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METAL RIBBON STATOR AND MOTOR COMPRISING SAME

BACKGROUND OF THE INVENTION

Cross Reference to Relate Applications

[0001] This application claims the benefit of U.S. Provisional Patent
Application No.: 61/848,457, filed on January 4, 2013, the entirety of which is
incorporated herein by reference.

Field of the Invention
[0002] The present invention relates to a stators for electric motors, and in
particular stators comprising a multilayer amorphous ribbon

Background

[0003] The present invention is an axial transverse flux mbtor providing high
torque density, low cost construction and providing for high RPM operation by
allowing for use of materials that do not require stamping for assembly. The design
uses non-oriented and flux conduction material in a “ribbon” or “tape”, typically
formed by slitting. For lower RPM operation, silicon steel works well. For higher RPM
operation, amorphous metal is a good material of choice in that it has high
permeability and low loss at both low and high frequency applications. Amorphous
metal, such as Metglass available from Metglas Inc, Conway SC or AT & M, Beijing
China, or Nanocrystalline materials are very difficult to machine or form into shapes
suitable for stator configurations.

[0004] There exists a need for a motor/generator stator made from material
allowing for a range of non-oriented slit materials including silicon steel, amorphous
metal, and Nanocrystalline materials that is also simple to assembly, high in torque
density, allows for tight tolerances, requires very few parts, thereby reducing
assembly cost and the potential for parts being incorrectly assemble or positioned.
There exists a need for a motor that has low loss at low and high rotational
frequency, and especially motors with high pole counts, such as transverse flux
motors.
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SUMMARY OF THE INVENTION

[0001] This invention relates to an axial transverse flux motor/generator here
after referred to as an AFTM motor. The pole pieces of the armature/stator of the
motor are principally made from a ribbon or tape of slit magnetically conductive
materials hereafter referred to as a tape. The tape is formed of layers of suitable
magnetically conductive material such as silicon steel, amorphous metal, and
nanocrystalline material.

[0002] The tape is formed of multiple layers of material, typically by winding
into a toroid. In a first configuration, toroids are then flattened into bars forming a pole
piece with at least one end remaining uncut to allow flux to travel around the end
interacting with the magnet ring. In another configurations two or more poles may be
formed from one toroid. These may be formed by folding or “pleating” to form the
plurality of armature teeth.

[0003] The tape has a top surface and bottom surface, a first edge and a
second edge. The tape formed pole or pole set may be positioned with the poles
adjacent a rotor with the metal tape edge facing the magnet ring. The magnet ring
shown here is formed of an assembly of magnets with flux concentrators placed
between them. There may be rotating or stationary however for easy of discussion,
will be referred to hereafter as the rotor. The flux that has entered the edges of pole
or pole set travels substantially along the layers without crossing layers to a return
part. The return part may mal also be formed of a toroid in tape or another material
such as SMC. The flux then passes substantially axially to the paired pole or pole set
surrounding the coil. The flux travels again through the edge of the pole or pole set
substantially in plane to the rotor.

[0004] The pole or pole sets formed of tape maybe formed such that a gap is
left so that flux will have a greater tendency to stay in the planes of the tape. . The
individual layers of the ribbon may be adhered in discrete locations, such as by the
application of a discrete amount of adhesive between two ribbon layers. In another
embodiment, a discontinuous adhesive may be a'pplied to one or more surfaces of a
ribbon layer during the formation of the ribbon loop or tape. An adhesive may be a
magnetic flux insulator or magnetic flux conductor and may provide a small gap
between ribbon layers. In still another embodiment, a magnetic insulator may be
configured between two br more of the formed stator teeth.

2
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[0005] The poles or pole sets or otherwise formed tape may be position around
at least a portion of a rotor as a stator stack. A stator stack may extend around any
suitable portion of the rotor including, but not limited to, 30 electrical degrees or more,
60 electrical degrees or more , 120 electrical degrees or more, 180 electrical degrees
or more, 360 electrical degrees or more and any range between and including the
values provided. In an exemplary embodiment, a motor comprises three stator
halves configured for approximately 120 electrical degrees on each side of the rotor
forming 3 phases in a plane.

[0006] An electric motor as described herein may comprise a rotor configured
between a first stator half and a second stator half. The rotor may be any suitable
type of rotor including, but not limited to, a permanent magnet (PM) rotor, an
alternating field rotor, a PM flux concentrator type rotor, a wound field rotor, an
induction rotor, and a low loss PM flux concentrating type rotor.

[0007] A stator can be made using a tape, as described herein, in a very cost
effective an efficient manner. Slitting materials provides for very high tolerances and
when a slit material is formed into a tape that is used to form a stator, the adherence
to tight tolerances is greatly simplified. In addition, slitting magnetically conducting
materials, such as amorphous metal, is cost effective, as it requires no additional
tooling to stamping, does not remove and waste the material and allows for high
tolerances. Amorphous metals and other low magnetic loss materials are expensive
and slitting to form a ribbon provides for extremely high utilization of the material.
Furthermore, a stator can be made with only three components, a first stator half, a
second stator half and a return. Since all three of these components can be made
from high precision slit materials, the tolerances of the assembly can be held to very
high levels. A tape formed of a plurality of ribbons provides for high mechanical
strength in the axial direction. The tape may be easily formed, bent folded, pleated
and shaped in the radial direction but is extremely stiff in the axial direction.
Therefore, stator teeth can be easily formed without compromising the strength of the
stator in the axial direction.

