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Description

PRIORITY

[0001] This application claims priority under 35 U.S.C.
§ 365(c) to U.S. Patent Application No. 15/612,886 filed
June 2, 2017, entitled STATOR ASSEMBLY WITH
STACK OF COATED CONDUCTORS. The present ap-
plication claims the benefit of priority of that application.
The U.S. Patent Application, in turn, is a nonprovisional
application based on U.S. Provisional Application No.
62/346,898, filed June 7, 2016. The present application
claims the benefit of priority of that application.

FIELD

[0002] The descriptions are generally related to mo-
tors, and more particular descriptions are related to sta-
tors.

BACKGROUND

[0003] Electric motors are used in devices that range
from small appliances and electronic devices to large mo-
tors for pumps and factors. Motors are one of the world’s
largest consumers of electricity, but are traditionally ei-
ther very inefficient or very expensive. Energy efficiency
for a motor refers to how much of the electrical energy
input is converted to work output from the motor. Small
appliance motors in the home traditionally have an effi-
ciency slightly better than 50 percent. Large motors for
pumps and factories often have efficiencies in excess of
90 percent, but are very expensive. Linear motors move
equipment at high speeds and actuate along one axis,
while rotary motors turn a shaft and often are geared to
trade speed for torque.
[0004] Traditional motors use magnet wire wound
around steel to create a stator. The magnet wire is typi-
cally a thinly coated insulator over a conductor of copper,
aluminum, or other metal, which produces a controllable
electromagnet. Typically, the stator includes different
magnetic arrays. The windings can be mechanically or
digitally switched to align the fields of the magnetic ar-
rays, where the stator generates an electromotive force
by timing the changes in magnetic flux.
[0005] In a traditional motor, the stator often consists
of multiple windings insulated by paper, enamel, or some
plastic such as polyimide films that are usually thin to
allow maximum current capabilities in relationship to the
available volume of conductor. Making the insulation
thicker to prevent shorts between windings would both
decrease the amount of available conductor in a pole
with a fixed volume available for windings, and increase
the resistance of the stator windings. Motor efficiency
increases as losses decrease, but the motor losses in-
crease proportional to the square of the current multiplied
by the resistance. Thus, increased winding resistance
decreases motor efficiency. Additionally, traditional die-

lectrics or wire coatings for magnetic wire are good ther-
mal insulators, which means increased coating thickness
operates to increase the retention of heat in the wire. The
thermal performance of wire coatings creates a contra-
diction in performance, where increasing the thickness
allows higher voltages, but promotes overheating. Thin
wire insulation is a major cause of motor failure in tradi-
tional designs, and overheating limitations define motor
system performance envelopes.
[0006] Figure 1 illustrates a diagram of a cross section
of a traditional motor with coils wrapped around steel
laminations. An example of a motor 100 can include four
or six coils 130 (six coils are shown) wound around steel
laminations 120 with the magnetic circuit representative
of a standard arrangement for linear or rotary motors.
Center 110 is a center of rotation for motor 100, and can
be the location of a rod or shaft. The use of back iron
behind the permanent magnets to complete the magnetic
circuit and laminations in the armature core to increase
the field strength at the gap improves performance, but
has intrinsic weight, cost, eddy current, and hysteresis
loss penalties. The relatively low number of magnetic
poles in both the rotor and stator contribute to high torque
ripple. The large amount of steel increases the field
strength, but has high eddy current and hysteresis loss-
es, while making motor 100 heavy.
[0007] Prior art document WO 2015/098159 A1 dis-
closes a first stator core and a second stator core con-
figured by arranging core block pairs into an annular
shape, the core block pairs being configured by stacking
together core blocks so as to be spaced apart axially,
each of the core blocks including a core back portion and
one tooth, and a permanent magnet is configured so as
to be divided into a plurality of magnet blocks that each
include: a base portion; one shaft portion that protrudes
radially inward from an inner circumferential surface of
the base portion; and flange portions that protrude on
two circumferential sides from a radially inner end portion
of the shaft portion, the magnet blocks being held be-
tween the core block pairs such that the base portion and
the shaft portion are positioned inside the core block pairs
and such that the flange portions protrude circumferen-
tially from the core block pairs.
[0008] Prior art document JP 2011 109785 A discloses
an axial motor having improved durability. The axial mo-
tor includes: a rotor that can be rotated around a rotating
shaft; and a stator placed opposite the rotor in the axial
direction. The rotor has: a rotor body; and multiple stator
teeth so provided that they are protruded from the rotor
body toward the stator. The stator has a stator core hav-
ing a stator body and multiple stator teeth so provided
as to protrude from the stator body toward the rotor. The
stator further has: a coil wound on the stator teeth; and
permanent magnets provided on the opposite surfaces
of the stator teeth. The permanent magnets are so ar-
ranged that the magnetic poles alternately differ along
the circumferential direction. Since the permanent mag-
nets are arranged on the stator side, the permanent mag-
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nets are prevented from being peeled off from the rotor
owing to the rotation of the rotor and the durability of the
axial motor is improved.
[0009] Prior art document DE 10 2006 044001 A1 dis-
closes a method for applying an insulation layer to a sur-
face of a metallic substrate, the insulation layer having
an aluminium layer that is found and an aluminium oxide
layer. The method here comprises aluminizing at least
part of the substrate surface by means of electrochemical
deposition of aluminium from an organometallic electro-
lyte and oxidizing the aluminium layer deposited on the
substrate to a depth which is less than its layer thickness
is.
[0010] Prior art document US 5 744 896 A discloses a
stator assembly of an axial gap electrical machine with
nested coils arranged such that the radial spokes of the
coils are coplanar and the central open space of one coil
is filled by one spoke from each of the adjacent coils.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The following description includes discussion
of figures having illustrations given by way of example of
implementations of embodiments of the invention. The
drawings should be understood by way of example, and
not by way of limitation. As used herein, references to
one or more "embodiments" are to be understood as de-
scribing a particular feature, structure, and/or character-
istic included in at least one implementation of the inven-
tion. Thus, phrases such as "in one embodiment" or "in
an alternate embodiment" appearing herein describe var-
ious embodiments and implementations of the invention,
and do not necessarily all refer to the same embodiment.
However, they are also not necessarily mutually exclu-
sive.

Figure 1 is a diagram of a cross section of a tradi-
tional motor with coils wrapped around steel lamina-
tions.
Figure 2 is a diagram of an embodiment of a stator
assembly with a stator core of layers of coated con-
ductor.
Figure 3A is a diagram of an embodiment of coated
round wire.
Figure 3B is a diagram of an embodiment of coated
square wire.
Figure 3C is a diagram of an embodiment of layers
of coated conductor.
Figure 4A is a diagram of an embodiment of a con-
ductor coil.
Figure 4B is a diagram of another embodiment of a
conductor coil.
Figure 5 is a diagram of an embodiment of a con-
ductor path with folding and bending.
Figure 6A is a diagram of an embodiment of a con-
ductor sheets with three phases.
Figure 6B is a diagram of an embodiment of a cross
section view of the stacking of the three phases of

conductors into a stator assembly.
Figure 6C is a diagram of an embodiment of a per-
spective view of the stacking of the three phases of
conductors into a stator assembly.
Figure 7 is a diagram of an embodiment of an as-
sembly of a three phase stator.
Figure 8A is a diagram of an embodiment of a con-
ductor separated into multiple segments to reduce
current loops.
Figure 8B is a diagram of an embodiment of eddy
current in a conductor with a segmented current
path.
Figure 9A is a diagram of an embodiment of a top
view of a conductor with a segmented current path.
Figure 9B is a diagram of an embodiment of a top
view of a conductor with a partially segmented cur-
rent path.
Figure 10A is a diagram of an embodiment of a ser-
pentine winding with layers joined at the outer cir-
cumference.
Figure 10B is a diagram of an embodiment of a ser-
pentine winding with layers joined at the inner cir-
cumference.
Figure 11A is a diagram of an embodiment of a Hal-
bach array arrangement over the flat phase of a coil
assembly.
Figure 11B is a diagram of an embodiment of a dual
axial Halbach array.
Figure 12A is a diagram of an embodiment of a mo-
tor assembly with layers of conductors in a serpen-
tine path adjacent a Halbach array.
Figure 12B is a diagram of an embodiment of a mo-
tor assembly with layers of conductors and a hous-
ing.
Figure 13A is a diagram of an embodiment of a mag-
netostatic finite element simulation of a linear Hal-
bach array.
Figure 13B is a diagram of an embodiment of a mag-
netostatic finite element simulation of a dual Halbach
array.
Figure 14 is a diagram of an embodiment of a motor
assembly.

[0012] Descriptions of certain details and implementa-
tions follow, including a description of the figures, which
may depict some or all of the embodiments described
below, as well as discussing other potential embodiments
or implementations of the inventive concepts presented
herein.

DETAILED DESCRIPTION

[0013] As described herein, a stator assembly includes
layers of coated conductor. The coating is insulative and
provides electrical isolation of adjacent conductor layers.
The multiple layers of coated conductor form a stator
core, and the stator includes magnet assemblies that
sandwich the stator core. The conductor layers have a
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rectangular cross section.
[0014] In contrast to wire windings as a stator conduc-
tor, the stator assembly includes coated conductor, with
a variable or non-constant cross section. In one embod-
iment, the stator assembly includes sapphire coated alu-
minum layers. Coated conductor layers in the stator can
enable high performance motors to be built combining
the best tradeoffs between minimizing the resistive loss-
es and minimizing the eddy current losses. In one em-
bodiment, the coating includes anodizing to produce mi-
crocrystals of sapphire or aluminum oxide, which has ex-
cellent insulative performance as well as excellent ther-
mal conductivity. More specifically, the electrical insula-
tion and thermal conductivity of sapphire on aluminum is
improved relative to typical plastic, silicon, resin, or other
traditional wire insulator. The improved properties de-
crease the likelihood of motor burnout or failure. In one
embodiment, the processing patterns the conductor to
reduce eddy current losses. In one embodiment, the
processing patterns the conductor to improve fill factor
to increase conductivity. In one embodiment, the pattern-
ing can provide both fill factor improvement as well as
eddy current reduction.
[0015] The stator assembly in a motor can provide mo-
tors and electromotive devices with high efficiencies that
are robust and allow overpowering beyond nominal rat-
ings. For example, in one embodiment, a motor can tem-
porarily be operated beyond normal ratings for temporary
surges of power. For example, with proper thermal con-
ductivity and electrical insulation with the coated conduc-
tor, temporary surges of approximately 200 percent or
more power can be achieved. Typically the ratings refer
to limits for sustained or prolonged operation. But with
thermal conductivity and electrical insulation, temporary
surges will not cause the breakdown of the motor. Thus,
motors can be designed for efficiency in size and speed,
while allowing bursts of power. Such a design allows the
use of a smaller motor as compared to traditional design,
which requires designing to the ratings seeing that even
short durations of power can cause damage to a tradi-
tional motor.
[0016] Wire has a constant cross section. In one em-
bodiment, the coated conductor is created from a chem-
ical reaction of the conductor metal, such as sapphire
coated aluminum, where sapphire is understood to be
aluminum oxide. In one embodiment, the coated conduc-
tor is created from a chemical deposition or other process
to provide a nano-layer of material on a conductor, such
as diamond coated copper. The stator core includes a
conductor with a high thermal transport coating material,
where the coating has a high dielectric constant insulat-
ing the metal. In one embodiment, the insulative coating
includes a diamond-like coating. In one embodiment, the
conductor with insulative coating is patterned to create
magnetic fields for a linear motor or a rotary motor, and
provides greater efficiencies, increased power density,
and reliability. The use of advanced manufacturing tech-
niques can result in lower motor costs than traditional

