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(57) Abstract: Various embodiments relate generally to electrodynamic machines and the like, and more particularly, to rotor assem-
blies and rotor-stator structures for electrodynamic machines, including, but not limited to, outer rotor assemblies and/or inner rotor
assemblies. In some embodiments, a rotor-stator structure includes a rotor structure in which rotor assemblies are arranged on an
axis of rotation. A rotor assembly can include an arrangement of magnetic regions having a portion of a surface oriented substan -
tially at an angle to the axis and disposed externally to, for example, a portion of a conically-shaped space centered on the axis of 1o -
tation. The rotor-stator structure also can include pole members having pole faces. A subset of the pole faces can be positioned to es-
tablish air gaps, with the subset of the pole faces being disposed internally to the conically-shaped space.
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ROTOR-STATOR STRUCTURES WITH AN OUTER ROTOR FOR ELECTRODYNAMIC
MACHINES
FIELD
Various embodiments relate generally o electrodynamic machines and the ke, and more
particularly, to rotor assemblies and rotor-stator structures for electrodynanic machines,
mchuding, but not Hinited to, outer rotor assenldiss,
BACKGROUND
Both motors and generators have been known to use axigl-based rotor and stator

configurations, which can experience several phenomena duving operation.  For example,
conventional axial motor and generator structures van expenence losses, such as eddy curvent
fosses or hysteresis Jossen. Hysteresix toss 18 the ensrgy reguired to magnetize and demagnetive
magnehc matenal constituting parts of a wolor or generator, whereby hysterewts losses increase

7

as the amount of material increases. An example of a part of 3 motoy that experiences hysisresi

b

osaes 18 “hack fron” In some traditional motor designs, such as in some conveniional outer
votor configurations for radial motors, stators and thewr windings typically are located within a
region having a smaller digmeter abouwt the shaft than the rotor. Tn some instances, a stator and
the windings ars located congentrically within @ rotor, ' With the windings located within the
imterior of af least some conventional outer rotor configurations, heat transfer iy generally
hindered when the windings are energived. Therefore, resources are needed to ensure sufficient
heat dissipation from the stators and their windings.

While {raditional motor and generator stniciores are functional, they have several
drawbacks in thew inplomentation. T is desirable o provide ymproved techniques and stractures
that nunimize one or move of the diawbacks associated with traditiomal motors and genemiors.

BRIEF DESURIPTION QF THE FIGURES

The various embodiments are more fudly appreciated  conpection with the following
detailed deseription taken in conjunction with the accompanying drawings, i winch:

FIG. 1 15 an exploded view of a rotor-stator stracture including rotor assemblies in
accovdancs with sone embodiments;

FIGs. 24 and 2B depict a pole face and 2 magnetic region each configired to form anaw
gap with the other, aecording 1o some embodiments;

FiGs. 2A and 3B depict examples of cuter rotor gssemblies, according to soms
embodiments;

FIGs. 3 1o 313 depict an example of o Geld pole member configired to interoperate with

outer rotor assembhies, according 1o some embodiments;
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FiGs. 3E 1o 3F depiet an example of 8 field pole member configured o interoperate with
mner rotor assembliss, according to some embodiments;

FIG. 36 depcts field pole niembers for outer rotor assemblies and inner rotor assembshiss,
according to some embodhments;

FIG. 3H depicts an example of a rotor structure implementing an armangement of offset
outer rolor assemblies, secording 1o some embodiments;

FIGs. 4A and 4B depict different perspective views of an example of an outer votor
assembly, according to sore embodiments;

FiGs. 4C and 41 depict a front view and a regr view of an example of an outer rolor
assemnbly, according to some gmbodiments;

FlGs. 4E 1o 4G depiel crong-sectionat views of an example of an outer rotor assambly,
sccording 1o some embodiments;

FIGs. SA and 38 depict different views of an example of a stator asssnbly, according in
some embodiments:

FIG. 0A depiels an outer rotor assernbly and a stator assembly configured to imteract with
each other, according to some embodiments;

Fi(s. 68 10 6C depict cross-sections of field pols mentbers for deternsining a surface sres
of a pole face, according 1o some embodiments;

FIG. 6D iflustrates a surface avea of a pole face determmined as a function of the flux mna
cent region and the flux density produced by at least one magnet, the surface aren being onented
at angle from a reference line, according o some embodiments;

FIG. 7 depicts a cross-sechon of a rotor-stator sivucture 1o which field pole members are
postiioned adjacent to magnetic regions to form air gaps, according 10 some embodiments;

FIG. & depiets cross-sections of rotor-stator structure portions iHustrating one or more flux
path exampley, according 1o some embodiments;

F1Gs. 94 1o 90 depict cross-sections of g rotor-siator structure porbon Hustraling
examples of one or more flux path portions, according to some enbodiments;

FIG. 16 depicts aview along an aly gap formed between a magpetic region and a pole
face, according to some embodiments;

F1Gs. TTA to 1 depiet varitus views of a Held pole member, according to some
embodiments;

FIG. 12 depicts a magnetic region of a rotor assembly as either a novth pole or a south
pole, according o some embodiments;

FIGs, 13A10 13C depict implementations of § magnet and magnetically permesble

matenal to frm a magestic rsgron of & rotor assembly, according to some embodiments;

s
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FIGs, 13D to 13E depict examples of various divechons of polariration and ontentations of
surfaces for magnets and magnetically permeable material that form a magnetic regivm of a votor
assembly, according to some embodiments;

FIG. 14 is an exploded view of a rolor-siator structure including rotor assemblies in
sccordance with some embodiments;

FIG. 15 1y an exploded view of a rotor-stator strocturs inclsling rodor assemblies in
accordancs with some embodiments;

FIG. 16 is an exploded view of a rotor-stator structure meluding inner votor assemblies in
accordance with some embodiments; and

FIG. 17 is a cross-section view of a rotor-stator structure including both outer and inner
rolor assembiies i accordance with some embodiments,

Like reference numerals veler {o corvesponding parts throughout the several views of the
drawings, Mote that in the specification most of the reference numersls include one or two lefi-

most digits that generally identify the figure that [irst introduces that reference number.
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DETAILED DESCRIFPTION
Delinions
The following definitions apply to some of the elements described with respect to some
ambodiments. These definitions may likewise be expanded apon herein.

5 As used herein, the terin “air gap™ refers, i at least one embodiment, 10 a space, or a gap,
between a magnet surface and a confronting pols face. Examples of a magnet surface mclude
any serface of magnetic material (e.p . a sarface of permanent magnet), o surface of an internad
permanent magnet CIPM™), such as a magnpetically permeable moaterial through winch fux
passes {2.8., the flux being produced by a magretic material}, ov any surface or surfuce portion of

1t a“body that produces a magnedic field.” Such a space can be physically described as & volume
bounded at loast by the areas of the magnet swrface and the pole face. An alr gap fimelions o
enable relabive motion belween g rotor and 8 stator, and o define a flux mteraction region.
Although an air gap s typically filled with air, {{ need not be so limiting.

As used herein, the term “back-~iron™ commonly describes a physical structure (as well as

s
L

the materials giving rise {o that physical structure} that 15 ofien used to cotnplete an otherwise
open magnetic circuit {e.g., external to a rotor). In particular, back-iron structures are generally
used only to transfer magnetic flux from one magnetic circull element to another, such as mithsy
from one magnetically permeable field pole mentber o another, or from a magnet pole of'a first
rotor magnet {or first rotor assembly) to a magnet pole of a second rotor magnet {or second rotor
20 assembly), or both, without an intervening avypere-turn generating element, such as coil, between
the field pole members or the magnet poles. Furthermore, back-tron stractures are not generstly
fortoed o accept an assocmied ampere-tinn generating element, such as one or more cols.

As used berein, the term “cotl” refers, in at least one embodiment, 1o an assemblage of

succassive convolutions of a conductor arranged to inductively couple o a magnetically

ok
1%

permeable material 1o produce magnetic flax. In some embodiments, the term “coil” can be

¥

desertbed as a “winding” or a "cotl winding” The ferm “coll” also moludes fond coils {le,

planar-shaped conductors that are relatively flat).
As used heretn, the tarm “rotl region™ vefers generally, 1o al least ongembodiment, o a

portion of a field pole member around which a coil is wouand.

30 As used herein, the lerm “core” refers to, in at least one embodiment, a portion of # field
pole member where a woil s normally disposed between pols shoes and is generally composed of
a magnetically permeable material for providing a part of 3 magnetic flux path. The term “core,”
in gt feast one embodiment, can refer, n the coutext of a rolor magnet, including comeal

magnets, 1o @ structure configured to support magnelis regions, As such, the term corg can be

Tad
=11

interchangeable with the term “hub™ in the context of 3 rotor magnet, such as 3 comcal magnet.

4
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Asused berem, the term “held pole member™ refers generally, in at least one embodiment,
to an element composed of 3 magnetically permeable material imd being contigured 1o provide o
structure around which a coif can be wound (L.e., the element is configured to receive a coil {or
purposes of generating magnelic flax} In particalar, a field pole member includes a cove (Le.,
core region) and ot least one pole shoe, sach of which is generally located near 4 respechive end
of the core, Without mors (g, without a coil formued on thereon), a Hield pole member is not
configured to generate ampere-turp flax, In some embodiments, the term “Hleld pole member™
can be deseribad generally as o “stator-core.”

As used herein, the term “active field pole mentber™ refers, 1 af least ong embodiment, to
an assemblage of a core, tne or more coils, and at least two pole shoes. In particudar, an active
feld pode member can te descoribed as a field pole membey asseanbled with one or more colls for
seleciably genersting ampere-turn flux, In some embodiments, the term “active field pole
member™ can be described generally as & “stator-core membey.”

As used heremn, the term Tlerromagnetic material” refers, wy &t least ong embodiment, o a
material that generally exhubits hysteresis phenomena and whose permeability is dependent on
the magnetizing force. Also, the tevm “lerromagnetic material” can also refer to a magnetically
permeable material whose relutive permeability s grester than unity and depends vpon the
magnetizing force,

As used herein, the tenm “feld interaction region” refers, in at least one embodiment, to a
region wheve the magnec fux developed fronm two or more sources futeract vectorially n a
manner that can produce mechanical force andior torgqoe relative (o those sources. Generally, the
term “flax mteraction region” can be ased interchangeably wath the term “field nisterachion
region.” Exanples of such sources inclade feld pole wenmbers, active field pole members,
andfor magnets, or portions thergof. Although a field interaction region is often referred to in
rolating machinery parlance as an “air gap,” & feld inleraction region is a troader term that
deseribes a region in which magnetic flux from two or more sources interact vectorially to
produce mechanical force and/or torque relative to those sources, and therefore is not hmited o
the definition of an air gap (Le., not condined io a vohune defined by the areas of the magnet

sarface and the pole face and planes extending from the peripheries between the two areas). For

example, a fleld interaction region (or at least a portion thereof) can be located mnlemal o a
magnet.

As used herein, the term “generator” generally refers, in at least one embodiment, o an
electrodynamic nachine that 1s conhigured 1o convent mechameal energy inte elecineal energy
regardless of, for example, 1ts cutput voltage wireeform. As an “alternator™ can be defined

sinailarly, the term generator includes aliermators in dts defmition,
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As used berein, the torm “magnet” refers, in at least one embodiment, to a body that
produces a magnetic field externally unto el As such, the term magnet includes permansat
magnets, electromagnets, and the like. The term magnet can also refer to miternal permanent
masneds (“TPMs™), surface mounted permanent magnets {“SPMs™), and the hke.

As used herein, the term “motor” generally refers, in at least one ewbodiment, 0 an
slegtrodynumic machine that is conflgurad to convert electrical snergy o mechanical engvgy.

As wsed herein, the term “magnetically permeable™ 15 a deseriptive term that generaliy
vefers, in at least one ernbodiment, to those materials baving a magnetically definable
velationship between Hux depsity ("B™) and applied magnetic field ("H™). Further, the term
“magnetically permeable” is intendad to be a broad term that includes, without lhnitation,
ferromagnetic materials uch ay common favunation stesly, cold-rolled-gram-orientad {CRGOY
steels, powder metals, sofl nwgnetic covoposties ("SMUs™), and the ke,

As usad herein, the term “pole face™ refers, i at least one embodiment, to a surface of a
pole show that faces at least a portion of the fhix interaction ragion {ax well ax the aw gap).
thereby forming one boundary of the flux nteraction region {as well as the air gap). o some
embodiments, the term “pole face™ can be described geverglly as including a “fux interaction

swrface.™ In one grabodiment, the term “pode face™ can refer o a “stator surfhice.”

<

As used herein, the term “pole shoe” refers, 1 at least ong embodiment, 1o that portion of
g field pole member that factlitates positioning a pole face so that wt confronts & votor {or a
portion thereof), therehy serving to shape the alr gap and control s reluctance. The pole shoes
of a field pole member ave geperally located near one or more ends of the core starting at or negr
a cotl region and terminating ot the pole face. In some embodiments, the ferm “pole shoe™ can
be described generally as 2 “stmor region.”

As used hergin, the term “soft maganstic composites”™ {“SMUs"} refers, in at least one
embodiment, to those materials that are comprised, in part, of msulated magnetic particles, such
as wsulation~coated ferrons powder metal materials that can be molded to form an element of the
stator structure.

