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thereof. The first and second conductor members are twisted about one another to form a twisted wire pair having a twist length

that purposefully varies along a length of the twisted wire pair. The method may include: imparting a purposefully varied pretwist to
the wire pair using a wire pair twist modulator; and imparting additional twist to the wire pair using a wire pair twisting device

downstream of the wire pair twist modulator.
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METHODS AND APPARATUS FOR FORMING CABLE MEDIA

_ ABSTRACT

A method for forming a cabling media includes providing a wire pair
including first and second conductor members. Each of the first and second
conductor members includes a respective conductor and a respective insulation cover
surrounding the conductor thereof. The first and second conductor members are
twisted about one another to form a twisted wire pair having a twist length that
purposefully varies along a length of the twisted wire pair. The method may include:
imparting a purposefully varied pretwist to the wire pair using a wire pair twist
modulator; and imparting additional twist to the wire pair using a wire pair twisting

device downstream of the wire pair twist modulator.
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METHODS AND APPARATUS FOR FORMING CABLE MEDIA

FIELD OF THE INVENTION

The present invention relates to cabling media including twisted wire pairs

and, more particularly, to methods and apparatus for forming cabling media including

twisted wire pairs.

BACKGROUND OF THE INVENTION

Along with the greatly increased use of computers for homes and otfices, there
has developed a need for a cabling media, which may be used to connect penipheral
equipment to computers and to connect plural computers and peripheral equipment
into a common network. Today's computers and peripherals operate at ever
increasing data transmission rates. Therefore, there is a continuing need to develop
cabling media that can operate substantially error-free at higher bit rates, but that can
also satisfy numerous elevated operational performance criteria, such as a reduction 1n

alien crosstalk when the cable is in a high cable density application.

Co-pending, co-owned U.S. Patent No. 6,875,928 issued April 5, 2005, entitled
“LOCAL AREA NETWORK CABLING ARRANGEMENT WITH RANDOMIZED
VARIATION?, discloses cabling media including a

plurality of twisted wire pairs housed inside a jacket. Each of the twisted wire pairs
has a respective twist length, defined as a distance wherein the wires of the twisted
wire pair twist about each other one complete revolution. At least one of the
respective twist lengths purposefully varies along a length of the cabling media. In
one embodiment, the cabling media includes four twisted wire pairs, with each

twisted wire pair having its twist length purposefully varying along the length of the

~ cabling media. Further, the twisted wire pairs may have a core strand length, defined

as a distance wherein the twisted wire pairs twist about each other one complete

revolution. In a further embodiment, the core strand length is purposefully vaned
along the length of the cabling media. The cabling media can be designed to meet the
requirements of GAT 5, CAT Se or CAT 6 cabling, and demonstrates low alien and

internal crosstalk characteristics even at data bit rates of 10 Gbit/sec.
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SUMMARY OF THE INVENTION

According to method embodiments of the present invention, a method for

forming a cabling media includes providing a wire patr including first and second
conductor members. Each of the first and second conductor members includes a
respective conductor and a respective insulation cdﬂver surrounding the conductor
thereof. The first and second conductor members are twisted about one another to
form a twisted wire pair having a twist length that purposefully varies along a length
of the twisted wire pair. The method may include: imparting a purposefully varied
pretwist to the wire pair using a wire pair twist modulator; and imparting additional
twist to the wire pair using a wire pair twisting device downstream of the wire pair
twist modulator.

According to further method embodiments of the present invention, a method
for forming a cabling media includes providing a first twisted wire pair including first
and second conductor members and a second twisted wire pair including third and
fourth conductor members. Each of the first, second, third and fourth conductor
members includes a respective conductor and a respective insulation cover
surrounding the conductor thereof. The first and second twisted wire pairs are twisted
about one another to form a twisted core having a twist length that purposefully varies
along a length of the twisted core. The method may include: imparting a 'p'urposefully
varied pretwist to the first and second twisted wire pairs using a core twist modulator;
and 1imparting additional twist to the first and second twisted wire pairs using a core
twisting device downstream of the wire pair twist modulator. '

According to further embodiments of the present inventioﬁ, an apparatus for
forming a cabling media using a wire pair including first and second conductor
members, each of the first and second conductor members including a respective
conductor and a respective insulation cover surrounding the conductor thereof, 1s
provided. The apparatus is adapted to twist the first and second conductor members
about one another to form a twisted wire pair having a twist length that purposefully
varies along a length of the twisted wire pair. The apparatus may include a wire pair
twist modulator adapted to impart a purposefully varied pretwist to the wire pair, and
a wire pair twisting device downstream of the wire pair twist modulator, wherein the

wire pair twisting'device 1s adapted to impart additional twist to the wire pair.
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According to further embodiments of the present invention, an apparatus for
fdrming a cabling media using a first twisted wire pair including first and second
conductor members and a second twisted wire pair including third and fourth
cohductor members, each of the first, second, third and fourth conductor members"
including a respective conductor and a respective insulation cover surrounding the
conductor thereof, 1s provided. The apparatus is adapted to twist the first and second
twisted wire pairs about one another to form a twisted core having a twist length that
purposefully varies along a length of the twisted core. The apparatus may include a
dore twist modulator adapted to impart a purposefully varied pretwist to the first and
second twisted wire pairs, and a core twisting device downstream of the core twist
modulator, wherein the core iwisting device is adapted to impart additional tWist to
the first and second twisted wire pairs.

According to further embodiments of the present invention, a wire pair twist
modulator for forming a cabling media using a wire pair including first and second
conductor members, each of thé first and second conductor members including a
respective conductor and a respective insulation cover surrounding the conductor
thereof, is provided. The wire pair twist modulator is adapted to impart a
purposefully varied twist to the wire pair. The wire pai'r twist modulator may include
an engagement member adapted to engage the wire pair and rotationally oscillate
about a twist axis. ‘

According to still further embodiments of the present invention, a core twist

modulator for forming a cabling media using a first twisted wire pair including first-

“and second conductor members and a second twisted wire pair including third and

fourth conductor members, each of the first, second, third and fourth conddctor B
members including a respective conductor and a respective insulation cover
surrounding the conductor thereof,, is provided. The core twist modulator is adapted
to impart a purposefully varied twist to the first and second twisted wire pairs. The

core twist modulator may include an engagement member adapted to engage the first

and second twisted wire pairs and rotationally oscillate about a twist axis.
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According to one aspect of the present invention, there is provided a
method for forming a cabling media, the method comprising: a) providing a wire pair
including first and second conductor members, each of the first and second
conductor members including a respective conductor and a respective insulation
cover surrounding the respective conductor; and b) twisting the first and second
conductor members about one another to form a twisted wire pair having a twist
length that purposefully varies along a length of the twisted wire pair, including:
imparting a purposefully varied pretwist to the wire pair using a wire pair twist

modulator; and imparting additional twist to the wire pair using a wire pair twisting

device downstream of the wire pair twist modulator.