motors that have windings on an iron-based core.
[0017] The stator core includes layers or one or more
stacks of coated conductor. In one embodiment, the pat-
terning of the conductor layers allows placing more con-
ductor in a tighter volume, which reduces resistive losses.
Thus, the stator can include multiple layers in a three
dimensional shape. Multiple thin layers of coated con-
ductor reduces the cross-sectional area of the conductor,
which reduces eddy current losses relative to a conductor
with a larger cross-sectional area. The cross section is
not typically a consideration in traditional motors, seeing
that insulated wire windings are used, which constrains
the eddy currents.
[0018] Winding the wires around an iron-based motor
core results in a manufacturing cost, even with automat-
ed manufacturing processes. The layers of coated con-
ductor can be processed with mechanical equipment
(e.g., die-stamping machines), laser or other precision-
processing machining, or other manufacturing process-
es. With such processes, the conductor layers can be
manufactured at a cost comparable to traditional motors,
rather than high-end costs that might otherwise result.
[0019] Figure 2 is a diagram of an embodiment of a
stator assembly with a stator core of layers of coated
conductor. In one embodiment, assembly 200 includes
stator core 210 between magnet layers 222 and 224.
Magnet layers 222 and 224 include multiple permanent
magnets arranged radially in a pattern to place the mag-
netic poles orthogonal to a rotational motion of the stator.
While two magnet layers 222 and 224 are illustrated in
assembly 200, it will be understood that an alternate sta-
tor assembly could include two conductor layers with a
single magnet layer. The array of magnets can each in-
clude one or more magnets containing single or multiple
magnetic pole pairs each.
[0020] In one embodiment, magnet layers 222 and 224
include a Halbach array. A Halbach array alternates the
orientation of magnets with overlapping fields, with one
set oriented to produce fields parallel to the working air
gap ("North-South"), while additional magnets produce
fields perpendicular to the air gap ("East-West"). With
such an arrangement, the fields add magnetic flux on
one side of the first array and cancel flux on the other,
producing a greater magnetic field density where desired,
and reducing the field where not beneficial without the
need for a soft magnetic return path. The Halbach array
can provide many variations of linear, cylindrical, and ax-
ial flux arrays. Any Halbach array will benefit from use
with the layered coated conductor stators described
throughout.
[0021] As illustrated, stator core 210 includes multiple
layers of conductor 230 stacked on top of each other
between the magnet layers. Conductors 230 include a
cross section that is rectangular, and has a pattern to
provide an electrical path radially around the stator within
the conductor layer. In one embodiment, conductors 230
are patterned to stack with another group of conductor
layers to increase the density of conductor within stator

5 6 



EP 3 465 875 B1

5

5

10

15

20

25

30

35

40

45

50

55

core 210.
[0022] In a traditional motor the stator often consists
of multiple windings insulated by paper, enamel, or some
plastic such as polyimide films that are usually thin to
allow maximum current capabilities in relationship to the
available volume. Decreasing the amount of available
conductor in a pole with a fixed volume available for wind-
ings, by making the insulation thicker, would increase the
required volume for insulation needed to prevent shorts
between windings. Increasing the required volume of in-
sulation increases the resistance of the stator windings,
and increases the losses proportional to the square of
the current multiplied by the resistance. It would also in-
crease the retention of heat in the wire as most dielectrics
used for magnet wire are good thermal insulators, creat-
ing a contradiction in performance, where increasing the
thickness allows higher voltages, but promotes overheat-
ing. The thinness of the insulation is a major cause of
motor failure in traditional designs and overheating limi-
tations define motor system performance envelopes.
[0023] Copper is often the preferred conductor for mo-
tor windings, especially in small motors, due to superior
electrical conductivity versus aluminum. Wire is tradition-
ally extruded with a constant cross section and then coat-
ed with an insulating layer and wound in coils to provide
a switchable magnetic field. The desired motor charac-
teristics determine the winding choice in terms of thick-
ness, number of windings and configuration. In general,
eddy currents can be reduced by increasing the number
of smaller parallel strands, but such an approach has a
penalty in terms of the volume efficiency or packing den-
sity. Sixty percent more aluminum by cross-sectional ar-
ea is needed to provide the same conductivity as the
equivalent length of copper.
[0024] Many commonly used dielectrics are flamma-
ble, and will combust at the high temperatures possible
in overheating conditions, made worse by the thermal
insulating characteristics of these coatings. Thinner ma-
terials can fail both mechanically and electrically. Motor
failure occurs when the losses which produce heat de-
stroy the insulating material between the conductors,
which can be referred to as insulation, dielectric, or coat-
ing. The destruction of the insulation produces a short
which decreases the magnetic field, causing the power
supply to try to drive the motor with even more current
or voltage. When more current flows through the short,
the conductor further heats up the affected region or cre-
ates a mechanical failure. Motors that experience such
shorts have to be stripped and rewound, with associated
costs of broken equipment, downtime, and repair costs.
In many cases the complexity of manufacturing the wind-
ings creates high costs which are impractical to manu-
facture in mass production quantities.
[0025] Figure 3A is a diagram of an embodiment of
coated round wire. Windings 302 include metal wire 310
coated with insulator 312. An increase of conductor in a
given volume can increase the magnetic field. With wind-
ings 302, metal 310 has a round cross-section, and care-

ful winding of the conductor can reduce gaps 314 be-
tween individual strands of conductors.
[0026] Figure 3B is a diagram of an embodiment of
coated square wire. Windings 304 include metal wire 320
coated with insulator 322. With windings 304, metal 320
has a square cross-section, and careful winding of the
conductor can reduce gaps 324 between individual
strands of conductors.
[0027] With windings 302 and windings 304, there are
still gaps between the conductors. Additionally, there is
a practical limit on how thin insulators 312 and 322 can
be. Reducing the thickness of traditional insulation coat-
ings is impractical with plastic or other dielectrics since
they provide both mechanical isolation and electrical iso-
lation. As the motor spins and heats up, the magnetic
force will create an equal and opposite force in the op-
posite direction, which causes the wires to press into
each other, and the insulation provides the mechanical
isolation of the wires. Many coatings become soft as they
heat up. Thus, reducing the thickness of the insulation in
windings 302 and 304 can cause mechanical as well as
electrical isolation issues.
[0028] Figure 3C is a diagram of an embodiment of
layers of coated conductor. It will be understood that the
dimensions of conductors 330 in stator assembly 306
may not necessarily represent actual scale. The scale of
elements within assembly 306 may be different with re-
spect to each other than what is shown. Additionally or
alternatively, the scale of elements within assembly 306
are not necessarily intended to be to scale with respect
to windings 302 and 304 of Figures 3A and 3B, respec-
tively.
[0029] Assembly 306 includes a stack of conductors
330, which include coating 340. Making a stack of con-
ductors 330 with thin coating 340, more conductor can
be put into the available volume as compared to windings
that result in gaps between wires. Many commonly used
dielectrics are flammable, and will combust at the high
temperatures possible in overheating conditions, made
worse by the thermal insulating characteristics of these
coatings. Making such coatings thinner can increase the
risk of failure, both mechanically and electrically. How-
ever, coating 340 represents a coating created by bond-
ing material to conductor 330. In one embodiment, coat-
ing 340 represents a chemical reaction with conductor
330.
[0030] For example, consider that conductor 330 is or
includes aluminum, which can be chemically reacted to
create an anodized coating. In one embodiment, coating
340 is sapphire (aluminum oxide) over the aluminum con-
ductor. A chemically-reacted or bonded coating is me-
chanically much stronger, as well as superior in dielectric
insulating characteristics to many traditional magnet wire
coatings. As another example, diamond coated copper
is even better for thermal conduction than sapphire over
aluminum, although processing diamond onto copper
may require controlling graphite and contaminate con-
tent, seeing that contaminates cause the diamond to be-
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come somewhat conductive, which degrades its perform-
ance as an electrical insulator. Pure diamond is ideal as
an insulator. With greater strength, hardness, and die-
lectric constant, there are obvious advantages over both
traditional coatings as well as sapphire coated aluminum.
However, both sapphire and diamond coatings can be
broken when applied as thin layers. Sapphire can be brit-
tle and will crack when flexed. Diamond coatings may be
preferably only a few microns thick, which easily break.
However, it will be understood that sapphire coatings can
heal with exposure to oxygen, whereas diamond coatings
will not. With the ability to control the coating thickness
by the electro-chemical or anodizing process, the insu-
lation thickness of coating 340 can be controlled based
on the required or planned voltages in the stator layers
or windings. Thinner wires have reduced eddy currents
generated, but given a required breakdown voltage, the
ratio of the coating thickness to conductor area becomes
a problem with very thin wires in traditional motor designs.
The stacks of conductor 330 can achieve more conductor
with thinner coating 340.
[0031] As is generally understood, the strength of the
induced electromagnetic field is directly proportional to
the current, and the power is proportional to the current
multiplied by the counter electromotive force (EMF) volt-
age. Given these proportionalities, the designer can tune
a particular motor’s performance by either controlling the
geometry of conductor 330 or controlling the thickness
of coating 340, or controlling both. A designer can control
the thickness and shape of conductor 330, and the type
and thickness of coating 340.
[0032] Conductors 330 have a rectangular cross-sec-
tion 332. Conductors in wire form, such as the metal wires
in windings 302 and 304, are usually fixed in cross section
or diameter, and the resistance is based on the amount
of material for switching frequencies typically used in mo-
tors. Smaller cross sections have greater resistive losses
than larger cross sections with the same conductor, at
least in the case of aluminum. A wire size is typically
chosen to allow a desired number of turns in the winding,
to set the voltage and current by the minimum volume
and packing requirements. Lowering the total system
conductive losses by making some sections larger is pos-
sible by taking advantage of the available space or vol-
ume.
[0033] In one embodiment, increasing the amount of
conductor 330 can reduce total resistance with an ac-
ceptable weight penalty or material costs. Increasing the
amount of conductor 330, such as through the patterning
(not shown in Figure 3C) of the conductor layers, increas-
es machine efficiencies and makes the stator stronger
and stiffen Additional conductor can also allow more op-
tions for connecting layers and providing more material
as a thermal heat sink for temporary overheating, such
as to enable temporarily overdriving a motor. The same
techniques of filling the available volume with a conductor
formed to minimize eddy current losses, as well as re-
sistive losses can be performed with aluminum, graph-