Cscussion

FIG. 1 is an exploded view of a rotor-stator structire mchuding rotor assemblies in
accordance with some embodimenis, Various embodiments velste generally (o electrodynamic
machings and the like, and more particularly, o rotor assemblies and rotor-stator strugtures for
electrodynamic machives, inclading, but not limited to, oater votor assemblies andror mmer rotor
assemblies. In some embodinents, g roter for an electrodynamic machine wncludes a rotor
assembly. FHG. 1 depicts a rotor structure incloding at least pwi rotor assemblies 130z and 130h

mounted on or affixed 1oy g shaft 102 such that sach of votow assentbrlies 1301 and {30b are

1§
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cisposed on an axis of rotation that can be defined by, for exmuple, shalt 102, A stator assembly
L4 can inchude active Held pole menbers arvanged about the 3%, such as active field pole
members g, 11h, and 1H0¢, and can have pole fucas, such as pole face 114, formed at the
ands of respective field pole members 11ia, T, e, Active field pole members include a
cotf 112, A subset of pole faces 114 of active field pole members 1104, 110b, and 110¢ can be
positionad 1o confront the arrangement of magnetic regions 190 m rotor assembly 130a to
establish air gaps. Note that a subset of pole faces 114 can be disposed imernally 10 a conically-
shaped boundary 103, such ay either conically-shaped boundary 113z or conically-shaped
boundary 103, For example, the subset of pole faces 14 can be disposed at, within, ov adjacent
to at least one of boundaries 103a or 103b the form conically-shaped spaces. Either of
boundaries 13a or 103b can circumseribe o substantially circumscribe a subset of pole faces
114 and cain be substantially coextersive with oue of more air gaps. For example, the texm

“substantially circumscribe™ can refer to a boundary portion of conically-shaped space thai
encloses surface portions of the subset of pole faces 114, As shown, &l least ong of boundaies
103 and 103b form a conically-shaped space and can be oriented at an angle A from the axus of
rotation 173, which can be coextensive with shaft 103, As shown, boandary 1033 15 a1 an angle
A and extends from an apex 171a on axis of rotatton 173 in 3 divection oward apex 171b, which
is the apex of @ conically-shaped boundary 103b, As shown, comcealbv-shaped boundaries 103
and 103b each chude a base 175 {e.g., perpendicudar to shafit 102} and a lateral surface 177,
Lateral surfaces 177 cant be coextensive with comcally-shaped boundary 103a snd 103h for
conically-shaped spaces. Note that while conically~shaped boundary H13a and conicalty-shaped
bBoundary 103b each 18 depicted as inclodimg base 175, conjcally-shaped boundary 103g and
conicatly-shaped houndary 103 can extend (e.g., conceptually) 1o relatively lavger distane
such that bases 175 need not be present. Thus, contcally-shaped boundary 103a can extend to
encapsulate apex 171h and concally-shaped boundary 103b can extend o encapsulate apex
171a. MNote, too, that in some embodiments, at least a portion of pole face 114 con include o
surface {e.g., 3 curved surface) oriented in a direction away front an sxis of rotation. The
direction can be yepresented by a vay 118z as anormal vector extending from a polint onva plane
that is, for example, tangent to the portion of pole face 114 Ray 1158 extends from the portion
of pole face 114 in a direction away from the was of rotation and shall 102, Note that ray 1152
can He in a plans that mclades the axis of rotation. Sumilarly, ray 115k can extend from the othey
pole face outwardly, whereby ray 115b can represent a normal vector oniented with respect 1o g
tangem plane 192,

Each rotor asserobly can include an arvangement of magnetic regions 190, 'Magmeiic

Y
fe

region 190 (or a portion thersof) can constitute a magnet pote for rolor assembly 13k or roiw

.
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assemnbly 130b, aecording 1o some entbodmients, I one or move embodunents, at least one
magnetic region 190 has g surfice (or a portion thereod) that s coextensive {or 1s substantially
goextensive} 1o one or more angles with respect to the axis of rotation or shaft 102, 1n the
example shown, one or more magnetic regions 190 of rotor assembly 1302 can be disposed
exterpally to 8 portion of a conicalty-shaped space {e.g., a conically-shaped space associated with
eithgr gonigally-shaped boundary Hi3a or comically-shaped boundary 103b) that iz centared on
the axis of rotation.  In some embodiments, the arrangement of magnelic regions 190 can be
wounted on, affixed to, or otherwise constrainied by a support structare, such as either support
siructure 1382 or suppont structure 138h, Support structures 13%8a and 138b are configured o
support magnatic regions 190 in compression against a radial force generated by the rotation of

rotoy avsemblies 1302 and 130b around the aas of rotabion. fnoat least somme cases, support

%I

sttuctures 138 and 138b also can provide paths for fhux, For example, support stractures 138a
and 138 can include magnetically permeable material fo complete flux paths between poles
(g.2., magnetic regions andsor magnets) of rotor assemblies 130 and 130h. Note that support
structures 138a or 138b need not be limnited to the example shown and can be of any vaned
structure having any varied shapes andfor vanied functionality that can function to at least
support magnetic regions 190 in compression duwring rotation. Magoetic regdons 194 can be
formed from magnetic matenial (e g, permanemt magnets) or magnetically permeable matersal, or
g combination thereof, but is not imited those structures, Tn some embodiments, magnetic
regions 190 of FIG. 1 can be representative of surface magnets used 1o form the poles (e.g., the
magnet poles) of rotor assemblies 134z and 130h, whereby one or more sarface magnets can be
forroed, for example, using magnetic matenal and/or one or wore magnels (e, permanend
magnets), or other equivalent matenials, In some embodiments, the term “magnetic mgterial” can
bre usad to refer to a structure andfor a composiiion that produces a miagnelic field (ep.. a
magnet, such as a permanent magnetd. In various embodiments, magnetic regions 194 of FIG. |
can be representabive of one or more aternal permanent magnets (CIPME™) (or porhions thereof)
that are used o form the poles of rotor assemblies 130a and 130h, whereby one or more interngl
parmanent magnets can be formed, for example, using magnetic matenal {e.g., using oue ov more
nagnets, such as permanent magneis} and magnetically penmeable material, or other equuvalent
materials, According to at legst some embodiments, the term “ternal permanent magnet”
{“IPM7) can refer to 3 structure (or any surface or surface portion thereod) that prodacss a
magnetic field, an IPM {or portion thereof) mohiding a magnetic material and 8 magnetically
permeable materral through which flax passes {e.g., a1 least a portion of the flux being produced
by the magnetic material). In various embodiments, rongnetic material of & magnetic region 190

can be covered by magnetically permeabls matenial, such that the magnetically permeable
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material 15 disposed between the sprfaces (or portions thereol) of magnetic region 190 and
respective gir gaps auddor pole fuces. In at least some cases, the term “internal pennanent
magnet” (IPM”) can be used interchangeably with the term “mterior permanent magnet.”
While the rotor-stator structure of FIG. 1 s showa o inclade three feld pole members and foar
maguelic regions, a rofor-stator struchure according to various embodiments need not be so
Hmited and can include any mumber of figld pole members amd any number of magnatic regions,
For example, a rotor-siator stracture can inchade six Held pole members and gight magnetic
TEgIonSs,

As used beran, the termt “rotor assembly™ can refer to, at least in some embodiments, 1o
either an ouler rotor assembly or an inner rotor assembly, oy a combmation thereof. A rotw
assembly can inclade a swriace povtion that s coextensive with a cone or & boundary of a
conscally-shaped space, and can include magnetic malertal and, optionally, magnetically
permeable material as well as othey materials, which can also be optional. Therefore, a surlace
portion of a rotor assembly can be sither coextenstve with an enior surface or an exterior
surface of a cone. An outer rotor assembly includes magnetic regions 190 disposed “outside” the
boundaries of the pole faces refative to the axis of rotation. Rotor assewsblies 130a and 130b are
“outer rotor asssmblies” as magnetic vegions 190 are disposed or arrangsd sxiermally to or
oulside o boundary 13 of a concally-shaped space, whereas pole faces 114 are located within
boundary 103 of the conicallv-shaped space {i.e., portions of magnehic regions 190 are
coextensive with an exterior surface of g cone, whereas portions of pole faces 114 e
coextensive with an interior surface of a coned. As such, a poist on the surface of magnetic
region 1901s at a greater radial distance from the axis of rotation than 2 point on pole face 114,
where both points lie 1o a plane perpendicular to the axis of rotation. An outer redor assembly
can refer to and/or include an outer rotor magnet, according o at feast some embodiments.

EON

Further, note that the igrm “rotor assermbly™ can be used nlerchangeably with the term “roloy
magnel,” according o some embodiments.

The texm “tnner rotor assembly™ can reler to, at least in some embodiments, portions of
votor struelures 1 which magnetic regions are disposed internally to of “nside”™ a boumdary of a
contcally-shaped space, whereas the pole faces are located externally 10 or cutside the boundary
of conicallv-shaped space. As such, a point on the surface of the magnetic region is at a smaller
vadial distance from the axis of rotation than 2 pont on a pole fHee, where both poinis lie in g
plane perpendicular to the axis of rotation.  An inner rotor assembly can refer to andfor inclade
an inner rotor magnet, sceording to at least some embodiments. To dusteate, FIGL 16 depicts
boundanies 1603 of cinucallv-shaped spaces in which magnetic regions 1690 gre disposed. Pole

faces 1614 are disposed or arranged outside boundaries 1603 of contcatly-shaped spaces. Thus,

9
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magnetic Yeglons 169 are coextensive with an miertor surface of a cong, whereas pole faces
F614d gre cooxtensive with an exterior surface ol a cong). In some embodiments, the term “ianer
votor assembly™ can refir to either an “mner rotor magiet” or a “comical magiet” or a “comical
magnet stracture.” An example of the structure of a conical magnet can inclode an assembly of
magnet components including, but not limited (o, magnetic regions andfor magnetic material and
& support structure, In some instunces, the support structure for an inner rotor assembly or
conical magnet can be referred to as a “hub,” or, W some cases, a “eove.” In at least some
embodiments, the texm “inner rotor assembly™ cay be used interchangeably with the terms
“eonicgl magnet” and “conical magnet structure.” 1o gt feast one embodiment, the ferm “inner
rotor assembly™ can refer, but are not hinnied 1o, at least some of the magnets described in 11L&
Pat. Mo, 7061152 andior UL8, Pat. Mo, 7294945 B2, According to a specific embodinent, a
volor aasembly can also refer to an ouler rotor assembly combined with an inner votor assembly.
i view of the Ruregoing, the structures andior functionalitiss of an culer rofor sssembly-
based motor can, among other things, enhance torque generation and reduce the consumplion of
manafachunng resources. Mass it an outer votor assembly is af a greater radial distance than an
inner rotor assembly, thereby providing increased inertia and torgue for certain applications,
Again, support structures 138 can be also configured o support magnetic region and sssociated
structures I comprossion against radial forces duning rotation, thereby enabhing optimal
tolerances for the dimensions of the air gap formed between pole faces and magnetic regions. In
particular, rotational forces tend o urge the surfaces of magnetic regions 190 away from the
sarfaces of the pole face swriaces, thereby facilitating air pap thicknesses that otherwise may not
be available. As such, ouler rotor assemblies can be used n relatively high speed applications
{1.e., applications i which lugh rotational rates are used), such as in glectric vehicles, In some
embodiments, a rotor assembly, as described heram, has magnetic material {8.g.. magnets, such
as pernmanent magnet siructures) having surfaces that are polarized m a divection such that flux
inferacts via af least one side of a magnetically permesble material. For example the divection of
polarization of the magnetic material can be orthogonal or substantially orthogonal to aline ora
hine poriion exiending axially betwesn two pole faces of 8 field pole member. The line or the
hine porbon extending axially between the two pole faces of the field pole member can be
ontemted pargllel to an axis of rotation,  As such, the surface area of the magnetic region can be
configured to be fess than the combined surfaces areas of the magnetic matental. For exampls,
the combined sorface areas of the magnetic material surfaces adjacent to the magnetically
permeable material can be greater than the surface area of the magnetically permenble matenal
that confronts the pole faces. Therefore, the amount of Qlux passing between the surfice of the

magnetically penneable material and & pole fage can be modified (e.g., enhanced) as a function,
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for example, of the size of the surfaces areals) of the magnetic walerial andfor the surfuce areals)
of the sides of magnetically permeable matenal, Also, the type of magnenc material {e.g.,
ceramic, rave earth, such as neodymium and ssmartum cobalt, ete. ) can be selected o modify the
amount of flux passing through a megnetic region. Accordingly, the angle of the condealty-
shaped space can be modified {e.g., 10 a steeper angle, from 43 degrees 1o 60 degrees relative 1o
the axix of rotation) to fwm a modilied angle, The muodified angle relative © an axis of rotation

can sevve to defime the orientation of either an angled surface {e.g., 8 conical surfacey of

be shartenad, which, in turn, conserves nmanufacturing mmterials (1.e., increasing the sngle to a
steeper angle, the feld pole members of a stator assembly can b shontened). The angls of the
comivally-shaped space can be modifind also to enable the uye of less powerful magnsis {sg.,
ceranuc-based magnets, such as cermnie fernle magnets). For example, decreasing the angle
from 3 velatively steep angle {e.g., 63 degreey) to a move shallow angle {e.g., 40 degrees), less
powerful magnats can be used as the surface arca of the magnets of mwagnetic regions can be
creased (o provide g desired flux conceniration. Therefore, neodynuwm-based magnets can be
replaced with ceramic-based magnets. In sum, the modified angle can be a function of one or
more of the following: (1) the type of magnst material, (11) the surface aves of the magnet
material, (1.} the surface aren of magnetically permeable migterial, {iv.} the surface srea of the
magnetic region, and {v.) the surface area of a pole face. Tn some embodiments, the modified
angle can be & non~-orthogonal angle. Examples of non-orthogonal angles include those betwean
O degrees and 9 degrees {e.g., excluding both § degrees and 20 degrees), as well as non-
orthogonal angles between Y0 degrees and 180 degrees (e.g., excluding both ¥ degrees and 180
depress). Any of these aforeroentioned non-orthogonal angles can describe the orlentation of
pole face and magnetic repions for either cuter rotor assemblies or inner rotor assamblies, or
both.

