BUS BAR MODULE FOR AN ELECTRI C MACHI NE SUMVARY [0001]In sone aspects, the
present disclosure provides an electric machine including a rotor assenbly,
and a st avonomssewbl y having a plurality of stator nodulPes/Use@ol4®bat or
conprising multiple, independently energizeabl e stator segnents, each
segnment having a correspondi ng el ectrical connecting point. A plurality of
bus bars are connected to the electrical connecting points of the stator

assenbly, each bus lpgjs §RRNEPYIT RORLON R CTBICEWA @AGe of the machine
and electrically connecting segnments of nultiple stator nodul es. The stator

nmodul es and their electrical connecting points are arranged such that
spaci ng between adj acent connect i ngSYYMABYwi t hi n each stator nodul e

diifers 11aMaPaGh ihhRhuRen At anentiSAONRCIbng Okl RufhAlSEENt

nodul es. I n sone aspéct e stator assenbly is dispose
rotor ass ewbll wermm;e agd attetor assmbih ﬂlyviwdplmmﬂiafr ofate mivldyles efdhritatgr

{her ebet vege AR ARHIKE, MRGRGAA, Latlialyfan L0R0RL! 0B ok AoRERLS: L he bus

bars are provi aspec arnms of
one of t heo@upoMgl&ﬂtoah«;bnhemng pents A pkuradnt}odﬂbes bayf are henrieutsd heths. [ 0005] 1 n
sone aspec )

o e h bar des a segnent t. passes
over. - ana clrispsenf s Pkt dfont Sy Bt R s R ERERE bl GFe T come
as pect S, PpheesegoRikhinsatpacattafly comnthiag aégiﬁsena dﬂhﬁlﬂtwﬂatsm&dwése Mhet O
inhibit arcin 000 ects, each bus i.ncl udes lurality of
gener al | y <€ Hagh SEHbOn AT & r Bk PeBG et ara L SR wo e
per pendi cubj@éent Eonhb@ink ipbisits vi@@®IGA stator module differs from spacing between adjacent
connecting points of different modules.
[0002] 1In some aspects, the stator assembly is disposed within the rotor assembly, the
stator assembly and rotor assembly defining therebetween an active magnetic radial gap.
[0003] In some aspects, the bus bars are provided in a nested arrangement.
[0004] In some aspects, arms of one of the bus bars extend transverse to another of the
bus bars.
[0005] In some aspects, at least one of the bus bars includes a segment that passes over,
and is spaced from, arms of at least another of the bus bars. In some aspects, the segment is
spaced from the arms a distance sufficient to inhibit arcing.
[0006] In some aspects, each bus bar includes a plurality of generally L-shaped arms
having a first segment and a second segment perpendicular to the first segment.
[0007]  In some aspects, each bus bar includes a plurality of arms, each arm defining a
bore configured to receive a fastener to secure the arm to a respective stator module of the
electric machine.
[0008]  In some aspects, the bus bars are concentrically arranged relative to one another.
[0009] In some aspects, each of the bus bars includes arms extending radially outward.
[0010] In some aspects, arms of one of the bus bars are longer than arms of another of the
bus bars.
[0011]  In some aspects, each of the bus bars is electrically conductive.
[0012] In some aspects, a radial distance between adjacent bus bars varies. In some
aspects, an insulator segment that is disposed between adjacent bus bars in a region, within
which region the radial distance is at a minimum. In some aspects, the insulator segment is

discontinuous about a diameter. In some aspects, an insulator segment is absent from
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[ 0007] I n sone aspects, each bus bar includes a plurality of arns, each arm
defining a bore configured to receive a fastener to secure the armto a
respect i weobatwieonodul e of the el ectric machi ne. [ 0008PCm/usons/0a®pPECt S,
the bus bars are concentrically arranged relative to one another. [0009]In
sonme aspects, each of the bus bars includes arns extending radially
outward. [0010]In sone aspects, arns of one of the bus bars are | onger than
arns of aRePsel adicenthus hyfs ingiegion pighn phich sesie thepdiat distaegdhatdf t he bus
bars is elg&ihigal | y conductive. [0012]1n sone aspects, a radial distance
bet ween adj acent bus bars varies. In some aspects, an insulator segnent
that is dil8Bb8ed Ibeameasnecidpmperptopiist reepives pachaf theduppars.wintsamg asiketeh r egi on
the radi aly4hshAfGRrhdes @il B UM orbfheS RIRecBIRE Chetr oftftur05HhEbRL Segment
i s di scontinuous about a dianeter. I'h some aspecfs, an insulator segnment is
absent fr dams. betomsenpesttj he eadial BsvdsalcBnd splarahiygifeets olngrodven adiabah regi on t he
radi al di e i | AL § t I ofe t hat
receives %%ﬁ&g a?ﬁ%&gﬁggggks-ﬁ%ﬁﬂ%@%@ié@ﬁ%@?ﬁ@ fg%f%gﬁﬁggg$§?%%%ﬁges a

pl ur al i t y gofovesdehirg offyetdonesnef anpthee défexanhgnge e fpacihgt hesoaemspeofs, thhie bus bars.
In some asnps%ﬁ&o% is etlepc?ricl:clﬁldi oahl— o%ﬁgcqgfgslndsefi rallse eg‘ts p[{lé'l {ng‘lllljatto co% r%gstas ll(,:l)rfali rooves,
adj acent grooves in a set'of grooves deri I'ng’ ah angu arI%pacﬂ%g, nd the
sets of thélapiuhatlchi yuppbrt et & mdre gf thovesbabeilngomnd dspadts, thedmubing anot her,

di fferent angul ar ing. In sone aspects, the insulator is electrically
hon- conduEomPRses p ARE O tHopshuEh ECR ALHToRETTAD BBt TEWE SLNPHIST i 1y of
!andis thatrespamiv_s u@ﬂaembdllﬂaelnﬁ_bmaaﬁ?ct%fthé iﬂalmulscdmﬁis%a!mﬁsmyfef@%ﬁ&ﬁm, t he

| nsul ator ca ' ses a ur a |ty . ores, 1 roug | C a ast ener can pass
to securef%fln%élnlgé]i‘e'?“é%%rars%“é‘ﬁ’é’éfe? e?ﬁﬁ%ﬁl@%&ﬂl@@f% sone aspects, the

i nsul at or PEMY i I8 Sorde BhstiatHetelecOc nRIcRiE WS BRE-phAk cicBEievi0Bins Aed bleg bar

assenbly relative within the electric machine.
are three bus bars.

[0015]  In some aspects, the electric machine comprises four stator modules.

[0016] In some aspects, the electric machine comprises six stator modules.

[0017]  In some aspects, the stator modules are individually removable, and the machine
is operable with multiple configurations of stator modules.

[0018]  In some aspects, each of the plurality of stator segments is an independently
energizable electromagnetic assembly, and comprises a one-piece magnetic core defining two
stator poles located at opposite ends of the one-piece magnetic core. In some aspects, the
one-piece magnetic core is formed from thin film soft magnetic material. In some aspects,
the one-piece magnetic core is formed from a powdered magnetic material.

[0019] In some aspects, multiple stator segments within a stator module correspond to a
common phase.

[0020]  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
[0021] FIG 1 is a schematic illustration of an exemplar electric machine including an
exemplar bus bar module in accordance with aspects of the present disclosure.