According to another aspect of the present invention, there is provided
a method for forming a cabling media, the method comprising: a) providing a first

twisted wire pair including first and second conductor members and a second twisted

wire pair including third and fourth conductor members, each of the first, second, third
and fourth conductor members including a respective conductor and a respective
insulation cover surrounding the respective conductor; and b) twisting the first and
second twisted wire pairs about one another to form a twisted core having a twist
length that purposefully varies along a length of the twisted core, including: imparting
a purposefully varied pretwist to the first and second twisted wire pairs using a core
twist modulator; and imparting additional twist to the first and second twisted wire

pairs using a core twisting device downstream of the core twist modulator.

According to still another aspect of the present invention, there is
provided an apparatus for forming a cabling media using a wire pair including first
and second conductor members, each of the first and second conductor members
including a respective conductor and a respective insulation cover surrounding the
respective conductor, wherein the apparatus is adapted to twist the first and second
conductor members about one another to form a twisted wire pair having a twist

length that purposefully varies along a length of the twisted wire pair, the apparatus
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including: a wire pair twist modulator adapted to impart a purposefully varied pretwist

to the wire pair; and a wire pair twisting device downstream of the wire pair twist

modulator, wherein the wire pair twisting device is adapted to impart additional twist
to the wire pair.

According to yet another aspect of the present invention, there is
provided an apparatus for forming a cabling media using a first twisted wire pair
including first and second conductor members and a second twisted wire pair
including third and fourth conductor members, each of the first, second, third and
fourth conductor members including a respective conductor and a respective
insulation cover surrounding the respective conductor, wherein the apparatus is
adapted to twist the first and second twisted wire pairs about one another to form a
twisted core having a twist length that purposefully varies along a length of the
twisted core, the apparatus including: a core twist modulator adapted to impart a
purposefully varied pretwist to the first and second twisted wire pairs; and a core
twisting device downstream of the core twist modulator, wherein the core twisting
device is adapted to impart additional twist to the first and second twisted wire pairs.

According to a further aspect of the present invention, there is provided
a wire pair twist modulator for forming a cabling media using a wire pair including first
and second conductor members, each of the first and second conductor members
including a respective conductor and a respective insulation cover surrounding the
respective conductor, wherein the wire pair twist modulator is adapted to impart a

purposefully varied twist to the wire pair.

According to yet a further aspect of the present invention, there is
provided a core twist modulator for forming a cabling media using a first twisted wire
pair including first and second conductor members and a second twisted wire pair
including third and fourth conductor members, each of the first, secona, third and
fourth conductor members including a respective conductor and a respective

insulation cover surrounding the respective conductor, wherein the core twist

3b
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modulator is adapted to impart a purposefully varied twist to the first and second
twisted wire pairs. '

According to another aspect of the present invention, there is provided
a method for forming a cabling media, the method comprising: providing a wire pair

including first and second conductor members, each of the first and second
conductor members including a respective conductor and a respective insulation
cover surrounding the respective conductor; and twisting the first and second
conductor members about one another to form a twisted wire pair having a twist
length that purposefully varies along a length of the twisted wire pair; wherein the
twist length purposefully varies across an absolute range of at least 0.5% of a
nominal twist length of the twisted pair.

According to still another aspect of the present invention, there Is
provided a method for forming a cabling media, the method comprising: providing a
first twisted wire pair including first and second conductor members and a second
twisted wire pair including third and fourth conductor members, each of the first,
second, third and fourth conductor members including a respective conductor and a
respective insulation cover surrounding the respective conductor; and twisting the
first and second twisted wire pairs about one another to form a twisted core having a
twist length that purposefully varies along a length of the twisted core; wherein the
twist length of the twisted core purposefully varies across an absolute range of
between about 0.1 and 1.0 twists/inch.

According to yet another aspect of the present invention, there is
provided a method for forming a cabling media, the method comprising: providing a
first twisted wire pair including first and second conductor members and a second
twisted wire pair including third and fourth conductor members, each of the first,

second. third and fourth conductor members including a respective conductor and a
respective insulation cover surrounding the respective conductor; and twisting the
first and second twisted wire pairs about one another to form a twisted core having a

twist length that purposefully varies along a length of the twisted core; wherein the

3cC
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twist length of the twisted core purposefully varies over a range of at least 0.5% of a
mean twist rate of the twisted core.

According to a further aspect of the present invention, there is provided
a method for forming a cabling media, the method comprising: providing a first
twisted wire pair including first and second conductor members and a second twisted
wire pair including third and fourth conductor members, each of the first, second, third
and fourth conductor members including a respective conductor and a respective
insulation cover surrounding the respective conductor; and twisting the first and
second twisted wire pairs about one another to form a twisted core having a twist
length that purposefully varies along a length of the twisted core, wherein the twisted
core of the cabling media is twisted in only one direction.

Objects of the present invention will be appreciated by those of ordinary
skill in the art from a reading of the figures and the detailed description of the
illustrative embodiments which follow, such description being merely illustrative of the

15 present invention.

3d
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and constitute a part
of the specification, illustrate some embodiments of the invention and, together with
the description, serve to explain principles of the invention.

Figure 1 is a perspective view of a cable according to embodiments of the
present invention, wherein a jacket thereof is partially removed to show four twisted
wire pairs and a separator of the cable;

Figure 2 is an enlarged, fragmentary, side view of the cable of Figure 1
wherein a portion of the jacket is removed to show a twisted core of the cables;

Figure 3 is a schematic view of a wire pair twisting apparatus according to
embodiments of the present invention;

Figure 4 is a front perspective view of a wire pair twist modulator forming a
part of the apparatus of Figure 3;

Figure 5 is a fragmentary, side elevational view of the wire pair twist
modulator of Figure 4;

Figure 6 is a schematic view of a core twisting apparatus according to
embodiments of the present invention;

Figure 7 is a front plan view of a main gear assembly forming a part of a core
twist modulator of the apparatus of Figure 6;

Figure 8 is a schematic view of a gang twinner apparatus according to
embodiments of the present invention;

Figure 9 is a graph illustrating a lay length distribution corresponding to a
modulation scheme in accordance with embodiments of the present invention and a
lay length distribution corresponding to a wire pair twist scheme in accordance with
the pnor art; and

Figure 10 is a graph illustrating an exemplary modulation sequence 1n

accordance with embodiments of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which illustrative embodiments of the
invention are shown. This invention may, however, be embodied in many different

forms and shouldrnot be construed as limited to the embodiments set forth herein;
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rather, 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.