ene, copper, and other metals and non-metallic conduc-
tors.
[0034] Assembly 306 does not illustrate the magnets
that would be part of a motor assembly. As mentioned
above, the stack of conductors 330 can be sandwiched
between two layers of magnets (such as what is illustrat-
ed in assembly 200), or two layers of conductors 330 can
sandwich a magnetic layer. Traditional motors include
silicon steel laminations that leverage the increased mag-
netic permeability of steel or other suitable materials over
air. Such silicon steel laminations have several down-
sides that offset the increased field strength. One tradeoff
is hysteresis losses as the fields switch back and forth
during motor commutation. As the fields switch back and
forth they can saturate, limiting the maximum field that
can be produced. Additionally, traditional laminations
add weight and occupy volume that could be used for
additional conductors.
[0035] In one embodiment, the conductor stack of sta-
tor assembly 306 is used in a permanent magnet axial
flux motor. Use of permanent magnets can enable the
elimination of the steel laminations, which will free up
volume that can be replaced with more conductors 330.
Increasing the amount of conductor 330 to assembly 306
tends to increase the reluctance, and produces additional
magnetic force for the same amount of current flowing.
In one embodiment, a motor designed with assembly 306
utilizes additional poles, additional magnetic material,
additional conductors, increased stator radius, or any
combination of these. The increases in number of poles,
amount of magnetic material, or radius can produce
greater power and torque for a given volume and weight.
It will be understood that such increases may require
switching speeds relative to less material, and may in-
crease operating voltages and magnetic poles and ma-
terial.
[0036] Since motors and other electromagnetic ma-
chines are typically thermally limited devices, a combi-
nation of reducing eddy current losses and reducing re-
sistance losses produces motors with greater efficien-
cies. In one embodiment, coating 340 represents a ma-
terial that is mechanically stronger than conductor 330.
Mechanical strength refers to the ability to withstand the
forces produced by operation (spinning and heating) of
the motor. In traditional motor design, the insulation is
mechanically weaker than the copper or aluminum wire,
which creates a need for additional structures to maintain
wire placement in the motor. By Newton’s Law of Force,
the wires and their insulators will be pushed and pulled
as the EMFs are applied for advancing the rotor or moving
a segment as a series of pulses. Such pushing and pulling
creates forces on the insulation than can cause motor
burnout. In one embodiment where coating 340 is me-
chanically stronger than conductor 330, the mechanical
nature of the motor is inverted, and the insulation can
provide structure for the stator. Thus, instead of requiring
additional structure, in one embodiment, stator assembly
306 can become the structure for a frameless motor, or
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the mechanical system itself. In one embodiment, alter-
nating layers of conductor 330 have alternating edge
overlap, where in the event of a failure of an insulating
anodized sapphire coating, there is a flat surface in con-
tact with the edge instead of another edge. Such alter-
nations can allow self-healing of the motor, because
when exposed to oxygen, an anodized sapphire coating
will heal naturally over time. The overlapping of the ma-
terials can reduce problems with vibrations as the layers
of metal rub against each other.
[0037] Motor power is limited thermally when eddy cur-
rent losses and resistance losses contribute to stator fail-
ure. Such losses can also result in mechanical failure by
warping, overheating, or loss of lubrication due to excess
heat, or a combination. Increasing efficiency by even ten
percent from eighty to ninety percent, might not seem
significant from the standpoint of total power consump-
tion, but such improved efficiencies can decrease waste
heat and required cooling by fifty percent, from twenty
percent to ten percent of total power. Thus, even small
efficiency improvements can eliminate cooling require-
ments which have their own power, size, and component
costs.
[0038] Figures 4A-4B are diagrams of embodiments
of a conductor coil. Coil 402 of Figure 4A and coil 404 of
Figure 4B represent a perspective of looking at patterning
of an electrical path of a layer of conductor. In one em-
bodiment, coil 402 provides one example of a conductor
layer in accordance with conductor 330 of assembly 306
of Figure 3C. In one embodiment, coil 404 provides one
example of a conductor layer in accordance with conduc-
tor 330 of assembly 306 of Figure 3C. Coil 402 illustrates
an example of a conductor layer with four segments, and
coil 404 illustrates an example of a conductor layer with
six segments. Each segment of the conductor layer can
be considered a portion of an electrical path from the
center of the conductor layer to the outside of the con-
ductor layer back to the center, and includes a spoke to
conduct change from the inner edge to the outer edge,
and a spoke to conduct charge from the outer edge to
the inner edge. Alternatively, the portions could be con-
sidered a portion of an electrical path from the outside of
the conductor layer to the inside of the conductor layer
back to the outside.
[0039] Referring to coil 402, the coil includes an elec-
trical path that winds radially around center 410, within
a plane of the conductor layer. Coil 402 includes spokes
420 that extend between an inner connection 432 and
an outer connection 434. Inner connection 432 is within
the conductor layer close to center 410. Outer connection
434 is close to an outer edge of the conductor layer. As
illustrated, coil 402 includes alternating outer and inner
connections between adjacent spokes 420. The alternat-
ing connections provides the coiled electrical path of the
conductor layer. Such a path can be considered from one
perspective as a "two-dimensional" path as compared to
the three dimensional path of a traditional winding, which
has turns in all three dimensions, as opposed to have

turns constrained within a plane.
[0040] Similar to coil 402, referring to coil 404, the coil
includes an electrical path that winds radially around
center 410, within a plane of the conductor layer. Coil
404 includes spokes 440 that extend between an inner
connection 432 and an outer connection 454. Inner con-
nection 452 is within the conductor layer close to center
410. Outer connection 454 is close to an outer edge of
the conductor layer. As illustrated, coil 404 includes al-
ternating outer and inner connections between adjacent
spokes 440. The alternating connections provides the
coiled electrical path of the conductor layer. Such a path
can be considered from one perspective as a "two-di-
mensional" path as compared to the three dimensional
path of a traditional winding, which has turns in all three
dimensions, as opposed to have turns constrained within
a plane.
[0041] The physical dimensions of the spokes and con-
nections can be different depending on how many por-
tions or segment of the conductor layer there are. It will
be understood that the conductor layers are not limited
to four or six portions, but can include any number of
portions, including odd numbers of portions. The shape,
size, and number of portions can be dependent on the
implementation of the motor. Additionally, while a similar
shape of the spokes and connection is illustrated for both
coils 402 and 404, other shapes can be used. The spokes
can be thicker or thinner, as well as the connections.
According to the invention, spokes 420 and 440 are wider
as the spoke extends further away from center 410 to
the stator edge. Varying the spoke width can increase
the amount of conductor that can be packed within a sta-
tor assembly. Different spoke widths can be observed as
a varying cross-section of the conductor layer.
[0042] In general regarding the conductor layers, re-
gardless of numbers of portions or size and shape of the
spokes, the conductor layers are stacked for a stator as-
sembly. Instead of winding around a steel core as previ-
ously done, coils 402 and 404 can wind radially around
center 410, and connect to adjacent layers, either in se-
ries or in parallel, to provide more electrical path of con-
ductor between layers in the stator assembly.
[0043] For purposes of example, consider a discussion
with reference to coil 404 created from a layer of alumi-
num conductor. The discussion will be understood to be
able to apply to layers of different conductor and different
coatings. In one embodiment, coil 404 is one of multiple
layers of aluminum. In one embodiment, coil 404 is cre-
ated from processing a sheet of aluminum. Such proc-
esses aluminum can be created as a rectangular com-
ponent that is adjusted to coil radially. In one embodi-
ment, coil 404 is created by one or more of stamping or
cutting the conductor. The processed conductor is treat-
ed to create an electrically conductive pathway with an
insulator coating. In one embodiment, multiple layers are
joined to create an inductor, and then processed to create
the coating. In one embodiment, multiple layers are cre-
ated and processed to create the coating, and then joined
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in layers. The inductors or coils can be formed into a
stator, which can improve the amount of conductor in the
volume, while reducing the amount of insulation required
and the losses from eddy currents and bulk resistance.
[0044] Varying the order of joining, cutting, and stamp-
ing to optimize a particular characteristic can be made
depending on the application for linear, rotary, or fixed
couplings of magnetic fields for electromagnetic ma-
chines. Putting the conductors in varying configurations
of series and parallel and varying the dimensions,
number of layers, or complexity of the current path allows
tuning of the machine to desired performance, efficiency,
voltage, and maximum current carrying capabilities. In
one embodiment, spokes 440 and inner and outer con-
nections 452 and 454 can be formed through cutting alu-
minum by laser, plasma, water jet, stamping, or other
process, or a combination. In one embodiment, spokes
440 can be further processed by cutting radius lines, or
lines that extend along a radius of a circle with a center
at center 410, and extend between inner connection 452
and outer connection 454. Such cutting can also be ac-
complished with laser, water jet, stamping, or other proc-
ess, or a combination. Other drawings discussed below
more explicitly illustrate such radius lines to create seg-
ments in the current path of the spoke.
[0045] Separating the spokes into multiple parallel
segments limits the current path in one direction while
only reducing the current path in the other dimension by
the volume lost by the insulating layer and removed ma-
terial. With multiple parallel current paths for at least a
portion of the conductor coil, the performance can be
tuned by selecting a configuration that provides the great-
est current carrying capabilities while reducing eddy cur-
rent and bulk resistance losses. In one embodiment, the
portion of the conductor layer that has parallel paths is
limited to a portion proximate where the conductor layer
will pass by the magnets of the magnetic layers. In ac-
cordance with what is illustrated by coil 404, in one em-
bodiment, the design can connect layers of desired thick-
nesses by joining them at the inner circumference, the
outer circumference, or with alternating joints. Alternating
the positions of cuts and edges as the layers overlap can
prevent localized rubbing failure and heating if the con-
ductor layers or plates are not fixed, and wear occurs
due to motion.
[0046] In one embodiment, coil 404 replaces traditional
insulation on the stator with anodized aluminum, which
is a form of aluminum oxide also known as sapphire,
achieves multiple advantages. Anodizing techniques can
convert the surface of a layer of aluminum conductor into
aluminum oxide or sapphire, which is a coating that is
hard, strong, resistant to chemical attack, highly electri-
cally insulating, and yet has good thermal conducting
characteristics. As such, coil 404 can be used to create
a stator with properties in terms of efficiency, durability,
strength, and capabilities that are improved relative to
traditional wound motors.
[0047] The anodizing creates sapphire, which even as

