ELECTRI C MACHI NES | NCLUDI | NG STATOR MODULES SUMVARY [ 0001]In sone aspects,
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independently removable and replaceable from the stator assembly to adjust the total number

of stator poles included in the stator assembly, and/or to vary the maximum power output of

the electric machine.

[0002] In some aspects, the number of rotor poles is fixed.

[0003] In some aspects, the stator assembly includes a number of receiving arrangements
N, each receiving arrangement being capable of receiving a stator module.

[0004] In some aspects, the stator assembly includes less than N stator modules and the
stator modules are positioned symmetrically around the rotational axis.

[0005]  In some aspects, the stator assembly includes less than N stator modules and the
stator modules are positioned asymmetrically around the rotational axis.

[0006] In some aspects, each stator module includes a stator module housing for
supporting the multiple stator segments of the stator module in predetermined positions
within the stator module housing.

[0007] In some aspects, the stator module housing and the stator assembly include an
indexing arrangement for controlling the position of the stator module relative to the stator
assembly when the stator module is attached to the stator assembly.

[0008]  In some aspects, each stator module includes a controller for controlling the
energizing of the stator segments of that stator module.

[0009] In some aspects, the machine further includes a switching arrangement for
controlling the stator segments and the switching arrangement is configured such that the
switching arrangement is able to cause the stator poles of the stator segments to magnetically
interact with the rotor poles at a frequency of at least 400 cycles per second.

[0010] In some aspects, the electric machine is a multiple phase electric machine.

[0011]  In some aspects, ecach stator module includes at least one stator segment



[ 0006] I n sone aspects, each stator nodul e includes a stator nodul e housing
for supporting the nmultiple stator segnents of the stator nodule in
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[0011] I n sone {or’modul e includes at |east one stator
segnent [0014] In some aspects, each stator segment includes a U-shaped magnetic core and each

stator segment defines two stator poles located at opposite ends of the U-shaped magnetic
core such that the U-shaped magnetic core provides the entire magnetic return path for the
two stator poles associated with each stator segment.

[0015] In some aspects, the magnetic core of each stator segment is formed from thin
film soft magnetic material.

[0016] In some aspects, the thin film soft magnetic material is a nano-crystalline material.

[0017]  In some aspects, the thin film soft magnetic material is an amorphous metal
material.

[0018] In some aspects, the stator assembly is disposed radially adjacent to the rotor
assembly such that the stator assembly and the rotor assembly define therebetween an active
magnetic radial gap.

[0019] In some aspects, the stator assembly is disposed axially adjacent to the rotor
assembly such that the stator assembly and the rotor assembly define therebetween an active
magnetic axial gap.

[0020] In some aspects, each stator segment is positioned such that the two stator poles of
each stator segment are located adjacent to one another and in line with one another along a
line that is parallel with the rotational axis of the electric machine. The rotor poles are pairs
of rotor poles formed from adjacent pairs of permanent magnet segments configured to form
rotor poles of opposite magnetic polarity. Each pair of permanent magnet segments is
positioned such that the two permanent magnet segments are located adjacent to one another
and in line with one another along a line that is parallel with the rotational axis of the electric
machine. With this configuration, the two permanent magnet segments define two adjacent
circular paths around the rotational axis of the electric machine when the rotor is rotated
about the rotational axis of the electric machine with each of the two adjacent circular paths
facing an associated one of the stator poles of each independently energizable stator segment.

[0021]  In some aspects, the present disclosure provides a stator module for use in a

rotating electric machine including a stator assembly having a plurality of stator poles and a



associated wth each phase of the electric machine. [0012]1n sone aspects,
the machine is a three-phase nachine and each stator nodul e includes at

| east twowetzatiosiamegnents for each phase, the stator noaarastéenedyo
including at |east six stator segnents. [0013]1n sone aspects, the stator
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assembly to adjust the total number of stator poles included in the stator assembly.

[0022] In some aspects, the present disclosure provides a stator assembly for an electric
machine. The stator assembly includes a plurality of independent stator modules with each
stator module including multiple independently energizable stator segments. Each stator
segment defines a plurality of stator poles of the stator assembly for magnetically interacting
with rotor poles of the electric machine. Each stator module is independently removable and
replaceable from the stator assembly to adjust the total number of stator poles included in the
stator assembly.

[0023]  The details of one or more implementations of the present disclosure are set forth
in the accompanying drawings and the description below. Other features and advantages of
the present disclosure will be apparent from the description and drawings, and from the

claims.

DESCRIPTION OF DRAWINGS

[0024] FIG. 1A is a schematic illustration of an exemplar electric machine including an
exemplar stator module in accordance with aspects of the present disclosure.

[0025]  FIG. 1B is a cross sectional view of the exemplar electric machine of FIG. 1A
illustrating an exemplar stator segment and an exemplar stator module housing in accordance
with aspects of the present disclosure.

[0026] FIG. 1C and FIG. 1D are plan views of an exemplar stator core in accordance with
aspects of the present disclosure.

[0027]  FIG. 2A is a plan view of the exemplar bus bar module of FIG. 1A.

[0028]  FIG. 2B is a perspective view of the exemplar bus bar module of FIG. 1A.

[0029] FIG. 2C is an exploded view of the exemplar bus bar module of FIG. 1A.

[0030] FIGs. 3A and 3B illustrate an exemplar bus ring insulator of the exemplar bus bar
module of FIGs. 1A to 2C.

[0031]  FIGs. 4A-4C illustrate an exemplar first bus ring of the exemplar bus bar module
of FIGs. 1A to 2C.
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[0041] FIG. 14 is a schematic illustration of an exemplar axial gap version of an electric
machine in accordance with aspects of the present disclosure.

[0042]  Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0043]  Referring now to FIG. 1A, an exemplar electric machine 10 is illustrated. The
electric machine 10 can include, but is not limited to, an electric motor and/or an electric
genecrator. The electric machine 10 includes a rotor assembly 12, a stator assembly 14, a bus
bar module 16, and a controller 18. The controller 18 regulates operation of the electric
machine 10 based on an input signal and a position signal. The input signal can include a
throttle signal, for example, in the case where the electric machine 10 is implemented in a
vehicle, motorcycle, scooter, or the like. The electric machine may include a Hall Effect
sensor or other position detecting arrangement 19 for detecting the position of the rotor
assembly 12 relative to the stator assembly14. The Hall Effect sensor or other position
detecting arrangement 19 may generate the position signal used by the controller. The
controller 18 can regulate power provided to the electric machine 10 from a power source 20,

when the electric machine 10 is operating in a motor mode. The electric machine 10 can



[0022] I n sone aspects, the present disclosure provides a stator assenbly
for an electric machine. The stator assenbly includes a plurality of
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discussed in further detail below. In the case of a switched reluctance electric machine, or an
induction electric machine, the rotor poles can be provided as protrusions of other magnetic
materials formed from laminations of materials such as iron or preferably thin film soft
magnetic materials, for example. In other arrangements, the rotor poles can be provided as
clectromagnets.

[0045]  In the exemplar arrangement of FIG. 1A, the electric machine 10 is provided as a
hub-type electric machine with rotor assembly 12 located around the outer perimeter of the
electric machine 10. The stator assembly 14 is surrounded by the rotor assembly 12.
Although not illustrated in FIG. 1A, the rotor assembly 12 can be supported by bearings to
rotate relative to the stator assembly 14. A radial gap 22 separates the rotor assembly 12
from the stator assembly 14. In alternative arrangements, the rotor assembly 12 can be
supported for rotation relative to the stator assembly 14 about a rotational axis 24 using other
suitable means. Although electric machine 10 is described as a radial gap machine with the
stator assembly being surrounded by the rotor assembly, this is not a requirement. Instead,
the machine may be a radial gap machine with the stator assembly surrounding the rotor
assembly. Alternatively, the rotor assembly and the stator assembly may be axially adjacent
to one another forming an axial gap machine.

[0046]  The rotor assembly 12 includes a plurality of pairs of radially adjacent permanent
magnets 30. In some implementations, the pairs of permanent magnets 30 can be provided as
super magnets such as cobalt rare earth magnets, or any other suitable or readily providable
magnet material. As illustrated best in the cross sectional view of FIG. 1B, each of the pairs
of permanent magnets 30 includes a first magnet oriented to form a north rotor pole, and a
second magnet oriented to form a south rotor pole. The first magnet is located adjacent to the
second magnet such that the two permanent magnets are in line with one another along a line

that is generally parallel with the rotational axis 24 of the electric machine 10. Accordingly,



[0027]FIG 2A is a plan view of the exenplar bus bar nodule of FIG 1A
[0028] FIG 2B is a perspective view of the exenplar bus bar nodule of FIG
1A. [0029¥WBI2G1/BGsss an expl oded view of the exenpl ar beeThmeowoaeie of
FIG 1A [O0030]FIGs. 3A and 3B illustrate an exenplar bus ring insul ator of
t he exenplar bus bar nodule of FIG. |Ato 2C. [0031]FIGs. 4A-4Cillustrate
an exenplar first bus ring of the exenplar bus bar nodule of FIGs. |Ato
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exenpl ar 3RERRhLHSe 10 RlePhe FG LABTR) B rolHS. RREhIMOHIFEG OfA, FldRrmdrfint © 2C.

magnet pairs are positioned around the inside periphery of the rotor assembly 12 facing the
radial gap 22. Each consecutive pair of permanent magnets 30 is reversed such that all of the
adjacent magnet segments alternate from north to south around the entire rotor assembly 12.

[0047]  Although permanent magnet pairs 30 can be provided as permanent super
magnets, other magnetic materials can be implemented. In some implementations,
electromagnets can be implemented with the rotor assembly 12 in place of permanent
magnets. Also, although the rotor assembly 12 of FIG. 1A is illustrated as including 16
magnet pairs, it is contemplated that the rotor assembly 12 can include any number of magnet
pairs.

[0048]  The stator assembly 14 includes a plurality of stator modules 40. In the exemplar
arrangement of FIG. 1A, the stator assembly 14 includes four stator modules 40 which are
cach identical to one another but are designated by reference numerals 40a, 40b, 40c, and 40d
in FIG. 1A for descriptive purpose. Although stator assembly 14 is described as including
four stator modules 40, other arrangements are contemplated. For example, stator assemblies
including more than four stator modules 40, or less than four stator modules 40 are within the
scope of the present disclosure, as discussed in further detail below.

[0049]  Each stator module 40 is independent from the other stator modules 40 in the
stator assembly 14. More specifically, each stator module 40 is independently removable and
replaceable. In some implementations, a stator module 40 can be removed, and the electric
machine 10 can operate with less than a full complement of stator modules 40. Considering
the specific arrangement of FIG. 1A, for example, the electric machine 10 can operate with
less than four stator modules 40. That is, the electric machine 10 can operate with one, two,
three or four stator modules 40. In addition, if fewer than four stator modules are used in
exemplar electric machine 10, the stator modules used may be arranged symmetrically or
asymmetrically. For example, if two stator modules are used, stator modules 40a and 40b
may be used to form an asymmetrical version of electric machine 10. Alternatively, modules
40a and 40c may be used to form a symmetrical version of electric machine 10.

[0050]  In the exemplar electric machine 10, each stator module 40 includes a stator
module housing 41 and at least one stator segment 42 housed within stator module housing
41. Each stator segment 42 is identical to all of the other stator segments of electric machine
10. In the exemplar arrangement of FIG. 1A, electric machine 10 is provided as a 3-phase

electric machine, and each stator module 40 includes three stator segments 42 that are



[0033] FIGs. 6A-6C illustrate an exenplar third bus ring of the exenplar bus
bar nodule of FIG. A to 2C. [0034]FIG 7 is a schematic illustration of
an exenplwo 2elsiessc machi ne i ncl udi ng m sali gned phaseecT[l30@bBHIB 8 is a
schematic illustration of an exenplar electric nmachine including a stator
assenbly phase-shift in accordance with aspects of the present disclosure.
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the electric machine the stator segment is associated. In exemplar electric machine 10, the
first stator segment 42a of each of the stator modules 40 corresponds to a first phase (Phase
A) of the electric machine 10. The second stator segment 42b of each of the stator modules
40 corresponds to a second phase (Phase B) of the electric machine 10. The third stator
segment 42¢ of each of the stator modules 40 corresponds to a third phase (Phase C) of the
clectric machine 10. However, as described above, each stator module 40 of exemplar
electric machine 10 is identical to the other stator modules except for its specific location on
the stator assembly 14 within the electric machine 10. In addition, each stator segment 42 of
each stator module 40 of electric machine 10 is identical to all of the other stator segments
except for its location within its stator module 40.

[0051]  Each stator segment includes a core 44 and windings 46. In an exemplar
implementation, the core 44 is a U-shaped magnetic core having windings 46, or coils,
wound about each leg of the core 44. Such a stator segment is disclosed in U.S. Pat. Nos.
6,603,237, 6,879,080, 7,030,534, and 7,358,639, the disclosures of which are expressly
incorporated herein by reference in their entireties.

[0052] In some implementations, the one-piece core can be made from a nano-crystalline,
thin film soft magnetic material. In other implementations, any thin film soft magnetic
material may be used, and can include, but are not limited to, materials generally referred to
as amorphous metals, materials similar in elemental alloy composition to nano-crystalline
materials that have been processed in some manner to further reduce the size of the
crystalline structure of the material, and any other thin film materials having similar
molecular structures to amorphous metal and nano-crystalline materials regardless of the
specific processes that have been used to control the size and orientation of the molecular
structure of the material.

[0053]  In other implementations, the core can include a core that is made from a
powdered metal. In other implementations, the core can be made from a plurality of stacked
laminates. In still other implementations, the core can include a multi-piece core including a
plurality of core segments that are assembled and secured together. For example, the core
may include a U shaped magnetic core formed from thin film soft magnetic material as
described above with core shoes attached to the sides of the U-shaped core at the ends of the

legs of the U-shaped core or attached to the ends of the U-shaped core. The shoes may be
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machi ne 1@hd @scRREfcdhdyN@e thih MndQKahRhetic MBRE§al to form the magnetic core of the stator
segments. The use of thin film soft magnetic material for the core material allows for
operation at very high frequencies while maintaining high efficiency. These frequencies may
be greater than 400 Hz while still providing extremely high efficiencies and may be operated
at frequencies as high as or greater than 2500Hz.

[0056] Referring now to FIG. 1C and FIG. 1D, the specific configuration of an exemplar
magnetic core 44 for the particular embodiments shown in FIG. 1A and FIG. 1B will be
described in more detail. In the illustrated implementations, each individual one-piece
magnetic core 44 is formed by winding a continuous ribbon of thin film soft magnetic
material into a desired shape. In the case of core 44, the shape is a generally an oval shape as
indicated by winding 55 in FIG. 1C. Magnetic cores that are formed using this process of
forming a magnetic core by winding many layers of thin film soft magnetic material to form a
bulk core is generally referred to as tape wound magnetic cores.

[0057]  Because thin film soft magnetic materials such as amorphous metal or nano-
crystalline materials are typically provided in very thin tape or ribbon form (for example, a
few thousandths of an inch or mil thick or even less than 1 mil thick), winding 55 may be
made up of hundreds of winds or layers of material as illustrated by lines 56 in FIG. 1C and
FIG. ID. Once wound into the desired shape, winding 55 may be annealed to remove any
stresses that may have been caused by the winding process. The winding 55 may be
saturated with an adhesive material such as a very thin wicking epoxy that may be heat cured
to bind winding 55 into a rigid bulk piece.

[0058]  Once annealed, thin film soft magnetic materials are very hard and typically very



[ 0044] Al t hough the el ectric machine 10 can be provided as a DC brushl ess
notor, it is contenplated that the electric machine 10 can be provided as
one of a weannatogieasts ot her types of electric machi nes w trhirnustoie/ossmope of

t he present disclosure. Such electric machines include, but are not limted
to, DC synchronous electric nmachines, variable reluctance or swtched

rel uctance el ectric machi nes, and |nduct|on type electric nmachi nes. For
exanpl e, pefiearrkite thep rapeviebdifiialtinprenisn e dicggbpgigcpigheyn poilés 16f t he
electric raﬁ&iawq])%dmgss R uEASRIMBRICE: ih PR lRGt svhﬁng%%hﬁte%@ dhgpddr Ovi ded
as a DC brushless electric machinne, as discussed in t her detail bel ow.