[0008] A stator tooth may comprise shaped tape, as described herein, and the
tape may be pressed into a single pole piece or folded to form number of pole pieces
to any suitable degree, such as 180 degrees, or completely back upon itself, or any
other suitable degree. As mentioned above, a gap may be left so the fold in not

closed and flux passing between planes may be reduced. In some embodiments, a
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tape is folded back upon itself and the inside surfaces touch and/or are adhered
together.

[0009] The summary of the invention is provided as a general introduction to
some of the embodiments of the invention, and is not intended to be limiting. It is to
be understood that various features and configurations of features described in the
Summary may be combined in any suitable way to form any number of embodiments
of the invention. Some additional example embodiments including variations and
alternative configurations of the invention are provided herein.

[0010]

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The accompanying drawings are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention, and together with the
description serve to explain the principles of the invention.

[0006] Figure 1 shows an isometric view of a portion a simplified exemplary in-
plane three-phase axial transverse flux motor having tape stator halves configured
on either side of a rotor.

[0007] Figure 2 shows a side view the exemplary simplified axial transverse
flux motor shown in FIG. 1.

[0008] Figure 3 shows a cross-sectional view of exemplary axial transverse
flux motor shown in FIG. 2.

[0009] Figure 4A shows a side view of an exemplary tape having a plurality of
ribbon layers.

[0010] Figure 4B shows a side view of an exemplary tape having a plurality of
ribbon layers and a space Sbetween ribbon layers.

[0011] Figure 5 shows a side view of an exemplary ribbon.

[0012] Figure 6 shows a side view of an exemplary tape loop configured on a
core.

[0013] Figure 7A shows a side view of an exemplary tape loop.

[0014] Figure 7B shows a side view of an exemplary tape loop compressed.

[0015] Figure 8 shows a side view of an exemplary simplified tape formed into

a stator having a plurality of stator teeth formed from the tape.
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[0016] Figure 9 shows a side view of an exemplary tape formed into a stator
having a plurality of stator teeth formed from the pleated tape.

[0017] Figure 10 shows a side view of an exemplary tape formed into a stator
having a plurality of stator teeth formed from the pleated tape.

[0018] Figure 11 shows an isometric view of a portion an exemplary
transverse flux motor having stator halves formed from tape and configured on either
side of a rotor and showing angled teeth to allow for wire exits without loss of flux
and shortened copper loop shape.

[0019] Figure 12 shows an isometric exploded view of a portion an exemplary
in-plane three-phase transverse flux motor having stator halves formed from tape
and configured on either side of a rotor with angied stator teeth portions and
shortened coil path.

[0020] Figure 13 shows a side view of a portion an exemplary asymmetric
transverse flux motor having three stator halves formed from tape and coil entry
ends.

[0021] Figure 14 shows a side view of an exemplary stator half consisting of
formed tape, and a return and showing angled teeth to allow for coil and wire exit
without reducing flux area.

[0022] Figure 15 shows an isometric view of a portion an exemplary double in-
plane three-phase transverse flux motor having tape stator halves configured on
either side of a rotor of two rotors.

[0023] Figure 16 shows an isometric view of a portion an exemplary axially
stacked three-phase transverse flux motor having tape stator halves configured on
either side of a rotor of three rotors.

[0024] Figure 17 shows an isometric view of a portion an exemplary single
phase transverse flux motor having a tape stator half configured on either side of a
rotor.

[0025] Figure 18 shows an isometric view of a portion an exemplary single
phase transverse flux motor having a discrete teeth on either side of the stator.

[0026] Figure 19 shows an isometric view of an exemplary three phase axial
transverse flux motor having discrete stator teeth and flux sharing between phases.

[0027] Figure 20 a graph of the resulting electrical output from the motor
shown in FIG. 19.

[0028] Figure 21 shows data used to produce the graph shown in FIG. 20.
5
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[0029] Corresponding reference characters indicate corresponding parts
throughout the several views of the figures. The figures represent an illustration of
some of the embodiments of the present invention and are not to be construed as
limiting the scope of the invention in any manner. Further, the figures are not
necessarily to scale, some features may be exaggerated to show details of particular
components. Therefore, specific structural and functionai details disclosed herein are
not to be interpreted as limiting, but merely as a representative basis for teaching
one skilled in the art to variously employ the present invention.

DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS

includes,"

[0030] As used herein, the terms "comprises, comprisihg,
“including,” "has," "having" or any other variation thereof, are intended to cover a
non-exclusive inclusion. For example, a process, method, article, or apparatus that
comprises a list of elements is not necessarily limited to only those elements but may
include other elements not expressly listed or inherent to such process, method,
article, or apparatus. Also, use of "a" or "an" are employed to describe elements
and components described herein. This is done merely for convenience and to give
a general sense of the scope of the invention. This description should be read to
include one or at least one and the singular also includes the plural unless it is
obvious that it is meant otherwise.

[0031] Certain exemplary embodiments of the present invention are described
herein and illustrated in the accompanying figures. The embodiments described are
only for purposes of illustrating the present invention and should not be interpreted
as limiting the scope of the invention. Other embodiments of the invention, and
certain modifications, combinations and improvements of the described
embodiments, will occur to those skilled in the art and all such alternate
embodiments, combinations, modifications, improvements are within the scope of
the present invention.

[0032] Figure 1 shows an isometric view of a portion an exemplary simplified
in-plane three-phase transverse flux motor 70 having stator 12 halves configured on
either side of a rotor 15. The stator comprises a first set of stator stacks 28-28"

configured on a first side 51 of the rotor 15 and a second set of stator stacks
6
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configured on a second side 52 of the rotor. The tape 30 is shown formed into a
stator 12 having a plurality of teeth 26. A return 18 (not shown) is configured inside
the coil 16 and magnetically couples a first stator half 20 on a fist side 51 of the rotor
with a second stator half 22 on the second side 52 of the rotor. This stator has a
tooth removed from each phase side to provide for wire area. The rotor is comprises
of an assembly of magnets 90 and flux concentrators 91.

[0033] Figure 2 shows a side view of the motor 10 shown in FIG. 1. Three
stator stacks 28-28" are configured on either side of the rotor 15 to conduct flux from
the rotor through a first stator half 20, through the return and to a second stator half
22 on an opposing side of the rotor. The return coil is configured to extend between
a first stator half and a second stator haif. The return coil is configured on the inside
diameter of the rotor Rdi as shown in Figures 1 and 2, however, a return and coil
could be configured on the outside diameter Rdo of the rotor. The rotor shown in
FIG. 1 and 2 is a ring having an inside and outside diameter, Rdi, Rdo respectively
as shown. Again, the figure shows a tooth from each phase half removed to
accommodate wire.

[0034] Figure 3 shows a cross-sectional view taken along line AA of the
exemplary transverse flux motor 10 shown in FIG. 2. The cross-section shows a first
stator half 20 configured adjacent the first side 51 of the rotor 15 and a second stator
half 22 configured adjacent the second side 52 of the rotor 15. The return 18 is
shown configured on the inside diameter of the rotor 15 and within the coil 16. The
coil is looped around the return as depicted by the two sections of the ¢oil 16, 16’ in
FIG. 3. The return is depicted as a tape in FIG. 3, but could be any suitable
magnetic flux conducting material. The stator magnetic portion as shown in FIG. 3
consist of tape, whereby the first stator half, second stator half and the return all
consist of tape, as described herein. In some embodiments, one or more of the
stator halves may be attached to the return such as by being pressed together or
through the use of an adhesive. As shown in FIG. 3 both the first and second stator
halves 20, 22 are attached to the return 18. The width Wt of the stator half or tape is
shown in FIG. 3. The control of tolerances may be more easily controlled by a slit
ribbon that is configured as a stator as opposed to a plurality of parts that require
assembly to form a stator and where “tolerance stack-up” occurs. In addition, the
tape may be flexible along the length of the ribbon but has considerably strength and

is rigid in a plane perpendicular to the tape length, or the axial direction.
7
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[0035] As shown in FIG. 3, the flux alternates through the coil 16. It passes
from the rotor 15, through ribbon edge 31, through the first stator half 20, out of the
first stator half edge 31 and into the return 18 first edge 94, out the second ribbon
edge 96, into the second stator half edge 99, into the second stator half 22, and
finally back to the rotor 15 through the second stator half edge 99. The flux in this
embodiment flows substantially along the plane of the ribbons and does not require
flux to flow through the planes or from plane to plane. Again, the magnetic loop may
be configured on the outside of the rotor versus the inside of the rotor as shown in
FIG. 3.

[0036] As shown in FIG. 4A, an exemplary tape 30 comprises a plurality of
ribbon layers 36. The edges of the individual ribbon layers make up the tape edge
31. As shown in FIG. 4B an exemplary tape 30 comprises a spacer 32 between the
plurality of ribbon layers 36. This may be air as from spacing or packing factor, or
spacer may be magnetically conductive or a non-magnetically conductive material
such as an adhesive applied in discrete locations on the tape, such as between
ribbon layers or to the outer and/or inner layer of the ribbon. The thickness Tt of the
tape 30 is shown in FIG. 4A and 4B and may be any suitable thickness as described
herein. A single ribbon 36 is shown in FIG. 5 with the single ribbon edge 37. The
thickness TI of single ribbon layer 36 is shown in FIG. 5 and may be very thin as
described herein. -

[0037] As shown in FIG. 6, an exemplary tape 30 or tape loop 34 is configured
on a core 35. As described, a thin layer of magnetically conductive material may be
slit and taken-up on a core. The leading and or trailing end of the ribbon may be
adhered to secure the ribbon layer to the loop. As shown in FIG. 7A an exemplary
tape loop 34 has been removed from the core 35 and may be flexible and bend
easily along the length of the loop, or about the circumference of the loop. The tape
loop 34 shown in FIG. 7A may be compressed to the point that the inside surface of
the tape loop contact each other and the compressed tape loop takes on the shape
of a length of tape.

