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(57) ABSTRACT

A rotating electromagnetic machine has a tubular axle with
mounting rings, a common ring, a coil input ring, and at least
one bearing set mounted on 1t. A fitting 1s secured at a distal
end of the tubular axle, and a commutator 1s secured at the
proximal end. A housing 1s mounted on the bearing sets
through adaptors. Connecting bars extend axially within the
axle with lateral rods joined to the connecting bars at their
distal ends, the bars commuting between segments of the
commutator electromagnetic coils. A plurality of the elec-
tromagnetic coils are secured to the coil input ring. The coils
are Tormed of spiral turns of a single flat strip electrically
conductive material. A plurality of peripheral and sector
magnets are mounted adjacent to the electromagnetic coils
with electromagnetic interaction when relative motion
occurs between the coils and the magnets.
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ELECTROMAGNETIC MACHINE WITH
INDEPENDENT REMOVABLE COILS,
MODULAR PARTS AND SELF-SUSTAINED
PASSIVE MAGNETIC BEARING

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 8,232,695. This is a con-
tinuation veissue of application Sev. No. 14/447,523, filed on
Jul. 30, 2014, which is an application for reissue of U.S. Pat.
No. 8,232,695, issued on Jul. 31, 2012. Application Ser. No.
14/447 523 issued as RE46,449 on Jun. 20, 2017. U.S. Pat.
No. 8,232,695 granted from application Ser. No. 12/308,630,
filed on Jul. 21, 2010, which is a National Stage of Inter-
national Application No. PCT/US2008/0058434, filed Jul. 9,

2008, each of which is hereby incorporated by rveference
hervein in its entirety.

FIELD OF THE INVENTION

This mvention relates generally to electric motors and
generators and more particularly to such an electromagnetic
machine with novel structure and operation.

DESCRIPTION OF THE RELATED ART

Tu et al, US 2004/0135452, discloses a flat rotary electric

generator that includes at least one toroidal coil structure for
cutting magnetic lines to mnduce a current and at least one
disc-shaped magnetic pole structure oriented parallel to the
helical coil structure. If multiple toroidal coil structures and
disc-shaped magnetic coil structures are included, the tor-
o1dal coil structures and disc-shaped magnetic coil structures
are arranged 1n alternating manner. The toroidal coil struc-
ture and disc-shaped magnetic pole structure are not pro-
vided with a permeable material. When either the toroidal
coil structures or the at least one disc-shaped magnetic pole
structure 1s rotated by an external force, the toroidal coil
structure cuts the magnetic lines passing therethrough to
generate an mduced current.

Neal, US 2002/0135263, discloses a plurality of stator arc
segments that form a toroidal core for a stator assembly used
to make a motor. In a preferred embodiment, a plurality of
magnetic fields 1s created when electrical current 1s con-
ducted through wire wound around poles on the toroidal
core. A monolithic body of phase change material substan-
tially encapsulates the conductors and holds the stator arc
segments 1 contact with each other in the toroidal core.
Hard disc drives using the motor, and methods of construct-
ing the motor and hard disc drives are also disclosed.

Rose, U.S. Pat. No. 6,803,691, discloses an electrical
machine that comprises a magnetically permeable ring-
shaped core centered on an axis of rotation and having two
axially-opposite sides. Coils are wound toroidally about the
core and disposed sequentially along the circumierential
direction. Each coil includes two side legs extending radially
alongside respectively sides of the core. Coil-free spaces
exist between adjacent side legs. A bracket has first and
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2

second side flanges that are connected by a bridging struc-
ture and respectively abut the first and second sides of the
coil.

Mohler, U.S. Pat. No. 6,507,257, discloses a bi-direc-
tional latching actuator that 1s comprised of an output shaft
with one or more rotors fixedly mounted thereon. The shaft
and rotor are mounted for rotation 1n a magnetically con-
ductive housing having a cylindrical coil mounted therein
and 1s closed by conductive end caps. The end caps have
stator pole pieces mounted thereon. In one embodiment, the
rotor has at least two oppositely magnetized permanent
magnets which are asymmetrically mounted, 1.e., they are
adjacent at one side and separated by a non-magnetic void
on the other side. The stator pole piece has asymmetric flux
conductivity and 1n one embodiment 1s axially thicker than
the remaining portion of the pole piece. An abutment pre-
vents the rotor from swinging to the neutral position (where
the rotor magnets are axially aligned with the higher con-
ductivity portion of the pole piece). Thus, the rotor 1is
magnetically latched i one of two positions being drawn
towards the neutral position. Energization of the coil with an
opposite polarity current causes the rotor to rotate towards
its opposite latching position whereupon 1t 1s magnetically
latched 1n that position.