Biovanous embodiments, the angle of the contealty-shaped space can be modified to
deternung an angle that provides for an optimal surface area of 8 pole face through which flux
passes, the fux belng at least a function of the magnetic matenial (e.g., ceranmic versus
neodynuum}. In one approach, the modified angle can be deterniined by the followmg. Fust, an
amoust of flux in g coil region of an active {ield pole member can be determined, the amount of
flux producing a desired value of torque. A magnet material to produce a {lux density at an air
gap formed betwesn a surface of the magnet material and a pole face of the active field pole
member can be selected. Then, the surface area of the pole face can be calculated based on the
flux in the coil region and the flux density of the mignet muterial, the surface arey praviding for

the Hux density. Then, the pole fage (and the angle of the conically-shaped space) can bs
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oriented at g non-orthogonal angle to the axs of rotation 1o establish the surface sren for the pole
face. In some embodiments, the muagnets of ¢ rotor assambly can include an axial extension area
that can be configured to increase an amuount of flux passing through the surface of the
magnehically permealbide stracture by, for example, modifving the area dimension laving in plaves
comunon to the axis of rotation.

A stator assembly, acvording o some embodiments, can use fiekd pole members that can
wse fesy material 1o manudactare than field pole members configired for other motors. Further s
field pole roember for an outer rotor assembly-based rotor-stator stnicture can bave wider and
shorter laminations at distances farther from the axis of rotation than other laminations located at
distances closer to the axis of rotation. In turn, flux passing through the field pols member is
move uniformly distributed and is less likely 10 have lngh flux densities at certain portions of the
field pole member. In some exwbodivoents, the stracture of field pole member can be shorter than
in other motors, as there can be greater amounts of available surface area of magnetically
permeable material in the rotor of the rotor-stator structure. The available swrface area of
magnetically permeable material preserds opportunities to enhance the flux coticentration by way
of the use of magnetic material locaied adjacent to the available surface avea. Tnum, the
enhanced fhux concentration facilitates the use of pols fucss that are colucident with a stegper
angle relative 1o an axis of rolation. Meeper-angled pole faces can provide for shorter field pole
member lengths and, thus, shorter motor lengths relative to pole faces coincident with less steep
angles, According o some embodivents, a field pole member can be conligured as sn
outwardly-facmyg field pole member having a pole face onented n a divection away from an axis
of rotation. Such a pole face can have a convex-like surface, but need not be so hnuled (g2, 8
pole face can be relatively flat in rotor-stator structures implementing one or more outey rolors).
This structure provides for flux paths through the field pole menber that, on average, are shorter
than found in other stator assemblies of comparable tength along an axis of rotation. Consider
that the surface area of an outwardly-facing pole face can be composed {conceptually} of a
nuniber of unit aveas of conparable size, whereby a total flux passing through a pole face passes
flo @ greater quantity of wnit arsas associated with relatively shorter flux path lengths than in
other stator assernblies. With fhax passing over relatively shorter flux paths, the fax passes
through less muaterial than otherwise might be the case. Therefore, losses, such as eddy current
fosses, are less than other stator asseniblies that might have fux paths that, on averags, are

fonger than those associated with the outwardly-facing field pole member {having a similar axial

o]

fength). Further, an outwardly-tacmg field pole meinber can have less swrface srea {o.g.,

;

between the coils and pole fyces) adjacent a perimeter of 8 stator assembly than other stator

assemblies. Therefove, an ounwardly-facing field pole member can have fower magnstic linkage
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paths that extend {hrough a motor case, thereby reducing losses and eddy aurvents that otherwise
might be genersted in the motor case.

FIGs. 2A and 2B depict a pole face and a magnetic region, respectively, sach being
configured to form an air gap with the other, according to some embodiments. FIG. 2A depicts a
pole face 214 being formed as one of two pole faces for an active field pole member 210, which
alse tohudes a codl 212, Pole face 214 can have a surfacs {or a portion thersof) that is curved or
vonwded megward from the piterior of active Held pole member 210, Tn some sxamples, at feast a
portion of pole face 214 has a curved surface that is coextensive with one or more ares 218
radially disposed {e.g., at one or more radial distances) from the axis of retation, mdior is
coextensive with sither an intenior surface (or an exterior surface) of a cone. Although the field
pole member of active fleld pole member 210 can be composed of a conlizuous plece of
magoehically permeable matenal (2.4, a plece formed by 3 metal anjection molding process,
forging, casting or any pther method of manufacture), the feld pole members described herein
can also be composed of nultiple pileces, such as laminations, wives, o any other flux
conductors. Therefore, active field pole member 210 can be formed as a stacked field pole
member conposed of # number of laminations titegrated together,

FIG. 28 depicts § magnetis ragion 232 tucluding a magned surfacs 233 being fovmed as
one of a mamber of magnetic regions (not shown) that constitete 3 rotor assembly 230, Aa
shown, rotor assembly 230 inclades a support structure 238 for supporting magnetic region 232,
smong other things, to position magnetic region 232 at a distance from pole face 214 of FIG. 24
to establish an air gap. Support structure 238 can be also configuwred to support magnelic region
I32 in comnpression against radial forces during rotation, thereby enabling optumal tolerances for
the dimensions of the air gap formed betwegn pole face 214 and magastic region 232, Suappont
siructure 23% includes an opeming 239 at which rotor assembly 230 can be mounted to a shafl, In
some embodiments, support simciure 238 can provide 8 flux path (e.g., a return path) o
magnehcally couple magnetic region 232 1o another magneiic region uot shown, At least o
portion of surface 233 can be coextensive {or substamtially coextensive) to an angle with respect
tey the aniy of votation (or shaft 102 of FIG. 1} passing through opeming 239, Whils surfhce 233
of magnetic region 232 s depicied as a single, curved sarface, this depiction s not intended o be
fimuting. In some embodiments, surface 233 of magnetic region 232 can include surfaces of
multiple magnets (not shivwn} that are contigured to approximate a curved surfice that is
substantinlly coextensive with one or more angles with the axis of rotation, the curved surface
betng configured to contront a pole face. The woliiple magnets can include relabively Hat

surface magnets, or con include magnets having any typs of surface shape,
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FlCrs. 3A and 3B depict examples of owter rotor assenibliss, according to some
embodiments, FIG. 3A s a diggram 300 depiciing a stator assenbly 340 that Includes a pumbsr
of field pole menibers, such as field pole merubers 31 and 310, and owter rotor assembly 330,
In the example shown, onter rotor assambly 330 inclades an arrangement of mtemal permanent
S maguet (“IPMT) stractures. T this example, the radiad edges of magnetic region 390 are shown

s be approxinately balf (e, 38 the width (g, peripheral widih) of surfaces 3932 and 393b of
respective strpctares of magnetic waterial 3322 and 332b that condront the stator assembly.
Thus, the surface of magnetic region 390 can include a swrface of a magnetically permeable
structure and surface portions of magnetic material 3323 and 332b. For exsunple, outer rotor

1 assembly 3360 can include structwres (2., magnets} mcluding magnetic material 332, and
magnetcally permeatde stractures 334, Thus, outer votor wezembly 330 moludes an aranyement
of magnetc regions 390 configured to conlront a subset of pole faces of stator assembly 340,
whergby at least one magnetic ragion 390 includes a magnel 332a {or 8 portion thereof), a

magnetically permeable structure 334a, and a magnet 332 {or a portion therent). Note thata

s
L

magnetic region is not limiled 1o the example shown nor is limited to struchuves herein. For
example, a magnetic region van include one mugnet and one nagnetically penmeable structure.
in pther embodiments, a magnenic region van nctude sy nunber of magnets aud suy number of
magnetically permeable sirpctures. Further, the term “magnetic region cay sefer to the

combination of magnets and magnetically permesble stroctures {e.g., vsed to form s magnet

20 pole), or the comubination of struciures including magnetic miterial and magoencally permeable
material. In some cases, a magnetic region can refer to those surfaces constituting a pole, or can
vefer to those surfaces or stractures used 1o generate a pole, or both, A magietic region can also
be referred 1o as the surfice of a reagnetically permeable structure, and may or may not include

surfaces 393z and 393b of magnetic material 332a and 332b or respective magnets. Thus, the

td
5

surface of a magnelic region can be coextensive with the surface of 334a confronting stator
assembly 346, In at least one embodiment, magnetc material 332 bas an axial length dimension
303 that is configurable o modify an amwonnt of fux density passing through a surface of a
magnetically permeable strictwre, such as through surface 391 of magnetically parmesble
structore 334a. In some embodiments, structures of magnetic matenal 3323 and 333b are
30 polanzed fo produce magnet flax circanferentially within outer rotor assembly 330 about an axis
of rotation (not shown).

FIG. 3B is a disgran 330 depicting a votor-stator strocture including an outer rotor
assemibly 3803, g groap 342 of fleld pole members, and an omter rotor assermbly 380b. Outer

rotor assentbly 380a inclodes magnetic material 3823 and magnetically permeable structures

Tad
[® 1

384y, whereas outer rolor assambly 380b ingledes magnetic material 3820 and magnetically
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permeable struchiwes 384b. A first subset of pole Taces 364a are configured o condvont surfaces
of magnetic materiad 382a and magnstic permeable structures 384a, and a second subset of pole
faces 364b arg configured to confront surfaces of magnetic material 382b and magnetic
permeable structures 384h,

FIGs. 3C to 3D depict sn example of a feld pole member configured 1o interoperate with
outer rolor assemblies, sccording to some enbodintents. As shown, FIGs. 3 sud 3D depit
field pole wember 352 baing an cutwardly-facing field pole member with a pole face being
onented in a direction away Trom an axis of rotation 345, A pole face 3502 15 shown to
include—at least conceptually—a number of wit areas each gssociated with a lenth (2., 2
fength of a flux path or portion thereof} between pole fares 3302 and 3500 of FIG. 313, Naote that
the units of ares wm FIG. 3C are not draws 0 seale and each 1 erpovalent 1o the other anit areas,
Fole face 3503 includes 9 uni ares 332 and awul grea 304, In FIG. 313, umt area 302 35
associated with a length 309 between unit avea 302 of pole fave 3502 and unit area 305 of pole
face 330b. Similarly, anit area 304 s associated with a length 30K between unit area 304 of pole
face 350a and unit area 307 of pole face 350b, Length 30¥ 48 relatrvely shorler than length 309,
As such, flux passing over length 308 has a relatively shorter flux path than if the flux passed
cver length 309 Each unit ares of pole fsoe 3504 is associsted with a length extending 1o
another untl aren of pole face 3504,

Field pole member 352 can be characierized by a wean or average length per unit aves,
which can be determined by adding the lengths associated with each of the unil aress and
dividing the sam by the purober of unit areas o pole face 33k, The averape length per anit area
18 indicative of the amount of matertal, such as magnetically permeable matenal, contained
within field pole member 352, Flux, such ss a uan of flux (eg, umit of total flux), extending
along a certain aversge length per unit experiences less losses, such as eddy currant or hvsteresis
fosses, than a longer average length per unit area. When pole face 350a confronts a magnetic
region that prodaces a fux density over the surface area of pole face 3580a, a total Hux passes via
an aiv gap (not shown) through field pole member 352, Another charsctenistic of field pole
sember 332 I that if pole face 350a is divided axially Wi dwo equal halves (e, an apper half
312 and a lower halt 31 1) along the axus, then apper hall 312 s associated with more units of
areg gssocipted with relatively shorter lengths. Since field pole member 352 has wider
dimensions in upper half 312 than lower half 311, upper half 312 can provide for more anits of
area. In particolar, fower half 311 is associated with fewer units of area than apper half 312 &
field pole member 352 has sarrower dimensions in lower half 311, Ax there are more wnis of

area in upper half 312, yoore flux passes through the associated lengihs, including length 308,
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than passes through lower half 311, As such, more flox passes through shorter lengths than the
longer lengths associgted with lower half 31 1

In vigw of the foregoing, field pole member 3532 provides for fux paths that, on averags,
arg shorter than found in other stator assemblies of comparable length along an axis of rotation.
Therelore, a total flox passing through a pole face passes into o greater quantity of unit areas
associated with relativedy shorter flux path fengths than with other stator assemblies, Note tha
field pole wembers depicted m FIG. 3D (and elsewhere herein}, such a5 field pole member 352,
are pot mended t© be Hinited to field pole members that provide strmight fux paths. Rather,
field pole mamber 352 can include structursl atinbutes to provide a substantially stratght fux
path (e.g., consecutive segments of flux path portions that do not deviate more than 60 degrees),

