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HIGH EFFICIENCY ACDCELECTRIC MOTOR, ELECTRIC POWER GENERATING
SYSTEM WITH VARIABLE SPEED, VARIABLE POWER, GEOMETRIC ISOLATION
AND HIGH EFFICIENCY CONDUCTING ELEMENTS.

FIELD

[001] The disclosed invention relates to a high efficiency electric motor and generator which can
operate at variable speeds and using various types of electric power input. More particularly, the
present invention is related to configuration of components of an electric machine including
construction of poles, shielding, geometric configuration, use of superconductive materials, and
specialty materials in coils in the stator and rotor to reduce electromagnetic drag from the
magnetic reaction force created by the load current which opposes the rotation of the armature.

CROSS REFERENCE TO RELATED APPLICATIONS

[002] The present application claims priority to International Application No.
PCT/US2012/069449 HIGH EFFICIENCY ELECTRIC GENERATOR WITH ELECTRIC
MOTOR FORCES filed December 13, 2012, which claims priority from U.S. Provisional
Application No. 61/630,600 filed December 15, 2011, the contents of both of which are
incorporated herein by reference. The present application further claims priority to: U.S.
Provisional Application No. 61/688,668, entitled HIGH EFFICIENCY VARIABLE SPEED
VARIABLE POWER INPUT ELECTRIC MOTOR AND APPLICATIONS, filed May 18, 2012;
U.S. Provisional Application No. 61/688,669, entitled ELECTRIC POWER GENERATING
SYSTEM FOR GENERATION OF ALTERNATING CURRENT (AC) AND/OR DIRECT
CURRENT (DC) AND APPLICATIONS, filed May 18, 2012; and U.S. Provisional Application
No. 61/852,304, entitled ELECTRIC POWER GENERATING SYSTEM UTILIZING A
UNIQUE STATOR, ROTORS, WINDING AND SHIELDING MECHANISMS ALONG WITH
SUPERCONDUCTIVE COILS AND GRAPHENE CAPACITORS TO IMPROVE
EFFCIENCY, filed March 15, 2013,

BACKGROUND

[003] An electric power generator consists of two main parts: A stator and a rotor. The stator is
generally made of laminated iron or other ferro-magnetic material and contains long slots having
a certain depth and in which wire coils are wound in such a fashion to allow electric power to be
generated when magnetic fields emanating from the rotor move past the coils. The rotor contains
a specific arrangement of magnets, with generally wound armature electro-magnets whose
strength is governed by the amount of current flowing in the armature windings. When the rotor
spins inside the stator, the moving magnetic fields from the rotor induce a current in the stator
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windings thus generating what is referred to as electrical power.

[004] The energy required to spin the rotor is typically applied by a drive unit of some kind, such
as an electrical drive motor, diesel or other fossil fuel motor, steam turbine or the like. At typical
efficiencies, only 20% of the energy input by the drive motor is devoted to creating electrical

power.

[005] The remaining 80% is dissipated by magnetic drag, or braking forces, that develop between
the rotor and the stator. When current is applied to a load from a conventional generator, a
magnetic force or braking force is created by the flow of the load current in the generator
conductors that opposes the rotation of the generator armature. If the load current in the generator
conductors increases, the drag associated with the reaction force increases. More force must be
applied to the armature as the load increases to keep the armature from slowing. Increasing drag
and increasing load current leads to decreasing conversion efficiency and can eventually lead to
destructive consequences for generator equipment. The generators and structures in accordance
with embodiments described herein are designed and constructed such that these destructive drag

forces are eliminated.

[006] As noted, an ordinary electric motor consumes large amounts of electric power due to
electromagnetic drag. The greater the mechanical load, the more power is consumed and the
greater is the electromagnetic drag. Electric motors are designed today to consume
approximately 746 watts of electric power for each horsepower produced. Itis estimated that if
the electromagnetic drag forces were removed, the electric motor would be significantly more
efficient, such as potentially 400 - 500% more efficient.

SUMMARY

[007] Theelectric motor/power cogeneration unit of embodiments eliminates or reduces
electromagnetic drag and generates electric power off the opposite ends of the lateral motor
poleirons. These lateral poleirons are described in great detail inapplication "Solid State Rotary
Field Electric Power CoGeneration Unit PCT/IB2010/000039."

[008] The more load applicd to the motor shaft, the more increased current flows through the
motor which increases the amount of drag in a classic electric motor. However, this is not the
case with the motor of in embodiments. The current flow and frequency through the lateral pole
irons is controlled by a solid state excitation control system. The wire carrying the load current is
wound onto appropriate cast-iron or laminated lateral steel pole irons which are placed in direct
proximity to the coil slots of the power cogeneration induction coils which are wound into the
appropriate slots of the laminated steel generator frame. The cogeneration induction coils are
formed of multiple coils per group with multiple groups being used as needed. The wound lateral
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pole iron coils form direct current (DC) electromagnetic poles which are wound such that they
each, when activated, fire as needed north or south insequence in a clockwise or counterclockwise
fashion. The sequencing and rotational direction is controlled byan attached computer
programmable logic center and solid state coil direct current excitation system. This system is
more efficient and more flexible than an alternating current (AC) system.

[009] The wound lateral pole iron coils fire in sequence into each slot of the superior portion of
the power generation induction coils. The central ends of these electromagnetic poles are seated
into slots of a non-ferromagnetic conductor ring which is fixed to the laminated steel generator
by a support means. These central ends of the electromagnetic poles are flush with the inner
surface of the ring. The laminated steel motor/gencrator frame is encased in by example, a
circular housing which is attached to end bells which contain bearings (ball bearings or roller
bearings or the like). The roller bearings support a non-ferrous armature which contains
permanent magnetic rods or electromagnetic members which are strategically placed into closed
cavities, which closely approximate the outer radius of the armature portion. With respect to the
permanent magnetic rotor or electromagnetic rotors of the armature, approximately 180° of the
member is north pole charged or south pole charged and the other 180° will be of the opposite
charge.

[0010] The cavities, which contain the magnetic bars or electromagnetic rotor members are held
by a containment means and are supported by roller bearings and shielded by a laminated stainless
steel mu metal cylinder. The cylinder is open to the peripheral surface of the stator by a 45°
opening to allow interaction with the opposite magnetic pole of the lateral pole iron. As the
stator is activated, the field rotates in a sequential clockwise or counterclockwise fashion,
attracting the opposite poles of the armature. The three pole irons represented by example fire in
sequence and in parallel with the other eleven pole iron groups. Therefore, the sequence for 50
Hz operation is for the 3 lateral pole irons to fire repetitively for 6.66 milliseconds (ms). The
maximum magnetic pole strength is reached infive ms following DC excitation and requires five
ms to collapse once DC excitation has ceased. When the poles are activated, the armature pole
nearest the activated wound pole irons is attracted. The pole iron reaches magnetic peak intensity
in five ms and collapses in five ms releasing the magnetic polar attraction of the pole iron. The
collapsing pole pushes current inthe opposite direction. This collapsing current is channeled
through a solid state switching circuit and is stored in a battery system.

[0011] The power from the battery is then used to parallel with the DC power supplies which are
used to excite the lateral pole iron coils on following cycles. The armature magnetic rotating poles
cannot repel the stator pole irons due to the freewheeling design. The sequence for 60 Hz
operation is to fire repetitively for 5.55 ms. However, this is a multiple speed electric motor

which is computer controlled and operates from a DC power supply which can be powered by




10

15

20

25

30

35

16988

either AC or DC and inthe case of AC, can utilize either single phase, two phase, three phase or the
like by the use of the correct power supply, or by the use of each leg of a polyphase electric
supply along with, and in conjunction with, a power neutral or ground neutral. The sequential
firing of the north-south sequence of the stator poles generates power inthe power generation
induction coils just as a magnetic spinning armature generates power. The sequential firing of the
poles also spins the armature thereby generating mechanical power or motor power onto the
motor shaft. As the load on the shaft increases, the current flow in the stator coils increases,
thereby increasing the amount of power generated in the cogeneration coils. This arrangement
allows the motor to operate more efficiently since the electromagnetic drag has been mostly
eliminated.

[0012] The cogeneration component allows removal of power off the induction coils and thereby
allows less impedance to current flow to neutral and to ground as is well demonstrated in
application "Solid State Rotary Field Electric Power CoGeneration Unit; PCT/IB2010/000039".
The cogenerated power from the unitis fed back to the solid state coil DC excitation system
where itis usedto excite the stator lateral pole iron coils in parallel, along with the power system
and batteries in which power is stored from the collapsing pole coils. The rotor magnetic poles
may be composed of electromagnetic components as well as by the rotary permanent magnetic
components and the rotary permanent magneticcomponents may be stabilized by
electromagnetic pole stabilizing inserts.

{0013] Various exemplary embodiments are discussed and described herein involving aspects of
an electric machine, such as an electric motor and power cogeneration unit that produces power
with high efficiency and low electromagnetic drag forces. Accordingly, an exemplary method for
reducing drag in an electric motor — power cogenerator can include forming a series of wound
lateral pole irons around the inner periphery of a stator as is fully described in application "Solid
State Rotary Field Electric Power CoGeneration Unit. PCT/IB2010/000039". The stator is further
provided with slots around the inner periphery that contain induction windings. First, ends of the
lateral pole irons extend into the slots and are supported by a lateral pole iron support structure
forming a circular opening that is concentric with the inner periphery of the stator. Second, end
of the lateral pole iron extend toward the circular opening. Stator inserts containing free-
wheeling permanent magnet inserts, or wound electromagnetic inserts, can be distributed along
an outer periphery of a rotor inserted into the circular opening of the lateral pole iron support
structure. The free-wheeling permanent magnet inserts can be inserted into cavities along the
outer periphery of the rotor and can each include a pair of pole sections with a first magnetic
polarity and a second magnetic polarity. The pole sections can be made, for example, from
neodymium, samarium-cobalt or the like. The windings of the lateral pole irons can be
sequentially energized so as to provide a moving field such that a torque is applied to rotate the

rotor, and pole sections of the free-wheeling permanent magnet inserts which are free to rotate
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into alignment with ones of the second ends of the lateral pole irons to increase a flux density in
the lateral pole iron, the first ends of the lateral pole irons inducing a current flow into the

induction windings.

(0014] The stator, the support structure, and the rotor can be divided into N equally spaced
sectors, which can be twelve in embodiments described herein, by radii emanating from a
common center point on a common central longitudinal axis. The freewheeling permanent
magnet inserts can be inserted into positions along the outer periphery of the rotor. Based on the
distribution of the sectors and the like, N/2 groups of two of the N equally spaced sectors can be
established. First ones of the lateral pole iron windings in first ones of the sectors in the N/2
groups can be wound such that the first lateral pole irons have a first magnetic polarity. Second
ones of the lateral pole irons in that sector also have pole iron windings of the first polarity of
the sectors in the N/2 groups and can be wound such that the second lateral pole irons have a
first magnetic polarity. It will be appreciated that the slots, lateral pole irons and freewheeling
permanent magnet inserts are axially aligned along a respective lengthwise axis thereof such that
a lengthwise axis of the freewheeling permanent magnet inserts is in normal alignment with a

depthwise axis of the slots and lateral pole irons.