Mohler, U.S. Pat. No. 5,337,030, discloses a permanent
magnet brushless torque actuator that 1s comprised of an
clectromagnetic core capable of generating an elongated
toroidally shaped magnet flux field when energized. Outside
the generally cylindrical coil 1s an outer housing with upper
and lower end plates at each end. Mounted to the end plates
and extending towards each other are stator pole pieces
separated from its opposing pole piece by an air gap. A
permanent magnet rotor 1s disposed in the air gap and
mounted on a shait which in turn 1s rotatably mounted in
cach of the end plates. The permanent magnet rotor com-
prises at least two permanent magnets, each covering an
arcuate portion of the rotor and having opposite polarities.
Energization of the coil with current 1n one direction mag-
netizes the pole pieces such that each of the two pole pieces
attracts one of the magnets of the rotor and repels the other
magnet of the rotor resulting 1n a torque generated by the
output shaft. Reversal of the current flow results 1n a reversal
of the torque and rotation of the rotor in the opposite
direction. Preferred embodiments are disclosed having mul-
tiple cells, 1.e. a plurality of stator rotor stator combinations
and/or cells 1n which there are a plurality of pole pieces at
cach stator pole plane.

Kloosterhouse et al, U.S. Pat. No. 5,191,255, discloses an
clectromagnetic motor that includes a rotor having a plural-
ity of magnets mounted along a perimeter of the rotor.
Preferably, adjacent magnets have opposite poles facing
outward. One or more electromagnets are disposed adjacent
to the perimeter of the rotor so that as the rotor rotates, the
magnets mounted on the rotor are carried near the poles of
the electromagnets. Current 1s supplied to the electromag-
nets by a drive circuit 1n a predetermined phase relationship
with the rotation of the rotor such that, for substantially all
angular positions of the rotor, magnetic attraction and repul-
sion between the poles of the electromagnets and the mag-
nets mounted on the rotor urge the rotor to rotate 1 a desired
direction. Reflective material 1s mounted on the rotor in
predetermined angular positions. The drive circuit includes
a photosensitive device which produces a signal whose
value varies according to whether the device i1s receiving
light reflected from the reflective material. The signal 1s
amplified to produce drive current for the electromagnets.
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Westley, U.S. Pat. No. 4,623,809, discloses a stepper
motor housing a pole structure 1n which a pair of 1dentical

stator plates, each having a plurality of poles, are positioned
back to back with the poles projecting in opposite directions,
the stator plates being positioned between a pair of substan-
tially identical stator cups, each stator cup having a plurality
of poles projecting mmwardly from a back wall with a
peripheral side wall terminating 1n an outwardly extending,
flange. A major surface of each flange 1s in contact with a
face on one of the stator plates so as to assure a low
reluctance magnetic path.

Fawzy, U.S. Pat. No. 4,565,938, discloses an electrome-
chanical device which can be used as a motor or as a
generator. The device has a housing, including bearing
means to support a rotatable shaft. Disc magnet means are
provided, and poled to have alternating polarity and are
mounted on the shaft to define a rotor. The device includes
at least one first pole shoe 1n contact with the magnet means,
having a portion extending radially therefrom to define a
virtual pole chamber, of a first polarity. Also included 1s at
least one second pole shoe 1n contact with the magnet and
having a portion extending radially therefrom to define a
virtual pole chamber of the other polarity. A toroid stator 1s
mounted on the housing and has windings thereon. The
stator 1s positioned annularly around the disc magnets such
that the virtual pole chambers of the first and second pole
shoes surround portions of said windings with circumieren-
tially alternating fields of alternating polarity. Means are
provided for electrical contact with the stator to draw ofl
current when the device 1s operated as a generator, or
provide current to operate the device as a motor.