[0022] FIG 2Ais aplan view of the exemplar bus bar module of FIG. 1.
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[0014] I n sone aspects, the electric machine is a three-phase electric
machi ne, and there are three bus bars. [0015]In sone aspects, the electric
machi ne cwopnilgssesdour stator nodul es. [0016] 1 n sone aspeTius0miogsoet ectric
machi ne conprises six stator nodules. [0017]1n sone aspects, the stator
nodul es are individually renovable, and the machine is operable with

mul tiple configurations of stator nodul es. [0018]al n sonme aspects, each of
t he pl urali0933]lof F46.2500f 2 peighrsHrsvips obthe crdupeye hannyodskef §iG dbl e

el ectromagpeid|C 389Dk Yn cdcied AW drIRSexBmPRLGRIVBLRoIRINELIGC] cor e defini ng
two stator Egl es | ocated at opposite ends of the one-piece nagnetic core.
In sone asi§8ls, Hae 34rmad dBdkbustratg gnexdnyla bperipginfatppef the exgmpler usfial m sof t
magnetic glclofkigd DS aspects, the one-piece nagnetic core is forned
froma po erec? magnetic material. [0019]1In sonme aspects, nultiple stator
segment s W0PHiln d&19t 4AAC Hueltdtearcaemplpbntbusaing of thaenemipirdwie bara@s] The

details of rppe of,4@re inplementations of the present disclosure are set
forth in tff1e acconpanyi ng drawi ngs and the description bel ow. O her

f eat ures alfi2ddvanbagass©fllustire presmplar gicecl bos uing ofvihk kxdmeplappabant from t he
description and.draw ngs, and fromthe claims. DESCRIPTION OF DRAW NGS
[0028]  FIGs. 6A-6C illustrate an exemplar third bus ring of the exemplar bus bar module
of FIGs. 1 to 2C.
[0029] FIG. 7 is a schematic illustration of an exemplar electric machine including
misaligned phases.
[0030] FIG. 8 is a schematic illustration of an exemplar electric machine including a
stator assembly phase-shift in accordance with aspects of the present disclosure.
[0031] FIG 9 is a plan view of another exemplar bus bar module including a phase-shift
arrangement in accordance with aspects of the present disclosure.
[0032] FIG 10 is an exploded view of the exemplar bus bar module of FIG. 9.
[0033]  FIGs. 11A-11C illustrate bus rings of the exemplar bus bar module of FIGs. 9 and
10.
[0034] FIG. 12 is a schematic illustration of another exemplar electric machine including
a stator assembly phase-shift in accordance with aspects of the present disclosure.
[0035] FIG. 13 is a schematic illustration of a portion of the exemplar electric machine of

FIG. 12 including the exemplar bus bar module of FIGs. 9 and 10.

[0036] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0037] Referring now to FIG. 1, 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
gencrator. 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. 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 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

3



[0021]FIG 1 is a schematic illustration of an exenplar electric machine

I ncl udi ng an exenpl ar bus bar nodule in accordance with aspects of the
present dwvechogusi@d [ 0022] FIG 2A is a plan view of the exermgsh@n/olses7 bar
nodule of FIG 1. WD 2011/031690PCT/ US2010/ 048027 [0023]FIG 2B is a
perspective view of the exenplar bus bar nodule of FIG 1. [0024]FIG 2C is
an expl oded view of the exenplar bus bar nodule of FIG 1. [0025] FI Gs. 3A
and 3B i | lclgstricamashigy 1 @cargsnepte pagerthaigan bsrRipytest togmdistpecddn diegloder bus bar

nodul e of (Ki£S20, %vht‘:ﬁ)th%@lec{rlg%@]}uﬁé g@tso é'aﬁl%;hl %@%ﬁt@hﬁocﬁ:ﬂ exenpl ar first bus
ring of the exenplar bus bar nodule o to 2C. [0027] FI Gs. 5A-5C

i | ustrat el0838]ex etibongh theeleettc maehing Khrap e prowided anpPabrushissyygetomidul e of

FIG. 1t Qo%&nplated that the electric machine 10 can be provided as one of a variety of other types

of electric machines within the scope of the present disclosure. Such electric machines
include, but are not limited to, DC synchronous electric machines, variable reluctance or
switched reluctance electric machines, and induction type electric machines. For example,
permanent magnets can be implemented as the rotor poles of the electric machine 10, in the
case where the electric machine 10 is provided as a DC brushless electric machine, as
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.

[0039]  In the exemplar arrangement of FIG. 1, the electric machine 10 is provided as a
hub-type electric machine with rotor assembly 12 located around the outer perimeter of the
clectric machine 10. The stator assembly 14 is surrounded by the rotor assembly 12.
Although not illustrated in FIG. 1, 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 using other suitable means.

[0040]  The rotor assembly 10 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. Although not illustrated in FIG. 1, 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 parallel with
the rotational axis of the electric machine 10. Accordingly, the two permanent magnets
define adjacent circular paths about the rotational axis of the electric machine 10 when the
rotor assembly 12 rotates. As shown in FIG. 1, the permanent magnet pairs are positioned
around the inside periphery of the rotor assembly 12 within 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.
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[0028] FIGs. 6A-6C illustrate an exenplar third bus ring of the exenplar bus
bar nodule of FIGs. 1 to 2C. [0029]FIG 7 is a schematic illustration of an
exenpl ar wbeotwadscsomachi ne i ncl udi ng m sali gned phases. [POCOABRHLGIB2TS a
schematic illustration of an exenplar electric nmachine including a stator
assenbly phase-shift in accordance with aspects of the present disclosure.
[0031]FIG 9 is a plan view of another exenplar bus bar nodule including a
phase- shi {10044 arfyesh PerpansacBrensiRaEs i €40 Redpyedided ag peqmpacty sysent

di scl osur €,,0h QO 3AeFinGarkdc hitchifls BXPHOAREMERYW B so Qm?%ﬁl@ﬂbl%ns,bus bar nodul e
of FIGO. k&OBé]FIGs. 11A-11C il lustrate bus rings or the exenplar bus bar

nmodul e of cRr@magyets geh Bompieosiell mith theprofos agemblydran place dflpagnangiti on of
anot her e r ' ' ' I ' . L -shift
mggété_ﬁ&,%h&d Smkgrgtat& Esgeﬂg?l 194k P 3 iSHRLPEcBR SRR RNRSS:S

i n accordan Wi aspect sent discl osure.
pairs, it is contemplated that the rotor assembly 12 can include any number of magnet pairs.

[0042]  The stator assembly 14 includes a plurality of stator modules 40. In the exemplar
arrangement of FIG. 1, the stator assembly 14 includes four stator modules 40. However,
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. Each stator module 40 includes at least one
stator segment with each stator segment corresponding to a phase of the electric machine 10.

[0043]  In the exemplar arrangement of FIG. 1, the exemplar electric machine 10 is
provided as a 3-phase electric machine, and each stator module 40 includes three stator
segments, a first stator segment 42a, a second stator segment 42b, and a third stator segment
42¢. 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, and the third
stator segment 42¢ of each of the stator modules 40 corresponds to a third phase (Phase C) of
the electric machine 10.

[0044]  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.

[0045]  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.



