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ABSTRACT

This disclosure relates in general to a new and improved
electric motor/generator, and in particular to an improved
system and method for producing rotary motion from a elec-
tro-magnetic motor or generating electrical power from a
rotary motion input by concentrating magnetic forces due to
electromagnetism or geometric configurations.
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DC ELECTRIC MOTOR/GENERATOR WITH
ENHANCED PERMANENT MAGNET FLUX
DENSITIES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of the filing date
of U.S. provisional patent application Ser. No. 61/613,022,
filed on Mar. 20, 2012, entitled “An Improved Electric Motor
Generator,” the disclosure of which is incorporated herein by
reference for all purposes. This application is also related to a
PCT application entitled “AN IMPROVED DC ELECTRIC
MOTOR/GENERATOR WITH ENHANCED PERMA-
NENT MAGNET FLUX DENSITIES” filed on Mar. 20,
2013, the disclosure of this application is also incorporated by
reference for all purposes.

TECHNICAL FIELD

[0002] The invention relates in general to a new and
improved electric motor/generator, and in particular to an
improved system and method for producing rotary motion
from a electro-magnetic motor or generating electrical power
from a rotary motion input.

BACKGROUND INFORMATION

[0003] Electric motors use electrical energy to produce
mechanical energy, very typically through the interaction of
magnetic fields and current-carrying conductors. The conver-
sion of electrical energy into mechanical energy by electro-
magnetic means was first demonstrated by the British scien-
tist Michael Faraday in 1821 and later quantified by the work
of Hendrik Lorentz.

[0004] A magnetic field is generated when electric charge
carriers such as electrons move through space or within an
electrical conductor. The geometric shapes of the magnetic
flux lines produced by moving charge carriers (electric cur-
rent) are similar to the shapes of the flux lines in an electro-
static field. Magnetic flux passes through most metals with
little or no effect, with certain exceptions, notably iron and
nickel. These two metals, and alloys and mixtures containing
them, are known as ferromagnetic materials because they
concentrate magnetic lines of flux. Areas of greatest field
strength or flux concentration are known as magnetic poles.

[0005] In a traditional electric motor, a central core of
tightly wrapped current carrying material creates magnetic
poles (known as the rotor) which spins or rotates at high speed
between the fixed poles of a magnet (known as the stator)
when an electric current is applied. The central core is typi-
cally coupled to a shaft which will also rotate with the rotor.
The shaft may be used to drive gears and wheels in a rotary
machine and/or convert rotational motion into motion in a
straight line.

[0006] Generators are usually based on the principle of
electromagnetic induction, which was discovered by Michael
Faraday in 1831. Faraday discovered that when an electrical
conducting material (such as copper) is moved through a
magnetic field (or vice versa), an electric current will begin to
flow through that material. This electromagnetic effect
induces voltage or electric current into the moving conduc-
tors.

[0007] Current power generation devices such as rotary
alternator/generators and linear alternators rely on Faraday’s
discovery to produce power. In fact, rotary generators are
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essentially very large quantities of wire spinning around the
inside of very large magnets. In this situation, the coils of wire
are called the armature because they are moving with respect
to the stationary magnets (which are called the stators). Typi-
cally, the moving component is called the armature and the
stationary components are called the stator or stators.

[0008] Motors and generators used today produce or utilize
a sinusoidal time varying voltage. This waveform is inherent
to the operation of these devices.

[0009] In most conventional motors, both linear and rotat-
ing, enough power of the proper polarity must be pulsed at the
right time to supply an opposing (or attracting) force at each
pole segment to produce a particular torque. In conventional
motors at any given instant only a portion of the coil pole
pieces is actively supplying torque.

[0010] Withconventional motors a pulsed electrical current
of sufficient magnitude must be applied to produce a given
torque/horsepower. Horsepower output and efficiency then is
a function of design, electrical input power plus losses.
[0011] With conventional generators, an electrical current
is produced when the rotor is rotated. The power generated is
a function of flux strength, conductor size, number of pole
pieces and speed in RPM. However output is a sinusoidal
output with the same losses as shown in conventional electric
motors.

[0012] A conventional linear motor/generator, on the other
hand, may be visualized as a typical electric motor/generator
that has been cut open and unwrapped. The “stator” is laid out
in the form of a track of flat coils made from aluminum or
copper and is known as the “primary” of a linear motor. The
“rotor” takes the form of a moving platform known as the
“secondary.” When the current is switched on, the secondary
glides past the primary supported and propelled by a mag-
netic field. A Linear generator works in the same manner but
mechanical power provides the force to move the rotor or
secondary past magnetic fields.

[0013] Intraditional generators and motors, the pulsed time
varying magnetic fields produces undesired effects and
losses, i.e. Iron Hystersis losses, Counter-EMF, inductive
kickback, eddy currents, inrush currents, torque ripple, heat
losses, cogging, brush losses, high wear in brushed designs,
commutation losses and magnetic buffeting of permanent
magnets. In many instances, complex controllers are used in
place of mechanical commutation to address some of these
effects.

[0014] In motors and generators that utilize permanent
magnets it is desirable to increase magnetic flux densities to
achieve more efficient operation. Most permanent magnet
motor/generators used today rely on permanent magnets such
as Neodymium magnets. These magnets are the strongest of
the man made magnetic materials. Due to their strategic value
to industry and high costs it is desirable to increase flux
densities without relying on a breakthrough in material com-
position of these magnets or manufacturing high density spe-
cial purpose magnet shapes and sizes.

[0015] Inmotors or generators, some form of energy drives
the rotation and/or movement ofthe rotor. As energy becomes
more scarce and expensive, what is needed are more efficient
motors and generators to reduce energy costs.

SUMMARY

[0016] In response to these and other problems, there is
presented various embodiments disclosed in this application,
including methods and systems of increasing flux density by
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permanent magnet manipulation. Specifically, methods and
systems of increasing flux density utilizing commercially
available shapes or sizes that can be chosen based on lower
cost rather than flux density. Also described are methods of
producing mechanical power by moving a coil/s coupled to a
core into a magnet assembly with an increased flux density or
producing an electrical output power when the coils are
mechanically forced through the magnetic assembly with an
increased flux density. In certain aspects, within the magnetic
cylinder or magnet assembly magnetic flux lines are created
and increased by the configuration of permanent magnets or
electromagnets and are restrained within the magnetic cylin-
der or magnet assembly until exiting at predetermined loca-
tions.

[0017] Incertain aspects presented herein, non-pulsating or
non-sinusoidal DC current is applied to the power terminals
which produces a Lorentz force at each length of coil con-
ductor. This force is applied continuously throughout the
entire rotation of the rotor hub without variations in amplitude
or interruptions in output power. There are no pole pieces to
provide magnetic attraction or repulsion thus there is no
torque ripple, polarity reversals or interruptions in power
output while the poles are in the process of reversing, produc-
ing more efficient output than traditional motors

[0018] When certain aspects of the disclosed embodiments
are used as a generator non pulsating or non-sinusoidal DC
current is produced at the power terminals. A Lorentz force at
each length of coil conductor and across all coils induces an
output current flow. This output is supplied continuously
throughout the entire rotation of the rotor hub without varia-
tions in amplitude, polarity reversals, or interruptions in out-
put power. There are no pole pieces to provide magnetic
attraction or repulsion which produces a current output more
efficiently than traditional generators.

[0019] Certain aspects of the disclosure reduces or elimi-
nates the undesired effects and losses of traditional generators
and motors discussed above, including Iron Hystersis losses,
Counter-EMF, inductive kickback, eddy currents, inrush cur-
rents, torque ripple, heat losses, cogging, brush losses, spark-
ing and high wear in brushed designs, commutation losses
and magnetic buffeting of permanent magnets.

[0020] Insummary, certain aspects of the various disclosed
embodiments may provide the following benefits:

[0021] Unlike conventional brush rectified or PWM con-
troller motor/generators, the coils in aspects of this invention
are in continuous contact with the Permanent Magnet field
and thus produce a non-varying continuous torque or output.
[0022] Complex PWM drives and controllers, commuta-
tors, etc (and the associated losses) may not be not required
since certain aspects of the invention produce and utilize DC
current directly.

[0023] If automatic speed control for a given load is
required, complex position indication is not required. A much
simpler RPM indication and a varying voltage/current rela-
tionship is all that is required.

[0024] Using the magnetic cylinder/single pole magnet
assembly concept utilizing permanent magnets an otherwise
unachievable, extremely strong magnetic field is generated
without consuming any electrical power.

[0025] Though a Counter EMF field is produced by any
induced current flow, due to the magnet cylinder and core
design there is no direct impact on coil movement that hinders
such movement.
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[0026] Iron Hysteresis losses are essentially eliminated as
only two points on the core experience any hysteresis loss at
all and then only twice per revolution.

[0027] Eddy current losses are essentially eliminated as the
core does not move perpendicular to the flux lines

[0028] Cogging is also essentially eliminated as the core
forces are balanced and equal in all directions

[0029] There is little inrush current as there is no need to
saturate large masses of iron

[0030] 100% ofthe copper windings in the coil is utilized to
take advantage of Lorentz forces thus there is no wasted
copper winding as in conventional motor/generators.

[0031] Inductive kickback from the rising and collapsing
sinusoidal waveform is eliminated

[0032] Like other DC motors reversal of torque is simply a
reversal of input polarities.

[0033] These and other features, and advantages, will be
more clearly understood from the following detailed descrip-
tion taken in conjunction with the accompanying drawings.
[0034] Itis important to note the drawings are not intended
to represent the only aspect of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a cross-sectional view of a toroidal mag-
netic cylinder illustrating representative “planar” portions of
magnetic flux paths within and around the cylinder with an
iron core.