Like numbers refer to like elements throughout the description. It will be
understood that, as used herein, the term "comprising" or "comprises” 1s open-ended,
and includes one or more stated elements, steps and/or functions without precluding
one or more unstated elements, steps and/or functions. As used herein, the term
"and/or" includes any and all combinations of one or more of the associated listed
items. Except where noted herein, designations of "first, "second,” "third," etc. do not
indicate an order or hierarchy of steps or elements.

In the description of the present invention that follows, the term "downstream"
is used to indicate that certain material (e.g., a conductor member or twisted wire pair)
traveling or being acted upon is farther along in the process than other maternal.
Conversely, the term "upstream" refers to the direction opposite the downstream
direction. '

Figure 1 1llustrates an exemplary cabling media or cable 1 which may be
formed using apparatus and/or methods in accordance with the present invention. The
end of the cable 1 has a jacket 2 removed to show a plurality of twisted wire pairs. .
Specifically, the embodiment of Figure 1 illustrates the cable 1 having a first twisted
wire pair 3, a second twisted wire pair 5, a third twisted wire pair 7, and a fourth
twisted wire pair 9. The cable 1 also includes a separator or strength member 42. The
separator 42 may be formed of a flexible, electrically insulative material such as
polyethylene, for example.

Each twisted wire pair includes two conductor members. Specifically, the first
twisted wire pair 3 includes a first conductor member 11 and a second conductor
member 13. The second twisted wire pair § includes a third conductor member 15
and a fourth conductor member 17. The third twisted wire pair 7 includes a fifth
conductor member 19 and a sixth conductor member 21. The fourth twisted wire pair
9 includes a seventh conductor member 23 and an eighth conductor member 25.

Each of the conductor members 11, 13, 15, 17, 19, 21, 23, 25 is constructed of
an 1nsulation layer or cover surrounding an inner conductor. The outer insulation
layer may be formed of a flexible plastic material having flame retardant and smoke
suppressing properties. The inner conductor may be formed of a metal, such as
copper, aluminum, or alloys thereof. It should be appreciated thét the insulation layer

and inner conductor may be formed of other suitable materials. The inner conductor
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1s substantially continuous and elongated. The insulation layer may also be
substantially continuous and elongated.

As 1llustrated in Figure 1, each twisted wire pair 1s formed by having its two
conductor members continuously twisted around each other. For the first twisted wire
pair 3, the first conductor member 11 and the second conductor member 13 twist
completely about each other, three hundred and sixty degrees, at a first interval w
along the length of the first cable 1. The first interval w purposefully varies along the
length of the first cable 1. For example, the first interval w could purposefully vary
randomly within a first range of values along the length of the first cable 1.
Alternatively, the first interval w could purposefully vary in accordance with an
algorithm along the length of the first cable 1.

For the second twisted wire pair 5, the third conductor member 15 and the
fourth conductor member 17 twist completely about each other, three hundred and
sixty degrees, at a second interval x along the length of the first cable 1. The second
interval x purposefully varies along the length of the first cable 1. For example, the
second interval x could purposefully vary randomly within a second range of values
along the length of the first cable 1. Alternatively, the second interval x could
purposefully vary in accordance with an algorithm along the length of the first cable
1.

For the third twisted wire pair 7, the fifth conductor member 19 and the sixth
conductor member 21 twist completely about each other, three hundred and sixty
degrees, at a third interval y along the length of the first cable 1. The third interval y
purposefully varies along the length of the first cable 1. For example, the third
interval y could purposefully vary randomly within a third range of values along the
length of the first cable 1. Alternatively, the third interval y could purposefully vary
in accordance with an algorithm along the length of the first cable 1.

For the fourth twisted wire pair 9, the seventh conductor member 23 and the
eighth conductor member 25 twist completely about each other, three hundred and
sixty degrees, at a fourth interval z along the length of the first cable 1. The fourth
iterval z purposefully varies along the length of the first cable 1. For example, the
fourth interval z could purposefully vary randomly within a fourth range of values
along the length of the first cable 1. Alternatively, the fourth interval z could
purposefully vary in accordance with an algorithm along the length of the first cable
1.
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Due to the randomness of the twist intervals, it 1s remarkably unlikely that the
twist intervals of an adjacent second cable, even if constructed in the same manner as
the cable 1, would have the same randomness of twists for the twisted wire pairs
thereof as the twisted wire pairs 3, 5, 7, 9 of the first cable 1. Alternatively, if the
twists of the twisted wire pairs are set by an algorithm, it would remarkably unlikely
that a segment of the second cable having the twisted wire pairs would lie alongside a
segment of the first cable 1 having the same twist pattern of the twisted wire pairs 3,
5,7,9.

Each of the twisted wire pairs 3, 5, 7, 9 has a respective second, third and
fourth mean value within the respective first, second, third and fourth ranges of
values. In one embodiment, each of the first, second, third and fourth mean values of
the intervals of twist w, x, y, z is unique. For example, in one of many embodiments,
the first mean value of the first interval of twist w 1s about 0.44 inches; the second
mean value of second interval of twist x 1s about 0.41 inches; the third mean value of
the third interval of twist y is about 0.59 inches; and the fourth mean of the fourth
interval of twist z 1s about 0.67 inches. In one of many embodiments, the first,
second, third and fourth ranges of values for the first, second, third and fourth
intervals of twisted extend +/- 0.05 inches from the mean value for the respective

range, as summarized in the table below:

Pair No. Mean Twist Lower Limit of Upper Limit of
Length Twist Length Twist Length

5 0.360 | 0.460
9

0.596 0.546 0.646
0.670 0.620 0.720

By purposefully varying the results of twist w, x, y, z along the length of the

cabling media 1, 1t 1s possible to reduce internal near end crosstalk (NEXT) and alien
near end crosstalk (ANEXT) to an acceptable level, even at high speed data bit
transfer rates over the first cable 1.

By the purposefully varying or modulating the twist intervals w, x, y, z, the

interference signal coupling between adjacent cables can be randomized. In other
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words, assume a first signal passes along a twisted wire pair from one end to another
end of a cable, and the twisted wire pair has a randomized, or at least varying, twist
pattern. It 1s highly unlikely that an adjacent second signal, passing along another
twisted wire (whether within the same cable or within a different cable), will travel
for any significant distance alongside the first signal 1n a same or similar twist pattern.

Because the two adjacent signals are traveling within adjacent twisted wire pairs

having different varying twist patterns, any interference coupling between the two

adjacent twisted wire patterns can be greatly reduced.

The interference reduction benefits of varying the twist patterns
of the twisted wire pairs can be combined with the tight twist intervals.
Under such circumstances, the interference reduction benefits of the present
invention can be even more greatly enhanced. For example, the first, second,
third and fourth mean values for the first, second, third and fourth twist

intervals w, x, y, z may be set at 0.44 inches, 0.32 inches, 0.41 inches, and

0.35 inches, respectively.