[0035]FIG 13 is a schematic illustration of a portion of the exenplar
electric machine of FIG 12 including the exenplar bus bar nodul e of FIGs.
9 and 10.wpQoB6BLidke reference synbols in the various dPamiusgsoionsieTat e

| i ke el ements. DETAI LED DESCRI PTI ON [ 0037] Referring now to FIG 1, an
exenplar electric machine 10 is illustrated. The electric machine 10 can
include, but is not limted to, an electric notor and/or an electric
gener at or . [04#d el ethes impleaeRiatiensy the core ciwsiude 3 etrpfhabis sgdpiigmen a st at or

assenbly lLdwa@edPstaP 615 oﬂﬁﬁihﬂ[ﬂen;e(ﬁtatl@ﬁ%d tH c%férl:taﬁ Bt Inglie A8 o PRLaIRPOE SRKLET 18

regul ates operation of | ectric machine 10 based on an input signal.
The i nput lamigsied. Lo &l pth@q laml@rr@nkah@r@t thp gorg cgpniafluds pmulbixxegsicere ipgudipga case

where the gl 861 b} & REMAE 10uE 8 ADLEIRNGEHed Badyehi cl e, motorcyce,

scoot er, The controller 18 can regtl ate power provided to the
el ectric ni@84ilne Erch ftatormedybodibrs iiopindent FOm thi ethet dtadorghedstos 18 imtie hi ne 10 i s

t ’ t hat
can b pr oulady TR TR wEdfiouR FERNAE, HRGLL 06 AR RAR AR RRALBIPRIET,
machi ne 1®qﬂ$mdmﬁHammmghmﬁmamg@mexammﬂnnmdﬁﬁ4p@@ﬂ&bﬁmbhﬂbghhhhécﬁhectr|c

machi ne 1%121% 1ne r %\i/%ewnh ssa%hanaf%&usml%r%gntn?t ]atof moaul OC% S1 an%t ed that
the electric |ne can I ovi S one O a var|e y O 0] r types

of el ectritle stdelfict memewvhdon bf]F]ﬂ’le, fsmpmplaf tht bbctpc ﬁﬁemhe th @nlopsutcevithIess h
electric i ne |nclu e not nchronous el ectric
e nes, TR ISR MEHES 10 B 4 Solbt masiTebPat oS uRlEe r iR hee, | and

inductionshypauﬁhenglc machi nes. For exanple, pernmanent negnets can be

i npl enent e s the ro or oles of the electric nachine 10, in the case
whore the @P@dt r i DS ihslprdric Faghiney 0y, pREFAING 40 4 MBKeT BIOS e OTSPERET ¢

machi ne, as, dbs s $eehch @ta{ouﬁabhnﬂé 40letcablbctRelyQ@erglzibit Bethe 3s@rader B8 SW t ched
rel uctance el ectric machine an i nduction e%ectrlc machi ne, the rotor

pol es can teughtbybusdar medyl it r%%ﬁhg clg¢trig praehingHYin @psratingdn 8 ROt or med

from | am pajge QRSre bl B Rhided b HeRIRBohi MR OhtPIcBbEhAREN thdolbr hlkAbRof t
magneti ¢ material’s, for exanple. In other arrangenents, the rotor poles can

be provi dda aadthesetor modulgnit. gnd To6BIFd v thiveoves sonsret0 thioughthehanbarof FI G 1,
the el ect rj g, AEhin F'ﬂnéé}ld' $e BLOY: ARAuRS 6 & i %Qcﬁ%ﬂ%oﬁhﬁﬁfcﬁt‘icﬁ \{%ﬁftﬂé ne with

rotor assenbly 12 [ocated around the outer perineter of ectric
machi ne 10vindihgs ofeachor thestearisegments 42, 4§br4f2@m1nrdmll dhgetridableadstddrcaglsglenbl y 12,

A though M8 olrSLRALEEphite B G bt NECRY A ARSRINLN 43 G308 support od

by bearings to ro ere |ve asse | gap 22
separ at es mtb@ratﬁd)wahmalweaﬂm npodbles #P omdishessst iatfothcadgahtnlgw. 1he Husbad t er nat i ve

arr angerrentosdule 1 e aI{ Otl?lrehe Elcgl com%lutnﬁat(l:oaﬂnw}a} BF&IRrOElerel% Jlro[l%lbjfﬁ a?fe':aé el ative

to the stator asse sui He POt or
assenbly 50, eadcbmdlﬁsh aarmhpunad uota)phae‘e o dieredecafc matinall0y adj acent per manent

[0049]  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, 62¢ corresponds to a phase of the electric machine 10. In the exemplar
arrangement of FIG. 1, 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
phase (Phase C). The bus bars 62a, 62b, 62c are concentrically arranged relative to one
another, and are nested within the insulator 60, as discussed in further detail below.

[0050]  Each of the bus bars 62a, 62b, 62¢ includes a generally ring-shaped main body
and a plurality of radially extending arms, and provides connecting points for connecting the
bus bar to a stator module for electrical communication therebetween. More specifically, the
bus bar 62a includes a main body 64a and a plurality of arms 66a, the bus bar 62b includes a
main body 64b and a plurality of arms 66b, and the bus bar 62¢ includes a main body 64c and
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magnets 30. In sonme inplenentations, the pairs of permanent magnets 30 can
be provided as super magnets such as cobalt rare earth nagnets, or any

ot her suiwehkba/mie6oneadi | y provi dabl e magnet material . AlPChoaisgénoneto27
illustrated in FIG 1, each of the pairs of pernmanent magnets 30 includes a
first magnet oriented to forma north rotor pole and a second magnet
oriented to forma south rotor pole. The first net is |ocated adjacent

to the seldHdalifaghems §0cnnithpagxemplar %Wg?}é@r‘rﬁﬁ@ﬁis -3Cahempii bofdpe wi t h

one anot hgfch@hghA id geH@raH)héishép%d Iﬁ%ﬁ‘é ér%pei’l‘fng B34, 1380, "R Akt PRAl 4R Safdf  the
el ectric machine 10. Accordingly, permanent’ magnets define adj acent

circul ar HAYHEd gasbbus bfﬁenqlmea quwzms %gtte@qnfimg fethe o stetor megielpy Heof e when
the 1ot or 2saaRRdikandRhB Y5 Thé W SHAWRa B ThBeach dekifiEa RELTARER JFagnet
pairs are p05|t|one aroun e i nsi de periphery of e rotor assenbly 12
within th@k$@Mﬁhmﬂ@®mM@Qﬂweamhﬂboﬁﬁecmh¢vQOme¢ﬂ®ﬂmpernanent magnets 30 is
reversed sgyggéyth t [PEIne I fromnorth
o south aTGtt tRST ot pus o B8l Bk [TRRNSork GTERSIIP hEERR
2011/OB;GQOMﬁRﬁkB@ﬁmﬁﬂ04802@p@Q9WLbAMUMDMQthaHﬁamﬂmuWHmgmammﬁalrs 30 can
be provi d(:f‘r(ljtearl%ls ;?nrd/rroerwclﬁectn ARRSharRod ceotrr?p t ha?tlérl elttllle? eac &r tfleab R bR be

i mpl enent ed. P §6me “ihplre Pa 1ONnS, Tl ect I Ona dan e Thplefént ed

wi th the moi,olbads &ndib(ysed,ﬂlot ]‘iavpligamesle@frlcpld{srmnﬁlﬂiertﬂﬂg/nﬁitﬁatmg\bmg al t hough

t he rotor ass F is il |nclud|n

pairs, it prosvwﬁegﬁt%%qua i bt pergeart bl ek SRl Do SR b P Bl AT umber
of magnet rPabtoSk oflaQA4R] hheastial Qrthca,ﬁammbﬂpfodeésmmlmsdme tae phstadl Bdcy  of
stator nodul es 40. In_the exenpl ar %ﬁ#a enent of t he stator