[0036] FIG. 2a is an isometric and partial section view of a
toroidal magnetic cylinder of FIG. 1.

[0037] FIG. 2b is a detailed partial section view of the
toroidal magnetic cylinder of FIG. 1q illustrating the planar
magnetic fields or flux walls generated within the cylinder
interior.

[0038] FIG. 3 is a conceptualized isometric view of a rotor
hub assembly.
[0039] FIG. 4 is a conceptualized isometric view of a rotor

hub assembly with a coil positioned on the rotor assembly.
[0040] FIG. 5 is a conceptualized lateral section view of an
electric motor/generator assembly using the rotor hub assem-
bly illustrating the power terminals and segmented single slip
ring brush assembly configuration.

[0041] FIG. 6 is a conceptualized longitudinal section view
of' the electric motor/generator assembly of FIG. 5.

[0042] FIG. 7 is a lateral section view illustrating one
embodiment of a coupling system between a portion of the
coils and the slip ring segments which may be used with the
electric motor/generator of FIG. 5.

[0043] FIG. 8a is an isometric view of a magnetic ring.
[0044] FIG. 85 is a detailed isometric view of a portion of
an alternative embodiment of a magnetic ring.

[0045] FIG. 8cisadetailed isometric view of a portion ofan
alternative embodiment of a magnetic ring.

[0046] FIG. 84 is a detailed isometric view of a portion of
an alternative embodiment of a magnetic ring.

[0047] FIG. 9a is an isometric exploded view of a magnetic
cylindrical coil assembly.

[0048] FIG. 95 is an isometric view of the assembled mag-
netic cylindrical coil assembly of FIG. 9a.

[0049] FIG. 9¢ is a longitudinal section view of the
assembled magnetic cylindrical coil assembly of FIG. 9a
positioned within a motor/generator assembly.

[0050] FIG. 94 is a longitudinal section view of the
assembled magnetic cylindrical coil assembly of FIG. 9a
within the motor/generator assembly of FIG. 9¢ showing a
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brush system electrically coupled to various coils of the mag-
netic cylindrical coil assembly.

[0051] FIG. 10a is a section view of an alternative motor/
generator assembly when a coil segment is not in an energized
state.

[0052] FIG. 105 is a section view of the motor/generator
assembly of FIG. 10a when the coil segment is in an ener-
gized state.

[0053] FIG. 11a is an isometric view of an alternative
assembled magnetic cylindrical coil assembly.

[0054] FIG. 115 is a longitudinal isometric section view of
the assembled magnetic cylindrical coil assembly of FIG. 10a
positioned within an alternative motor/generator assembly.
[0055] FIG. 11c is a longitudinal section view of the
assembled magnetic cylindrical coil assembly of FIG. 10a
within the motor/generator assembly of FIG. 104.

[0056] FIG. 114 is a longitudinal section view of the
assembled magnetic cylindrical coil assembly of FIG. 10a
within the motor/generator assembly of FIG. 105 showing a
brush system electrically coupled to various coils of the mag-
netic cylindrical coil assembly.

[0057] FIG. 12 is a longitudinal section view of an alterna-
tive magnetic cylindrical coil assembly positioned within a
motor/generator assembly.

[0058] FIGS.13a and 135 illustrate a hybrid electromagnet
magnet assembly which may be used in place of conventional
magnets in the various magnetic cylinders discussed within
this disclosure.

DETAILED DESCRIPTION

[0059] Specific examples of components, signals, mes-
sages, protocols, and arrangements are described below to
simplify the present disclosure. These are, of course, merely
examples and are not intended to limit the invention from that
described in the claims. Well-known elements are presented
without detailed description in order not to obscure the
present invention in unnecessary detail. For the most part,
details unnecessary to obtain a complete understanding of the
present invention have been omitted inasmuch as such details
are within the skills of persons of ordinary skill in the relevant
art. Details regarding control circuitry, power supplies, or
circuitry used to power certain components or elements
described herein are omitted, as such details are within the
skills of persons of ordinary skill in the relevant art.

[0060] When directions, such as upper, lower, top, bottom,
clockwise, or counter-clockwise are discussed in this disclo-
sure, such directions are meant to only supply reference direc-
tions for the illustrated figures and for orientation of compo-
nents in the figures. The directions should not be read to imply
actual directions used in any resulting invention or actual use.
Under no circumstances, should such directions be read to
limit or impart any meaning into the claims.

[0061] Most motors and generators used today require or
produce a sinusoidal time varying voltage referred to as Alter-
nating Current (AC). When Direct Current is utilized it must
first be inverted and pulsed to replicate an AC waveform to
produce the desired current or mechanical output. Certain
embodiments of the present invention neither produces nor
utilizes Alternating Current but instead directly produces or
utilizes a non sinusoidal Direct Current without the need for
rectification or commutation. This results in the elimination
of Alternating Current Losses and results in a more efficient
utilization of input or output power. However, certain aspects
of'the invention may accept any rectified A/C current and thus
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may be “blind” to input power supply phasing. Thus, simple
rectified single phase, two phase, three phase power, etc. are
all acceptable for input power depending on the configura-
tion.

[0062] Turning now to FIG. 1, there is a cross-sectional
view of one embodiment of a toroidal magnetic cylinder 100
illustrating representative planar magnetic flux paths 101
within and around the cylinder. These are representative illus-
trations; actual flux paths are dependent on the material
design and specific configuration of the magnets within the
cylinder. The magnetic cylinder 100 comprises an outer cyl-
inder wall of 102 and an inner cylinder wall 104. The outer
cylinder wall 102 and inner cylinder wall 104 may be made
with a plurality of magnets. In a lateral section view, such as
illustrated in FIG. 1, it can be seen that the outer cylinder wall
102 is comprised of a plurality of magnets 106, comprising
individual magnets, such as magnets 106a, 1065, 106¢, etc.
Similarly, the inner cylinder wall 104 may be comprised with
a plurality of magnets 108, comprising individual magnets
108a, 1085, etc. It should be noted that only one polarity of
the magnets are utilized within (or facing into) the magnetic
cylinder or magnet assembly.

[0063] Incertain embodiments, there may be a central iron
core 110 positioned between the outer wall 102 and the inner
wall 104, however other core materials maybe used when
design considerations such as strength, reduction of eddy
currents, cooling channels, etc. are considered.

[0064] In certain embodiments, the plurality of magnets
106 and magnets 108 may be made of out any suitable mag-
netic material, such as: neodymium, Alnico alloys, ceramic
permanent magnets, or electromagnets. In certain embodi-
ments, each magnet 1064 or 108a in the respective plurality of
magnets has the dimensions of 1"x1"x1.” The exact number
of magnets or electromagnets will be dependent on the
required magnetic field strength or mechanical configuration.
The illustrated embodiment is only one way of arranging the
magnets, based on certain commercially available magnets.
Other arrangements are possible—especially if magnets are
manufactured for this specific purpose.

[0065] When the plurality of magnets 106 and 108 are
arranged into the outer wall 102 and inner wall 104 to form the
cylinder 100, the flux lines 101 will form particular patterns
as represented in a conceptual manner by the flux lines illus-
trated in FIG. 1. The actual shape, direction, and orientation
of the flux lines 101 depend on factors such as the use of an
interior retaining ring, material composition and configura-
tion. For example, the flux line 112a from the magnet 1064 on
the exterior wall tends to flow from the north pole of the
magnet in a perpendicular manner from the face of the magnet
around the cylinder 100, and back through an open end 114,
then flow through the iron core 110 and back to the face of the
magnet 106a containing its south pole. Similarly, the flux line
1124 from the magnet 1065 on the exterior wall 102 tends to
flow from the north pole of the magnet in a perpendicular
manner from the face of the magnet around the cylinder 100,
and back through the open end 114, then flow through the iron
core 110 and back to the face of the magnet 1065 containing
its south pole. Although only a few flux lines 112 are illus-
trated for purposes of clarity, each successive magnet in the
plurality of magnets will produce similar flux lines. Thus, the
magnetic flux forces for each successive magnet in the plu-
rality of magnets 106 tend to follow these illustrative flux
lines or patterns 112 for each successive magnetic disc in the
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plurality of magnets 106 until the magnets at the open ends
114 or 116 of the magnetic cylinder 100 are reached.

[0066] Magnets on the opposing side of the cylinder 100,
such as magnet 106¢ tend to generate flux lines 112¢ from the
magnet 106¢ on the exterior wall 102 which tends to flow
from the north pole of the magnet in a perpendicular manner
from the face of the magnet around the cylinder 100, and back
through an opposing open end 116, then flow through the iron
core 110 and back to the face of the magnet 106¢ containing
its south pole. Although only a few flux lines 112 on the
opposing side of the cylinder 100 are illustrated for purposes
of clarity, each successive magnet in the plurality of magnets
will produce similar flux lines.

[0067] In certain embodiments, the interior wall 104 also
produces flux lines 118. For instance, the flux line 118a from
the magnet 108a on the interior wall 104 tends to flow from
the north pole in a perpendicular manner from the face of the
magnet, around the interior wall 104 via the iron core 110, and
back through the radial center of the interior wall 104 to the
face of the magnet 108a containing its south pole. Similarly,
the flux line 11856 from the magnet 1085 on the interior wall
104 tends to flow from the north pole in a perpendicular
manner from the face of the magnet, around the interior wall
104 via the iron core 110, and back through the radial center
of the interior wall 104, then back to the face of the magnet
1084 containing its south pole.

