wo 2012/102691 A1 | I 0N OO OO 0 A A

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

2 August 2012 (02.08.2012)

(10) International Publication Number

WO 2012/102691 A1l

WIPOIPCT

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification:
HOIF 27/28 (2006.01)

International Application Number:
PCT/US2011/001251

International Filing Date:
15 July 2011 (15.07.2011)

Filing Language: English
Publication Language: English
Priority Data:

13/015,694 28 January 2011 (28.01.2011) US

Applicant (for all designated States except US): USES,
INC. [US/US]; 152 Old Colchester Road, Quaker Hill, CT
06375 (US).

Inventor; and

Inventor/Applicant (for US only): WOHLFORTH, E.
Brian [US/US]; 152 Old Colchester Road, Quaker Hill,
CT 06375 (US).

(8D

(84)

(74) Agents: LIPSITZ, Barry R. et al; Lipsitz & McAllister,

Llc, 755 Main Street, Building No.8, Monroe, CT 06468
(US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT, TZ,
UA, UG, US,UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[Continued on next page]

(54) Title: AC POWER CONDITIONING CIRCUIT

E==p f=—p*

| I?n 12b _i

102 102

I
i

EEN u

104

33

i

l;lu

1063 [ % 106

U

(57) Abstract: A multi-coil choke for an AC power conditioner
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and second leads at respective ends. A second coil wrapped
around the second leg terminates in first and second leads at re-
spective ends. A third coil wrapped around the third leg termin -
ates in first and second leads at respective ends. A fourth coil is
formed from a proximal portion of the second lead of said first
coil. The fourth coil is wrapped around a distal portion of the
second lead of the third coil. A fifth coil is formed from a prox-
imal portion of the second lead of the third coil. The fifth coil
is wrapped around a distal portion of the second lead of the
first coil. AC power conditioners using one or more such
chokes are also disclosed.
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AC POWER CONDITIONING CIRCUIT

BACKGROUND OF THE INVENTION

[0001]

[0002]

[0003]

[0004]

[0005]

The present invention relates to the distribution of AC power, and more particularly to

apparatus for conditioning the power delivered and reducing energy usage.

Transient surges are common on all power systems. Lightning, generator switching,
and major power line shorts are examples of externally generated surges. Transients up
to twice the applied voltage are common and up to 50 times the applied voltage have

been observed.

More common and more frequent are transient surges caused by inductive load devices
such as motors, transformers, relay coil and fluorescent light ballasts. These are known

as internally generated surges.

Various transient voltage surge suppressors are well known in the art. U.S. Pat. Nos.
4,152,743; 4,259,705; 4,584,622; 4,587,588; 4,739,436; 4,760,485; 4,777,555;
4,802,055; 4,845,580; 4,866,560; 4,870,528; 4,870,534; and 4,901,183 illustrate
various transient voltage suppression systems, surge suppressors, and filters for use in
the distribution of electrical power. These patents disclose circuits that use devices
such as capacitors and varistors betweeﬁ power lines together with chokes in series
with the power lines to filter AC power. None of these references discloses or
suggests the provision of inductors across power lines or across a power line and the
neutral line of a power source. These patents also fail to disclose apparatus for

substantially reducing energy consumption.

Commonly assigned U.S. Patent 5,105,327, incorporated herein by reference, discloses
a power conditioner for AC power lines that has a choke and capacitor coupled in

series across the power lines. The choke comprises a coil terminating in a line, with
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[0006]

[0007]

[0008]

the line looped back through the coil. The power lines are thereby balanced to provide
greater operating efficiency. Capacitors and transient suppressors are used for transient

suppression and power factor correction.

Any load that requires a magnetic field to operate, for example motors, transformers,
fluorescent lamp ballasts, solenoids, and the like will cause the phase relationship
between voltage and current supplied by the utility to change. Such phase shifting

reduces the efficiency of the load, resulting in increased power consumption.