assenbly P4 PHEPHARS Ro 6 %ﬁt%%nafac WR 3 Figgle pisGe atereﬁ H8£am04 angenent s

are cont enphafaeired b9 hs@MBAR BultifledbMporRERENBI dx@SpleNthb Bdinn®dier £bisikan four
stator nodul es 40, or less than four stator nDduFes 40 are mﬁthln t he scope

of the pr&abbsprayided as@ueraraty corppasenideoaythe Armsy,prdihs armscal be wepshio (Egch
stat or nDG,EAR1HRES) tHIRSindbdY. @%satnomeﬁexﬁ 104 p ST Mt baf @6HheStE at or

segnment corresponding to a phase of the electric machine 10. 0043]In the
exenpl ar &prigA§ethe marpfody|agd the apmecambsripiprgpnnstied by k odyeroRipaeen dispasedr ovi ded
as a 3-phageeh&ehri ¢ machine, and each stator nodule 40 includes three
stator segnents, a first stator segnent 42a, a second stator segnment 42b,
and a thir@ﬂéﬂatdmwbEQM¥&@2&K2§aﬂﬁh@ﬂﬁ%dbfﬁﬁﬂ&ﬂ@ﬂ)@b@w&mm«%ﬂ%m@ﬂlé%mh of the

stator gl%é dfife. é‘%ﬁ@g %ﬁtﬁa{‘ﬁﬁm&& & thd Ja%lbéﬁg%%é ?gpﬁt\)ralﬁ’ ﬁ ofil ACLTi C

machi ne 1 con S or segnent nodul es 40
correspondmwhmhawsmmmndmpha&enmﬁmaséhBM)@hdabbﬂéﬁﬁ@bﬁgcmﬁﬁmhmwhxmﬂ®¢ and the

third stator segne nt 42¢ _of nDdu es, corr o stoa
third phagtlasm(nﬁﬁ'ud 3 aé)maxflm'tmﬁé 18‘P’g)c'§}frll? %:’usﬁ%c i ne 2pgre 168622?1&% ﬁadl oﬂ’dsegrrent
i ncl udes &adog edlmnemtj Thadiktage d4 Garick abam t}fe)d@rmltarof thﬁmm‘rgm t: 1oqmovuﬂehe core

44 is a Us net Cc.CO avi n s 46, (of0]| bout
Sach | og PG ehREREE ab S B LS kot ande pREBG ot
V\Ngs. h6, 603eatché, 80GF%%hQE@dlsthcﬁfﬂleﬁﬁéfma@ﬂ%n?(d%fﬁ&) 639, the ﬁl scl osures of

ich are ressly incor te erein reference in their entireties.
[ 0045] I n SRS hsﬁ%'faa%? @2 ? Heromecph! bbutqsl Bvwair o dReHstiRom
nano- crystigklel B&ail 6w The tik safd2c nBameny fsamied indl the in@ulﬁ’tbh&]’ and the bus
|nplenentat|ons any thin filmsoft nmagnetic nateri used, and can

i ncl ude, Bat Qé?rl%sw%ﬁtqumtm apbied, mtﬁéheéPﬁuéﬁt%r 09dnbs %npﬁyltfﬂw@b }héau% pr §3c.

anmor phous maﬁhs%bn@s‘c%mﬁlbas §Armsiba62d llib i8la@OBMoR Ipladk | Y tH QARSI Jraf to
nano- CI‘ySt alline mat erials that ave been processed in sonme nmanner to

further rddueas oRhexteidhsloysthe maindogy 64 ofi thebustbayeXby de the mermer, thetbas b&l | and
any ot her 6%1&4?1 telshi g&&*ﬁé &fs{eak&hhﬁ}{é B w3t &, afrhe B 65 Wb sﬁﬁs&ﬁotfrehﬁsr es to

anor phous netal and nano-crystalline materials regardl ess t'he specific
pr ocesses assqabled aveﬂbe@mlatmé! tq o eoeantred withhtde buSz@rSaﬁi’tb @ici dhe amisgva.of t he

mol ecul ar 6%15;6%8 E)Htﬁlg bgsfbakl@ap&no%jcq{e'in a common plane, and the arms 66b, 66¢ of the

bus bars 62b, 62¢ extend below the main body 64a of the bus bar 62a. In this manner, the bus
bars 62b, 62¢ can be said to be nested within the bus bar 62a.
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WO 2011/ 031690PCT/ US2010/ 048027 [0046] I n ot her inplenentations, the core

can include a core that is made froma powdered netal. In other
i npl enentwiDi20ng3149he core can be made froma plurality eCTaackeodso27
| am nates. In still other inplenentations, the core can include a

mul ti-piece core including a plurality of core segnents that are assenbl ed
and secured together. [0047] Each stator nodule 40 is independent fromthe

ot her st at 8054t dfibe & trrpabhedesf dhedius has 62 P30, $AC dq‘@?ﬁépkuﬁféﬁi’f’f%%ﬂqu, each

stator nogu&@an kiR éx&ﬂﬁl@ﬁﬁ&%@éﬁéﬁt HEBN albaln% 208 el &G 6ARkR 90l SOME
i mpl ementations, a stator nod 40 can be renoved, and the electric

machi ne 10reidedgvaesoading torthe @é}EStﬁtﬁaﬁo@lq?SlﬂOIOf(t:}@r?ﬂﬂcér?émCh@P 19tad pchiiedul es
40. Consi %?Eﬂﬁﬁgogltf@ud%gﬁl%eurﬁs 84, @6[9 Q&r&[)% r@ftgf’the eQEm@ PISHQL ’0 {hlae

electric can operate wth ess our sta es 40
(e.g., theleetrigamachipe hichijpeent@me &Aa, GpertabO2giint dhsah néarrrls\ﬂ@,defbte atfh“steaeglst at or

nodul es 40) 4 he | i i tor
mode, ¢ he Akt o el DB Gl gBRG NG i of BRBEAY 1Bl Rl
select|vemywhmbmgh%abhdumxi¢hﬂn@mmtwbﬂkéhmmﬁﬂehrbughﬂthHhUBMbgﬂmdeule 16.
When t he electrl e 10 erat rat gy can
be generat%%e%mwﬁﬁg?q? Vpbﬂgﬁ%%zg mnm#ég%%lnmn ﬁ%%ﬁc 5HF%5%?$%ssenbly
12 and t h@Besduat @ﬁnch[ﬁ)ﬁimne&:q(lﬁl ingmepet C@msdttbhroédlefstatotr e dployr tosi s dai20

end, .the bus bar nodule 16 is in

through the b bar

el ectri caImO@Bt%ﬁﬁﬁ? @8@‘6‘# i ¢ qlf‘fufsl‘?g W\ﬁt‘]lﬁg?rr‘riﬁt?ﬂg?re@ach of the stator segnments
4ﬁa 42113 [ﬁﬁss]lt hm@lhng?ﬂcﬁﬁfol’ﬂIGaBN ®ads, ‘|6118ms&l@t‘oh?@fncwﬂbﬁd’plﬁ@ﬁﬂyfkﬁmmﬂls to a .
phase of the ectric chine 1 el ectrica s 48 can be integrate
within t h@xtgtlfﬁ%%mmd%éﬂﬁepluygl%?fgde%%ﬂgrpﬁveﬁdPi H@? 19a CortngF 2l The bus
bar modul @rckled MoaTEOrddM o@(ietsrrédé% aR@IBILRMGadté B8 ahd dbal b6®, 6QIHIRI duer 18
through el ectrical |eads each of which corresponds to a phase of the

el ectric REERPHEZREP2C, [@émmqﬁrlfp%rpweé&%rw? deFepive apdreppragoddntho c  t he
exenpl ar Bus, Ridics ®REWUB, cUb of ME bikdSss @R, bIbSEdatpechbhly. al“ﬂ%‘-h@sutb%r 603Ro @ bus

bar 62b, and a bus bar 62c. Each of the bus bars 62a, 62b, 62c corresponds
to a phasénchides meedgeehanadaeassschPd wstending torfhe prsipbscgwpihainsalefos AdeRmt of FI G