[0038] As shown in FIG. 7B, a tape loop 34 may be slit or a plurality of ribbon
layers may be stacked to form a tape 30 as shown in FIG. 7B. The length of an
tape may be any suitable length Lt, as shown in FIG. 7B. The tape 30 shown in FIG.
7A is a tape loop, whereas the tape 30 shown in FIG. 7B is a discrete tape, having a
length between a first and second end.
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[0039] As shown in FIG. 8, an exemplary tape loop 34 is formed into a stator
stack 28 having a plurality of stator teeth 26 formed from pleated tape. The tape
pleat 38 shown in FIG. 8 comprises portions of the tape folded together with the
inside tape loop 34 surface 40 contacting along the inside of the fold. The inside
surface 40 does not however have to contact to form a pleat or tooth. The tape loop
34 shown in FIG. 8 comprises a first portion 44 of the tape configured as pleats, or
stator teeth 26, and the remaining portion of the tape loop, or second portion 45
configured between a first end and second end of pleated portion of the tape. In
another embodiment, a tape 30 is formed into pleats 38, or teeth with no second
portion between the first and second end of the pleated tape as shown in FIG. 9. It is
to be understood that a compressed tape loop may be formed into a stator half as
shown in FIG. 9 with the entire tape loop pleated, thereby not having a second
portion of the tape loop connecting the first and second end of the a pleated portion;
the entire tape loop would be formed as one piece.

[0040] As shown in FIG. 9, an exemplary tape 30 is formed into a stator 28
having a plurality of stator teeth 26 formed from a discrete tape 30. A tape loop may
be cut to form a discrete tape as shown in FIG. 9. The tape ends 39 of the tape
shown in FIG. 9 are not in an area that will affect the tolerances. The tape ends may
be adhered to the formed tape. The stator 28 comprises a tooth fold 46 and a return
fold 48 and may be folded to any suitable fold angle, Fa.

[0041] A fold angle Fa is the angle measured from a line extending
substantially parallel with a surface on one side of a fold, to a line extending
substantially parallel with the same surface of the tape on the opposing side of a fold
as shown in FIG. 9 and FIG. 10. The rotor folds 46 shown in FIG. 9 would have a
fold angle of substantially 180 degrees.since the inside surface of the tape touches
along the rotor fold.

[0042] As shown in FIG.10 an exemplary tape 30 is formed into a stator stack
28 having a plurality of stator teeth 26 formed from pleated tape. The stator stack 28
shown in FIG. 10 is formed from a discrete length of tape 30 and the inside surface
does not contact along the inside of the pleats. This type of pleat may be referred to
as a saw tooth type pleat. The fold angle Fa of this type of pleat is less than the fold
angle of the rotor folds shown in FIG.9. A sinusoidal pleat having a sinusoidal shape
may also be employed in the formation of a stator stack. Each of the teeth shown in

FIG. 94 comprise a gap within the pleat of the tooth. This gap may reduce losses.
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[0043] As shown in Figure 11, a portion an exemplary in-plane three phase 70
transverse flux motor 10 comprises stator halves of formed tape configured on either
side of a rotor 15. FIG 11 shows angling of the inner porting of the teeth such that
clearance for the wire may be provided for without reducing teeth or flux area. The
motor is an in-plane three-phase motor type 70 having three stators 28, 28’, 28" on
both the first rotor side 51 and second rotor side 52. These stators may be identical
or not depending on design and manufacturing requirements. Each stator magnetic
portion comprises a first stator half 20 and second stator half 22 and a return (not
clearly shown). The coil 16 in this embodiment is configured around the return and
between the first stator tooth 26, or first pole of that phase, and the last stator tooth
26”, or last pole of the phase, and does not follow the contour of the rotor as shown
in FIG.1. In addition, the stator halves are configured with coil entry ends 62,
whereby the coil may enter without the loss of a stator tooth or active pole. The rotor
and/or return folds at the coil entry end 62 may be different from the rotor and/or
return folds throughout the rest of the stator half, and may be different by any
suitable degree including more than about 10 degrees, more than about 30 degrees,
more than about 45 degrees, more than about 60 degrees, more than about 90
degrees and the any suitable range between and including the values provided.

[0044] Figure 12 shows the exemplary in-plane three phase transverse flux
motor 70 shown in FIG. 11, in an exploded view, whereby each of the components of
the stator magnetic portion are shown including the first stator half 20, return 18 and
second stator half 22. A return may comprise one or more portions such as 18 and
18’ as shown in FIG. 12 or combining 18 and 18’ into 1 part. The coil entry ends 26
are more clearly shown in FIG. 12 as well.