At least one set of ranges for the values of the variable twist intervals w, x, y, z
has been determined that greatly improves the ahien NEXT performance, while
maintaining the cable within the specifications of standardized cables and enabling an
overall cost-effective production of the cabling media. In the embodiment set forth
above, the twist length of each of four pairs is purposefully varied approximately +/-
0.05 inches from the respective‘twisted pair's twist length's mean value. Therefore,
each twist length is set to purposefully vary about +/- (7 to 12) % from the mean value

of the twist length. It should be appreciated that this is only one embodiment of the
invention. It is within the purview of the pfesent inventién that more or fewer twisted
wire pairs may be included in the cable 1 (such as two pair, twenty five pair, or one
hundred pair type cables). Further, the mean values of the twist lengths of respective
pairs may be set higher or lower. Even further, the purposeful variation in the twist
length may be set higher or lower (such as +/- 0.15 inches, +/- 0.25 inches, +/- 0.5
inches or even +/- 1.0 inch, or, alternately stated, the ratio of purposeful vanation in

the twist length to mean twist length could be set a various ratios such as 20%, 50% or
even 75%). .
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Figure 2 is a perspective view of a midsection of the cable 1 of Figure 1 with
the jacket 2 removed. Figure 2 reveals that the first, second, third and fourth twisted
wire pairs 3, 5, 7, 9 are continuously twisted about each other along the length of the
first cable 1. The first, second, third and fourth twisted wire pairs 3, §, 7, 9 twist
completely about each other, three hundred sixty degrees, at a purposefully varied
core strand length interval v along the length of the cable 1. According to some
embodiments, the core strand length interval v has a mean value of about 4.4 inches,
and ranges between 1.4 inches and 7.4 inches along the length of the cabling media.
The varying of the core strand length can also be random or based upon an algorithm.

The twisting of the twisted wire pairs 3, §, 7, 9 about each other may serve to
further reduce alien NEXT and improve mechanical cable bending performance. As
is understood in the art, the alien NEXT represents the induction of crosstalk between
a twisted wire pair of a first cabling media (e.g., the first cable 1) and another twisted
wire pair of a "different" cabling media (e.g., the second cable 44). Alien crosstalk
can become troublesome where multiple cabling media are routed along a common
path over a substantial distance. For example, multiple cabling media are often
passed through a common conduit in a building. By varying the core strand length
interval v along the length of the cabling media, alien NEXT may be further reduced.

With reference to Figure 3, a wire pair twisting apparatus 100 according to
embodiments of the present invention is shown therein. The wire pair twisting
apparatus 100 may be used to form the twisted wire pair 3. The same or similar
apparatus may be used to form the twisted wire pairs §, 7, 9. The wire pair twisting
apparatus 100 includes a wire payoff station 110, a guide plate 120, a wire pair twist
modulator 200, an encoder 170, and a twinner station 140. The conductor members
11, 13 are conveyed (e.g., drawn) from the wire payoff station 110 to the twinner
station 140 in the direction F.

The payoff station 110 includes reels 111, 113 from which the conductor
members 11, 13 are paid off to the guide plate 120. The payoff station 110 may have
a housing 115. The payoff station 110 may include further mechanisms such as one
or more line tensioners, mechanisms to apply a selected constant twist (e.g., a back
twist) to the conductor members 11, 13, or the like. Suitable constructions,

modifications, and options to and for the payoff station 110 will be apparent to those
of skill in the art.- Suitable payoff stations 110 include the DVD 630 from Setic of

France.
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The guide plate 120 may be a simple fixed plate or the like with one or more
eyelets to relatively position and align the conductor members 11, 13. Suitable guide
plates will be apparent to those of skill in the art from the description herein.

With reference to Figures 4 and 5, the conductor members 11, 13 travel from
the guide plate 120 to the wire pair twist modulator 200, where they enter a housing
202 of the modulator 200. The housing 202 may include a closable lid 202A. More
particularly, the conductor members 11, 13 enter the modulator 200 through passages
211A, 213A defined in eyelets 211, 213 mounted 1n a guide plate 210. The eyelets
211, 213 may be formed of a ceramic material, for example. The conductor members
11, 13 are thereafter routed through eyelets of a first modulator subassembly 230, a
second modulator subassembly 250, and a third modulator subassembly 270, as
discussed below.

The modulator 200 includes a motor 212 having cables 222 to connect the
motor 212 to a controller 290. According to some embodiments, the motor 212 1s a
reversible servomotor. The motor 212 has an output shaft with a motor gear 214. An
endless primary drive belt 216 connects the motor gear 214 to a drive shaft 220 via a
gear 222 that is affixed to the drive shaft 220. The drive shaft 220 is rotatably
coupled to a base 203 by mounts 224, which may include bearings.

The first modulator subassembly 230 includes a mount 234 secured to the base
203. A main gear 238 is mounted on the mount 234 by a bearing 239 for rotation
about an axis A-A (Figure 5). The axis A-A may be substantially parallel to the
direction F. A gear 232 is affixed to the drive shaft 220 and an idler puliey 236
(Figure 4) is rotatably mounted on the mount 234. An‘endless drive belt 240 extends
about the gears 232, 238 and the pulley 236 to enable the motor 212 to drive the main
gear 238.

A lay plate 242 is affixed to the gear 238. Eyelets 244, 246 (for example,
formed of ceramic) are mounted in the lay plate 242 and define passages 244 A, 246A.
According to some embodiments, the diameter of the eyelet passages 244A, 246A 1s
between about 33 and 178% greater than the outer diameter of the conductor members
11, 13. A through passage 238A is defined in the gear 238 and a through passage 235
is defined 1n the mount 234.

The second modulator subassembly 250 and the third modulator subassembly
270 are constructed in the same manner as the first modulator subassembly 230

except that the drive shaft gear 252 of the second modulator subassembly 250 has a
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greater diameter than the gear 232 of the first modulator subassembly 230, and the
gear 272 of the third modulator subassembly 270 has a larger diameter than the gear
252 of the second modulator subassembly 250. The first, second and third modulator
subassemblies 230, 250, 270 are arranged in series along the path of the conductor
members 11, 13 as shown.

The conductor members 11, 13 are routed from the passages 211A, 213A.,
through the passages 244A, 246A, through the eyelets 264, 266 (Figure 4) of the
second modulator subassembly 250, through the eyelets 284, 286 (Figure 4) of the
third modulator subassembly 270, and out of the modulator 200.