[0068] The magnetic flux forces for each successive mag-
net in the plurality of magnets 108 tend to follow these illus-
trative flux lines or patterns 118 for each successive magnet in
the plurality of magnets 108 until the open ends 114 or 116 of
the magnetic cylinder 100 are reached. Thus, the flux pro-
duced by the magnets of the interior wall 104 of the cylinder
100 have an unobstructed path to exit through the center of the
cylinder and return to its opposing pole on the exterior of the
cylinder.

[0069] In some embodiments, the magnetic flux lines 112
and 118 will tend to develop a stacking effect and the con-
figuration of the exterior magnetic cylinder manipulates the
flux lines 101 of the magnets in the magnetic cylinder 100
such that most or all of the flux lines 110 flows out of the open
ends 114 and 116 of the cylinder 100.

[0070] In conventional configurations, the opposing poles
of the magnets are usually aligned longitudinally. Thus, the
field flux lines will “hug” or closely follow the surface of the
magnets. So, when using conventional power generating/
utilization equipment, the clearances must usually be
extremely tight in order to be able to act on these lines of
force. By aligning like magnetic poles radially with respect to
the center 120 of the cylinder 100, the magnetic flux lines 112
and 118 tend to stack up as they pass through the center of the
magnetic cylinder 110 and radiate perpendicularly from the
surface of the magnets. This configuration allows for greater
tolerances between coils and the magnetic cylinder 100.
[0071] In certain embodiments, the iron core 110 is posi-
tioned concentrically about the center 120 of the magnetic
cylinder 100 such that the iron core is an equidistant radially
from the interior wall 104, generating a representative flux
pattern 101 as illustrated in FIG. 1. The flux fields or lines are
drawn to the iron core 110 and compressed as it approaches
the iron core. The flux fields may then established what can be
visualized as a series of “flux walls” surrounding the iron core
which extend throughout the cylinder and the exit points.
[0072] Turning now to FIG. 2a, there is presented is a
conceptual isometric view of the toroidal magnetic cylinder
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100 having the central iron core 110 positioned within the
magnetic cylinder. FIG. 25 is a detailed partial view of the
toroidal magnetic cylinder 100 illustrating the planar mag-
netic fields or flux walls 122 generated within the interior
cavity 124 of the magnetic cylinder 100 in conjunction with
the iron core 110. These are representative illustrations; the
actual flux walls 122 are dependent on the material design and
configuration.

[0073] The cylinder 100 as presented in FIGS. 1, 2a and 25
have been conceptualized to illustrate the basic flux lines or
paths of a partial magnetic cylinder with an iron core concen-
trically located in a hollow portion of its walls. From a prac-
tical perspective, a core or rotor assembly may position the
core 110 within the magnetic cylinder 100.

[0074] Turning now to FIG. 3, there is presented an isomet-
ric view of a one embodiment of a assembly 130 comprising
an iron core 132, a rotor hub 134 and shaft 136. The iron core
132 is similar to the core 110 discussed above. The iron core
132 and the rotor hub 134 are fastened to a shaft 136 using
conventional fastening methods known in the art. In certain
embodiments the rotor hub 134 may be composed of non-
ferrous materials for example, to eliminate the production of
eddy currents. When assembled with the magnetic cylinder
100, a transverse slot (not shown) in the inner wall 104 of the
magnetic cylinder (not shown in FIG. 3) allows the core 132
and a portion of the rotor hub 134 to extend through the inner
wall 104 of the magnetic cylinder 100 and into the interior
cavity 124 (See FIG. 2b).

[0075] In certain embodiments, leakage flux through the
transverse slot may be reduced or eliminated by embedding a
series or plurality of magnets 138 in a periphery of the rotor
hub 134. The plurality of magnets 138 may be oriented simi-
lar to the cylinder magnets 106 of the cylinder 100 (not shown
in FIG. 3). In certain embodiments, the plurality of magnets
138 will move with the rotor assembly 130.

[0076] Inother embodiments the iron core 132 may consist
of two or more segments 140a and 1405 which may be fas-
tened together to form a complete ring or core. This configu-
ration may have the benefit of allowing a plurality of coils to
be built on conventional forms then added to ring segments.
[0077] FIG. 4 illustrates an isometric view of the rotor
assembly 130 where the core 132 comprises the core segment
140a and the core segment 1405. A single coil 142a is posi-
tioned about the core segment 140q. In certain embodiments,
there may be a plurality of coils 142 as illustrated in FIG. 5.
[0078] FIG. 5 is a lateral cross-sectional view of one
embodiment of an electric motor/generator assembly 150
which incorporates the magnetic cylinder 100 and the rotor
hub 134. FIG. 6 is a longitudinal cross-sectional view of the
electric motor/generator assembly 150. The motor/generator
assembly 150 may use components similar to the components
discussed above, such as the magnetic cylinder 100 and the
rotor hub 134. FIG. 7 is a lateral cross-sectional view of one
embodiment of an electric motor/generator assembly 150
illustrating additional detail regarding the current paths
between individual coils in the plurality of coils 142. The
coils illustrated in FIG. 7 are connected in series but any
combination of series or parallel connections are possible.
Additional brush locations may be added depending on
design needs and criteria.

[0079] In the illustrative embodiment, the motor/generator
assembly 150 has a longitudinal shaft 152. In certain embodi-
ments, the longitudinal shaft 152 may be made from an iron or
a ferrite compound with similar magnetic properties to iron.
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In some embodiments, the ferrite compound or powder may
be suspended in a viscous material, such as an insulating
liquid, a lubricant, motor oil, gel, or mineral oil.

[0080] In certain embodiments, there may be an outer cas-
ing or housing 154 which provides structural support for the
magnetic cylinder 100 and the longitudinal shaft 152. In
certain embodiments, the housing 154 may be formed from
any material, alloy, or compound having the required struc-
tural strength. In certain embodiments, non-ferrous materials
may be used. In some embodiments, external bearings 156
(FIG. 6) may be used to reduce the friction between the
longitudinal shaft 152 and the housing 154 or a similar sup-
porting structure. In certain embodiments, the housing 154
may be coupled to a base 158 to provide for structural support
for the housing 154.

[0081] As described with respect to FIGS. 1, 2a and 25, the
toroidal magnetic cylinder 100 may comprise a plurality of
exterior magnets 106 forming the exterior wall 102, a plural-
ity of interior magnets 108 forming the interior wall 104.
Additionally, there may first side wall 170 and an opposing
side wall 172 which include a plurality of side exterior mag-
nets 168 (see FIGS. 5 and 6).

[0082] In certain embodiments, the core 132 as discussed
above is positioned concentrically about a longitudinal axis
176 and within the interior cavity 124 of the magnetic cylin-
der 100. As described above, a transverse slot 160 formed
within the interior wall 104 of the magnetic cylinder 100
allows a portion of the rotor hub 134 to be positioned within
the interior cavity 124. The rotor hub 134 is also coupled to
the core 132 which is also positioned within the interior cavity
124 of the magnetic cylinder 100.

[0083] A plurality of coils 148, such as coil 148a are posi-
tioned radially about the core 132 to form a coil assembly
182. Each individual coil 178a in the coil assembly 182 may
be made from a conductive material, such as copper (or a
similar alloy) wire and may be constructed using conven-
tional winding techniques known in the art. In certain
embodiments, the individual coils 178a may be essentially
cylindrical in shape being wound around a coil core (not
shown) having a center opening sized to allow the individual
coil 178a to be secured to the core 132.

[0084] Although a particular number of coils in the plural-
ity of coils 142 are illustrated in FIGS. 5 and 7, depending on
the power requirements of the motor/generator assembly, any
number of coils could be used to assemble the coil assembly
182.

[0085] In certain embodiments, as illustrated in FIG. 6 and
FIG. 7, a plurality of slip ring segments 184 electrically
connect the individual coils 1424 in the coil assembly 182 in
series to each other. Other configurations of coil connections,
slip rings and brush injection/pickup points may be utilized.
For example, other embodiments may use two non-seg-
mented slip rings and the coils in parallel connection to each
other.

[0086] In some embodiments, the slip ring segments 184
are in electrical communication with a current source via a
plurality of brushes 186 and 188 (FIG. 6) which may also be
positioned within the casing 154 to provide current to the
plurality of coils 142 in the coil assembly 182. In certain
embodiments, the brush 186 may be a positive brush and the
brush 188 may be the negative brush. In certain embodiments,
inductive coupling may also be used to transfer power to the
coils or vice versa.
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[0087] Wheninthe “motor mode,” electric poweris applied
to power terminals 190 and 192, certain coils in the plurality
of'coils 142 move through the magnetic cylinder 100 and only
“see” “flux walls” similar to the flux walls discussed above in
reference to FIG. 24. The plurality of coils 142 are not sub-
stantially affected by the direction of flux within the core 132,
thus the plurality of coils move according to the “right hand
rule” throughout the cylinder 100. However during the short
period of time that certain coils of the plurality of coils 142 are
out of the magnetic cylinder 100 itself and traveling through
the open segment 194, it is possible they can also contribute to
the torque being produced. During this transition period, the
flux is now leaving the core 132 on its path to the external
walls of the magnetic cylinder 100 which is in the opposite
direction to the flux forces within the magnetic cylinder, thus
each coil in the plurality of coils 142 has to be supplied with
a reverse polarity to contribute torque.