[0045] Figure 13 shows a side view of the exemplary in-plane three phase
transverse flux motor 70 shown in FIG. 11. As shown in FIG. 13 the exemplary
transverse flux motor 10 comprises three stators, 28-28" formed from tape. Note the
stator teeth are slightly offset to the poles or rotor switching surfaces to reduce
cogging and noise. This is an asymmetric stator 60 configuration as described
herein. The stator is configured as if there are 121 poles in the rotor however there
are only 120 poles. In addition, the first stator tooth 26 and last stator tooth 26’ of the
stator 28 are configured to allow for the entry of the coil without the loss of a tooth
and useful pole, in a coil entry end 62 configuration. This configuration increases the

power and efficiency of the motor.
10
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[0046] As shown in 14 an exemplary stator half consists of formed tape 30.
The tape comprises a plurality of folds 33, 33'. Fold 33 is an inside fold, where the
inside surfaces of the tape are folded together or towards each other. Fold 33’ is an
outside fold, where the outside surfaces of the tape are folded together or towards
each other. A stator may comprise any number of inside and outside folds, and each
fold may have any suitable fold angle Fa, as described herein. A tape with
substantially a 180 degree fold angle is folded back upon itself such that the tape on
one side of the fold is substantially aligned with the tape on the other side of the fold.
Also shown in FIG. 14 are the tape ends 39, and 39'. The tape ends are not located
in an area that would cause any flux flow disturbance or loss. FIG 14 shows the inner
porting of the teeth angling in to the return such that the space requirements for the
coil (not shown) have clearance without losing a tooth and reducing flux area.

[0047] As shown in Figure 15, a portion an exemplary double in-plane three
phase 74 transverse flux motor 10 comprises stator halves of formed tape configured
on either side of two rotors 15, 15’. The coil 16 extends along each stator and has a
coil end turn 65, whereby the coil is electrically continues with a coil extending along
the adjacent stator. Very high utilization of the coil is achieved with this design with
only the coil connector not being effectively engaged in power generation.

[0048] As shown in Figure 16, a portion an exemplary axially-stacked three-
phase transverse flux motor 76 having tape stator halves configured on either side of
a rotor of three rotors 15-15". The stator halves 20, 22 extend substantially around
the entire rotor 15, as shown in FIG. 16.

[0049] Figure 17 shows an isometric view of a portion an exemplary single-
phase transverse flux motor 78 having a tape 30 stator 28 configured on either side
of a rotor. A first stator half 20 and second stator half 22 extend substantially all the
way around the rotor 15. The stator halves comprises coil entry ends 62, 62’
whereby the coil contacts may extend away from the coil and outside of the stator
28. This stator is configured as an asymmetric stator 60 whereby the stator teeth 26
are exemplarily aligned for 121 poles and there are only 120 poles.

[0050] As shown in FIG. 18, an axial transverse flux motor 70, comprises a
plurality of discrete stator teeth 26-26"", also referred to as poles, configured on
either side of the rotor 15. The discrete stator teeth are flattened tape wound toroids
that are made out of separate pieces of material from each other. Each discrete

stator tooth comprises a gap 94 which reduces the tendency of flux to pass through
11
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the planes of the tape which would cause additional loss. The return 18 provides
mechanical support and transfers flus from a first tooth on a first side of the rotor to a
second tooth on a second side of the rotor. The rotor 15 is comprises of magnets
90, 90’ and flux concentrators 91 dispose between magnets. The magnets extend
further radially than the flux concentrators 91, as shown. In an exemplary
embodiment, the magnets 90 extend further inward, further toward the center of the
motor, than the flux concentrators 91. Only a portion of the stator, two teeth per
side, are shown in FIG. 18 to allow more clear depiction of the components.

[0051] As shown in FIG. 19, a multiphase arrangement where flux is shared
rather than having discrete phases axially as shown in FIG. 16. Each stator stack 28
comprises 30 discrete stator teeth 26 configured radially. Each tooth, or pole, is
made of a flatted tape wound toroid. The teeth are positioned around the toroid
return. The return shown is a toroid of wound tape. The axial transverse flux motor
70 comprises three phases with one rotor per phase. Only four stator stack make up
the full three phase assembly. Each phase only require one additional stator stack,
whereas prior requires two stator stacks generally spaced apart per phase.
Therefore, this motor design provides for better efficiency, smaller size and lower
weight for a given output. Each rotor 15 comprises a magnet 90 and flux
concentrator 91.

[0052] Figure 20 shows the electrical output from the three phases of the
motor shown in FIG. 19. It can be seen that although there are some differences
from phase to phase they can be essentially the same as three discrete and spaced
single phased motors, as shown in FIG. 16.