As the conductor members 11, 13 are conveyed (e.g., drawn by the twinner
station 140) through the lay plates 242, 262, 282, the lay plates 242, 262, 282 are
rotated about the axis A-A. More particularly, the controller 290 operates the motor
212 to rotate the lay plates 242, 262, 282 via the drive shaft 220, the pulleys 232, 252,
272, and the drive belts 240, 260, 280. The lay plates 242, 262, 282 are rotationally
reciprocated or oscillated in both a clockwise direction C and a counter clockwise
direction D (Figure 4). In doing so, the lay plates 242, 262, 282 serve as engagement
members to add or remove twist from the pair of conductor members 11, 13. That is,
the lay plates 242, 262, 282 rotate or de-rotate the conductor members 11, 13 about
one another about the axis A-A. By varying the rotational positions of the lay plates
242, 262, 282 and thereby the conductor members 11, 13 as the conductor members
11, 13 pass through the lay plates, the modulator 200 purposefully varies or modulates
the degree of rotation of the conductor members 11, 13 about one another at the exit
of the modulator 200.

The conductor members 11, 13 exit the modulator 200 as a pretwisted wire
pair 3A. The pretwist of the pretwisted wire pair-3A may be positive (i.e., in the same
direction as the twist of the twisted pair 3), zero or negative (i.e., in a direction
opposite the twist of the twisted pair 3). For example, for a first lengthwise segment
of the wire pair 3A, the conductor members may be twisted clockwise about one
another, followed by a second segment twisted more tightly clockwise, followed by a
third segment twisted clockwise but less tightly, followed by a fourth segment twisted
counterclockwise, and so forth. The segments themselves and the transitions between
the segments may vary smoothly and continuously. The mean twist of the pretwisted |

wire pair 3A may also be positive, zero or negative.
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The controller 290 may be programmed with a modulation sequence that
dictates the operation of the motor 212. The controller 290 may be provided with a
display and input device (e.g., a touchscreen) 292 to program the controller 290 and to
set and review parameters. The modulation sequence may be random or based on an
algorithm. Aécording to some embodiments, the positions of the lay plates 242, 262,
282 are constantly and continuously varied. In accordance with the modulation
sequence, the controller 290 controls the speed and direction of the motor and the
angular distance or the number of turns in. each direction.

The controller 290 may track the linear speed of the conductor members 11,
13 (i.e., the line speed) using the encoder 170 which may be a line speed encoder
conventionally associated with the twinner station 140 or the payoff station 110, for
example. The controller 290 may also monitor the speed of a motor of the payoff
station 110, the motor 212 and/or a motor of the twinner station 140. The controller
290 may be programmed to stop or trip off the payoff station 110, the twinner station
140 and/or the motor 212 if an overtension condition is sensed in the line by
appropriate sensors.

The particular modulation sequence employed will depend on the desired twast
modulation for the twisted pair 3. The modulation sequence employed may depend
on the operation of the twinner station 140. In accordance with some embodiments,
the mean twist of the pretwisted wire pair 3A is zero. According to some
embodiments, the pretwist imparted to the wire pair to form the pretwisted wire pair
3A varies across an absolute range of at least 0.5% of the nominal twist length of the
finished twisted pair 3. According to some embodiments, the pretwist imparted to the
wire pair to form the pretwisted wire pair 3A varies across an absolute range of
between about 1 and 5% of the nominal twist length of the finished twisted pair 3.

Figure 9 graphically illustrates the lay length distribution of a modulation
scheme in accordance with embodiments of the present invention as compared to that
of a conventional wire pair twist scheme. In the case of the conventional wire pair
twist scheme, as represented by the curve S, the distribution of twist length (e.g.,
twists per inch) along the length of the cable will vary only slightly from a prescribed
mean twist length Ty, such variation resulting unintentionally from tolerances in the
apparatus and execution of the process. In the scheme according to embodiments of
the present invention, represented by the curve S04, the distribution of twist length

along the length of the cable varies according to a purposefully wide range. The
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distribution of the curve Speq¢ varies from a minimum twist length T in to @ maximum
twist length Tmax. While the distribution as shown is generally a bell-shaped curve,
the distribution may be tailored as desired by appropriately programming and :
selecting the modulation sequence.

Figure 10 graphically illustrates an exemplary modulation sequence of the lay
plate 242 in accordance with embodiments of the present invention. The curve R
represents the rotational position of the lay plate as a function of the location along
the length of the wire pair passing therethrough. The rotational position as illustrated
varies between a maximum rotational position Pngax, Which may correspond to the
minimum twist length Tyin of Figure 9, and a minimum rotational position Py,
which may correspond to the maximum twist length of Tyax 0f Figure 9. According
to some embodiments, the rotational distance from Pin t0 Pmax 18 between about 1080
and 2160 degrees. The lay plates 262, 282 are correspondingly positioned as a
function of the .lengthwise position of the wire pair but their positions are scaled as a
result of the different gear ratios (i.e., resuiting from the larger diameter gears 252,

272). According to some embodiments, the midpoint between the rotational positions

. Pmax and Ppia corresponds to the zero twist position of the wire pair (i.e., the position

where no twist is present between the guide plate 210 and the lay plate 242).
According to some embodiments, the rotational position Ppi, or the rotational P ey
corresponds to the zero twist position of the wire pair.

Notably, because the gears 232, 252, 272 have different diameters, the lay
plates 242, 262, 282 will rotate at different rates and angular distances and thereby

impart different amounts of twist to the wire pair 3A. In this manner, twist can be

- imparted increasingly as the conductor members 11, 13 pass through the modulator

200 and/or more gradually than if fewer lay plates were employed to impart the same
amount of twist using a faster rate of rotation for a given line speed.

Referring again to Figure 3, the pretwisted wire pair 3A passes from the
modulator 200 to the twinner station 140. The twinner station 140 may be of any
suitable construction and may be of conventional design. Suitable twinners are
available from Kinrei of Japan.

The twinner station 140 includes a frame or housing 142 and a bow 152
mounted on hubs 146, 148 for rotation in a direction T. The pretwisted wire pair 3A
passes through the hub 146, around a pulley 150, and along an arm of the bow 152.
As the bow 152 rotates about the pulley 150, it imparts a twist to the wire pair 3A 1n

13



10

15

20

25

30

CA 02511455 2005-07-05

Attorney Docket: 94  _3

known manner thereby converting the pretwisted wire pair 3A to a twisted wire pair
3B. The twisted wire pair 3B continues around a second pulley 156 and onto a reel
158. As the bow 152 rotates about the pulley 156, it imparts a second twist to the
twisted wire pair 3B, thereby converting the twisted wire pair 3B to the wire pair 3.

According to some embodiments, the twinner station 140 (and, more
particularly, the bow 152 and the pulleys 150, 156) imparts twist to the pretwisted
wire pair 3A at a rate of at least two twists/inch. According to some embodiments,
the twinner station 140 imparts twist to the pretwisted wire pair 3A at a rate (which
may be constant) in the range of from about two to three twists/inch. According to
some embodiments, the rate of twist per unit length (e.g., twists/inch) provided by the
twinner station 140 is substantially constant.