[0015] The freewheeling permanent magnet inserts magnetically shielding within the rotor such
that flux generated thereby is directed into the second ends of the lateral pole irons so as to
minimize flux leakage and magnetic drag and to increase the magnetic flux coupling thereinto.
The freewheeling permanent magnet inserts can further be inserted into respective openings
provided inthe rotor that are arranged in lengthwise alignment with the slots and lateral pole
irons. The openings correspond to a longitudinal opening of the slots and provide magnetic
communication with the corresponding second ends of the lateral pole irons that are disposed,
for example, within or near the slots. The sequential energizing of the windings of the lateral
pole irons includes bringing first ones of the freewheeling permanent magnet inserts into
alignment such as though the self initiated freewheeling action thereof with the first ones of the
second ends of the lateral pole irons such that the torque is provided to rotate the rotor, the first
ones of the freewheeling permanent magnet inserts maintain the alignment, for example, during
at least a portion of the rotation with the first ones of the second ends of the lateral pole irons.
As the rotor rotates past the second ends of the lateral pole irons and the alignment is maintained,
a maximum flux density associated with the moving field is also maintained so as to induce a
maximum current flow inthe induction windings and reduce a magnetic drag associated with the

rotation.

[0016] Inaccordance with embodiments, the electromagnetic assembly for an electric motor and
power cogeneration can be provided and includes, for example, a stator having a plurality of

slots on a stator periphery of an inner stator opening thereof. A plurality of lateral pole irons
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can be coupled to the stator such that first ends of the plurality of lateral pole irons are coupled
to respective ones of the plurality of the slots as is described in application "Solid State Rotary
Field Electric Power CoGeneration Unit. PCT/IB2010/000039". The slots in the lateral pole
irons can be aligned along with a lengthwise and depthwise axis. The plurality of lateral pole
irons can be supported by a support structure that is positioned within the inner stator opening on
a common central axis. The support structure has a support structure opening in the center
thereof. The stator and the support structure can have a substantially circular shape and can
therefore be arranged in a concentric fashion. The lateral pole irons have windings and second
ends directed toward the support structure opening. A rotor can be positioned within the support
structure opening and can have a plurality of cavities on a rotor outer periphery. The rotor can be
coupled to a central shaft and can have a plurality of freewheeling permanent magnet inserts
inserted into the cavities. Each of the cavities has an opening capable of being positioned adjacent
to the second ends of the lateral pole irons. Each of the plurality of freewheeling permanent
magnet inserts can have a pair of magnetic pole sections having a first magnetic polarity and a
second magnetic polarity. The pole sections can be made from neodymium, samarium-cobalt or
the like depending on the application. Each of the freewheeling permanent magnet inserts are
capable of rotating about a longitudinal axis. Insome embodiments, the pole section can be

electromagnets such as wound armature electromagnets.

[0017] Windings of the plurality of lateral pole irons are sequentially energized to create a
moving field and to apply a torque on the rotor causing a rotation of the shaft. The freewheeling
permanent magnet inserts can rotate into alignment with the second ends of energized ones of the
lateral pole iron and can free-wheel in order to maintain alignment as the rotor and the field
rotates so as to provide maximum flux density inthe lateral pole iron and induction windings in
a corresponding onc of the plurality of slots to induce a current flow therein. The stator, the
support structure and the rotor can be divided into N equally spaced sectors by radii emanating
from a common center point on a common central longitudinal axis an activation circuit coupled
to the windings of the lateral pole iron can apply a pulsed DC current in sequence in an
alternating north-south-north sequence or in any other functional sequence consistent with the
concepts described herein. The sequencing and rotational direction is controlled by a computer,
programmable logic center, and a solid state DC excitation system. This system is more efficient
and more flexible than an alternating current (AC) system. As the stator is activated, the field
rotates in a sequential clockwise or counterclockwise fashion attracting the opposite poles of the
armature. Inthe example presented there are twelve pole iron groups. One solid state excitation
card with three channels per card is employed in exciting the pole irons for each group. All
twelve excitation cards function in parallel. The three pole irons represented in each group
segment fire in sequence and in parallel with the other eleven pole iron groups. This sequential
firing spins the rotor at the desired specd by the lateral pole irons.
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{0018] Each of the plurality of lateral pole irons can be disposed respectively above each of the
plurality of the slots such that the induction coil windings disposed in the plurality of slots are
exposed to a concentrated amount of moving magnetic flux generated when the windings of the
lateral pole irons are energized and a magnetic circuit is completed by the freewheeling
permanent magnet inserts and/or the electromagnetic inserts. The plurality of freewheeling
permanent magnet inserts are further capable of rotating in a synchronized relation with the
magnetic field such that when the windings of the lateral pole irons are sequentially energized,
the freewheeling permanent magnet inserts are rotated into alignment with the second ends of the
lateral pole iron so as to provide maximum flux density inthe induction windings to induce a

current flow therein and to reduce magnetic drag on the rotor.

[0019] In an embodiment, each of the plurality of freewheeling permanent magnet inserts is
contained within a containment sleeve that shields the rotor from magnetic fields produced by
each of the freewheeling permanent magnet inserts. The containment sleeve is made from
alternating layers of mu metal austenitic steel and/or carbon steel or other like steel. The
containment sleeve can contain one or more bearings to support rotation of the containment

sleeve and the contained permanent magnet insert member.

[0020] In accordance with an aspect, a method is disclosed for reducing drag in an electric
generator that includes a change in geometric design and placement of the rotors in relation to the
stator coils along with a system of magnetic shielding which results in very minimal interaction
of the rotor magnetic fields with the destructive magnetic fields of the stator when the generator
is connected to an electric load. This radical redesign includes distributing first numbers of slot
rotor pairs along the outer periphery of a first stator section having induction windings
accommodated in slots. Second numbers of the slot rotor pairs can be distributed along the outer
periphery of a second stator section having induction windings accommodated in slots. The slots
of the first stator section and the second stator section are axially aligned along a lengthwise and
depthwise access. The "outer" periphery of the second stator section can also correspond to an
"inner circumference” where reference is made to a circular or other suitable shape stator
embodiment. The inner periphery of the first stator section and the inner periphery of the second
stator section are adjacent to each other. The first members and second members of the slot rotor
pairs include slot rotors having at least one pair of wound armature pole sections of a first and
second magnetic polarity. The first and second members of the slot rotor pairs can be rotated in a
synchronized manner such that a first one of the pole sections of the first member having the first
magnetic polarity and a second one of the pole sections of the second member having the second
magnetic polarity are aligned with the slots to provide maximum flux density in the induction
windings to induce a current flow therein. The first member and the second member of the
respective slot rotor pairs are aligned with the aligned slots of the first stator section and the

second stator section along respective lengthwise axis of the first and second members and Lhe
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slots such that the lengthwise axis of the first and second members are in normal alignment with
the depthwise axis of aligned slots.

(0021] The first and second members can be magnetically shielded such that flux generated by
the first and second members is directed only into the slots so as to minimize flux leakage and
magnetic drag resulting from interaction of the rotor pairs with the stator magnetic fields. The
first members and the second members shielding means can be inserted into respective openings
provided in the first and second stator sections. The respective openings can be arranged in
lengthwise alignment with the slots, to partially shield the first and second members and can be
provided with a longitudinal opening corresponding to a longitudinal opening of the slots in order
to provide magnetic communication with the corresponding longitudinal openings of the slots

and ultimately to the windings disposed therein.

[0022] The opening in the first and second stator sections opening which are approximately 45°
to 180° openings. The openings are necessary to accommodate the stator coil winding process.
After the first and second member rotor shields are in place, the openings are closed by
placement of laminated electrical steel shield covers. This 360° laminated shielded rotor tunnel
provides equal attraction for the magnetized rotors for 360° of rotation. In operating conditions, a
magnetic bearing effect is provided, thereby eliminating drag between the magnetized rotor poles
and the stator iron.

[0023] The first and second members of the slot rotor pairs can be rotated about their axis in
opposite directions over the slots such that the net torque generated by the polar force interaction
between the first and second members is approximately zero and in specific cases can be a high
net negative torque. Accordingly as the first one of the pole sections of the first members having
the first magnetic polarity is rotated over a slot in a first direction, the second one of the pole
sections of the second member can be sequenced such that it presents the second magnetic
polarity opposite the first magnetic polarity in order to maximize the flux density in the aligned
slots. The second one of the pole sections is being rotatable in a second direction opposite the
first direction to form a magnetic circuit between the first and second magnetic polarities. The
first angle in certain instances can be timed to yield usable motor effects. The first and second
members can be driven in a synchronized manner that includes turning on an excitation current in
an armature of the first one of the pole sections of the first member having the first magnetic
polarity at an instant in time when the first one of the pole sections is positioned in a correct
proximity to a slot in a first direction. An excitation current in an armature of the first one of the
pole sections of the first member having the first magnetic polarity at an instant in time when the
first one of the pole sections is positioned in correct proximity to a slot in a first direction. An
excitation current in an armature of the second one of the pole sections of the second member

having the second magnetic polarity can be similarly turned on. Alternating current (AC) can be
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generated when both the first and second members of the slot rotor pairs are provided with
appropriate alternating first and second magnetic polarities. Direct current (DC) may be
generated from the same slot rotor pairs when the first slot rotor pair of the pair generates only a
first polarity and the second slot rotor pair generates only a second polarity. This allows changing
the generator from AC to DC by changing direction of the excitation currents in appropriate
poles, which may be accomplished by a programming change in the excitation PLC controller.
The first and second members can be shielded such that flux generated when an excitation
current is supplied to the armatures of the first and second members is directed substantially
towards the slots. The induction winding can be connected for alternating current, direct current
and in single-phase or three-phase, high wye or low wye, however a delta connection is not
prohibited.

[0024] In accordance with another exemplary aspect, an electromagnetic assembly for an electric
generator can be provided that includes a dual stator having a first stator section and a second
stator section. A first polarity of slots are arranged on an outer periphery of the second stator
section. Again, as noted herein above, with respect to a closed geometric arrangement stator the
outer periphery of the second stator section can refer to an "inner circumference.” Respective
inner peripheries of the first and second sections are disposed in adjacent relation and can include
a back iron disposed there between to improve magnetic coupling through the slots. Each of the
first and the second polarity of slots are aligned along a lengthwise and depthwise axis to form
slot pairs, each of the polarity of the slots having induction coil windings disposed therein, The
assembly can further include slot rotor pairs associated with the slot pair. Each of the slot rotor
pairs has a first slot member disposed in aligned relation with one of the first polarity of slots and
a second slot rotor member disposed in aligned relation with one of the second polarity of slots
corresponding to the slot pair. Each slot rotor member has at least a pair of magnetic poles with
one of the pair of magnetic poles having a first magnetic polarity and another of the pair of
magnetic poles having a second magnetic polarity. Each slot rotor member is capable of rotating
about a longitudinal axis. The slot rotor pairs are disposed along the slot pairs such that the
induction coil winding disposed in the slot pairs are exposed to magnetic flux generated by the
slot rotor pairs. Each slot rotor member can be provided with a shield having an opening portion
over the slots to direct the flux into the slots but minimize external flux leakage. In addition, a
shield section can be provided for shielding magnetic flux from the first and second slot rotor
members and end teeth portion of the first stator section and the second stator section. The
shielding can be made from mu metal. The first slot rotor member and the second slot rotor
member are capable of rotating such that when magnetic flux of one of the magnetic poles of the
first polarity associated with the first slot rotor member is directed to a corresponding first slot of
the slot pair, magnetic flux of an associated one of the magnetic poles of the second polarity
associated with the second slot rotor member is directed to a corresponding second slot of the slot
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pair such that induction coil winding disposed in the first and second slots are exposed to
increased magnetic flux and leakage of the magnetic flux is minimized. In one embodiment, the
first polarity of slots can include 48, but not limited to 48, wire slots, and the second polarity of
slots can include 48, but not limited to 48, wire slots. Each of the first stator section and the
second stator section can have a substantially circular shape where the first stator section and the
second stator section are concentric about a longitudinal axis of the dual stator. Alternatively, the
first stator section and the second stator section are planer. In another embodiment, the first
polarity of slots includes four wire slots, and the second polarity of slots can include four wire
slots. Each of the first stator sections and the second stator section can have a substantially square
shape with the wire slots located in the corners of the square, where the first stator section and
the second stator section are concentric about a longitudinal axis of the dual stator. This last
embodiment is preferred in that it affords geometric isolation from the magnetomotive poles in
the stator which greatly reduces the drag forces between the stator and magnetized rotors. The
first polarity of slots and the second polarity of slots may contain up to 12 wire slots each without
significant increase in drag forces.