[0088] At the contact area for the negative brush 188, the
current is divided into two paths, one path is back through the
plurality of coils within the magnetic cylinder 100 itself, the
other path is routed through the coils positioned in the open
segment 194. Thus, the individual coils in the plurality of
coils 142 are automatically provided with the correct polarity
as illustrated in FIG. 7.

[0089] In the generator mode, when the plurality of coils
142 move through the magnetic cylinder 100 as a result of the
shaft 152 being rotated, the coils within the magnetic cylinder
only see the “flux walls” (as discussed in reference to FIG.
25b). They may not be affected by the direction of flux within
the core, thus the coils produce power throughout their travel
through the magnetic cylinder 100. However during the short
period of time they are out of the cylinder 100 itself and
traveling through the open segment 194, it is possible the coils
can also contribute to the power being produced. During this
transition period when the coils are in the open segment 194,
the flux is now leaving the iron core 132 on its path to the
external walls 102, 104, 170 and 172 of the magnetic cylinder
100 which is, however in the opposite direction to the flux
forces within the magnetic cylinder. Thus, the coil assembly
182 can also produce usable power which can be utilized
depending on design needs.

[0090] Should itbe desired to remove the open segment coil
from the circuit, a diode rectifier may be added to one side of
each coil to limit current flow to a specific direction.

[0091] As is well known, almost all conventional magnets
have magnetic poles. Magnetic poles are typically either of
two regions of a magnet, typically designated north and south,
where the magnetic field or flux density is strongest. FIGS. 8a
through 8d illustrate the combinations of typical permanent
magnets that may be utilized in magnetic rings or cylinders to
create the concentrated flux densities of one magnetic pole
(such as the north or south pole). Such magnets may be
traditional magnets, electro-magnets, or an electro-perma-
nent magnet hybrid discussed later in this application. Addi-
tionally, iron, iron powder or other magnetic material may be
added to the cylinder core area for increased magnetic flux
densities and concentrations (not shown).

[0092] Rather than using a magnetic cylinder 100 as
described above, an alternative magnetic ring or cylinder 200
can be made of a single row of magnets, such as illustrated in
FIG. 8a. As illustrated in FIG. 84, all of the like or similar
poles (e.g. south poles) of the plurality of magnets 202, such
as magnet 202a face inward. Such a magnetic ring 200 could
be used in a motor or generator, but the strength of the mag-
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netic field or intensity of the flux field (and therefore the
motor or generator) would primarily depend on the strength
of the individual magnets 202q in the plurality of magnets
202.

[0093] FIG. 85 is an isometric illustration of a portion 210
of a magnetic ring, where each portion 210 comprises a
magnet 212 and a magnet 214. Positioning the magnet 212
and magnet 214 so that a magnetic ring has a cross sectional
shape of a “V” as illustrated in FIG. 856 and where the like
poles face each other increases the strength of the magnetic
field or flux density at the throat even if the strength of the
individual magnets remain the same. For purposes of this
disclosure, such a configuration may be known as a “2x”
magnet cylinder assembly, where the term “x” indicates the
approximate increase in flux density per magnet surface area
(and not necessarily the number of magnets used). Such a
configuration may increase the flux density approximately
two times at the selected pole exit area 211. Collapsing or
compressing the “V' further concentrates the flux density but
at the expense of a smaller exit area 211.

[0094] FIG. 8¢ is an isometric illustration of a portion 220
of a magnetic ring, where each portion 220 comprises a
magnet 222, a magnet 224, and a magnet 226. Positioning the
magnet 222, the magnet 224, and the magnet 226 so that a
magnetic ring has a cross sectional shape of a “U” as illus-
trated in FI1G. 8c and where the like poles face of each magnet
faces inward increases the strength of the magnetic field or
flux density even if the strength of the individual magnets
remain the same. For purposes of this disclosure, such a
configuration may be known as a “3x” conceptual magnet
cylinder assembly. Such a configuration may increase the flux
density approximately three times at the selected pole exit
area 221. Collapsing or compressing the “U' (i.e., moving
magnet 224 towards magnet 222) further concentrates the
flux density but at the expense of a smaller exit area 221.
[0095] FIG. 84 is an isometric illustration of a portion 230
of a magnetic ring, where each portion 230 comprises a
magnet 232, a magnet 234, a magnet 236, a magnet 238, and
a magnet 240 (not visible in FIG. 8d). Positioning the magnet
232 opposing the magnet 234 so that their like poles face each
other and positioning the magnet 236 opposing the magnet
238 so that their like poles face each other. In other words, all
of the south poles of the magnets 236 through 238 face
inward. Furthermore, a magnet 240 is positioned on the back
face of the “tube” formed by the magnets 232 to 238 to create
an open box shape or cube as illustrated in FIG. 84. For
purposes of this disclosure, such a configuration may be
known as a “5x” conceptual magnet cylinder assembly. Such
a configuration may increase the flux density approximately
five times at the selected pole exit area 231. Collapsing or
compressing the box area (e.g., moving the magnets 236
towards magnet 238) further concentrates the flux density but
at the expense of a smaller exit area 231.

[0096] Forbrevity and clarity, a description ofthose parts or
components which are identical or similar to those described
above will not be repeated here. Reference should be made to
the foregoing paragraphs with the following description to
arrive at a complete understanding of alternative embodi-
ments.

[0097] Turning now to FIGS. 9a through 94, there is pre-
sented an alternative embodiment or a 3x design which con-
centrates the magnetic field or flux lines to improve the effi-
ciency of the motor or generator. FIG. 9a is an isometric
exploded view of a magnetic cylindrical coil assembly 300.
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FIG. 95 is an isometric view of the assembled magnetic
cylindrical coil assembly 300. FIG. 9¢ is a longitudinal sec-
tion view of the assembled magnetic cylindrical coil assem-
bly 300 within a motor/generator assembly 350. FIG. 9d is a
longitudinal section view of the assembled magnetic cylin-
drical coil assembly 300 within a motor/generator assembly
350 showing a brush system electrically coupled to various
coils of the magnetic cylindrical coil assembly. Although four
brushes per toroid cylinder are shown, the actual number of
brushes depend on well known engineering factors, such as
wear and current carrying capacity.

[0098] Turning now to FIGS. 9a and 954, there is an
enhanced flux toroidal core magnetic cylinder assembly 300.
In some aspects, many of these components of the cylinder
assembly 300 are assembled utilizing the enhanced magnetic
cylinder concepts as described above. Note that only one pole
(i.e., either North or South) is used and concentrated through-
out the length and breadth of the magnetic cylinder 300.
[0099] In certain embodiments, a conductor wrapped coil
assembly 310 comprises a core 312 which may be formed of
iron, iron powder composite or other magnetic/non-magnetic
core material. A conductive material 314, such as copper wire
is wrapped around the core 312 to form one or more coils.
Thus, the coil assembly 310 may consist of one or more coil
segments. Especially in brushless designs, multiple coil seg-
ments allows speed control by selectively connecting coil
segments in differing combinations of series and parallel
connections without changing the system supply voltage. For
purposes of example, certain embodiments of the coil assem-
bly 310 may comprise twenty four (“24”) coil segments
which allows multiple possible combinations of series-paral-
lel connections resulting in multiple output speeds or output
power. Where a continuously variable speed or torque
requirement are required, input voltages may be adjusted
accordingly and if needed, in combination with simple relay-
ing or switched step control of the series-parallel connections
between the coil segments. The coil assembly 310 is gener-
ally ring shape which allows an interior longitudinal magnetic
cylinder 315 to slip through the coil assembly’s central aper-
ture 316.

[0100] As illustrated, the interior magnetic cylinder 315
comprises a series or plurality of magnets 318 where the north
poles face radially outward and transverse to the longitudinal
axis 302. Thus, when assembled the north poles of the plu-
rality of magnets 318 would face the core 312 of the coil
assembly 310. A first side or end magnetic ring assembly 320
is positioned next to the coil assembly 310. In certain embodi-
ments the first side magnetic ring assembly 320 comprises a
plurality of magnets 322 arranged in a radial pattern where the
poles of each magnet 322a in the plurality of magnets are
generally aligned in a parallel fashion with a longitudinal axis
302. As illustrated the north poles of the plurality of magnets
322 face inward toward the core 312 orthe coil assembly 310.
[0101] In certain embodiments, a second side or end mag-
netic ring assembly 330 comprises a plurality of magnets 332
arranged in a radial pattern where the poles of each magnet
332a in the plurality of magnets are generally aligned in a
parallel fashion with the longitudinal axis 302. As illustrated
the north poles of the plurality of magnets 332 face inward
toward the coil assembly 310.

[0102] When assembled, it is apparent from discussion
regarding FIGS. 8a through 84, that the coil assembly 300
uses a 3x flux concentrator design to concentrate the flux
force intensity or magnetic fields.
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[0103] FIG.9c is alongitudinal cross-sectional view of one
embodiment of an electric motor/generator assembly 350
which incorporates the magnetic cylinder 300. The motor/
generator assembly 350 may use components similar to the
components discussed above, such as the magnetic cylinder
100 and the rotor hub 134.

[0104] In the illustrative embodiment, the motor/generator
assembly 350 has a longitudinal shaft 352. In certain embodi-
ments, the longitudinal shaft 352 may be made from an iron,
steel, or a ferrite compound with similar magnetic properties
to iron. In certain embodiments, the longitudinal shaft 352
may include a ferrite compound or powder. In some embodi-
ments, the ferrite compound or powder may be suspended in
a viscous material, such as an insulating liquid, a lubricant,
motor oil, gel, or mineral oil to reduce or eliminate eddy
currents and magnetic hysteresis.