Notably, the twist imparted by the bow 152 and the pulleys 150, 156 1s merely
additive to the twist (positive and/or negative) in the pretwisted wire pair 3A.
Therefore, the twist modulation present in the pretwisted wire pair 3A carries through
to the twisted wire pair 3B and the ultimate twisted wire pair 3. ‘

The twisted wire pair 3 may thereafter be incorporated into a multi-pair cable,
jacketed and/or otherwise used or processed in conventional or other suitable manner.

With reference to Figure 6, a core twisting apparatus 300 according to
embodiments of the present invention is shown therein. The core twisting apparatus
300 may be used td form the core 40 having modulated strand core length. The core
twisting apparatus 300 includes a wire pair payoff station 310, guide plates 321, 323,
a core twist modulator 400, and a buncher or stranding station 360.

The payoff station 310 includes reels 301, 303, 305, 307, 309 from which the
separator 42 and the twisted wire pairs 3, §, 7, 9, respectively, are paid off. The
twisted wire pairs 3, 5, 7, 9, and the separator 42 are directed through the guide plates
321, 323 and to the core twist modulator 400.

The core twist modulator 400 may be constructed in substantially the same
manner as the wire pair twist modulator 200 with suitable modifications to
accommodate the more numerous and larger diameter twisted wire pairs 3, S, 7, 9, and
the separator 42. Referring to Figure 7, a main gear assembly 431 of the modulator
400 1s shown therein. The main gear assembly 431 includes a gear 438 corresponding
to the gear 238 and a modified lay plate 442. The main gear assembly 431 includes
eyelets 441, 444,7445, 446, 447 (e.g., formed of ceramic) defining eyelet passages
441A, 444A, 445A, 446A, 447 A adapted to receive the separator 42 and the twisted
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wire pairs 3, 5, 7, 9, respectively, therethrough. According to some embodiments, the
diameters of the eyelet passages 444A, 445A, 446 A, 447A are between about 11 and
1777 greater than the outer diameters of the twisted wire pairs 3, 5, 7, 9. The lay
plate 442 1s used 1n the modulator 400 in place of the lay plates 242, 262, 282. Other
suitable modifications may be made as necessary to accommodate the increased
number and/or sizes of the lines to be handled by the modulator 400.

The modulator 400 may be operated by a controller in accordance with a
suitable modulation sequence to produce a pretwisted strand or core 40A in the same
manner as described above with respect to the wire pair twist modulator 200. As
discussed above, the modulator sequence may be random or based on an algorithm.
According to some embodiments, the positions of the lay plates 442 are constantly
and continually varied.

According to some embodiments, the pretwist imparted to the wire pair to
form the pretwisted core 40A varies across an absolute range of at least 0.1
twists/inch. According to some embodiments, the pretwist imparted to the wire pair
to form the pretwisted core 40A varies across an absolute range of between about 0.1
and 1.0 twists/inch. According to some embodiments, the range of variation of twist
rate in the pretwisted core 40A is at least 0.5% of the mean twist rate of the core 40,
and according to some embodiments, between about 1 and 10%.

The pretwisted core 40A thereafter passes to the buncher station 360. At the
buncher station 360, the pretwisted core 40A is converted to a twisted core 40B by a
rotating bow 364 and a first pulley 362. More particularly, the twisted pairs 3, 5, 7, 9
are twisted about one another in a manner commonly referred to as "bunching". The
twisted core 40B 1s théreafter converted (by further twisting/bunching) to the ultimate
twisted core 40 by the bow 364 and a second pulley 366 and taken up onto a reel 368.

According to some embodiments, the buncher station 360 (and, more
particularly, the bow 364 and the pulleys 352, 366) imparts twist to the pretwisted
core 40A at a rate of at least 3 inches/twist. According to some embodiments, the
buncher stations 360 imparts twist to the pretwisted core 40A at a rate in the range
from about 2 to 8 inches/twist. According to some embodiments, the rate of twist per

unit length (e.g., twists/inch) provided by the buncher station 360 is substantially

“constant.

Notably, the twist imparted by the bow 364 and the pulleys 362, 366 is merely
additive to the twist (positive and/or negative) in the pretwisted core 40A. Therefore,
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the twist modulation present in the pretwisted core 40A carries through to the twisted
core 40B and the twisted core 40.

The stranded core 40 may thereafter be jacketed or otherwise used or
processed in conventional or other suitable manner.

With reference to Figure 8, a gang twinner apparatus 500 according to
embodiments of the present invention is shown therein, the gang twinner apparatus
S00 may be used to form the cable 1, for example. The gang twinner apparatus 500
incorporates the wire pair twist modulation, twinning, core twist modulation, and
stranding operations of both the wire pair twisting apparatus 100 and the core twisting
apparatus 300.

The gang twinner apparatus 500 includes wire payoft stations S10
corresponding to the wire payoff station 110. The conductor members 11, 13, 15, 17,
19, 21, 23, 25 are routed through respective guide plates 520 and to a respective wire
pair twist modulator 200 as shown. The wire pair twist modulators 200 pretwist the
respective wire pairs in modulated fashion as described above to convert the wire
pairs to pretwisted wire pairs 3A, SA, 7A, 9A. The pretwisted wire pairs 3A, 5A, 7A,
9A thereafter pass to respective twinner stations 540 corresponding generally to the
twinner station 140, which convert the wire pairs 3A, 5A, 7A, 9A to the twisted wire
pairs 3, 5, 7, 9 having modulated twist lengths as described herein.

The separator 42 1s paid off from a payoff station 501. The separator 42 and
the twisted wire pairs 3, 8§, 7, 9 are routed through guide plates 521, 523 and to the
core twist modulator 400. The core twist modulator 400 converts the separator 42 and
the twisted wire pairs 3, §, 7, 9 to the modulated pretwisted core 40. The pretwisted
core 40A 1s passed through a buncher S60 corresponding to the buncher station 360,
which converts the pretwisted core 40A to the core 40.

The core 40 is thereafter passed through a jacketing station 570 where the
jacket 2 1s applied over the core 40. The jacketing station 570 may be, for example,
an extrusion production line. Suitable jacketing lines include those available from
Rosendahl of Australia. The jacketed cable 1 may thereafter be taken up on a reel
§75.

The various components of the apparatus 500 may form a continuous line
process. Alternatively, some of the operations and/or components may be separated

from others. Forexample, the jacketing station may be a separate apparatus not in

line with the remainder of the apparatus 500.
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Various modifications may be made to the apparatus and methods described
above. For example, other or additional modulation devices may be employed. The
modulator 200 and/or the modulator 400 may use more or fewer modulator
subassemblies and lay plates. The modulator subassemblies 230, 250, 270 may be
independently controlled and the rotation rates thereof may not be scaled
proportionally. The methods and apparatus for modulating thé twist of the twisted
wire pairs and the methods and apparatus for modulating the twist of the core may be
used separately.

