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(57) Transtormateur a triple noyau comportant un
coupleur reli¢ a un ftroisieme noyau entre deux
enroulements prnimaires. Deux ensembles de paires
torsadees sont enroules autour de chaque novau primaire
de telle fagcon qu’un fil de chaque paire communique
avec chaque fil primaire. Un fil de chaque paire est
enroule de maniere plus compacte que le fil
complémentaire de cette paire. Les fils enroules de
maniere plus compacte sont relies a un troisieme
enroulement autour du troisicme noyau. Le troisieme
enroulement forme une serie de segments. Chacun de ces

segments est reli€ au segment précedent dans une torsade
de f1l.

l*l Industrie Canada  Industry Canada

(57) A triple core transformer including a coupler
connected to a third core between two primary windings.
Two sets of twisted pairs are wound around each primary
core such that a strand of each pair communicates with
primary each core. One strand of each pair 1s wound
denser than the complementary strand of that pair. The
denser strands are connected to a third winding around
the third core. The third winding 1s wound 1n a series of
segments. Each of the segments 1s connected to the
preceding segment 1n a wire twist.
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ABSTRACT OF THE DISCLOSURE

A triple core transformer including a coupler connected to
a third core between two primary windings. Two sets of twisted
pairs are wound around each primary core such that a strand of
each palr communicates with primary each core. One strand of
each pair is wound denser than the complementary strand of that
pair. The denser strands are connected to a third winding
around the third core. The third winding 1s wound 1n a series

of segments. Each of the segments 1s connected to the

preceding segment 1n a wire twist.
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BACKGROUND OF THE INVENTION
Transformers are used in a variety of electrical circuits
to transfer electrical energy from one part of a circuit to
another through magnetic field coupling. A transformer is

typically constructed from two or more colls, or windings, of

wire in close proximity such that electrical characteristics

may be transferred. Typical characteristics transferred
through a transformer include voltage magnitude, current
magnitude, phase, and impedance level.

In radio frequency (RF) transformers, complex electrical
signals of varying frequencies are often transferred.
Typically these types of transformers operate at much higher
frequencies than transformers used for power transfer, and are
also designed to operate at a wide frequency range, often
several decades wide. Such transformers must therefore

minimize power loss, or leakage flux, by insuring that

substantially all flux passing through one coil also passes
through the others.
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One type of RF transformer is known as a coupler, or power
divider. Such a transformer is used to provide low frequency
impedance matching between the input circuit and the output
circuit. This type o0f transformer 1is often used with
electrical transmission signals for accurate frequency
response. Such accuracy 1s necessary for reliable transmission
of data over an electronic medium.

In the telecommunications  industry, such complex
electrical transmission signals often comprise large amounts of
information in varying forms, such as voice and data. These
signals carry the data from a number of sources to a number of
remote destinations. Various frequencies manipulations are
used to organize the data so carried to insure complete,
reliable transfer to a destination. The quantity of such
frequency manipulations which can be supported is called
bandwidth. Increased efficiency of bandwidth use is required
due to rising demand for modern developments such as quality-
of-service (QOS) and real-time applications. It is therefore
desirable to maximize the bandwidth available over a particular
line through such frequency manipulations.

Such bandwidth usage, however, 1is prone to physical
constraints. Such constraints 1include interference from
external sources, distance and power loss restrictions due to
electrical resistance, and signal degradation due to switching
points across the physical network.

It would be beneficial to develop a cOupler with enhanced
frequency response and reflection to minimize flux loss and
provide superior impedance matching. Such a coupler has broad
application in contexts where electrical transmission signals

suffer from such physical bandwidth constraints.

BRIEF SUMMARY OF THE INVENTION
A triple core toroidal transformer includes a dual core

transformer, or coupler, connected to a third autotransformer
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core between the two primary windings. A series of terminals
provide input and output for the transformer. Each terminal

may support a single conductor strand, or a twisted wire pair
conductor strand. Two sets of twisted wire pairs are wound
around each primary core such that a strand of each twisted
palr communicates with each primary core. One strand of each
pair 1is wound substantially denser than the complementary
strand of that pair. The substantially denser wound strands
are electrically connected to a third winding around the
autotransformer core. The third winding is wound in a series
of segments around the autotransformer coil. Each of said
segments 1s connected to the preceding segment in a wire twist

manner, and may also be connected to a terminal.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

Fig. 1 1s a side wview of the triple core toroidal
transformer as disclosed herein;