[0053] Figure 21 shows the data used to produce the graph shown in FIG. 20.
An approximately +/- 2% variation in voltage between phases occurs. Small
refinements may be required for some applications. The variations shown may also
be remnants of modeling inaccuracy, such as those caused by meshing choices.
Definitions

[0054] Tape, as used herein, is defined as a plurality of slit magnetically
conducting ribbons configured one on top of another. A tape may be a tape loop
wherein it is essentially continuous, or discrete having a length between a first and
second end. A tape or ribbon may have any suitable thickness.

12
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[0055] Magnetically couple, as used herein, means that magnetic flux can flow
from one material to another. A material that magnetically couples a first article to a
second article conducts magnetic flux from the first article and to the second article.

[0056] Teeth or a tooth, as used herein, is a pole when configured in an
electric motor or generator.

[0057] A stator, as used herein, maybe fixed, pivot or rotate or move.

[0058] An armature, as used herein, maybe fixed, pivot or rotate or move.

[0059] A rotor, as used herein, maybe fixed, pivot or rotate or move.

[0060] A pole or pole piece as used herein refers a stator tooth.

[0061] It will be apparent to those skilled in the art that various modifications,
combinations and variations can be made in the present invention without departing
from the spirit or scope of the invention. Specific embodiments, features and
elements described herein may be modified, and/or combined in any suitable
manner. Thus, it is intended that the present invention cover the modifications,
combinations and variations of this invention provided they come within the scope of
the appended claims and their equivalents

13
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What is claimed is:

1.

A stator comprising:
a. atape comprising:
i. a plurality of ribbon layers of flux conducting material;
b. a plurality of stator teeth comprising;

i. formed portions of said tape;

whereby the edge of the tape is adjacent a rotor and configured to conduct magnetic

flux from the rotor.

2.

The stator of claim 1, wherein the plurality of stator teeth comprise discrete stator
teeth.

The stator of claim 1, wherein the plurality of stator teeth consists of discrete
stator teeth.

The stator of claim 1, wherein the plurality of stator teeth comprise a gap within a
tooth.

The stator of claim 1, wherein the plurality of stator teeth comprise a discrete
stator teeth, wherein each tooth is a flattened tape wound toroid.

The stator of claim 1, wherein the plurality of stator teeth comprise two or more
contiguous teeth.

The stator of claim 1, wherein a comprises a plurality of stator teeth consisting of

a continuous loop.

8. The stator of claim 1, wherein the tape is a tape loop.

9. The stator of claim 1, wherein the tape consists essentially of non-oriented flux

conducting material.

10. The stator of claim 1, wherein the formed portions of said tape comprises tape

folds comprising a rotor fold and a return fold.

11. The stator of claim 10, wherein at least a portion of the tape folds have a fold

angle of substantially 180 degrees.

12. The stator of claim 1, further comprising a return configured between a first stator

half and a second stator half.
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13. The stator of claim 12, wherein the first stator half and second stator half consist
essentially of tape.

14.The stator of claim 12, wherein the first stator half and second stator half consist
of tape.

15. The stator of claim 12, wherein the return, the first stator half and second stator
half consist essentially of tape.

16. The stator of claim 12, wherein the return, the first stator half and second stator
half consist of tape.

17. The stator of claim 1, wherein the stator is configured as an asymmetric stator.

18. The stator of claim 1, wherein the stator further comprises at least one coil entry
end.

19. An electric motor comprising a stator comprising:

a. atape comprising:
i. a plurality of ribbon layers;
b. a plurality of stator teeth comprising;
i. formed portions of said tape;

whereby the edge of the tape is adjacent a rotor and configured to conduct magnetic

flux from the rotor.

20. The electric motor of claim 19, wherein the stator comprises a first stator half and
second stator half.

21. The electric motor of claim 20, wherein a return magnetically couples the first
stator half to the second stator half.

22.The electric motor of claim 21, wherein the return is made essentially of tape.

23. The electric motor of claim 22, wherein the return consists essentially of an
amorphous metal ribbon.

24.The electric motor of claim 23, wherein the return is configured with a first edge
adjacent a first stator half and a second edge adjacent a second stator half,
whereby magnetic flux can pass from the first stator half through the return to the
second stator half.

25. The electric motor of claim 21, further comprising a coil configured around the

return.
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26. The electric motor of claim 19, wherein the motor comprises a plurality of stators.

27.The electric motor of claim 26, wherein the motor comprises three stators
configured at 120 electrical degrees from each other.

28. The electric motor of claim 27, further comprising a rotor configured between the
first stator half and the second stator half.

29. The electric motor of claim 28, wherein the rotor is an alternating field rotor.

30. The electric motor of claim 18, wherein the rotor is a flux concentrator type rotor.

31. The electric motor of claim 28, wherein the rotor is a low loss flux concentrating
type rotor.

32. The electric motor of claim 29, wherein the motor is a transverse flux motor.

33. The electric motor of claim 29, wherein the transverse flux motor is an axial type
transverse flux motor.

34. The electric motor of claim 42, wherein the transverse flux motor is an in-plane
three-phase axial type transverse flux motor.

35. The electric motor of claim 42, wherein the transverse flux motor is a double in-
plane three-phase type transverse flux motor.