[0025] An excitation circuit can be provided that applies an excitation current to the first slot
rotor member and the second slot rotor member so as to generate the magnetic flux when the one
of magnetic poles of the first polarity associated with the slot rotor member is rotated into
alignment with a corresponding first slot of the slot pair and to generate the magnetic flux when
the associated one of the magnetic poles of the second polarity associated with the second slot
rotor member is rotated into alignment with a corresponding second slot of the slot pair. The
excitation circuit can further remove the excitation current from the first slot rotor member and
the second slot rotor member in order to remove the magnetic flux at an instant when the one of
the magnetic poles of the first polarity associated with the first slot rotor member is rotated out of
alignment with the corresponding first slot of the slot pair, and to remove the magnetic flux at an
instant when the associated one of the magnetic pole of the sccond polarity associated with the
second slot rotor member is rotated out of alignment with the corresponding second slot of the
slot pair. A diode circuit can be provided for transmitting a current generated when the magnetic
flux collapses forming current flow in the opposite direction, from the first and the second slot
rotor members to a battery. The excitation circuit can include a commutator circuit (either
mechanical or solid state) associated with the first and second slot rotor members, the
commutator circuit selectively coupling one of the first and second slot rotor members to the

excitation current as the appropriate ones are rotated into alignment.

[0026] Various exemplary embodiments are discussed and described herein involving aspects of
an electric machine, such as a generator that produces power with high efficiency and very low
electromagnetic drag. The relevance of this elimination of drag to its uses and applications along

with the use of superconductor coils are presented and discussed.
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[0027] In accordance with an aspect, a method is disclosed for reducing drag in an electric
generator that includes a change in geometric design and placement of the rotors in relation to the
stator magnetic poles such that the stator magnetic poles that are created by the flow of load
current in the generator are geometrically isolated from the rotor cavities and are shielded by a
system of magnetic shielding as well as a unique winding which provides electromagnetic
shielding and canceling of the effective stator magnetic poles secondary to electrical load
currents in the stator winding. The physical shielding consists of metallic mu metal shielding and
electromagnetic shielding around the rotor cavity. Further shielding is provided by the unique
winding pattern in the rotor cavity portion of the stator. Further reduction in magnetic interaction
between the rotor magnetic poles and the potential stator magnetic poles is accomplished by the
further uniqueness of the stator winding patterns which consists of bi-directional current flow in
adjacent windings during load current flow which neutralizes destructive effective magnetic
polarity of the stator. This shielding and geometric isolation of the rotors from the potential stator
magnetic poles, created by the stator induction windings, results in very minimal magnetic flux
linkage of the rotor magnetic fields with the destructive magnetic fields of the stator when the
generator is connected to a full electric load. This radical design alteration from standard
generators includes distributing first members of slot rotor pairs along the outer periphery of a
first stator section having induction windings accommodated in slots in the inner periphery of the
rotor pair cavities. The slots are multiple axially aligned slots which are skewed by one stator slot
tooth width or slot pitch. This skewing of the slots is utilized to reduce the air gap permeance
harmonics caused by the slots as the rotors rotate past the wire slots. Second members of the
rotor pairs along the outer periphery of a second stator section having induction windings
accommodated in slots in the inner periphery of the slot rotor pair cavities. The slots are multiple
axially aligned slots which arc skewed from the axis by one slot tooth width or one slot pitch to
reduce the air gap permeance harmonics which are caused as the rotors rotate the magnetic flux
passed the wire slots. The slots of the first stator section and the second stator section are axially
aligned with a skew by one stator slot tooth width or one slot pitch, along a lengthwise and
depth-wise access. The "outer” periphery of the second stator section can also correspond to an
"inner circumference" where reference is made to a circular or other suitable shaped stator
embodiment. The "inner periphery” of the first stator section and the "inner periphery" of the
second stator section are adjacent to each other. The first members and the second members of
the slot rotor pairs include slot rotors having at least one wound armature pole section which is
excited by a solid state excitation with a gating mechanism which allows the entire rotor pole
section of the wound armature to alternate between a first and second magnetic polarity. The first
and second members of the slot rotor pairs can be rotated in a synchronized manner such that a
first magnetic polarity and a second magnetic polarity are aligned with the slots to provide
maximum flux density in the induction windings to induce a current flow therein. The first

member and the second member of the respective slot rotor pairs are aligned with the skewed,
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aligned slots of the first stator section and the second stator section along respective lengthwise
axes of the first and second members and the slots such that the lengthwise axes of the first and

second members are in normal alignment with the depth-wise axes of the aligned slots.

[0028] The first and second members can be magnetically shielded such that the flux generated
by the first and second members is directed into the induction wire slots with minimal interaction
among the rotor pairs and/or the stator magnetic field. The first members and the second
members shielding is accomplished by two means. First, a mu metal shielding means is installed
at strategic locations to separate the rotor magnetic fields among the rotors and from the stator
magnetic fields. Second, the unique rotor cavity and stator induction windings provides a net zero
magnetic flux interaction or flux linkage between the magnetic fields of the rotors and the stator.

[0029] The rotor pair cavity openings in the first and the second stator sections are only sufficient
to accommodate the stator coil winding process. After the winding process is complete, the
openings are closed by placement of removable laminated stator sections. This 360° laminated
tunnel along with skewing of the stator slots provides equal flux linkage between the magnetized
rotors and the stator iron for the entire 360° of rotation. In operating conditions a magnetic
bearing effect is provided thereby eliminating drag between the magnetized rotor poles and the

stator iron due to irregular flux linkage and resultant air gap harmonics.

[0030] The first and second members of the slot rotor pairs with first and second polarities can be
rotated about their axis in opposite directions over the slots such that the net torque generated by
the polar forces (i.e. flux linkage) interaction between the first and second members is
approximately zero. The first and second members can be driven in a synchronized manner that
includes turning on an excitation current in an armature of the first one of the magnetized poles
of the first member having a first magnetic polarity at an instant in time when the first member is
driven in a first direction. An excitation current in an armature of the second member having a
second magnetic polarity can be similarly turned on. Alternating current (AC) can be generated
when both the first and second members of the slot rotor pairs are provided with appropriate
alternating first and second magnetic polarities. Direct current (DC) may be generated from t he
same slot rotor pairs when the first slot rotor of the pairs generates only a first polarity and the
second slot rotor pair generates only a second polarity. This allows changing the generator from
AC current to DC current by changing direction of the excitation currents in appropriate poles,
which may be accomplished by a programming change in the excitation PLC (Programmable
Logic Center) controller. The induction windings can be connected for AC current, DC current
and in single-phase or 3-phase "high-wye" or "low-wye", however a Delta connection is not
prohibited. The frequency of the generated power may be changed by altering the speed of the

first and second members of the slot rotor pairs.
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[0031] In accordance with another exemplary aspect, an electromagnetic assembly for an electric
generator can be provided that includes a dual stator having a first stator section and a second
stator section. A first polarity of rotor cavities are arranged on an outer periphery of the first
stator section. A second polarity of rotor cavities are arranged on the outer periphery of the
second stator section. Again, as noted herein above, with respect to a closed geometric stator
arrangement, the outer periphery of the second stator section can refer to an "inner"
circumference. Respective inner peripheries on the first and second sections are disposed in
adjacent relation and can include a back-iron of any desired dimension disposed there between to
improve magnetic coupling through the induction wire slots. Each of the first and second polarity
rotor cavities are aligned along a lengthwise axis and contain induction wire slots which are
skewed the distance of a slot pitch or width of a slot tooth, aligned along a lengthwise and
depthwise axis. Each of the slots have induction coil windings disposed therein. The assembly
can further include slot rotor pairs within the rotor cavities. Each slot rotor has an alternating
magnetic pole, alternating between 360° of first pole and 360° of second pole. Each slot rotor
member is capable of rotating about a longitudinal axis. The slot rotor pairs are disposed along
the slot pairs such that the induction coil windings disposed in the rotor cavities of the stator are
exposed to magnetic flux generated by the slot rotor pairs. Each slot rotor member can be
provided with a magnetic shield placed in appropriate slots separating the rotor cavities from the
stator magnetic poles. The shielding can be made from mu metal.

[0032] In one embodiment, the first polarity of slots are contained in four rotor cavities, the

second polarity of slots are contained in four rotor cavities. Each of the first stator section and the

second stator sections can have a substantially square shape, but not confined to square shape, ,
with the rotor cavities located in the corners of the square, where the first stator section and the

second stator section are concentric about a longitudinal axis of the dual stators. This last

embodiment is preferred (but not restrictive) in that it affords geometric isolation from the

magnetomotive poles in the stator, thereby greatly reducing the drag forces between the stator

and the magnetized rotors. The first polarity of slots and the second polarity of slots may contain

up to 48 wire slots, but not limited to 48, each without increasing the drag forces.

[0033] The slots are wired such that the 360° of slots are wound in a counter-clockwise direction
and are lapped by 360° of slots wound in a clock-wise direction. Therefore, the induced north
pole cancels the induced south pole, thereby electromagnetically isolating the rotor magnetic
fields from the induced potential stator magnetic fields.

[0034] An excitation circuit can be provided in one embodiment that applies an excitation current
to the first slot rotor member and the second slot rotor member so as to generate the magnetic
flux when one of the magnetic poles of the first polarity associated with the slot rotor member is
rotated into alignment with a corresponding first slot of the slot pair and to generate the magnetic
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flux when the associated one of the magnetic poles of the second polarity associated with the
second slot rotor member is rotated into alignment with a corresponding second slot or series of
slots of the slot rotor cavity pair. The excitation circuit can further remove the excitation current
from the first slot rotor member and the second slot rotor member in order to move the magnetic
flux in an instant when the one of the magnetic poles of the first polarity associated with the first
slot rotor member is rotated out of alignment with the corresponding first slot of the multiple slot
pairs, and to remove the magnetic flux at an instant when the associated one of the magnetic
poles of the second polarity associated with the second slot rotor member is rotated out of
alignment with the corresponding second slot of the slot pair. A diode circuit can be provided for
transmitting a current generated when the magnetic flux collapses forming current flow in the
opposite direction from the first and the second slot rotor members to a battery. The excitation
circuit can include a commutator circuit (either mechanical or solid state) associated with the first
and slot rotor members, the commutator circuit selectively coupling one of the first and second
slot rotor members to the excitation current as the appropriate ones are rotated into alignment. In
other embodiments the magnetic pole or poles of the first slot rotor member and the second slot
rotor member may be supplied with a constant excitation current or may be activated in such a
fashion that the entire 360° circumference of the rotor may alternate between first magnetic
polarity and second magnetic polarity.