a microscopic sponge-like material with holes, fingers,
gaps, cracks, and varying thickness, has better dielectric
or insulation characteristics than traditional wire insula-
tors. Additionally, sapphire is much harder and tougher
as compared to polyimides, plastic, enamel, paper, and
other common wire coatings, and has approximately 100
times better thermal conductivity. The dielectric constant
of sapphire is greater than 10 kilovolts per millimeter, or
>10 kV/mm. The volume resistivity of sapphire is greater
than 10 exp 14 ohm∗cm. Thus, the volume resistivity of
sapphire is approximately the same as silicon, but with
a thermal conductivity of 30 W/mK versus a silicone rub-
ber insulator with a thermal conductivity of 0.3 W/mK.
The 100 times better thermal conductivity improves heat
transfer, which reduces the risk of overheating the motor.
[0048] With modern manufacturing techniques, sap-
phire coated aluminum is relatively inexpensive, and nat-
urally oxidizes or heals in the presence of oxygen to cre-
ate a self-repairing mechanism. In one embodiment, the
aluminum can be anodized to convert the surface of the
conductive aluminum into aluminum oxide or sapphire.
Sapphire coating is hard, strong, resistant to chemical
attack, highly electrically insulating, and provides good
thermal conducting characteristics. A coil or stator con-
structed from stacks of sapphire coated aluminum can
provide a motor with higher efficiency, durability,
strength, and over-driving capability as compared to tra-
ditional motors.
[0049] It will be understood that bending the conductor
after it has been anodized to produce the sapphire coat-
ing will cause cracking. Thus, sapphire coated wire for
use in traditional windings would not be possible. How-
ever, by stacking planar conductor layers, the cracking
of the sapphire coating can be minimized, or effects from
such cracking can be reduced. For example, such crack-
ing may be limited to an area where the layers are meant
to be connected, and so a short in the connecting portion
has little to no meaningful impact on the performance of
the stator. A thin aluminum oxide coating has a higher
melting temperature than aluminum itself, making it dif-
ficult to burn out a motor that uses a stator of sapphire
coated aluminum conductor. Traditional failures where
the dielectric, insulator, or plastic heats up and fails pro-
ducing shorts are reduced or even eliminated, making a
motor inn accordance with what is described herein more
robust than traditional motors.
[0050] Figure 5 is a diagram of an embodiment of a
conductor path with folding and bending. Assembly 500
provides an example of a segment of stacked coated
conductors in accordance with an embodiment of coils
402 or 404. The segment illustrated in assembly 500 in-
cludes spoke 510. Spoke 510 represents a stack of
spokes of different layers 512 of conductors. Each spoke
510 provides an electrical path 530 for current. With coat-
ed layers 512, the various electrical paths 530 can be
separate for each layer. The layers can be connected
variously in parallel or series or a combination to provide
different combinations of current capacity or different

13 14 



EP 3 465 875 B1

9

5

10

15

20

25

30

35

40

45

50

55

voltages.
[0051] Opening 540 represents a space between two
spokes 510. In one embodiment, assembly 500 includes
opening 540, which can provide space to nest with one
or more other layers of conductors. According to the in-
vention, assembly 500 includes bends 522 and 524 to
enable the nesting of multiple stacks of layers of conduc-
tors. According to the invention, assembly 500 is nested
with at least one stack of conductor layers that has no
bends. Furthermore, assembly 500 is nested with at least
one stack of conductor layers that also has bends. The
bending changes the electrical path length of one stack
as compared to another. Electronics can control the duty
cycle of driving the different paths to account for the var-
iations in electrical path length for different stacks.
[0052] In one embodiment, assembly 500 is created
with folding of electrical path 530 to provide the radial
current path that provides field to drive the electromagnet
motive force, and then the return path. The folding refers
to the serpentine shape that results from various ele-
ments in accordance with assembly 500 coupled togeth-
er to form a complete radial path (e.g., 360 degrees of
folded path). The shape provided by the folding reduces
the total path length verses two coils with a complete
circular path.
[0053] Figure 6A is a diagram of an embodiment of a
coated conductor sheets with three phases. Diagram 602
illustrates three phases designed to be physically inter-
woven to produce low voltage and high eddy current.
According to the invention, flat conductor 620, which can
also be referred to as a flat coil, is designated as Phase
1. The phase designation is arbitrary, and the system
can be designed with different phases for different nested
coils.
[0054] Diagram 602 illustrates upper conductor 630 or
an upper coil, which is designated as Phase 2. Diagram
602 illustrates lower conductor 640 or a lower coil, which
is designated as Phase 3. Again, the labels of the phases
is arbitrary, and is shown for purposes of illustration only.
Additionally, designation of conductor 630 as an "upper"
coil and conductor 640 as a "lower" coil is an arbitrary
designation based on the specific orientation of diagram
602. In one embodiment, a motor with a three phase sta-
tor in accordance with diagram 602 can be mounted and
used with the plane of conductors 620, 630, and 640
parallel with the ground, or perpendicular to the ground,
or at any arbitrary angle with respect to the ground.
[0055] Diagram 602 includes crosshairs over each of
conductors 620, 630, and 640, which demonstrates rel-
ative positions to each other for nesting. For example,
taking flat conductor 620 as a "middle" conductor, the
crosshairs align over the center point of the conductor.
For upper conductor 630, the conductor is shown slightly
offset above the center point of the crosshairs, and for
lower conductor 640, the conductor is shown slightly off-
set below the center point of the crosshairs. It will be
observed relative to the crosshairs how the crosshairs
align on one edge of a spoke on upper conductor 630,

which aligns with a complementary edge of a spoke of
lower conductor 640, while the crosshair splits the middle
between two spokes of flat conductor 620. It will be un-
derstood how the conductors can nest together, and with
the bends in the upper and lower conductors, there will
be a relatively flat stator core surface made up of alter-
nating spokes of the three different phase stacks. The
flat stator core is made up of roughly coplanar stacks
interleaved with each other to position spokes of different
stacks adjacent to each other. It will be understood that
the path length of flat conductor 620 is actually shorter
than the two bent or contoured coils of conductors 630
and 640. Traditionally such uneven path lengths would
produce uneven force. According to the invention, a solid
state controller (e.g., digital microcontroller or microproc-
essor) drives the stator assembly of diagram 602 to com-
pensate digitally for the uneven path lengths. The digital
compensation enables lower cost mechanical systems
in exchange for more complex control software.
[0056] Thus, as illustrated, in one embodiment a stator
assembly includes a multiple stacks of multiple layers
each. Each stack includes multiple layers of coated con-
ductor coils, which can be electrically connected in ac-
cordance with any embodiment described herein. In one
embodiment, some or all layers of a single conductor
stack are connected in parallel to lower a required voltage
to drive the EMF. In one embodiment, some or all layers
of a single conductor stack are coupled in series to in-
crease the required voltage. In one embodiment, the
stacks include two or more coils in a serpentine shape
where the coils fold over each other, to form a structure
for the stator. It will be understood that the nesting of
layers inside each other can increase the total amount
of conductor per volume. Nesting the layers can addi-
tionally minimize the wearing and potential shorting of
adjacent layers.
[0057] Figure 6B is a diagram of an embodiment of a
cross section view of the stacking of the three phases of
conductors into a stator assembly. Diagram 604 illus-
trates a cross section of the stator assembly of diagram
602 of Figure 6A, with the different stacks of conductors
aligned with respect to their center points.
[0058] The perspective of diagram 604 more clearly
indicates the curvature of upper conductor 630 and lower
conductor 640, while the stack of conductor 620 is flat.
Interleaving such stacks of layers of conductor can al-
most completely fill the gaps in the stator core, which
provides a maximum amount of conductor in a given vol-
ume to place adjacent a magnet array. Increasing the
amount of conductor in the given volume can reduce the
resistive losses. In one embodiment, each phase in-
cludes a stack of layers of thin sheets of aluminum or
other conductor material which lowers the eddy current
losses by the square of the thickness of the plate verses
a solid coil of the same shape. The thin sheet can de-
crease eddy current losses while increasing the voltage
required to drive the current.
[0059] Figure 6C is a diagram of an embodiment of a
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perspective view of the stacking of the three phases of
conductors into a stator assembly. Diagram 606 illus-
trates another perspective of interleaving stacks of con-
ductor. While illustrated as Phase 1, Phase 2, and Phase
3, in one embodiment, the stacked assembly can include
a single phase, two phases, or three phases, depending
on how the conductors are connected. Because there
are multiple layers of conductor in each stack, in one
embodiment, the stator assembly of diagram 606 can
accommodate more than three phases. Increasing the
number of phases decreases the angular rotation be-
tween maximum torque, and reduces the current carrying
capabilities by requiring narrower conductors.
[0060] Figure 7 is a diagram of an embodiment of an
assembly of a three phase stator core. Assembly 700
provides one example of a stator assembly in accordance
with diagrams 602, 604, and 606 of Figures 6A, 6B, and
6C. Assembly 700 can provide one example of a 3-phase
system. Assembly 700 includes nested conductors 722,
724, and 726. Each reference number in the drawing
includes arrows pointing to closest spokes of the same
conductor coil, which are separated by spokes of inter-
leaved conductor coils. Thus, for example, assembly 700
includes, moving from left to right, a spoke of conductor
724, adjacent a spoke of conductor 722, adjacent a spoke
of conductor 726, adjacent a spoke of conductor 724,
and repeating the pattern.
[0061] Assembly 700 includes radial current paths pro-
vided by conductors 722, 724, and 726. The radial current
paths allow current to flow radially with respect to center
710, which provides an interface with an axle. Inner edge
732 is proximate center 710, and outer edge 734 is at a
point of the conductors farthest from center 710. It will
be observed that each spoke varies in cross sectional
area going from inner edge 732 to outer edge 734, which
increases the amount of conductor material that can be
included in the stator.
[0062] In one embodiment, assembly 700 includes a
flat radial section to allow a small gap between an axial
flux magnetic array. The flat radial section includes the
surface of the spoke of coated conductors between inner
edge 732 and outer edge 734. The flat radial section can
provide a relatively large surface area for cooling. The
design of assembly 700 also reduces the amount of ma-
terial outside the magnetic field while still maintaining a
path for the current.
[0063] Figure 8A is a diagram of an embodiment of a
conductor separated into multiple segments to reduce
current loops. As previously mentioned, the use of thin
coated conductor sheets can reduce eddy current losses
as compared to thicker conductor. Conductors in wire
form are usually fixed in cross section or diameter, and
the resistance is based on the amount of material for
switching frequencies typically used in motors. Smaller
cross sections have greater resistive losses than larger
cross sections with the same conductor. However, larger
cross sections can result in less efficient packing and
fewer windings. Traditionally for a motor design, the wire