The foregoing is 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 in the art will readily appreciate that many modifications
are possible in the exemplary 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.
Therefore, it is to be understood that the foregoing is illustrative of the present
invention and is not to be construed as limited to the specific embodiments disclbsed,
and that modifications to the disclosed embodiments, as well as other embodiments,
are intended to be included within the scope of the appended claims. The invention 1s

defined by the following claims, with equivalents of the claims to be included therein.
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CLAIMS:
1. A method for forming a cabling media, the method comprising:

a) providing a wire pair including first and second conductor members,
each of the first and second conductor members including a respective conductor

5 and a respective insulation cover surrounding the respective conductor; and

b) twisting the first and second conductor members about one another

to form a twisted wire pair having a twist length that purposefully varies along a length

of the twisted wire pair, including:

imparting a purposefully varied pretwist to the wire pair using a wire pair
10 twist modulator; and

imparting additional twist to the wire pair using a wire pair twisting

device downstream of the wire pair twist modulator.

2. The method of Claim 1 wherein the pretwist imparted by the wire pair
twist modulator to the wire pair varies across an absolute range of at least 0.5% of a

15 nominal twist length of the twisted wire pair.

3. The method of Claim 1 including imparting each of a positive twist and a

negative twist to the wire pair.

4. The method of Claim 1 including engaging the wire pair with an
engagement member and rotationally oscillating the engagement member about a
20 twist axis.

5. The method of Claim 4 including engaging the wire pair with a plurality

of serially arranged engagement members and rotationaily oscillating each of the

engagement members about a respective twist axis.
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6. The method of Claim 5 including rotationally oscillating each of the

engagement members a different angular distance.

7. The method of Claim 1 including imparting a substantially constant rate

of twist per unit length to the wire pair using the wire pair twisting device.

8. The method of Claim 1 including substantially randomly varying the
twist length of the wire pair.

9. The method of Claim 1 including varying the twist length of the wire pair
in accordance with an algorithm.

10. The method of Claim 1, wherein the twisted wire pair is a first twisted
wire pair, further including twisting the first twisted wire pair and a second twisted wire

pair about one another to form a twisted core having a length such that a twist length

of the twisted core purposefully varies along the length of the twisted core.
11. The method of Claim 10 including:

a) imparting a purposefully varied pretwist to the first and second

twisted wire pairs using a core twist modulator; and

b) imparting additional twist to the first and second twisted wire pairs

using a core twisting device downstream of the core twist modulator.

12, The method of Claim 11 including imparting a substantially constant
rate of twist per unit length to the first and second twisted wire pairs using the core

twisting device.

13. The method of Claim 1 including applying a jacket about the twistea

wire pairr.
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14. A method for forming a cabling media, the method comprising:

a) providing a first twisted wire pair including first and second conductor
members andl a second twisted wire pair including third and fourth conductor
members, each of the first, second, third and fourth conductor members including a
respective conductor and a respective insulation cover surrounding the respective

conductor; and

b) twisting the first and second twisted wire pairs about one another to
form a twisted core having a twist length that purposefully varies along a length of the

twisted core, including:

imparting a purposefully varied pretwist to the first and second twisted

wire pairs using a core twist modulator; and

imparting additional twist to the first and second twisted wire pairs using

a core twisting device downstream of the core twist modulator.

15. The method of Claim 14 wherein the pretwist imparted by the core twist
modulator to the first and second twisted wire pairs varies across an absolute range
of at least 0.1 twists/inch.

16. The method of Claim 14 including imparting each of a positive twist and

a negative twist to the first and second twisted wire pairs.

17. The method of Claim 14 including engaging the first and second twisted

wire pairs with an engagement member and rotationally oscillating the engagement

member about a twist axis.

18. The method of Claim 17 including engaging the first and second twisted
wire pairs with a plurality of serially arranged engagement members anad rotationally

oscillating each of the engagement members about a respective' twist axis.
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19. The method of Claim 18 including rotationally oscillating each of the

engagement members a different angular distance.

20. The method of Claim 14 including imparting a substantially constant

rate of twist per unit length to the first and second twisted wire pairs using the core
twisting device.

21. The method of Claim 14 including substantially randomly varying the
twist length of the core.

22. The method of Claim 14 including varying the twist length of the core In
accordance with an algorithm.

23. The method of Claim 14 including applying a jacket about the twisted
core.
24. An apparatus for forming a cabling media using a wire pair including

first and second conductor members, each of the first and second conductor
members including a respective conductor and a respective insulation cover
surrounding the respective conductor, wherein the apparatus is adapted to twist the
first and second conductor members about one another to form a twisted wire pair
having a twist length that purposefully varies along a length of the twisted wire parr,

the apparatus including:

a wire pair twist modulator adapted to impart a purposefully varied

pretwist to the wire pair; and

a wire pair twisting device downstream of the wire pair twist modulator,

wherein the wire pair twisting device is adapted to impart additional twist to the wire

pair.

25. The apparatus of Claim 24 wherein the pretwist imparted by the wire
pair twist modulator to the wire pair varies across an absolute range of at least 0.5%

of a nominal twist length of the twisted wire pair.
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20. The apparatus of Claim 24 wherein the wire pair twist modulator is

adapted to impart each of a positive twist and a negative twist to the wire pair.

27. The apparatus of Claim 24 including an engagement member adapted

to engage the wire pair and rotationally oscillate about a twist axis.

28. The apparatus of Claim 27 wherein the engagement member includes

at least one eyelet to receive the first and second conductor members.

29. The apparatus of Claim 27 including a first eyelet to receive the first

conductor member and a second eyelet to receive the second conductor member.

30. The apparatus of Claim 27 including a plurality of serially arranged
engagement members, wherein each of the engagement members is adapted to

engage the wire pair and rotationally oscillate about a respective twist axis.

31. The apparatus of Claim 30 wherein the wire pair twist modulator Is

adapted to rotationally oscillate the plurality of engagement members different

distances.

32. The apparatus of Claim 24 wherein the wire pair twisting device Is

adapted to impart a substantially constant rate of twist per unit length to the wire pair.

33. The apparatus of Claim 24 including a controller that substantially

randomly varies the twist length of the wire pair.

34. The apparatus of Claim 24 including a controller that varies the twist

length of the wire pair in accordance with an algorithm.

35. The apparatus of Claim 24 including a supply of the first and second

conductor members.

36. The apparatus of Claim 24, wherein the twisted wire pair is a first
twisted wire pair, further adapted to twist the first twisted wire pair and a second

twisted wire pair about one another to form a twisted core having a length such that a
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twist length of the twisted core purposefully varies along the length of the twisted
core.

37. The apparatus of Claim 36 including:

a) a core twist modulator adapted to impart a purposefully varied

pretwist to the first and second twisted wire pairs; and

b) a core twisting device downstream of the core twist modulator,
wherein the core twisting device is adapted to impart additional twist to the first and

second twisted wire pairs.