Fawzy, U.S. Pat. No. 4,459,501, discloses an electrome-
chanical device which can be used as a motor or as a
generator that has a housing, including bearing means to
support a rotatable shaft. A pair of disc magnets are poled to
have opposite polarity on the two faces of each. The magnets
are mounted face to face together on the shait to define a
rotor. The device includes at least one first pole shoe in
contact with one face of each magnet, and having a portion
extending radially therefrom to define, 1n 1ts preferred form,
a pair of virtual pole chambers, of the same polarnty as said
one face. Also included 1s at least one second pole shoe 1n
contact with the other face of each magnet and having a
portion extending radially therefrom to define in 1ts pre-
ferred form a pair of virtual pole chambers of the same
polarity as the other face. A toroid stator 1s mounted on the
housing and has windings thereon. The stator 1s positioned
annularly around the disc magnets such that the virtual pole
chambers of the first and second pole shoes surround por-
tions of said windings with circumierentially alternating
fields of alternating polarity. Means for electrical contact
with the stator draw off current when the device 1s operated
as a generator, or provide current to operate the device as a
motor.

SUMMARY OF THE INVENTION

The present invention teaches certain benefits 1n construc-
tion and use which give rise to the objectives described
below. In one embodiment, the present mvention functions
as an electric motor, 1n a second embodiment i1t functions as
a rotating electric generator, and 1n a third embodiment 1t
functions as a rotating transiormer. In further embodiments,
the present invention may operate as a linear machine rather
than rotating. In each of these embodiments, the machine
may be operated as an AC machine or a DC machine. The
machine operates by coupling a moving electromagnetic
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field to magnets 1n attraction and also 1n repulsion. In each
embodiment, primary electromagnets produce a field which
couples to secondary magnets, which may be permanent
magnets or electromagnets, with either the primary or the
secondary magnets functioning as part of a stator structure
of the machine, 1.e., neither rotating nor translating. An
important aspect of the present invention, 1n one structural
embodiment, pertinent to the embodiments previously
defined, 1s a novel electromagnetic coil structure wound or
formed as spiral turns of a single flat strip of an either
ferromagnetic or non-ferromagnetic material. A further
important aspect of the present invention 1s the modularity
of the entire construction by use of coil special shape
housings of ferromagnetic material which 1s separated 1nto
a plurality of segments magnetically isolated from each
other but 1n mutual electrical continuity and hence minimiz-
ing hysteresis effects. Another important aspect of the pres-
ent mvention 1s the incorporated self sustained passive
magnetic bearing as a result of the permanent magnets
sweeping a portion of the aluminum shatit ring beneath the
permanent magnets and located between the guiding ball
bearing and the electromagnets ferromagnetic core. Another
important aspect of the present invention 1s the permanent
magnets edges cut 1n a distinct angle, such as at 45 degrees,
or triangular 1n shape which allows a continuous magnetic
one pole face and avoids the alternating magnetic end eflect
at both ends of the permanent magnet. Another important
aspect of the present invention 1s the useful capture of
induced eddy currents of each ferromagnetic segment and
sent back in the electrical circuit of the power supply.

A primary objective of the present invention 1s to provide
an apparatus and method of use of such apparatus that yields
advantages not taught by the prior art.

Another objective of the mnvention 1s to produce a
machine as described herein having a high electromagnetic
field densaity.

A further objective of the mvention 1s the elimination of
the need for a commutator.

A Turther objective of the invention is the establishment of
low losses including losses derived from hysteresis, heat,
radiation and eddy currents, which reduce the efliciency of
typical machines of the present type.

A Tfurther objective of the mvention 1s to produce a
rotating machine with a compact, modular structure.

A Turther objective of the invention 1s to provide a rotating
machine with open access to the interior of 1ts central shaft
on 1ts axis of rotation.

A Turther objective of the invention 1s to provide rotating
and translating machines with self sustained passive mag-
netic bearings as part of their integrated construction.

Other features and advantages of the embodiments of the
present mvention will become apparent from the following
more detailed description, taken in conjunction with the
accompanying drawings, which 1illustrate, by way of
example, the principles of at least one of the possible
embodiments of the invention.

BRIEF DESCRIPTION OF TH.