[0035] In a preferred embodiment, the first and second rotors are unipolar (i.e. north-pole,
alternating with south-pole) for the entire 360° circumference of the first and second rotors of the
rotor pair. The unipolar circuit excited by a solid state switching system which allows all of the
rotor windings to be switched in alternating directions i.e. switch the entire rotor from north pole
to south pole and south pole to north pole. This unique design allows the program PLC or
commutator circuit which controls the excitation circuit which can apply an excitation current to
the first slot rotor member and the second slot rotor members so as to generate the magnetic flux
in the one of the magnetic poles of the first polarity associated with the slot rotor member SO
times per second (50 Hz) or 60 times per second (60 Hz) regardless of the position of the rotor in
rotational space and to generate the magnetic flux when the associated one of the magnetic poles
of the second polarity associated with the second slot rotor member is applied with an excitation
current thereby generating a magnetic flux of opposite polarity such that magnetic coupling
occurs through each slot and the intervening back-iron and stator coils. This unique embodiment
allows the generator rotors to be operated at any speed with the frequency being controlled by the
excitation circuit rather than being controlled by the speed of the rotors. This design allows
flexibility in power output by increasing and decreasing the speed of the rotor without alternating
the frequency. For example, a generator operated at 3,000 rpm can double the power output by
increasing the operating speed to 6,000 rpm or more, also decreasing the power by bringing the
power as low as desired by progressively decreasing the speed of the rotor but maintaining the
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frequency by timed excitation of the rotor coils. If the conductor material with very low
resistance to electron flow is employed (a room temperature superconductor) such as a graphene
coded magnet wire, is used to wind both the stator and the rotors significant increase in power
output can be realized for the same power input. Alternatively, a generator one-fifth or one-tenth

the size would generate the same power output while using the superconductor coils.

[0036] Various configurations are presented in the prior art, but none approach the issues of
reducing magnetic drag as in the present disclosure. For example, in U.S. Patent Application
Publication No. 2011/0221298 to Calley et al., an electrical device is disclosed with a tape wound
core laminate rotor. Calley fails to teach shielding a magnetized element from the adjoining
stator surface, and fails to teach exposing only small segments of the side iron and the wire slots
to the magnetic fields generated by rotor elements. Calley further fails to teach geometric
isolation of the rotor from the stator induction magnetic poles which are created when the
induction coils are closed to a load. Calley further fails to teach wire slots containing two coils,
one coil wound north pole and one wound south pole. As the coils are closed to a load during
power generation, the north pole cancels the south pole and south pole cancels the north pole,
thereby removing the electromagnetic drag forces from the stator. Calley further fails to teach
that these cancelling poles, when wound around a 360-degree circumference within the stator-
rotor cavity, produce a neutral electromagnetic shielding effect around the rotors. Still further,
Calley fails to teach the desirability on alternating pulsed unipole, which provides a consistent
flux linkage in the stator iron for a full 360-degrees of rotation.

[0037] Other systems are presented in the prior art. For example, in U.S. Patent No. 7,608,967 to
Durham et al., a single field rotor motor is disclosed. Durham however, fails to teach improving
the efficiency of a variable speed electric motor and removing electromagnetic drag by
sequentially firing a series of DC electromagnetic members in sequential sectors in parallel; and
fails to teach that the members interact with freewheeling permanent magnetic rotor inserts or
electromagnetic rotor inserts along the outer periphery of the rotor. Durham fails to teach a north
pole-south pole activation, synchronized with activation of a lateral pole iron controlled by an
excitation or activation system or circuit. Durham further fails to teach sequential, repetitive
energizing of the windings of lateral pole irons in each sector of a stator, with each sector firing
in parallel so as to provide a moving magnetic field to generate torque applied to rotate the rotor
and permanent or electromagnetic pole sections of the rotor magnetic inserts which rotate into
alignment with ones of the second ends of the lateral pole irons to increase flux linkage with
lateral pole irons, with first ends of the lateral pole irons inducing a current flow in the stator

induction windings as in the disclosed invention.

[0038] Other prior art systems exist to accomplish various objectives but none address the

problem of reducing magnetic drag.
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[0039] Therefore, it is an object to present a method and apparatus for reducing the
electromagnetic drag in an electric motor to thereby improve efficiency and simultaneously
cogenerate electric power which is available for any appropriate use including powering the

stator pole excitation system.

[0040] It is an additional object to present a method and apparatus by which electromagnetic
poles are constructed and activated in the proper sequence by a computer controlled solid state
DC excitation system.

[0041] It is a further object to present exemplary freewheeling armature magnetic poles to
reduce drag by freely moving into and maintaining an aligned position with the electromagnetic

poles of a stator system to reduce drag and increase magnetic flux coupling.

[0042] Itis an additional object to present exemplary induction coils activated by wound lateral
pole ironand to thereby generate power as the motor/generator produces mechanical energy on
an exemplary motor shaft.

[0043] It is a further object to demonstrate the use of AC, DC and/or any phased power to power
the pole excitation DC power supplies such that the motor cogeneration system may be adaptable
to any available power supply.

[0044] It is an additional object to reveal a method of frequency excitation which allows ease of
variable specd operation. The sequence of excitation of the lateral pole irons for 50 Hz operation
is to excite each pole sequentially for 6.66 ms and 5.55 ms for 60 Hz operation. However, this is a
multiple spced motor which has a computer controlled excitation system and has a wide range of
operating speeds which are possible with very little drag, high efficiency and cogeneration of

electric power which may be used to parallel feed the stator pole excitation system.

[0045] It is an additional object to demonstrate the use of an embodiment in which a high
efficiency electric motor is used to drive a standard efficiency electric generator to produce a net
increase in electric power output. It is a further object to demonstrate the use of a high
efficiency electric motor and a high efficiency electric generator to produce a greater net

increase in electric power output.

[0046] 1t is an object therefore to provide distributed slot rotor pairs that rotate in a close
proximity to aligned wire slots disposed around the circumference of a dual stator of an electric

power generator.

[0047] It is a further object to demonstrate a means to complete an intensified magnetic circuit
and place maximum flux into the wire slots using slot rotor pairs.
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[0048] It is an additional object to demonstrate the use of unipolar/alternating polarity rotor pairs
such that the frequency and type of current (AC or DC) may be controlled by a computer
controlled rotor excitation system.

[0049] It is an additional object to reveal the use of individual 3-phase electric motors to drive

each rotor with all rotors being controlled by a common variable speed drive.

[0050] It is a further object to reveal the structure of laminated electrical steel shield covers to
provide a uniform steel environment to encapsulate the rotors to cause a magnetic bearing effect

without polarizing drag occurring in said laminated steel covers.

[0051] It is a further object to release energy which would be consumed by electromagnetic drag
forces, as electric power by specific geometric location and shielding of distributed slot rotor

pairs in a high efficiency generator.

[0052] It is an additional object to demonstrate the use of the high efficiency generator as part of
a stand-alone electric power plant.

[0053] It is a further object to reveal the use of the high efficiency generator to power an electric

power grid.

[0054] It is an additional object to reveal the use of the high efficiency generator to power an

automobile/power generation plant.

[0055] It is a further object to reveal the use of the automobile/power generation plant to power
homes, businesses and the power grid while the automobile units are not being utilized as motive

devices.

[0056] It is an additional object to reveal the use and method of the high efficiency generator to

power trains.

(0057] It is a further object to reveal the use and method of powering boats and other water craft

with the high efficiency generator.

[0058) It is an additional object to reveal the use and method of powering buses and trucks with

the high efficiency generator.

[0059] It is a further object to reveal the use and method of powering airplanes and other flying
machines with the high efficiency generator.

[0060] It is an additional object to reveal a testing protocol for testing the efficiency of the high
efficiency generator and comparing it to the efficiency of a standard electric power generator,
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[0061] It is an object therefore to provide distributed slot rotor pairs but not confined to pairs that
rotate in a close proximity to aligned and skewed wire slots disposed around the circumference of
a dual stator of an electric power generator. It is a further object to provide equally spaced wire
slots for 360°in the rotor cavities with narrow openings into larger slots which contain wound
magnet wires. This arrangement aids in the control of permeance harmonics.

[0062] It is an additional object to provide a skew in the slot alignment equal to at least the width
of the tooth between the slots sufficient to control permeance harmonics in the air space between
the magnetized rotors and the stator iron of the rotor cavities.

[0063] It is a further object to demonstrate a means to complete an intensified magnetic circuit
and place maximum flux into wire slots, the side iron, the stator tooth and back iron using slot

rotor pairs.

[0064] It is an additional object to demonstrate the use of unipolar, alternating polarity rotor pairs
such that the frequency and type of current (AC or DC) may be controlled by a computer control

rotor excitation system.

[0065] It is a further object to reveal a double shoe rotor which can function as a dipole or

unipole rotor.

[0066] It is an additional object to reveal a mid-rotor shielding mechanism which allows each of
two shoe poles outer surface polarities to form flux linkage with the inner opposite pole adjacent
to the shaft.

[0067] 1t is a further object to reveal a double shoe rotor which can function as a clean, full
strength unipole rotor with only two leads. These two leads float(+) (-+)i.e. alternate between
positive and negative leads by a switching mechanism in the excitation boards.

[0068] It is an additional object to reveal the mechanism and design of the stator such that energy
input is released as usable electric power which would otherwise be dissipated or consumed by

electromagnetic drag forces.

[0069] 1t is a further object to reveal the method by which the rotor magnetic forces are separated
from the stator induction magnetic forces by specific geometric location and shielding of the
distributed slot rotor pairs as well as by the unique winding pattern of the stator which effectively

shields and cancels significant magnetic poles in the stator.

[0070] It is an additional object to reveal a testing protocol for testing the efficiency of the high

efficiency generator and comparing it to the efficiency of a standard electric generator.
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[0071] It is a further object to reveal a 3-phase electric generator which can operate as 3-phase or
single-phase by electromagnetically changing the stator output hookup and the rotor magnetic
polarity from a first pole to a first and second pole, all via computer programming.

[0072] It is an additional object to reveal a 3-phase electric generator which can operate as 3-
phase, single-phase, AC or DC and at 50 Hz, 60 Hz, or any other desired frequency by changing
the system through a computer program with a slaved PLC and solid state switching through
electromagnetic switching gear.

[0073] 1t is a further object to reveal a physical geometric separation of the different rotor
cavities (stators) without deviating from the teachings.

(0074] It is an additional object to reveal a 3-phase generator which operates without computer

assistance nor a solid state excitation system without deviating from the teachings.

[0075] It is a further object to reveal the use of a very low electrical resistance conductor wire to

wind both the stator and the rotors with significant increase in power output to an electrical load.

[0076] It is an additional object to reveal the use of individual 3-phase electric motors to drive

each rotor with all rotors being controlled by a common variable speed drive.

[0077] It is a further object to reveal the methods for the release of energy which would be
consumed or dissipated by electromagnetic drag forces, this methodology being specific
geometric location and shielding of distributed slot rotor pairs in a high efficiency generator.

[0078] It is an additional object to reveal the use of superconductor material, with very low
resistance to electron flow, to wind both the stator and the rotors of the unit and thereby increase

the power output by a significant amount.

[0079] It is a further object to utilize high conductivity or superconductive material, such as
grapheme, to aid in the function of the unit as a stand-alone, power plant.

[0080] It is an additional object to demonstrate the use of the high efficiency generator as part of

a stand-alone electric power plant.

[0081] It is a further object to reveal the use of the high efficiency generator to power an electric

power grid.

[0082] It is an additional object to reveal the use of the high efficiency generator to power an

automobile/mobile power generation plant.

[0083] It is a further object to reveal the use of the automobile/power generation plant to power
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homes, businesses, and the power grid while the automobile units are not being utilized as motive

devices.

[0084] It is an additional object to reveal the use and method of the high efficiency y generator to

power trains.

[0085] 1t is a further object to reveal the use and method of powering boats and other watercraft

with the high efficiency generator.

[0086] It is an additional object to reveal the use and method of powering buses and trucks with
the high efficiency generator.