[0105] In certain embodiments, there may be an outer cas-
ing or housing 354 which provides structural support for the
magnetic cylinder 300 and the longitudinal shaft 352. In
certain embodiments, the housing 354 may be formed from
any material, alloy, or compound having the required struc-
tural strength. In certain embodiments, non-ferrous materials
may be used. In some embodiments, external bearings (not
shown) may be used to reduce the friction between the lon-
gitudinal shaft 352 and the housing 354 or a similar support-
ing structure. In certain embodiments, the housing 354 may
be coupled to a base (not shown) to provide for structural
support for the housing 354

[0106] As illustrated in FIG. 9¢, the magnetic cylinder 300
may be a 3x brushless assembly in that the magnet assembly
(e.g., the magnetic longitudinal cylinder 315, the first side
magnetic ring 320, and the second side magnetic 330) acts as
the rotor with the toroidal coil assembly 310 stationary. This
configuration has the advantage of using coil segments whose
conductor leads can be brought to a single location (not
shown) allowing stepped speed control by simple switching
series-parallel combinations in combination with varying
voltage inputs where stepless control of motor/generator out-
puts are desired. A connecting hub 340 couples the magnetic
cylinder 315 to the shaft 302 in a conventional manner.

[0107] FIG. 9d illustrates the magnetic cylinder 300 as a 3x
concentrated brushed “side wall” brush assembly. This
assembly may be easily incorporated into a modular assem-
bly 500 illustrated in FIGS. 114 through 11d below. In certain
embodiments, the modular assembly 500 may be a bolt up
modular assembly which allows greater flexibility in select-
ing differing mechanical or electrical outputs without major
design changes. Engineering needs and design consideration
will determine the maximal numbers of magnetic cylinder
and coils assemblies.

[0108] Turning now to FIGS. 10a and 105, there is pre-
sented an alternative embodiment or a 3x design which con-
centrates magnetic fields or flux lines 401 to improve the
efficiency of a motor or generator 450. FIG. 10q is a longitu-
dinal section view of the assembled magnetic cylindrical coil
assembly 400 within the motor/generator assembly 450
where a coil segment 410a is not in an energized state. FI1G.
105 is a longitudinal section view of the motor/generator
assembly 450 when the coil segment 410q is in an energized
state (i.e, current/voltage moving through the conductive
material 414.

[0109] The enhanced flux toroidal core magnetic cylinder
assembly 400 is similar to the core magnetic cylinder assem-
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bly 300 except that the interior parallel magnetic cylinder 315
is positioned on the outside of the side magnets ring assem-
blies 420 and 430.

[0110] In certain embodiments, a conductor wrapped coil
assembly 410 comprises a core 412 which may be formed of
iron, iron powder composite or other magnetic/non-magnetic
core material similar to the core 312 discussed above. A
conductive material 414, similar to the conductive material
314, is wrapped around the core 412 to form one or more coils
or coil segments such as coil segment 410a. Thus, the coil
assembly 410 may consist of one or more coil segments as
described above in reference to the coil assembly 310.

[0111] The coil assembly 410 is generally ring shape which
allows a connecting hub 417 to couple the coil assembly 410
to a longitudinal shaft 452. In certain embodiments, the con-
necting hub may be coupled to slip rings (not shown) or
bushings 419.

[0112] As illustrated, the exterior magnetic cylinder 415
comprises a series or plurality of magnets 418 where the north
poles face radially inward towards the core 412 and the lon-
gitudinal axis 402. A first side magnetic ring assembly 420 is
positioned next to the coil assembly 410. In certain embodi-
ments, the first side magnetic ring assembly 420 comprises a
plurality of magnets 422 arranged in a radial pattern where the
poles of each magnet 422a in the plurality of magnets are
generally aligned in a parallel fashion with a longitudinal axis
402. As illustrated the north poles of the plurality of magnets
422 face inward toward the core 412.

[0113] Incertain embodiments a second side magnetic ring
assembly 430 comprises a plurality of magnets 432 arranged
in a radial pattern where the poles of each magnet 4324 in the
plurality of magnets are generally aligned in a parallel fashion
with the longitudinal axis 402. As illustrated the north poles
of the plurality of magnets 432 face inward toward the core
412.

[0114] In the illustrative embodiment, the motor/generator
assembly 450 has a longitudinal shaft 452. In certain embodi-
ments, the longitudinal shaft 452 may be similar to the lon-
gitudinal shaft 352 discussed above.

[0115] In certain embodiments, there may be an outer cas-
ing or housing 454 (similar to housing 354 discussed above)
which provides structural support for the coil assembly 410
and the longitudinal shaft 452. In some embodiments, exter-
nal bearings (not shown) may be used to reduce the friction
between the longitudinal shaft 452 and the housing 454 or a
similar supporting structure.

[0116] As illustrated in FIGS. 10a and 104, the magnetic
cylinder 400 may be a 3x brushless assembly in that the
magnet cylinder assembly 400 (e.g., the exterior magnetic
ring 414, the first side magnetic ring 420, and the second side
magnetic 430) acts as the stator with the toroidal coil assem-
bly 410 acting as a rotor.

[0117] FIG. 10a illustrates the representative flux paths in a
3x magnetic cylinder assembly section prior to energization
of'the coils. When a current is established in the coil segment
410aq, the permanent magnet flux lines 401 of FIG. 10a are
forced outside the coil segment 410a and are compressed in
the remaining space between the magnetic rings and the core
or coil segment 410q as illustrated in FIG. 1056. A Lorentz
force is then imparted on the rotor causing rotation in the case
of'a motor and induced current flow in the case of a generator.
The force imparted or the voltage/current flow established is
indicated by the Lorentz force calculations.
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[0118] In a motor, force is equal to flux density in Tesla
times the amperage times the conductor length in meters. Ina
generator voltage is equal to flux density in Tesla times veloc-
ity times times conductor length in meters. In all configura-
tions presented in this application these basic calculations are
utilized.

[0119] Turning now to FIGS. 11a through 114, there is
presented an alternative modular embodiment where each
module uses a 3x design which concentrates the magnetic
field or flux lines to improve the efficiency of the motor or
generator. FIG. 11a is an isometric view of the assembled
magnetic cylindrical coil assembly 500. FIG. 115 is a longi-
tudinal isometric section view of the assembled magnetic
cylindrical coil assembly 500 within a motor/generator
assembly 550. FIG. 11c¢ is a longitudinal section view of the
assembled magnetic cylindrical coil assembly 500 within a
motor/generator assembly 550. FIG. 114 is a longitudinal
section view of the assembled magnetic cylindrical coil
assembly 500 within a motor/generator assembly 550 show-
ing an exemplary brush system electrically coupled to various
coils of the magnetic cylindrical coil assembly.

[0120] Turning now to FIGS. 11a and 115, there is an
enhanced flux toroidal core magnetic cylinder assembly 500.
In some aspects, many of these components of the cylinder
assembly 500 are assembled utilizing the enhanced magnetic
cylinder concepts as described above. The magnetic assem-
bly 500 is essentially three magnetic cylinders 100 (discussed
above) assembled longitudinally as a single cylinder assem-
bly (with certain polarities reversed as explained below) and
on a common shaft.

[0121] In certain embodiments, conductor wrapped coil
assemblies 510a through 510c¢ include cores 512a through
512¢ similar to the core 312 discussed above. The cores 5124
through 512¢ may be formed of iron, iron powder composite
or other magnetic/non-magnetic core material. Conductive
materials 514a through 514c¢, such as copper wire are indi-
vidually wrapped around the cores 512a, the core 51254, and
the core 512¢ to form one or more coil segments for each coil
assembly 5124 through 512¢. As discussed above, multiple
coil segments in each coil assembly 510a through 510c¢
allows speed control by selectively connecting coil segments
in differing combinations of series and parallel connections
without changing the system supply voltage.

[0122] The coil assemblies 510a through 510c¢ are gener-
ally ring shape which allows for interior magnetic cylinders
514a through 514c¢ to be positioned annularly with respect to
a longitudinal axis 502. A plurality of hubs, such as hub 516«
through 516c¢ couple a longitudinal shaft 552 to the interior
magnetic cylinders 515q through 515¢.

[0123] As illustrated, the interior magnetic cylinders 515a
through 515¢ each comprise a series or plurality of magnets
518 positioned such that their magnetic poles are radially
aligned perpendicular to the longitudinal axis 502. A first end
magnetic ring assembly 520 is positioned next to the coil
assembly 510q. In certain embodiments, the first end mag-
netic ring assembly 520 comprises a plurality of magnets 522
arranged in a radial pattern where the poles of each magnet in
the plurality of magnets are generally aligned in a parallel
fashion with a longitudinal axis 502 (similar to the ring
assembly 320 discussed above). As illustrated, the north poles
of the plurality of magnets 522 face inward toward the core
512a.

[0124] Incertain embodiments a second end magnetic ring
assembly 530 comprises a plurality of magnets 532 arranged
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in a radial pattern where the poles of each magnet 5324 in the
plurality of magnets are generally aligned in a parallel fashion
with the longitudinal axis 502. As illustrated, in FIGS. 11¢
and 114, the north poles of the plurality of magnets 532 face
inward toward the core 512c.