L1

DRAWINGS

The accompanying drawings illustrate the embodiments
of the present invention. In such drawings:

FIG. 1 1s a schematic diagram of the present invention
shown 1n cross-section;

FIG. 2 1s a side view of a rotational tubular axle of the
present invention shown with bearing sets 20, bearing secur-
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ing fitting 15, mounting rings 30A, coil interconnection ring
30C, magnetic bearing aluminum ring sweep surface 10,
and commutator 80;

FIG. 3 1s a perspective view of a circuit common ring,
30B;

FIG. 4 1s a perspective end view thereol as seen with the
bearing securing fitting detached;

FIG. 5 1s an end view thereof as seen from the bearing
securing fitting and showing proximal ends of connecting
bars;

FIG. 6 1s a perspective end view thereof as seen from the
commuftator;

FI1G. 7 1s a perspective view of one of the connecting bars;

FIG. 8 1s a perspective view thereol showing the two half
coil housings mounted on the mounting rings as seen from
the bearing securing fitting end;

FIG. 9 1s a close up partial side perspective view thereof
showing the mounting interface between a coil housing and
the mounting rings;

FIG. 10 1s a partial side perspective view thereof showing,
a coill as mounted within a coil housing;

FIG. 11 1s a perspective view thereof of a coil etther wire
or tape as wound onto a coil form on a magnetic or
non-magnetic material core like steel or aluminum, and a
coil housing showing coil form mounting surfaces;

FI1G. 12 1s a side view of the coil housing thereof with coil
and coil form 1n place;

FIGS. 13 and 14 are perspective views thereof showing a
commutator housing positioned over the commutator;

FIGS. 15 and 16 are perspective views of system housing,
plates thereof;

FI1G. 17 1s a partial side perspective view of the presently
described apparatus showing physical relationships between
coil housings, peripheral angle cut magnets adjacent to the
terromagnetic core’s shape and the system housing plates;
and

FIGS. 18-20 are conceptual diagrams of an advanced
clectromagnet coil thereof.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The above described drawing figures illustrate the present
invention 1n at least one of its preferred embodiments, which
1s further defined in detail in the following description.
Those having ordinary skill 1in the art may be able to make
alterations and modifications 1n the present invention with-
out departing from 1its spirit and scope. Therefore, 1t must be
understood that the 1llustrated embodiments have been set
torth only for the purposes of example and that they should
not be taken as limiting the invention as defined i1n the
following.

The present invention 1s a rotating electromagnetic
machine which may be used 1n several ways as described
above as 1s familiar to those of skill in the art. The physical
construction especially that of the electromagnetic coils and
the coil housings, the manner of interconnecting the coils to
the commutator and most of the structural configurations of
this machine are novel. FIG. 1 1s a schematic diagram of the
present mnvention shown in cross-section which shows some
of the major constructional features of this machine. FIG. 1
shows the machine’s tubular axle 10, bearing sets 20,
mounting rings 30A, coil housings 40, coil housing bolts 42,
peripheral magnets 350, sector magnets 60, system housing
plates 70 and peripheral plates 72. These components will be
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described 1n detail in the following referring to the attached
pictorials where numerals shown thereon are found 1n this
text.

FIG. 2 1s a side view of the rotational tubular axle 10, and
its magnetic bearing aluminum swept surface 10", showing
bearing sets 20, bearing securing fitting 15, commutator 80,
mounting rings 30A and coil input ring 30C. In FIG. 1 1t 1s
seen that system housing plates 70 [is] are mounted on
bearing sets 20 through adaptors 74. Either the system
housing plates 70 or axle 10 may act as stator with the other
member rotating. FIG. 3 1s a perspective view of coil
common ring 308 which 1s constructed 1n two pieces and 1s
independently removable from axle 10, whereas mounting
rings 30A are an integral part of axle 10. FIG. 4 15 a

perspective end view of axle 10 with the securing fitting 15

detached.