[0087] 1t is a further object to reveal the use and method of powering airplanes and other flying
machines with the high efficiency generator.

[0088] It is an additional object to use graphene and/or other original unique substances as
superconductors, high capacity capacitors and super-efficient ferromagnetic materials to enhance
electromagnetic induction with smaller physical size and lighter weight generating devices.

BRIEF DESCRIPTION OF THE DRAWINGS

[0089] In order that embodiments may be fully and more clearly understood, by way of non-
limitative examples, the following description is taken in conjunction with the accompanying
drawings in which like reference numerals designate similar or corresponding elements, regions

and portions and in which:

[0090] FIG. 1A is a diagram illustrating a lateral view of an exemplary rotor containment unit
and end bells in accordance with one or more embodiments;

[0091] FIG. 1Bis adiagram illustrating a lateral view of an exemplary stator and leads in

accordance with one or more embodiments;

[0092] FIG. 2A is a diagram illustrating a lateral view of an exemplary rotor containment unit
revealing slip rings, bearing rest and rotor magnet stabilizing coils and end bells in accordance

with one or more embodiments;

[0093] FIG. 2B is a diagram illustrating a lateral view of an exemplary stator and leads in
accordance with one or more embodiments;

[0094] FIG. 3A is a diagram illustrating a lateral view of an exemplary rotor containment unit
revealing slip rings, bearing rests, electromagnetic pole inserts and end bells in accordance with

one or more cmbodiments;




10

15

20

25

30

16988

21

[0095] FIG. 3B is a diagram illustrating a lateral view of an exemplary stator and leads in
accordance with one or more embodiments;

[0096] FIG. 4A is a diagram illustrating a lateral view of an exemplary rotor containment unit
containing and end bell with slip ring brush support means, slip ring, bearing rest and

electromagnetic pole inserts in accordance with one or more embodiments;

[0097] FIG. 4B is a diagram illustrating a lateral view of an exemplary rotor containment unit
revealing an end bell with a cutaway of a view of a slip ring brush support means, slip ring,

bearing rest and electromagnetic pole inserts in accordance with one or more embodiments;

[0098] FIG. S is a diagram illustrating a cross-sectional end view of an exemplary stator and
stator insert portion including a rotor and exemplary freewheeling permanent magnetic inserts
and lateral pole irons along with windings and leads to support a solid state DC stator pole
excitation sequencing system in one or more embodiments;

[0099] FIG. 6 is a diagram illustrating a cross-sectional end view of an exemplary stator and
stator insert portion including a rotor and exemplary freewheeling permanent magnetic inserts
along with permanent magnetic stabilizing coils and lateral pole irons along with winding and
leads to support a solid state DC stator pole excitation sequencing system in one or more

embodiments;

[00100] FIG. 7 is a diagram illustrating a cross-sectional end view of an exemplary stator and
stator insert portion including a rotor and excmplary electromagnetic rotor pole inserts with

power leads along with lateral pole iron without windings in one or more embodiments;

[00101] FIG. 8 is a diagram illustrating a cross-sectional end view of an exemplary stator and
stator insert portion including a rotor and exemplary electromagnetic rotor pole inserts with
power leads along with lateral pole irons with windings and leads to support solid state DC stator

pole excitation sequencing system in one or more embodiments;

[00102] FIG. 9 is a diagram illustrating a cross-sectional end view of an exemplary stator and
stator insert portion including a rotor and exemplary electromagnetic rotor pole insert with
power leads along with lateral unwound pole irons and stator power generating coils in one or

more embodiments;

[00103] FIG. 10A is a diagram illustrating a lateral view of an exemplary unwound lateral pole

iron in accordance with one or more embodiments;

[00104] FIG. 10B is a diagram illustrating an end view of an exemplary unwound lateral pole
iron in accordance with one or more embodiments;
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(00105] FIG. 11A is a diagram illustrating a lateral view of an exemplary copper magnet wire
wound lateral pole iron in accordance with one or more embodiments;

[00106] FIG. 11Bis a diagram illustrating an end view of an exemplary copper magnet wire

wound lateral pole iron in accordance with one or more embodiments;

[00107] FIG. 12A is a diagram illustrating a lateral and end view of an exemplary unwound iron
pole piece of an electromagnetic rotor pole magnet stabilization inserts in accordance with one

or more embodiments;

(00108] FIG. 12B is a diagram illustrating a lateral and end view of an exemplary copper magnet
wire wound iron pole piece of an electromagnet rotor pole magnet stabilization insert in

accordance with one or more embodiments;

{00109] FIG. 13A is a diagram illustrating a lateral and end view of an exemplary wound iron
pole piece of an electromagnetic rotor pole insert in accordance with one or more embodiments;

(00110] FIG. 13B is a diagram illustrating a lateral and end view of an exemplary copper magnet
wire wound iron pole piece of an electromagnetic rotor pole insert in accordance with one or

more embodiments;

[00111] FIG. 14Ais a diagram illustrating a lateral oblique view of acarbon steel - mu metal
laminated sleeve in a pole cavity of the rotor in accordance with one or more embodiments

[00112] FIG. 14B is a diagram illustrating a lateral oblique view of the carbon steel ~ mu metal
laminated sleeve with opening for flux linkage with aelectromagnetic rotor pole magnet

stabilizing insert in a pole cavity inaccordance with one or more embodiments;

[00113] FIG. 15 is a diagram illustrating a lateral superior oblique view of a pole magnet
containment structure and permanent pole magnets housed in a laminated steel - mu metal sleeve

and supported by bearings in accordance with one or more embodiments;

[00114] FIG. 16is a diagram illustrating anend view of a pole magnet and containment
structure housed inacarbon steel - mu metal sleeve contained within cavities in the periphery of

the rotor in accordance with one or more embodiments;

[00115] FIG. 17 is a diagram illustrating a high efficiency electric motor driving a standard
efficiency electric generator coupled with a hydrogen generator and a hydrogen-driven standard

drive engine in accordance with one or more embodiments;

[00116] FIG. 18 s a diagram illustrating a high efficiency electric driving motor, a standard
efficiency electric generator, and a bank of energy storage devices in accordance with one or
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more embodiments;

[00117] FIG. 19is a diagram illustrating a high efficiency electric motor driving a standard
efficiency electric generator and interacting with a hydro storage system utilizing a water pump,
a water storage reservoir, and gravity flow through generator turbine system in accordance with

one or more embodiments;

[00118] FIG. 20 is a diagram illustrating an exemplary configuration for the magnification of
electric power through a high efficiency electric motor driving an electric generator of lower
efficiency than the electric drive motor in accordance with one or more embodiments;

[00119] FIG. 21A is a diagram illustrating an exemplary wound dual stator machine having dual
electromagnetic slot rotors inscrted into shielded recesses in accordance with one or more

embodiments;

(00120] FIG. 21B is a diagram illustrating exemplary three-phase winding connections of a
wound dual stator machine in accordance with one or more embodiments;

[00121] FIG. 21C is a diagram illustrating an exemplary wound stator machine in accordance
with in one or more alternative embodiments;

[00122]) FIG. 21D is a diagram illustrating exemplary three-phase winding connections of a
wound stator machine in accordance with in one or more alternative embodiments;

[00123] FIG. 21E is a diagram illustrating an exemplary three-phase intemal race winding of a
wound stator machine in accordance with in one or more alternative embodiments;

[00125] FIG. 22 is a diagram illustrating a dual pole embodiment of an exemplary dipole
electromagnetic slot rotor including pole windings, mu metal shielding, wire slot, side iron and
back iron flux linkage between the north and the south pole;

[00126] FIG. 23 is a diagram illustrating a dual pole embodiment of an exemplary unipole
alternating lead electromagnetic slot rotor including pole windings, mu metal shiclding, wire slot
containing conductors, side iron and back iron and flux linkage between the north and south pole;

[00127] FIG. 24 is a diagram illustrating a single pole embodiment of an exemplary altemating
lead electromagnetic slot rotor including pole windings, mu metal shielding, and laminated steel
around the rotors with a laminated steel mu metal shield cover;
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[(00128] FIG. 25 is a diagram illustrating an exemplary cross section of a slot, stator, rotors, mu

metal shields and mu metal shield covers of one or more embodiments;

[00129] FIG. 26 is a diagram illustrating a depiction of a cross-section of a 24 slot stator, rotors,
mu metal shields and mu metal shield covers of one or more embodiments;

[00130] FIG. 27 is a diagram illustrating a unipolar rotor and slip ring of one or more
embodiments;

[00131] FIG. 28 is a diagram illustrating a cross section of an exemplary stator, a stator iron,
rotor windings, unipolar rotors, mu metal shields, and laminated steel mu metal shield covers of

one or more embodiments;

[00132] FIG. 29 is a diagram illustrating an end view projection of an exemplary stator, rotor

drive motors and a variable speed drive unit in one or more embodiments;

[00133] FIG. 30 is a schematic block diagram illustrating an exemplary control and testing
system for a high efficiency generator and standard generator in one or more embodiments;

[00134] FIG. 31is a diagram illustrating an oscilloscope trace of an excitation current and voltage

from an exemplary activation circuit in one or more embodiments;

[00135] FIG. 32 is a diagram illustrating an exemplary configuration for magnifying electric
power including a standard electric motor driving an exemplary high efficiency electric generator

in one or more embodiments;

[00136] FIG. 33 is a diagram illustrating a high efficiency electric generator, a hydrogen

generator and a hydrogen-driven engine in one or more embodiments;

[00137] FIG. 34 is a diagram illustrating a high efficiency electric generator, a standard
efficiency electric driving motor, and a bank of energy storage devices in one or more

embodiments;

[00138] FIG. 35 is a diagram illustrating a high efficiency electric generator, a standard
efficiency electric driving motor, and a hydraulic system with a nitrogen accumulator as a short
term stored energy supply in one or more embodiments;

[00139] FIG. 36 is a diagram illustrating a high efficiency electric generator, a standard
efficiency electric driving motor, and a hydro storage system utilizing a water pump, a water
storage reservoir and gravity flow through a generator turbine system in one or more

embodiments;
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[00140] FIG. 37 is a diagram illustrating an automobile using a high efficiency generator as a

motive source in one or more embodiments;

(00141] FIG. 38 is a diagram illustrating an automobile using a high efficiency generator both as

a motive source and as a power source in one or more embodiments;

[00142] FIG. 39 is a diagram illustrating a train engine using a high efficiency generator in one

or more embodiments;

[00143] FIG. 40 is a diagram illustrating a water craft using a high efficiency generator in one or

more embodiments;

[00144] FIG. 41 is a diagram illustrating a bus using a high efficiency generator in one or more

embodiments;

[00145] FIG. 42 is a diagram illustrating an aircraft using a high efficiency generator in one or
more embodiments;

[00146] FIG. 43 is a diagram illustrating a transport truck using a high efficiency generator in

one or more embodiments;

[00147] FIG. 44 is a diagram illustrating a superior oblique projection of an exemplary
arrangement in one or more embodiments;

[00148] FIG. 45 is a diagram illustrating an exemplary laminate of a main stator section and

middle stator section prior to formation of wire slots in one or more embodiments;

{00149] FIG. 46 is a diagram further illustrating an exemplary laminate of a main stator section,
middle stator section and outer stator section prior to formation of wire slots in one or more

embodiments;

[00150] FIG. 47 is a diagram illustrating a cross-sectional view of a stator and rotors including an
exemplary laminate of the main stator section, middle stator section and outer rotor cavity
corners with skewed stator induction coil wire slots and dipole rotor laminates in one or more

embodiments;