I n the cageecefthy cagh nr@ﬁéﬁorreafd@toapr@ee%me@teﬁlp gorpthdaseribed pbays. Aaduct i on
electric qﬁ’lﬁﬂﬁt@(ﬁn i enﬁo%&ﬁ ot Q@R@E&Yﬁa‘??e@ul?ﬁo cﬁ&ﬁlg%ﬂiﬁ%ﬁ'rﬁgi ff other
magnetic materia orne rom mna materials su as iron or

pr ef er abl yretthade upioff apkidlity efgnesnirs Ursliaped kg 5T of thexddmplo& magnetist her
arrangement.s. . ofNe rotor poles can be provided as el ectromagnets. [0045]1n

t he exenplar arrangenent of FIG 1A, the electric nachine 10 is provided as
a hub- type[Oes%}ct rAsalesaibbd al@vvionh adabiege @gbie ntifigutBon isclaattedlearammdleﬂhe out er
peri meter 0l o DE Lo eh LG TRRR Mo 40 G, SLakan A58 eHBl Y d fole R4l unded
by the rot of ¥48§e r?nnf§ s oﬁgﬁ ng? OV ustT s d S h M eE f% p{% % ot or
assenbl y 1 eére berspagplor t}edwbytabepmlémﬁnédcbyrtm RBEeofited Bishaped haghdie St at or

assenbly 14. ra i al e es the rot asse 2 omt he
Stator asaiony pm AReERe SR Biih ah Geishedly ERESTBR Rt T2 can
be supportedsfor rotation relative to the stator assenbly 14 about a
rotational axis 24 ot her_ suitabl e rreans._ Al thou el ectric machi ne 10
i s descri bl80Us aAnPﬁm Vapfags GhhanbRe g~ ertbes R iR lsgg%éh%q 3¢ B2i ng
sur r oundeghaRyitié BgHs haHthe th@SxEfBlYmaghBricSookds. Mait i@ ch@dskick BNMBMALfilmlOft ead, the
machi ne may be a radi al gap machine with the st at or assenbly surroundl ng
the rot or "EEBiFEICrishptends sentipapyply frerd opoingror aels ehihe y-sied Hrengtiatast
assenbl y %Yheﬁ@aﬁb&h't&th@%ﬁ&ﬁ@&ndt& Qlé%fﬁi%(ﬁ Behed ﬁ&ﬁgﬂeﬂ&iccﬁ@ '@B‘éré‘bre%@

machi ne. [0046] The rotor assenb BII’IC ludes a plurality of pairs of
radi al | y &epfieation paenineseh pf tﬂm@m@ts@f thon ﬁlm%m@npm@m%ﬂraﬂm OYer t he pairs
of per manept, JRANG! <ﬁre§9 RonREe ﬁﬁx%fo%g% h%%na H&{% gttﬁe 1%%@ fScobal t
rare earth nagnets, ny ot her sult rea |Iy rovi e magnet
mat eri al . l%@rq)ﬂthmé“tlmao%mab@@m maltﬁrtdh@ lﬁmsagedbeeltrwﬁ&linﬂfewm FI G 1B, each
of the pai [ggg ent ed to
forma nor[{()ﬂmﬁotor Q%{&g?é 252% %&ﬁ@ ?hgfsitaéérh%gs {IT%&T south r ot or
pol e. The Sfultabkﬁtanda@d'éy pﬂos1dhldcaﬂra@emd}tdmen¢urmg statve seppeond2 magnﬁtons uch that
the two per. L ne rein oeaote al ong |nethatis
goner ar 1y AP AR E R ot duids o e PeB DR G MabR R B e 10
Accor di ng|the,rmﬁl[)ecoﬁldm:t1peéﬂmmhhngﬁlgfeﬁﬁﬁs defl it Bl ddjsace hbusig4wndrto pat hs about

t he rotation 4 f the electric machine 1 en t otor assenbly
15° ot ai edehid i it RhrerSnd b el RERanE TGt pid T 5 o oo t1 onad
around t henéapsildrgpeitdrahby b&dnytshRablddn@rreARS PrvldbIE Znatcaal MElulifg, buadital gap

22. Each ons cutive pair of permanent nets 30 is reversed such that all
of the ad e o, FRAIM X Wy AN e Yeorrat 1P othrds ferml iRV akatnd t he
entire r Ot\Wch AKIRBRpMr DA figh QA7 IndlitRamghcoR@iiRs SaterifRabPtuIRMH o 8atc0 can be
provided as permanent super magnets, other magnetic materials can be

i pl ement EBEMIN anevidensidenetheamplonth fran deshiragmens Katirayeh ispl enent ed
with the reﬁéaggulﬁﬁlg%é@érw 1@% QtaRk BGRiR4 1 PELEBRASPRONAGAEESin dALSE Qontit t hough

t he rotor assenbl G IAis illustrated as 1ncluding 16 nagnet
pairs, it Wit th%mﬂﬁﬁfpihmt@t@r gspraebly b whirhgpaydeeseapesieq torthe exdernplieayigenancahly nunber
of mmagnet 3%?125@11 %{tggé)g}rarﬂ%essttaﬁ&%'é rﬁéﬁ@@'%e%ﬁteh&%ﬂﬂ&%m?orI%Ls%ﬁi '1t4>{n f
stator 6 e exe arrangenent of dta

assenbly bdprqmieufdélsﬁrismpthsltlamhssmduﬂ @@/lcmsumna@hh@m@cmohsysw@ntﬂ cal to one
anot her b% ane desi gnated by reference nunerals 40a, 40b, 40c, and 40d in
FIGIA for descrl ptive purpose. Although stator assenbly 14 is described as
i ncl udi ng 066R] stvdbarthaddutiesachine Iftihereramg angawentwdartie tontsegpéat ed.  For
exanpl e, s_i.ncl udin stator dyl 40

eas than oo flaa il g D O iR e Qe 81 BF rdRSHuSE

di scl osure, as discussed in furt her detail bel ow.



[ 0049] Each stator nodule 40 is independent fromthe other stator nodul es 40
in the stator assenbly 14. More specifically, each stator nodule 40 is

i ndependewol2g1wsmaséabl e and repl aceabl e. I n sone i npl eneorAaiS2@0s480a9 st at or
nodul e 40 can be renoved, and the electric nmachine 10 can operate with | ess
than a full conplenent of stator nodul es 40. Considering the specific
arrangenment of FIG 1A for exanple, the electric machine 10 can operate

with [ ess e thobys bet medie Hodlhestha glectip sachine 1Q K epEREER p €M ne 10 can
oper at e Winidye QGoy t¥Pbe éeﬂé@ﬁ%d 8y tlfeQ:'}Erctr%QénQﬁc RAULiES b Qeenl the RElaldeRABYy 1
fewer than four E/ator nodul es” are used i n exenplar electric machiné 10,
t he st at orl2ppdithe sgton swduland0. Bed tnsiergéty thy pavear soured 20 thepuglythy brebari cal | y.
For exanplyg,quef16! %0 il @dOfhe ?gsgﬂfjalrﬁﬁ)dﬂ'eq6 'iksiﬁgle[:t%tcﬁtcfaﬁmﬁﬁféﬁtl &Sifi0fte @and 40b may

be used to forman asynmetr version o ectric machi ne 10.

Al t er nat i wehdingsmb dadhed theGtetanenkdes 42&%2beands4édthr@1gh@t6mrlaalsi9a¢ﬂé$ reagdadf
ver si on of e i nachlne 10,
each stat or%h §¥rf’4é’%ﬁ‘§%g Fﬁaégthge{g?%? glrakﬁné me ﬁﬁ%&%f%% I%Jf? | east one
st at or segmtegrateemuhmwlsaeiﬂatw Itldfdufﬂes§f),adsdiscumcﬂjlhéuﬂtf@ué¢mgbeddw deshns borat or
segnent 42 (gentl ca

e tric
mechi ne 16110d}11ﬁ Ppalss al Qi r?‘peftrllpgl com nlcatl%ntwm][ tIiIEF%]}%‘f er @ﬁgrc eslec(t)rl Caglea 10 is
provi ded a8, @clBoﬁlhlﬁSlEccﬁ!ieepmﬂsm aﬁﬂﬁd’eldﬁﬁw chndicanchinstiat or m)dul e 40 incl udes

42, and 4906 cOTEb Ty Shefcredher fhiseer i, B OGO e | e

descri bed aksamBBr 1@ ikt dk foud Sta@Wmolile rdeeisink iagriddghedik 51. hEadhhéceﬁmsgt at or
segnents 42a, 42b, and 42c within stator modul e hausi ng 41 determnes with

whi ch phadBalremene ldt enfigiied fRafiapdls plaecsarggnes aﬁfrémoreso yesdtiated. In
exenpl ar  gh®ed bdsCin MG NI @ebtor nbRukirécetviit Alaffenk@BFB AL dlasREiaRAcAP! t he
stator nodul es 40 corresponds to a first Bhase (Phase A) of the electric
machi ne 1@odylsgOatse dirdidspa inslexias afngemant 52 69t nagceslysenirolingtha positiohidul es 40

corr esponds e Qeafbr $RAARA0 PHARR £ RRGR: @Qseﬁﬁlytlh%nﬂo%&taﬁéeﬁlbgﬁ ehiing 0. The
third stator segnent 42c of each of the stator nodul es 40 corresponds to a

third pha§'@t0(flﬂh>§9]é 40)s atacher éo dik s@tor asﬁelﬁbkzﬁﬂnéltizeexemmlm@exmagrrmmﬁmtbed
above, eagh Sl ﬁ‘aﬁglggﬁﬂﬁlu%s %%&%Eﬁ%ln@ﬁ QIH(F&EH gah etldnd 5 Jrignt i cal
to the other stator nodll es exce or its speC| ocation on the stator
assenbl y 3dtogisshinhlytIHenadldee tacessesrielc h’i’lﬁethmaonﬂigmr%a@d; th¢ pretruseensiy3 ondteor

segment 4%ta9orfl_|181?s? ﬁg %s?[ntmgyel[cgsses épctf tl?éflrea%Mc a?edqgc%wl arflag elt en'tscgqntl cal to
all of the other at or segne sloct in1ts stator
nodul e 40 wh[eﬁ)ﬂﬁls]aEamthslea}()@srataelma‘e«nthmsmmlrastembla leolsmgamy amtdblwamﬁneargbr 46. In
an exenpl a ntatio §:core 44 | ed ma e hayi ng
wi ndi ngs A)éowd?ie%n?eingrs or W8{?1ﬁraat e m, ChaHISIin% gltl*ouglhmia )<1n%ar%ﬁ1gergstJ 218t at or
segnent i slediibad namﬂudmgthleﬁ:otrﬁ’ebns Isaad reﬁesﬁéb3542&7y suGatBd hda84lily pr&3dpk34, and
7, 358, 639, d%he di scl osur es bof ich are expressly incorporated herein by

r ef er ence T4PRATIICERET Y %SG 0052] I n sone i npl ement ati ons, the one-pi ece
core can bpoemde Asr@mr@emme Ghi Mt teRdrhp lieslectrit achink NBasP{thormomat i@ismat eri al .

I n ot her inplene tﬁ}atl ons, h| n fl{lm soft magpeti ¢ material nmay. be used,

and can i réantigrd to EPthSrrSéat?fd?Odlu FPRELRoR SAORREBIN EI s Vigumeaca FipT MofRkied to as
anor phous qaatigdl f al GRS dtRdr Stalr BdnhtslialEbOHE Bthad stAdr U GPMS bleb®@d t O
nano-crystalline materials that have been processed in sone nmanner to
further r&Geiect Hds gogdargontigigationpsados saierad edveeeiseVerPrionar AagtEf i al , and
any ot her ptRhiRed il mmaterials haying simlar nolecular structures to

anmor phous netal and nano-crystalline materials re]gardl ess of the specific
processes [OB&l hdvit besnngsemtaingtasenegradnt deseendpral ofilp datorsagmaentodf of t he
mol ecul ar §1fanﬂ éféc‘?nc%aéhhﬁ LREAR ore%QcPfhéleﬁhn\&l)% er{@é fik hipns, the
core can inc e a coret is ma roma ere a. [n ot her

i npl ement aegnomsmay heeQDomelC@lanprb@cn@dlenéss anatlizﬁl dn &1(’40’@%@ obh nsgagkedre

| am nat es r t I C

mul ti - pi echeallt %of?}eﬁeldrfrol%@ ﬁlh{%hﬁﬁ%ﬂ%ﬁt%}ﬁ% a (S:%pgs g@% n%e%%ﬁbe? f t!thgglh‘r%ef%éleggserrbl ed
and secur e@bntlﬁg:eabheer thifFor vengwngm@;anttdmms:geé)emye ofnlnd rddems Msshi@pbditimagnet i ¢
core for rrenganf{a Lhi nil . qﬁ% ?t rlall El §rldestcr|tﬁ>§d above with
core shoes a 385(—:% to et he’ %SIH 1§ RE % ed core BUPhE 8ifds of the

| egs of the U-shaped core or attached to the ends of the U shaped core. The
shoes may be
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configured to flare out the ends of the U shaped core to enlarge the
surface area of the stator pole face at each end of the U shaped nagnetic
core. Thewse hwsssséan al so be formed fromthin fil m sof tcramgeemiossonat eri al ,
powdered netal, or any other desired magnetic material. [0054] The vast
majority of conventional electric notors are designed to operate at 50 to
60 Hz. The main reason for this is that these are the frequencies avail abl e
on AC el edtagneigicopsshame foashinifbps ol magegvs miatrial magdnsigyficanhpdyantagly one of
the reasong.AGnROWEHal irSn Edf@ El%@ch& %O%QKEQGQ tRih fASSE nfaéﬁe% &G @FcahS that
these frequencies are well wthin th e frequency capabrlities of a

convent i oragraicabyery bigh figgrcoeics Wiequt inguiring htga§&y icgney ppesep-alpyever.die cor e

mot ors, 1 RArLIAAUCRELRS v&lmaﬁﬁkacbﬁnhg L b Eb VA Ok b ulifh REERPE Lhe
iron core material sinply cannot 0 angi ng nmagnetic fields
this qui clld)sy nmemhbmtaveqawnwg theey lylaﬂeaalgéomésmng banmerhielly syscéspfut e f or m of

heat . [00 grlbed above, the exenplar electric machine designed in
accordance WI e di scl osure may use thin filmsoft nagnetic nmaterial to
formthe n[ﬂgﬁ(f}t i dn editgonab u$1hgthstsahe)mag@g(re®rb desighhfer albef thd stthi segfpdtaos of t

TR cenci aguisl Pleticdlic bfiOn® fFR! Shblic Rt M8l Ry SRR Blafthe MERY 19"
great er t hagled4Q0 mkzhiiddi |TBIS$I1i'dy|b|c awomplhsheﬂ@y@)ﬁvﬁc&m@ yarfetygIf ceiffduedtioncifes and
T 056] ot S life o o e am Sy M i e s e e e, GRS R4 o of
an exenpl abrenRYBet Edeh eRE®ic Athchif ashbiRat@bk ith G lfahilyesthadhientsulg iewasd 1 FI G
| A and FIG 1B will be described Ider% nore detail, |n th |IIustrated

i npl ement SPTBAEIONEAL PR AAERGEEP demadRRicHanBding cepigraigniadfor ned by

Wi ndi ng a peRRhlbNHANSIEdRDIRASIAE. Tk Rirfhbd iltreRtd thEB@ABHIE oMBhRkRkialcdt O a
desired sha e. In the case of core 44, the shape is a generally an oval

shape as i %%ﬁ“é@glﬁl}ﬁﬁﬁﬁﬁéﬂah@a%“i:ﬁor?l G 1C. Magnetic cores that are forned

usi ng thi sjopgHcess affihdr ivihiAge & tﬁ@ﬂe@&lh&ieﬁgﬁ BesBMbAY BN N he VRRY clb@YEr s of
thin filmsoft magnetic material to forma bulk core 1S generally referred

to as tapén'c\@blmdesmgmetheclsc%tp@sovqemww@éal@@téc g ith dderentmageiet i c
materials ﬁfrbﬁ& 25 AIRPRIQYR: %?é @lwih tﬂé‘&@ a@&l it b8 JTBHES o§ filaft

typically provided in very thin tape or orm (for exanp a few
t housandt k&coic seavtdr ppiicationpibie sarhé bdelconotmﬁlgh exg bt hmd tQpn@iVidetamﬁmm wi ndi ng

55 nmay b e fjs%O(I'F_}F dg tl}l_%%}@qu&%feég&ty\g Q%id Rlel sé’a%?rr%wt a?e OQJer pﬂtI alnldSt rated

by |ines ce wound esi red shape,
wi ndi ng 55 hnrglwnbecc&)tmaaﬂhmghtmwceomm Etrwspsmﬁesmlet dffams ARy odThya eﬂreem caused

mater al SUBARLE R GER e R Bl wre T H e e P 0 ool e
wi ndi ng 5antrntedelacddtainthylbe iplovirle eath t{v@@t’éﬁ)} foddcaincedddaa thetdwtor, & ndidn sof t
magneti rfgfe scog’tlers ma?yr bee p\égxtlé{edhx%tthdfoﬁp sqatgly Igocﬁl?es 11¥clud%d Yn the motor, and a high end
scooter may be provided with six stator modules included in the motor. This approach

enables the same basic motor design to be used for all three power levels of scooter, which
significantly reduces the costs associated with both developing the scooter design and
manufacturing the scooter. This approach also provides the unique ability to upgrade the

motor to a higher performance motor later, by adding one or more stator modules.