[0125] As illustrated in FIGS. 11c¢ and 114, the magnetic
cylinder 500 may include three “magnetic cylinders” 5004,
5005, and 500¢ spaced longitudinally from each other and
sharing the same shaft 552 and longitudinal axis 502. In the
embodiment of the magnetic cylinder 500, the individual
magnetic cylinders 500a, 5005, and 500c¢ alternate magnetic
polarities. For instance, the north pole of magnet 5154 faces
outward towards the core 512a. However, the north pole of
the magnet 5156 faces inward away from the core 5125.
Similarly, the north pole of magnet 515¢ faces outward
towards the core 512¢. This pattern would continue if more
individual magnetic cylinders were added to the magnetic
cylinder assembly 500.

[0126] Inother words, the space filled by the core 512a for
the individual magnetic cylinder 500a has a magnetic force
filled with a “north pole” polarity from the positioning of the
magnets 522, the magnets 5154, and the magnets of the mag-
netic ring 524. On the other hand, the space filled by the core
5125 for the individual magnetic cylinder 5005 has a mag-
netic force filled with a “south pole” polarity from the posi-
tioning of the magnets of the magnetic ring 524, the magnets
5155, and the magnets of the magnetic ring 526. The space
filled by the core 512¢ for the individual magnetic cylinder
500¢ has a magnetic force filled with a “north pole” polarity
from the positioning of the magnets from the magnetic ring
526, the magnets 515¢, and the magnets of the magnetic ring
532.

[0127] In certain embodiments, the longitudinal shaft 552
may be made from an iron, steel, or a ferrite compound with
similar magnetic properties to iron. In certain embodiments,
the longitudinal shaft 552 may include a ferrite compound or
powder. In some embodiments, the ferrite compound or pow-
der may be suspended in a viscous material, such as an insu-
lating liquid, a lubricant, motor oil, gel, or mineral oil to
reduce or eliminate eddy currents and magnetic hysteresis.

[0128] In certain embodiments, there may be an outer cas-
ing or housing 554 which provides structural support for the
magnetic cylinder 500 and the longitudinal shaft 552. In
certain embodiments, the housing 554 may be formed from
any material, alloy, or compound having the required struc-
tural strength. In certain embodiments, non-ferrous materials
may be used. In some embodiments, external bearings (not
shown) may be used to reduce the friction between the lon-
gitudinal shaft 552 and the housing 554 or a similar support-
ing structure. In certain embodiments, the housing 554 may
be coupled to a base (not shown) to provide for structural
support for the housing 554.

[0129] In this example, the magnetic cylinders 500a
through 500¢ include a 3x concentration and brushless
assembly in that the magnet assembly (e.g., the magnetic ring
or cylinder 515, the first side magnetic ring 520, and the
second side magnetic 530) acts as the rotor with the toroidal
coil assembly 510 stationary. This configuration has the
advantage of using coil segments whose conductor leads can
be brought to a single location (not shown) allowing stepped
speed control by simple switching series-parallel combina-
tions in combination with varying voltage inputs where step-
less control of motor/generator outputs are desired.
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[0130] FIG.12isalongitudinal cross-sectional view of one
embodiment of an electric motor/generator assembly 650
which incorporates an enhanced flux magnetic cylinder 600.
The motor/generator assembly 650 may use components
similar to the components discussed above, such as coil
assembly 610. In some aspects, many of these components of
the magnetic cylinder assembly 600 and the motor/generator
assembly 650 are assembled utilizing the enhanced magnetic
cylinder concepts as described above.

[0131] Incertain embodiments, the conductor wrapped coil
assembly 610 comprises a core 612 similar to the core 312
discussed above. A conductive material 614, such as copper
wire is wrapped around the core 612 to form one or more coil
segments 610a. The coil assembly 610 is generally ring shape
and may be coupled to a connecting hub or sling ring assem-
bly 617 which may in turn be coupled to a shaft 652.

[0132] As illustrated, the enhanced flux torodial magnetic
cylinder assembly 600 comprises three U-shaped magnetic
cylinders 680, 682 and 684 where the open end face of each U
shaped cylinder faces the core 612 or the coil assembly 610.
Each of the U-shaped magnetic cylinders are comprised with
a series or plurality of magnets 618 where the north poles of
each magnet faces inward towards the “U” space. Thus when
assembled, the north poles of the plurality of magnets 618
faces the core 612 to concentrate the magnetic fields of the
magnets.

[0133] The coil assembly 600 uses a 9x flux concentrator
design (three 3x concentrators). Thus, the assembled 650
motor/generator has a magnetic concentration of 9x and uses
a typical DC brushes 619 (although four are shown, any
number may be used depending on the engineering factors) to
impart or collect the current. In this particular embodiment,
the toroidal coil assembly 610 acts as the rotor which is
connected to a slip ring assembly 642. The 9x magnet cylin-
der orring assembly acts as the stator. The greater flux density
acting on the conductors increases the Lorentz outputs in
motor or generator mode.

[0134] In the illustrative embodiment, the motor/generator
assembly 650 has a longitudinal shaft 652, similar to the shaft
352 discussed above.

[0135] In certain embodiments, there may be an outer cas-
ing or housing 654 which provides structural support for the
magnetic cylinder 600 and the longitudinal shaft 652.
[0136] FIGS.13aand 135 illustrate a hybrid electromagnet
magnet assembly 700 which may be incorporated in certain
aspects of the above magnetic cylinders to concentrate the
magnetic fields. Additionally, iron cores or similar materials
may also be used with the magnetic cylinders to concentrate
the magnetic fields as described above.

[0137] In certain embodiments, the magnet assembly 700
comprises at least two or more commercially available per-
manent magnets 710 and 712 positioned on either end of an
iron core 714. In the illustrated embodiment a cylinder shape
has been selected but any shape may be constructed in any
suitable configuration.

[0138] FIG. 13a illustrates conceptual flux lines 716 of the
hybrid magnet assembly 700. One skilled in the art may see
that though some of the aligned magnetic domains will con-
tribute to flux lines 716 exiting the permanent magnets pole
faces, however, most will “leak” out of the core side walls
718.

[0139] FIG. 1354 illustrates the hybrid magnet assembly 700
with a spirally wrapped a conductive material 720 carrying a
current. As illustrated, the conductor 720 confines and con-
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centrates all the flux lines 716 to align any magnetic domains
not aligned by the permanent magnets. This addition allows
the creation of much stronger magnetic flux outputs at a lower
ampere turn levels than conventional iron core coils.

[0140] Thus, such “hybrid” magnet assemblies can also be
used to assist in the concentration of flux force lines in the
magnetic cylinders discussed above.

[0141] In certain embodiments, there is an apparatus or
system claims to produce voltage, for instance, there may be:
[0142] A system for generating DC electric voltage char-
acterized by: a means for concentrating similarly polarized
magnetic flux forces around a circumferential portion of a
magnetic cylinder to create an area of magnetic concentration
comprising a stacked plurality of similarly polarized mag-
netic flux forces, a means for coupling the coil segment to a
longitudinal shaft such that as the longitudinal shaft rotates,
the coil segment is moved into the area of concentration, a
means for producing a voltage in the coil segment as the
plurality of flux forces within the area of magnetic concen-
tration are compressed, and a means for removing the voltage
from the coil segment.

[0143] There may also be the above system further charac-
terized by: a means for concentrating similarly polarized
magnetic flux forces around an additional circumferential
portion of the magnetic cylinder to create an additional area of
magnetic concentration comprising an additional stacked
plurality of similarly polarized magnetic flux forces wherein
the additional area of magnetic concentration is radially posi-
tioned away from the area of magnetic concentration, a means
for coupling the additional coil segment to a longitudinal
shaft such that as the longitudinal shaft rotates, the additional
coil segment is moved into the additional area of concentra-
tion, a means for producing an additional voltage in the addi-
tional coil segment as the plurality of flux forces within the
area of magnetic concentration are compressed, and a means
for removing the voltage from the coil segment.

[0144] There may also be the above systems wherein the
system is further characterized by: a means for concentrating
similarly polarized magnetic flux forces around a circumfer-
ential portion of an additional magnetic cylinder positioned
longitudinally away from the magnetic cylinder to create an
additional area of magnetic concentration within the addi-
tional magnetic cylinder comprising an additional stacked
plurality of similarly polarized magnetic flux forces, a means
for coupling an additional coil segment positioned within the
additional cylinder to a longitudinal shaft such that as the
longitudinal shaft rotates, the additional coil segment is
moved into the additional area of concentration, a means for
producing an additional current in the additional coil segment
as the plurality of flux forces within the additional area of
magnetic concentration are compressed, and a means for
removing the additional voltage from the additional coil seg-
ment.

[0145] There may also be the above systems further char-
acterized by: a means for concentrating similarly polarized
magnetic flux forces around an additional circumferential
portion of the additional magnetic cylinder to create an sec-
ond additional area of magnetic concentration comprising a
second additional stacked plurality of similarly polarized
magnetic flux forces wherein the second additional area of
magnetic concentration is radially positioned away from the
additional area of magnetic concentration, a means for cou-
pling a second additional coil segment positioned within the
additional cylinder to the longitudinal shaft such that as the
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longitudinal shaft rotates, the second additional coil segment
is moved into the second additional area of concentration, a
means for producing a second additional voltage in the sec-
ond additional coil segment as the plurality of flux forces
within the second additional area of magnetic concentration
are compressed, a means for removing the second additional
voltage from the second additional coil segment.