[00151] FIG. 48 is a diagram illustrating a cross-sectional view of a stator and rotors including an
exemplary laminate of the main stator section, middle stator section and outer rotor cavity
corners with skewed stator induction wire slots wired in the outer rotor cavities and dipole rotor
laminates in an exemplary single- phase embodiment and other embodiments;

[00152] FIG. 49 is a diagram illustrating a cross-sectional view of a stator and rotors including an
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exemplary laminate of the main stator section, middle stator section and outer rotor cavity
comers with skewed stator induction wire slots with magnet wire coils in the inner and outer
rotor cavities and dipole rotor laminates in an exemplary single-phase alternating current (AC)

embodiment and other embodiments;

[00153] FIG. 50 is a diagram illustrating a cross-sectional view of a stator and rotors including an
exemplary laminate of the main stator section, middle stator section and outer rotor cavity
corners with skewed stator induction wire slots with magnet wire coils in the inner and outer
rotor cavities, and dipole rotor laminates with dipole magnet wire windings in an exemplary

single-phase AC embodiment and other embodiments;

[00154] FIG. 51 is a diagram illustrating a cross-sectional view of a stator and rotors including an
exemplary laminate of the main stator section, middle stator section and outer rotor cavity

corners with skewed stator induction wire slots, and rotor laminates in one or more embodiments;

[00155] FIG. 52 is a diagram illustrating a cross-sectional view of a stator and rotors including an
exemplary laminate of the main stator section, middle stator section and outer rotor cavity
comers with skewed stator induction wire slots, rotor laminates with a center mu metal shield

forming an operational rotor in one or more embodiments;

[00156] FIG. 53 is a diagram illustrating a cross-sectional view of a portion of a stator in one or
more embodiments;

[00157] FIG. 54 is a diagram illustrating a cross-sectional view of a middle stator in one or more
embodiments of FIG. 53;

[00158] FIG. 55 is a diagram illustrating a cross-sectional view of a pre-assembly of stator
components in one or more embodiments;

{00159] FIG. 56 is a diagram illustrating a cross-sectional view of an assembled stator laminate

in one or more embodiments;

[00160] FIG. 57 is a diagram illustrating a cross-sectional view of an assembled stator laminate

including representative outer stator windings and leads in one or more embodiments;

{00161] FIG. 58 is a diagram illustrating a cross-sectional view of an assembled stator laminate
including inner stator section, main laminate and outer stator section, and representative inner

stator windings and leads in one or more embodiments;

[00162] FIG. 59 is a diagram illustrating exemplary rotor sets operated by individual drive
motors in synchronized operational control using a variable speed drive in one or more
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embodiments;

[00163] FIG. 60 is a diagram illustrating a cross-sectional view of a rotor laminate including a
rotor laminate, a shaft cross-section and a mu metal shield in one or more embodiments;

[00164] FIG. 61 is a diagram further illustrating a cross-sectional view of a rotor laminate
including a rotor laminate, shaft cross-section, mu metal shield and a representative pole winding

with leads in one or more embodiments;

[00165] FIG. 62 is a diagram illustrating a cross-sectional view of rotor cavities in one or more

embodiments;

[00166] FIG. 63 is a diagram illustrating a cross-sectional view of rotor cavities contained in a

support means in one or more embodiments;

[00167] FIG. 64 is a diagram illustrating a side view of a longitudinal series of standard

generator housings retrofitted in one or more embodiments;

[00168] FIG. 65 is a schematic diagram illustrating a layout of an exemplary load testing system

of an exemplary generator in one or more embodiments;

[00169] FIG. 66 is a schematic diagram illustrating a portion of electrical wiring of the load

testing system of FIG 65 in one or more embodiments;

[00170] FIG. 67 is a schematic diagram illustrating a portion of the electrical wiring for a stand-

alone power producing high efficiency generator in one or more embodiments;

[00171] FIG. 68 is a schematic diagram illustrating exemplary input power supply wiring for two
standard single-phase generators and a stand-alone high efficiency generator; and

[00172] FIG. 69 is a schematic diagram illustrating exemplary output power wiring for two
standard single-phase generators and a stand-alone high efficiency generator.

DETAILED DESCRIPTION

[00173] In accordance with various exemplary embodiments discussed and described herein and
by way of brief summary, an exemplary high efficiency motor unit eliminates or greatly reduces
electromagnetic drag as it also generates electric power from the opposite end of the motor

lateral pole irons. The conductors carrying the current load, in connection with various and
exemplary embodiments, can be wound onto cast-iron or laminated steel pole pieces, hereinafter
referred to as lateral pole irons, which are then placed indirect proximity to the coil slots of the

power cogeneration induction coils, which are wound into slots of the laminated steel stator of
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the motor/generator frame. The cogeneration induction coils can be formed of multiple coils

per group with multiple groups being used as needed.

[00174] The wound coils on the lateral pole irons form electromagnetic poles wound such that
three or more north pole wound lateral pole irons fire in sequence ina clockwise or
counterclockwise fashion into each slot of a portion of the power generation induction coils.
Each lateral pole iron is wound with a separate conductor such that the individual pole irons may
be fired separately insequence from a solid state lateral pole iron excitation system. The coils of
the lateral pole irons associated with adjacent portions can be wound inopposite directions to
establish alternating magnetic field polarities of the associated poles. The south pole wound
lateral pole irons can also fire in sequence in a clockwise fashion. It should be noted that each of
the lateral pole irons can be arranged such that one end portion thereof is seeded into a respective
one of the slots and the other end portion toward the center of the machine are seeded into slots
of a non-ferrous ring which can be fixed to the laminated steel generator by a support means as in
"Solid State Rotary Field Electric Power CoGeneration Unit PCT/1B2010/000039". The center
oriented ends of the lateral pole irons are flush with the inner surface of the ring.

[00175] In another general aspect, the laminated steel generator frame is encased within a circular
housing to which end bells containing roller bearings, a ball bearing or the like can be attached.
The roller bearings can support a non-ferrous mechanism which contains freewheeling
permanent magnet inserts placed into, for example, closed lubricant-filled cavities arranged
around the outer radius of the non-ferrous mechanism attached to the shaft. The freewheeling
permanent magnet inserts may be sequentially and synchronously aligned with the firing of the
polarizing circuits of the lateral pole irons. This alignment mechanism of the freewheeling
magnets allows more effective magnetic coupling between the freewheeling permanent magnetic
inserts and the sequentially magnetized lateral pole irons. The alignment mechanism may consist
of wound electromagnetic inserts placed radially from each freewheeling magnetic insert such
that the insert fires synchronously with the lateral pole iron thereby aligning the freewheeling
permanent magnet insert to hold in the proper orientation.

[00176] In an exemplary aspect, a first 180° of the freewheeling permanent magnet insert is
constituted of a north pole charged permanent magnet, and the other 180° is constituted of a
south pole charged permanent magnet. Cavities, such as lubricant-filled cavities, can contain the
freewheeling permanent magnet inserts, which are held by a containment means and supported
by roller bearings or the like. The inserts can further be shielded by a cylinder constituted of a
shield having alternating laminations of carbon steel, stainless steel and mu metal. The shielded
cylinder has a 45° opening to the peripheral surface of the stator so as to allow interaction and
magnetic coupling with the opposite magnetic pole of the lateral pole iron. The shielded cylinder
may also have a 45° opening 180° opposite the peripheral surface of the non-ferrous rotor to
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allow interaction and magnetic coupling between the electromagnetic stabilizing insert and the
freewheeling permanent magnet insert.

[00177] Asthestator iselectrically activated, such as through passing and excitation current
through the windings of the individual lateral pole iron, the magnetic field generated thereby
rotates sequentially ineach segment of the pole ironof three or more north pole wound, then
south pole wound and sequential repeating through twelve or more groups, having anoverali
field polarity that inthe case of the freewheeling permanent magnet inserts attracts the opposite
poles. Inthe case of the freewheeling magnet inserts with stabilization coil inserts, the
stabilization coil fires atthe same instant as the corresponding lateral pole iron, but with
opposite polarity. Therefore, if the lateral pole iron generates north pole, the freewheeling
magnet south pole is attracted to the lateral pole iron and it is stabilized by south pole generated
by the stabilization coil insert. Inthe instance of an exemplary electromagnet rotor pole insert,
the computer excitation system may sequence the electromagnetic rotor pole insert with
opposite polarity to the corresponding lateral pole iron coil polarity for the sequential rotation

past three or more lateral pole iron coils ina segment.

[00178] The computer excitation system switches the polarity of the electromagnetic rotor pole
insert as the rotor rotates from the last lateral pole iron of the group to the first lateral pole iron
of the next group. This rotation of the rotor from one lateral pole iron sector to the next lateral
pole iron sector requires 10— 12 ms and the time required to change polarity is 10 ms (S ms for
one poletocollapse and 5 msto reach peak polarity with the second pole following DC
excitation.) This sequence repeats around the 360° rotation thereby spinningthe rotor, creating

torque and revolutions per minute therefore horsepower is created.
HP=(Torque(ft*Ibs) x rpm)/5252

For instance, a 3000 rpm motor of this example requires that the lateral pole irons each be fired
in sequence every 6.6 ms and inthe case of a 3600 rpm motor of this example requires that the
lateral pole irons cach be fired in sequence every 5.55 ms. Therefore, inthis example, a segment
of three lateral pole irons is activated [pole iron #1 (6.6 ms)  #2 (6.6 ms) #3 (6.6ms) #1 (6.6
ms) #2(6.6ms) #3(6.6 ms) #1(6.6 ms)etc.] Eachsegment isexcited by an excitation
board containing three channels. The channels fire sequentially by way of example every 6.6 ms
or every 5.5 ms or other sequencing speeds to vary the speed of rotation of the motor.

[00179] Since the magnetic poles of the stator and rotor are sequenced, minimal to no drag
forces are encountered. The rotating poles of the freewheeling permanent magnet inserts and
electromagnetic inserts are spaced such that when a pole of one insert is aligned over, for
example, the center of a first north pole wound lateral pole iron in a coil group, a pole of a next
insert is dead center over a first south pole wound lateral pole iron of the group. The sequential
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firing of the north pole- south pole sequence of the lateral pole irons of the stator generates
power inthe power generation induction coils just as a magnetic spinning armature generates
power. The sequential firing of the lateral pole irons also spins the armature thereby generating
mechanical power on the motor shaft. The cogeneration component removes power from the
induction coils and thereby allows less impedance in current flow to neutral and/or to earth
ground as observed in patent "Solid State Rotary Field Electric Power CoGeneration Unit.
PCT/IB2010/000039". The cogenerated power may be used to provide a parallel power source to
the excitation boards for the lateral pole irons, the electromagnetic rotor pole inserts and the
electromagnetic stabilization inserts for the freewheeling magnets.

[00180] The above overview is exemplary in nature to provide a brief overview. A better
understanding is provided herein below in the description that accompanies the figures. With
reference to FIG. 1A thereof, basic components of an exemplary high efficiency motor are
shown. A stator 15 can accommodate a rotor 6 having in this example cavities that hold stator
inserts 4 and that have openings 7 that allow magnetic coupling with flux which permeates the
opening 7. The stator inserts 4 accommodate freewheeling permanent magnet inserts 5. The rotor
mechanism can be coupled to a shaft 8, which can be the power drive shaft of one exemplary
high efficiency motor. Specifically, rotor 6 inside a stator 15 see FIG. 1B. Stator 15 can contain
slots, coils, and wound lateral pole irons as will be described in greater detail hereinafter. A shaft
8 can be placed through an opening linend bells 2 that can accommodate, for example, a
bearing or similar support mechanism. A common central axis 8j (FIG. 2A) can extend through the
shaft 8 and can be a common point of reference for the rotor 6, the stator 15, and a support
structure for lateral pole irons that will be described in greater detail hereinafter. The unit can be
bolted together through holes 3 in each bell. Input power to the unit can be attached by
connecting leads from the solid state DC excitation board through excitation input leads 16, 17,
and 18 (each lead contains at least 4 excitation circuit leads) and through a neutral ground lead
19. The output power leads 13 and 14 from power generating coils can be attached to the power
board for supplying the rotor electromagnetic poles and/or the pole stabilization electromagnetic

inserts and/or any appropriate distribution circuit.