The phase angle between voltage and current is called power factor. Inductive circuits
have a lagging power factor because the current lags the voltage. Capacitive circuits
have a leading power factor because the current leads the voltage. It is desirable to
make the angle between voltage and current approach zero. When voltage and current
are in phase, the power factor is unity and the most efficient utilization of the power

distribution system is obtained.

It would be advantageous to provide apparatus for conditioning AC power to eliminate
transients and surges and reduce the energy consumed by inductive and capacitive
loads in a manner that improves upon the operation and efficiency of prior art devices,
including the devices disclosed in U.S. Patent 5,105,327. The present invention
provides multi-coil chokes and power conditioner apparatus that can be implemented

to achieve these and other advantages.



WO 2012/102691 PCT/US2011/001251

[0009]

[0010]

[0011]

[0012]

SUMMARY OF THE INVENTION

In accordance with the invention, a multi-coil choke is provided. The choke includes a
magnetic core having a first leg, a second leg and a third leg. The three legs are
substantially parallel to each other. A first coil is wrapped around the first leg. The
first coil terminates in a first lead at a first end thereof and a second lead at a second
end thereof. A second coil is wrapped around the second leg of the core and
terminates in a first lead at a first end thereof and a second lead at a second end
thereof. A third coil is wrapped around the third leg and terminates in a first lead at a
first end thereof and a second lead at a second end thereof. A fourth coil is formed
from a proximal portion of the second lead of the first coil. The fourth coil is wrapped
around a distal portion of the second lead of the third coil. A fifth coil is formed from
a proximal portion of the second lead of the third coil. The fifth coil is wrapped

around a distal portion of the second lead of the first coil.

In a preferred embodiment, the distal portion of the second lead of said of said first
coil passes through said third coil before passing through said fifth coil. Likewise, the
distal portion of the second lead of said third coil passes through said first coil before
passing through said fourth coil.

The magnetic core can be formed from two rectangular closed cores placed side-by-
side with adjacent sides forming the second leg. The first and third legs can eéch
include a gap. The second leg can include substantially aligned gaps in the adjacent
sides of the rectangular closed cores. The gaps can be centrally located along their
respective legs. An additional gap can be provided along the length of the adjacent
sides of the rectangular closed cores. Moreover, each of the rectangular closed cores

can be contained within an insulating cover.

A multi-coil choke in accordance with a preferred embodiment of the invention has its
first coil wrapped in one of a clockwise and counterclockwise direction, with the

second and third coils being wrapped in the other of the clockwise and
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~ [0013]

[0014]

[0015]

counterclockwise direction. More particularly, the first coil can be wrapped in a
counterclockwise direction with the second and third coils wrapped in a clockwise
direction. The fourth coil is wrapped in the same direction as the first coil, e.g.,
counterclockwise. The fifth coil is wrapped in the same direction as the third coil,

e.g., clockwise.

A power conditioner for AC power lines in accordance with the invention includes a
multi-coil choke and at least one capacitor. Means are provided for coupling the
choke and at least one capacitor in series across an AC power source. The choke
comprises a magnetic core having a first leg, a second leg and a third leg. The legs of
the core are substantially parallel to each other. A first coil is wrapped around the first
leg. The first coil terminates in a first lead at a first end thereof and a second lead at a
second end thereof. A second coil is wrapped around the second leg. The second coil
terminates in a first lead at a first end thereof and a second lead at a second end
thereof. A third coil is wrapped around the third leg and terminates in a first lead at a
first end thereof and a second lead at a second end thereof. A fourth coil is formed
from a proximal portion of the second lead of the first coil. The fourth coil is wrapped
around a distal portion of the second lead of the third coil. A fifth coil is formed from
a proximal portion of the second lead of the third coil. The fifth coil is wrapped

around a distal portion of the second lead of the first coil.

The power conditioner can have a plurality of the multi-coil chokes, each coupled in
series with at least one capacitor across a respective AC power source. In such an
embodiment, the coupling means are adapted to couple each of the multi-coil chokes
with the first and fourth coils in series with at least one capacitor across a respective
AC power source, the second coil in series with at least one capacitor across a
respective AC power source, and the third and fifth coils in series with at least one

capacitor across a respective AC power source.