1, the b USe c@?s dlé)@% E (2R PRY 1§d cgoﬂlfﬁ?da{]ésrtﬁé &%ﬁﬁcﬁ:@l&ﬂ@ﬁt&ugﬁs’ba}s@ab us bar

62b correspon e secon ase ase , s bar 62c
correspon@@hﬁ@cﬂhéﬂmhml@wbﬂageeb@mgééwdgﬂDﬁW@OmM@Uma&sbﬁﬂaIH@Q@?IGED are
concentrlﬁ%ckxuak%§§ged relative to one another, and are nested within the
i nsul at or a8 di scussed in further detail below. [ 0050] Each of the bus
bars 62a, [02%] 6Jie ﬂmoietmt@ocafeg@hmcmkibsw stwmg)6$leﬁp®ldayrmgenmbmid3feaandl@8

plurality ?{hﬁrmasdia?or 68 )Ei op 1?@9&" 8 b g‘ngo etr1 erdt%fse G91F ﬁ%tlrllsﬂﬂto? gb n’i‘l?e for
connect|ng Bus” Bar*t 6 *aPs tFe et ri Cal"* &8mihrcat 1 on
therebetme@psHMbﬂHnapedeﬂﬂmﬁkimgofﬁebhﬂ&r631%6ﬂaaﬂambmmemymedmnmuhody 64a

d | | i b bar body 64b d
o o Pty eiovh Yo vl ey, e Mot b 0 R0 Fud e BosdiRR o

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 116 of
the insulator 60, and a stop 118 defined by a geometric feature 120 of the insulator 60. The
stops 114, 118 provide for indexing of the bus bar 62b as it is assembled into the diametric
groove 104. More specifically, the geometric features 116, 120 extend into the opening 68b
of the bus bar 62b to ensure that the bus bar 62b is properly assembled into the insulator 60.
The diametric groove 104 further includes a plurality of lands 122 that can support the bus
bar 62b.

[0057]  The insulator 60 further includes a first plurality of diametric walls 123 provided

between the diametric groove 102 and the diametric groove 104, and a second plurality of
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a plurality of arnms 66¢. In the exenplar arrangenent of FIGs. 1 and 2A-2C
the main body of each bus bar is generally C shaped having an openi ng 68a,
68b, 68c weeellkizs@®y 4A, 5A and 6A), and each bus bar i necwassohowso2ar ns,
corresponding to the four stator nodules 40 of the exenplar electric
machi ne 10. The bus bars 62a, 62b, 62c each define at |east a portion of an
el ectrical path between the controller 18 and the stator nodul es 40.

[ 0051] EacHiagretiicigallsdd4 provilegbetwegpthe digmgtric grapyefel 0By W dncydindideat velhl |y and
thermal Iy 199&%&&1&1&1% Hﬁtc&{té@dft}(e‘%nﬂﬂator%@loﬂ%h of IR kst ﬁ?ﬁéﬁt&%@%llﬁiﬁ%&' cally
conductive non-netallic materials, and/or electrically Conductive conposite
mat er i al s Fachmfitheecond ehuditypf wifls 1Bdiés dissontingipus algmyespectiy cidiameigsn Jadhis not
havi ng an t r r d
therearouﬁg%ﬁ&.&kﬁ?g%%gﬁﬁgﬁg’g%% t%ﬂh&ﬁh Q§g£$¥%ggvﬁ%g%éggﬁﬂggﬁﬁgﬁufactured
from raw si08¥¥ ofTha inpaketor 6QiIsamadaditoer dnadlectrigeihuen-candwative magsrisle dssinnigr t o

i nsul ate : d froma
single p|é%%ﬂgﬁqﬁgggfPgﬁgng?Hégﬁﬁge&%gﬁ%?%%?ﬂgéﬁ’%3ﬁ§§§e @#%%&kgvflple
conponentsmn%@mmeX&mphmomwhmummhnTbodyubwrﬁ)@m&emamubammbampgmmmdwd as a
separate cg nent t d.the a ecure e.g.
through\Mﬁr%&k?n?%gmﬁgﬁhgglaym'2muad?ﬁ§r gggsnfﬂde%m Gr |0Hm6£ éach arm
can def i neteecofitvgiaphy, oficctibiemorling, blodymolding, théi@oﬂﬁﬂﬁﬁagptaarnsfeembntli@c connect ed
by a body conponent Hjspo ed t her ebet ween. [0052] The bus bars 62a, 62c are
separ at ed BYPEYLPAIGAIIFEHIRY ng a di stance (11. The distance dl varies
about the [@0saTet Ref@iing ARinrtadiG|2A0@R wdlls 1103 ﬂ‘é@ispds%d Betpkett @é bliyba®b2d €gi ons

72, in which the dis anc dl is_at nlnlnu urality of
regi ons 7404 s b\%'?aeﬁE hefegionngt lahif manger.d w%’n nlé?inﬂt@% )15 Lq%ws%us bars
62a, 62b @{&o@@wzataﬁ@th%u@barr@% atheGadlls 104 bra\iisPeked betivetrPiRE Busvar 63dWhd

di stance d2 varies about the _dianeter of the radi al ga /6 to provide a

pl ural i ty terbus beji GRdn thg regians i byhis prenggrsihe vals e iphibigpreing hptwierube (dzmi N) |
and a pl ungd bdr2Phnd RObRKAr SR, Th ﬂle‘é@érﬁﬁ]aﬂa@%mé@@h%ﬁ@G%'@ vifils BreMaXi mum
(dzmAx). [0053] The bus bars 62a, 62c are assenbled into the insulator
60, di scupsdicdhetiigen the pusiear 424 arlﬁléh%ws bbby Shepegions 28, and nonyallp ate| y

assenbl ed S t

rssenbl od IRAbPELDEELA O RRand b BEreaLS: RPHaRAD 1L S SHREREI Y he
arnms 66b, tiegedisfgaphare blis sufﬁcrlsnt @Btancodet drdieg is tnhabited derdhe guitiapeted @elthee he ar ns
66¢c of th QEE f S r 62b.
In this n%%%éﬁﬁgf% nggr%gﬁﬁbegégﬁhﬂ?&ﬁgﬁmﬁgg$9§t&Qgﬁgﬁ Tﬁg bus bar
62b. The bbenixarf nﬁ‘sabnqrsvaﬁumsbqamgudny caebbahbbedaisriCe, ©2hedtZcrisbd atonbl6D t o be
concentrlc wi.th t S 6 62C e 66 66b, 66¢c,0f the bus
bars 62a, 'E2H'° I%Sé‘pa?‘?r%g "}“ﬁ &S%Sﬁqgr‘%%mopﬁmo ae‘e“aé TEHECG METRBEUTGRE of the bus
bars 62b, n&ﬁmueﬁoemﬂdbeﬂﬂmmmhegnmimdbmdydG&mobmenhﬂmbud)bﬁmaﬁﬁmceém this
manner, the 2b, 62c n said.to be hin t he bus bar
toa o TR E AR B tradS a0 a5y i bkl T Bt Fiudh Il bec ot the
bus biar s muleazhhelé&ee;d@&imeat fRdnuthalbuud b‘ar@]iodﬁl%tls of arnms 90. In the
exenpl ar arr ngene Fl 2A-2C, four sets o r 0 are