is chosen to allow a desired number of turns setting the
voltage and current by the minimum volume and packing
requirements.
[0064] A stator in accordance with conductor stack 810
can lower the total system conductive losses by making
some sections of the conductor larger to take advantage
of the available space or volume, as opposed to a con-
sistent cross section as with a traditional wire. In one
embodiment, conductor stack 810 includes multiple lay-
ers of aluminum anodized with aluminum oxide. By pat-
terning the conductors, current path 812 can include sec-
tions of larger cross section to reduce the total resistance
by additional aluminum with only a slight weight penalty
or material cost. The additional conductor material in-
creases the machine efficiencies of the motor, and makes
the stator stronger and stiffen The increased amount of
conductor can also allow more options for connecting
layers and providing more material as a thermal heat sink
for temporary overheating.
[0065] To create the required EMF to turn a rotor with
a magnetic array, the system supplies a current through
the conductor, and varies it as a magnetic field from an-
other conductor or magnet moves. However, it will be
understood that the movement of the relative magnetic
fields produces a field opposing that motion, as described
by Lenz’s law. Conductor stack 810 illustrates induced
eddy currents 814 from a magnet with a magnetic field
oriented perpendicular to the direction of motion moving
near conductor 810. The letter ’B’ with the arrows repre-
sents a direction of magnetic flux due to a magnet as-
sembly. The magnet assembly with the magnetic field B
moving over a stator that includes current path 812 in-
duces eddy currents 814 as current loops opposing the
motion.
[0066] Eddy currents 814 produced in conductor 810
circulate, creating a field that must be overcome, which
creates a source of losses. These losses can be de-
creased by making the path smaller, and putting several
conductors in parallel to cause the current loops to cancel
each other out. However, in a traditional system the use
of parallel conductors introduces penalties from addition-
al mechanical complexity, additional insulation, and in-
creased resistive losses as the additional insulation de-
creases the available conductor. As illustrated, conduc-
tor stack 810 segments the conductor into relatively thin
layers. The separation into layers can create more cur-
rent paths 812 relative to a solid conductor of the same
volume. The layers of conductor provide parallel paths,
and the coating on the conductor provides insulation
while not adding significant insulation volume.
[0067] In one embodiment, conductor stack 810 in-
cludes aluminum or copper or other metal conductor. In
one embodiment, conductor stack 810 includes graph-
ene or other non-metallic conductor. Whether metal or
non-metal conductor, conductor stack 810 can improve
the filling of available volume with a conductor that can
minimize eddy current losses as well as resistive losses.
[0068] Figure 8B is a diagram of an embodiment of
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eddy current in a conductor with a segmented current
path. Conductor 820 represents a conductor with cross-
section 822, in which eddy current 824 is induced. Con-
ductor 830 represents the same conductor 820 broken
up into four segments, having smaller cross-sections
832. Eddy currents 834 are smaller current loops than
eddy current 824, which reduces the eddy current losses.
It will be understood that eddy current losses drop in pro-
portion to the square of the reduction in cross sectional
area. Thus, cutting the width or cross sectional area in
half cuts the eddy current losses by 4, cutting the cross
section in third cuts the eddy current losses by 9, and so
forth.
[0069] Applying the principle of reducing the surface
area exposed to the magnetic flux to reduce the eddy
currents, conductor stack 840 illustrates a similar con-
ductor stack to conductor stack 810 of Figure 8A, but with
segmented current paths 842. Current paths 842 are nar-
rower than current path 812 of conductor stack 810. In
one embodiment, current paths 842 are formed utilizing
laser cutting, water jet, metal stamping, inductive weld-
ing, or other manufacturing techniques, or a combination
to create layers of coil that has low resistance for current
flow in the desired direction, but high impedance to cur-
rent in undesired directions. Thus, current path 842 can
maximize current carrying capabilities, while at the same
time lowering the eddy current losses of eddy currents
844 that result from the relative motions of the magnetic
fields.
[0070] In one embodiment, conductor stack 840 in-
cludes multiple layers of aluminum or other conductor,
which is processed by stamping or cutting, or a combi-
nation, and joining into the stack, and treated to create
an insulated stack of electrically conductive pathway as
an inductor which for a stator. The order of stamping,
cutting, joining, and treating to form the insulator can be
varied. Varying the order of joining, cutting, and stamping
can optimize a particular characteristic of current path
842, which can improve its suitability for an application
of linear, rotary, or fixed couplings of magnetic fields for
electromagnetic machines. The coated conductor max-
imizes the amount of conductor in the volume while min-
imizing the amount of insulation required. Conductor
stack 840 can include varying configurations of series
and parallel conductors, which can include varying di-
mensions, number of layers, varying shape or complexity
of the current path, or a combination. It will be understood
that the variations can allow the tuning of a machine to
a desired combination of capabilities such as perform-
ance, efficiency, voltage, or maximum current carrying
capability.
[0071] In one embodiment, conductor stack 840 in-
cludes multiple current path 842 in the same conductor
plane, which are not electrically connected to each other.
In one embodiment, conductor stack 840 includes mul-
tiple current paths 842 that are separated only along a
path of the conductor where a magnetic array will pass
over, and can be connected at the outer circumference,

inner circumference, or both (for example, compare Fig-
ure 9A to Figure 9B). Making many thin plates with long
cuts to separate current paths 842 decreases eddy cur-
rents 844. Conductor stack 840 can include multiple thin
conductors with parallel current paths 842 joined electri-
cally perpendicular to the direction of motion, but electri-
cally isolated in the direction of motion.
[0072] In one embodiment, the various layers of con-
ductor stack 840 can be connected at the inner circum-
ference. In one embodiment, the various layers of con-
ductor stack 840 can be connected at the outer circum-
ference. In one embodiment, the various layers of con-
ductor stack 840 can be connected at with alternating
joints at inner and outer circumferences. In one embod-
iment, alternating layers of conductor stack 840 have dif-
ferent positions of the cuts and the edges as the layers
overlap. Such variation can prevent localized rubbing fail-
ure and heating if the plates are not fixed, causing wear
to occur due to motion. For example, consider current
paths 842, showing three separate paths in a single con-
ductor layer. If the next conductor layer had two separate
paths, the one cut of that layer would not overlap with
the two cuts of the illustrated layer, which could increase
the electrical separation of the layers. Other variations
will be understood in accordance with what is described.
[0073] Figure 9A is a diagram of an embodiment of a
top view of a conductor with a segmented current path.
Conductor layer 910 illustrates a flat stator layer with par-
tial or full separation between the current loops. Conduc-
tor layer 910 includes segmented spokes 912, but with
radial current paths due to the conductor completing the
path all the way around the conductor layer, the conduc-
tor allows the current to flow along the desired direction.
In one embodiment, the segmentation occurs at inner
edge 922 and at outer edge 924. In one embodiment,
inner edge 922 and the spokes are segmented and outer
edge 924 is not segmented. In one embodiment, only
outer edge 924 and the spokes are segmented and inner
edge 922 is not segmented. As illustrated, conductor lay-
er 910 includes spokes with multiple parallel current
paths aligned orthogonal to a motion of magnetic poles
of a magnet assembly. In accordance with what is de-
scribed above with reference to Figure 8B, conductor lay-
er 910 can be layered in a stack with other layers having
the same or different patterning. In one embodiment, al-
ternating layers have segmented spokes, and one or
more layers do not have segmented spokes, or have few-
er segments. More than three segments are possible.
[0074] Figure 9B is a diagram of an embodiment of a
top view of a conductor with a partially segmented current
path. Conductor layer 930 illustrates a flat stator layer
with partially segmented conductor portions. More spe-
cifically, conductor 930 includes segmented spokes 932
with inner edge 942 and outer edge 944 that are not seg-
mented. Thus, conductor 930 includes segmented cur-
rent path portions 932 and solid current path portions 934
in the radial current path of the conductor layer. The seg-
menting of the spokes provides separation between eddy
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current loops due to the fact that eddy currents are in-
duced in the spokes based on magnet motion 952. Mag-
net range 954 represents an approximate range of where
the magnet elements of the magnet assembly will pass
over conductor layer 930. In one embodiment, segment-
ed portions 932 extend radially for approximately the
same length as a width of magnet range 954. Radial cuts
or separations reduce the eddy currents by the square
of the subdivision. In one embodiment, the center of the
path represented by inner edge 942 and the end path
represented by outer edge 944 are outside the main field,
and are therefore less affected by eddy current. With the
portions of the path that are outside the main magnetic
field are left solid, conductor layer 930 can improve me-
chanical stiffness as compared to a completely segment-
ed conductor layer, if the circulating currents are below
the desired eddy current losses.
[0075] Figure 10A is a diagram of an embodiment of
a serpentine winding with layers joined at the outer cir-
cumference. Conductor 1010 provides an example of a
layer of coated conductor to be in a stack of conductor
in accordance with any embodiment described herein.
Conductor 1010 is a serpentine winding with six seg-
ments, which reduces the conducting path as compared
to six traditional coils, while giving a mechanical path to
allow additional conductors to be overlapping. The over-
lapping or interleaving of conductors can provide for in-
creased volumetric density, while allowing for either one
phase or two or more phases. In one embodiment, con-
ductor 1010 connects to other layers in a stack at con-
nection 1012 on the outer circumference. In one embod-
iment, connection 1012 enables multiple conductor coils
to be formed from a same plane of conductor material
(e.g., stamped from the same sheet metal), and then bent
or folded over each other. Thus, multiple layers can be
formed joined at connection 1012, and then folded or
bent to form a stack of conductor. Depending on how
connection 1012 is connected to the current paths of con-
ductor 1010, and to how it is connected to other layers,
connection 1012 can provide a parallel connection for
adjacent layers, or can provide a series connection for
adjacent layers. In one embodiment, an outer circumfer-
ence connection 1012 can allow the inner circumference
to be free floating, allowing a stator to spin relative to a
shaft that passes through the center of conductor 1010
(not shown).
[0076] Figure 10B is a diagram of an embodiment of
a serpentine winding with layers joined at the inner cir-
cumference. Conductor 1020 provides an example of a
layer of coated conductor to be in a stack of conductor
in accordance with any embodiment described herein.
Conductor 1020 is a serpentine winding with six seg-
ments, which reduces the conducting path as compared
to six traditional coils, while giving a mechanical path to
allow additional conductors to be overlapping. The over-
lapping or interleaving of conductors can provide for in-
creased volumetric density, while allowing for either one
phase or two or more phases. In one embodiment, con-