[0146] Yet, there may also be a system or apparatus claims
to produce mechanical power, for instance: A system for
producing radial motion of a shaft, the system characterized
by: a means for concentrating similarly polarized magnetic
flux forces around a circumferential portion of a magnetic
cylinder to create an area of magnetic concentration compris-
ing a stacked plurality of similarly polarized magnetic flux
forces, a means for radially moving a coil segment into the
area of magnetic concentration, a means for applying a cur-
rent to the coil segment to change the plurality of flux forces
within the area of magnetic concentration, a means for creat-
ing a repulsive magnetic force on the coil segment to move the
coil segment out of the area of magnetic concentration, and a
means for coupling the coil segment to a longitudinal shaft
such that as the coil segment moves out of the area of con-
centration, the shaft rotates in a radial manner.

[0147] There may also be the above system further charac-
terized by: a means for concentrating similarly polarized
magnetic flux forces around an additional circumferential
portion of the magnetic cylinderto create an additional area of
magnetic concentration comprising an additional stacked
plurality of similarly polarized magnetic flux forces wherein
the additional area of magnetic concentration is radially posi-
tioned away from the area of magnetic concentration, a means
for radially moving an additional coil segment into the addi-
tional area of magnetic concentration, a means for applying
an additional current to the additional coil segment to change
the plurality of flux forces within the additional area of mag-
netic concentration, a means for creating an additional repul-
sive magnetic force on the additional coil segment to move
the additional coil segment out of the additional area of con-
centration, and a means for coupling the additional coil seg-
ment to the longitudinal shaft such that as the additional coil
segment moves out of the additional area of concentration, the
additional coil segment contributes to the radial shaft rota-
tion.

[0148] There may also be the above systems further char-
acterized by: a means for concentrating similarly polarized
magnetic flux forces around a circumferential portion of an
additional magnetic cylinder positioned longitudinally away
from the magnetic cylinder to create an additional area of
magnetic concentration comprising an additional stacked
plurality of similarly polarized magnetic flux forces, a means
for radially moving an additional coil segment into the addi-
tional area of magnetic concentration, a means for applying
an additional current to the additional coil segment to change
the additional plurality of flux forces within the additional
area of magnetic concentration, a means for creating an addi-
tional repulsive magnetic force on the additional coil segment
to move the additional coil segment out of the additional area
of magnetic concentration, and a means for coupling the
additional coil segment to the longitudinal shaft such that as
the additional coil segment moves out of the additional area of
concentration, the additional coil segment contributes to the
radial shaft rotation.

[0149] There may also be the above systems further char-
acterized by: a means for concentrating similarly polarized
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magnetic flux forces around an additional circumferential
portion of the additional magnetic cylinder to create an sec-
ond additional area of magnetic concentration comprising a
second additional stacked plurality of similarly polarized
magnetic flux forces wherein the second additional area of
magnetic concentration is radially positioned away from the
additional area of magnetic concentration, a means for radi-
ally moving a second additional coil segment into the second
additional area of magnetic concentration, a means for apply-
ing a second additional current to the second additional coil
segment to change the plurality of flux forces within the
second additional area of magnetic concentration, ameans for
creating a second additional repulsive magnetic force on the
second additional coil segment to move the second additional
coil segment out of the second additional area of concentra-
tion, and a means for coupling the second additional coil
segment to the longitudinal shaft such that as the second
additional coil segment moves out of the second additional
area of concentration, the second additional coil segment
contributes to the radial shaft rotation.

[0150] Also disclosed are means of creating the area of
concentration, which may include: the above systems further
characterized by: a means for positioning a longitudinal mag-
net within the magnetic cylinder, such that a longitudinal has
a longitudinal axis that is parallel to a longitudinal axis of the
shaft and that the poles of the longitudinal magnet are trans-
verse to the longitudinal axis of the shaft, a means for posi-
tioning a first transverse magnet within the magnetic cylinder,
such that the poles of the of the first transverse magnet are
parallel to the longitudinal axis of the shaft, a means for
positioning a second transverse magnet within the magnetic
cylinder, such that the poles of the of the second transverse
magnet are parallel to the longitudinal axis of the shaft, such
that similarly polarized magnet poles all face towards one
area to produce the area of magnetic concentration.

[0151] There may also be the above system further charac-
terized by: a first magnet positioned within the magnetic
cylinder, a second magnet positioned within the magnetic
cylinder, such that similarly polarized magnet poles of the
first and second magnets face towards one area to produce the
area of magnetic concentration.

[0152] There may also be the above systems further char-
acterized by: wherein the means for concentrating is further
characterized by a third magnet positioned within the mag-
netic cylinder, such that similarly polarized magnet poles of
the first magnet, second magnet, and third magnet face
towards one area to produce the area of magnetic concentra-
tion.

[0153] There may also be the above systems further char-
acterized by: wherein the means for concentrating is further
characterized by positioning an additional magnets within the
magnetic cylinder, such that similarly polarized magnetic
poles of the first magnet, the second magnet, and the third
magnet, and the additional magnets are positioned such that
the polarized magnetic poles of the plurality of additional
magnets face towards one area to produce the area of mag-
netic concentration.

[0154] There may also be the above systems further char-
acterized by: wherein the means for concentrating is further
characterized by an electromagnetic magnet positioned
within the magnetic cylinder to produce the area of magnetic
concentration.

[0155] There may also be the above systems further char-
acterized by: a first magnet positioned within the magnetic
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cylinder, a second magnet positioned within the magnetic
cylinder, an iron core coupling the first magnet to the second
magnet and positioned between the first magnet and the sec-
ond magnet, conductive material wrapped around the iron
core, and a means for applying a current to the conductive
material to produce an area of magnetic concentration.

[0156] Also disclosed are method claims to produce DC
voltage: such as a method of producing DC voltage, the
method characterized by: concentrating similarly polarized
magnetic flux forces around a circumferential portion of a
magnetic cylinder to create an area of magnetic concentration
comprising a stacked plurality of similarly polarized mag-
netic flux forces, coupling the coil segment to a longitudinal
shaft such that as the longitudinal shaft rotates, the coil seg-
ment is moved into the area of concentration, producing a
voltage in the coil segment as the plurality of flux forces
within the area of magnetic concentration are compressed,
removing the voltage from the coil segment.

[0157] The methods of the above claims further character-
ized by: concentrating similarly polarized magnetic flux
forces around an additional circumferential portion of the
magnetic cylinder to create an additional area of magnetic
concentration comprising an additional stacked plurality of
similarly polarized magnetic flux forces wherein the addi-
tional area of magnetic concentration is radially positioned
away from the area of magnetic concentration, coupling the
additional coil segment to a longitudinal shaft such that as the
longitudinal shaft rotates, the additional coil segment is
moved into the additional area of concentration, producing an
additional voltage in the additional coil segment as the plu-
rality of flux forces within the area of magnetic concentration
are compressed, removing the voltage from the coil segment.

[0158] The methods of the above claims wherein the
method is further characterized by: concentrating similarly
polarized magnetic flux forces around a circumferential por-
tion of an additional magnetic cylinder positioned longitudi-
nally away from the magnetic cylinder to create an additional
area of magnetic concentration within the additional mag-
netic cylinder comprising an additional stacked plurality of
similarly polarized magnetic flux forces, coupling an addi-
tional coil segment positioned within the additional cylinder
to a longitudinal shaft such that as the longitudinal shaft
rotates, the additional coil segment is moved into the addi-
tional area of concentration, producing an additional voltage
in the additional coil segment as the plurality of flux forces
within the additional area of magnetic concentration are com-
pressed, removing the additional voltage from the additional
coil segment.

[0159] The methods of the above claims further character-
ized by: concentrating similarly polarized magnetic flux
forces around an additional circumferential portion of the
additional magnetic cylinder to create an second additional
area of magnetic concentration comprising a second addi-
tional stacked plurality of similarly polarized magnetic flux
forces wherein the second additional area of magnetic con-
centration is radially positioned away from the additional area
of magnetic concentration, coupling a second additional coil
segment positioned within the additional cylinder to the lon-
gitudinal shaft such that as the longitudinal shaft rotates, the
second additional coil segment is moved into the second
additional area of concentration, producing a second addi-
tional voltage in the second additional coil segment as the
plurality of flux forces within the second additional area of
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magnetic concentration are compressed, removing the sec-
ond additional voltage from the second additional coil seg-
ment.

[0160] Additionally, there may be methods to produce DC
mechanical power such as: a method of producing a radial
motion of a shaft, the method characterized by: concentrating
similarly polarized magnetic flux forces around a circumfer-
ential portion of a magnetic cylinder to create an area of
magnetic concentration comprising a stacked plurality of
similarly polarized magnetic flux forces, radially moving a
coil segment into the area of magnetic concentration, apply-
ing a current to the coil segment to change the plurality of flux
forces within the area of magnetic concentration, creating a
repulsive magnetic force on the coil segment to move the coil
segment out of the area of magnetic concentration, and cou-
pling the coil segment to a longitudinal shaft such that as the
coil segment moves out of the area of concentration, the shaft
rotates in a radial manner.

[0161] The methods of the above claims further character-
ized by: concentrating similarly polarized magnetic flux
forces around an additional circumferential portion of the
magnetic cylinder to create an additional area of magnetic
concentration comprising an additional stacked plurality of
similarly polarized magnetic flux forces wherein the addi-
tional area of magnetic concentration is radially positioned
away from the area of magnetic concentration, radially mov-
ing an additional coil segment into the additional area of
magnetic concentration, applying an additional current to the
additional coil segment to change the plurality of flux forces
within the additional area of magnetic concentration, creating
an additional repulsive magnetic force on the additional coil
segment to move the additional coil segment out of the addi-
tional area of concentration, and coupling the additional coil
segment to the longitudinal shaft such that as the additional
coil segment moves out of the additional area of concentra-
tion, the additional coil segment contributes to the radial shaft
rotation.