provi ded, @8Y &&%%n%totﬁ%gs ﬁg\u‘?c apdpodisorsyd phaesbe Evsahangz%rl@&@% c
machi ne 1@ue Iﬁﬂﬁi bEACAUC 2B th@fplu%lﬁﬁ 0Bk BEd. UQE@retl Bocie prviRd 868e di6@Pend@BC,
correspondln%lto the exenpl ar phases of the electric machine 10. Adjacent
arns 62a, 8% rm@bBache)iélelaﬁnw@cetTheborarlﬁ%C gublget fasene (Rotsbewmigbe a. The

sets of thgcRb@FRkEdYinOfhe B8 &rafodalrerr% w%ﬁanﬁh@d@m@ﬁltacﬁlﬁ@arﬁcpﬂa@p@mh%er by a
second angle p, which is different than (i.e., not equal the first

angl e a. Flsctrigd comrrwgtcatmnévwéﬁen&wd@ﬁrbﬁt62c and e glaonmedules, digr F@mpﬂ%mer
ot her arr anaapelh %m@ﬁ@lnfo%o%moﬂ&lﬁg opén'i}lgvmlﬂfehstﬁor'réodhﬁ% %n%gg)gld[e%t cRggause a

and 13 are not equal, 1 nproper connhection of the stator les 40 to the
bus bar nwdtioe of g ¢lg:t1mabmﬂbb¢t@den thgbuhibae tRrsad theneﬁpacrttm@tatqne@%memtShéfheu n.

0055] Ref 11t I l. - d
E)l ur a} : ?y%ﬁ?é o &Fegggﬁérgll)'fz Lgﬁapeg,%x?eﬂﬁl ra%i%lly onl%vahpaﬁltd 1%11?({6 a6[91ci<&§4 1!‘1] PR @

arms 66c¢ are equidistantly spaced from one another in the radial direction by an angle 0. In

the exemplar arrangement provided herein, 0 is equal to 90°.
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extendi ng grooves 100, and a plurality of dianetric grooves 102, 104, 105
crossing the radial grooves 100. The radial grooves receive and accommodat e
t he arns wW6ap116B8g9066¢c of the bus bars 62a, 62b, 62c, amdTiuseoidioasvetri c
grooves 102, 104, 105 receive and accommpdate the main bodies 64a, 64b, 64c
of the bus bars 62a, 62b, 62c, respectively. The insulator 60 al so includes
a wedge- shaEed recess 103 extendlngﬁto the periphery of the insulator 60.

The recessi®9d pRsargesnaypRddGs o- dhdndacdiriogd teayet the bishae pEoAsBdS| on of

the bus bagsmfg B@d)ﬁ@l}a 1%@@1@ phiPalf @Pa{rﬁlk 68, A 8893 36£Eis Grovidel @@tﬁé bic@l clg@ads 50)

for connecting the bus bar nodul e to the controller 18 0056] The

di anet ri c ap¢ Boweh e of thel ageeoag Tde bpreﬂé@a eblehe frstgyerangje it¢ be f eat ure 108

of the in 112 of
the' 1 nsul aror e FaRERsBush Bl JASRG Dfelte FEAIR: BhFt ARE " b

62a as it clestrigglzembluaiationttstiden i tasbari2e agyt howvtatol gRdulpb rier wetnlef, cahl |y,

t he geone r Of us bar

62a to eng%%%m{ g%%tﬁfm%) ﬂ)%r%gggéﬁ Hkﬂggfﬁ%ﬁggggﬁ Pqﬁgﬁﬁw L%g?ﬁsulator

60. The dipartehiof en @cccbmnepaftli)ﬁetﬁvaerrtthebusmamﬁlacbed th;: rpdpﬂcrtazlelstatpr sefgnieatsdé" hd12 t hat

can Sl'lppor'a%mst X abusengrafl ) hee dld ra;EEtllr Ioﬁt 1ncloé gt C ugs%% i Srtl op 114

defined by a netrte ¥ ea Jt T8 He |nsula 3r '60* % 086118

defi ned bytrran@etemetl fid @uﬁleatzu Aebat@0f thé mhinedoiiy $3ladt oﬂfseﬁﬂom'ﬁh@ Islﬁ@p1§4zi 14, 118

rovi de for  indexj of .t he us bar 62b a IS

B et v c SHHBAUE By Sace feoir R arrger Brgpudh Bt TR SrUREERTE 120

2)2<E) end i nmmﬂliﬁiy@pﬁﬁf ﬂﬁlgbtgﬁhr @ffd thﬁﬁes_@bustrﬂl‘.)%6cﬁ)21glgttm_sr Ezﬂﬁﬁgé exttdiadg t he bus ?82
IS proper e nt o e I nsulator e dlanetric groove

furt her i NErgide” ﬁfﬁb §vagS ylst%tflﬁeawde T arfiag be&\é{ﬁenétaf‘p‘f}erl’? 43 i€ bar 62b.

[ 0057] The biui5ail6as. OrhePmé b6 hebquidiGhiig@PacRd FomSine Bhdihalin th¥ rffial direst®hr i C

wal |l s 123 prOV|ded bet ween the dianmetric groove 102 and the dianetric

groove 104y 2BAeelad slcBhereplF arngymet proyideadeieing O iwerard 14 3. provi ded bet ween

the di amet [‘['0062]9r PRYE SRRy tolFISs. AA-6Y |ah B EL éhé@lkse&@i)dve]t%@bﬁssoapﬁﬁylhgﬁgjesat the
center of the insulator 60. Each of the first plurality of walls 123 and

each of t Hie Baebedy (bupdhemiurdity garms 662 4A bered 38l bir¢vidsd usthadptsgerdedfpect i ve
di ameters h SadBYFAR 1% g 23ctoh fin rality of
wal I's is 8?%@?%%5%35 aﬁ%e]ngggneﬁng 889%%5ﬁ% %ﬁ?u%ﬁ?&s : ﬁgbﬁade from an
el ect ri calr¢ogivadfor sesmtlug thicwes brammsdilg|16 withanthé electriameeliieg, end focpredidingbut ar e
not limt I i y

non- condugt g eaaEhichfon Sen TR 35 bk ahd #l huor BRULEL B BERIE RO e

usi ng varMBugmnannkwndumJmgmmumh@dgop&&emﬂﬂmmwmanmﬁmb$umdpgwubmhbdsa
Imr;ﬂjrgg t%ultélpﬁ% an 8ectr1ca Paﬂ?gett gen tﬁt %%lr & Comr)?eg ectllvrejs afo% sgr%me S, ﬂlhng’ bl ow
extrusion arr{t%ga]feF@‘nenaHy hghagd) emetnd r:Elheﬂly odfyard, had waluHSa ﬂlﬁc.?xneﬂ’se;, dhsposed

bet ween the bus bar 62a nd th b i er In this
rermer " { HEaeRe e A g dod, AR Elangdan Tk bR i s Pama ta bus
bar 62b. BmemﬂﬁtmmaB&wﬁamm dpzettﬂv&wmalher lnesdidvaice 6 ateﬁmlatgble bus bar