36. The electric motor of claim 42, wherein the transverse flux motor is an axially-
stacked three-phase type transverse flux motor.

37. The electric motor of claim 42, wherein the transverse flux motor is a single-
phase type transverse flux motor.

38. The electric motor of claim 42, wherein the tape is a tape loop.

39. The electric motor of claim 29, wherein the tape consists essentially of met-glass.

40. The electric motor of claim 29, wherein the tape comprises at least 50 ribbon
layers.

41. The electric motor of claim 29, wherein the tape comprises at least 200 ribbon
layers.

42.The electric motor of claim 29, wherein the tape has a thickness of at least 5Smm.

43. The electric motor of claim 29, wherein the tape has a width of no more than
3cm.

44. The electric motor of claim 29, wherein a ribbon layer has a thickness of at no

more than 100um.
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45. The electric motor of claim 29, wherein a ribbon layer has a thickness of at no
more than 50um.

46. The electric motor of claim 29, wherein a ribbon layer has a thickness of at no
more than 25um.

47.The electric motor of claim 29, wherein the stator comprises at least 30 stator
teeth.

48. The electric motor of claim 29, wherein the stator comprises at least 60 stator
teeth.

49. The electric motor of claim 29, wherein the stator comprises at least 120 stator
teeth.

50. The electric motor of claim 29, wherein the stator comprises at least 180 stator
teeth.

51. The electric motor of claim 29, wherein the formed portions of said tape
comprises tape folds having a fold angle of substantially 180 degrees.

52. The electric motor of claim 9, wherein the tape comprises at least 50 ribbon
layers.

53. An electric motor comprising a stator magnetic portion consisting essentially of:

a. afirst stator half and second stator half comprising:
i. atape formed into stator teeth wherein said tape comprises:
1. a plurality of ribbon layers;
b. areturn configured between the first and second stator halves.

whereby the edge of the tape is adjacent a rotor and configured to conduct magnetic

flux from the rotor.

54. The electric motor of claim 53, wherein the motor is a transverse flux motor.

55. The electric motor of claim 54, wherein the transverse flux motor is an axial type
transverse flux motor.

56. The electric motor of claim 53, wherein the tape is a tape loop.

57.The electric motor of claim 53, wherein the tape consists essentially of
METGLAS.

58. The electric motor of claim 53, wherein the tape consists essentially of

amorphous metal.
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59. The electric motor of claim 53, wherein the tape consists essentially of
nanocrystalline material.

60. The electric motor of claim 53, wherein the tape comprises at least 50 ribbon
layers.

61. The electric motor of claim 53, wherein the tape comprises at least 200 ribbon
layers.

62. The electric motor of claim 53, wherein the tape has a thickness of at least 5mm.

63. The electric motor of claim 53, wherein the tape has a width of no more than
3cm.

64. The electric motor of claim 53, wherein a ribbon layer has a thickness of at no
more than 100um.

65. The electric motor of claim 53, wherein a ribbon layer has a thickness of at no
more than 50um.

66. The electric motor of claim 53, wherein a ribbon layer has a thickness of at no
more than 25um.

67. The electric motor of claim 53, wherein the stator comprises at least 30 stator
teeth.

68. The electric motor of claim 53, wherein the stator comprises at least 60 stator
teeth.

69. The electric motor of claim 53, wherein the stator comprises at least 120 stator
teeth.

70. The electric motor of claim 53, wherein the stator comprises at least 180 stator
teeth.

71. The electric motor of claim 53, wherein the formed portions of said tape
comprises tape folds having a fold angle of substantially 180 degrees.

72. The electric motor of claim 53, wherein the tape comprises at least 50 ribbon
layers.

73. The electric motor of claim 53, wherein the first and second stator halves are
configured as asymmetric stator halves.

74.The electric motor of claim 60, wherein the first and second stator halves

comprise at least one coil entry end.
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75. A method of forming a stator portion comprising the steps of:
a. slitting an magnetic conducting material to form a ribbon;
b. forming a plurality of ribbon layer one atop another to form a tape having
tape edges and ; |
c. folding said tape to form a plurality of stator teeth.

76. The method of claim 75, wherein the magnetic conducing material is amorphous
metal.

77.The method of claim 75, wherein the ribbon consists essentially of met-glass.

78. The method of claim 75, wherein the tape consists essentially of met-glass.

79. The method of claim 75, wherein the magnetic conducing material is metglass.

80. The method of claim 75, wherein the stator portion is configured in a transverse
flux motor.

81. The method of claim 80, wherein the transverse flux motor is an axial type
transverse flux motor.

82. The method of claim 75, wherein the step of forming a plurality of ribbon layer
one atop another to form a tape having tape edges tape comprises taking-up
the ribbon on a core to form a tape loop.

83. The method of claim 75, wherein the tape comprises at least 50 ribbon layers.

84. The method of claim 75,wherein the tape comprises at least 200 ribbon layers.

85. The method of claim 75wherein the tape has a thickness of at least 5mm.

86. The method of claim 75wherein the tape has a width of no more than 3cm.

87.The method of claim 75, wherein a ribbon layer has a thickness of no more than
100um.