[0162] The methods of the above claims further character-
ized by: concentrating similarly polarized magnetic flux
forces around a circumferential portion of an additional mag-
netic cylinder positioned longitudinally away from the mag-
netic cylinder to create an additional area of magnetic con-
centration comprising an additional stacked plurality of
similarly polarized magnetic flux forces, radially moving an
additional coil segment into the additional area of magnetic
concentration, applying an additional current to the addi-
tional coil segment to change the additional plurality of flux
forces within the additional area of magnetic concentration,
creating an additional repulsive magnetic force on the addi-
tional coil segment to move the additional coil segment out of
the additional area of magnetic concentration, and coupling
the additional coil segment to the longitudinal shaft such that
as the additional coil segment moves out of the additional area
of concentration, the additional coil segment contributes to
the radial shaft rotation.

[0163] The methods of the above claims further character-
ized by: concentrating similarly polarized magnetic flux
forces around an additional circumferential portion of the
additional magnetic cylinder to create an second additional
area of magnetic concentration comprising a second addi-
tional stacked plurality of similarly polarized magnetic flux
forces wherein the second additional area of magnetic con-
centration is radially positioned away from the additional area
of magnetic concentration, radially moving a second addi-
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tional coil segment into the second additional area of mag-
netic concentration, applying a second additional current to
the second additional coil segment to change the plurality of
flux forces within the second additional area of magnetic
concentration, creating a second additional repulsive mag-
netic force on the second additional coil segment to move the
second additional coil segment out of the second additional
area of concentration, and coupling the second additional coil
segment to the longitudinal shaft such that as the second
additional coil segment moves out of the second additional
area of concentration, the second additional coil segment
contributes to the radial shaft rotation.

[0164] As above, there may also be methods of creating the
area of concentration: such as the methods of the above
claims wherein the concentrating is further characterized by:
positioning a longitudinal magnet within the magnetic cylin-
der, such that a longitudinal has a longitudinal axis that is
parallel to a longitudinal axis of the shaft and that the poles of
the longitudinal magnet are transverse to the longitudinal axis
of the shaft, positioning a first transverse magnet within the
magnetic cylinder, such that the poles of the of the first trans-
verse magnet are parallel to the longitudinal axis of the shaft,
positioning a second transverse magnet within the magnetic
cylinder, such that the poles of the of the second transverse
magnet are parallel to the longitudinal axis of the shaft, such
that similarly polarized magnet poles all face towards one
area to produce the area of magnetic concentration.

[0165] The methods of the above claims wherein the con-
centrating is further characterized by: positioning a first mag-
net within the magnetic cylinder, positioning a second magnet
within the magnetic cylinder, such that similarly polarized
magnet poles of the first and second magnets face towards one
area to produce the area of magnetic concentration.

[0166] The methods of the above claims wherein the con-
centrating is further characterized by positioning a third mag-
net within the magnetic cylinder, such that similarly polarized
magnet poles of the first magnet, second magnet, and third
magnet face towards one area to produce the area of magnetic
concentration.

[0167] The methods of the above claims wherein the con-
centrating is further characterized by positioning a fourth
magnet within the magnetic cylinder, such that similarly
polarized magnet poles of the first magnet, second magnet,
third magnet and forth magnet face towards one area to pro-
duce the area of magnetic concentration.

[0168] The methods of the above claims further character-
ized by wherein the concentrating is further characterized by
positioning a fifth magnet within the magnetic cylinder, such
that similarly polarized magnet poles of the first magnet,
second magnet, third magnet, forth magnet and firth magnets
face towards one area to produce the area of magnetic con-
centration.

[0169] The methods of the above claims further character-
ized by wherein the concentrating is further characterized by
positioning an additional magnets within the magnetic cylin-
der, such that similarly polarized magnetic poles of the first
magnet and the polarized magnetic poles of the plurality of
additional magnets face towards one area to produce the area
of magnetic concentration.

[0170] The methods of the above claims wherein the con-
centrating is further characterized by positioning an electro-
magnetic magnet within the magnetic cylinder to produce the
area of magnetic concentration.
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[0171] The methods of the above claims wherein the con-
centrating is further characterized by: positioning a first mag-
net within the magnetic cylinder, positioning a second magnet
within the magnetic cylinder, positioning an iron core
between the first magnet and the second magnet, positioning
conductive material around the iron core, and applying a
current to the conductive material to produce an area of mag-
netic concentration.

[0172] The methods of the above claims wherein the con-
centrating is further characterized by positioning one or more
iron cores or similar metals within the magnetic cylinder to
assist in producing the area of magnetic concentration.
[0173] Theabstractofthe disclosure is provided for the sole
reason of complying with the rules requiring an abstract,
which will allow a searcher to quickly ascertain the subject
matter of the technical disclosure of any patent issued from
this disclosure. It is submitted with the understanding that it
will not be used to interpret or limit the scope or meaning of
the claims.

[0174] Any advantages and benefits described may not
apply to all embodiments of the invention. When the word
“means” is recited in a claim element, Applicant intends for
the claim element to fall under 35 USC 112, paragraph 6.
Often a label of one or more words precedes the word
“means”. The word or words preceding the word “means” is
a label intended to ease referencing of claims elements and is
not intended to convey a structural limitation. Such means-
plus-function claims are intended to cover not only the struc-
tures described herein for performing the function and their
structural equivalents, but also equivalent structures. For
example, although a nail and a screw have different struc-
tures, they are equivalent structures since they both perform
the function of fastening. Claims that do not use the word
means are not intended to fall under 35 USC 112, paragraph
6.

[0175] The foregoing description of the embodiments of
the invention has been presented for the purposes of illustra-
tion and description. It is not intended to be exhaustive or to
limit the invention to the precise form disclosed. Many com-
binations, modifications and variations are possible in light of
the above teaching. Undescribed embodiments which have
interchanged components are still within the scope of the
present invention. It is intended that the scope of the invention
be limited not by this detailed description, but rather by the
claims appended hereto.

What is claimed is:

1. A system for generating DC electric voltage or mechani-

cal power comprising:

a longitudinal shaft having a longitudinal axis,

a longitudinal cylinder portion producing magnetic poles
which are generally transversely and radially aligned
with respect to the longitudinal axis the longitudinal
cylinder being positioned about the longitudinal shaft,

a connecting hub coupling the longitudinal cylinder to the
longitudinal shaft,

a first side ring portion producing magnetic poles which are
generally aligned in parallel with the longitudinal axis
and positioned adjacent to one end of the longitudinal
cylinder, wherein the first ring portion has an axial center
aligned with the longitudinal shaft,

a second side ring portion producing magnetic poles which
are generally aligned in parallel with the longitudinal
axis and positioned adjacent to the opposing end of the
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longitudinal cylinder, wherein the second ring portion
has a axial center aligned with the longitudinal shaft,

a circular core positioned axially about the longitudinal
cylinder and between the first ring and the second ring
portion,

a conductor wrapped around a portion of the circular core,

wherein similar or like magnetic poles of the longitudinal
cylinder, the first side ring, and the second side ring point
towards the circular core, and

ahousing sized to accommodate the circular core, the first
side ring, the second side ring, and the longitudinal
cylinder.

2. The system of claim 1, wherein the longitudinal cylinder

portion is a complete cylinder.

3. The system of claim 1, wherein the first side ring portion
is a complete circular ring.

4. The system of claim 1, wherein the second side ring
portion is a complete circular ring.

5. The system of claim 1, further comprising at least one
slip ring in electrical communication with the conductor to
conduct electric current to or from the conductor.

6. The system of claim 1, further comprising at least two
brushes in electrical communication with the conductor to
conduct electric current to or from the conductor.

7. A system for generating DC electric voltage or mechani-
cal power comprising:

a longitudinal shaft having a longitudinal axis,

a longitudinal cylinder portion producing magnetic poles
which are generally transversely and radially aligned
with respect to the longitudinal axis the longitudinal
cylinder being positioned about the longitudinal shaft,

a connecting hub coupling the longitudinal cylinder to the
longitudinal shaft,

afirst side ring portion producing magnetic poles which are
generally aligned in parallel with the longitudinal axis
and positioned adjacent to one end of the longitudinal
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cylinder, wherein the first ring portion has an axial center
aligned with the longitudinal shaft,

a second side ring portion producing magnetic poles which
are generally aligned in parallel with the longitudinal
axis and positioned adjacent to the opposing end of the
longitudinal cylinder, wherein the second ring portion
has a axial center aligned with the longitudinal shaft,

a coil assembly positioned axially about the longitudinal
cylinder and between the first ring and the second ring
portion,

a conductor wrapped around a portion of the coil assembly,

wherein similar or like magnetic poles of the longitudinal
cylinder, the first side ring, and the second side ring point
towards the coil assembly, and

a housing sized to accommodate the coil assembly, the first
side ring, the second side ring, and the longitudinal
cylinder.

8. The system of claim 7, wherein the longitudinal cylinder

portion is a complete cylinder.

9. The system of claim 7, wherein the first side ring portion
is a complete circular ring.

10. The system of claim 7, wherein the coil assembly
comprises a plurality of metal cores radially positioned about
a connecting structure.

11. The system of claim 7, wherein the second side ring
portion is a complete circular ring.

12. The system of claim 7, further comprising at least one
slip ring in electrical communication with the conductor to
conduct electric current to or from the conductor.

13. The system of claim 7, further comprising at least two
brushes in electrical communication with the conductor to
conduct electric current to or from the conductor.
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