FlGs. 3E 1o 3F depiat an example of & feld pole member conflzwred to inleroperaie with
inner volor assemblies, according to some embodiments.  As shown, FIOs. 3E and 3F depict field
pole member 356 being an inwardby-facing figld pole member with 3 pole face being onienied in

a direction toward an axis of rotation 343, A pole face 3540 15 shown (o inclede a number of wt
areas cach associated a length between pole faces 354a and 354b of FIG. 3F. Note that the units
of area in FIG. 3K are not drawn to scale and each is equivalent to the other umit areas. Pole face
334a meludes a unit arga 324 snd ¢ unit area 326, In FIG. 3F, unit area 324 s associsted with a
fength 319 betweery unit area 324 of pole face 3348 and anif area 325 of pole face 354k
Sumulavly, unit area 326 15 assoctated with  length 318 between unit area 336 of pole face 354a
and unit areq 327 of pole face 354b. Length 318 is velatively shorter than fength 319, As such,
fhax passimg over length 318 has a relatively shorter fux path than if the flux passed over length
319, Each uonit aves of pole face 3540 15 associated wath o length extending to another unit ares
of pole face 3540,

As with field pole member 352 of FiGs. 3C and 3D, field pole member 356 can ba
characterized by a mean or average lengih per unit avea, which can be determined by adding the
lengths assogiated with each of the unit areas and dividing the swm by the mumber of umt areas
pole face 3345, The average length per unit aren ts indicative of the amount of matenial within
field pole member 356, Again, ux extending along a certain average length per it
experiences less losses than o longer average length per unit aren. When pole face 334y
confronts & magnetc region {e.1., of @ conical magnet, a conical inner rotor assembly, or the
fike} that produces & Tux deasity over the surface area of pole face 35344, a intal (hux passes via
an aw gap {(pot shown} through field pole member 356, Another charactenistic of field pole
member 3536 i3 that if pole face 354a 18 divided axally mto two equal halves (e, an upper half
3271 and a tower half 322) along the axis, then upper half 321 15 associsted with move unis of

area as field pole member 356 {e.g., field pole meruber 356 has wider dimensions w upper half
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A

321 ihat inclede more wints of areq). Lower half 322 is associated with fewer winds of srea as
field pole member 336 1s narrower 1n Jower half 322, As there are more umits of gven in upper
half 321, more flux passes through the associated lengths, including length 319, than passes
through lower half 322, As such, more flux passes throagh longer lengths than the shorter
lengths associated with lower half 322, In some cases, when the axial tength, L, of field pole
member 3536 of FIG. 3F 15 squivalent o the axisl length, L, of fleld pole mentber 352 of FIG.
3D, figld pole member 332 has a shorter average length per umit area than field pole member 356
of FIGL 3F. As such, feld pole member 352 may inclade o lesser amount of material than field

pole member 356, and miay, at least in some cases, experience less losses,

rp

FIG. 3¢ depicts figld pole membexs for outer rotor assembliex and inner rotor asseniblies,
according 1o some embodiments. Active field pole member 341 includes a coit 331 disposed on
g Held pole member 328, wherems active field pole member 329 ncludes a conl 333 disposed

about field pole member 336, Active Held pole members 341 and 329 can have equivaleni
lengths. Active field pole member 341 inclades areas 338 between coil 331 and the pole faces.
Similarly, active field pole member 329 mncludes aveas 337 between coil 333 and the pole faces.
Areas 335 and areas 337 are located at or adjacent o the penimeter of stator assemnblies that
include agtive feld pole member 341 and active fedd poles member 329, respectively. An
example of such a perimeter 1s perimeter 651 for stator assembily 640 10 FIG. 6B, Conseguently,
areas 335 and areas 337 of FIG. 3G, in some examples, are located at or adjacent to motor cases
that can be made of sither of nagnetically permeable material or electrieally~-conductive
material, or a combmation theveof. When coil 331 18 energized, magnetic flux passes through
field pole member 328 on Huy path 338, whereas when coil 333 15 energized, magnetic flux
passes through Geld pole mentdber 336 on flux path 339, As the ateas 335 are lesser in sive than

7
H

areas 337, areas 335 of active Held pole member 341 can have a reduced possibility to generate

-
7
’

magnetic Hinkage paths 343 (e.g., from one area 337 {o another area 337) that ofherwise might

pass through a surface 347 of a motor case and geverate losses due to such magnetic hinkage
paths 343, Therelore, il the motor case is composed of magnetically permeable matenal, areas
335 of active Tiedd pole mentber 328 provide for reduced hysteresis losses relative o the
hysteresis fosses produced by magnetic hnkage paths 343 passing through sarface 347 of the

MOIOT Case. ('J*r, if the moter case 18 mmpnsed of Eﬁ,i—:CiYiCiﬁiy*ﬂ(),l}.d.m:'{.i‘,-‘(’. materia‘h areas 335 of

fosses pmdm:e{l by magnetic linkage paths 343 pa.ssi.ng through surface 347 of the motor case.
In some embodiments. the motor case can be composed of peither magnetically permeabls
material nor electnically-conductive mterial. Note that outer rator gssemblies 353, which are

A

dapicted m dashed Hues, intercept maguetic flux emanating from pole faces 349a and prevent
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such they from reacling a wotor case (not shown). Note further that pole faces 349z of field pole
member 328 and pole fices 3496 of figld pole member 336 can have surfaces that are oriented at
an equivalent acuie angle (&.g., 40 degraes) with respect to an axis of rotaticn.

FIG. 3H depicts an example of a rotor siructure implamenting an arrangement of offset
outer rotor assemblies, according to some emboduments, Rotor structure 370 is shown (o include
rotor gssemblies 3Rk and 380y disposed on an axis of rotation 371, Rotor sssembly 380x 13
shown to wchade magnetic regions 379, which, in tarn, can include magnets andfor magnetic
voaterial 382x (or portions thereof) and magnetically permeable struchures 384x. Rotor assembly
380y also includes magnetic regions (not showa) similar o magoetic regions 379, which, in turn,
can include magnets andfor magnetic material 382y {or portions thereof) and magnetically
vermeable stractiwes 38dv. As otor assemblies 3a0x and 380y each can contribuge 10 a detent
torgque when posttioned 1o interact with Held poles (not showid o the stator, flax from either
votor assemblies 380x or 380y, or both, can contribuie to detent, Flux waveforms depinting
detent produced in assoctation with rotor assemblies 380X and 350y can be sebstaniially simitar
i shape and ampliude to sach other, and, as such, the amplitudes of the detent wavelorms rolor
assemblies 380x and 380y can be added together (e, through the principles of superposition).
The detent waveforms can add together to fornn 3 coraposite detent wavelorm. As shown, rotor
assembligs 380x and 380y ave ouler rotor assemblies.

According 1o at least some embodiments, rotor assemblies 380x and 380y can be offset
from each other relative 1o, for example, a shaft (not shown) coextensive 1o axis of rodation 371
Rotor assemblies 38{0x and 380y can be offset by an angle A 1o ‘p‘mv‘ide for a composite defent
wirvelornt that bas av amphinde less {han 1 there was vo offset, 1o some exanples, angle A can
be determined to offset at least one detent waveform to be out of phase {or substantially out of
phase), where angle A can be any number of degrees. In at least some examiples, angle A can be
any angle batween 0 1o 30 degrees. A composile detent waveform can have a reduced amplitude,
with the offset rotor assemblies 380x and 380y cansing the detent waveforms to be offset relative
to each other. In some cases, offset detent waveforms can cancel (or substantially cancel) each
other for enbanced position conirol of a motor and relatively smoother operation, according fo
varions embodiments.

Angle A can be referenced in relgtion 1o the rolor assemblies andfor between any poinls of
rveference associated with the rotor assermblies, and can be expressed in terms of mechanical
degrees about axis 371 In at least some embodiments, angle A is an angle between poles for
roloy asseniblies 380x and 380y, such as an angle batween one pole associated with rotor
assenibly 380x and another pole associated with rotor assembly 380y, For example, 3 south pole

associated with rotor assembly 380x can he posilioned on s 371 at an angde A relative toa
3 B ¢
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north pole associated with rotor assemnbly 380y, In at least some embodiments, angle A can be
referenced relative {0 a first reference point associated with rotor assembly 380x and a second
reference point associated with rotor ssserably 380y, As shown i this example, reference
pomts, such as reference poinis 339 and 3990 of associsted magnetic regions 379, can be used
to deternine an offset from each other by angle AL In some cases, reference poings 399 and
399% each can represent a point slong a line ar plane that bisects the surlice of either
magnetically permeable structure 384w or megnetically permeable strachure 3842, Reference
pownts can nclade ofher points of reference, such as a point on a conumon edge or side {e.g,,
adiacent 1o @ magnet, such as magnet 382x or magnet 382v). According to at least some
embodiments, rotor assemblies 380x and 380y can be offset relative o planes including
reference poiny, whers gach of the reference points Iy focated i a plane that includes axis 371
As shown, a ray 374y extending out from rotor assemibly 380y can be offset from another ray

3

4x oriented into rotor assembly 380k, In particular, 3 plane 3728 hwluding ray 374x (2.2, into
magneticatly permeable structure 384wk can be offset by an angle A from another plane 372b

T

that includes ray 374y (e.g., extending out from magnetically permeable structure 384x). While
planes 3724 and 372 ncloding ravs 374x and 374y can inclode axis of rotation 371, the planes
need not be so lundied. Plane 372b hisects magnetically permeabls roatsrial 3845 sugh thay
veference poid 399b s located ot mudpoint between equal arc lenpths 398a aud 398 {e.g., along
a circle contered on axis of rotation 3713 Note that stractural features, such as feature 377,
which is shown with shading, s aptiona! and weed not be present 1o various examples.

FIGs. 4A and 4B depict different perspective views of an example of ai ogler votor
magnet or rotor assermbly, according to sowe embodiroents. In FIG, 44, a rotor assembly 4(4)
inchudes magnetic material 482 (g1, as permanent roagnets) having surfaces 483 conligured o
contront pole faces, and magnetically permeable structures 484 having surfaces 483 that are
configured also ic confront pole faces. Surfaces 483 and 485 can specify a magnehic region
andfor a pole for rotor assembly 400, Note that while surfaces 483 of magneiic material 482 are
configured to confront pole faces, flux need not, according 1o some embodiments, pass through
surfaves 483, Ruther, the fux andfor Pux density produced by the structires of magnetic
material 462 can magnetically couple to (e, form flax paths through) the sides of magpetically
permeable siructures 484, whereby flux produced by the structures of magnetic material 482 ca
interact via surfaces 485 with pole fuces.

FIG. 4B depicts another perspective view of a rotor assembly 458 meludes magnetic
material 482 {o.g,, as pennanent magnets), and magnetically permeable sftuchures 484, A
surface 4852 of nwpaetically permeable structures 4844 can be at angle “A™ from centerhing 472

passing through the center of rivlor assambly 430, where Hine 470 is coextensive with aof least a
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portion of surface 4833, Further, surfaces 483a of magnetic matenal 482a can be atangle A7
{or sy other angle) from centerhine 472, 1o some embodiments, centerhing 472 coincides with
an axis of rotation, Centerline 472 can reprasant a geontetric center of § number of wross-
sections of rolor assembly 450 in planes perpendicular to the axis of rotation. To Hustrate, FIG.
4B depicts a cross section 486 having an annular or a disc shape that is centered on centerline
472, with cross section 480 residing a plane perpendicutar 1o canterling 472, Further, centerhing
473 can represent, for example, 8 {ine about which rolor assenshly 450 16 symmetne. In ot least
some embodiments, surfaces 485a are used 1o fonm alr gaps with adjacent pole faces {not
shown), In at least one example, surfaces 488, such as surface 483y, are configured 1o be
coextensiva with portions of an outer swrface of a cong, whereas surfaces 483, such as surface
$E 30, may oF gy nof be configured 1o be at angle A or coexiensive with the onler soiface ol g
cone. Thus, flax paths may pass bebween sarfaces 483 and the pole Taces, whereas flux paths
need not exist between surfaces 483 and the pole faces.

FIGs. 4C and 4D depict a front view and a tear view of an example of an owter rotor
assembly, according to sone embodiments. FIG. 40 depicts o front view of a rotor assembly
480 including an arangement of magnetic regions 440, A magnetic region 440 includes surface
portion 4834, surface portion 483b, and surface 483 assomated with respective magnstic material
4826, magnetic materiad 482b, and magnetically permeable stnuctore 484, whereby surfaces
4830, 485, and 483b are configured w confront pole faces (not shown), Magnetic regions 440
are areanged racdiadly abowt a centerline 470, Further to FIG, 4C, the front view (e.g., the view in
which at feast surface 4835 confronts pole faces of field pole members) of magnetically permeable
struchire $84a 18 a crreular sector shape {e.g., & “pie piece™hke cross-section in g plane
suhstantially perpendicular 1o the axis of rotation). In the exgmple shown, magnetically
permeable structure 4%4a can be defined as a portion of a circle enclosad by line 4712 and ling
471 ortginating from, for example, a pomi 477, and bounded by a first are or hine associated
with an outer rading 4734 and a second arc-or line associated with an inner vadies 473b. Line
471a snd bine 471b can be a first boundary and a second boundary extending from g point 477,
which is a cemter of a circle (nof shown} oifset fronw cenderline 470, Note that 1oner radins 473b
can be relatively constant in an exiension portion (e, i an extension region 436 of FIG. 4E)
and can vary in an angled surface portion (e.g., in an angled surfsce portion 428 of FIG. 45)
along the axis of rotation.