Fig. 2a 1s a side view of a coupler portion of the

transformer in Fig. 1;

Fig. 2b is a side view of an autotransformer portion of
the transformer in Fig. 1;

Fig. 3a 1s a perspective view of the coupler portion of
Fig. 2a;

Fig. 3b 1s a perspective view of the transformer of Fig.
1;

Fig. 4 1is a schematic of the transformer of Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION
The triplé core toroidal transformer as disclosed by the
present application comprises three hollow cylindrical ferrite
cores, each wound with and interconnected by wire strands or
twisted pair conductors as described herein. The
interconnection of the two coupler cores and windings to the

third autotransformer core is shown with a mapping to a set of
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terminals as i1dentified herein. Each of said terminals could
comprise either an input or an output, depending upon the
application and the desired frequency response.

As 1s typical with the industry, a winding is a wrapping
of the wire strands longitudinally through the center bore of
the hollow core and longitudinally around the outside of the
core. Typically a winding is specified as a number of turns,
wherein each complete turn involves one run of the wire through
the center bore and one run longitudinally around the outside.
A half turn involves a run only through the center bore.

Referring to Fig. 1, a side view of the transformer 10 is
shown. A coupler including first and second coupler cores 14,
16 1s shown with respective first and second coupler windings,
18, 20 respectively. Each coupler winding 18, 20 further
includes a greater winding and a lesser winding, so labeled
because the lesser winding has fewer turns around the core.
These coupler windings 18, 20 are shown attached to
autotransformer 22 . Autotransformer 22 includes a
autotransformer core 26 and autotransformer winding 25, wherein
autotransformer winding 26 1s connected to coupler 12 at
electrically conductive junction 28.

Referring to Fig. 2a, a side view of the coupler is shown.
Note that wire color references are to clarify twisted pair and
single strand conductors, and should not be taken to supersede
reference numbers. As is typical within the industry, a single
electrical input or output terminal connection, described
above, may refer to either a single strand connection or to a
twisted pair connection, as indicated by the pin number

identifications.

Fig. 2a shows the construction of the coupler 12. First
and second twisted pair strands 30, 32 are received by first
and second coupler cores 14, 16. Each twisted pair includes a
red strand and a green strand twisted together to nullify

interfering flux. The green strands 34, 36 comprise the lesser
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winding 42, 44 respectively, of each coupler winding 18, 20
respectively, and are each wrapped around the first and second
coupler cores 14, 16, respectively. The red strands 38, 40
comprise the greater winding 46, 48 respectively, of each
coupler winding 18, 20 and are each wrapped around the first
and second coupler cores 14, 16 respectively. The number of
turns can vary, however 1n the preferred embodiment the lesser
windings 42, 44 are a half turn through the core and the
greater winding 46, 48 are six and a half turns.

The ends of the greater windings are twisted together at

twist junction 50 and connected at electrically conductive
junction 28 for connection to autotransformer 22 (Fig. 4). The
ends of the lesser windings 42, 44 run to terminals P2 and P4,
respectively.

Referring ¢to Fig. 2b and 4, the autotransformer
construction 1s shown. Autotransformer winding 26 is wrapped
around autotransformer core 24 and includes autotransformer
winding segments 52, 54, 56. Autotransformer twisted pair 58
having red and gold strands 60,62 respectively, is received by
autotransformer core 24 from terminal P6. Red strand 60 and
gold strand 62 are then wrapped around autotransformer core 24.
Red strand 60 comprises a first autotransformer winding segment
52. Gold strand 62 comprises a second autotransformer winding
segment 54. Autotransformer green strand 64 1s wound around
autotransformer core 24 to comprise a third autotransformer
winding segment 56. The ends of autotransformer green strand
64 and gold strand 62 are both tinned to provide electrical
conductivity, and are twisted together at junction NU in tight
proximity to autotransformer core 24 such that green strand 64
and gold strand 62 remain taught. The number of turns used for
each winding segment 52, 54, 56 may vary, but in the preferred
embodiment i1s two and a half. Autotransformer green strand 64
then runs to terminal PS5.

Autotransformer 22 1is then attached to coupler 12 by
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tinning and Jjolning autotransformer red strand 60 at
electrically conductive junction 28. Although the preferred
embodiment uses tinning and twisting to electrically couple
strands, any suitable electrically conductive attachment method
could be used.