What 1s not depicted in FIG. 1, but 1s shown 1n FIG. §; an
end view from the securing fitting side, 1s proximal ends 92
of connecting bars 90 which extend axially within axle 10 as
will be further shown. FIG. 6 1s a perspective end view
thereof as seen from the commutator end of the machine,
showing distal ends 94 of connecting bars 90. FIG. 7 1s a
perspective view ol one of the connecting bars 90, as
detached, showing the proximal 92 and distal 94 ends. A
lateral rod 96 joined to bar 90 at the distal end 94, commutes
between bar 90 and one segment 82 of commutator 80 and
1s secured by screws 84 as shown 1n FIG. 6. The distal end
94 1s joined with lateral plate 98 which 1s covered with an
isulator wrap 99 and secured to coil input ring 30C through
slots 12 1n axle 10, as shown in FIG. 2, using tab 32 and
screw 34. Screw 36 1s available for securing coil wires as
will be described presently. Bars 90, including rods 96,
plates 98 and tabs 32 form the necessary electrical path
between electromagnet coils of the machine (to be
described), and the commutator 80. In the preferred embodi-
ment, coils 110 are wired 1n parallel with current introduced
from the commutator 80 through lateral rods 96, bars 90,
plate 98 to insulated segments (tabs 32) mounted on input
ring 30C. One end of each of the coils 110 are attached to
cach of tabs 32 respectively, at screws 36. The other end of
cach of the coils 110 are attached to the screws on common
ring 30B which acts as a ground back to the commutator 80.

FIG. 8 shows two coil housings 100 mounted on the rings
30A by coil housing bolts 42 (FIG. 1) fastened into threaded
holes. FIG. 9 1s a close up showing the novel mounting
interface between coil housings 100 and the mounting rings
30A. In this mounting it 1s noticed that the interfacing
surfaces of the coil housings 100 abut rings 30A and are
close to rings 30B and 30C. FIG. 10 shows part of the coil
housing 100 removed revealing a portion of a coil 110 as
mounted within the coil housing 100. FIG. 11 shows the coil
110 detached from the coil housing 100 and shows, too,
coilform 120 upon which coil 110 1s wound. In this embodi-
ment coi1l 110 1s wound with common 1nsulated wire 112,
however, coil 110 may also be wound with metal strip
wherein such strip would have a thickness approximately
equal to the diameter of wire 112 and a width W equal to the
width of coil 110, or of the ferromagnetic housing cell’s
width as shown in FIG. 11. It 1s noticed that coil 110 has an
axis 114 of the windings that 1s positioned tangential to the
direction of rotation of the electromagnetic field of this
machine when the coil 1s mounted within the coil housing
[120] /00. This may be best seen in FIG. 12 where coil 110
is shown mounted within coil housing [120] /00, and
housing [120] /00 is shown in its mounted position on ring

30A Only two coil housings [120] /00 are shown in the
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figures, but in the completely assembled machine, the coil
housings [120] /00 torm a full circle around tubular axle
[110] 70.

FIGS. 13 and 14 show a commutator housing 835 posi-
tioned over the commutator 80. Housing 85 provides the
wipers that frictionally contact the blades of commutator 80.
FIGS. 15 and 16 are views of the system housing plates 70
which are shown 1n their assembled positions 1 FIG. 1.
Plates 70 are engaged with the outer bearing races of bearing

sets 20 through adaptors 74 shown in schematic represen-
tation 1n FIG. 1. FIG. 17 shows the finished machine as a

side view with two peripheral plates 72, commonly known
as “biscuits,” removed, to show the locations of peripheral
magnets 30 and coil housings 100. The axis 5 of rotation of
the rotating magnetic field 1s depicted in FIG. 17.

FIGS. 18-20 show an alternative embodiment of coil 110.
Previously coil 110 was described as constructed by wind-
ings of common insulated electrical conductor wire 112 as 1s
well known 1n the art, and alternatively using flexible
insulated conductive metal strip stock. However, 1t has been
discovered that coil 110 may also be advantageously con-
structed from a solid block of conductive metal. In FIG. 18
1s shown a schematic diagram of such a coil 110 wherein the
lines 110A represent conductive paths and the spaces
between the lines represent material that 1s cut away from
the solid block of conductive metal. This may be accom-
plished using electrical discharge machining, also known by
the acronym EDM. In this process EDM 1s used to cut into
the solid block of electrically conductive material such as
copper, aluminum or steel, [but most preferably, iron,] and
the cuts are directed as shown 1n FIG. 18. When the cutting
1s complete, the solid block has been reduced to a single

continuous coil where the coil’s windings are strips having
the desired width W (FIG. 19), 1.¢., the width of the original

solid block.