Referring back to FIG. 4C, the front view of magnetic material 482, such as magnetic
material 482¢, indicates that sides 47343 and 475b ol magnetic wonterial 482 can be parallel o
each other. Further, magnetic materiand 482¢ can also be bound by awn gre or Hne associated with

an owter radius 473a and another arc or ine associated with an inner radiug 4736 Noie that the
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shapes of magnencally permeable stroctares 484 and ywagnetic wmalerials 4822 and 482 ave not
finnited to those shown and can be of any shape. For sxample, magnetic materials 482a and 4836
can be wedae-shaped {not shown) and the shapes of magnetically permeable structures 484 can
be dinsensioned to have parallel sides, such as sides 473a and 475b. Note that sizes (e g, relative
sizes) of magnetically permeable structures 484 and magnetic materials 482a and 482 are not
Hmited 1o those depicted in this and other figures. Also, rotor assginbly 4840 and other variations
thereot need not be limited to magnstically permeable structures 484 and magnetic materials
483a and 482h, but may include other materials, structures and/or arrmgements of magnetically
permeable structures 484 and maguoetic materials 4828 and 482h

FIG. 4D depicts a remr view 490 of a rotor assembly 4530 including arvangements of
magnelic material 482a, magneiic material $82b, and magnetically permeable sfruchures 484 of
FIG. 40, where magoetic material 482a, magnetic material 4820, qud magnetically peomeable
structures 484 gre used to form a magnetic regions. Surfaces 48Ya, 487, and 489 are rear
sarfaces of magnetic matenial 4823, magnetically permeable struciure 484, and magnetic material
483, respectively. In some embodiments, the cross-sections of magnetic wmaterial 4824 and of
magnetic material 482b are substantially rectangular in a plane perpendicular to centerhine 470,
i various instanges, one or more of the surfaces of either the magnetic materiat o the
magnehically permeable stracture can be curved or straight (o can be fonmed from ndtiple
stratght portions o approximate a curved surface) at an inver radivs dimension, such as af inner
racdius 4730 of FIG, 4C or an outer radius dimension, such s st an oujer radius 4732 of FEG. 4C,
The cross-section of magpetically permeable siructure 484 can be trapezoidal i shape (e.g.,
wedge-shaped) 1 a plane perpendicular fo centerline 470, Purther, FIG. 40 depicls o reat view
of structures for formaing magnetic poles 460 and 462 where pole 460 1s 2 north pole and pole
462 is a south pele. In the example shown, 3 portion ("N 482z of magnet 4&2¢, a portion ("N}
4820 of magnet 482d and magnetically permeable struchre 484e form pole 460, whereas a
poriron {87 482 of magnet 482d, a portion {57} 482k of magnet 482e, and magnetically
permeable structore 484d form pole 462, Note that maguets 482¢, 4424, and 482¢ can be
polarized in the divection shown by the Bux arvows with porth ("N and south {787} notations,
whereby the directions of polartzation can be cwcamferential (or substantiadly civecomferential},
and, thus, can be tangent (or substantially tangent) o a circle (not shown) sbout centerline 470,
i some sxamples, the divections of polarization can be circumfersntial in that flux passes
generally of| al, or near the circamderence of a circle {not shown) about a centerhine sndior an
axis of rotation. In somie embodiments, the portions of magnets 4823 1o 483b need not be vissble
in the rear view. For example, the axial lengths of magnets 482 of FIGs. 4A and 48 need not

extendd along centerline 472 as long 35 magnetically permeable muatenal 434,
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FIGs. 4E 1o 4G depict cross-sectional views of an example of an owler rotor assembly,
according o some embodimenis, Diagram 420 of FIG. 4E includes a cross-section of an ounder

R

rolor assembly iy which a plang ("X-X77} bisgets the outer rotor along or through the mas of
rolation 412, The cross-section includes an extension portton 426 and an angled surface portion
428 having at least a subset of dimetsions along the axis of rotation 412, Extension portion 426
mcludes an muoer radius ((IR7) 421 ax a dimension that is substantially constant along axis of
rotation 412, Extension portion 426 can be configured to vary an ansount of flax passing through
a surface of moagnetically permeable structure, such as sorface 4235, The amount of flax can be
varied by modifying a dimension along the axis, such as an axial length 429, The amount of Hux
can be generated at least by magnetic material. In some examples, the amouwnt of Mux can be
vavied by modifying avother dimension, belght 427, which can be perpendicalar to axis of
rolation 412 In some cpses, modifying the outside rads COR™ 49 of the outer votor
assembly may influence height 427 1o modify the amount of flux. Alse, modifving height 427 1o
modify the amount of flux may or mav not influence cutside dameler 499, Angled surface
portion 428 15 shown 1o have surfaces at nualtiple radial distances 423 fom axis of rotation 412,
whereby radial distances 423 increase at axial distances further from extension portion 426 along
axis of rotation 412, But note that radisl distances 423 need nol vary m some casss (1ot shown).
For example, one or more subsets of radial distances can be constant or substantially constant for
one or more subsels or ranges of lengths along the axis of rotation.  As shown, the intenor
portions of an internal permanent tagnet (“IPM™Y andfor portions of the mageencally penmeable
material and magnetic matertal are disposed at radial distances greater than a radial distance 423
from the axis of rotation.

In sinne embodiments, the portions of magmets 482a 10 483b need not be visible w the vear
view. For example, the axiasl lengths of magness 482 of FIGs. 44 and 4B need not extend along
centerline 472 as long as magnetically permeable material 484 along the axis of rotation. Thus,
magnets 482 can be embedded in magretically permeable material such that they need not
extend axially through the axial length of a rotor assembly. In some embodiments, magnets 482
having a shorter axiad length tha agnetically permeable material 484 can be disposed adjacent
sapplemental structures 431 that can inclode any materiad, such as plastic. 1 some mstances,
supplemental structwres 431 can include any mglerial that redeces or prevents magaetic short-
cirpuits between structures of magnetically permeable material 484, While magnets 482 may be
disposed in angled surface portion 428, they can be disposed in a portion of an exiension portion
or can be onutied therefrom. In some embodiments, surfaces 483 of magnets 483 can be covered
by magnetically permenble material between surfices 483 and respective ak gaps andior pole

{aces.
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Diggram 410 of FIG. 4F 15 a perspective view of a cross-section of an outer rotoy assembly

Y

432 in which a plane {"X-X773 411 bisects the outer rotor assembly aloug the axis of rotation
412, agcording to ot feast ong smbodiment. The nner diameter of extension portion 426 can
melade one or more radial distances. In the example shown, the muege diameter can include ax

S racdial distances 413 and 414 between axis of rotation 412 and the sorfaces i extension portion
426 for magnets 482 and magnetically psrmeable structurs 484, In some cases, radiad distances
413 and 414 can be the same.
Dingran 430 of FRG. 40 i3 another perspective view of a cross-section of an outer rotor
assenbly 432, sceording (0 at least one embodinient. As showr, the surfaces of magnets 482

WY and magoetically permeable stractures 484 can be at the same or at different distances from the
axis of rotation {e.g., the surfaces for magnety 452 and magnetically permeable struchue 484 can
reside on the sume or different interior or exterior surface portions of 4 cone), Thus, surfaces
437 of magnetically permegable structures 484 and surfaces 439 of magnets 482 can be

dimenstoned similarly or differently. In the particular example shovwn, surfaces 437 of

P
L

magnetically permeable structuves 484 can be disposed at a radial distance 433 from an axis of
rotation, whereas surfaces 439 of magnets 482 can be disposed at a radial distance 435 from the
axis of rotation, Note that i st tesst some smbodumens, swrfaces 437 of magnatizally
permeable stractures 484 are configured to convey fhux between g pole face (not shown) and
outer rotor assembly 432 in an angled surface portion. Thus, surfaces 439 of magnets need not
20 be ooextensive with the sanre conically-shaped space to wihach surfaces 437 are coextensive.

Y

Rather, surfaces 439 of the magnets can be described as being “recessed” relative to surfaces
As g gaps can be delined i assocated with surfaces 437 of magnetically permenble
structures 484, the distances 435 can be equal or greater than distances 433 relative fo go pas of

rotation. Further, surfacses 439 can be of any shape are not lmited 1o the shapes shown in FIG.

SRS

b8
.5

Fi(is. 54 and 3B depict different views of an example of o stator assembly, according to
some embodiments. FIG. SA is a diagram 500 depisting a side view of stator agsembly 5440
inchading an arrangament of active field pole members each ncluding a field pole member 310
having pole faces S14a and S14b, and a coil 53120 As shown, pole faces $14a and portions of
30 respective pole shoes are disposed in g portion 513 of stator assembly 340 and pole faces 314b
are disposed i a portion 5313b of stator assenbly 540, Pole faces $14b and portion 513b are
configured {o extend into an interior region 524 of 4 rotor assembly 540, According to some
emwbodiments, interor region 32415 an opening, space or cavity configured 1o recetve porfion

513, gnd can be formed gs having a frustum shape. As s known, a frustum 1s g cone-based

Tl
LSy

shape with a fivst circutar base {e.g.. a hotton base} and a second chroular basad (&g, a top base),

[
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whereby the second base is formed by cutting off the ip of a cone along a plane perpendicudar lo
the height of g cone, The height {not shown) of the vone 1n this example hes along axis of
rolation 320, {ntertor region 524 can be formed by planes 533 and 535 passing perpendicular to
an axis of rotation 520, Planes 333 and 535 pass or cut through a conical boundary 515 of a cone
disposed on an axis of rolation 520, with apex 311b of the cone ving on axis of rotation 320, In
at least ong example, planes 533 and 535 can form g first base and a second base, respectively, of
a frosturn-shaped iterior region 324, Conical boundary $18 is ortented so a3 to extend from
apex 511b to enclose another point §11a on axis of rotation S3¢ within the imterior of conical
boundary 13, Point S1ia can serve gs another apex for g conical boundary {not shown) i
enclose portion $13a withn, An angled surface 325 of, for example, & magnetic region of rotw

assembly S44 ave disposed within region 323 that i sxiernal 1o the conieal boundary SIS,

whereas pole faces 514b reside w region 5321 that is internal to the conical boundary S15.
Further, pole faces 314b can be orignted at an angle refative 1o axis of votation 520, whereby the
angle is the same or different refative ke an angle cosxiensive with angled surface 328,

FIG. 5B 18 a diagram 3530 depicting a side view of stator assembly 380 mncloding an
arvangement of getive field pole members each including a field pole member 510 having pole
faces F1du and S1db, and a cotl 12, Coll 312 can be disposed it or over a bobbin 516, As
shown in FIGs, SA and SR, pole faces S1da and 514 are configured to align with a bine or
surface that is al an angle with, for example, the axis of rotation, Further, pole faces 5144 and

F1dh melude surfaces (or porvons thereat) are contowred to also align with or be bounded by the
lisie or the surface at the above-mentioned angle. Therefore, pole faces S1da and S14b can
melude convex surface portions.  According to sowe embodiments, pole faces $1da and 514b
can be substanttally flat or flat. A substantially flat ov Qat surface for g pole face can be
coextensive with af least one or more portions of a conically-shaped space. In one example, 5
widih of a pole face from the group of pole faces S14a and 314h can be or can substantially be
comeident with an arc on a circle centered on the axas of rotation. The width of the pole face can
decregse as, for example, the number of field pole members increase for stator assemblies 540 of
FIG. 3A and S30 of FIG. 3B, The width decrgases as the are makes up a sinaller portion of the
diameter of the circle, and as the avc 18 reduced, the ave approximates a hoe by which the surface
of the pole face can be bounded.

FIG. 6A depicts an outer rotor assambly and 3 stator asssmbly configured to interact with
each other, according to some embodiments. Outer rolor assentbly 630 and stator assenbly H440
can imferact with each other when arranged co-linerly. Diagram 600 depicis rotor assembly 534
mehuding nwagnets 632 and magnencally permeable structures 634, Rotor assembly 630 is

configured to centsr ona cepterfing 602h, which can coincide with an axis of rtation, Swrface

24
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£83 g surface 685 of respective magnets 632 and magnetically permenble struchues 634 can
be coexiensive with or can he bounded by a line 670 o surface ortented af an gugle, A, from
centerline 602b. In some embodiments, surfaces 685 of magnetically pernseable structures 634
need only be orfented at angle A for forming air gaps with pole faces 614, with sarfaces 683
being optionally oriented with angle A, Stator assembly 640 is shown {o include a subset of pole

¢ # parimeter 631

P

faces 614, with the dimensions of @ number of field pole members establishin
for stator assembly 640, The dimensions of the number of feld pole members can also estabslish
a drmeter 657, as shown i FIG. 68, Referring back to FIG. 64, an envelope 642 cun defline
eue or more boundaries i which pole faces 614 (or surface portions thereof) ave ortented, with
envelope 642 being centered on a center hine 602a. In soume cases, envelope 642 is a conically-
shaped three dimensional space that can circumseribe the surfaces of pode faces 614, The
iterior surface of envelope 542 can be cotneident with ai least one angle, B. Note that angle B
can be the same as angle A, or can vary thergfrom {e.g., an alr gap can have a wiform radial
thickness or can have o variable axial thicknesy that vavies in thickness slong the axis). Staior
assembly 640 can glso be centered on centerline 602a. Centerhines 6024 and 602b can be
cotncident with an axis of rotation, at least in some cases. Note that while envelope 642 can
define a boundary of pole fages 614, the pols faces veed not be comtoured or convex in all
examples. For example, pole faces 614 can include flat portions that are oviented at angle B
within the boundary sei forth by envelope 642

FiGs. 68 1o 60 depnct cross~-sections of field pole wersbers for determbing a surfhce arga
of a pole face, according to some embodiments. Angles A andior B of FIG. 6& can be
determined as {ollows. Generally, a rotor-stator structure is designed based on spatial
constraints, such as o vohume o which the mtor-stator structure s 1o restde. Thus, statw
assembly 640 of FIG, 6A can be configured o have s perimeter 651 andfor a diameter 657, FHI
6B depicts a cross~-section 630 in a plane perpendicular to axis of rotation 656 with active field
pole members arranged as a stator assernbly within perimeter 651, Cross-section 650 can be
located within a coil region 644 of FIG. 6A m which coils are disposed axially {e.g., the coils van
be woand moan axial direciion W generate ampere-turn (CAT™Y Dux 1o a divection along sy axis
of rolation 656 of FIG. 6B within the field pole members in coil region 644, Active field pole
mentbers include cotls 632 and field pole members 634 of FIG. 68, A desired amount of flux
{e.g..  total gmount of flux} can be determined in codl region 644 within an active {isld pole
member {0 prodoce a valoe of torque. A flux density produced at an air gap can be inflaenced by

the magnetic matenal wsed for magoets 632 {e.g., neodyvinium magnets produce greatgr Tux

densities than, for nstance, a cerarnic magael), Therefore, a specilic magnetic mderial con be

selected to producs 3 Hux density to achieve 3 desired amount of flux in a portion of a feld pole
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member having g cross-sectional area 6635 of FIG. 6C, which depicts a crossesection 668, Cross-
sectional area 665 can provide for the desired amount of flux {e.g., total fux composed of at lzast
AT-gensrated flux and magnetic material-generated fux) through the field pole member. In
some cases, cross-section 660 can be perpendicular to centerline 602a of FIG. 6A. For example,
cross-section 660 can be depicied as cross-section 661 of a feld pole member 641 of stator
assembly 640 of FIG. 64, with cross-sgction 661 being in a plans (not shown) perpendicular o
cepterline 602a.