[0068]  With particular reference to FIGs. 2A-2C, the exemplar bus bar module 16

includes an insulator 60, a bus bar 62a, a bus bar 62b, and a bus bar 62¢. Each of the bus bars
62a, 62b, and 62¢ corresponds to a phase of the electric machine 10. In the exemplar

arrangement of FIG. 1A, the bus bar 62a corresponds to the first phase (Phase A), the bus bar
62b corresponds to the second phase (Phase B), and the bus bar 62¢ corresponds to the third
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brittle making them sonmewhat difficult to machine. In the enbodi nent shown
in FIG 1C and FIG 1D, wi nding 55 requires only one cut in order to cut

wi ndi ng 5&oi2ntim3ieee U- shaped pieces that each provi de oreTafS2aioe4s9ne- pi ece
magneti c cores 44 descri bed above. As illustrated in FIG 1D, each of the
two U shaped pieces that result fromcutting winding 55 are made up of a
plurality of concentric U shaped |ayers 57 of thin filmsoft nagnetic
materi al  [Pbosofhese @bsﬂwib@éharag%wé%b, SO R ER e IGaBy ﬁ%?@eétﬁﬂfﬁ*ﬁv@%%i onis

that, when,ag§e/lafthdil Qif (Bl RGILONRYAElilGsRE SefRhy RRi1¢9eRe! | bed above,
each one-pi ece magnetic core provides the entire return path for the two

stator pol 8861 or rieeh phthe bus basgPa.df2bs 4nd 60k wislidesch geagiably iieg-guped maihj s

elimnate £ or ' | ' ct each of
The. st at o Sor Sa TR Adblr G A b RIB R e kL BB ERIE S

conf i gur atcbmrcting thhbis baherastagrenaiplefar detitidat capapenigsitivn iherebbieycom éMpicec e
magneti c . t C f.thin fil net | i al

ext ends cgﬁ{cﬁ?ﬁﬁ%’a?ﬁ ybu% fg%rnb? ggﬁe&dg%g%l?ﬁggﬁ%k%fang ﬁniﬁ %@&%%ﬂ%@s ﬁ%%%g{ﬁﬁ %:B%:ror e all
t he way aredbindlutes 4 inainbpo&ittaad epthrdity pidres 66D, tahé thetbshizgpédc malgdesta ¢ cor e.

Therefore, this nfigurati.on orients. each of .the |ayers thin filmsoft
mmgnet . AR A GRS AR R SxePinat M ER s Pl Rl ¢
t hr ough t Ra-1®ahehiia bodyr & cathong bhhie gt rdly IC-dapebtehink ay epenifg dsaj 68bf addm sof t
magneti c teri as,iJlustrateqd by arrow 58 in FIG 1D. &PglﬁllyThe stat or
cooment o A5 fo Pl " Fas R i errd (08 B hHish Sk e s G RRYS 06 ¢ el o
and readi |f0’urﬁfa&k‘hﬁ)ﬂbﬂe§4(ﬁ6ﬂtﬁé’l@@ﬂ@[ﬂr ele@fic SREKIAC ml_:J THe ®UObars 6BBIY, Sndi@ci N
position withjn stator housing 41. In an exenplar inplenentation, an

el ectri cal°fsp dire et @%%%%ntell?@ﬁrlﬁ%hpﬁg? BeBRa &ei%tr%{% Hp¥tae 118G mat eri al
i s used tendduleh 49 he stator housing 41 and to nechanically fix the stator
segnents 42 in place within the stator housing 41. This encapsul ating

mat eri al n[ﬁ97(5epé3r"}9h afithe busibarsgia G2Bad|09c rende §iam & rstrispilaindithermally ng, but

not | i m t eghdi@riveSRAXYal (@g}d&b@?, %di’(ﬁ E!-Mhl'ﬁg, e?ec‘t’l@crailfg:dﬁdﬁétivfeinbl!l—ﬁfeﬁtllﬁuch as
thermal |y conducti ve beads. th this exenplar configuration, the thermally

conduct i venatgatalsy drglfor elsetsipal v eendustjveemnysitaaefaiasit)s Fughasreadt efdbe busdpisect
t her mal . : r g I
Pgbh 65%,%% kheis %&ﬂc}s&f, n§t§ﬂ§§lg taﬁr ﬁl‘é&ma{lp aﬁH/QPthEﬂ?&@%ﬁlﬁgﬁg ﬁ&gf’gect

material, to the stator ‘housin . e stator housing
cont act wiptdvided ¢heneidundf Int thie nzanagrosackabesdbbia, 62b, anhdZsieamby mbenfestpoded t o

the exter Vi I . | SS| . f t egnent s
42 The enlr o iR TE Bkt SR i PR O B S e o

ot her heatEach sibpatlanelbdevi @esasbciamadacauréd Gom d smgllpiatg obysteesh orfcadesi r ed.
[ 0062] When t he el ect E?%C na

hi ne is operating in a t or de, the stator
b oouont ¢ s TySLERI Y G SREM BulRle BnBBRRE ER R, HPhEl tIRESra bl

ener gi zablber dayi bt heyvied by ©édperate L8mpoddenofigh thchembuad bararmodulbe sdaredien t he

ener ot e g PebrelirSREGR Pl R pdRPRb Bk AR RESh A FoRuBro  y 12

and t he stagbaionehdngsn Uy, madhd 4ra0sdreterif@rcbinctae bpawedy codposet 20 t hr ough
the bus bar nodule 16. To this end, the bus bar nodule 16 is in electrical

comuni cati"8HdiHFOERE ndi ngs of each of the stator segnents 42a, 42b,
and 42c thporgh eheshd bedb2ala8a@dse #48sepfReA 9 rméllcgla%¢@ﬁar\@fﬁgopd1§l§nc%@ll.a phase

of the electric machine 10. The electrical |eads 48 can be i ‘ntggr at ed
wi t hin t hdhsditapse troatigsedoutohe damelprsdd ihesradialigap /(i prayidere phralingTesiensThe bus
bar modul ;1,6 wh%h%hé&sthﬁbe%%%% b hﬁﬁhmﬁﬂﬁ]mﬂ! Ltal ika ¥y Bhre?f&‘ﬁs oM hRicher 18
t hrough el ectrical |eads 50, each of which corresponds to a (Phase of the
el ectric rechstense dois at a maximum (dimax). The bus bars 62a and 62b are separated by a radial

gap 76 having a distance d,. The distance d, varies about the diameter of the radial gap 76 to

provide a plurality of regions 78, in which the distance d; is at a minimum (dynn), and a

plurality of regions 80, in which the distance d, is at a maximum (damax).

[0072]  The bus bars 62a, 62b, and 62¢ are assembled into the insulator 60, discussed in

further detail below. The bus bar 62¢ is initially assembled into the insulator 60, and the bus
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[0063] I n the exenplar electric machine 10 illustrated in FIG | A and FIG
1B, the stator assenbly 14 includes four stator nodul e receiving

arr angemewo0hbiln3idach recei ving arrangenent 51 i s confi goras2daio/ob®icapabl e
of receiving one of the stator nodul es 40. As shown best in FIG 1B, the
stator nodul e receiving arrangenents 51 and the associ ated stator nodul e 40
al so include an indexing arrangenent 52 for precisely controlling the

posi ti oni kg & i ﬁ@s%ﬂl@ﬁtg{r%%@lﬂ antg theripyulpten8 t¢ be ¢qnecrgtiqybh thedaebasioyc. 14 and
rotor asseibhnd@pWhehod SenHRbak coad @c4Q i éc@m@gxgﬁ%, b1 thBmRt6BE OF

assenbly 14. I n the exenplar i ndexing arrangenent each stator housing

41 i ncl ude$thgibet baidPorgeBiPelndtheaein hode éftyofibe busibangbmimthigmanser. tive st at or
assenbly 14 Ba{?%b&'ﬁagnsoe_rsﬁﬁ‘?&ﬁ%?eséétwiﬁ%ttﬁe f{uﬁ'b’ir @ﬁnfﬁh%ﬁsg%r g?'a is SRRy USi ons

53 on the stator housings nest into the recesses thelr associ at ed
recei vi ng assemiled ente Hiegnsslatasi§l o beewnstngicowitinthd birebag)2bsind 2@ cHedrmo t he

stator asserblel el g AR 0k &g feAddon Ry IRl e, gaLBgeTS o

ot her att ng nmechani sns. I'ndexi ng arrangenents are descri bed
as i ncl udiang)6@chd thpr ok burs i62insndxB c artend sdes esnddbodyrida sfitht b teir &2xd Ineadi | y

provi dabl g .i ndexi ar rangeien e used. 064].As .descri bed above, in
Phe. exonpiiis PRk B bRRBSRER! e BB O b e ST o Lo 1 he
ot her st at [@07310dUihe armasghae@ibharsitcst of ths gniRimt 624262b fifdll G2c dafide asilality offodul e

is identical to al f the other stator nts | |. of t ot her stator
maul eo. ofct LR B B¢ i arame s A ERAT A PRl bt s fireh dbs
several adwaiRbAGRIS c@eFonding®s thd Fdur&la®e foldGleMBEH thedectfi@RB&itl 10sind by usi ng
a certain stator, segment n for all of the stator segnents of a

desj g
parti cul aredysscefprmes Hhepbdes, ﬂrﬁ%@@%&&ﬁ@%&ﬁé%ﬁﬂﬂ%ﬁ%ﬂ%&faithfgeée@ﬂlaf are used

for the stahes o SBOMBALc MBMMIRE 08 ARMRBAGAN ¥2aRh@ES Afd b1b M$Sc AuARt bt i es. In
the case of a ma%netlc core that is formed fromthin filmsoft nmagnetic

mat eri al SR 0deTing s fest angde i Besherswf theeluditpaf st arprait are pidyet HpBwWES t hi s

I's a very ,ab@givylaGehd adMaplags Rasrrsedah (d&oPipll (6 H. ARtaRIAd &d i th
manuf act uri ng magnetic cores using these types of materials. Electric
mot or s t halfusirated amangeraentco i greater fhep fre Hlomewm athdr arrfrigeneris e catgnplpicd.

material Ry QKiAG iifegs”dlini &f%l%c%@sgh%& g%feﬁno‘r?rg al %ﬁ&%ﬁéétcbﬁ{%gt%iod IR sEEC

el ectric notors, because ilm nétic teri can operate at
very hi gh nfadelyedhti thsbwsibiehmoadulé hesmprahaytel agldisedskédcin durther HaabkeseinHowever ,
the diffic j;es i j agturi L.C .el ectric
motors usi B ¥heda o ThCd FGh A BRSbREL Rl BRRRRuE, A88AT tMafher O
becom ng ceteméngg@biey 18Ucoes phundlity of ddnsgtic groovestl02,904,[200663 ¢massagdhd i on to

par 1 cul ar GHEELY o Radht e PRS- Sihrs habeserambdie T auR s il B ed ™ or
an entir e of awibuybxf 62| 621 miC62epadithedamditic grovwes 102, 1@ cormbs sdeeide byd

Todul e hodeioges e e SateTeabibans o of hEPuahE: g e 6 e desi gn.
Each el ectréshectivBIghTREinA8&eCI08dldnotidel a tlkegdaabddyreaks MBchicngisgwoibd t hen use
a conbi nati%eof t he one magnglti c core desjign, a_ particular_ w ndi ng

conf i gur aPPERIeaHdN S PEHeT CulF TSeat8r PISHGT eroRSs PHFccRnedd @ihhe
incr eases ithBo BRI 8 HAE b&HE 8DL 6AS SACHRLE dlc¥itd) 1RUORUL  NGtrichE 5] cul ar
magneti %grrceohnecting the bus bar module 16 to the controller 18.

[0075]  The diametric groove 102 includes a stop 106 defined by a geometric feature 108

of the insulator 60, and a stop 110 defined by a geometric feature 112 of the insulator 60. The

stops 106, 110 provide for indexing of the bus bar 62a as it is assembled into the diametric

groove 102. More specifically, the geometric features 108 and 110 extend into the opening

68a of the bus bar 62a to ensure that the bus bar 62a is properly assembled into the insulator

60. The diametric groove 102 further includes a plurality of lands 112 that can support the

bus bar 62a. The diametric groove 104 includes a stop 114 defined by a geometric feature
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[ 0067] I n anot her advantage of the nodul ar design descri bed above, the sane
el ectric machine design may be used to provide a variety of electric
machi nes wibt2hi1dizidser ent power outputs. For exanple, in trhe/usase/ssvinhi ch
the electric machine is used as a hub notor for an electric scooter
application, the sane basic notor design may be used to provide an entry
| evel scooter with nodest power output, a md |evel scooter with noderate
power out g of tia sty gfh anheister bk dsifingd e grogstrisdoaire deQ plihe inswatar &heci fi ¢
exanpl e ofpt Bipss ARRLEAH profile R Gfleking oPHB LILPB2E AVit R 1SERABKEInIBY e
designed to include space for up to Six stator nodules. An entry |eve
scoot er naanisEiquresmed 8 MOterﬁpwgcaélvdh@geqmmﬂ feaguries EloLpd d 20 exterslantepdbor | a
md | evel rQyi i r I ' in the
85%9% gg}’? dg‘r?]t)o’? HRE bi Y kéj&féuﬁg‘tﬁa? tﬁe%&i%téag%g\% %% rg}aﬁy a§emb 3§ %ﬂé@ﬁuﬁe

not or, anc scooter may be provi | si X" stator S

i ncl uded iimsutate 60T oy diamiétiis grmppy Bdhrtkea aislusss 2 plerabined lds 122 thettcon design to
be used f I, t wer | evels of scooter, which significantly reduces
t he costs(g{1 ggé?ggéﬁgwgﬁh bot h devel opi ng the scooter design and

manuf act ur [00¢p]t hé'hs dooker 60 Tirihsr iagpdoadhstplsditppOdiadgsc aks 13ipgeadedbi |0ty

to upgrade the tor to a hi r r f.or nence o | at er addi ng one or
o oPa Bt TR B mel R Bo e dBE Ao} RN SRTP LR shEl RsondhadBE )RS °1F O
exenpl ar Wisncharwandod erolhled balvoeetie diametis k@ ar 108And a0 us cidadriGa avalla bus

cor r espondad g L e gpieial T el aih AR e PR ofilia e

<(31IrD L ange 239 @Echﬁff t}bl%I s@eonli@luéillgﬁ obwigishan is&ﬁ@oﬁt@fuﬁ@ﬁiﬂ&fgdésdp‘éaihdem&n’gélgd’@tIn@lg?-Se g
ase , t he us r correspo S to. the secon R se ase , an
the bus baﬂ%ane‘?ceae%f)?@wa 1523t36dt112|‘£0{]t ?Plarahmg@%f lﬁr?é%Véd%)a.s amﬂ SHEebar s

62a, 62b, POty 623 iRuERN6E Ri%ddeFohyanddcargRdnsieéAllld®e hRtcPBe BBRbhAer, and
are nested within the insulator 60, as discussed in further detail bel ow

[ 0069] EacnagFriasHeclpdssbys gresno britedstopplasiigy tppmoplptics; debbern aggkoesiogtricplly

ri ng- shaped, BBl PR mPHGte Faidridlsatrht Yns@htof 861EAlHe YnaBfa 80 Flld RGin gk Afous 2nd
provi des connecting points for connecting the bus bar to a stator nodul e

for el ect masnfacteopgmathedst iFaamplaemandacisig matnde inshyde,bfuf ergnpilimitdddo.ous bar
62a i ncl udes, AR .04 g @b terRhs yo .hus bar 62b
i ncl udes ggéﬁﬁ%gggﬁ?bgﬁﬁ“gﬁﬁogggf@Pgﬁﬁég‘%f %rﬁéﬁég%j %ﬁﬁrﬁﬁgnggs bar 62c
i ncl udes aompickridyoryldBgcandmeitresiqul urality of arms 66¢. In the exenplar
arrangenen FI . ' I ).S
general ly @ggﬁapggﬁﬁ%%fﬁgﬂgﬂ%g%éﬁ%ﬁﬁngggﬁbgﬁgggéﬁga8%%%%QQ§EE$%£§22A, 5A
and 6A), andithe&ohbdrd3b biahe regonei@® sinftios masmenghe walksr 188 pdrildi arging bettvien f our
stator nodul.es, 40 ,0f

e, exe ar..el ectr,i chin 0. The, bus rs ,62a,
eon hna” SRR kb Rand I bR STRAE TR b P SaTRRPLRE pierT B B PR B o
t he cont r old ek badBs2amdtht Reick 2.0 thiddhiihnes, #O wallOPAQIEbIC ircik; betwecbths bar s