FI1G. 19 shows the cut block 1n perspective with plus (+)
and minus (-) electrodes attached for connecting the coil 110
into a circuit of the present machine. FIG. 20 shows the same
cut block as FIG. 19, but partially cut-away to better
illustrate the layers of the windings. In FIGS. 19 and 20 no
space 1S shown separating the windings, however, these
figures are conceptual diagrams where the spaces between
adjacent windings are considerably less wide than the wind-
ings themselves, and the spaces may be filled with an
clectrical imnsulator using an electro-chemical process such as
clectroplating. The coil housing 100 may also be advanta-
geously constructed in the same manner as the coil shown 1n
FIGS. 18-20, that 1s, the housing 100 may be sectioned using
EDM to establish a coil-like configuration while maintaining
the housing 1n the form shown 1n FIGS. 8-12. The estab-
lishment of coil 110 and coil housing 100 1n the above
manner provide significant advantages including low eddy
current loss, less resistance to AC and to DC current flow,
and smaller size.

The enablements described 1n detail above are considered
novel over the prior art of record and are considered critical
to the operation of at least one aspect of one best mode
embodiment of the instant invention and to the achievement
of the above described objectives. The words used in this
specification to describe the mstant embodiments are to be
understood not only in the sense of their commonly defined
meanings, but to include by special definition 1n this speci-
fication: structure, material or acts beyond the scope of the
commonly defined meanings. Thus 1f an element can be
understood 1n the context of this specification as including
more than one meaning, then 1ts use must be understood as
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being generic to all possible meanings supported by the
specification and by the word or words describing the
clement.

The definitions of the words or elements of the embodi-
ments of the herein described mnvention and its related
embodiments not described are, therefore, defined in this
specification to include not only the combination of ele-
ments which are literally set forth, but all equivalent struc-
ture, material or acts for performing substantially the same
function 1n substantially the same way to obtain substan-
tially the same result. In this sense it 1s therefore contem-
plated that an equivalent substitution of two or more ele-
ments may be made for any one of the elements in the
invention and 1ts various embodiments or that a single
clement may be substituted for two or more elements.

Changes from the described subject matter as viewed by
a person with ordinary skill in the art, now known or later
devised, are expressly contemplated as being equivalents
within the scope of the invention and its various embodi-
ments. Therefore, obvious substitutions now or later known
to one with ordinary skill 1n the art are defined to be within
the scope of the defined elements. The invention and 1its
various embodiments are thus to be understood to include
what 1s specifically 1llustrated and described above, what 1s
conceptually equivalent, what can be obviously substituted,
and also what essentially incorporates the essential idea of
the 1nvention.

While the invention has been described with reference to
at least one preferred embodiment, 1t 1s to be clearly under-

stood by those skilled 1n the art that the mvention 1s not
limited thereto.

What 1s claimed 1s:

[1. A rotating electromagnetic machine comprising:

a tubular axle defining a distal and a proximal ends
thereof, and mounted medially thereon, a pair of
mounting rings, a common ring, a coil input ring, and
at least one bearing set; a fitting 1s secured at the distal
end of the tubular axle, and a commutator 1s secured at
the proximal end of the tubular axle;

a housing mounted on the bearing sets through adaptors;
the common ring constructed in two pieces and inde-
pendently removable from axle,

connecting bars extending axially within axle; lateral rods
joined to connecting bars at distal end thereof, the
lateral rods commuting between bars and segments of
commutator with distal ends joined waith lateral plates;

a plurality of electromagnetic coils secured to the mount-
ing rings, the coils formed of spiral turns of a single tlat
strip electrically conductive matenal; and

a plurality of peripheral and sector magnets mounted
adjacent to the electromagnetic coils.}

[2. The rotating electromagnetic machine of claim 1
assembled with a modular construction with coil housings of
a ferromagnetic matenal separated into a plurality of mag-
netically 1solated segments 1n mutual electrical continuity,
whereby hysteresis is minimized.]

[3. The rotating electromagnetic machine of claim 1
wherein each of the peripheral and sector magnets has edges
cut in a shape that enables a continuous magnetic pole face
and avoids an alternating magnetic end eflect at opposing
ends of the magnet, whereby, induced eddy currents of the
ferromagnetic segments are returned to the electrical circuit
thereof']