In an embodiment with a single multi-coil choke, the coupling means can be adapted
to couple the first and fourth coils in series with at least one capacitor across a

respective AC power source, the second coil in series with at least one capacitor across
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a respective AC power source; and the third and fifth coils in series with at least one

capacitor across a respective AC power source.

[0016] The magnetic core can be formed from two rectangular closed cores placed side-by-
side with adjacent sides forming the second leg. Each of the first and third legs can
include a gap. The second leg can include substantially aligned gaps in the adjacent
sides of the rectangular closed cores. The gaps in the first, second and third legs can
be centrally located along their respective legs. An additional gap can reside along the
length of the adjacent sides of the rectangular closed cores. This additional gap can
result, e.g., from the provision of an insulating cover on each of the rectangular closed

cores.
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[0023]
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[0025]

BRIEF DESCRIPTION OF THE DRAWINGS

Referring now to the figures, wherein like elements are numbered alike:

FIG. 1 is a diagram showing a magnetic core structure on which a choke in accordance

with the invention can be wound.
FIG. 2 is a cross-sectional view of a portion of the core.

FIG. 3 is an eﬁlarged view of the core with windings thereon to form a multi-coil

choke in accordance with the invention.

FIG. 4 is a schematic diagram of a single phase power conditioner using one choke in

accordance with the invention.

FIG. 5 is a schematic diagram of a three-phase power conditioner using one choke in

accordance with the invention.

FIG. 6 is a schematic diagram of a three-phase power conditioner using two chokes in

accordance with the invention.

FIG. 7 is a schematic diagram of a three-phase three-line power conditioner using

three chokes in accordance with the invention.

FIG. 8 is a schematic diagram of a three-phase three-line with neutral power

conditioner using three chokes in accordance with the invention.
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[0026]

[0027]

[0028]

DETAILED DESCRIPTION OF THE INVENTION

A power conditioner for alternating current in accordance with the invention uses a
unique multi-coil choke. Referring to Figure 1, a magnetic core structure 10 is shown
that can be used to fabricate a choke in accordance with the invention. The choke can
be fabricated, for example, using two side by side cores 12 and 14. Such cores can
comprise, for example, “Snap-together Torroid Choke” cores available from Radio
Shack under Catalog No. 273-104. These cores include a ferrite core with a plastic
outer cover. In particular, cover 13 (shown in a solid line) is illustrated surrounding
core sections 12a, 12b (shown in dashed lines) and cover 15 (shown in a solid line) is

shown surrounding core sections 14a, 14b (shown in dashed lines).

Each of the cores 12 and 14 is constructed from two C-shaped ferrite core components
12a, 12b and 14a, 14b respectively that, when assembled side by side within the plastic
outer covers 13, 15 respectively, form gaps where the top and bottom ends of each “C”
meet. These gaps can be seen at reference numerals 16 and 18a in the core 12.

Similar gaps 18b and 22 are shown in the core 14. When the two cores 12 and 14 are
placed side by side as shown in Figure 1, an additional gap 24 is formed along the
adjacent sides of the cores. It is noted that the gap 24 comprises the space between the
actual ferrite cores (i.e., between the dashed lines) which is mostly dictated by the
thickness of the walls of the plastic cover portions 13, 15 that reside within the gap.

The core structure shown in Figure 1 results in three legs around Whth wire coils are
wound in accordance with the invention. These are a top leg 31, middle leg 33a, 33b
and bottom leg 35. As can be seen, the top leg 31 is part of core 12, the bottom leg 35
is part of core 14, and the middle leg 33a, 33b comprises portions of both cores 12 and
14. A dot 110 (e.g., paint) can be placed, for example, on the lower right corner of
core 12 to assist a person in maintaining the core structure in a proper orientation when
winding coils on the legs. This is important, as proper operation of the choke will

depend on the directions in which the various coils are wound.
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[0029]

[0030]

[0031]

[0032]

When the coils are properly wound in accordance with the invention, as will be
explained below, the magnetic field created when the choke is energized will be
oriented in the directidns shown by arrows 100, 102, 104 and 106. In particular, the
field in the first leg 31 will be oriented from left to right as designated by arrows 100.
The field in the second leg 33a, 33b will be oriented from right to left as designated by
arrows 102, 104. The field in the third leg 35 will be oriented from left to right as
designated by arrows 106. It should be appreciated that the coils can also be wrapped
such that the magnetic fields will be oriented in directions opposite to those shown in

the example of Figure 1.

