direction.

19.  The communications cable defined in Claim 18, wherein the polymeric

material is selected from the group consisting of FEP and polyethylene.

20. The communications cable defined 1in Claim 18, wherein the foamed

polymeric material is foamed to a density of between about 50 and 80 percent of that of a

solid polymeric maternal.

21.  The communications cable defined in Claim 18, wherein the plurality of

twisted pairs of insulated conductors comprises four pairs of insulated conductors.

-12-
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22. The communications cable defined 1n Claim 18, wherein lay lengths of

the twinning helices defined by the insulated conductors are between about 0.25 and 1.0

inches.

23.  The communications cable defined in Claim 22, wherein a lay length of

the bunching helix 1s between about 2.5 and &.0 inches.

24 The communications cable defined 1in Claim 18, wherein each of the

twinning helices has a different lay length.

25. The communications cable defined in Claim 18, further comprising an

clongate spacer that divides the internal cavity into compartments, each of the twinned

pairs of cable residing 1n a separate compartment.

26.  The communications cable defined in Claim 18, further compnsing a

shield layer underlying the cable jacket.

27. A method of manufacturing a communications cable, comprising:
(a) twisting two insulated conductors about a twinming axis to form a hehical

twisted conductor pair, the helix thereof having a first rotative direction;

(b) repeating step (a) to form a predetermined number of helical twisted
conductor pairs, each of the helices of the helical twisted conductor pairs having the first
rotative direction; and

(c) bunching the predetermined number of helical twisted conductor pairs
about a bunching axis to form a helical bunch of twisted conductor pairs, the helix
formed by the bunch of twisted conductor pairs having a second rotative direction

opposite that of the first rotative direction.

28.  The method defined in Claim 27, further comprising enclosing the bunch

of twisted conductor pairs within a cable jacket.

13-
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29. The method defined in Claim 27, wherein insulation on at least some of

the conductors comprises a foamed polvmeric material.

30.  The method defined 1n Claim 29, wherein the foamed polymeric matenal

1s selected from the group consisting of FEP and polyethylene.

31.  The method defined in Claim 27, wherein lay lengths of the hehices of

each of the twisted conductor pairs are different.

32.  The method defined in Claim 31, wherein a lay length of the helix of the
bunch of twisted conductor pairs has a lay length that differs from that any of the lay

lengths of the twisted conductor pairs.

Smart & Biggar
Ottawa. Canad:
Patent Agents

-14-



CA 02418421 2003-02-03

/1




0000000000000000000

2/ 11




3/ 11




CA 02418421 2003-02-03

4/ 11

s F6. 3







6/ 11




CA 02418421 2003-02-03

7/11

/6



ATT (dB/100.0 m)@20(

100

CA 02418421 2003-02-03

B/ 11

Maximum: 43.9 at 399.00 MHz
Minimum: 0.7 at 0.100 MHz

]

150

200

HG. 6.

250

Frequency(0.100 - 400 MHz; 801 scan points)

300

350

400



NEXT (dB)

CA 02418421 2003-02-03

9/ 11

Maximum: 95.32 at 0.100 MHz
Minimum: 37.80 at 380.50 MHz

50 100 150 200 250 300 350 400
Frequency(0.100 - 400 MHz; 801 scan points)

HE. /.



ATT (dB/100.0 m)@20(

50.0
45.0
40.0

CAD )
_C:D ol
| o >

25.0

CA 02418421 2003-02-03

10/11

Maximum: 46.6 af 396.00 MHz
Minimum: 0.7 at 0.100 MHz

100 150 200 250
Frequency(0.100 - 400 MHz; 801 scan points)

HG. 8

300

!

|

350

400



NEXT (dB)

CA 02418421 2003-02-03

1/ 11

Maximum: 90.98 at 0.100 MHz
1000 __ Minimum: 35.16 at 379.01 MHz

80.0

/0.0

60.0

50.0

40.0

— M I

30.0 A e e et — I_
f
!

20.0 ;

] 0 0 o -—-—4-“-«——__-..._-* S—— —— !I
- J

0.0 - ' ~ f
50 100 150 200 250 300 350 400

Frequency(0.100 - 400 MHz; 801 scan points)

HG. 7






	Page 1 - abstract
	Page 2 - abstract
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - abstract drawing