FIG. oy dlustrates a surface aren of a pole face determinied as a function of the fux na
coil region andior the flux density produced by at least one magnetic region, the surface ares
being oriented at angle from a reference line, sccording o some embodiments. Surface area 694
of a pole face 614 of FIG. 6A can be based on the fuwx i coll region 644 and the flax densily
produced by ot Teast one magnet 632 of the magnetic region, exther {or both) of which can
influence the generatton of a desived amount of torque. Therefore, surface area 694 can be
determingd as a function of Bux produced by the magnetic material of magnets 632, the flax
onginatinig fangent to a cucle about centerlive $02a (.o, as determined by the divection of
polarization). Angle B can he determined to achieve surface area 694, Note that surface ares
694 is greater than cross-sectional area 603, thereby enbancing the congentration of
magrel-produced Thax within the field pole member. Pole face 6148 is orenfed at an angle B
{e.g., an acwie angle 1o cenierline 602a} to establish surface area 694, Note that the depicion n
FiG. oD is viewed frony g point on g ine sormal (o the surface of pole face 614a. In some cases,
at {east a portion of pole face 6142 is coextensive with & portion of a cone. Angle A can be
determined to orent the sprface GRS of at least magnetically permeable structure 684 to the axis
of rotation to form the aiv gap.

FIG. 7 depicts g cross-section of a rotor-stator structure i which field pole members are
postitonad adjacent to magnetic regions to form air gaps, according io some embodiments.
Cross-section 700 inclades fleld pole members 710a, 710b, and 710c¢ onented between portions
of outer rotor gssemblies. In particular, field pole member 7104 is Tocated between magoetic
regton 7208 and magnetio region 7900, Anatr gap 711 s formed between mauneiic region 700a
and a pole face (not shown) of field pole member 710a and another aiv gap 713 15 formed
between magnetic region 790b and another pole faee (not shown) of field pole member 710a.
Magnetic region 790 includes magnsats 732a {or portions thergof) and a magnetically permeable
structure 734a, and magnetic region 790b includes magnets 732b (or porfions thereot) and a
magnetically permeable structure 734b. In operation, a fux path (or a portion thereol} can
extend from magnetic region 790a via field pole member 71 to magnetic region 790b in

exampies where maunetic region 7903 forms a porth pole and magnetic ragion 790b forms 3

26
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south pole. In thus example, magnets 732 (o porbons thereof) tnclude vorth poles oriented

toward magnetically permeable stracture 734 and magaels 732h {or portions thereof) include
south poles oriented 1 a dwection sway fom magnstically permeable structure 734b. Note that
while magnetic regions 790 and 790 arve shown o be offset, they need not be.

FIG. 8 depicts cross-sections of rofor-stator structure portions Hlostrating one or more flux
path examples, securding to spme embodiments, Diagram 800 inchudes feld pole members
Rita, &10b, and S10c disposed between rotor assemblies 330a and 3. As shown, flux path
portion 8914 can extend through field pole wmember 810z From magnetically permeable structure
#34a in rotor assembly 830a lo magnetically permeable structure 834b in rofor assembly 830h,
Flux path portion 8%1a also passes through air gaps 711 and 713 that are formed between field
pole member 310 and respective rotor sssemblies 330 and B30L. Magnetically permeable
structure ¥34b and magriets 8328 and 832¢ (or portions thereol) are shown gs constituhing
magnetic vegdon &90e, which forms a south ("S™) pole. The flux path portion passes from
magnetic vegion 8¥20e (o magnetic region 890, which forma a sorth (N7} pole. Magnetically
permeable structure 834c and at least magnet 832a (or a portion thereof} sre shown ag
constituting magnetic region 890d. The flux exits rotor assembly 830b as flux path portion 891b
and passes through Hield pole member 810b before emtering magastically permeable structurs
§34d of magnetic region ¥ (Le., a south pole), which also includes at {east magnet K32b, The
flux passes to magnetic region 890b (e, a north pole) composed of oagnetically permeable
strugtore 834a and magnets 832h and 8324 {ov portions thereof), thevehy establishing a closed
fhax path. According to the example shown, rotor assemblies R30a and 830 and field pole
mwentbers 810a and 8105 form a closed flux path. Porbions of the closed flux patl pass through at
least field pole members 810a and 810b and ot least rotor assemnblies 830a and 8306 in npposite
direciions or in substantially opposite directions. In soxne cases, a first portion of the closed flux
wath can pass through rotor assembly 830z in a substantially opposite divection thay 2 second
poriron of the closed fux path that passes through rotor assembly ¥30a. For example, the first
portion of the close flux path can pass through rotor assembly 8304 in one direction about the
axis of rotation (e.g.. clock-wise} and the second portion of the close flux path can pass through
rotor assembly R30b in apother divection about the axis of rotation {e g, vounter clock-wise),

In a specific embodiment, the rotor-siructure can be configured such that Hux path portion
&91a can separals in rotor assembly 830b to form flux path portion 891b and flux path portion
§91c. Flax path portion 8%1b passes through fleld pole member R 1, whereas fux path portion
¥ o passes through field pole member 810¢. The flux from magoelic region 8%je enters magnat
vegion R9Of (i.e., a north pole) including magnetically permeable structore 834 and at Teast

magnet 832¢ (or a portion thersof), The flux exits retor assembly 830h and passes through field

I
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pole member 8100 and into magnetic region 820¢ {1.e., a south pole) of rotor assembly $30a.
Maguetic region 890¢ meludes magnetically permeable structure 4341 and st least magast #8324
{or g portion thereof}. Note that the gengration of fhux path portion 891¢ is optional and need not
be present i gach rolor-stafor structure of the vartous embodiments. Note, too, a “Hlax path
portion™ need not be houted 1o those shows, but can be any part of a fux path and of any lengih.

FIGs 94 to 9C depict cross-sectinns of 3 rator-stator structurs portion Hustesting
exansies of ong or morg fhx path portions, according o some embodiments. Diagram 500
depicts cross-sections of field pole members 910a and 910¢ that are disposed bepween rotor
assemblies 930a and 930b, As shown, cross~section X-X' is a cross-section of feld pole
member 910a between rotor assemblies 930a and 930b, where cross-section X-X is 3 nredial
plave sxdending nan axial divection through a south magnetic pole mcloding a magnetically
permeable structure (N7 922a aid 8 nonth magnetic pole including 2 magoetically permesble
structare (N7) 920a, The medial plane divides field pole member 9103 approximaisly m hall
{e.2., meledes percentages from 36/30 1o 60740 on either side). Sundarly, cross-section Y-Y s a
cross-section of feld pole member 910¢ between yotor assembhies 930 and 930b, where cross-
section Y-Y" is also o medial plane extending 1n an axial direction through a north magnetic pole
including & magnetically permesble stracture ("N 920 and a scuth magnetic pole associatad
with another wmagnetically permveable stracture {"87) 922b. Cross-section Y-Y7 divides Held pole
member 910¢ approximaiely in halfl

Yy

FIG. 98 depicts a cross-section (“N-X""V401 of field pole member 910a in which g ux
path portion 991 extends between cross-sections of rotor assemblies 930a and 940b that
cotrespond fo magnetieally permisable materrale 922a and 920q, respectively. In some
embodiments, field pole member 9104 15 conligurad 1o provide that Jux path portion 991 passes
through a portion Y04 of field pole member 9108 that is located at ons or more distances farther
than other portions of field pole member 9103, such as a portion 903, from o reference hine {e.g.,
an axis of rotation). Portion 904 of field pole mewmber 910a can have an axial length that is
shorter than other portions of field pole member 910a. For example, one or more laminations
disposed within portion 804 can have lengths that ave shorter than the lengths of laminations that
ave disposed in other porhions of Bield pole member $1a, Note that a point Y62 on the surface of
the magnetically permegble structure in the cross-section of rotor assemibly Mtacan beat o
vadial distance 996 from a reference ling 999 {e.g., the axis of rotation) and a point Y64 on the
pole face can be at a radial distance 994 from veference hine 999 wherein the both points 962 and

e hne 988 In

264 can bie i a plane 960, which, for example, can be parpendicular to refer

outer rotor assemblies, radind distance 96 15 greatey than vadial distance 994,



10

s
L=

20

ok
1%

tad
S

WO 2012/122552 PCT/US2012/028648

ST ToN

FIG. 90 depicts g oross-section (Y- 203 of field pole wember 9 10c i which a flux
path portion 993 extends behween cross-sections of rotor assemblies 9428 gnd 942b. In some
embodiments, feld pole member 9 Hie s condigurad to provide that flux path portion 993 passes
through a portion 906 of field pole member 9103 similar to flux path portion 991 of FIG, 9B,
Note that flux path portion 993 can be represetative of either fax path portion 891h or 891c of
FIG &, o at lsast some exaimples

FIG. 1 depicts a view along an air gap formed betwesn 4 magnetic region and 3 pole
face, according o some emnbodiments. Diagram 1000 s a view of an aiv gap 180 along a
curved surfage {not shown) of, for example, a conically-shaped envelope, whereby the air gap
can be cosxipusive with or located on the curved swriace. Further, disgran: 108} also depicts a
magnelic region 1044 confronting a pole face of a field pole mamnber 1010, where magnetic
region 1040 inchudes magnets 1032 (or portions thereo!) and 2 magnetenlly permeable structure
1034, The pole face of fisld pole member 1010 and magnetic ragion 1040 {ov a portion thereof)
establish an air gap O, As shown, the sarface of the pole face mecludes a curved surface

between a side of field pole member 1010 near one of magnets 1032 snd the other side of field
pole member 1010 near another magnet 1032,

FiGs, 11A to 1C depict various views of 3 field pole member, sccording 1o some
embodiments. FIG. 1A is a top view of a Reld pole member 1 11 that includes pole faces
{1140 and 1114b, and pole core 1111, A ilustrated, pole face 11140 includes dushed Hnes 1o
repwesent the contowrs indicabing a convex surface. Note that the dashed lives representing the
contours can represent the use of laminations to form feld pole member 1114, and the dashed
fines can represent sy number of lanunations that can be wsed o formipole faces 1114a and
1114b, as well as fleld pole member 1110, FIG, 118 is a perspective view of field pole member
1110 including at least a pole face 1114a, with field pole mamber 1110 being formed with a
stack 1174 of fanmnations. Line 1170 can represent a flux path passing through a portion 1172 of
field pole member 1110 shown in FIG. 11C. Portion 1172 15 an axal portion or cross-section
portion located at g distance from an axis of rotation.  In some embodiments, portion 1172 15 an
axial portion that bas dimensions o facilitate a reduction in {luy density to reduce losses that
otherwise might accompany a higher Hlux density, FIG, 11C is 3 disgram 1150 showing a ¢ross-
section view 1120 and g side view 1130 of field pole {110, Cross-seciion view 1120 depicts
stack of laminations that at the lewer portions have a width, W2, with the lamnations incrsasing
m width up to, for example, width, W1, {or the upper portions of laminations. Cross-section
view 1120 can be in a plane thal is perpendicular to the aas of rotalion, but i need not (g2, the
cross-section can he perpendicular 1o the direction of flux genersted in a coil region and n the

divection of AT flux-generated). In sorne embodiments, an axis! portion 1160 includes, fiv
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exaniple, one of more minations having a width W1 1o a plane perpendicular to the axis of
rotation ai & radial distance 1196 {e.g., an average radial distance of the radial distances for cach
of the faminatinns associated with axial portion 1160} from a reference hine 1199 {e.g., the axis
of rotation}, and an axial portion 1162 can include ong or more lanupations having a widih W2
can be ocated at a radial distance 1194 {e.g., an average radial distance of the radial distances for
gach of the laminations associated with axial portiom 1162). Note that in the example shingn,
radial distance 1196 1 greater than radial distance 1194, Further, note that axial portion 1164
has an axial lengdh 1190 exiending between two pole faces 1114a and 1114b at approxamately at
radial distance 1196, and gxial portion 1162 has an axial fengih extending between the two pole
faces at approximately radial distance 1194, where axial length 1190 is less than the axial fength
at radial distance 1194, This can facilitate a reductivn i Josses that otharwise mizght accompany
Ionger Tanunations, Note that widths W1 and W2 can represent average widihs of lanunstions or
flux conductors in the respective axial portions.