4. A votating electromagnetic machine comprising:

an axle;
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a plurality of coil housings spaced about and coupled to
the axle, each of the plurality of coil housings including
Jerromagnetic material;

a plurality of electromagnetic coils, each of the plurality
of electromagnetic coils being disposed in a respective
one of the plurality of coil housings,; and

a plurality of magnet sets, each of the plurality of magnet
sets being disposed adjacent to a vespective one of the
plurality of electromagnetic coils, each of the plurality
of magnet sets having a first sector magnet, a second
sector magnet, and a pervipheral magnet, each sector
magnet of each of the plurality of magnet sets having a
front surface facing toward the respective one of the
plurality of electromagnetic coils, the peripheral mag-
net of each of the plurality of magnet sets having (i) a
front surface facing toward the respective one of the
plurality of electromagnetic coils and perpendicular to
the front surface of each sector magnet, (ii) first and
second end surfaces, each end surface facing parallel
to and opposed to the front surface of one of the sector
magnets, and (iii) first and second angled surfaces,
each angled surface positioned between and at an
angle relative to the front surface and one of the
opposing end surfaces, the first sector magnet and the
second sector magnet being disposed in mutually
opposing and facing positions, the peripheral magnet
being positioned orthogonal to both the first sector
magnet and the second sector magnet,

wherein each of the plurality of coil housings is disposed
between a rvespective one of the plurality of electro-

magnetic coils and a respective one of the plurality of

magnet sets, and

wherein a first wedge-shaped portion of each of the
plurality of coil housings extends between (i) the front
surface of the first sector magnet of the vespective one
of the plurality of magnet sets, and (ii) the first angled
surface of the peripherval magnet, and

wherein a second wedge-shaped portion of each of the
plurality of coil housings extends between (i) the front
surface of the second sector magnet of the vespective
one of the plurality of magnet sets, and (ii) the first
angled surface of the peripheral magnet.

5. The machine of claim 4, wherein the angle at which the
first and second angled surfaces of each peripheral magnet
are positioned is about 45 degrees.

6. The machine of claim 4, wherein each of the plurality
of electromagnetic coils is formed of spival turns of a single
flat strip of electrically conductive material.

7. The machine of claim 4, wherein the plurality of coil
housings is configured to capture eddy currents induced
therein and to return the captured eddy currents to a power
supply of the rotating electromagnetic machine.

8. The machine of claim 4, wherein each of the plurality
of electromagnetic coils has a vespective winding axis.

9. The machine of claim 8, wherein the vespective winding
axis of each of the plurality of electromagnetic coils is
perpendicular to a central axis of the axle.

10. The machine of claim 8, wherein the respective
winding axis of each of the plurality of electromagnetic coils
is spaced apart from a central axis of the axle.

11. The machine of claim 4, further comprising:

at least one bearing set votationally disposed about the
axle, and:

a magnet housing having each of the plurality of magnet
sets mounted thervein, the magnet housing coupled to
the at least one bearing set to allow relative rotation
between the magnet housing and the axle.
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12. The machine of claim 11, wherein the magnet housing
acts as a stator of the rotating electromagnetic machine.

13. The machine of claim 4, wherein the axle acts as a
stator of the rotating electromagnetic machine.

14. The machine of claim 4, whervein the plurality of
electromagnetic coils are coupled together in an electrically

parallel configuration.

15. The machine of claim 4, wherein the first sector
magnet, the second sector magnet, and the peripheral mag-
net of each of the plurality of magnet sets are permanent
magneis.

16. The machine of claim 4, wherein each of the plurality
of coil housings is separated into a plurality of magnetically
isolated segments in mutual electrical continuity, whereby
hysteresis is minimized.

17. The machine of claim 4, further comprising a fitting
being attached to a distal end of the axle and a commutator
being attached to a proximal end of the axle.

18. The machine of claim 4, wherein each of the plurality
of electromagnetic coils is mounted on a pair of mounting
rings mounted to the axle.

19. The machine of claim 18, further comprising:

the pair of mounting vings;

a common rving mounted to the axle; and

a coil input ving mounted to the axle.

20. The machine of claim 19, wherein the common ring is
constructed in two pieces, each of the two pieces of the
common ring being independently removable from the axle.

21. The machine of claim 18, further comprising a com-
mutator attached to a first end of the axle, the commutator
being electrically coupled to each of the plurality of elec-
tromagnetic coils.

22. The machine of claim 21, further comprising:

a plurality of connecting bars extending generally axially
within the axle, each of the plurality of connecting bars
aiding in electrically coupling one of the plurality of
electromagnetic coils to the commutator; and

a plurality of lateral vods extending in a radial dirvection,
a first end of each of the plurality of lateral vods being
coupled to a first end of a respective one of the plurality
of connecting bars.