62a, 62b, i de f | ectricall | duct i
oza, 20, a0g 2, LouBIS! LA <L Sebrlcalln ard Ahor el Ly sopductve

non- net al lpk&ideabeteal the badishr 6Pa &ldakd Bus®Gat 62b if @R s\80, HAMPASIE ere
h of the bus bars 62a, 62h, and 62c i s exposed, not

materials). Further, ea

havi ng an DEaE DY @w B 24 drthabysypar 66 dn Heiregons gt Phée [rESPT déd

t her ear oungq g0, Mhd Aiigl PPN a QAR UKt thBZRcinSR PahigiRd (§dke SABipRGd
manuf actured fromraw stock of a particular material, w thout further

pr ocessi ngotagciapd eyreneconaunigiécdibroughthe Rushas, pd ingdedor vedls aredil 62¢ can be

manuf act unedsfhOMIR BidA6d & ikuBEs vAils Bh&E r@ions Qhatteile BE BIRUhaghusRd by
assenbling multiple components. For exanple, the main body of a bus bar can

be provi déde edeassapiodante theanplatendl. adaeaucereharmeunt ahwateriad reguived ©an be
por t1 on_ of e aapus hREHA: AP LRGN RRuTRE o daih afo BRI EATE & 2 can
be i nt er cdhnebscre diynsalabodyllicompsamgionslspeomblds tiher bdye mwesdrecly[ 00Vl The bus
bars 62a 40,836 ASRISRPHLALG Rtk Fahah (3R 19 Rl @ distance cll.
[0079] Referring now to FIGs. 4A-4C, and as discussed above, the bus bar 62¢ includes
the main body 64c¢ and the plurality of arms 66¢. A bore 130c is provided at the distal end of
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The di stance dl varies about the diameter of the radial gap 70 to provide a
plurality of regions 72, in which the distance dl1 is at a mnimum (di m x),
and a pl uwel2ntiy3odsér egi ons 74, in which the di stance di1PC3/tskoia/omsxe mum

(di mMAx). The bus bars 62a and 62b are separated by a radial gap 76 having a
di stance dz. The distance d2 varies about the dianmeter of the radial gap 76
to provide a plurality of regions 78, in which the distance d2 is at a

m ni num ( @2dihrgueh speh %ﬂma@rﬂag@% yhgboieddPoengblapa fasigneiupetihevie tibst ance d2 i's
at a maxi mynved Arohring B0 664 JR AN I]Bwiﬁlinqg@eleégplmaaﬂﬁje, GefroppByRRReNdl ed

into the insulator 60, discussed in further detai bel ow. The bus bar 62c

i s initi alclogtrigglsempiuaigationbstwasa therbaip barttde agbthe aa@r miedulpiy g or peampl pachs
b - - ; . e b
subsequentel Yo aSSf %@@m{d}l %gﬁgé}%{lh@%gﬁ%@f 06‘@1% st or%aﬁ%@,gaggbfdvﬁie% fR¢the bus

bar 62c. The arns an ars 62b an e in a conmpbn
pl ane, andottive ohamnele@ael pdth bétecdnube burbab0s and therrdspoetivewtatdn ecgmeeinty. Bbely 64b

of the b u%ﬁQs%&%?@%%ﬂL %}érﬂisgﬁfg&n—.‘%ﬁ%d B%l%?lg&’#&vggﬁgndqg&u e%thgﬁle?iaf§.dT£@ be

nested wi thin the Dus a |I's subsequen assenbl ed
i nt o t he ijansubatacr eq@llistamtlpspacehfremtont enofhct in thbheadalidirdsanisbo@bangted. B2c. The

arnms 66a, 66b nd 66c¢c of the. b bars. 62a,. 62k, and 62c lie in a common
pl ane, an&m%%%mg?ﬁgﬁﬁggngﬁBmgg%gg?e?ﬁiwﬁﬂ%ﬂBﬁﬁg‘62b and 62c extend bel ow
t he mai n bd§o] 64 RebdrriidreovdFI0arS ABRA . and Bs dikdussedabsver the bicbabuZ iBanges62b and

62c can be sai.d, t e neste ithin t b b 62a. .J]007 he, ar 66a,
San, Cand Gisonit bR a8 B pliralsh O it pe, AiB a3 S0rck pineidsd B Bt SRELSUE oot
of arns 9Qnd thiough@ad X E Rl anths 664 aMG BERNBODENabIeES faslcAerandd sEAvid & bd our sets of

arms 90 are proyided, corresponding to.the four stator nodul es 40 of the
el ectric RHEHF gori@f}lrla%ﬁleéawrw@ulaf16éwwgl Gp°lerits BaguNs ARERT BONKIG6a, 66D,

and 66c, GREIrRIRSAIINRalih Behfeef R Bhr 2R 3SEH e Shtot FRIREE Aok bantPRS Bidhe 10.
Adj acent arns 62a and 62b, and 62b and_62c in a set of arns 90 define a

first anglfésteaer cppextgrg Wtogy corngepoprling apaning Athester igdulep pgd oy videdt spstdet from

one anot Neh Y oRarPQERA ANYb&WPen Wb & bat 822l FiRr 1BIMechvR@Rtdr keghentsN@he QU
to) the first angle a. In the illustrated arrangenent, a is greater than

[ 3. Howeveérms @rher geaeielnjehangt soxiene rademly enpwead. ead inchydemthadknessits I erss t han
[ 3. Becau t i i f t.at or
odul oo 40 PEoha B8O ALt FRAIRG PATSRE R Sl DB M ner
det ai | heréihg arpO@Ady Rakistance Ag. otwstnenrGhe dBanemdl @Bines hgapibesudeatior 60

i ncl udes | d i [ I .a plurality of
i ot 11 o Mo o Bt pi Rt Bld ks IR R BREES el B 108 ' The
radi al gr oevesdereJbe distaared], ais cdfifiiooiad erhithearangrset®6a, thE&Bils baafith a6 theof t he
bus bars 62a b,.and 62c., and.t.he dianetric grooves.102, 1 nd 105
Cocetve. ani b Conmpiara® P ARl BB FohJfE SRS Be et irells oo s
62a, 62b, bsandabRel). mabpechplee hirangdihentiphsitedthering 0 issdqad tdé H@L udes a

Fecass 10300y deeepns bICAR-AC bR e ROEh e he BT RZLO R o i ne

8%°Sof t he

]pus bars 6zamaif Bbdy @lbdmgafé p‘lLQalﬁ%/ etdrhis 68b. %fbaﬂsl3()l§3islq>lrovi@ldetcﬂl[éid(é&|1 Tﬂdﬁc&ds 50)
or connecting the bus bar nmpdu 6 to the controller 18. [0075] The
di amet ri c 28¢ %%L]f 9t ther e &h Tﬁiﬁ%ﬁreﬂéeb B@PIeﬁééaSﬁyera{n@téng °feature 108

received for securing the bus bar module 16 within the electric machine, and for providing
clectrical communication between the bus bar 62b and the stator modules. For example, each
fastener can extend into a corresponding opening of the stator modules, and provide at least a
portion of an electrical path between the bus bar 62b and the respective stator segments. The
arms 66b are generally L-shaped, extend radially outward, and include a thickness t;. In one
arrangement, t;, tp, and t; are equal. A base 132b of the main body 64b is offset from a top
plane 134b of the arms 66b by a distance dg. In this manner, the distance d,» defines a gap
between the main body 64b of the bus bar and the nested arms 66a and 66¢ of the bus bars

62a and 62c extending thereunder. The distance dg is sufficient to inhibit arcing between the
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of the insulator 60, and a stop 110 defined by a geonetric feature 112 of
the insulator 60. The stops 106, 110 provide for indexing of the bus bar
62a as itwoonssersbl ed into the dianetric groove 102. Mece/usp@oioisocal |y,
the geonetric features 108 and 110 extend into the opening 68a of the bus
bar 62a to ensure that the bus bar 62a is properly assenbled into the

i nsul ator 60. The dianetric q%roove 102 further includes a plurality of

| ands 112 PEhear S &'dpperiers e 2 chdhe g, 06PpigEe ogiisli ¥ EPageobviB 0194

| bpnbitr 6a Andstp e herst (1a api&2ch dihe g2 OOPES AP BNy epegrbbion
i ncl udes g,&hQin %4acgeﬁfd§r9&gnl%¥ aﬁa@@@eﬁlﬁh&exfeﬁl?tayﬁﬁ'an érgignt(ﬁfovﬁcﬁﬁ hbl@ﬁll;'b at or

60, and a stop 118 defined by a geonetric feature 150 of the insulator 60.
The st ops is1am@algnd0°%18 provi de for indexing of the bus bar 62b as it is
assenbl ed | t i i % hE1.Gal: onetric
foatures. 110 o MESGHATEI 6 PRGN e Rty O PR ofuac) B @B
ensur e t hatgndnetobuagnpiaptiGhbt dngblpy thpsaniostagsegidng d24, ARl andhé2d aisedhatater 60.
The di anmetr | . 1L NC I yr @} i 2 that can
support t%Odgﬁgbgggp%éé%&ewo%%gmletﬁli ljr?{ébg?is? %PIQIG% %Orr% #§%¥$%§P8’§%sga first

pl ural ity safordégumbt 41ac4kahidsA2t 2B a pardwilaeschtdyenodsertOtihgropirgratignddowigr thove 102
and the dianetri ve 104 nd a secon | uralit. f dianetric l1s 124
o ovi ded. BAPLESY AL B BetirRRade DR Thlft Guva SRR af 481 1 ° 126
i S provi dedd &c dfhie rearihaig satorhvduicndViatbo piPerlEsdhcdvith e rétor Steniilur al i ty

of walls 3 ch of the _second plurality o l1s 124 is discontinuous
al ong res éécﬁaﬂg}' g?aﬁé?’iﬁlg’?e’ e Sfafﬂr§e£’ﬁeﬁﬁe4r2? 0%%?8{5 O}gﬁe ST Rafyles ‘%%e g‘ﬂd 124
of the pl peapeily ¥ligkd wath kig rhznpk ovihd edlorasscambial 1 fos 8@ MBRtrated AR AksEh®ly

i nsulator 60 .is gﬁde f{lom an el e(ftri cally non-conductive material. Exenplar
mat eri al s PPHEPLGBNVhgrtheyorfstentii¥yited to, plastics, thernopl astics,

rubber, an@bgy elmgikbpahtion il @Rrot@Mbde! JowRr BYIRAR S hEBLaf) kétnfents ThE

i nsul ator 60 can_be manufactured using various manufacturi ng nethods.

Exenpl ar rahdfacuvithie setonswduient] heweh figbuabas mighle) [onis d lesric

stereol i t ROGRAPNY opdrit<€hidak AbcABhEN Rihin QWS GiuRG 40 LagEHREOBIRY, transfer
nol di ng, conpression nmol ding, and extrusion, [0078] Referri ng again to FIG
2A, t he wabergtinxdfigiensy dilspbisdarsanfebrandivéc bustidyens adieet sikdo taw sefs bar 62b
in the regi ' : i.nhibi ' bet ween t he
bus bar 6 gggtﬁaztt Oékﬁglgg%%rtﬁ%%gﬁ%ﬁggﬁ%wg e%%%ggfrﬁg@g%ygdg?}seg%&lg%? ween the bus
bar 62a amehchine Mos penifi@y, thathehelly egidyngver@s bam 62hi62b, aathzorare itHwatwal | s
124 i nhi bi cl %ﬁﬁp' . he
exenpl ar é%?%%ﬁgﬁn%lﬁl? %% II&{ Jﬂgﬂf%ﬁ%%%Pﬁgégﬁggggbgg%%? u%@{hﬁg%sﬁengﬁgf °bus bar
62a and t keanmpls Badis@Rediabovehthe beghapn&2a86Pb, anih2nerewabdssd amdedqorod wicthed

bet ween th etr)ug bf?ig 16[12na caaglgl t Ifr?thpun%an%arr h6a Canicﬁ st I‘a{etr ﬁ%ia?rgs rw%f inI Q et he

regi ons 74 "G @’0, YHeegui"s gaps are of SUPIS ent i gli%llhgegt at arcing
i s inhibi bedbdro624t 62b, amt 62¢i patad disohskaipdoa dir iU dean floe oliroughi thataddl ddir ough

t he bus bars, and insul ator wal re not necessar.y. The sence o
heul it or Bt SRR baS PhyHEres RSy BRbwl RS R85 BB RN Er e 1o
be assenblegll andb2x dadeiimpdla@t or 60, and reduces the anount of materi al

required to nanufE%EOEﬁgre t he insul ator 60, thereby al so reducing the weight
and cost of0%He i 4 gy theralontsgmARIdo BRERHhETP AR BIF* i 1 VirdiEese

regi ons algsit@Ratige ahtor is@enflﬂlﬂ\m B Bsulit'i® BNl LM iR fMsr Rehei®dul e 16,
thereby extracting heat fromthe bus bar nodule 16. E 079] Referring now to

FI Gs. 4A- 4td rod@sxablyi foeths &wdvidusdy ghargaderhpiss Wil pastilar sderigeredo FHe 7mmi n body
2?;8 g?d t BE cRInIAH el detticHhachind B sERGHusRaPPEAR iAd0%s InSsaeRN sH8d s@dmdnewid st al
respect to a rotor assembly 152. More specifically, the electric machine 150 includes the
rotor assembly 152, a stator assembly 156 having a plurality of identical stator modules 158.
Each of the stator modules 158 includes a plurality of stator segments 160a, 160b, and 160c.
As illustrated in FIG. 7 (as well as FIG. 8), a stator segment spacing X and a rotor pole
spacing Y are provided. The stator segment spacing X is provided as the center-to-center

distance between adjacent stator segments within a stator module. The rotor pole spacing Y
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and t hrough each of the arns 66c. The bore 130c enables a fastener (not
shown) to be received for securing the bus bar nodule 16 wthin the

el ectri c wachimsjesand for providing electrical comuni caCirars2betwseen t he
bus bar 62c and the stator nodul es. For exanple, each fastener can extend
into a correspondi ng opening of the stator nodul es, and provide at |east a
portion of an electrical path between the bus bar 62c and the respective
stat or sedhAYided Fprke eepivktopEates distapeerhstvegen pdipcea g golee x Therméptoraegragnt y

out war d aqgtdn@@kqggreﬁelttmnqﬁ@p&& ble-spddife RF M5 66¢ are equidistantly spaced
fromone another 1n the radi al é)lrectlon by an angle 0. In the exenplar

ar r angemeni00%¥ oviVHelithh given rotorpoigorgidc. .0t @OMINGOBYSRERMN SinRGPTABWt 0 FI Gs.
5A-5C, an e n body 64a
and the p%ﬂ?%dgilgi 0 @ggnn%q%éﬁetp%#bgp%%%%%gy %@Si%ﬂéﬁg%gﬁl@? Ee]i']PiEh stal end of
and t hr ougieckiae S inthiatedr Moréepacifiqdly, HbpechltBOsatenslyment 1804, asa &nver  (not
shown) to e V. e
electric IIr)§ (lgnnée:[%e ]ﬁ% %ngo:St %%g%{)fﬁ St%e(teh?;d trsdltoc?a d@%ﬁrﬁ%%ﬁ%& O}Q%%amoy h&/gen t he
bus bar 62>éc1@ukd>os1hen)sls@tqperlymj(gnb@suth Eoresmavmhegnee[mhtma&heﬂaor can extend

por t1 on' oSy bt or GRS B Conditfieh  Fhems T aF Ten AR Bl D ellrge e
st at or segnmpt(sgmiﬂg t1&r3m’c1661aaralrseo gleaep@itioys)J_ars bapﬁ@rope;xﬂ@mdeﬂtadthahé y
outward, and include a .thic fs%h% one arrangement,, IS eoiual to t2.
A base of Y?SH%“Wﬁflﬁgli%Bvrsié%%r 5'°b §t§{°rff‘rg8}ﬁ“ei of ﬁﬁ Bfoéimé) .“Llﬁ%? RBP4 e ar s
g6a by a ﬁhg:ﬁ m&g&ghodgld?@ wToPldibﬁﬁajglﬂed t0 Heiwstglms%aaeﬁﬁaqgi;icdlaf ﬂaﬂ%gpcﬁltf@ﬁph ]
etween the main body a of the bu ar . and the sted ar c of the bus
bar 62c ek‘fl@ﬁb‘fﬂﬁ@e?tﬁ%%%%rconﬁﬂé‘e‘&ﬁ’stdﬁ?ﬂfé Ter elileptig et to i nhi bi t
arcing beﬁx\ﬁﬁ@ﬁeﬁt@& iR iRACoP ARl ARG LIS cRaFic GdBhind he arnms 66a are

equi di st an spaced fromone another in the radial directign by an angle
0. In the @%Mpl Hefurnsiyerdde: pribnnrersat dirclasiig preyides 2 ghasasshiflo 90.