62c in th ns 72. t hj 4 it rC| bet ween
the bus bEF"8 %ﬁmlwpéiyéée otyhe Desgar aidy tﬁemgﬁ%tlé 63&@}? 5B O Pl G
2A, no V\/a|6b§e)@érﬁ1n%rtﬂéfbtﬂﬁgr Q@k\d@ﬁﬂﬂcé feiskusichar toQ@abiediein B@tw@é&ﬁth@@ﬁs eb in

t he reglons 80, and no walls are provided between the bus bar 62a and the

bus bar 62629 And the bysdyisdive. 024, Thaars&0b aigicgwidistantly saced frpan pagngtheliaphe are of
a suffici effiadiSLiRAGS ah E‘@p{le @r191'tntge;aeﬁlplanturt?fgtﬁstnfpﬁfvdehee@ntet‘sleaaetled vol tage
and current comuni cat ed through the bus bars, and insulator walls are not
necessary20The absence of insulator walls in these regi ons enabl e the bus
bars 62a, (@6 G%f&ﬂngbfgaaseet@heﬁle esatlepltmectrttsatcﬁteﬁo%ud@ttgsttteﬁuces the
anount of naterlal requited to manufacture the insulator 60, thereby also
reduci ng tsmnmtetogannatrrdtIQ:@stten@'tleStthesarrmﬂﬂtetsegm@mﬂirﬁéb dbsefmeeh itoi nsul at or

bar  modot ST DRERERRLBPABRRIL TR Al piEblty RBEEyhEREg, PRogES" The Pus

[ 0060] Ref etatar s@nmowllam%L & 0f¢,®aﬁ©,llaastdomo<ﬂllesws semeldnbdfwed thtﬁous bar 62c
i ncl udes the nma a It a cis
provi ded ?“)‘i *hssemgﬂ% ?? for c?““?l%é(n ?}aﬁggr biign heyCOHeS@P“?BH%Sqm Seg‘é‘%‘é %ég’bor e

130c enabl es a fastener (not shown) tolpe received for securing the bus bar
nmodule 16 within the electric machine, and for providing electrical

comuni cati on between the bus bar 62c and the stator nodul es. For exanple,
each fastener can extend into a correspondi ng openi ng of the stator

nodul es, and provide at |east a portion of an electrical path between the
bus bar 62c and the respective stator segnents. The arns 66c are generally
L-shaped extend radlally outmard and |nclude a thlckness t|. The arnms 66¢

- . o o o .



WO 2011/ 031690PCT/ US2010/ 048027 [0061] Referring now to FI Gs. 5A-5C, and as
di scussed above, the bus bar 62a includes the nain body 64a and the

pl ural it ywof20mrmsss966a. A bore 130a is provided at the dipsralS2ena4sb7 and

t hrough each of the arns 66a. The bore 130a enables a fastener (not shown)
to be received for securing the bus bar nodule 16 within the electric

machi ne, and for providing electrical comrunication between the bus bar 62a
and the st'a¢ o theisanamaeg statgrmedulgs ) are abparonesy ebgnef waththeawtos aemhlyd 2a

correspongj pgs. QF%'? b%p@é tﬁe@?at@rtséérﬁ)t{ntsr@g e @d%h offhd sﬂfo@‘ﬂ‘loqgleﬁo 4r8apt a portion
of an electrica bet ween the bus bar 62a and ggq?ectl ve stator

segnents. pquwerltaﬁlr@le@wh&reen@eﬁtepéﬂhpmr asteapdi 12 @kthemléilsrr miterysssmblvar d, and
i nclude a tbiiGKRRSES: {hdhe doPRERYiy AR0EMENt, ti is equal to t2. A base of
the main lgo 132a 1s ofrset froma top plane 134a of the arns 66a by a

di st ance d[QD64]| n Duiing operatrvarin a tifp¢or diisie apesvet Werovikdstlityths statog sqenisatsvi@an t he
mai n body 6pC 62c

ext endi ng 4??1!24% g&,l!]h Sl?#%el}?(gﬁ gﬁg}erg‘%h%%u%gﬁ {)@llleent othlé Eﬁﬁctﬁé‘@agﬁ%‘l ng

bet ween t Hé operstebaaatﬁs?anamﬁtdmtembhwwarmﬁdldes 4Phehiah heat 66aceaperating di st ant |y
ool ar aF MG P8y A mer el e od ot W 60t Go B rklrer i ng
now to FlI (ﬁmduﬁm)ﬁtﬁerebgnﬂcmssm:g the uxsanlg atfewacy biee Bogribancttih Moel udes t he

mai n body 64b th ralit bore 130b is provided at the
st al endbsiticalid tipulbly St berhiRe Ao usic Fhi g EmB0b enabl es. &
fasten er (caletnuﬁlla@tvaﬂm@ﬁatbe@gmwa 43 Hu2ts @edihidi@h &Haefad@aﬁrspﬁr eimiiﬂel. €Asl6

wi thin the elegffrlc mac hi 1gﬁ;:ae(gfor rovidi ge({@ectrlcal ni cation

bet ween t HECHER 4hve: gmpus %rs 28 QLB PTC FRATFEE degit gidnt h fastener

can ext enehsuRtife @oaﬁ@% I RSP Rdhng, AL BBsiPte tBe St @ﬁ%hndlﬁlgthle @ﬁs badi6bapr ovi de
at least a _portion of an electrical path_ between the bus bar 62b and the

respect i v&2Rt03¢-ofs laqisiesed alrpie. iF ivdres ebilay threpehdheapdipl nd dpaptl, ext end

radial 'y Quioey dhthaiRghidticdoude ad hitineK BRIRatdsiphforQTehAiuk BRYSIE R, cbd, t 2,
and t3 ar€ equal. A base 132b of the main body 64b is offset froma top

pl ane 134@31%)1?61@1?1?@0@?1% 66b by a distance dg2. In this nmanner, the distance
0g2_def | nepogs| 9 @J@.gmqhmta i ¢ aBfe 38 (DM R RO hg nest ed
arms 66a ]of ﬁ ars "65¢c nex%_eﬁgéengather eﬂ%r The gl stance
dg2 is sufdﬁmsetventﬂlmttbe $tmthr dypembdy Mcrglrb@ﬂtweéxﬁﬁcwlhe upsgniigrthGediorpagmeie bus
bars 62a, I ther in

t he radi aIaQ%?OFOerCFS %m%fﬂ%r %@Pﬂd% aﬁ%ﬂﬁa?%e%&ﬁgste XVlnp?a gtr?cq‘gfrr Eeggpelgér%gon R?IijI ded
herein, 0O anSXQmualeldctchﬁhchlﬁl@@ﬁBl]sEidaiseatﬁdarglla«giades ntlsahgme@stalqr sbgmaermmttpl ar
electric nmachine 1 a,stator. nt tomanet at i,0 at enabl es
the same SPRIOM $E§ %%%Stemﬁg’g%% T BT B R et AR L0 %C%’Sq‘

appropri atrﬁblyasednnlgyllm alstatolnessemblgrlsah&emg)d plubBty d‘f?tndeen&ﬂ)aeuof moallésylS8when a
stator se