ductor 1020 connects to other layers in a stack at con-
nection 1022 on the inner circumference. In one embod-
iment, connection 1022 enables multiple conductor coils
to be formed from a same plane of conductor material
(e.g., stamped from the same sheet metal), and then bent
or folded over each other. Thus, multiple layers can be
formed joined at connection 1022, and then folded or
bent to form a stack of conductor. Depending on how
connection 1022 is connected to the current paths of con-
ductor 1020, and to how it is connected to other layers,
connection 1022 can provide a parallel connection for
adjacent layers, or can provide a series connection for
adjacent layers.
[0077] In one embodiment, an inner circumference
connection 1022 can allow the outer circumference to be
free floating, allowing a stator to be connected to a shaft
in the center (not shown), and the entire assembly to float
relative to a housing (not shown) outside the outer cir-
cumference. For in wheel motors and other devices
which are fixed to a shaft, conductor 1020 allows the
outer circumference to be free standing.
[0078] Figure 11A is a diagram of an embodiment of
a Halbach array arrangement over the flat phase of a coil
assembly. Assembly 1110 illustrates a Halbach array
over an interleaved coil assembly or conductor assembly.
Assembly 1110 includes conductor core 1112, which can
include stacks of coated conductor layers in accordance
with any embodiment described herein. Assembly 1110
includes magnet array 1114 in a Halbach arrangement.
While not specifically seen, a dual axial Halbach array
also includes a magnet array on the other side of con-
ductor core 1112. In one embodiment, assembly 1110
includes one magnet array 1114 adjacent conductor core
1112. In one embodiment, assembly 1110 includes two
magnet arrays 1124 adjacent conductor core 1112, with
conductor core 1112 between the two magnet arrays.
[0079] Conductor core 1112 has conductor around
center 1116. Magnet array 1114 is also in a circular pat-
tern around center 1116. Center 1116 can allow for the
inclusion of a shaft or rotor. In one embodiment, conduc-
tor core 1112 provides a stator core for an electric motor.
In one embodiment, magnet array 1114 is separate from
conductor core 1112 by a small air gap. Magnet array
1114 can be considered adjacent conductor core 1112
even when separated by an air gap. For example, magnet
array 1114 can be secured in the illustrated arrangement
by mounting in a housing that covers conductor core
1112. In one embodiment, magnet array 1114 includes
magnets that are not rectangular, but are shaped to fill
the space around the circle of assembly 1110.
[0080] Figure 11B is a diagram of an embodiment of
a dual axial Halbach array. Assembly 1120 illustrates a
Halbach array over an interleaved coil assembly or con-
ductor assembly. Assembly 1120 includes conductor
core 1122, which can include stacks of coated conductor
layers with multiple spokes 1128 in accordance with any
embodiment described herein. Assembly 1120 includes
magnet array 1124 in a Halbach arrangement. While not
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specifically seen, a dual axial Halbach array also includes
a magnet array on the other side of conductor core 1122.
In one embodiment, assembly 1120 includes one magnet
array 1124 adjacent conductor core 1122. In one embod-
iment, assembly 1120 includes two magnet arrays 1124
adjacent conductor core 1122, with conductor core 1122
between the two magnet arrays.
[0081] Conductor core 1122 has conductor around
center 1126. Magnet array 1124 is also in a circular pat-
tern around center 1126. Center 1126 can allow for the
inclusion of a shaft or rotor. In one embodiment, conduc-
tor core 1122 provides a stator core for an electric motor.
In one embodiment, magnet array 1124 is separate from
conductor core 1122 by a small air gap. Magnet array
1124 can be considered adjacent conductor core 1122
even when separated by an air gap. For example, magnet
array 1124 can be secured in the illustrated arrangement
by mounting in a housing that covers conductor core
1122. In one embodiment, magnet array 1124 includes
rectangular magnets, which leaves small gaps between
the magnets around the circle of assembly 1120. Assem-
bly 1120 illustrates more magnets as compared to as-
sembly 1110, providing more magnetic poles. It will be
understood that assembly 1110 can include more mag-
nets, and assembly 1120 can include fewer. Thus, the
shape of the magnets is not necessarily related to the
number of magnets in the array. More magnetic poles
produces or requires higher frequency in operation as a
motor or generator relative to fewer magnetic poles.
[0082] With reference to both Figure 11A and to Figure
11B, the structure of assembly 1110 and 1120 can pro-
vide for cooling. With the spiral motion of the stator as-
semblies, air or fluid will move from the center outward
due to centripetal force. As the rotational surface accel-
erates, the air or fluid produces tangential motion, caus-
ing a net heat transfer outward radially. With the heat
transfer capabilities of sapphire or another coating, the
coating can transfer heat away from conductor, and then
the cooling spiral motion removes the heat away from
the assembly. With an air gap between the conductor
layers and the magnet assemblies, air or another fluid
can pass between the conductors and the magnets.
Thus, the structure and motion used for the operation of
the motor can provide needed cooling. Forming one or
more phases of the inductor into an almost solid stator
provides a rigid structure that can dissipate heat with the
centripetal flow of cooling fluid or gas that enters from
the center around the axis of rotation. As heat transfers
to the surface of the conductor with a coating, the fluid
or gas can carry the heat from the surface of the rotor,
spiraling out to remove heat from the stator. Using mod-
ern motor controllers with digital control allows modifica-
tion of the current and voltage characteristics to vary the
speed, torque, and power requirements digitally. In one
embodiment with multiple phases, the digital control can
digitally make each phase appear to be identical electri-
cally and physically, even when the different phases have
different physical structures and different electrical path

lengths.
[0083] Figure 12A is a diagram of an embodiment of
a motor assembly with layers of conductors in a serpen-
tine path adjacent a Halbach array. Assembly 1200 pro-
vides an example of a motor assembly with coated con-
ductor layers in accordance with any embodiment de-
scribed herein. Assembly 1200 includes six segments
with spokes 1212, with a relatively high number of mag-
netic poles provided by magnet array 1216. Magnet array
1216 provides one example of an array with gaps be-
tween the magnets. Conductor core 1210 includes stacks
of coated conductor with center 1214 for a shaft or axle.
A complex or spiral serpentine path for the current can
increase the voltage requirements for assembly 1200,
as will the increased number of magnetic poles. The con-
nections between layers may be done externally with a
circuit board, by welding connections on the layers, or
through mechanical bonding. The stacks of conductor
can be considered conductor plates, which stack to pro-
vide a dense conducting path that minimizes resistive
losses. The surface of conductor core 1210 can act as a
heat exchanger to draw heat out from the hotter center
region.
[0084] In one embodiment, assembly 1200 is part of a
motor. Consider an example of a robotic device with the
initial motion of a joint. To produce the torque required
to move from a dead stop to lifting a mass, the initial
power required to accelerate the arm and mass will be
high, but once in motion, the power to continue at a con-
stant velocity will be a tiny fraction of the initial power to
overcome bearing losses. The initial or periodic motion
of starting and stopping is much higher than the average
power, requiring several times the average power re-
quirements. However, it will be understood that the higher
power is only needed for a relatively short period of time,
such as a few seconds.
[0085] In one embodiment, the structure of assembly
1200 can allow the overdriving of the motor, with current
or voltage or both that would be high enough to cause a
failure if sustained. However, by driving the current or
voltage or both for only a brief period and then allowing
several seconds for cooling, the system can sustain high
power period, while allowing for a smaller, lighter overall
motor. The structure of assembly 1200 provides in-
creased thermal conductivity between layers, which im-
proves cooling. Additionally, in one embodiment, the mo-
tor can be driven with temporary power surges with less
likelihood of overheating. The reduced likelihood of over-
heating allows the use of a smaller motor than would
traditionally be used, because such a motor can tempo-
rarily be driven with excess current. The overdriving can
be double or more the steady state usage. Use of a small-
er motor reduces costs and reduces the motor weight,
extending the applications of an electric motor in accord-
ance with assembly 1200. Normally a motor is sized to
the peak performance requirements even if it is used less
than ten percent of the time. Such motor sizing adds ex-
cess weight, costs, and complexity. By sizing a motor to
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the average required load because of the ability to tem-
porarily overdrive the motor to drive the peak require-
ments, the design can use a smaller, lighter, more cost
effective motor without sacrificing performance.
[0086] For example, similar to the power required for
initially moving a robotic appendage or joint, the power
required for vertical takeoff and landing of electric aircraft
during takeoff or maneuvering might exceed the require-
ments for cruising. A motor with a stator of stacked coils
in accordance with assembly 1200 can withstand the high
heat output and possible lower efficiencies for short du-
rations. Once the desired altitude or steady state opera-
tion is reached, the motor controller can lower the power
output, and operate within a motor’s designed optimal
efficiency range. Similarly, for accelerating an electric ve-
hicle away from a stop, the electric vehicle might need
five times the nominal power, for example, four wheels
with 10 kilowatts nominal per wheel rating, can produce
200 kilowatts of power (268 Horsepower) for a few sec-
onds. The same motors can provide high efficiency op-
eration while driving at 55 miles per hour, which being
lighter and smaller, and therefore resulting in less un-
sprung mass than a nominal 50 kilowatt motor per wheel.
[0087] Figure 12B is a diagram of an embodiment of
a motor assembly with layers of conductors and a hous-
ing. System 1220 provides one example of a motor as-
sembly in accordance with an embodiment of assembly
1200 of Figure 12A. System 1220 illustrates conductor
core 1232 having spokes 1222 centered on center 1224,
which can be the location of a shaft or axle. System 1220
includes magnet array 1234 adjacent conductor core
1232. System 1220 also illustrates housing 1236, which
represents a metal or ceramic or other heat resistant
housing. In one embodiment, housing 1236 holds the
magnets of magnet array 1234 in place. Housing 1236
can be larger than what is shown, and for example, can
cover all of conductor core 1232.
[0088] In one embodiment, system 1220 includes con-
nectors 1242 and 1244 to connect different layers or dif-
ferent conductor stacks, or both. In an embodiment
where multiple phases are used, connectors 1242 and
1244 can provide connection points to different phases.
In one embodiment, connectors 1242 or 1244 or both
can be on the inside of the assembly, closer to center
1224. While not specifically shown, it will be understood
that system 1220 can include one or more bearings for
a shaft. In an embodiment where the connectors are in
center 1224, system 1220 can include one or more bear-
ings around the outside of the conductor core.
[0089] Figure 13A is a diagram of an embodiment of
a magnetostatic finite element simulation of a linear Hal-
bach array. Diagram 1310 illustrates magnetic field lines
for a magnetostatic finite element simulation of a linear
Halbach array. The Halbach array of magnet array 1320
reduces losses by concentrating the field on one side,
reducing the need for back iron, and allowing linear, ra-
dial, and axial motor designs without steel laminations.
The elimination of the back iron reduces cogging and

eddy current losses. As described herein, the Halbach
array can be employed with stacked coated conductor.
Diagram 1310 illustrates strong magnetic field 1312 on
one side of magnet array 1320, and weak magnetic field
1314 on the other side of magnet array 1320. The darker
shading illustrates more intense magnetic fields. The sta-
tor would be positioned on the side of strong magnetic
field 1312.
[0090] Traditional motors often have silicon steel lam-
inations that leverage the increased magnetic permea-
bility of steel or other suitable materials over air. However,
these laminations have several downsides that offset the
increased field strength. They have hysteresis losses as
the fields switch back and forth during motor commuta-
tion, they saturate, limiting the maximum field that can
be produced, they add weight, and they occupy volume
that could be used for additional conductors. In some
electromotive machines such as Permanent Magnet Ax-
ial Flux motors by way of example, by eliminating the
steel laminations, stators based on stacks of coated con-
ductor as described herein can replace freed up volume
with more conductors. Increasing the conductor increas-
es the reluctance, but given the same current flowing,
produces additional magnetic force. If space is available,
advanced designs for axial flux motors can be optimized
with additional poles, additional magnetic material, addi-
tional conductors, and increased radius, producing great-
er power and torque for a given volume and weight. The
same motors can require higher switching speeds, volt-
ages, and magnetic poles and material. If the magnetic
fields can be produced by the conductor with lower losses
and heat produced, the system benefits. Such a tradeoff
can result in efficiencies well over ninety percent in mo-
tors. A stator in accordance with what is described herein
can provide a motor that is cost-effective to produce as
well as being efficient.
[0091] Figure 13B is a diagram of an embodiment of
a magnetostatic finite element simulation of a dual Hal-
bach array. Diagram 1330 illustrates magnetic field lines
for a magnetostatic finite element simulation of two linear
Halbach arrays facing each other. The Halbach arrays
of magnet array 1342 and magnet array 1344 reduce
losses by concentrating the field between the arrays. A
motor with the dual Halbach array and coated conductors
as described herein can reduce the need for back iron,
and enable linear, radial, and axial motor designs without
steel laminations. Diagram 1330 illustrates strong mag-
netic field 1332 on facing sides of magnet array 1342 and
magnet array 1344. There are weak magnetic fields 1334
on the non-facing sides of magnet array 1342 and magnet
array 1344. The darker shading illustrates more intense
magnetic fields. The stator would be positioned between
the magnet arrays in strong magnetic field 1332. In an
embodiment with dual magnet arrays, the arrays can be
positioned with one or more housing elements, and
spaced with air gaps between the magnet arrays and the
flat portion of the stator assembly.
[0092] Figure 14 is a diagram of an embodiment of a
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motor assembly. Assembly 1400 illustrates an assembly
in which an axle or shaft is illustrated. More specifically,
assembly 1400 includes conductors 1410, which are
coated conductors in accordance with any embodiment
described herein. Assembly 1400 includes Halbach array
1420 held in place by housing 1430. Axle 1440 repre-
sents a shaft or axle that interfaces at the center of the
stator assembly. It will be understood that a practical im-
plementation of assembly 1400 would typically be fully
enclosed, with bearings between moving and stationary
elements. In some motor designs, the shaft is fixed to
the stator assembly. In other motor designs, the shaft
rotates relative to a stationary stator assembly. Assembly
1400 can support either type of motor design.
[0093] For example, assembly 1400 can include or be
modified to include a mechanical mounting to couple the
stator assembly to axle 1440. In such a design a rotor
can rotate freely around the shaft. Such a design can be
useful for an in wheel motor application. In another ex-
ample, assembly 1400 can include or be modified to in-
clude a mechanical mounting to couple the stator assem-
bly to a motor housing. In such a design a rotor can be
fixed to axle 1440.
[0094] Besides what is described herein, various mod-
ifications can be made to the disclosed embodiments and
implementations of the invention without departing from
their scope. Therefore, the illustrations and examples
herein should be construed in an illustrative, and not a
restrictive sense. The scope of the invention should be
measured solely by reference to the claims that follow.