[ 0081] Ref %ﬁﬁﬁg@ﬁleﬁ‘toiﬂ@Iﬁchh@ﬁtcal%‘t(@%ocﬁ[&gc@rrsbthl%fé%ﬁﬁg 11?1199¥t§t’0r Ss@@m@gs bar 62b
i ncl udes the main body 64b and the %Curallt ar s . A bore 130b is
provi ded afore peciicaliva I(éﬁ?dll@ﬁ’ffa@ﬁdlete wigghnchine rhS(bfmthengathwt@@bsemblve bor e
rodul o 16 g (R He R Sk B 8 us i B A LAY b Rl Dus bt
conmmuni catsfatm nipdthae b8t Hebinnd 163 BRrliytagmchadhles éiSat bbravdub8sare Rgntiaakanpl e,
each fast r

nodul es, %ﬁ(ggan%%qmgéﬁ&gg? {VHB 8neaan%91 %2%80? édé:glltie? r| c%faf%egtﬁ% Q%%{aaénen t he
bus bar szt}amtbctlrlluenacmspéﬁﬁ’l E@clsdfahemnat@emrhlw 358 ﬂihhadarar;ﬂur@ﬁﬂy ofirtetogener al |y
L- shaped, exntlendmpa%gth Y gébtward, and include a thickness t3. In one
arrangemer%ffg PF 100 3? are equal . A base 132b of the main body 64b is
of fset f ro[m)&ﬂ]t opin pdcarianck34ith thé plﬁdﬂeslﬁftlﬁﬂalfg@bleﬂ}ofﬂledjrﬁbﬁmlodlga anln this

manner , di st ance . d 2 defi bet ween t mai n. bod of t he bus
bar and ¢ RS PROC D uab s i B e R oR R BN RS RGBT endi ng
t her eundefprovilt@. theitabERgMa™s 1 §0asSLE0b] MidaBoc 410 cletthitdiytcomiccicad et ween t he
bus bar 62b and the bﬁs bars 62a and 62c. The_arns 6F61b are equi di stantly
spaced fr SAPBHIET RABiHAS Phasesiagrost g Fiator sremetei dlorhipeaealgine stgtor mrdylpe
exenpl ar aJsgzal@g@eﬁeiuymoﬁxvdcféadumﬁﬁltﬁb stddor sSgrREHab0L M tROfirsl RARBhRef erri ng
again to FIG the exenplar electric machine 10 includes a stat or
segnent t@owgﬂ@@ t¢ afifshphenatPhatiab) B steive segateat KOhtiptheseememesiian, 42b, and
42c of eaehrapaiRto M%cﬁplﬂ% (ﬁ)ﬁas@l%‘?réﬁﬁ"tﬂeasfta%%e%%érﬂ'i‘6d& fnhnd Mgq b%ﬁ’c{n assenbl y
12. More specifically, when stator segnent 42a , and 42c of

parti cul acomgsaersts tor third @harg (Phase b pkhelsiatesmaghled Sib. thawetes ip d@@rlcaélysenbl y 12
for the ¢ r 42a, 42b,
and 42c o;é&glﬁglreégu%ﬁ%ggqga%?%’fm%g@ae@ﬂao a eglzlgll sgg%r gglge%sg@glgﬁpgned W th

t he rot or phssséhisbgCLzhe SItauorISe@lemMObf mlrth@scamﬂlwsnmm@osmbmis tethgient s 42c of

the ot or M SUALRS ATIRFILES R Aafenfice, RARPRY Yo SRR BB o Ve

to the st@haﬂe(%lsaseeﬁbly 14. [0083] Duri ng oper ation in a notor node, power is
provided to the stator segnments 42a,
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42b, and 42c with the stator nodul es 40 through the bus bar nodule 16. As
the electric machine 10 operates, heat is generated within the stator
nodul es M0 2hi/sissheat reduces operating efficiency. Thechus2ansséPa, 62b,
and 62c function as a heat sink to draw heat fromthe stator nodul e 40,

t hereby increasing the operating efficiency of the electric machine. Mre
speci ficall the thermally conductive bus bars 62a, 62b, and 62c are in

heat t ranshﬂ§$81corﬁhﬁﬁﬁa@afméwem%s elegriealiyiconncsied mechttbat Aratato spgmehd 42¢
through theod ashengk Eosﬂfo‘ﬁr c&?&%ﬂﬁh@to tl%ssegérﬁlciﬂ{%%?ﬁhe@pgr%e 16 s@é&ﬁer@ar s 623,
62b, and 62c are exposed not 1 nclude a therm I nsul ating coating.
In this mdAPlein thhé%epnd:mnmns@rrgmoed&t@thqiblréphasg(l’rhmﬁdmiqhq fleobigempir s 62a,
62b, and e t he
radi ai andod 200 M beaEaR SRR e SBl Brds® RN, iy BB L8 et
di ssi pat i aepcatd elvart thaserivandsr 6h¢ st@@bassanidy 6Xc loalns tenienphoN edases of the

[ 0084] Ef f t r m ze
the w ndi S5eenRePBe 4T £ iy Fee® 0tk P EATE G SRR IR B hb R DRl Uy
i n aligni ngtd hedsieat e, %g,rmdtw&ar(tbns@mmtlyasismmb] gtatémoduﬂﬁs cambki vi dual |'y
char ged phas exenplar el ectric
mmcnine 1500k enpd BpRLMLGHSRIREERERA Sufd el wfliS Sognents i th
respect t o[0889]0t Refassemiw 4 FIG2.9 Ane, asljie(bmfm@calllé 300 it hiestedteic tvhich cmaloem ne

150 i ncl udes the oto 2, a stator assenbl avin
ol ural i ty "BPCTEER Paahiow By B iR piratteen Gen AL, LT S B OB es 158

i ncl udes ao@ingrabd dnyiniflat&t282.0r bus B@WAL S BLE 0@, 2036,08d a B0bat G0 E%Shof
illustrated in FIG 7 éas well as FIG, 8), a stator segment spaci X and a

rotor pol éhspabping0de 0¥ Weewesmvésgqaaﬁha?e SRGRERPOLPRE TIPS “ﬁ’r ovi ded
as the cengd.erclt@ricABtRle W FFan &S meha@@ﬁlpeaelh@ﬁ%eﬁlelﬁttﬁ& Biis REOOLE W thin a
stator nodule. The rotor pol awegam ng is provided as the

cent er - t oceEsPerd tgiadird phwse Hh ht@dauab%rr%)“% PSPTRPPRAL SPRONEPAIEr segnent

di stance XpiaSe Ef %ﬁﬁ @1@: bﬁ@@df'ﬁ)ﬂecaﬁ@&?és?mlt@ 2 SRAGINAG (¥hask @9BPAMIL Bakhe given
rotor position , a common stator segnent is no properl(}/ al i gned

with a res’ﬁ%&:@ﬂ%alrﬁh%é@repanwntr@@lﬂvS@tfmmnekatlvqotp@p@ﬂnqﬂpe@aﬂ pigmeged t he

el ectric b [ $97 nhi bited. Mre specifically, although the stator
segnent 1%@ t|ﬂ§1a ?tior%% position of the uppernost stator nodule 158 (the
st at or nodidP0] 158 ach Oﬁb@blcs)harﬁeaoédt Y04thend 2@fcanabeks pegictallymng-shapedhmemer | y

| d 0 i
the t st opmet iR hEARFE R TRAPEl PaAG: MG RATRN AL Bl REAEAAEE P
158 at appmomi balyel0ga srhle Buralitylod etmsediia, Shodbus IbachO4pthtdbmm)ip bad3e2(lﬁat of
proper all Crl]'flﬁélral thar ?(8{' @%? bu\é%ar%gler}cl as! 4 Mai ﬁ)gd}p% a{:g{)cfl arerlalua]l stator

segnent s 8 roperliy alrgn, &s woul d
be requi r edats 20&c. CIhlSlﬁdHXbﬂiﬁIdEarf‘angelﬁeI@af FliGs L9 ard Iathe alaiplesly C06 2061, hi n t he

© ot ement GBS s BRRE OO0 S SETIHEN b L Al bErs - e ne

[ 0086] Ref enod, ngov)ewd 110c FeEGF1@s. 11Ae1F esPath Bistat Q(Mdl’ﬂ)4brﬁl\di2d$c$maludes
phase-shift arrapngepent, in which identical statgr nodul e%“ can be

i mpl enent S 3WS L9458 8k By 2083 Spespondis: e apieriial PEsiK pyior modulessofian| yst r at es

the el ect fekgmpBRGNcRR Mrfline] M BIEIvAG 20BEL 2040, @id 2SN défidda leadtpdifish St at or
assenbly 156. The stator assenbly 156 i ncl udes a plurality of identical

st at or nod@fpegectnehpath Bgpyeerpnepniglier andfe sefozmedulgbdul es 158a, 158b, and

158c are i@gefi C%acl@@ﬁh&&ﬁ HAR Joif, Qbmaﬂcg%ilc‘{\é tbacoRsn ANALNELIy Qhq T epl aced,
wi t hout adversely affecting operation of the electric machine 150'. Each of

the st at othavseliy sducsige matsrieldes.. sonpei eallli Rigtingm, electtienlly sepdvetitesnons0a, 160b,
and 160c. nL 111£t9r1'§§: GRA/ 9@6?&%1&4& E'o&dh@uv@ Q%ﬁos%tl@ Ha{erlﬁfsf FNPREE Slch 9% the he

pr esent dISC osure, an
bus bars 204a, 204b, and 204c is exposed, not having an electrically and/or thermally

insulating coating provided therearound. In this manner, each bus bar 204a, 204b, and 204¢
can be manufactured from raw stock of a particular material, without further processing to

insulate the bus bar. Each bus bar 204a, 204b, and 204¢ can be manufactured from a single
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arbitrary phase relationship for the electrical connections in an N-phase
el ectrical machine is provided. The stator segnents 160a, 160b, and 160c
are el ectwocalilogiesennected to the controller to shift tireTisaG0®48¢Y 0SS t he
stator segnents. Mre specifically, the stator nodule 158a is electrically
connected such that the stator segnent 160a, in the first position,
corresponds to a first phase (Phase A), the stator segnment 160b, in the
second po$ioce shnateiils wspvbriBatGcrabboteias i mhaenyenta fer eHENe at or
segnent  16QCmaih Body'§ althis b4t BB froPiled é\sqarsreﬁa%@ Rétpdn@n@rdnlnt dr @%Em{ Phase

C). The stator nodule 158b, however, is electrically connected such that

t he st at orrmBegdasccEBU4c.-gi threugh welditg tpbs majndredy.cot #osiso erdenpics 2 ppidior hi r d
phase (Phage, hm bescFhak BoriS RO nakEDy, sl GRS BOS Ik

Cor espondniics TRENFIThEs B P had Byl byl dfnS AP ALV

t he t hi r d bpdsédniponent dopesed goretistween.t he second phase (Phase B). WD

2011/ 03168 /U | 1 rically
connect ed DI ¢ RAE CPHarcr At ard S2g T ErhBLE)  RRANLA a3z BB
corresponds Tle dihiencs dcanids givasthe (Rhaese oBhe rddhaé gt Hdoo poegoepturdBpbf, i n t he
second positio correspon to.the third se.(Phas , and t st at or
segnent " 1euiot o AR ERRRSaR o) 8 ¢ BibFuBlBiae 0 SR pERShE" Phase
A) . This shivhich fig diaincednis bsa mepahnad,\ako Uthe bhebareltla aaeP04bfard Rkparstedt or
assenbly 156. |.n this manner, the N-phases of the eleciri.c machi ne 150" (in
This case DR aadil e R B BE St g AR RO b URAEEH A acont

st at gr ”Ddilhﬂizﬂ%aﬂ@%&o pﬂcﬁl&féh a Iﬂldnd]it%BlﬁégioG?%@Eﬂmmblh the dise@ed azq?lu aahiatnlarm nmodul es
can be i npl enent i t hout adversely affecting operation o e electric
machi ne. ﬁ@@gé]aﬁgf‘@m*ﬂ%o R whl@%mwtﬂﬁefﬁ%g RIS 200 i s

i1l ustrat e@oophi cihe GabRE204aP10BDRAN @04d e AGEMEYEIntd e PRAGSr 30V, fifscussed
arrangenent di scussed above. The bus bar nodul e 200 includes an insul at or

202, a budn Butherxgipy belowy (Jde haybap 8y is Hyfenlly appgabled into thednsulaipr R0 fand e bus

bars 204a,,,20480488 RO HOLEEGTAANER hOInQuIRBRER 19be EreQieRRP AL HIY
electric machine (e.g., eléctric machine 50 of FIG 8). In the exenplar

arr angenemer 2q4h-eThﬁf§?n5398am4@0&<a¢fth%bus beis Atk and 2844 li i9ta qonaa plaphasd A)
the bus baf. 20430&HF afYul GIBT ?éﬁid%eﬁm?%ﬁﬁ%ﬁgfédﬂ}ﬁ% ) b%%Qa.t e bus

bar 204c can correspond to a t phase ase e bus bars 204a,
204b, and tiE9mentEr,éhclon ben0de ealebtyd arthianiegelzhs bed 244 i.vEhet s bar20dh ot her, and are
nested w thin J he. 204b, and
204c i ncl LS esgq&él’ﬂgye%sg(?%l?({/ﬁh tﬁg%éﬂiggg%ﬂr%gi%%Q%nggri}}lgﬁlgﬁg% &%gpirf ?@{/5%89 radially
ext endi ng 284arsl’heMbne2(8p 193D, and RO 3, ofttlinebuls bars Béda, 2Q%aandi¥atie & acomeman body

206a and a,plural;it o% r 588 the hu %ar gb i.ncl.udes.a mai n body
T B e R e S L
body 206c batd2@bpif thedus bar 204b. alhniis 2AMBEr, thabus hers @REngIdR04@irt asgeineittin of
FIGs. 9 and 10 tﬁﬁ mai n body 206a, 206b,

the bus bar 204b.

[0094] The arms of the bus bars define a plurality of sets of arms 230. In the exemplar

arrangement of FIG. 9, six sets of arms are provided, corresponding to a potential of six stator

modules to be included with an associated the electric machine. Each set of arms 230

includes three arms, corresponding to the exemplar phases of the electric machine. Adjacent

arms 208a and 208c, and 208b and 208c¢ in a set of arms 230 define a first angle a. The sets

of the plurality of sets of arms 230 are offset from one another by a second angle 3, which is

different than (i.e., not equal to) the first angle a. In the illustrated arrangement, a is less than

B. However, other arrangements are contemplated, in which a is greater than . Because o

and [ are not equal, improper connection of the stator modules to the bus bar module 200 is

prohibited, as discussed herein.
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and 206c of each bus bar 204a, 204b, and 204c is generally C shaped having
an openi ng 210a, 210b, and 210c (see FIGs. 11A-11C); and each bus bar 204a,
204b, andwdQdn/i3mesbudes six arns 208a, 208b, and 208c, ecrrss@omasonyg to a
potential of six stator nodul es of an exenplar electric machine. The bus
bars 204a, 204b, and 204c each define at |east a portion of an electrical
path between a controller and the stator nodul es. [0091] Each of the bus
bars 204a, [09%b, Taadnsploies 205inghdes aneahitsef edislly extendingeraoies e nal | y
conduct i V%hﬂﬁfthf Cﬁamétﬁc groovééQRRﬁﬁg 9 Phcfal RGBS AU 184 Bl e @bbove GMduct i ve
nonnetal lic materi al s, d/or electrical 'y conductive conposite materials).
Furt her, eeseertéfthe ﬁeulbus2%@62maégr02®esuecea\f¢dméeer@mrrs>detﬁﬁm@s 206t havi ng
an el ect 1 ixgal Lyq 3, R fnctNCEIRIAY, dngul ALLAY (EORE RO acheLher far qund.