Figure 2 is a cross section of the core taken along the line 2-2 shown in Figure 1. In
particular, Figure 2 illustrates the ferrite core 14b inside of plastic cover 15. The cover
15 acts as an insulating jacket for the core. It is noted that the cover 15 covers three

sides of the core 14b, with the side 14c of the ferrite core being exposed.

Figure 3 is an enlarged, detailed view of a choke in accordance with the invention that
has been wound on the core structure 10 of Figure 1. The choke has five coils, three of
which (first coil 30, second coil 32 and third coil 34) are wound around respective legs
31, 33a,b and 35 of the core. A fourth coil 36 is wound around a lead portion of the
third coil. The fifth coil 38 is wound around a lead portion of the first coil. The choke
is adapted for use in various embodiments of AC power conditioners, also referred to
as “shunt efficiency” systems. Examples of such power conditioners are provided in

Figures 4-8.

In the choké embodiment illustrated in Figure 3, first coil 30 is wrapped around first
leg 31 of core 12. Second coil 32 is wrapped around a second leg, which consists of
leg 33a of core 12 and adjacent leg 33b of core 14. Third coil 34 is wrapped around a
third leg 35 of core 14. As indicated, the gaps 16 and 22 are centered along first leg 31
and third leg 35, respectively. Similarly, gaps 18a and 18b (together referred to as gap
18) are generally aligned in a centered position along second lég 33a, 33b. As can be
seen in Figure 1, the three legs 31, 33a,b and 35 are substantially parallel to each other.
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[0033]

[0034]

[0035]

[0036]

The direction in which the first, second and third coils are wrapped around their
respective legs is important to the operation of the multi-coil choke and, more
particularly, to power conditioners fabricated from the choke. In particular, the first
coil 30 is wrapped in one direction (e.g., counterclockwise) and the second and third
coils 32, 34 are wrapped in the opposite direction (e.g., clockwise). It should be
appreciated that these directions can be reversed, as long as the relationships between

the coils is maintained.

Although the number of turns present in each coil can vary depending on the
requirements of the circuit in which the choke is used, typically each of coils 30, 32
and 34 will have 4-6 turns of, e.g., 12 AWG insulated stranded copper wire. In the
illustrated embodiment, each of the first, second and third coils 30, 32 and 34 has five
turns, with the first coil wrapped around leg 31 in a counterclockwise direction and the
second and third coils wrapped around leg 33a, 33b and 35, respectively, in a
clockwise direction. Also in the illustrated embodiment, fourth and fifth coils 36 and

38, respectively, have seven turns.

Fourth coil 36 extends from the first coil 30 and fifth coil 38 extends from the third
coil 34. As can be seen in the figures, first coil 30 has a first lead 40 and a second lead
41. The fourth coil 36 is formed from a portion of second lead 41 that is proximal to
first coil 30. Likewise, third coil 34 has a first lead 44 and a second lead 45. The fifth

coil 38 is formed from a portion of second lead 45 that is proximal to the third coil 34.

The fourth coil 36 is wrapped around a portion 45’ of the second lead 45 of the third
coil 34 that is distal to the third coil 34. Similarly, the fifth coil 38 is wrapped around
a portion 41’ of the second lead 41 of first coil 30 that is distal to the first coil 30. On
its way to the fourth coil 36, the second lead 45 of the third coil passes through the
first coil 30 as shown at 45°°. This occurs after formation of the fifth coil 38 in the
second lead 45. As a result of this structure, the distal portion of the second lead 45 of
the third coil 34 passes through the first coil 30 before passing through the fourth coil
36.