88. The method of claim 57, wherein a ribbon layer has a thickness of no more than
50um.

89. The method of claim 75, wherein a ribbon layer has a thickness of no more than
25um.

90. The method of claim 75, wherein the stator comprises at least 30 stator teeth.

91.The method of claim 75, wherein the stator comprises at least 60 stator teeth.

92. The method of claim 75, wherein the stator comprises at least 120 stator teeth.

93. The method of claim 75, wherein the stator comprises at least 180 stator teeth.
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94. The method of claim 75, wherein the formed portions of said tape comprises tape
folds having a fold angle of substantially 180 degrees.
95. The method of claim 75, further comprising the step of:
a. forming two stator halves from separate tapes;
96. The method of claim 95, further comprising the step of:

a. configuring a first stator half on a first side of a rotor, whereby a tape edge
is adjacent said first side of said rotor;

97. The method of claim 98, further comprising the step of:

a. configuring a second stator half on a second side of the rotor, whereby a
second tape edge is adjacent said second side of said rotor;

98. The method of claim 97, further comprising the step of:

a. configuring a return between said first stator half and said second stator
half, whereby the return magnetically couples the first stator half to the
second stator half.

99. A stator magnetic portion consisting of:
a. afirst stator half comprising a tape comprising:
i. a first stator half tape edge;
iil. a plurality of first ribbon layers;
iii. a plurality of stator teeth comprising;
1. formed portions of said tape;
b. a second stator half comprising a tape comprising:
i. a second stator half tape edge;
ii. a plurality of second ribbon layers;
iii. a plurality of stator teeth comprising;
1. formed portions of said tape;
c. areturn
whereby the first stator half tape edge and second stator half tape edge are
configured adjacent to a rotor and configured to conduct a magnetic flux from the
rotor through said tape edges.
100. The stator magnetic portion of claim 99, wherein the magnetic flux is

conducted from a first side of a rotor to the first stator half tape edge, through the
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first ribbon layers, from the first stator half tape edge to a return, from the return
to the second stator half tape edge, through the second ribbon layer, from the
second stator half tape edge back to the second side of the rotor.

101. The stator magnetic portion of claim 99, further comprising

a. areturn comprising a tape comprising;
i. a first return edge and a second return edge; and
ii. a plurality of ribbon layers.

whereby the magnetic flux is conducted from the first stator half edge to a

102. The stator magnetic portion of claim 99, wherein the first and second
stator half tape is a tape loop.

103. The stator magnetic portion of claim 99, wherein the first and second
stator half tape consists essentially of amorphous metal.

104. The stator magnetic portion of claim 99, wherein the first and second
stator half tape consists essentially of METGLAS.

106. The stator magnetic portion of claim 99, wherein the first and second
stator half tape consists essentially of nanocrystalline material.

106. The stator magnetic portion of claim 99, wherein the first and second
stator half tape comprises at least 50 ribbon layers.

107. The stator magnetic portion of claim 99, wherein the first and second
stator half tape comprises at least 200 ribbon layers.

108. The stator magnetic portion of claim 99, wherein the first and second
stator half tape has a thickness of at least 5mm.

109. The stator magnetic portion of claim 99, wherein the first and second
stator half tape has a width of no more than 3cm.

110. The stator magnetic portion of claim 99, wherein the first and second
ribbon consists essentially of ribbons having a thickness of at no more than 3cm.

111. The stator magnetic portion of claim 99, wherein the first and second
ribbon consists essentially of ribbons having a thickness of no more than 100um.

112. The stator magnetic portion of claim 99, wherein the first and second

ribbon consists essentially of ribbons having a thickness of no more than 50um.
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113. The stator magnetic portion of claim 99, wherein first and second ribbon
consists essentially of ribbons having a thickness of no more than 25um.
114. The stator magnetic portion of claim 99, wherein the stator comprises at
least 30 stator teeth.
115. The stator magnetic portion of claim 99, wherein the stator comprises at
least 60 stator teeth.
116. The stator magnetic portion of claim 99, wherein the stator comprises at
least 120 stator teeth.
117. The stator magnetic portion of claim 99, wherein the stator comprises at
least 180 stator teeth.
118. The stator magnetic portion of claim 99, wherein the formed portions of
said tape comprises tape folds having a fold angle of substantially 180 degrees.
119. The stator magnetic portion of claim 99, whereby the first and second
stator halves are configured as asymmetric stator halves.
120. The stator magnetic portion of claim 99, whereby the first and second
stator halves comprise at least one coil entry end.
121. A polyphase motor comprising:
a. two stator stacks;
b. one caoil;
c. one return;
whereby for each additional phase, one stator stack, one coil and one return are
added.
122. The polyphase motor of claim 121 wherein the stator stacks and returns
comprise a soft metal composite.
123. A polyphase motor comprising:
a. two stator stacks made from soft metal composite incorporating a return;
b. one coil;
whereby for each additional phase, one stator stack and one coil are added.
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