In this mannér, each 4c can be manufactured from
raw st ock agdorranqﬂatetthet:mwalbom%a,aa06bwnﬂ ﬁ@@qofﬂhﬁhuhears Bo4c 2ethi myl 20dc.i nsul at e
the bus b dfroma
single pﬁglggg%%{}n%? éorv? § nCl%Q Sq%pg%gégedngﬂ%? grfeegﬂ%s O?a}{s%g#%ﬁ%ﬁtﬁgﬁﬁul tip
conponent grovierfoeixdaxl g f thmsmaomwboandazObuss they areaSSeﬂo‘eleqbrrm/thded as a
separ at e conpone omthe arns, a he arns can be secure

hFough witbRigs dgeRa el Wi AR et RafE ks SRHLRR B O cach
arm can deéspeiva ofmirigs Qmaoﬁl(ﬁahﬁld@i)dflohﬁdbus ard0uheodls, Asd 2@ tdensure that

i nt erconnect.ed, b nent d| osed t her ebet ween 0 ]The bus
b < 5045 B S804 O be A A oae By Ty SRFEPGR DL TAT AL A Ml ot ance (11
The di st armcaele&ﬂc gt&b’\ie@San&bﬂthr ifchfle tindé@bedan 6F uidieo ipgb@thePapbatd 40420 provi de
a pl uralltﬁ re(gl ons 216, in which the distance dl1 is at a m ninmum
(dini N, aA®P-apf8cality of regions 218, in which the distance dl is at a

maxi mim (d[bmé) ThB @hshMbr DeT furtBO4Rc1RARE 2 ARARLRIVEaIS ERPBRP RV RED Bween'tBREbRl  gap
220 havi ng) istance d2. The di stance d2 varies about the dianeter of the

radial gapa?204 804 avd HYcaEphinf Sieiwayls 362 ecotgupAlongieREftieR the distance

d2 is at M mumalid2ThiN}: cad\h e WAIKP3D ﬁsgi}fo@&edraﬁg'v@ﬂ%e%t hRyMbireh the
distance d2 is at a maxi mum (d2mAx). [009 he bus bars 204a, §O4b and

204c are avdeabisauovidadst thesentarsafith inyu PQA02di scussed in further detail
bel ow. The[ro ba, 204G ok S0 Rinfdu kb aﬁ%fe%giau fhdn ﬁd&clase Qéﬁhaggémﬁgp and

the bus bar 204a is subsequently assenb e |nsu tor
concent r i enapirieh indiedeblng atyanot Bdated toTilestias, Mmrm@s@tlandubb%@nmr clderichilis bar S

ot ona Do vl oRpS AL, 8ol 4P AhIE peRitfc@log hlfs DiRupar, PI4C
bus bar 2@dhnufastunesmettiods tHxemplhaalhdstbrang n&@idds inthde busarbaot lﬁﬁweki 10,5
subsequent nto t i psul at 0 be conce ntr c wth the bus
or s 30 an sefes BB ES il B, BRY R hg Bt PRSRE bl gt ' Do
204b, and c2@gesdioremolding, emdrkwrigal ane, and the arnms 208a, and 208c of the
bus bars 2 an 04c exten | gw t i n_ bod 06b o bar 204b.
h e g 2" e G Sl Fuo 3L B 1S 2 e R bR o b bR Rt b
204b. [0094457 AR 2048100k tHhegibtis 16ans 2mf1h s @aitet] tidd Wil 200 inh@itsar@thg ar s
2orr espondrighy Be L AERaN Torind S Gsnmtb e T BaBaPRt
associ at edrd fr6vigddasetwdes tﬁmﬁbmzozﬁambsafd 0fic AltABreddds 2 1%chddes khree arms,
correspondi ng to the exenpl ar phases of the electric machine. Adj acent arns

208a and JTBeNS 24 anddpthy frdliad gges 2ilh and Bareef aufficiopsdisigedge thad 256igi5 st angl e

a. The setlana{edtfu%@éﬂ%@hﬂe& Yol e§1§‘c¥ &urh &mn%%{éda{reugqftﬁéais bfalrstlePne
anot her by a second angle p, V\/mc is different than (i.e., not eq{

the first 29~ﬂg|aed 4c) andumalatgrwalls prgmetnegessang Eheshsencg of wsylagewallsam the
However, QLIRS Rk 1@%@9@6’&%%&% 204£ 26@95%&64@%&6% askdmb MU ifd % | ?&lﬂ&%beindt han

[ 3. Because a and 13 are not equa nmproper connection o e stator
modul es t sedubes thaamdbat Oﬁm@tmaércﬂomed to npmofactoie thelinsdstodiBcthssbyalber ei n.

reducing the weight and cost of the insulator 202. The absence of insulator walls in these
regions also enables air to flow more freely through the bus bar module 200, thereby

extracting heat from the bus bar module, as discussed in further detail below.
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WO 2011/ 031686PCT/ US2010/ 048019 [ 0095] The i nsul ator 202 includes a
plurality of radially extending grooves, and a plurality of dianetric
grooves cwosimgidshe radi al grooves, as simlarly descripoedsaiomesons t h
respect to the insulator 202. The radi al grooves receive and accomodat e
the arns 208a, 208b, and 208c of the bus bars 204a, 204b, and 204c, and the
di anetric @rooves recei ve and accommodate the main bodi es 206a, 206b and

206c of thE0Mls Refesrimmmyy toddGh, 11And Coanskas disesser] shore. crch by B8\A94a.i ncl ude

stops defQU@?anzﬁﬁQ&%k&bﬁm%&ﬁi&ﬁ@%G&f26&?a&ﬂ§%k§&?&eBQ%ﬂ&Poﬂ%ﬁybﬁﬁ,for
i ndexi ng of the bus bars 204a, 204 204c as they are assenbled into

t hei r respB8L pyd2@ficanerors 240gs poVidsd éltI\t’tbfr @Stglp?@é iof prckethtopgh eagl ofjdio pwny i ¢

features eT Oc of the
bus bars S0ya 20 R P0ReeThERARo X AP R o A B0 recB e 100 ob.

204c are pﬁmpegﬂybaseembmgb2Oﬂmmhmmeeknsmhmmbmmzméﬁnﬁhen@n@ﬁenmmt grooves

can furt h%él&b@ﬁilc%{g%ﬁ%ﬁ%gﬁthe%ﬁg i g%dﬁ%%ﬁ n®HER 1|r1 LS 1e9.a{=§r 204a,

204b, and I nsu 2 fur i'nc es a ric walls
232 provi dednﬂdet%ﬂeﬁasteﬂwecmwtdndnmo 2 Odkecsp Ry, opamnlg Qlﬂdspectlia(shtomfmcidhbs wal | s

232 is discontinuous ve di N, thi er ch of
the walls ag%@rov ¢ a Sa\llsl %rggn 0? D& e‘f c%ncal thathn?w trus Rarlﬁ |2§4e1n96'4ﬁ1 ﬂdzg)g

provi ded ahd thleeespamtzestat@f setghents NSk @ind 20@0208bL MQZI)BJ e gemsallyat- @Hapad)z | s
made from an ricall on- conducti ve nat rial e e

et ude. baen Gl e sl R S St T e JRb: o AR <l o
el ect ri calof yhe ¥Pedtio 8 BukBak V46 PIPE 204 204TREEproviIS 1n-55t§2411$AﬂJ@deﬂﬂ’ar121@31 £an be
manuf act ur ed USIQ% %IIOUS manuf act uri ng ngthods manuf act uri ng
met hods i feliddare Piet %mehermae&nglev d %%eeowtarro@ffsafpﬁ% OPMMEET on
ol di ng, bl awoih&ladiiee, thernmoform ng, transfer nDIdlng, conpr essi on
nol di ng, and extrusion. [0098}F@ferr|ng again to FIG 9, the walls 232 are

di sposed b@PYEn Refrating pgaindp §1G Gathe abygtsiescaiber efmetrépéﬁs bpnfery EYrons 216

and 222. bpag, Qhézdﬁ%“ﬂﬁlﬁom} ;El%vﬂd@s' thS pifdLsHift Qirng%m@ﬁtQihs@ﬁlss&P&t}éﬁ@ nvibhe bus bars
204a, 204b, and 204c. e exe ar arrangenment of FIG 9, no walls are

provi ded EE%M%@HN@h%wﬁuﬁﬂﬁhWéﬂz@ﬁ er dp@4 pelogrithroieencpntotiie Beticgrss B8 and
224. In t f,a
sufficien?ﬁﬁﬁgggﬁgg]ﬁﬁﬁeﬁggggﬁgﬂ?gnﬁﬁ%ﬁgﬁteﬁ éor gﬁgmgggzéﬁggteﬁﬂge?tage
and curremmee@ﬁﬁhnn@eméﬁmuhm@ugﬁmmwemmasabaﬁ@kzenanwﬁﬁnmomamdamﬂﬂcmnend

nsul ator el |5, g0k e IFa5RL b AHREACE 4Rsel IULALALMBLLS o these

regi ons ena ars 0 be asse Into the
i nsul at or {20 Ppsiterd ar eduss’ $hemaﬁmumimnﬁmnan@miahlmBqusmemimudpanmﬁacture

the insul ator ,20 the e al so re ht and cQ
heul o or RslafigRe mnt DTSR S B POt P i s B ETRE &Ll Ve b e
air to fI@Wﬂm@xnﬁmgﬁhyngﬁMBughmmhﬂobﬂs bar nDduIe 200, thereby extracting

heat from [IDBFOI?uﬁle earlrmgrrrll)oc\ixlljl %’IGaE Slgrlljssosfeagothgr egigr{qglgre elec r?ct n%glc|h1n6308 are
schematically illustrated. The electric machine 300 includes a stator assembly 302 having a
plurality of identical stator modules 304. Each stator module 304 includes a plurality of
stator segments 306a, 306b, 306¢, 306d, 306e, and 306f. The stator segments 306a, 306b,
306¢, 306d, 306e¢, and 306f correspond to particular phases of the electric machine, and are
provided in sets including a plurality of stator segments corresponding to a common phase.
[00102] In the exemplar arrangement of FIG. 12, each set includes two stator segments
separated from each other by intermediate stator segments. For example, and with respect to
the upper-most stator module 304 (e.g., at approximately the 1 o’clock position), one set
includes stator segments 306a and 306d corresponding to a first phase (Phase A), another set
includes stator segments 306b and 306¢ corresponding to a second phase (Phase B), and still

another set includes stator segments 306¢ and 306f corresponding to a third phase (Phase C).
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WD 2011/ 031686PCT/ US2010/ 048019 [0099] Referring now to FI Gs. 11A-11C, and
as di scussed above, each bus bar 204a, 204b, and 204c includes the main
body 206ay0206k31@ad 206c and the plurality of arns 208acTAG8M/088vd 208Cc. A
bore 240 is provided at the distal end of and through each of the arns

208a, 208b, and 208c. The bores 240 enable fasteners (not shown) to be
received for securing the bus bar nodule 200 within an el ectric machi ne,

and for prVoh ©eesst tethecight-gwpt sesrrmasiuleaOf 6he b eaRien mesdy thed osdeck 204a, 204b,

204c and r,6SREH!thY &t F GhOF scIREM fa aR@50RPRIRBnd:88 8 sERRl BRAE (BAR ext end
into a correspondi ng openi ng of respective stator nodul es, and provide at

| east a pddischef sttorapgradngsciOpp erd 30oa corrdspends énthe HardtphasciiBhase Op4ad theedb, and

204c and ' t 2 08c are
gener al 1y UL AR Yo DO SR R AR (AR R BREAs  Arem
The arns 2@8ayer2bstatanao®d83040k. ce atdppufximdtdy thespEclvelvgositivs), Brrsst d04a,
204b, and V] i | I 242 are

of f set frSéggggﬁgﬁggpg?&ggﬁggQ%%%ﬁgmgéaﬁﬁéﬂggﬁ%gg%%$§?%Sof?gggPfron1one
anot her byecgmmtst3OOb ambl ®e Gorresp @Vt @Ohe Rest plrase (Rpaswg®), mdtbe fekt & stBor t he
above-descri be one of the.b bars 204a,,,204h, and 204c inplicitly
provi des Fﬁ%n%ﬁ%gﬁg%%%#%f%FFﬁ%ﬁg%éﬁ?e%?%%lg%%épéﬁ8§%_ More specifically,
and as hi gjobiosit edlthinménnet, fierphdet adelshified bywoid dtdiorm sefrasre ackeetly eenfldfacdnd, t he

arns of a.particul ar S r correspond to. various .radial positions within
Fhe ot s Sl Shto maR Rl (RRGRE Smb S ok RSB for R she T sy

posi tion, camespbibindd8a cbmion phass EORChppRPlihteylig@ddviticoatdPor@BErdt& i N a
third positjon, ]I n another set 230 adégﬁent to the set 238, an arm 208c
is in thePPlepsh ogierPBATOYPOsiMg oUHE: [ he Ypionsesaatunaeysstips Biand an arm
208a’ is iffisthhfe (PHab A PRS bl hifoprAEHPLItnBAYoss bt RE¥E RS ntdaglet @®pect i ve bus
bars shift EOSIIIOHS across respective sets, thereby shiftin

: a
cor r espondiRP4phdsériinorvsiettifol s e bus pgonpiic 2Reret qlﬁylwegmﬂm@ 12,
portions QkcANMMeEicERRARE 00,8 Rftidnio? WIRGN MEstARA. & e SCHG Bk GRIch¥nt _
illustrated. The el ectric machine 300 includes a stator assenbly 302 having
a pl ural i tiNusgfted idri Ehlithedruabair20dp un elsctgod] commphicatoatvath thotibe 304
i ncl udes I t at : . 06e, and
306f . The%% é#%ﬁﬂéié%gﬂ?gﬂg%@%}ﬁgggg?§%Sgggﬁgéggépggég,qggﬁggggfgcorrespond
t 0o parti cut@mentiiée sndiOotrad diedus birOAns hi elestricah doramenipationivdddhd statget s
i ncl udi ng r gl t t,8 , CAr } . hase.
[00102] e AL 0 s B TSl d SRR B R GESREEMP AR A B TR
st at or segf#nths rdeparlap bawbemthe gatohsegmlaes afod/the htseranedl bldftal. Sator segnent s.
For exanpl e, ..an ith re ct .to the upper-mst s or. nodul e 3 (e.g., at
opr o maceicy il e G ECRAE ot Pt By LOBRLH TR, Al e SRRk Lrghont s
306a and 36680a@lothe &spleun dOags incel@tridal @timmlta@dof Rhhge sf)or sesmadnBel061s eid

i ncl udes tor, se nt 06b and. 306e correspondi.n 0 a se hase
(Phase: B) & Aha i B dpdbas mudittich D et S Lo gBe0i G oat
correspongbdlsug Agmza%}iﬁﬂtnmsm@;s,qle(ram hiﬁl)aetwe%:ﬂihg stﬁﬁ;ﬁ@@ﬁiel nfs@nd the bﬁs') IeHad h nmost
stat or nodul e, . .g., at pproxwrate t he o' cC C osjtion), .the set
of stator lssa&jwﬁtf@d%%e et seH S%qrﬁlé@%na@r% w%wﬁeal@eﬁﬁﬁas i8¢ B Phase B),
set of st alpfricHRIAMBRLRaRAOPItANE sBOE& ghRAK 86MOMI S04 thehs biridodb Rhase (Phase
C), and the set of stator segnments 306c and 306f corresponds to the first

phase (Ph&ketrigyl commupicpiganyuigh the statopgegmsie s0oh 1M t306% ardihe kpdar é0B0ain e, g. |

at  appr oXiRf homifinRaorGlBEe RASE {deRfdhts 30Qand8D61Ahr RE ALQLJAQATBALS 306a
and 306d corresponds to the third phase (Phase C), set of stator segnents
306b and Io@eledentrbeponds to the first phase (Phase A), and the set of
stator seg L Of . hase e B)
00103] 1 VNS e e e S Eapan R S S RHRRRRI AT 2

bet ween adichslrga bus denfor dedtricalztimerconydetingsh3@ator Buhvdes @b thatstagor afsombly gi ven
rotor positi 0, i an be

appr opr i sy S ar e PERE A R B RRE AR e e IR T ot or
posi ti on afplemGtatich, the fves lsdr atag ibe skigimetet by povidagpoweparatg cowrdlhefof eacbf phase
(Phase A) ar qh%(ﬁ&ﬁropriately al i gned across each of the stator nodul es
304. [0016%35¥%fé? iIng nowto FIG 13, the bus bar nodule 200 can be

i npl enented with the exenplar electric machine 300, a portion of which is
illustrated. In the exenplar arrangenent illustrated in FIG 13, the bus
bar 204b is in electrical communication with the stator segnments 306a and
306d, the bus bar 204a is in electrical communication with the stator
segnents 306b and 306e, and the bus bar 204c is in electrical communication
with the stator segnents 306c and 306f for the stator nodule 304. In the
case of the adjacent stator nodule 304', the relationship between the

. s e L A A o o .