[00181] An alternate embodiment by way of an example is shown in FIG. 2A. This embodiment
reveals a greatly improved method for maximizing flux linkage between the rotor magnetic
poles and the wound lateral pole irons as will be further described later. Inthis embodiment a
stator 15 can accommodate a rotor 6 having cavities that hold rotor inserts 4 and that have
openings 7 that allow flux linkage with the wound lateral pole trons. The rotor inserts 4
accommodate freewheeling permanent magnets 5. The magnetic stabilization inserts 8f are
placed between the freewheeling magnet inserts and the shaft for purposes of stabilizing the
freewheeling magnets at the appropriate time and to improve torque by better alignment of the
freewheeling magnet poles with the wound lateral pole irons for better flux linkage. The rotor
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mechanisms can be coupled to a shaft 8 which can be the power drive shaft of the high efficiency
motor. A bearing rest 8g may be provided which fits into bearing 8i in end bell 2. The rotor shaft
8 may be fitted with a slip ring assembly 8k. Ring 8c may be connected to lead 8h which is
connected to an eddy current rod which makes electrical contact as it goes through all laminates
of the rotor intwo locations 180° opposing one another. Slip ring 8d is connected to lead wire 8a
which is one side of a floating, or alternating, (+) (-) lead which is shifted or alternated by a
gating mechanism within the solid state excitation boards. Slip ring 8e is connected to lead wire
8b, which is the matching lead of 8a, therefore, is the opposite lead of the coil lead and is also a
floating, alternating(+) (-) lead which is shifted by a gating mechanism within the solid state
excitation boards. Specifically, rotor 6 can be placed inside a stator 15 shown in FIG. 2B. Stator
15 can contain slots, coils, and wound lateral pole irons as wjll be described in greater detail

hereinafter.

[00182] Anadditional alternate embodiment by way of example isseeninFIG.3A. This
embodiment revealsa greatly improved method ofestablishing sequential flux linkage between
rotor electromagnetic pole inserts 8j and the wound lateral pole irons of the stator as will be
further described later. Inthis embodiment a stator 15 can accommodate a rotor 6 having
cavities that hold stator inserts 4 which house rotor electromagnetic pole inserts 8j. Stator inserts
4 have openings 7 that allow flux linkage insequential fashion between rotor electromagnetic
pole inserts 8j and the lateral pole irons. The rotor inserts accommeodate rotor electromagnetic
pole inserts 8j. The rotor mechanism can be coupled to a shaft 8 which can be the power drive
shaft of this embodiment of the high efficiency motor. A bearing rest 8g may be provided which
fits into bearing Bi in end bell 2. The rotor shaft 8 may be fitted with a slip ring assembly 8k.
Ring 8c may be connected to lead 8h which is connected to aneddy current rod which makes
electrical contact as it goes through all laminations of the rotor intwo locations 180° opposing
one another. The slip ring & is connected to lead wire 8a which lead wire isone side of a floating,
or alternating(+)(-) lead arrangement which is alternated by a gating mechanism within the
solid state excitation boards. Slip ring & is connectedto lead wire & which is the matching lead
of 8a, therefore, isthe opposite lead of the coil lead is also a floating, or alternating,(+)(-) lead
which is shifted by a gating mechanism within the solid state excitation board. Specifically
rotor 6can be placed inside a stator 15,shown in FIG. 3B. Stator 15 can contain slots, coils, and

wound lateral pole irons as will be described in greater detail later in this application.

[00183] By way of further explanation of an exemplary component of one or more
embodiments, FIG. 4A reveals a slip ring brush holder containment means 8s which is bolted to
end bell 2 by bolt mechanism 8q. Power cable 8l exits 8s through port 8t from slip ring brush
holder containment means 8s. Leads 8m (+) (-), 8n (+)(-)and rotor eddy current ground 8p are
attached to slip ring brushes 8o in FIG. 4B. Slip ring brushes 8o, in operating mode, are configured
so as to make contact with slip ring 8. Lead 8p discharges eddy currents from the stator to earth
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ground. Leads 8m and 8n alternate between(+) (-) and (-) (+). This switching mode is
accomplished by a switching gating mechanism in the computer / PLC (Programmable Logic
Center) controlled excitation boards.

[00184] The switching to accommodate alternating polarity requirements of the rotor
electromagnetic pole inserts and rotor magnetic stabilization inserts of exemplary embodiments
by way of reference to several exemplary embodiments rotor 6 (FIG. 1A, FIG. 2A and FIG. 3A)

is constructed of non-ferromagnetic material.

[00185] A more detailed understanding of the structure of the stator assembly can be gained with
reference to FIG. 5. Therein, a cross-sectional end view of laminated stator iron 31, laminated
pole trons 34, and rotor 6 is shown. Containment sleeves 4 can accommodate freewheeling
permanent magnetic inserts 5 therein. Laminated stator iron 31 can contain open wire slots 25
which are insulated and can contain the power induction coils 29 as will be described in greater
detail hereinafter. The stator 31and associated lateral pole iron support structure, for illustration
and description purposes, can be divided into sectors such as sector A-L and allocated with a
number of slots 25 which are three slots per sector in the present example FIG.S. Each sector can
contain a series of slots associated with a number of lateral pole irons having lateral pole iron
windings wound of a particular magnetic polarity. As the lateral pole irons are excited, through
DC current activation of the lateral pole iron windings in a sequential fashion, a moving magnetic
field is developed.

{00186] Dividing each set of two sectors is a support segment 26. A support segment 26 that can
be attached to and can support lateral pole iron containment ring 21, which in turn, can support
the inner ends of the lateral pole iron 34 are coupled to, contained in, inserted into, adjacent to,
magnetically coupled to, or the like, respective ones of the open wire slots 25. While the other
end of the lateral pole irons 34 are illustrated as being inserted into, it will be appreciated that
other configurations are possible that position the ends of the lateral pole irons over the slots to
allow flux generated within the lateral pole irons to be coupled with the side iron and back iron
of slot 25 and into the windings 29. Rotor 6 is positioned on shaft 8 and contains rotor inserts 4,
which as noted, are configured to contain freewhecling magnet inserts 5, within a magnetically
shielded containment means that includes a roller bearing support housed in containment sleeve
that consists of laminations of mu metal and carbon steel or the like with an opening in at least

one location and in this instance on the periphery.

[00187] A more detailed understanding of an alternate embodiment and its assembly can be
gained with reference to FIG. 6. Therein, ina cross-sectional end vicw, laminated stator iron 31,
laminated lateral pole irons 34 and rotor 6 are shown. Containment sleeves 4 can accommodate

freewheeling permanent magnet inserts S there within. Laminated stator iron 31can contain
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open wire slots 25 which are insulated and can contain power induction coils 29 as will be
described in greater detail hereinafter. The stator 31and associated lateral pole iron support
structures for illustration and description purposes, can be divided into sectors such as sectors
A-Land allocated with a number of slots 25 which are three slots per sector inthe present
example FIG. 6. Each sector can contain a series of slots that are associated with a number of
lateral pole irons having lateral pole iron windings wound in a particular magnetic polarity. As
the lateral pole irons are excited via DC current activation of the lateral pole irons windings ina

sequential fashion, a moving magnetic field is developed.

[00188] Dividing each of two sectors is a support segment 26 that can be attached to and can
support lateral pole iron containment ring 21, which in turn, can support the inner ends of the
lateral pole irons 34 which are coupled to, contained in, inserted into, adjacent to, magnetically
coupled to, or the like, respective ones of the open wire slots 25. While the other end of the
lateral pole irons 34 are illustrated as being inserted into, it will be appreciated that other
configurations are possible that position the ends of the lateral pole irons over the slots to allow
flux generated within the lateral pole irons to be coupled with the side iron and back iron of slots
25 and thus into the windings 29, thereby, generating voltage and/or current flow in windings 29.
Rotor 6 is positioned on shaft 8 and contains rotor inserts 4, which as noted, are configured to
contain freewheeling magnet inserts 5 within a magnetically shielded containment means that
includes a roller bearing support housed in containment sleeve that consists of laminations of mu
metal and carbon steel or the like with an opening in the periphery to allow magnetic coupling
between the freewheeling magnetic pole and the excited lateral pole iron. The laminated
containment sleeve has a second opening 180° diagonally across from the first opening, the
second opening being on the shaft side of the laminated containment sleeve to allow flux
coupling between the freewheeling magnetic poles and the freewheeling permanent magnet
stabilizing coils 30, in which, by way of example, when the lateral pole iron is activated north
pole the stabilizing coil indirect alignment and proximity to the adjacent freewheeling magnet is
activated south pole at the same instant. Therefore, the relationship is as follows: Lateral pole iron
(north pole), freewheeling magnet (south pole) facing the lateral pole iron and freewheeling
magnet (north pole) facing the stabilizing coil 30, as the stabilizing coil is activated (south pole).

[00189] A more detailed understanding of an alternate embodiment and its assembly can be
gained with reference to FIG.7. Therein, ina cross-sectional end view, laminated stator iron 31,
lateral pole irons 34 and rotor 6 are shown. Containment slot 32a can accommodate
electromagnetic rotor pole inserts 32. North pole - south pole alternating leads are shown by way
of example by 35 - 36, 37 - 38. The programmable excitation circuit switches north pole to south
pole to north pole to south pole etc. every other segment as is seen in FIG. 6., segments A-L. The
polarity of the electromagnetic pole insert changes polarity as it passes from one segment to the
next segment passing over support segment 26. The electromagnetic pole insert maintains the
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same polarity for a complete segment and inthis example three lateral pole irons, but is not
limited to three. At a rotational speed of 3600 rpm's the travel time from, for example, segment
or sector A to segment or sector B (FIG. 6, FIG. 7, and FIG. 8) is approximately 10 ms. The time
required for the excited poles, and the electromagnetic pole inserts, to magnetically collapse and
reach peak magnetic flux again is approximately 10 ms. Therefore, the pole will collapse as it
leaves one segment, for example, segment A and reach maximum magnetic flux of the opposite
polarity as it reaches segment B. Inthis example of FIG. 7, laminated stator iron 31can contain
open wire slots 25 which are insulated and can contain power induction coils 29 FIG. 8. The
stator 31and associated lateral pole iron support structure, for illustration and description
purposes, can be divided into sectors such as sector A-Land allocated with a number of slots 25,
which are three slots per sector in the present example in FIG. 7. Each sector can contain a series
of slots that are associated with a number of lateral pole irons having lateral pole iron windings,
wound in a particular magnetic polarity (FIG. 7 and FIG. 8).

{00190] As the lateral pole irons are excited through direct current activation of the lateral pole
iron windings in a sequential fashion, a moving magnetic field is developed. Dividing each set of
two sectors is a support segment 26 that can be attached to and can support lateral pole iron
containment ring 21, which in turn, can support the inner ends of the lateral pole irons 34 which
are coupled to, contained in, inserted into, adjacent to, magnetically coupled to, or the like,
respective ones of the open wire slots 25. While the other ends of the lateral pole iron 34 are
illustrated as being inserted into, it will be appreciated that other configurations are possible that
position the ends of the lateral pole irons over the slots to allow flux generated within the lateral
pole irons to be coupled with the side iron and back iron of slots 25 and thus into the windings
29 (FIGS. 5, 6, 8 and 9) thereby generating voltage and/or current flow in said windings 29.