23. The machine of claim 22, wherein a second end of

each of the plurality of lateral vods is coupled to the
commutator and wherein a second end of each of the

plurality of connecting bars is coupled to the coil input ving.

24. The machine of claim 23, wherein a first end of each
of the plurality of electromagnetic coils is coupled to the coil

input ving to theveby electrically couple each of the plurality
of electromagnetic coils to the commutator.

25. The machine of claim 24, wherein a second end of
each of the plurality of electromagnetic coils is coupled to
the common ring to electrically ground each of the plurality
of electromagnetic coils.

26. The machine of claim 4, wherein each respective coil
housing is disposed between a respective one of the plurality
of electromagnetic coils and a respective one of the plurality
of magnet sets.

27. A rotating electromagnetic machine comprising:

an axle;

a plurality of electromagnetic coils, each of the plurality
of electromagnetic coils being mounted on separate
coil housings of ferromagnetic material, each of the
coil housings being mounted on the axle, each of the
plurality of electromagnetic coils having a winding axis
tangential to a divection of rotation of the machine;

a plurality of sets of peripherval and sector magnets, the
plurality of magnet sets positioned adjacent to the
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coils, each of the plurality of magnet sets having two of
the sector magnets in mutually opposing and facing
positions and at least one of the peripherval magnets
positioned orthogonal to the sector magnets, each
sector magnet of each of the plurality of magnet sets
having a front surface facing toward the vespective one
of the plurality of electromagnetic coils, each periph-
eral magnet of each of the plurality of magnet sets
having (i) a front surface facing toward the respective
one of the plurality of electromagnetic coils and per-
pendicular to the front surface of each sector magnet,
(ii) first and second end surfaces, each end surface
facing parallel to and opposed to the front surface of
one of the sector magnets, and (iii) first and second
angled surfaces, each angled surface positioned
between and at an angle relative to the front surface
and one of the opposing end surfaces, and wherein the
plurality of electromagnetic coils and the plurality of
magnet sets ave engaged for relative votation between
the electromagnetic coils and the magnet sets,

whevrein each of the plurality of coil housings is disposed
between a rvespective one of the plurality of electro-
magnetic coils and a respective one of the plurality of
magnet sets, and

wherein a first wedge-shaped portion of each of the
plurality of coil housings extends between (i) the front
surface of the first sector magnet of the respective one
of the plurality of magnet sets, and (ii) the first angled
surface of the peripheral magnet, and

wherein a second wedge-shaped portion of each of the
plurality of coil housings extends between (i) the front
surface of the second sector magnet of the vespective
one of the plurality of magnet sets, and (ii) the first
angled surface of the pevipheral magnet.

10

15

20

25

30

12

28. The machine of claim 27, wherein the angle at which
the first and second angled surfaces of each peripheral
magnet ave positioned is about 45 degrees.

29. The machine of claim 27, wherein the plurality of coil
housings is configured to capture eddy currents induced
therein and to return the captured eddy currents to a power
supply of the rotating electromagnetic machine.

30. The machine of claim 27, wherein each of the plurality
of electromagnetic coils has a respective winding axis.

31. The machine of claim 30, wherein the rvespective
winding axis of each of the plurality of electromagnetic coils
is perpendicular to a central axis of the axle.

32. The machine of claim 30, wherein the respective
winding axis of each of the plurality of electromagnetic coils
is spaced apart from a central axis of the axle.

33. The machine of claim 27, further comprising:

at least one bearing set rotationally disposed about the
axle, and;

a magnet housing having each of the plurality of magnet
sets mounted therein, the magnet housing coupled to
the at least one bearing set to allow relative rotation
between the magnet housing and the axle.

34. The machine of claim 33, wherein the magnet housing

acts as a stator of the rotating electromagnetic machine.

35. The machine of claim 27, wherein the axle acts as a
stator of the rotating electromagnetic machine.

36. The machine of claim 27, wherein the plurality of
electromagnetic coils is coupled together in an electrically
parallel configuration.

37. The machine of claim 27, wherein the first sector
magnet, the second sector magnet, and the peripheral mag-
net of each the plurality of magnet sets are permanent
magneis.
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