[ 00107] Since each stator nodule includes its own Hall Effect sensor or
ot her position detection arrangenent 318, each controller is able to
control iwe 2as90cisat ed stator segnents without regard tectrhms2o0ielosdonye
positions of the other stator nodules. Therefore, controllers 310
automatical ly account for any phase shifting that may be caused by
differences in the relat|v§b$osrt|ons of the stator segnents in

rel ati onshiOpla6y tReéerring back folles 12, ip tartigwjensiatioh stchséaiemegduinddip| ar

i npl ement atdnQRSa HhitoRRing 34 | ﬁclﬁl&@dlh@&‘ch%@a%rgﬁ&ﬂle' 3'04%%&&91319&&11@\" th the
di scl osure have been described, a few specific exanples will be described

to nore cleeatrdlipr Hldhand lagds 3 i2rrdeciipe B ecangecsing ptaton modulp perseadlpr 3100 gachi r st
exanpl e, : i i

cont gur at e - GaREr TRl SERTRRLR 248 Tb ORI SIS FRIENTE o1 ped.
Thi s conf iogerntadn @ thepitaerasodulee3 O ddicd lon gapipottigmbardanhepoitcarsignerildet er  of

t he devic al| S I yen si ze
dovi cor - [ObTBENFPYIAER el Y EAShiaRETRL B hWE AL Do el 7
accor dancenashind 3@(his irdplsinbrosdine, vehlhb mnﬂomyclresscaotcreqethehleat i&tz&oﬂmduiuﬁmioer for
an electri has. an(ﬁgera drane

o hees andbatRRHs L il Bt N ohs PR inst PSR et Rty R S Bl o BR80E o7
conf i gur edhd psipvovf We stapamedilo relauwe tcOths roroﬁhzegﬁlets 3 [FDd[HeEEBalI\/Effeht eaoh ost at or

nodul e |nclud|n Si X stator s IS exanp or i ncl udes
1Tty s Opr PaTish Fist Fhpfatar 1o HeBret He POt G gl G SelHR PG
segnment | meddudesntolldr SR PR sGRF elotrﬁrat:ontmelfnorwﬂrdgﬁlae@obvht profidédrosiaf t
magnetic materi having a tape wi dth of about 0.256 inches thereby giving

I
the U shap@#r Ew@@% fredaeroRist wpEscary: Wi @ewdrac B6ut) & P58 HERes. For
this examphgor hdiR. QUL tab} mbhtﬁ@ﬁplecq ST ?&Ve@ﬂ{a@cdn%e%ml&ﬂhm;l@k%rea 25
i nches wide and approximately 2 inches t with each leg of the U shaped
core pr ot iuthie RgVesice 120, wdpn the slerirn anashiae 3¢ is ppaatinedm A gei greodind a space
of about @pa3ohMGRaRALHRERE AR do¥Prok 888 Ik al N&cribed Q@@/‘%Qn@ Qﬁlf pd& stator
segnents al so include stator shoes attached to the ends of the | egs of the
U shaped comnsctiairangatsigaldeput seadde he piodidedfo caplestepiggodifie ide | egs of the
U shaped c@f O shic@eferQhorliRuRNASuRL i By h@ﬂiff@&% SBEGERRE pbfiforsur f ace
area of the tace e stator pole For this exa fator shoes
ar e f or medeteetomaieagensoivtlér caclThordrodems e toetontel ltsesﬂgbltawd stntos s@ontssegnent s
wth two . ve. t i nch
w de w th 4tnsBR £t SRR SHAL phe BB naREs | SR Fthel ches. 1
this exanﬁﬂ@mnmmmksﬂﬁmEomhd@EMypmmedﬁﬁh@e@uohybhemmHBMHmﬁdemmsenhq wi ndi ng
fifty four_turns ers of er ach | eg al ong the
| engt h of r?l?ﬁtwelpgﬁ{m%#ﬁletsﬁ T SERIHE lPag %q}ll\)Mfo s, LBR %dr ng up only a
portion of [00108] | egpw Gupeveraagaailsr 1atpe:m¢ﬁedortscbf ﬁmémmhﬁlaclﬁﬁ@des@ﬁécﬁﬁ with

each nmagnet segment bei.n oxi mat 0.18 |nche t hick and about 1.164
Cnches. of dEeRn ar REHRERSRC hES e Sritig e s anr S dhour 0. 51
i nches al epgribherothdreeltdrBpoat obhBe idbab@pathiPppvadl. ThRgirstekafiple, Bhe nagnet s

are attached to a backiron that is abou 0. 15 ches thick and abqut 2.5
i nches wi @&TMaRF4nagReif regereflr%ﬁw%eacﬂﬂt P BonaF w@ arloe@?rr@sd P s a
torque ar Rpkn@outc 92341 Ibsa&eﬁbedTmlstc@hegurm%rhkeme taaRl €hda€ the
conponents nmaking up the notor is only about 14.2 pounds. These nagnetic
conponent SUichRIriffEerohBelavrg VBish Pioyidatths largrsgpasiible tergycedm farmigiyEmdicngs .
[00110] Beg@use the device described above uses a thin filmsoft magnetic
material to formthe stator cores, this device is capable of being operated
at frequen@PHY] ofln tiys finst exemplewi & spesifis T maehingl ashordwice adihdkds to a

rotati Onaldls%‘l%?tﬁg tf?é m?'t@ ﬁ% ngren@fgﬁ Huh%té%@loan%?M 10@93@&6' nge ﬁﬁﬂ"ﬁ:lgt% ﬁ'a%
regenerative notor of this exanp e iI's being used as a hub notor for a

scoot er wiat khvaalvhiewkter efdibog léfmczhbﬂjmd am%wrnldzhfeth ofabdutsy inclest Rlee scooter is
desi gned f f ned to
operate t he eﬁ(%%ﬁ\%%goﬁgr 1?? orifiey 1%9(Pon]érrror?rri%g}:gl ? i tg%n E)Oesg}g§t§)? it 1Jn§&ul %Vlg‘beéag{PM Thi s
corres pondatdr modulﬁmqludurg sﬁx eguergycos. abostxaagle, He.rotof ﬁl@ﬂrd&]ﬁﬂgmmmsi oned
above, the or s.in a freq cy. range of. tes at
apeeds i n ot AR P BELTOT el e BT RO PRGN indi GG R B el b ent s "o
the notor only wei gh about 14.2 pounds The peak torque for this electric
notor is about 176 foot-pounds. Therefore, the torque density is about 12.4
foot pounds per pound if the weight of only the magnetic conponents mnaking
up the regenerative notor is used to Balculate the torque density. As can
be seen by these results, devices designed in accordance with the

di scl osure are capable of extrenely high torque densities. [00112]
Although the exanple descrrbed above has been descrrbed as berng an 11 |nch

. e Y L . s



descri bed above. Since the same sized nagnetic cores, w ndings, nmagnhets are
used, and since the nunber of stator nobdules is increasing fromsix to

ei ght, thwoweiigi3iesef the nmagnetic conponents for the 1l4pcmaiszmenssoon of

not or increases from about 14.2 pounds to about 18.9 pounds. [00114] By
scaling up the design as descri bed above, the larger 14-inch notor provides
a peak torque of about 302 foot-pounds. Therefore, the torque density for
thi s exanp! ©rmed uihgdhin fidmpefb magestia metepial hayigpdansrvighigh abque 0 2dhiehrent s

Meki ng up i da&y LAY the @&Qpéd%&ﬁétié&?%v@%ﬂ%ﬁi%ﬁ&% S 0BS6 RIAX! Gl by
| arger di ametér notors usl n%t ese sane magnetic conponents. [00115] A

nunber of thifrpaapiam thetoverall Uothapddengsmeticegore idirprpoigately haviachss andepadcr i bed.
Nevert hel A i t i i gl i d
%Eﬁromhfatew 3 [ncB& HNIRE éafcﬁ‘P%noérhgc%glgaﬁagf&?%g}%@h&hg%duPPﬁlc ymPe made

wi t hout departing Tfromthe spirit present disclosure. For
exanpl e, dbattwughhe Hehinepcenend atpaonst abesidr30ach ivoscs thrawe lesof thebed t he
electric j a I ial. Lne, i.5.18.N r i rement.
FIG a1t e BifsS P SO BEACUS iR RGOS kel f e 88, Bl ST
accor dancehedshapedheordi s attaberdt ©.cadhcider dithegings ofobdlegs ofitid Ervbaicdcoons ar e
within the sco of . t fol |l owing clains VWHAT. | S. CL IS, 1 A
Yot at i ng SrEaes e Aot PieaCis BiiRaf 5t Wrce ML LR AR Botsi st ca o
rotation alioetantpld, dlcatataRixdes aifosmed H@nt WérOFowatss ETHN gonfiphtich @iltaipl ural ity

ot at 1 onaligy Reemagh it €2 s Gy B SERBR] bR B el s B rAT e, of <

! ngepenge%tlh&ts@amlo@sﬂa?ﬁ@ctm bﬂo&&@llﬂoﬁdbaﬁm4m1ri]hhb§ TGk ehchintpde ,wgta;refﬂ e

I naepenaen y.energl za e stato segnents, eac st at or s grrent errning a
pl ural i ty PECCERL3ag 16@8?8@ %fhaP?FLC%?@t‘awd%sfxef%PV gy Iy ﬁ@ﬁf@éﬂ?-@wge

i nteract i RaroWvbibabNRg LS thePSgBSof tRAGEs WhiAthe kecdRdldl & JPairitxtddmpapdent |y
renovabl e and repl aceable fromthe stator assenbly to adjust the total

nunber of 8WRRHFUPAL e lpg Tuperangnats prraised eifeim Be sxtpiitofes vdth eppflemagichi ne of

claiml, &t Beib U pRITRSAELY 01 8MREY thRR 1B ahdt .14 Hches Jidehpieh SRE DI ne of one
or nore of the precegl ng clains, wherein the stator assenbly includes a

number of magedisedmRyt bvingrigaramat Hanof baet). Yidadicy plegs Biedipgenehthichei ng
he. st at or” SEEEL TS & A 2o BB e o Renig s PRERLTRAh st TaPimtiaE 21
st at or nodutlesndabeut@dsintlicomadt. Sihrmmetfigurationyesaltourad overell doticetthehad a axi s.
torque arm of about 5.25 inches. The total weight of the magnetic components making up the
motor is only about 14.2 pounds. These magnetic components include the backiron, magnets,
magnetic cores, and windings.
[00110] Because the device described above uses a thin film soft magnetic material to
form the stator cores, this device is capable of being operated at frequencies of up to, or more
than 2500 Hz, which corresponds to a rotational speed of up to or more than 5360 RPM.
However, since the regenerative motor of this example is being used as a hub motor for a
scooter with a wheel radius of about 17 inches, and since the scooter is designed for a top
speed of about 65 mph, the controller is designed to operate the hub motor at a maximum
rotation speed of about 1285 RPM. This corresponds to a maximum frequency of about 600
Hz.
[00111] As mentioned above, the motor operates in a frequency range of 0-600 Hz and
rotates at speeds in the range of 0-1285 RPM. In addition, the magnetic components of the
motor only weigh about 14.2 pounds. The peak torque for this electric motor is about 176
foot-pounds. Therefore, the torque density is about 12.4 foot pounds per pound if the weight

of only the magnetic components making up the regenerative motor is used to calculate the
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5. The machine of claim3, wherein the stator assenbly includes | ess than N
stator nodul es and wherein the stator nodul es are positioned asymmetrically
around t hwonetiaBieral axis. 6. The machi ne of one or mece/Ustomioesopy ecedi ng
cl aims, wherein each stator nodul e i ncludes a stator nodul e housing for
supporting the nmultiple stator segnents of the stator nodule in
predeterm ned positions within the stator nodul e housing. 7. The machi ne
of cl ai m g 8k Astran 8e B Py HseuIca holisicaydeaigacd inaceordener wils Yenbl y

i ncl ude ths'cB‘élﬁéhﬂéQa%’b[@d’f%t?&ﬁBlyfl@ﬁt&&{fétde%ﬁés“g the position of the stator
nodule relative to t stator assenbly when the stator nodule is attached

to the sta[lOBHZzhssAé?hBPgh the pyanpip1des@ded BPeTirUseo doroages Yeingan Thiackachi ne of
one or & cReradfi&uB %ﬁ?&%ag ﬁh?k&‘?nagvl\élﬁaﬁé %d%ﬁz%l?atéﬁﬁ‘édaies TRalLhéh §taﬂ(?1j udes a

control I er or controlling t e energi zi e stator segnents of each
st at or nodugldele indudinghex statohicgmenst, thine Mot a ragpiecnadnt.t ndagredeidiapigliceticus ns,

wher ei n ”ﬁ%ﬁhﬁﬁ?& D] \Wﬂ]i ﬂl her ﬁ’% CH?]ﬁ?In larger di am&ers&é%tc@sh'lz%ge;%k@?e”%%”e”t for

controllin stator I'ng arrangenen erng configured
such t hat otvhell dmmbtehoﬁtge amotoamggtresubstasuaéllyllagd:rcanci&usmrrbhe)fsnagnm arplol es of

the stat Or 2 rrz%?lgtg él%ay)i)ﬁ a%gﬁgéliegtar IX orcﬂ'e {30 1i3}(:ttra¥vI t%h p(ﬂglg an a(} ongloe flmB%e or

frequency 0 leftr secon mac THE B
nore of t Rellpeeésedbedg cl ai ns, vvherel n the electric machine is a rTLI|tI pl e

phase el ectrj chi.ne. 1. The nachi ne f cl ai erein each stator
Dhase o ooy I8 DS e Do TR DL b T B0 R BBt 2t o
the el ect rieCl INMBEHRE a@cnbellabov‘léherhmcﬂalnﬁtﬁorqfro@dlealsmcaIor uphetightitaidienddarhi ne is

a three-phase nmachi ne and W@rel n each stator modul e i ncludes at |east two
stat or segHEHRe" YHPT BALHE PRACES Sik LS sesPS YRR e SPRE FBIYSEAEP S aing at

| east si X y§ddeds MosS BABBEHdSbove for the 11 inch motor. In this example, the rotor includes
seventy two pairs of rotor magnets to form the rotor poles. Each U-shaped core piece of each
stator segment is formed using thin film soft magnetic material with the same basic
dimensions as described above for the previous example. This use of the same magnetic
cores for motors of a variety of sizes provides the advantage of economies of scale as
described above. Since the same sized magnetic cores, windings, magnets are used, and since
the number of stator modules is increasing from six to eight, the weight of the magnetic
components for the 14 inch version of motor increases from about 14.2 pounds to about 18.9
pounds.

[00114] By scaling up the design as described above, the larger 14-inch motor provides a
peak torque of about 302 foot-pounds. Therefore, the torque density for this example is about
16 foot-pounds per pound of magnetic components making up the motor. Even larger torque
densities could be provided by larger diameter motors using these same magnetic
components.

[00115] A number of implementations of the present disclosure have been described.
Nevertheless, it will be understood that various modifications may be made without departing
from the spirit and scope of the present disclosure. For example, although the
implementations described above have described the electric machine as being a radial gap
machine, this is not a requirement. FIG 14 illustrates an exemplar axial gap electric machine
400 designed in accordance with the disclosure. Accordingly, other implementations are

within the scope of the following claims.
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13. The machine of claim 12, wherein the stator assenbly includes at |east
Si X receiving arrangenents for receiving up to at |east six stator nodul es.
14. The mmohne3edssone or nore of the precedi ng cl ai ns, pPamasedw/oesmeh st at or
segnent includes a U shaped magnetic core, wherein each stator segnent
defines two stator poles |ocated at opposite ends of the U shaped magnetic
core, and wherein the U-shaped nagnetic core provides the entire nmagnetic
return pat'MHAIISHANBPPat or pol es associated with each stator segnment.
15. The machine of to claim 14, wherein the nagnetic core of each stator
segnent is formed fromthin filmsoft magnetic material. 16. The nmachi ne
of claim 15, widpeling ¢lpairic Mpehic ¢amming: nagnetic material is a nano-
crystalline na .8l go-Tolal! L1 ; i hin film
soft nmagnetic %gﬁg?F%Pm%gmgéagﬁnrph%ggl%%?g{ﬁkg%%§?§¥ﬁﬁg§%ﬂa#%gb chi ne of
one or noneelwling hduphecdditergodds aherptonplatss béing supporstddborotagion ek thei s

di sposed q@%&ﬁ%i%d@.&gcent to the rotor assenbly such that the stator
assenbly an e rotor assenbly define therebetween an active nagnetic

radi al gap. 19staibhessenaldhiinvéudofg agrierality ofioxdepenflertt kretopmed@ek with cichsta®r
wherein the stator.assenb | S _di sposed. axi a adjacent. to the rotor
hosenbly. Sthepdto e BETPl PR RRARG RAN. Malef ,EMPE BBl N

t her ebet welefiniaga platdlivseo iragi@bice obtke sthtogaPembly Gor nidgectivalbhinfeacthg GltAthn 18,
wher ei n: each stator segnent .includes a U shaped nmagnetic core forned
by 5 ol ur AFPERPIS S NERh RS B SR B A E e b B AR T ORI fihgnet | ¢

mat eri al Watdd a@amblysb adjat tiegaBiinbdedf stitdiPolcwinchidad DrthPaitesasbdgmy ed at
opposite ends of the U shaped magnetic core and with each stator segment
bei ng positioned such that the two stator poles of each stator segnment are

| ocated adj acemhe maciRReranah Newha@af tHchuhibBeMbbFpdias ARt her along a line
that is parallel with the rotational axis of the electric machi ne and each

| ayer of the thin filmsoft magnetic material is oriented parallel with the
di rection3zof r@hahh@ef ohdisr hatt OF @ pReERhYslaid dwherein the stator assembly

includes a number of receiving arrangements N, each receiving arrangement being capable of

receiving a stator module.

4. The machine of claim 3, wherein the stator assembly includes less than N stator
modules and wherein the stator modules are positioned symmetrically around the rotational

axis.

5. The machine of claim 3, wherein the stator assembly includes less than N stator
modules and wherein the stator modules are positioned asymmetrically around the rotational

axis.