WO 2012/102691 ] PCT/US2011/001251

[0037]

[0038]

[0039]

[0040]

10

In the same manner, on its way to the fifth coil 38, the second lead 41 of the first coil
passes through the third coil 34 as shown at 41°’. This occurs after the formation of
the fourth coil 36 in the second lead 41 of coil 30. As a result, the distal portion of the
second lead 41 of the first coil 30 passes through the third coil 34 before passing
through the fifth coil 38.

The unique choke shown in Figure 3 can be used in any of a variety of different power
conditioner implementations. These include, for example, 120/240 volt single phase
residential/recreational units, as well as 208, 240, 480 and 600 volt three phase
commercial/industrial units (for three, four, and five wire applications). Various such
embodiments are shown in Figures 4-8. It is noted that for clarity in the drawings, the
air gaps 16, 18, 22 and 24 of the chokes, which are shown in the enlarged views of
Figures 1 and 3, are not illustrated in Figures 4-8. However, each of the chokes in
Figures 4-8 has these air gaps. |

Figure 4 is a schematic diagram of an example single phase 120 volt power
conditioner implementation. In this embodiment, the first lead 40 of the first coil 30 is
connected to the line 50 (L1) of an AC power source to be conditioned. The second
lead 41 of the first coil 30 is connected at its free end to the neutral 52 (N) of the AC
power source via a capacitor 54. Similarly, the first lead 44 of the third coil 34 is
connected to the line 50 (L1) of the AC power source, and the second lead 45 is
connected at its free end to neutral 52 through a capacitor 56. Second coil 32 is
coupled between line 50 and neutral 52 as well. In particular, line 42 of second coil 32
is coupled to line 50 (L1) and line 43 of the second coil 32 is coupled to neutral 52 (N)

via capacitor 58.

The embodiment of Figure 4 includes various additional components. A lamp 60 (e.g.,
LED or incandescent) is connected between line 50 and neutral 52 via a current
limiting resistor 62. Transient suppression is provided by a varistor (e.g., MOV) 64.
coupled between L1 and neutral. A bleed resistor 66 is coupled in parallel with
varistor 64 to bleed off stored charges, thereby reducing the possibility of electrical

shock to an electrician working with the unit after power has been turned off.
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Figure 5 is a schematic diagram of an example 240 volt recreational unit (e.g., for
watercraft) having line 50 (L1), line 53 (L2) and neutral 52 (N). As with the
embodiment of Figure 4, a single choke 10 is used with the first, second and third coils
30, 32, 34 coupled as shown. Additional components in this impiementation include
lamp 61 and series resistor 63, varistor 65 with parallel bleed resistor 67, and varistor

68.

Figure 6 shows an example 240 volt three phase power conditioner implementation
using the multi-coil chokes 10 of the present invention. In this en;bodiment, two
identical chokes 10a and 10b are used. These chokes are the same as choke 10
iliustrated in Figure 3. The first, second and third coils 30, 32 and 34 of each choke
are coupled to lines L1, L2 and N of the AC power source as shown. Additional

components in this implementation include capacitors 70, 72 and 74.

Figure 7 shows a three phase embodiment suitable, e.g., for a 480 volt power
conditioner installed on an AC source having three hot lines 50 (L1), 53 (L2) and 55
(L3). Three chokes 10a, 10b and 10c are provided, each having the same
configuration of the choke 10 shown in Figure 3. The first, second and third coils 30,
32 and 34 of each choke are coupled to lines L1, L2 and L3 of the power source as
shown. Additional components in this implementation include lamp 80 and series
resistor 81, and capacitors 83, 84 and 85. An additional bleed resistor 69 is also

provided across varistor 68.