Referring to Figs 3a and 3b, a perspective view of the
coupler 12 and autotransformer 22 are shown. Note that first
and second twisted pair strands 30, 32 remain twisted until in
close proximity to coupler cores 14, 16. Note further that the
lesser windings 42, 44 involve a single half turn through the
core. Referring to Fig. 3b, autotransformer twisted pair 58
includes autotransformer red and gold strands 60, 62 comprising
first and second winding segments 52, 54 and also remains
twisted until in close proximity to autotransformer core 24.
The first winding segment 52 includes autotransformer red
strand 60, which 1s then connected to coupler 12 through
electrically conductive junction 28. The second winding
segment 54 1s connected to the third winding segment 56 by
twisting together the tinned ends of autotransformer gold and
green strands 62, 64 respectively to form an unused terminal
NU. The autotransformer green strand 64 then comprises the
third winding segment 56 and runs to terminal PS.

Referring to the schematic (Fig. 4), the -electrical
interconnections are shown. Note that a solid line running
from a terminal is either a single conductive strand or a
twisted pair. Twisted palrs are subdivided 1into their
respective strands at twist nodes 66. These nodes denote not
electrically conductive unions, but rather the untwisting point
and hence the point at which complementary flux effects of the
twisted pair cease. These nodes are denoted by three members
extending therefrom. In contrast, electrically conductive
unions are denoted by nodes 68, having only two members

extending therefrom. These nodes denote unions of electrical

conductivity. The electrical connections between the greater
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and lesser windings 46, 48, 42, 44 1s shown with respect to
first and second twisted pair strands 30, 32. Also, the
connections between the autotransformer winding segments 52,
54, 56 are shown with respect to intermediary autotransformer
twisted pair 58 from terminal P6 and the connection to the
third winding segment 56 terminating at P5. Finally, the twist
junction 50 and the electrically conductive junction 28 between
coupler 12 and autotransformer 22 is shown.

As various exXxtension and modifications to the above
description will be apparent to those skilled in the
construction and physics of such RF transformers, the invention
disclosed herein is not intended to be limited to the above but

rather only by the spirit and scope of the following claims.
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CLAIMS
1. A triple core toroidal transformer assembly comprising:
a first coupler core having a first coupler winding;
a second coupler core having a second coupler winding 1in

5 flux communication with said first coupler;

a third core having a third winding, said third winding
comprising a first winding strand segment and a second winding
strand segment, said first and second winding strand segments
extending from a twisted pair proximate to said third core and

10 whereiln
said first winding strand segment is connected to

said first and second coupler windings;
said third winding further comprises a third winding

strand segment around said third core and connected to

15 said second winding strand segment.

2. A triple core toroidal transformer assembly comprising:
a first coupler core having a first core greater winding

and a first core lesser winding;
20 a second coupler core having a second core greater winding

and a second core lesser winding,

a first twisted conductor comprising a first plurality of

strands;
a second twisted conductor comprising a second plurality

25 of strands;
a third core having a winding, said winding comprised of

interconnected winding segments; and wherein
at least one of said interconnected winding segments 1s

electrically connected to said first core greater winding and

30 said second core greater winding.

3, The transformer of claim 2 whereiln

at least one of said first plurality of strands

further comprises said first core greater winding and at
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least another of said first plurality of strands further
comprises said second core lesser winding, and

at least one of said second plurality of strands
further comprises said second core greater winding and at

least another of said second plurality of strands further

comprises said first core lesser winding.

4 . The transformer of claim 2 wherein salid 1interconnected

winding segments further comprise:

first and second interconnected winding strand
segments extending from a third core twisted pair, wherein
said first interconnected winding segment is electrically
connected to said first core greater winding and said

second core greater winding; and

a third interconnected winding strand segment
electrically connected to said second winding strand

segment.

5. The transformer of claim 4 wherein said third
interconnected winding strand segment is electrically connected
to said second winding strand segment through twisting

conductive surfaces of said winding strands in close proximity

to said third core.

6. The transformer of claim 2 wherein said first coupler

core, said second coupler core, and said third core are in flux

communication.

7. The transformer of claim 2 wherein said first plurality of

strands comprises a twisted pair and said second plurality of

strands comprises a twisted pair.

8. The transformer of claim 2 wherein

said first core lesser winding and said second core lesser
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winding comprise one half turn; and
said first core greater winding and salid second core

greater winding comprise 6 and one half turns.

9. The transformer of claim 4 wherein said first, second, and
third interconnected winding strand segments each comprise two

and one half turns.

10. The transformer of claim 2 wherein said first coupler
core, said second coupler core, and said third cores comprise

ferrite cores.
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