6. The machine of one or more of the preceding claims, wherein each stator module
includes a stator module housing for supporting the multiple stator segments of the stator

module in predetermined positions within the stator module housing.
7. The machine of claim 6, wherein the stator module housing and the stator assembly

include an indexing arrangement for controlling the position of the stator module relative to

the stator assembly when the stator module is attached to the stator assembly.
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the rotor poles are pairs of rotor poles fornmed from adjacent pairs of

per manent nmagnet segnments configured to formrotor poles of opposite
magnet i ¢ wolari/isyssseach pair of pernmanent nagnet segnmentsThms2eg/opesdti oned
such that the two pernmanent magnet segnents are | ocated adjacent to one
another and in line with one another along a line that is parallel with the
rotational axis of the electric machine such that the two pernmanent magnet
segnents def i né&h¢ Mechdrsj o oaner wote efiths Prosedipsclaimsuwrreinsachstaiarimpdale axi s of
the el ect r1ﬁc@ud%§§E‘éﬂﬁ%ll%@ﬁco&ﬁ@lhﬁ%’éh@rené@zfn@oﬂh%@ta?o@@é&meﬁﬂ%f%&th%’éa't&”a| axi s of
the el ectric machine, each e two adjacent circular paths facing an
associ at edagnls- of the stator poles of each independently energizable stator
segnent. 21. A stator nodule for use in a rotating electric machine
including a stator assenbly having a plurality of stator poles and a rotor
assenbl y Suppoilhedadhire of onaeoi roere oéthapregedingcltiive, wheatio theasasbmblfiythabout a
rotational %flf the rotor assenbly including a plurality of rotor poles
for magnetlc y interacting with the stator poles, the stator nodul e
conpri si ng: asw1tch'uig1drmh@Mmdbpmﬂmgyhmmrg;bgthgtlgtsa/ﬁtdringegrrent S wth
each stator se e tator
nesenbl v, AESOPERsreRout AR 3R Bt PP eBlon B BES I au e 4 ot at o
assenbl y @ulehofthattaﬁoh&gﬁqbﬁts wmﬂgﬂdﬁéa«ﬁyanda¢ttvathaﬁesmcdr@bl@dat&atf&tqﬁéncp@fas are

i ndependentl vabl e and repl aceable fromthe stator assenbly to adj ust
the total ¥ﬂ981‘°y 5 R 88 pol es included in the stator assembly. 22. A
st at or assenbly for an electric machine, the stator assenbly conprising:

a pluralit ndependent st at or dul e each stat.or du] e i pcl udi ng
multiple .ﬁdepéh%i@m P Oéﬁa?@r%rspétrﬁgpaef m%%‘ﬁ’én‘t’]%erel%%%? wtneﬂcﬂ@s&r?ent
defini ng anipis phaksé Ne@fic mh@hi@r pol es of the stator assenbly for
magnetically interacting with rotor poles of the electric machine, each
stator nodul e being i ndependently renovabl e and repl aceable fromthe stator
assenbly 19 adiriShadit® Jrefadh 10UMRES N ch Stk RlodReiRRdbNAIMGET e kRik he stat or
assenbly. 23. Arotating electric machine, conprising: a rotor
assenbly segmaot pseebiftest witlpeagh basc abaelegtrie srghinonal axi s, the rotor assenbl y
including a plurality of rotor poles, the rotor poles belng supported for
rotation about the rotational axis; and a stator assenbly including a
pluralityl1df i hbepeddent ckint brwheoduthe snaphinhisadlee-phae oachmadaidevlierast udi ng
mul tiple i C I gnent

ot i ning Sunt ooy p g e Ard Sh) A ARORE PR on T b8} Bbaie

magnet i caltlheyehynncémchngatm@sw&hatoﬂBegmattDr pol es, each stator nodul e being

i ndependently renovabl e and repl aceable fromthe stator assenbly to vary

t he maxi num power output of the electric nmachine. 24. The machine of claim
23, wher eild. t h@hemadhéde ddiclaimtl Drwhzediethe satok hesexdbly includes at least six receiving

arrangements for receiving up to at least six stator modules.

14. The machine of one or more of the preceding claims, wherein each stator segment
includes a U-shaped magnetic core, wherein each stator segment defines two stator poles
located at opposite ends of the U-shaped magnetic core, and wherein the U-shaped magnetic
core provides the entire magnetic return path for the two stator poles associated with each

stator segment.

15. The machine of to claim 14, wherein the magnetic core of each stator segment is

formed from thin film soft magnetic material.

16. The machine of claim 15, wherein the thin film soft magnetic material is a nano-
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25. The machine of one or nore of the preceding clains, wherein the stator
assenbly includes a nunber of receiving arrangenents N, each receivVving

ar r angenmewo 2beva3ges6apabl e of receiving a stator nodul e. PC2GIS20fl@48vac hi ne of
claim25, wherein the stator assenbly includes | ess than N stator nodul es
and wherein the stator nodul es are positioned symetrically around the
rotational axis. WD 2011/031686PCT/US2010/ 048019 27. The nmachi ne of claim
25, wher eiciyseHBe g8k assenmbly includes |ess than N stator modul es and
wherein the stator nodul es are positioned asymmetrically around the
rotational axis. 28. The machine of one or nore of the preceding clains,
wher ei n edéh siTht machiediiclim Ag| wheesin the shimfibp sefbregrstinmasiiplgs for supporti ng

the nul tipleshalRkaSegigits of the stator nodule in predetermn ned
posi tions &}Fﬁin the stator rmodul e housing. 29. The machi ne of cl aim 28,

wherein the stator nodul e housing and the stator assenbly include an

i ndexi ng ran .f0 | i .posi-ti o . t ul e
ol ative 15 1 narepaie U oBeRba ok R olRBn AR iy WIRRU AR IAE %, e
st at or asslepirey radi3i .adjhbant toetbdirone agfemblyesuchr thatchestatbr dskemlpy exclettle rogorc| ai s,

wher ein e%ch %bgiﬁg thEHe Hﬂ&jules gnnggroiuﬁr for controlling the
energizingssglfrl he 8t at's eggﬁneﬁ?SWHPg%géh g?aﬁBr nodul e. 31. The nmachi ne
of one or nore of the preceding clains, wherein the machine further

i ncl udes: a switching arrangenent .for .control.ling the statar
segents, 'Phe Z0F Peshiifg T 4pT Bt BRI ST gUPetn SUSH Y e Pl

swi t chi ng dapsRAGLERNidjicenablie rbtor Sadisiy biRA 5k eeQlatdp@bsembBfantl iR rsfoat or
segnents to ne ic%jlg interact with the rotor poles at a frequency of at
| east 400 a&*;?g‘gg’sdeb%"rt GWEen angotiveriRenclic4igl €2hf one or more of the
precedi ng clains, wherein the electric machine is a nmultiple phase electric

machi ne. ) ) .
20. The machine of claim 18, wherein:

each stator segment includes a U-shaped magnetic core formed by a plurality of
concentric U-shaped layers of thin film soft magnetic material with each stator segment
defining two stator poles located at opposite ends of the U-shaped magnetic core and with
cach stator segment being positioned such that the two stator poles of each stator segment are
located adjacent to one another and in line with one another along a line that is parallel with
the rotational axis of the electric machine and each layer of the thin film soft magnetic
material is oriented parallel with the direction of rotation of the rotor assembly; and

the rotor poles are pairs of rotor poles formed from adjacent pairs of permanent
magnet segments configured to form rotor poles of opposite magnetic polarity, each pair of
permanent magnet segments being positioned such that the two permanent magnet segments
are located adjacent to one another and in line with one another along a line that is parallel
with the rotational axis of the electric machine such that the two permanent magnet segments
define two adjacent circular paths around the rotational axis of the electric machine when the
rotor is rotated about the rotational axis of the electric machine, each of the two adjacent
circular paths facing an associated one of the stator poles of each independently energizable

stator segment.
21. A stator module for use in a rotating electric machine including a stator assembly

having a plurality of stator poles and a rotor assembly supported for rotation relative to the

stator assembly about a rotational axis, the rotor assembly including a plurality of rotor poles
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33. The machi ne of claim 32, wherein each stator nodul e includes at | east
one stator segnent associated with each phase of the electric machine. 34.
The machiwe 20f1/cli@sm 33, wherein the machine is a threepphaseommevine and
wherein each stator nodul e includes at |east two stator segnents for each
phase, the stator nodule thereby including at |east six stator segnents.
35. The machine of claim 34, wherein the stator assenbly includes at |east
si x recei VoIHERSgiGHR garesing Wi thesedeinglengheigateomaduls eariseigx st at or

nmodul es.  36. [Thg; @ﬁ@p@@deﬁﬁy %&19&%16%%& sOfmdniew R 8B HhdPscehRhTRanigRer i n
each stator segrrent i ncl udes” a shaped magnetic core, wherein each stator

segnent deflyiddgy piwater pedesrof Q@IS@@rlaﬁﬁé@bbfdthaﬁta@p podile beiag aenfighret b s haped
magnetic g %rte@iﬁclh%’]‘%&eds ﬂ‘fsuléhﬁﬁmggta{@?%ﬁﬂeﬁn& R Ksdd of% @Lga é}gi(}ﬁ aRNtire

magnet i c r Ern pat or t e two stator es assocl ate st at or
segnent . iBiEperfihelymamhyable afl repdaccdbdd froi8 @ne sit@rasiembtyHe adimefrilest ol monler of each

stator %%Fttor%?ﬁ?ﬁ%lgﬁql“h%q LOIPI ﬁ:.fnbllym soft magnetic material. 38. The

machi ne o erern filmsoft nmagnetic material is a
nano-crystalline material. 39. The machine of claim 37, wherein the thin
filmsoft gnet 40. The

machi ne ofzggnegoSFa??rﬁFseem% ya}]t% Ctrlce |r1118 Cﬁ'ﬂgftn%r a%“eq?l&c%m?rﬁsén‘%tator assenbl y
i s di sposed radphkdliyy @fdn@@ernienﬁmtctrhﬁodmws (Hac}aﬁﬁelﬂfbd)(yllﬁuclhdlh@ﬁﬁﬂttphe stator
assenbl y add 9@ ot or . serrbl%( def i ne therebetvvee an ac neti C

radi al gaphdePepfent rFé‘e“r%Fé L5 PeeBirBS o ppier %?ﬁmF‘Pf ‘i”&%é&“ﬁ I%‘P

wher ei n t peles bAthOkta@b &eEHIblY fdr&n@h@ﬁ@ﬁﬁﬁte@@ehﬂg vith asdprafoBRof the elebicr ot or
assenbly sucp that t he st ass dy nd the rotor assenmhly define

t her ebet weasAe, cach stajer qutgl ea@bremovable and replaceable from the stator

assembly to adjust the total number of stator poles included in the stator assembly.

23. A rotating electric machine, comprising:

a rotor assembly supported for rotation about a rotational axis, the rotor assembly
including a plurality of rotor poles, the rotor poles being supported for rotation about the
rotational axis; and

a stator assembly including a plurality of independent stator modules with each stator
module including multiple independently energizable stator segments, each stator segment
defining a plurality of stator poles of the stator assembly for magnetically interacting with the
rotor poles, each stator module being independently removable and replaceable from the

stator assembly to vary the maximum power output of the electric machine.

24, The machine of claim 23, wherein the number of rotor poles is fixed.

25. The machine of one or more of the preceding claims, wherein the stator assembly
includes a number of receiving arrangements N, each receiving arrangement being capable of
receiving a stator module.

26. The machine of claim 25, wherein the stator assembly includes less than N stator

modules and wherein the stator modules are positioned symmetrically around the rotational

axis.
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42. The machi ne of claim 40, wherein: each stator segnent is
positioned such that the two stator poles of each stator segnent are

| ocat ed awlpaecmnizidse one another and in line with one anechas2aboryia |ine
that is parallel with the rotational axis of the electric machine; and the
rotor poles are pairs of rotor poles forned from adj acent pairs of

per manent nmagnet segnments conflqﬁred to formrotor poles of opposite

nmagneti c Pal ar ihgma fekaim 2fwWhserindia sttor pmemely ncduiseletsthyeNnEtPosi ti oned

such that {Juglel W PRFAR IR Mat TG es %%Bﬁﬂ&%d %ﬁnﬂlaﬁé’aﬁ ?qrcﬁﬁh ﬁfé?&ktl&n‘al one
another and in line wth one another along a lI'ine that is parallel with the

rotati onalaxidxi s of the electric machine such that the two permanent nmagnet
segnents define two adjacent circular paths around the rotational axis of
the electric machine when the rotor is rotated about the rotational axis of
t he el ect 28¢c nébhinachincedohe of merhef thapread]iscdmmscwhareih aechpttdignddalei ng an

assoct at o, A, bl o Sieh Al Bol SRRk RATD L DIERSRISIL b N Ligghl e st ator

segnent . rotating electric
assenbl y swyplplkrit pddétominatpabition vaibouthe atatoo tretlilo haelsirgxi s, the rotor assenbly
including a plurality of rotor poles, the rotor poles being supported for
rotation about the rotational axis;

29. The machine of claim 28, wherein the stator module housing and the stator assembly

include an indexing arrangement for controlling the position of the stator module relative to

the stator assembly when the stator module is attached to the stator assembly.

30. The machine of one or more of the preceding claims, wherein each stator module
includes a controller for controlling the energizing of the stator segments of each stator

module.

31. The machine of one or more of the preceding claims, wherein the machine further
includes:

a switching arrangement for controlling the stator segments, the switching
arrangement being configured such that the switching arrangement is able to cause the stator
poles of the stator segments to magnetically interact with the rotor poles at a frequency of at

least 400 cycles per second.

32. The machine of one or more of the preceding claims, wherein the electric machine is a

multiple phase electric machine.

33. The machine of claim 32, wherein each stator module includes at least one stator

segment associated with each phase of the electric machine.
34. The machine of claim 33, wherein the machine is a three-phase machine and wherein
each stator module includes at least two stator segments for each phase, the stator module

thereby including at least six stator segments.

35. The machine of claim 34, wherein the stator assembly includes at least six receiving
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a stator assenbly including a plurality of independent stator nodules with
each stator nodule including nultiple independently energi zabl e stator
segrent s,weach/si@sor segnent defining a plurality of statras:@olemiof the
stator assenbly for magnetically interacting with the rotor poles, each
stator nodul e being i ndependently renovabl e and repl aceable fromthe stator
assenbly to adjust the total nunber of stator poles included in the stator
assenbl y; agpegements forgecsiinecitp gt lagst sing@toemedyler control Iing the stator
segnents, the switching arrangenment being configured such that the

swi tching arrangenment is able to cause the stator poles of the stator
segnents t36 m@%@ma@mequ opqeranere of the precedies ¢laimsr whystie sachtstagorfegepiency of at
| east 400 ; 4 ' PF=F. L.n the

ot T chi ng e o O R O P e B i B et 15
abl e to caeswdeheppstitteods goheld-shdped hagwttiatcore, gdgriertisthe &-shaprlenignatid vy

| nt eract \éﬁo}e%r(];\}?c?es Eh%teg{ire%algﬁgticq‘%tuﬁl I;alﬁ‘?ﬂ)y Bl %o gtfatoygolgsoasgo%g)a(?edc\%ﬁl &zh PE'

second.
stator segment.

37. The machine of to claim 36, wherein the magnetic core of each stator segment is

formed from thin film soft magnetic material.

38. The machine of claim 37, wherein the thin film soft magnetic material is a nano-

crystalline material.

39. The machine of claim 37, wherein the thin film soft magnetic material is an

amorphous metal material.

40. The machine of one or more of the preceding claims, wherein the stator assembly is
disposed radially adjacent to the rotor assembly such that the stator assembly and the rotor

assembly define therebetween an active magnetic radial gap.

41. The machine of one or more of the preceding claims, wherein the stator assembly is
disposed axially adjacent to the rotor assembly such that the stator assembly and the rotor

assembly define therebetween an active magnetic axial gap.

42. The machine of claim 40, wherein:

each stator segment is positioned such that the two stator poles of each stator segment
are located adjacent to one another and in line with one another along a line that is parallel
with the rotational axis of the electric machine; and

the rotor poles are pairs of rotor poles formed from adjacent pairs of permanent
magnet segments configured to form rotor poles of opposite magnetic polarity, each pair of
permanent magnet segments being positioned such that the two permanent magnet segments
are located adjacent to one another and in line with one another along a line that is parallel

with the rotational axis of the electric machine such that the two permanent magnet segments
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define two adjacent circular paths around the rotational axis of the electric machine when the
rotor is rotated about the rotational axis of the electric machine, each of the two adjacent
circular paths facing an associated one of the stator poles of each independently energizable

stator segment.

43. A rotating electric machine, comprising:

a rotor assembly supported for rotation about a rotational axis, the rotor assembly
including a plurality of rotor poles, the rotor poles being supported for rotation about the
rotational axis;

a stator assembly including a plurality of independent stator modules with each stator
module including multiple independently energizable stator segments, each stator segment
defining a plurality of stator poles of the stator assembly for magnetically interacting with the
rotor poles, each stator module being independently removable and replaceable from the
stator assembly to adjust the total number of stator poles included in the stator assembly; and

a switching arrangement for controlling the stator segments, the switching
arrangement being configured such that the switching arrangement is able to cause the stator
poles of the stator segments to magnetically interact with the rotor poles at a frequency of at

least 400 cycles per second.
44. The machine of claim 43, wherein the switching arrangement is configured such that

the switching arrangement is able to cause the stator poles of the stator segments to

magnetically interact with the rotor poles at a frequency of up to 2500 cycles per second.
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