Claims

1. A stator assembly (200), comprising:

a magnet assembly having magnets (222, 224)
in a first plane in a radial pattern around a stator
center point; and
a stator core (210) adjacent the magnet assem-
bly, the stator core (210) having a plurality of
stacks (620, 630, 640, 722, 724, 726), each
stack of multiple layers of coated conductor
(230) having multiple spokes (420), with a spoke
(420) electrically coupled with an inner connec-
tion (432) proximate the stator center point to an
adjacent spoke (420) of the layer, and electri-
cally coupled with an outer connection (434)
proximate a stator outer edge to a different ad-
jacent spoke (420) of the layer, wherein the con-
ductor (230) has a rectangular cross section
wherein the spoke (420) has a varying width nar-
rower toward the inner connection (432) and
wider toward the outer connection (434), the
coated conductor (230) having a coating of sap-
phire or diamond chemically bonded to the con-
ductor (230) to generate an insulative coating
layer (340) on the conductor (230),

wherein the plurality of stacks (620, 630,
640, 722, 724, 726) includes a flat first stack
(620, 724), a second stack (630, 722), and
a third stack (640, 726), the three stacks to
nest with each other, wherein between two
spokes (420) of the first stack (620, 724)
one spoke (420) of the second stack (630,
722) and one spoke (420) of the third stack
(640, 726) interleave adjacent to each other
with the two spokes (420) of the first stack
(620, 724), the one spoke (420) of the sec-
ond stack (630, 722), and the one spoke
(420) of the third stack (640, 726) to be in a
second plane parallel to the first plane,
wherein the inner connection (432) and out-
er connection (434) of the first stack (620,
724) are coplanar with the second plane,
wherein spokes (420) of the second stack
(630, 722) include bends (522, 524), with
the inner connection (432) of the second
stack (630, 722) to rest on top of the inner
connection (432) of the first stack (620, 724)
and the outer connection (434) of the sec-
ond stack (630, 722) to rest on top of the
outer connection (434) of the first stack
(620, 724),
wherein spokes (420) of the third stack (640,
726) include bends (522, 524), with the in-
ner connection (432) of the first stack (620,
724) to rest on top of the inner connection
(432) of the third stack (640, 726) and the
outer connection (434) of the first stack
(620, 724) to rest on top of the outer con-
nection (434) of the third stack (640, 726),
and
wherein a physical length of the conductor
(230) of the first stack (620, 724) is shorter
than a physical length of the conductor (230)
of the second stack (630, 722) and the third
stack (640, 726),
wherein the physical length of the conductor
(230) of the second stack is equal to the
physical length of the conductor (230) of the
third stack,
wherein a stator controller is to drive charge
through the first stack, the second stack,
and the third stack to account for differences
in the physical length of the respective con-
ductors (230).

2. The stator assembly (200) of claim 1, wherein the
rectangular cross section varies from a smaller area
at a point closer to the stator center point to a larger
area at a point farther from the stator center point.

3. The stator assembly (200) of claim 1, wherein the
conductor (230) comprises patterned sheet metal.
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4. The stator assembly (200) of claim 1, wherein the
plurality of stacks (810) comprises the first stack hav-
ing a first electrical phase, the second stack having
a second electrical phase different from the first elec-
trical phase, and the third stack having a third phase
different from the first electrical phase or the second
electrical phase.

5. The stator assembly (200) of claim 1, further com-
prising a second magnet assembly having magnets
(222, 224) in a plane parallel to the first plane in a
radial pattern around the stator center point;

wherein the spokes (420) include multiple par-
allel current paths aligned orthogonal to motion
of magnetic poles of the first and second magnet
assemblies; and, optionally,
wherein the multiple parallel current paths of the
spokes (420) join to a single current path to elec-
trically couple proximate the stator center point
and join to a single current path to electrically
couple proximate the stator outer edge.

6. The stator assembly (200) of claim 1, wherein the
multiple layers of conductor (230) comprise coils
(402, 404) of metal in a serpentine shape where the
coils (402, 404) fold over each other.

7. The stator assembly (200) of claim 1, wherein at least
two of the layers of conductor (230) are connected
in parallel; or
wherein at least two of the layers of conductor (230)
are connected in series.

8. The stator assembly (200) of claim 1, wherein the
magnet assembly comprises a first magnet assem-
bly, and further comprising:

a second magnet assembly having magnets
(222, 224) in a third plane parallel to the first
plane in a radial pattern around the stator center
point;
wherein the stator core (210) is between the first
and second magnet assemblies.

9. A motor assembly (1220), comprising:

a motor housing (1236);
a rotor;
a shaft; and
a stator assembly (200) in accordance with any
of claims 1 to 8.

10. The motor assembly (1220) of claim 9, wherein the
conductor (230) comprises aluminum and the non-
metal element comprises oxygen, to create a sap-
phire coating on the aluminum conductor, or wherein
the conductor comprises copper and the non-metal

element comprises carbon, to create a diamond
coating on the copper conductor.

11. The motor assembly (1220) of claim 9, wherein the
motor assembly (1220) comprises a linear motor.

12. The motor assembly (1220) of claim 9, further com-
prising:

a mechanical mounting to couple the stator as-
sembly (200) to the shaft, where the rotor rotates
freely around the shaft, wherein adjacent layers
of the stator core (210) connect proximate the
stator center to each other; and, optionally,
wherein the motor assembly (1220) comprises

a motor of an in-wheel motor; or
a mechanical mounting to couple the stator
assembly (200) to the motor housing, where
the rotor is fixed to the shaft, wherein adja-
cent layers of the stator core (210) connect
proximate a stator outer edge to each other.

Patentansprüche

1. Statorbaugruppe (200), die Folgendes umfasst:

eine Magnetbaugruppe mit in einer ersten Ebe-
ne in einem radialen Muster um einen Stator-
mittelpunkt herum angeordneten Magneten
(222, 224) und
einen an die Magnetbaugruppe angrenzenden
Statorkern (210), wobei der Statorkern (210)
mehrere Stapel (620, 630, 640, 722, 724, 726)
aufweist, wobei jeder Stapel aus mehreren
Schichten beschichtetem Leiter (230) mehrere
Speichen (420) aufweist,
wobei eine Speiche (420) mit einer Innenverbin-
dung (432) in der Nähe des Statormittelpunkts
elektrisch an eine benachbarte Speiche (420)
der Schicht und mit einer Außenverbindung
(434) in der Nähe einer Statoraußenkante elek-
trisch an eine andere benachbarte Speiche
(420) der Schicht gekoppelt ist, wobei der Leiter
(230) einen rechteckigen Querschnitt aufweist,
wobei die Speiche (420) eine veränderliche
Breite aufweist, die zur Innenverbindung (432)
hin schmaler und zur Außenverbindung (434)
hin größer ist, wobei der beschichtete Leiter
(230) eine Beschichtung aus Saphir oder Dia-
mant aufweist, die mit dem Leiter (230) che-
misch so verbunden ist, dass eine Isolierbe-
schichtung (340) auf dem Leiter (230) entsteht,
wobei die mehreren Stapel (620, 630, 640, 722,
724, 726) einen flachen ersten Stapel (620,
724), einen zweiten Stapel (630, 722) und einen
dritten Stapel (640, 726) umfassen, wobei die
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drei Stapel ineinandergefügt werden, wobei zwi-
schen zwei Speichen (420) des ersten Stapels
(620, 724) eine Speiche (420) des zweiten Sta-
pels (630, 722) und eine Speiche (420) des drit-
ten Stapels (640, 726) aneinander angrenzend
die zwei Speichen (420) des ersten Stapels
(620, 724), die eine Speiche (420) des zweiten
Stapels (630, 722) und die eine Speiche (420)
des dritten Stapels (640, 726) so überlappen,
dass sie in einer parallel zur ersten Ebene ver-
laufenden zweiten Ebene liegen, wobei die In-
nenverbindung (432) und die Außenverbindung
(434) des ersten Stapels (620, 724) zur zweiten
Ebene koplanar sind,
wobei Speichen (420) des zweiten Stapels (630,
722) Krümmungen (522, 524) aufweisen, wobei
die Innenverbindung (432) des zweiten Stapels
(630, 722) oben auf der Innenverbindung (432)
des ersten Stapels (620, 724) und die Außen-
verbindung (434) des zweiten Stapels (630,
722) oben auf der Außenverbindung (434) des
ersten Stapels (620, 724) aufliegt,
wobei Speichen (420) des dritten Stapels (640,
726) Krümmungen (522, 524) aufweisen, wobei
die Innenverbindung (432) des ersten Stapels
(620, 724) oben auf der Innenverbindung (432)
des dritten Stapels (640, 726) und die Außen-
verbindung (434) des ersten Stapels (620, 724)
oben auf der Außenverbindung (434) des dritten
Stapels (640, 726) aufliegt, und
wobei eine physische Länge des Leiters (230)
des ersten Stapels (620, 724) geringer ist als
eine physische Länge des Leiters (230) des
zweiten Stapels (630, 722) und des dritten Sta-
pels (640, 726), wobei die physische Länge des
Leiters (230) des zweiten Stapels der physi-
schen Länge des Leiters (230) des dritten Sta-
pels entspricht, wobei eine Statorsteuerung La-
dung so durch den ersten Stapel, den zweiten
Stapel und den dritten Stapel leitet, dass Unter-
schiede bei der physischen Länge der jeweili-
gen Leiter (230) berücksichtigt werden.

2. Statorbaugruppe (200) nach Anspruch 1, wobei sich
der rechteckige Querschnitt von einer kleineren Flä-
che an einer näher am Statormittelpunkt gelegenen
Stelle zu einer größeren Fläche an einer weiter vom
Statormittelpunkt entfernt gelegenen Stelle verän-
dert.