FIG. 12 depicts a magpetic region of a rotor assembly as either a novth pode or a south
pole, according to some enmbodiments. Diagram 1200 depicts a magnetic region 1240 of a rotor
assembly 1230, with magnetic region 1240 (e.g., as shown by the dashed ling) including magnedts
12322 and 1232b and magnetically permeable material 1234, Magnstic ragion 1240 can be
configured ax sither g north pole 1220 or a sooth pole 1222, North pole 1220 can be
nplemented as magnetically permeable material 1234 with or without mageets 1232a and
1232h. As shown, magnets 1332z and 1232b can be polarized such that thelr north poles are
oriepted toward or substantially toward the sides of ‘ma.gﬁe{;iaa}iy permeable sfructure 1234, In

somie embodiments, the polarization of magnets 1332a and 13320 can be v a direction
substantially grihogonsi! 1o g hine extending axiatly between two pole fices of the same field pole
member. As shown, the surfaces of magnets 1232z and 1232b can be polarized as north podes
and the fux therefrom enters magnetically permeabls material 1234 in a manner that surface
1233 35 a north pole {or 18 substantially a north pole) for rotor assembly 1230, Or, south pole
£222 cun be tmplemented as magnetically permesble material 1234 with or without magnets
13322 and 12326, with magveiz 12322 and 1232 having their south poles orlented foward or
sabstantially toward the sides of magnetically permeable structure 1234, In some entbodiments,
the polanization of magnets 12320 and 1232h can be in g circumferential direction, wiich is
substantially orthogonat to a line extending axially between two pole faces of the same figld pole
member {not shown}. For example, the directions of polarization 1247 can be substantiatly
orthogenal (o8 bne 1243 extending axially hetween two pole faces of the same feld pole

member. As shown, the surfyces of magnets 1232a and 1252b can be polarived a8 south poles,
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whereby the fux enters magietically pornteable wmatenal 1234 through surace 1235 10 g manney
that surfice 1235 15 a south pole {or is substantially g south poled for rotor assembly 1230

FiGs. 13A 1 13C depict muplementations of a magret and magnetically permesble
material {0 form a magnetic region of a rotor magnet ot rotor assenthly, according to some
embodiments. Dingram 1300 of FIG. 13A depicts 8 magnetic region 1340 of a rotor assermbly
F330, with magnstic region 1340 mcluding magnets 13328 and 13320 and magnetically
permesable material 1334, i some embodiments, the magnetic material in rofor assembly 1330
has g portion (W) 1302 of an axial length dimenston that s configurable to modify an amoant
of flux deusity passing through at least the surfiace of magnetically permieable structure 1334,

FIG. 138 illustrates vanous views of a magnet 13323, according {o an entbodinent. View
1301 is a side view of magnet 13322 showing a stde that is polarized as a south pole ("87). As
shown, magnet 13324 has a side portion 13531b configured a3 3 south pole in whach Hux enters,
Fuarther, mageet 13323 also includes an axial extension arvea 13813 that can be configured o
merease an amount of Rux passing through the surface of magnetically permeable structure
1334, The amownt of flux can be varied by modilying esther the width, Wi, or the height, Hi, or
both, of axial extension area 1351a. As such, an axial extension grea can be configured to
increase an amount of Hux passing through the surface of magnetically permeabls structurs
1334, View 1311 depicts a front view of surface 1333 m_u_i‘igu‘mci o confromt 8 pole face,
sccording 1o mn embodiment.  As shown, magnet 133234 has a surface polarized in one direction
{e.g., as a north pole), and another surface polarized 1o direction indicative of a south pole. View
1321 is a sude view of magnet 1332a showing a side that is polarized as a north pole (N7}, As
shown, niagnet 1333 has o side porion 1333b configured as a north pole n whach flux
cmanates. Further, magnet 13323 also moludes an axtal extension ares 13534 that can he
configured to increase an amount of flux passing through the surface of magnetically permeabls
structiwe 1334, The amount of Hox can be varied by modifving etther the width, Wi, or the
height, H1, or both, of axia] extension area 13534 or axial extension area 135 1a of view 1301,
both of which may be the same area. Flux 13%0a can emanate normal o surface portion 1353h
a3 showi,

FIG. 13C sllostrates vanous vigws of magnetically permeable material 1334, according to
an embodiment. View 1303 s a side view of magnetically permeable material 1334 showing &
side of magnetically permeable material 1334 that is contfigured to be disposed adjacent a side of
magnet 1332a to recetve flax 1390 from a north pole asasciated with side portion 1333b of FIG.
138, Inthns view, magnetically permeable matertal 1334 nchudes a side porbon 13616
configured to be adjacent i side portion 135330 of FIG. 13B snd an axial extension ares 1361

that is confipured to be adjacent to axwl extension ares 1353a. Axial extension arsa 1361a
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meludes a width, W2, orihe height, H2| that can be maodified (a3 can axal extension aveas 1381a
and 1353a) to enhance the Jux density passing throngh the sorfice of magnetically permeable
material 1334 to implement a magnet pole. Similarly, view 1321 iy another side view of
magnetically permeabile material 1334 showing another side that also Is configured fo be
disposed adjacent another side portion of 8 magnet not shown to receive flux 1390b from another
north pole {e.g., from magnst 13320), In this side view 1321, magnetically permeable muterial

1334 includes & side portion 13630 configared to be adiacent {o another side portion and anothe
axvial extension area of anothey magnet not shown. View 1313 depicts a front view of surface
1335 coufigured 1o confront a pole Tace, according to an embodiment. As shown, magnetically
permeable material 1334 has 3 surface 1338 configured (o operate as a pole, such as a north pole,
{o provide flax 1392, the Jux originating from mageets adiacent to the sides shown i views
1303 and 1321, In some embodients, the surfice of magnetically permeable structure 1334 15
combigured 1o inchude 3 greater density of flux than & surface of magnet 13320 or niagaet 1332h,
in varfous embodiments, the areas of the sides of magnet 1333a and magnet 1332b ars
collectively greater than the surface area of surface 1335,

FiGs. 13D to 13E depict examples of various divections of polarization and onentations of
swrfaces of magnets and magnetically permeable material that form a magmetic region of a rolor
magrel or rotor assembly, according fo some embodiments. Diagram 1340 of FIG. 13D depicts
g front view of magnets 1342z and 1342b, and magnetically permeable material 1332 arranged
eacdially about g centerline 1349, In at least sovne embodiments the divechions of polarization are
normal o the surfaces of either magnet surfaces or the surfaces of the magnetically permeable
mgtenial, or both. In some embodiments, rays 1344a and 1344b can represent the directions of
polarization for ropgnets 1342a and 1342b, For example, a direction of polarization can be
veprasanted by ray 1344b extending from a point 1343 (in space or rafative to magnet sarface),
which can lie on a circle centered on a conterline (e.g., the axis of rotation). A portion 1388 of
the centered circle 18 shown in dashed hines. The divection of polarization catt be oniented
tangent to the cirele in a plane centered on the centerline to produce fux in & civcumferential
direction. Thus, rays 1344a and 1344b can represent the divections of polarization for magnels
13430 and 1342b relative to the magnet surfaces 13464 and 1346b. Directions of polariration for
miagnets 1343z and 1342b give rise to flux path portions representing fux passing
circumbsrentially (e, the flux passes along a path circuwnseribed by a circle portion 1388 at a
vadial distance 1391 from centerline 1349). Thus, magnets 1342a and 13420 can be configured
o generale magnet flox along o circomierential flox path portion. According to some
embodiments, magnets 1342a and 13420 ave magnetized such that the directions of polarization

for magpets 1342a and {342 are normal o the surfaces 1346a and 1346b, the normal vectors

-
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depicting the onentation of the surfaces 1346g and 1346b as reprosented by rays 1344a and
1344b, Bul roagnets 1342a and 13430 can be magnetized such that the directions of polarization
for magnets 13428 and 1342b can be at an angle to the surfaces 13463 and 1346h (fe, atun
angle to a normal or a noral vector representing the divection of the surfaces of the magnets).
According to some embodiments, & divection of polarization fof a magnetic materigl, such as that
i pragnet 1342b, can e n o Hrst plane 1393 perpendicular or substantially perpendicular to a
second plane (g.p., plane 1387} mchuding centerling 1349 and a normal vector 1389 amanating
from a powt on confronting surface 1386 of magnetically permesble material 1332, whereby
second plane 1387 racdhially bisects magnetically permeable material 1382, Confronting surfice
1386 is configured to confront a pole face of a feld pole member.

In some embodiments, portions of the flax paths can be directed substantially between a
first point of entey into (or exit from) a magnet and a second poutd of exit from {or ebtry o) the
magnet. Thus, the portions of {Tux paths may be relatively straight {but need not be) within the
magnetic material, For example, fux can pass substantially straight through 8 magnetic material
such that it exats {or enters) the magnetic matenal cotresponding 1o a divection of polarization.

i some embodiments, portions of the flux path can onginate from either surface 1346z or
1346b. Flux can pass o magnstically permeable material 1352, with itz divection being alisred
such that it exits a surfsce of magnetically permeable nuterial 1352 along, Tor example, a non-
strarght or curved flux path portion. In some examples, the fux path o fhux path portions n
maguetcally permeable matenig] 1352 can mclude non~straight portions hetween g surface of
magnetically permeable waterial 1352 adjacent o a magnet and a surface of magnetically
permeable material 1352 adjacert a pole face.

In sinoe embodiments, ravs 1344a and 1344b can represent the directions of flux paths {or
flux path poriions) betwesn § magnet and & magnstically permeable material. For example, rays
13444 and 1344b can represent a portion of a flux path at or near the interface between the
magnet and the magnetically permeable material. In sowe embodimients, rays 13440 and 1344b
can be coexiensive with fux paths (or flux path portions) passing through an terfuce between a
magnet and a magnetically permeable material. Note that the depiction of flux paths as rays
134da and 13440 m FIGs. 130 and 13E 15 not intended o be Limiting. For example, fux paths
{or portions thereol) represented by rays 1344g and 13445 can be at any angle in any direction
between a magnat and a magnetically permeable material {other than 0 degress {ront or paralisl
to a plane weluding o centerline 1349 and the magnet surface) and may include straight portions
andfor curved portions. Winle magnet surfaces 1346a and 1346b and surfaces 13483 and 13486

are depicted as being coextensive with planes paraliel 1o centerline 1349, these swrizces are not
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mitended o be linnling, Surfaces 1346a and 1346b and ssefaces 13483 and 13485 can be
coextensive with planes that are at non-zero angles to venterline 1349,

Diggram 360 of FIG, 13E depms a perspective view of magnsix 13423 and 1342b and
magnetically permeable material 1352 arranged radially about a centerline 1362, Thus, ravs
£364a and 1364b can represent the directions of polavization for magnets 1342a and 1342b
andior general dirsetions of flux paths relative © {e.g., at angles Y apd £} the rays 1364a and

1364b, whach represent either normal vectors to niagnet surfaces or a langent o a circle centered
on centerline 1349 and passing through d point in space, such as point 1345 of FIG. 13D, Angles
Y and Z can represent any angle ranging from 0 to 63 degrees from vays 1364a and 1364b (ie,
90 1o 25 degrees from a magnet surface). According fo some smbodiments, the lerm
“substantially perpendicular,” when used to describe, for example, a divection of polatisation,
can refer to a range of angles from g Ime portion, such as a normal vector, that 1 90 degrees o at
least a portion of a magnet surface. Or the range of angles can be referenced froms the flux path
formed between the suriace of magnetically permeable material and a pole face. In one example,
avange of angles can include any angle from ¢ to 63 degrees relative 10 a nomal vector (Le., 99
to 25 degrees from a magnet surface portion). In some embodiments, surfaces 1346a and 1346b
and surfaces 1348y and 1348h of FIG, 1312 can be coextensive with planes that are at angles {0
centeriing 1362 {or a plane chuding centertine 13623, For examypde, FIG. 13E depicts that the
sides or surfaces of magnetically permeable material 1332 can be configured as surfaces 1366,
which are coextensive with planes (vot shown) st angles to centerling 1362, Surface 1366 can
merease the surtace avea of the sides of magnetically permeable matenal 1352, and may enhance
the amount of Bux passing through the swface of magnetically permeable matenal 1352 that is
configured to confront pole faces. According o various embodiments, directions of polarization
andfor flux path porticns may or may a0t vy from the divections of surfaces 1346g and 1346h
of magnets or magpetic material andvor or surfaces 1348a and 1348b of magnetically permeable
materal. Furiher, directions of surfaces 1346z and 1346b of magnets or magnetic moaierial
andfor or surfaces 1348 and 1348 of magnetically permeable material may or may not be flat
andior may oy may not be orieniad iy planes that of an angle o 8 plane meluding the axis of
rotation. According to some embodiments, the term “sabstantially normal,”™ when ysed to
describe, for exgmple, a direction of orientation for a magnet surface, can refer o a range of
angles from 3 line that s 90 degrees to a tangeni plane having at least a point on the magnet
surface. Examples of angles in the range of angles inclade any angle from 0 to 65 degrees
vefatrve to a normal vedtior,