Figure 8 is a schematic diagram of an example power conditioner used for, e.g., a 208
volt or 480 volt 3 phase Y configured AC power source. Such a power source has
three hot lines and a neutral. These are shown in Figure 8 as line 50 (L1), line 53 (L2),
line 55 (L3) and neutral 52 (N). Three chokes 10a, 10b and 10c are provided, each
having the same configuration of the choke 10 shown in Figure 3. The first, second
and third coils 30, 32 and 34 of each choke are coupled to lines L1, L2 L3 and N of the
power source as shown. Additional components in this implementation include

varistor 85 and resistor 86.
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The multi-coil choke of the present invention provides power conditioners with
improved transient and surge protection as well as substantial energy savings over
prior art power conditioners, including significant improvements over the power
conditioners disclosed in US Patent 5,105,327. Transient and surge protection is
provided by the various capacitors and transient suppressors. As shown in the
drawings, capacitors are provided across power lines. Transient suppressors, such as
metal oxide varistor ("MOV™") devices can be placed at various points throughout the
circuit. An MOV can be placed across incoming power lines. An MOV can be
coupled from incoming lines to neutral. MOVs can be placed between neutral and
ground. Bleed resistors across the transient suppressors take down the charge held by
the circuit to protect against electrical shock when the unit is disconnected from the

AC power source.

The values of the various components shown will depend upon the AC power source
to be conditioned and the loads to be protected by the power conditioners. Typically,
the capacitors will be between 25-100 microfarads and will have a voltage limit that is
suitable for the maximum voltage to be applied to the power conditioner. The bleed
down resistors placed across the varistors will be on the order of 30K Q to 100K € or
more with a typical power rating of 2 watts. The MOV devices used for the transient

suppressors will typically be selected to have a rating of about 40,000 joules each.

Power conditioners using the multi-coil chokes disclosed herein are frequency
independent, so that they can work on both 60 Hz line current found in North America
as well as on 50 Hz current used elsewhere in the world. Power conditioners
manufactured using the inventive chokes are vastly improved over prior art devices
due to various factors, including the three leg core design, the provision of five coils in
each choke with the winding configuration taught herein, and the four separate air gaps
provided in the core. These air gaps are shown most clearly in Figure 1 as gaps 16, 18
(18a and 18b), 22 and 24. Tests have shown that energy savings are about double the
savings provided by prior art devices of the type shown in US Patent 5,105,327, with

faster surge suppression and the ability to handle larger surges. The improvements in
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surge suppression are achieved, at least in part, due to the multiple air gaps provided in
the chokes which prevent the chokes from saturating. Better filtering is also provided

by power conditioners using the chokes of the present invention.

The components of the power conditioner can be provided in a module that is
connected to a user's power lines at the service panel. Alternatively, the module can
be connected to the user's power lines at a load. A plurality of such modules can be
provided throughout a commercial establishment or residence. For example, one
module can be installed at each fluorescent light fixture in an office building or on
each separate line feeding such lighting fixtures. Connections to the module are made
at taps on the power lines. There is no need to cut the power lines when installing the

module, since none of the components are placed in series with any of the lines.

While the present invention has been described with reference to various example
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof without departing
from the scope of the invention. In addition, many modifications may be made to
adapt a particular situation or material to the teachings without departing from the
essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiments disclosed as the best mode contemplated for carrying out
this invention, but that the invention will include all embodiments falling within the

scope of the appended claims.
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What is claimed is:

1. A multi-coil choke comprising;:

a magnetic core having a first leg, a second leg and a third leg, said legs being
substantially parallel to each other;

a first coil wrapped around said first leg and terminating in a first lead at a first end
thereof and a second lead at a second end thereof;

a second coil wrapped around said second leg and terminating in a first lead at a first end
thereof and a second lead at a second end thereof;

a third coil wrapped around said third leg and terminating in a first lead at a first end
thereof and a second lead at a second end thereof;

a fourth coil formed from a proximal portion of the second lead of said first coil, said
fourth coil being wrapped around a distal portion of the second lead of said third coil; and

a fifth coil formed from a proximal portion of the second lead of said third coil, said fifth

coil being wrapped around a distal portion of the second lead of said first coil.

2. A multi-coil choke in accordance with claim 1 wherein:

the distal portion of the second lead of said of said first coil passes through said third coil
before passing through said fifth coil; and

the distal portion of the second lead of said third coil passes through said first coil before
passing through said fourth coil.