3. Statorbaugruppe (200) nach Anspruch 1, wobei der
Leiter (230) strukturiertes Blech umfasst.

4. Statorbaugruppe (200) nach Anspruch 1, wobei die
mehreren Stapel (810) den ersten Stapel mit einer
ersten elektrischen Phase, den zweiten Stapel mit
einer sich von der ersten elektrischen Phase unter-
scheidenden zweiten elektrischen Phase und den

dritten Stapel mit einer sich von der ersten elektri-
schen Phase oder der zweiten elektrischen Phase
unterscheidenden dritten Phase umfassen.

5. Statorbaugruppe (200) nach Anspruch 1, die ferner
eine zweite Magnetbaugruppe mit Magneten (222,
224) in einer zur ersten Ebene parallelen Ebene um-
fasst, die in einem radialen Muster um den Stator-
mittelpunkt herum verlaufen,

wobei die Speichen (420) mehrere parallele
Strombahnen aufweisen, die orthogonal zur Be-
wegung von Magnetpolen der ersten und der
zweiten Magnetbaugruppe ausgerichtet sind,
und
wobei sich wahlweise die mehreren parallelen
Strombahnen der Speichen (420) so zu einer
Strombahn vereinigen, dass sie in der Nähe des
Statormittelpunkts elektrisch gekoppelt sind,
und so zu einer Strombahn vereinigen, dass sie
in der Nähe der Statoraußenkante elektrisch ge-
koppelt sind.

6. Statorbaugruppe (200) nach Anspruch 1, wobei die
mehreren Schichten Leiter (230) Spulen (402, 404)
aus Metall in einer Serpentinenform umfassen, bei
der die Spulen (402, 404) übereinandergefaltet sind.

7. Statorbaugruppe (200) nach Anspruch 1, wobei min-
destens zwei der Schichten Leiter (230) parallelge-
schaltet sind oder
wobei mindestens zwei der Schichten Leiter (230)
in Reihe geschaltet sind.

8. Statorbaugruppe (200) nach Anspruch 1, wobei die
Magnetbaugruppe eine erste Magnetbaugruppe
umfasst, und ferner mit Folgendem:

einer zweiten Magnetbaugruppe mit Magneten
(222, 224) in einer zur ersten Ebene parallelen
dritten Ebene, die in einem radialen Muster um
den Statormittelpunkt herum verlaufen,
wobei der Statorkern (210) zwischen der ersten
und der zweiten Magnetbaugruppe liegt.

9. Motorbaugruppe (1220), die Folgendes umfasst:

ein Motorgehäuse (1236),
einen Rotor,
eine Welle und
eine Statorbaugruppe (200) nach einem der An-
sprüche 1 bis 8.

10. Motorbaugruppe (1220) nach Anspruch 9, wobei der
Leiter (230) Aluminium und das nichtmetallische Ele-
ment Sauerstoff zum Erzeugen einer Saphirbe-
schichtung auf dem Aluminiumleiter oder wobei der
Leiter Kupfer und das nichtmetallische Element Koh-
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lenstoff zum Erzeugen einer Diamantbeschichtung
auf dem Kupferleiter umfasst.

11. Motorbaugruppe (1220) nach Anspruch 9, wobei die
Motorbaugruppe (1220) einen Linearmotor umfasst.

12. Motorbaugruppe (1220) nach Anspruch 9, die ferner
Folgendes umfasst:

eine mechanische Befestigung zum derartigen
Koppeln der Statorbaugruppe (200) mit der Wel-
le, dass sich der Rotor frei um die Welle dreht,
wobei benachbarte Schichten des Statorkerns
(210) in der Nähe der Statormitte miteinander
verbunden sind, und
wobei wahlweise die Motorbaugruppe (1220)
Folgendes umfasst:

einen Motor eines Radmotors oder
eine mechanische Befestigung zum derar-
tigen Koppeln der Statorbaugruppe (200)
mit dem Motorgehäuse, dass der Rotor an
der Welle fixiert ist, wobei benachbarte
Schichten des Statorkerns (210) in der Nä-
he der Statoraußenkante miteinander ver-
bunden sind.

Revendications

1. Ensemble stator (200), comprenant :

un ensemble d’aimants ayant des aimants (222,
224) dans un premier plan selon un motif radial
autour d’un point central de stator ; et
un noyau de stator (210) adjacent à l’ensemble
d’aimants, le noyau de stator (210) ayant une
pluralité d’empilements (620, 630, 640, 722,
724, 726),
chaque empilement de couches multiples de
conducteur revêtu (230) ayant des ailettes mul-
tiples (420), une ailette (420) étant couplée élec-
triquement avec une connexion interne (432) à
proximité du point central de stator à une ailette
adjacente (420) de la couche, et étant couplée
électriquement avec une connexion externe
(434) à proximité d’un bord externe de stator à
une ailette adjacente différente (420) de la cou-
che, où le conducteur (230) a une section trans-
versale rectangulaire où l’ailette (420) a une lar-
geur variable plus étroite vers la connexion in-
terne (432) et plus large vers la connexion ex-
terne (434), le conducteur revêtu (230) ayant un
revêtement de saphir ou de diamant lié chimi-
quement au conducteur (230) pour générer une
couche de revêtement isolante (340) sur le con-
ducteur (230),
où la pluralité d’empilements (620, 630, 640,

722, 724, 726) comporte un premier empilement
plat (620, 724), un deuxième empilement (630,
722) et un troisième empilement (640, 726), les
trois empilements étant prévus pour s’emboîter
les uns dans les autres, où, entre deux ailettes
(420) du premier empilement (620, 724), une
ailette (420) du deuxième empilement (630,
722) et une ailette (420) du troisième empile-
ment (640, 726) s’imbriquent de manière adja-
cente l’une dans l’autre, les deux ailettes (420)
du premier empilement (620, 724), l’ailette (420)
du deuxième empilement (630, 722) et l’ailette
(420) du troisième empilement (640, 726) étant
prévues pour être dans un deuxième plan pa-
rallèle au premier plan, où la connexion interne
(432) et la connexion externe (434) du premier
empilement (620, 724) sont coplanaires avec le
deuxième plan,
où les ailettes (420) du deuxième empilement
(630, 722) comportent des coudes (522, 524),
la connexion interne (432) du deuxième empi-
lement (630, 722) étant prévue pour reposer
par-dessus la connexion interne (432) du pre-
mier empilement (620, 724) et la connexion ex-
terne (434) du deuxième empilement (630, 722)
étant prévue pour reposer par-dessus la con-
nexion externe (434) du premier empilement
(620, 724),
où les ailettes (420) du troisième empilement
(640, 726) comportent des coudes (522, 524),
la connexion interne (432) du premier empile-
ment (620, 724) étant prévue pour reposer par-
dessus la connexion interne (432) du troisième
empilement (640, 726) et la connexion externe
(434) du premier empilement (620, 724) étant
prévue pour reposer par-dessus la connexion
externe (434) du troisième empilement (640,
726), et
où une longueur physique du conducteur (230)
du premier empilement (620, 724) est plus cour-
te qu’une longueur physique du conducteur
(230) du deuxième empilement (630, 722) et du
troisième empilement (640, 726), où la longueur
physique du conducteur (230) du deuxième em-
pilement est égale à la longueur physique du
conducteur (230) du troisième empilement, où
un dispositif de commande de stator est prévu
pour entraîner une charge à travers le premier
empilement, le deuxième empilement et le troi-
sième empilement pour tenir compte des diffé-
rences de longueur physique des conducteurs
respectifs (230).

2. Ensemble stator (200) selon la revendication 1, où
la section transversale rectangulaire varie d’une sur-
face plus petite en un point plus proche du point cen-
tral de stator à une surface plus grande en un point
plus éloigné du point central de stator.
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3. Ensemble stator (200) selon la revendication 1, où
le conducteur (230) comprend une tôle à motifs.

4. Ensemble stator (200) selon la revendication 1, où
la pluralité d’empilements (810) comprend le premier
empilement ayant une première phase électrique, le
deuxième empilement ayant une deuxième phase
électrique différente de la première phase électrique,
et le troisième empilement ayant une troisième pha-
se différente de la première phase électrique ou de
la deuxième phase électrique.

5. Ensemble stator (200) selon la revendication 1, com-
prenant en outre un deuxième ensemble d’aimants
ayant des aimants (222, 224) dans un plan parallèle
au premier plan selon un motif radial autour du point
central de stator ;

où les ailettes (420) comportent de multiples tra-
jets de courant parallèles alignés orthogonale-
ment au mouvement des pôles magnétiques
des premier et deuxième ensembles d’aimants ;
et, facultativement,
où les multiples trajets de courant parallèles des
ailettes (420) se joignent à un trajet de courant
unique pour se coupler électriquement à proxi-
mité du point central de stator et se joignent à
un trajet de courant unique pour se coupler élec-
triquement à proximité du bord externe de stator.

6. Ensemble stator (200) selon la revendication 1, où
les multiples couches de conducteur (230) compren-
nent des bobines (402, 404) de métal en forme de
serpentin où les bobines (402, 404) se replient les
unes sur les autres.

7. Ensemble stator (200) selon la revendication 1, où
au moins deux des couches de conducteur (230)
sont connectées en parallèle ; ou
où au moins deux des couches de conducteur (230)
sont connectées en série.

8. Ensemble stator (200) selon la revendication 1, où
l’ensemble d’aimants comprend un premier ensem-
ble d’aimants, et comprenant en outre :

un deuxième ensemble d’aimants ayant des
aimants (222, 224) dans un troisième plan pa-
rallèle au premier plan selon un motif radial
autour du point central de stator ;
où le noyau de stator (210) se trouve entre les
premier et deuxième ensembles d’aimants.

9. Ensemble moteur (1220), comprenant :

un carter de moteur (1236) ;
un rotor ;
un arbre ; et

un ensemble stator (200) selon l’une quelcon-
que des revendications 1 à 8.

10. Ensemble moteur (1220) selon la revendication 9,
où le conducteur (230) comprend de l’aluminium et
l’élément non métallique comprend de l’oxygène,
pour créer un revêtement en saphir sur le conducteur
en aluminium, ou où le conducteur comprend du cui-
vre et l’élément non métallique comprend du carbo-
ne, pour créer un revêtement en diamant sur le con-
ducteur en cuivre.

11. Ensemble moteur (1220) selon la revendication 9,
où l’ensemble moteur (1220) comprend un moteur
linéaire.

12. Ensemble moteur (1220) selon la revendication 9,
comprenant en outre :

un montage mécanique pour coupler l’ensemble
stator (200) à l’arbre, où le rotor tourne librement
autour de l’arbre, où des couches adjacentes du
noyau de stator (210) se connectent les unes
aux autres à proximité du centre de stator ; et,
facultativement,
où l’ensemble moteur (1220) comprend

un moteur d’un moteur-roue ; ou
un montage mécanique pour coupler l’en-
semble stator (200) au carter de moteur, où
le rotor est fixé à l’arbre, où des couches
adjacentes du noyau de stator (210) se con-
nectent les unes aux autres à proximité d’un
bord externe de stator.
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