38. The apparatus of Claim 37 wherein the core twisting device is adapted
to impart a substantially constant rate of twist per unit length to the first and second

twisted wire pairs.

39. The apparatus of Claim 24 including a jacketing device adapted to
apply a jacket about the twisted wire pair.

40. The apparatus of Claim 24, wherein the twisted wire pair is a first
twisted wire pair, further adapted to twist the first twisted wire pair and a second
twisted wire pair about one another to form a twisted core having a length such that a

twist length of the twisted core purposefully varies along the length of the twisted

- core, and further including:

a) a wire pair twist modulator adapted to impart a purposefully varied
pretwist to the wire pair, the wire twist modulator including an engagement member
adapted to engage the wire pair and rotationally oscillate about a twist axis and a

controller to control the oscillation of the engagement member;

b) a wire pair twisting device downstream of the wire pair twist
modulator, wherein the wire pair twisting device is adapted to impart additional twist
to the wire pair, and wherein the wire pair twisting device is adapted to impart a

substantially constant rate of twist per unit length to the wire pair;
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c) a core twist modulator adapted to impart a purposefully variea
pretwist to the first and second twisted wire pairs; and

d) a core twisting device downstream of the core twist modulator,
wherein the core twisting device is adapted to impart additional twist to the first and
second twisted wire pairs, and wherein the core twisting device is adapted to impart a

substantially constant rate of twist per unit length to the first and second twisted wire

pairs.

41. An apparatus for forming a cabling media using a first twisted wire pair
including first and second conductor members and a second twisted wire pair
including third and fourth conductor members, each of the first, second, third and
fourth conductor members including a respective conductor and a respective
insulation cover surrounding the respective conductor, wherein the apparatus is
adapted to twist the first and second twisted wire pairs about one another to form a
twisted core having a twist length that purposefully varies along a length of the

twisted core, the apparatus including:

a core twist modulator adapted to impart a purposefully varied pretwist

to the first and second twisted wire pairs; and

a core twisting device downstream of the core twist modulator, wherein

the core twisting device is adapted to impart additional twist to the first and second

twisted wire pairs.

42. The apparatus of Claim 41 wherein the pretwist imparted by the core

twist modulator to the first and second twisted wire pairs varies across an absolute

range of at least 0.1 twists/inch.

43. The apparatus of Claim 41 wherein the core twist modulator is adapted
to impart each of a positive twist and a negative twist to the first and second twisted

wire pairs.
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44 . The apparatus of Claim 41 including an engagement member adapted
to engage the first and second twisted wire pairs and rotationally oscillate about a

twist axis.

45. The apparatus of Claim 44 wherein the engagement member includes

at least one eyelet to receive the first and second twisted wire pairs.

406. The apparatus of Claim 44 including a first eyelet to receive the first

wire pair and a second eyelet to receive the second wire pair.

47 . The apparatus of Claim 44 including a plurality of serially arranged
engagement members, wherein each of the engagement members is adapted to
engage the first and second twisted wire pairs and rotationally oscillate about a

respective twist axis.

48. The apparatus of Claim 47 wherein the core twist modulator is adapted

to rotationally oscillate the plurality of engagement members difterent angular

distances.

49. The apparatus of Claim 41 wherein the core twisting device is adapted

to impart a substantially constant rate of twist per unit length to the first and second

twisted wire pairs.

50. The apparatus of Claim 41 including a controller that substantially

randomly varies the twist length of the core.

51. The apparatus of Claim 41 including a controller that varies the twist

length of the core in accordance with an algorithm.

52. The apparatus of Claim 41 including a supply of the first ana second

twisted wire pairs.

53. The apparatus of Claim 41 including a jacketing device adapted to

25 apply a jacket about the twisted core.
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54. A wire pair twist modulator for forming a cabling media using a wire pair
including first and second conductor members, each of the first and second

conductor members including a respective conductor and a respective insulation
cover surrounding the respective conductor, wherein the wire pair twist modulator is

adapted to impart a purposefully varied twist to the wire pair.

53. The wire pair twist modulator of Claim 54 including an engagement

member adapted to engage the wire pair and rotationally oscillate about a twist axis.

56. A core twist modulator for forming a cabling media using a first twisted
wire pair including first and second conductor members and a second twisted wire
pair including third and fourth conductor members, each of the first, second, third and
fourth conductor members including a respective conductor and a respective
insulation cover surrounding the respective conductor, wherein the core twist
modulator is adapted to impart a purposefully varied twist to the first and second

twisted wire pairs.

57. The core twist modulator of Claim 56 including an engagement member
adapted to engage the first and second twisted wire pairs and rotationally oscillate

about a twist axis.
58. A method for forming a cabling media, the method comprising:

providing a wire pair including first and second conductor members,
each of the first and second conductor members including a respective conductor

and a respective insulation cover surrounding the respective conductor; and

twisting the first and second conductor members about one another to

form a twisted wire pair having a twist length that purposefully varies along a length of

the twisted wire pair;

wherein the twist length purposefully varies across an absolute range of

at least 0.5% of a nominal twist length of the twisted pair.
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59. The method of claim 58 wherein the twist length purposefully varies

across an absolute range of between about 1 and 5% of a nominal twist length of the
twisted pair.

60. A method for forming a cabling media, the method comprising:

providing a first twisted wire pair including first and second conductor
members and a second twisted wire pair including third and fourth conductor

members, each of the first, second, third and fourth conductor members including a

respective conductor and a respective insulation cover surrounding the respective
conductor; and

twisting the first and second twisted wire pairs about one another to
form a twisted core having a twist length that purposefully varies along a length of the
twisted core;

wherein the twist length of the twisted core purposefully varies across
an absolute range of between about 0.1 and 1.0 twists/inch.

61. A method for forming a cabling media, the method comprising:

providing a first twisted wire pair including first and second conductor
members and a second twisted wire pair including third and fourth conductor
members, each of the first, second, third and fourth conductor members including a
respective conductor and a respective insulation cover surrounding the respective

conductor: and

twisting the first and second twisted wire pairs about one another to

form a twisted core having a twist length that purposefully varies along a length of the

twisted core;

wherein the twist length of the twisted core purposefully varies over a

range of at least 0.5% of a mean twist rate of the twisted core.
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62. The method of claim 61 wherein the twist length of the twisted core
purposefully varies over a range of between about 1 and 10% of the mean twist rate
of the twisted core.

63. A method for forming a cabling media, the method comprising:

providing a first twisted wire pair including first and second conductor
members and a second twisted wire pair including third and fourth conductor
members, each of the first, second, third and fourth conductor members including a
respective conductor and a respective insulation cover surrounding the respective

conductor: and

twisting the first and second twisted wire pairs about one another to

form a twisted core having a twist length that purposefully varies along a length of the
twisted core, wherein the twisted core of the cabling media is twisted in only one

direction.
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