3. A multi-coil choke in accordance with claim 1 wherein said magnetic core is formed from

two rectangular closed cores placed side-by-side with adjacent sides forming said second leg.

4. A multi-coil choke in accordance with claim 3 wherein:

said first leg includes a gap;

said second leg includes substantially aligned gaps in the adjacent sides of said
rectangular closed cores; and

said third leg includes a gap.
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5. A multi-coil choke in accordance with claim 4 comprising an additional gap along the

length of the adjacent sides of said rectangular closed cores.

6. A multi-coil choke in accordance with claim 4 wherein said gaps are centrally located

along their respective legs.

7. A multi-coil choke in accordance with claim 3 wherein each of said rectangular closed

cores is contained within an insulating cover.

8. A multi-coil choke in accordance with claim 1 wherein said first coil is wrapped in one of
a clockwise and counterclockwise direction, and said second and third coils are wrapped in the

other of said clockwise and counterclockwise direction.

9. A multi-coil choke in accordance with claim 8 wherein said fourth coil is wrapped in the
same direction as said first coil and said fifth coil is wrapped in the same direction as said third

coil.

10. A multi-coil choke in accordance with claim 1 wherein said first and fourth coils are
wrapped in a counterclockwise direction, and said second, third and fifth coils are wrapped in a

clockwise direction.

11. A power conditioner for AC power lines comprising:
a multi-coil choke;
at least one capacitor; and
means for coupling said choke and at least one capacitor in series across an AC power
source;
wherein said choke comprises:
a magnetic core having a first leg, a second leg and a third leg, said legs being

substantially parallel to each other;
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a first coil wrapped around said first leg and terminating in a first lead at a first
end thereof and a second lead at a second end thereof;

a second coil wrapped around said second leg and terminating in a first lead at a
first end thereof and a second lead at a second end thereof;

a third coil wrapped around said third leg and terminating in a first lead at a first.
end thereof and a second lead at a second end thereof;

a fourth coil formed from a proximal portion of the second léad of said first coil,
said fourth coil being wrapped around a distal portion of the second lead of said third
coil; and

a fifth coil formed from a proximal portion of the second lead of said third coil,
said fifth coil being wrapped around a distal portion of the second lead of said first

coil.

12. A power conditioner in accordance with claim 11 wherein:

the distal portion of the second lead of said of said first coil passes through said
third coil before passing through said fifth coil; and

the distal portion of the second lead of said third coil passes through said first coil

before passing through said fourth coil.

13. A power conditioner in accordance with claim 11 comprising a plurality of said multi-coil

chokes, each coupled in series with at least one capacitor across a respective AC power source.

14. A power conditioner in accordance with claim 13 wherein said means for coupling are
adapted to couple each of said multi-coil chokes with:
said first and fourth coils in series with at least one capacitor across a respective AC

power source;

said second coil in series with at least one capacitor across a respective AC power source;

and

said third and fifth coils in series with at least one capacitor across a respective AC power

source.
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15. A power conditioner in accordance with claim 11, wherein said means for coupling are
adapted to couple:

said first and fourth coils in series with at least one capacitor across a respective AC
power source;

said second coil in series with at least one capacitor across a respective AC power source;

and

said third and fifth coils in series with at least one capacitor across a respective AC power
source.
16. A power conditioner in accordance with claim 11 wherein said magnetic core is formed

from two rectangular closed cores placed side-by-side with adjacent sides forming said second

leg.

17. A power conditioner in accordance with claim 16 wherein:

said first leg includes a gap;

said second leg includes sﬁbstantially aligned gaps in the adjacent sides of said
rectangular closed cores; and

said third leg includes a gap.

18. A power conditioner in accordance with claim 17 comprising an additional gap along the

length é)f the adjacent sides of said rectangular closed cores.

19. A power conditioner in accordance with claim 17 wherein said gaps are centrally located

along their respective legs.

20. A power conditioner in accordance with claim 16 wherein each of said rectangular closed

cores is contained within an insulating cover.
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