FIG. 14 15 an sxploded view of o rotor-stawey structore 1400 inchading rotor gssemblies in

aecordancs with some embodiments. FIG. 14 depicts o rotor sssembly inchuding at teast twa
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rotor assenblies 1430a and 1430b mounied onor alffixed 1o a shaft 1402 such that each of rolor
assemblies 1430a and 1430b ave disposed on an axis of rotation that can be defined by, fiw
example, shaft 1402, A stator assembly can include active feld pole members 14103 sranped
about the axis. Asn active field pole member 1410a can wmelude a coll 1412, a field pole member
§ 1413 having pole faces 1414, and a bobbin 1415, A subset of pole faces 1414 of active field
pole members 14102 can be posuioned v confront the arrangenient of magnetic regions 1440 in
rotor assemblies 3 and 1430 to gstabhish atr paps. i some embodiments, magnetic regions
1444 can represent one or more surface magoets. Rotor assemblies 1430a and 1430b can
respectively include support structure 1438z and support structure 1438b. Further, bearings 1403
1y can be disposed within an axial length betwesn the ends o rotor assemblies 1430z and 14306 of
rolor=stator structure 1400,
FIG. 1515 an exploded view of a rotor-siator straetare 1300 including rotor assemblies in
accordance with some embodimenis. FIG. 15 depicts 3 rotor assembly including at least two

votor asaemblies 1530 and 13300 mounied on or affixed to a shalt 1502 soch that each of votor

s
L

assemblies 153 and 15300 ave disposed on an axis of rolation that can be defined by, for
example, shaft 1502, A stator asserably can include active field pole members 153103 arranged
about the axis, An active Held pole member 15104 can include a coid 1312, g Held pole member
1313 having pole faces 1514, and a bobbin 1515, A subset of pole faces 1514 of active fleld
pole members 1510a can be posttioned to confront the arrangement of magnetic regions
20 inchubing magnets 1532 and magoetically permeable structires 1534 10 votor assemblies 1830s
and 1530 {o establish air gaps. Further, bearings 1503 can be disposed within an axial lengih
between the ends of rolor assemblies 13302 and 15330b of rotor-stator stractare 1500,

FIG. 16 s an exploded view of a rotor-stgtor structure 1600 mchuding inner roim

assembhes i accordance with some embodiments. FHG. 16 depicts a rotor assembly mcluding at

i~
5

feast two inney rotor assemblies 1630a and 1630b mowunted on or affixed {6 a shafi 1602 such that
cach of inner rotor assemblies 16304 and 1630b are disposed on an axis of votehon that can be
defined by, for exaraple, shaft 1602, FIG. 16 depicts boundarnies 1603 of conically-shuped
spaces in which magnetio regionsy 1630 we disposed. Pole faces 1614 are digposed ot arranged
owtside boundaries 1603 of conically-shaped spaces. Thus, magnetic regions 169 are

3¢ coextensive with gn intenior surface of a cone, whereas pole fuces 1614 are coextensive with an
exterior surface of a cone). A stator sssembly 1640 can include sctive field pole members

16104, 16100, and 1610¢ wrvanged about the axis. An active field pole member 1610a can
inclade g coit 1612 and pole faces 1614 forpied at the eads of field pole member 16112, A

subset of pole faces 1614 of active feld poles members 1610 van be positioned to confront the

ted
LA

artangsment of magnetic regions 16940 that can either include surfoce magnets {e.g., magnatic
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material, inclhuding permanent nagnets) audfor can include a combination of magnetic matenial
{e.¢., ncluding permanent magoels) and magoetically permeable structures as internal permanent
magnets (CTPMs™} i rotor assemblies 163 and 1630b o ssiablish air gaps. Rotor assemblies
1630a and 1630b can respeetively inchude support struchure 16382 and support structure [638h,
FIG. 17 15 a cross-section view of 8 rotor-stator stracture inclading hoth onter and wnner
rofor assemblies i socordance with some smbodiments. A rotor assembly including ai Isast two
rotor assemblhies 1738q and 1738b mounted on or affixed to a shalt 1702 such that each of bwer
rotor assemblies ichides magnetic regions 1732b that are disposed on an axis of rotation that
can be defined by, for example, shaft 1702, Further, rotor assemblies 1738a and 1738b can also
inclade magnetic regions 17323 of outer mtor assgunblies. A stator assembly can include active
field pole members 1710a and 1710b arvanged abowt the axis, both of which tnehde coils 1712,

A subset of pole fages of active field pole merbers 1710 can be positioned to confront the

vk 1

arcangement of magnetic regions 17323 and 17320 that can either include surface magnets or can
mchude magnets and magnetically permeable swuctures as internad permanent magnets 1 roly
assemblies 17382 and 17380 to establish air gaps. Rotor assenmbhies 1738s and 1738b can
respectively inchude support structures and bearings 1703,

Various embodiments or examples of the myvention may be implenenisd i numernus
wavs, including a3 g sysiem, & progess, an apparalus, or a sevigs of program instruchons on g
computer readable medium such as a computer readable storage mediam or a computer network
where the program Dnstructions ave sent over optical, electronie, or wireless conununication
links., In general, operations of disclosed processes may be performed i an arbitrary order,
unless otherwise provided o the claims.

A detailed description of one or more examples has been provided above along with
accompanymg figures. The detatled description is provided in connection with such examplss,
b i3 not linnied to any particular example. The scope is hmited only by the claims, and
numerous alieroabves, modifications, and equivalents are encompassed. Numerous specific
details gre set forth in the following description i order 1o provide a thorough understanding.
These details ars provided as examples and the described techuigues may be praciiced according
for the claims without some or alf of the accompanying detsils. For clanty, technical material that
1s known in the technical felds related io the examples has not been described in detail to gvoid
unnecessarily obscuring the description.

The description, for purposes of explanation, uses specific nomenclature to provide a
thovough anderstanding of the vavions embodiments, However, iwill be apparent that specific
detatls gre ot requived in order to practice the various embodiments. In fact, this deseription

should not be read to It any festure or aspect of to gy embodiment; rather features aud
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aspecis of one exmople can readily be nterchanged wath other exsmiples. Notably, not every
benefit described hergin need be realized by eavh sxample of the various embodiments; rather
any specific example may provide one or move of the advantages discussed above, i the claims,
alements and/or operations do not imply any particular order of operation, unless explicily stated
in the clams, 1t 1s inmtended that the following clatms and thelr equivalents define the scope of

the various smbodments,
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in the clams;
i A rotor-siator structure for an electrodynamic machine compnising:

a rotor o which rotor assembliss are arranged on an axis of rotaticw, esch of the rolor
assamblies comprising:

an arrangement of magnetic regions each including at least a portion of a surface

that ks oriented at an angls to the axis and disposed externally 1o a portion of a conically-

shaped space centered on the axis of rotation; and

field pole members arranged about the axis and including pole faces wt the ends of the
field pole members, a subset of the pole faces being positioned to confromt the arrangement of
the magnetic regions o establish air paps, the sabset of the pole faces baing disposed wnternally
o the comceally-shaped space.

The rotor-stator structure of claim | owhereln @1 least one boundary of the comealby-

L

shapad space substantially clrcamscribes the subsat of the pole faces.

3. The rotor-stator stravture of claim 1 wherein 3 magnetic region of the arrangement of

magnetic regions constitutes @ pole of one of the rotor assemblies.
4. The rotor-stator structure of claim | wherein the arrangement of magnetic regions
COMpTISeN:
an arrangement of internal permanent magnet structives.
5, The rotor-stator stracture of claim 1 wherein 8 magnetic regton of the arvangement of
DMaguelic rREIONS COMPrises:
magnetic matersal; and
a magnatically permcable strwcture ncluding?
o surface ortented to comfront at least one pole face wn the subset of pole taces, and
3 side portion configured to confront at least a portion of the magnetic material,
whergin the magnetic maigtial has a direction of polarization thai m directed
crrcumferentially toward the side portion of the magnetically permeable structure.
6. The rotor-stator structure of claime § wheren the direction of polarization is perpeadicular
1o plane mchading the axis of wtation
7. The rotor-stator structure of cluim 6 wherein the magnetic material has an axial length
dimension configurable to modify an amount of Thax density passing through the surface of the
magnetically permeable stracture.
&, The rotor-stator structure of claim 6 wherein the magnetic material i3 associated with a
first surface area and the surface of the magnetically permeable sivicture 15 associgled wath g

second surfuce area, the first surface area being preater than the second surfce arsa,
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@, The rotor-stator structure of clam & wherein the swrlace of the magnetically permeable
structure i configured o provide a density of flux greater than a surface of the magnetic
material,
1), The rotor-stator structure of claim 6 wherain the magnetic matenal comprises:

a portion of a Orst magnet having & first surfhce area; and

a portion of a sscond magngt having a second surface area, the magnetically promeable
structurs being disposed between the first magnet and the second magnet

wherem the first surface area and the second surface area in combination sre greater than
a surfice area associated with the surface of the magnetically penmeable structure,
i1 The rotor-stator strugture of claim 1| wherein &t least one of the field pole mumbers
comprises.

a fivst subset of laminations baving & first dimension along the axas of rotation) and

a second subset of laminations being disposed bebween the first subset of lamipations and
the axis of votation,

whieremn the second subset of laminations have a second dimension that is greater than the
first dimension,
12, The rotor-stator strugture of claim 1 wherein at least one of the fleld pole mambers
conyises:

a first axyal portion baving a first axial length exiending belween fwo pole faces at firs
eacial distance from the axds of rotation; and

a second axial portion having a second axial length extending betweern the two pole laces
at.a second radial disfance,

wherern the first axial lengih is less than the second axial length and the first radial
distance is greater than the second radial distance.
i3, The rotor-stator structure of clam 1 wheretn al least one of the field pole members
compriges:

a first axial portion having a first width in a plane perpendicular to the axis of votstion at
first vadiad distance from the axis of rotation; and

a second axial portion having a zecond width in the plane perpendicalar to the axis of
rotation at 8 second radial distance,

whergin the tirst widih is grester than the second width and the first radial distance is
greater than the second radial distance.
14, The rotovesiator stuctore of clom 1 wherein the arangement of maguetic regions

COMPLises:
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a subset of surface magpels each with predefernuned magnetic polartzation that is
substantially perpendicular to the surfaces of the surfice magnets.
is. The rotor-stator structine of claimy 14 wherein the subsst of the surface magnets
COMPTISes:

surface magnet surfaces configured o confromt the subset of the pole faces 1o form ol
least one of the alr gaps.
t6. The rotor-siator struchure of claim 1 wherein the rotor assemblies and the fleld pole
members form @ closed flax path that passes through at least two of the field pole members and
at east two of the rofor assemblies in substantially opposite dirgctions.
7. The rotor-stator structure of claim 16 wherein the closed fhux path includss a tum
extending 1o or adjacent to a pole face through one of the air gaps to or adjacent o 3 surface of
one of the rotor assemblies.
£8.  The rotor-siator structure of claim 1 wherein s pole face m the subsal of the pole faves
has surface area greater than a cross-sectional area of a field pole member.
19, The rotor-stator structure of clatm 18 the surface area of pole face 15 configurable as
function of the angle to the axis to modify a flux density 1o the field pole member,
200 The rotor-stator structirs of claim | wherein sn axial lepgth between the ends of the rolor
assemblies defines a length of the rotor-staior structore.
21, The rotor-stator structure of claym 20 funther comprising:

bearings located within the gxanl lenpthhetween the ends of the mjor assembhies.
32 A rolor-stator structare for an electrodynamic machine comprising:

magnelic regions avvanged about an was of rotabion, at least one magpelic region
comprising:

two magnets each inchuding surface portions that are substamtially pornial to a
plane melading the axis of rotation, and
a magnetically penmeable stracture disposed i between the two magnets, the
magnetically permeable structure ncluding;

side portiony posttioned  adjacent to the suwrface portions of the two
aragnets, and
a surfgce positioned at an angle 1o an axis of rotation; and
{igld pole members arranged sbout the wns and including pole fuces formed al the ends
of the field pole members, & pole face being confipured 1o confront at least the surfsce of the
magnetically permoeable structure o Fornt an aw gap.
23, The rotor-stator structure of claim 22 wherein at least a pontion of the pole face

COHBpTiSEs.

H)
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a convex surface.
24, The rotor-stator structure of clum 22 wherein at least a porion of the pole fage i
ontemted so that a ray w a plane mcluding the axis of rolation extends outward from the portion
of the pole face tin a direction away from the axis of rotation.
25 The rotor-stator structure of clam 22 wherein the tewo magnets ¢ach are polarized in &
divection substantially orthogonal 1o # ling extanding sxially between two pole faces of g field
pole member.
6. The rotor-sigtor stracture of claim 23 wherein the two magnets each are polarized n
circumberential directions perpendicular to at Ieast two planes infersecting st the axis of rotation,
27. The rotor-stator structure of claim 22 whereln the two magnets each include an axial
extension area configared o incrsase an amount of flux passing through the swiface of the
maguehcally permeable stracture.
3. The rotor-stator structure of clanm 22 further comprising:

a support struchere configured to support the magnetic regitns 1 ComPression against a
vadial force,
29, The rotor-stator structure of claim 22 wheremn a2 first point on the surface of the
magnetically permgable structure 15 3t a grester radial distance from the axis of rotation than a
second point on the pole face, wherein the first point and the second point le i a plane including
the axis of rotation.
3. The rofor-stator structure of Claim 22 wherain ot least one of the Held pole members 18

sabstantially straight

41
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