[00191] Rotor 6 is positioned on shaft 8 and contains electromagnetic rotor pole insert 32, The
electromagnetic pole inserts 32 are locked in place by a slotted locking mechanism housed in
containment slot 32a which can accommodate electromagnetic rotor pole inserts 32. The
electromagnetic rotor pole inserts 32 are flush with the peripheral surface of rotor 6, to allow
magnetic coupling between the expanded peripheral portion of electromagnetic rotor pole insert
32 and the inner ends of the lateral pole irons. The wound lateral pole irons in each sector fire
sequentially for 6.6 ms in the case of rotational speeds of 3,000 rpm and 5.55 ms inthe case of
rotational speeds of 3,600 rpm and at the appropriate sequence and rate for faster and slower
speeds.

[00192] The pole irons are either north pole wound or south pole wound for a given sector and
alternate as for example sector (A) - south pole, sector (B) -north pole, sector (C)-south pole,

sector (D) - north pole, sector (E)- south pole, sector (F) — north pole, sector (G)- south pole,
sector (H) — north pole, sector (I) - south pole, sector (J) - north pole, sector (K) - south pole,
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and sector (L)- north pole. The lateral pole irons fire insequence and in repetitive fashion in for
example for three lateral pole irons per sector, every 6.6 ms or at other appropriate speeds as for
an additional example, in sector (A), the sequence is as follows: 51, (6.6 ms) -752 (6.6 ms) -7 53
(6.6 ms) -7 51(6.6 ms) -7 etc. The sequence described inthe example for sector (A) above is
repeated, simultaneously with sector (A) as well as in sectors (B), sector (C), sector (D), sector (E),
sector (F), sector (G), sector (H), sector (I), sector (J), sector (K), and sector (L).

[00193] In FIG. 8 an example is illustrated in sector (A) during the sequential south pole firing of
51,52, and 53, the electromagnetic rotor pole insert is excited north pole by the solid state
excitation system such that the sequential rotary movement of the south pole magnetic flux in
the lateral pole iron coupled with the north pole flux of the electromagnetic rotor pole insert 32
to induce a rotary motion with the appropriate torque in rotor 6 which is transferred to a
rotational mode through rotor shaft 8. As a further example in FIG. 8 in sector (B) during
sequential firing of N1, N2 and N3 the electromagnetic rotor pole insert is excited south pole by
the solid state excitation system such that the sequential rotary movement of the magnetic flux
in the lateral pole iron coupled with the south pole of the electromagnetic rotor pole insert 32 to
induce a rotary motion with torque in rotor 6 which is transferred to a rotational load through
rotor shaft 8. Electromagnetic rotor pole inserts 32 are powered or excited through lead pairs of
as an example lead wires 35 and 36 as well as pairs 37 and 38. These pairs of lead wires are
“floating” leads utilized by all 12 electromagnetic rotor pole inserts. The lead wires are
alternatively fed current from the excitation board such that they alternate polarity(+) -7 (-)and

() -7 (#).

[00194] A further detailed understanding of an exemplary embodiment and its assembly and
function can be gained with reference to FIG. 8. Therein, ina cross-sectional end view laminated
stator iron 31, lateral pole irons 34 (FIG. 7 and FIG. 8) and rotor 6 are shown. Containment slot
32a (shown and labeled in FIG. 7) can accommodate electromagnetic rotor pole inserts 32 (FIG.
7). North pole/south pole alternating leads are shown by way of example by 35 - 36 and 37 - 38.
The programmable excitation circuit switches north pole -7 south pole -7 north pole -7 south
pole -7 etc. i.e. the polarity switches as it passes over the next segment in its rotation as it passes
segments A — L. The polarity of the electromagnetic pole insert changes as itpasses fromone
segment tothe nextsegment passing over support segment 26. The electromagnetic pole insert
maintains the same polarity for acomplete segment orsector and then this example three (3)
lateral pole irons, but not limited to three (3). At a rotational speed of 3,600 rpm the travel time

from, for example, segment or sector A to segment or sector B is approximately 10ms. The time
required for the excited poles, of the electromagnetic pole insertstocollapse when currentis
discontinued and to reach peak magnetic flux again when current is fed from the opposite
direction isapproximately 10 ms. Therefore, the pole will collapse as itleaves one sector or
segment, forexample sector or segment A andreach maximum magnetic flux of the opposite
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polarity as itreaches sector or segment B. it isobvious to anyone schooled and skilled inthe art
that timing manipulation of the beginning of excitation of the rotor inthe above examples may
be manipulated to reach maximum torque and minimum drag.

[00195] Inthis example of FIG. 8 laminated stator iron 31 can contain open wire slots 25 which
are insulated and can contain power induction coils 29. The stator 31 and associated lateral pole
iron support structure, for illustration and description purposes, can be divided into sectors such
as sector A-Land allocated with a number of slots 25 which are three slots per sector inthe
presentexample FIG. 8. Eachsectorcancontaina series of slotsthat are associated with a number
of lateral pole irons having lateral pole iron windings wound ina particular magnetic polarity
FIG. 8. As the lateral pole irons are excited through direct current activation of the lateral pole

ironwindings, insequential fashion, a moving magnetic field isdeveloped.

[00196] Dividing each set of two sectors is a support segment 26that can be attached to and can
support lateral pole iron containment ring 21, which inturn, can support the inner ends of the
lateral pole irons 34 which are coupled to, contained in, inserted into, adjacent to, magnetically
coupled to, or the like, respective ones of the open wire slots 25. While the other end of the
lateral pole iron34 are illustrated as being inserted into, it will be appreciated that other
configurations are possible that position the ends of the lateral pole irons over the slots to allow
flux generated within the lateral pole irons to be coupled with the side iron and back iron of
slots 25 and thus into the windings 29 (FIGS. S, 6, 8 and 9) thereby generating voltage and/or

current flow in said windings 29.

[00197] Rotor 6 is positioned on shaft 8 and contains electromagnetic rotor pole inserts 32. The
electromagnetic rotor pole inserts 32 are locked in place by a slotted locking mechanism housed
within the containment slot 32a (FIG. 7) which can accommodate electromagnetic rotor pole
inserts 32. The central end of the electromagnetic rotor pole inserts 32 are flush with the
peripheral surface of rotor 6 to allow magnetic coupling between the expanded peripheral
portion of electromagnetic rotor pole inserts 32 and the inner ends of the lateral pole irons. The
wound lateral pole irons ineach sector fires sequentially for 6.66 ms in the instance for example
inthe case of rotational speed of 3,000 rpm and 5.55 ms inthe example of rotational speeds of
3,600 rpm and atthe appropriate sequence and speeds for faster or slower rotational speeds. The
lateral pole irons are either north pole wound or south pole wound for a given sector and
alternate from sector to sector, as for example, sector (A) - south pole, sector (B) — north pole,
sector (C) -south pole, sector (D) — north pole, sector (E)- south pole, sector (F) — north pole,
sector (G)- south pole, sector (H) — north pole, sector (1)- south pole, sector (J) — north pole,
sector (K) - south pole, and sector (L) — north pole. The lateral pole irons fire in sequence and in
repetitive fashion infor example for three lateral pole irons persector, every 6.6 ms or at other
appropriate speeds as for an additional example, in sector (A), the sequence isas follows: S1,




10

15

20

25

30

35

16988

37

(6.6 ms)-752(6.6ms)-7 53(6.6ms)-751(6.6ms)-7 etc.

[00198] The sequence described in the example for sector (A) above is repeated, simultaneously
withsector (A)aswellasinsectors (B),sector (C), sector (D), sector (E),sector (F),sector (G),
sector (H),sector (I), sector (J), sector (K), andsector (L). InFIG. 8asanexample insector (A)
during the sequential south pole firing of S1, 52, and 53, the electromagnetic rotor pole insert is
excited north pole by the solid state excitation system which istriggered by the signal from an
end coder on the rotor shaft such that the sequential rotary movement of the magnetic flux in
the lateral pole iron sector (A) couples with the north pole of the electromagnetic- rotor pole
insert 32 to induce a rotary motion with the appropriate resultant torque in rotor 6 which is
transferred to a rotational load through rotor shaft 8. As a further example in FIG. 8 in sector (B)
during sequential firing of N1, Ni, N3 the electromagnetic rotor pole insert is excited south pole
by the solid state excitation system such that the sequential rotary movement of the magnetic
flux in the lateral pole iron couples with the south pole of the electromagnetic rotor pole insert
32 to induce a rotary motion with torque in rotor 6 which is transferred to a rotational load
through rotor shaft 8. Electromagnetic rotor pole inserts 32 are powered or excited through lead
pairs as example lead wires 35 and 36 as well as pairs 37 and 38. The pairs of leads by example are
“floating" leads utilized by all 12 electromagnetic rotor pole inserts. The lead wires are
alternatively fed current from the solid state excitation boards such that they alternate polarity,
e.g. from (+) to (-) and from (-) to (+).

[00199] A further detailed understanding of an exemplary embodiment and its assembly and
function can be gained with reference to FIG. 9, in which a cross-sectional end view, laminated
stator iron 31, lateral pole irons 34, and rotor 6 are shown. Containment slot 32a in rotor 6 can
accommodate electromagnetic rotor pole inserts 32. The north pole/south pole alternating leads
are shown by way of example by 37 - 38. The programmable excitation circuit switches north
pole 7 south pole -?north pole -?south pole etc., i.e. the polarity switches as it passes over the
next segment in its rotation as it passes segments A- L. The polarity of the electromagnetic pole
insert changes as it passes from one segment to the next segment passing over support segment
26. The timing of the pole reversal is dictated by a rotor encoder which signals the PLC onboard
the excitation card. The electromagnetic pole insert maintains the same polarity for a complete
segment and inthis example three (3) lateral pole irons, but not limited to three (3), at a
rotational speed of 3,600 rpm the travel time for example segment (A) to segment (B) is
approximately 10 ms. The time required for the excited magnetic pole, of the electromagnetic
pole inserts to collapse when current is off and to again reach peak magnetic flux when
current is fed from the opposite direction is approximately 10 ms. Therefore the pole will
collapse as it leaves one segment for example, segment (A) and reaches maximum magnetic

flux of the opposite polarity as it reaches segment (B).
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[00200] Inthis example of FIG. 9 laminated stator iron 31 can contain open wire slots 25
which are insulated and can contain power induction coils 29. Dividing each set of two
sectors is a support segment 26 that can be attached to and can support lateral pole iron
containment ring 21, which in turn can support the inner ends of the lateral pole irons 34,
which are coupled to contained in, inserted into, adjacent to, magnetically coupled to, or the
like, respective ones of the open wire slots 25. These configurations may position the ends
of the lateral pole irons over the slots to allow flux generated within the lateral pole irons to
be coupled with the side iron, and back iron of slots 25 and thus into winding 29 thereby
generating voltage and/or current flow in said windings 29. The power induction coils 29
are connected in series with jumper wires 39, 39a, 39b, 39c, and 39d connecting the "out
lead" of each coil to the “in lead" of the next coil. For example, the "in leads" and “‘out
leads" are designated by consecutive circled numbers 1-12. As shown in FIG. 9, in sector L-
A circle 2 is connected via jumper wire 39 to circle 3 lead in sector B — C. This hookup
arrangement can be continued in a clockwise fashion until all coils are connected inseries
with remaining leads 33 (+)and 33a (-).These leads 33 and 33a may be used to 