nt. 42 42b, 4 arti t at or 0 properly
o T oned: wherh S Sprouud s M dst bl Tk St FaRt Jel ks e Fhe
cor r espondjioogp] st aviek ths @R rtttoréb%emoﬁl&tFIGélz,Ca d@inrﬁdmetauermgrﬂenmg ot @bperrlyrmdul es
40 are al Sﬁ@Prop&lrlry al h%ned with the rot assenbl In FIG 1, for
exanpl e, cd G TCPEEHE FRASNY PRIT o f-ORSSAHEN pf‘?P«Sr dresttigp 0%&6#6&@040 are all
properly aldcBinedsons ithitike. MREN@L&Hiilyt MBohi@ 8¢ staxssRERkbt 1582, 104 fifshe
illustrated rotor assenbl%/ position relative to the stator assenbly 14.
[ 0064] Dur PAYHIYHYhs yrparmast Settrgbeulsnbddthe seies modyle 4 pR 4 a@e@theﬁtftlh@eét at or
segments %%@ock‘b%gltlorﬁzﬁ WpEI}B/ ﬁlr%eétvﬁﬁ Qg re@ﬁ&’d‘!f@ﬁag‘}l@t faY Aehind Hgobus bar

nodul e 16. As the el ec ric machine 10 operates, heat is generated wthin

t he st at oscgvrat 1682, 4pthe it ppsiteaeal Oﬂeﬁﬁrefeeme@é@sdéﬁ ge-ethe s@ioapegulesThd bus
bars 62a, ,Bghroxfigbell WRCE b LciBHdS Setk p%smsng ?BQtVMfB%Er Jhgfmmﬁth%ﬁ@t or
modul e 40, thereby increasing the operating I ci enc the electric
machi ne. Mpectispawiidt pafsl yn OItdhlefOtthesﬁmlr qurr@mmﬁ&telsmeormulbeto@r@@dy 62b, 62c
are in he r Egu@ i 42c

t hr ough tﬁggiggggﬁgF%&ﬁ or hﬁﬂ% %@n@%@qﬁfggﬂgé%,9%g%$ﬁﬁ§€%§m§ gég 62a,
62b, 62c aménekpekadcamdnmn(hmmmmﬂuhudbmamt%@0mm©¢¢%wn@dmwﬂwng coating. In
this manner can dISSI [ r.rou dlng t he bus bars 62a,
62b, 62c. lﬁg’ qui 1SEULs 6L o8 f%m%pr1¥09&eF%&nc 1Powthrough t he radi al
and di anetric grooves of the insulator 60. In thls manner, the heat

di ssipation of the bus bars 62a, 62b, 62c can be inproved. [ 0065] Efforts to
optim ze the stator segnent to magnet ratio to nmaxim ze the wi nding density
within the stator assenbly 14 can result in difficulty in aligning the
stator segnents and rotor assenbly for the individually charged phase. Wth
particular reference to FIG 7, an exenplar electric nmachine 150 is
|Ilustrated and |ncludes nlsallgned stator segnents W th respect to a r ot or

Y P 1 oA =~ A A o o AN " N T



[0066] Wth the given rotor position of FIG 7, a common stator segnent is
not properly aligned with a respective nagnet pair. Consequently, proper
oper at i orwoftisi@bectri ¢ machi ne 150 i s inhibited. Mrecsaseomiossml? y,

al t hough the stator segnent 160a, in a first position of the uppernost
stator nodul e 158 (the stator nodule 158 at approximately the 1 o' clock
position), is properly aligned with its respective magnet pair, the sane
stat or segffedls ing jpvt Rd'16i §.$he pessntdissioswe petvidss 2 Shaseshiftinpdul es 158
(e.g., the giRmeht, M&%erﬂtégl s@s@to@ﬂﬂlﬁl%bi%eq 1chRBted iPth€ L@0KaRfbly, O €l ock

positions), are out of (? er alignment wth the respective nmagne palrs
I'n order e sieeifisaliy BIC.Sd Wérmegﬂ@felem@ neaching 1.5 Groeplydang therqerapsmbly al i gn,

the statonssmgdy kh%%ta\mésgﬁhﬁ 1158 a%Hhd &of é%ﬁéﬁ?olf wed ﬁ&ﬁh&@qﬁﬂ Aty B REfdcheul ar

radi al position wt el ectric machi ne. Consequent i dentical stator
modul es cotatad medulehESGanifi3bndie.ethe ﬂtm@rre@blﬂqag%aaéﬁ8lahiﬁccammdblémhapd gin t he
electric 20 4 A owto

Fi o ot he et AR B O B R R ARAR PR RS 2T L
|dent|calektmmmmwhmdMﬂEsz&nﬁMmsMNNn&Mthé&ﬁmnMﬂﬂﬂnﬂmam@mfam®EﬂghwnwNbre
speC|f|caH 6bil §§08 illustrates the electric machi ne 150" including the
rotor asse % % and the stator assenbly 156. The stator assenbly 156

i ncl udes a[OpdimraIIn taconindedet the plhasstlaft @rranpaohahtes thbﬁﬁa;sntlﬁsstmsur&,&ﬁc The

stat or nndq}es 8a 1589ﬁ%f5ﬁ% re. identical .and c interc ed W th
one anot h&FITEY PRasH LU RBMROf G slectiistlranactonsdy gL &SG&E%F%?? 1B B‘F Sche

e:c ectric Iﬂj&ﬁ/&deﬂeTﬁéS%ggr sﬁg%grg@ﬂidggm()@% gﬂgggrelrmfduicesy cécﬁlﬁedtélictb umh E@ol&kw’ ality
of stator S a c n.a ance mnt t

phase- shi ﬁﬁl?tgﬁlgﬁéﬁ‘éﬁéﬁ‘?ﬁs B StpiESMERENMOk st dhe o ﬁtoa%@lt?é%%? bhase

rel ati onshicptrically doRfecR®ld@GEH th&ahe GABNREHERNE0, Th B i phiang, @rRglohicsla
machine i s, provided. The stator segnents 160a, 160b, 160c are electrically

connect ed T Phate (g A bithegtaiqrsegpanf 16Qonw thinsesend nositiges SOFgRoadsde Br segment s.

More specisfdoad@phabe aihla@e 1§)t a{dqﬁe I emdmaB0é, $n Bk BfkdJosiabh, ¥otQPRRELSH such
that the stator se a, inthe first position, corresponds to a first

phase (Phalged phpse Phase §t) aifhﬁr steergredulc 1Bbthowerer heleseisghdropeasiadisegh that
correspon REhaP g0c, in

t he thlrdq%ﬁﬁﬁgﬁg &gogyégggﬁf f oﬁgna%neﬂﬁg%§§2E§E ase5%§ﬂﬁ$22<%tator
modul e 158tstor hemwsue 60D i sl seeandipesitipy ccmmp@rtds ¢adthe tﬁ@hplnaaafPhamA)s ik the
segnent 1 phase (Phase
C)., the s?g'or f%ﬂgﬁtnf%%%ﬂgﬁ&$* Cm%%%I@§Rﬁg€$f%ﬁ“ﬁ%%?$§§%%%ds to the
first phas[@%ﬂ?haﬁ@e Atptor enodult hEBcsib albarlcaélegmwtteﬁ@lmh that tltehatdrhegmbnpo& tion,
correspon to econd phase Th [ nDduIe 158c is
el ectri ca|q e (lznottrl%ﬁ BT e Or‘ieFPé)t“g‘st ‘ﬁ% K ngrpﬁ%sgggﬁas E) tté%or iHETHE first
posi tion, 16au, memp@ercdﬁd p@itionecomeqonds tph]ﬁstmrai Plras @hiye, C)t :lirel thd @tor seg@gitent

1600, in thg. o Ir BRI RgRlion. AR T PR RS e tsel ) bR SORE (1 oine

phase (Phagratd] abolihihs ré&iddet BOhPahioeistenigy 1 &P datigdmahutthd Rehieeef thder of
t he stator_ asse S. .mann he electric

,..the N-phases_ of
machi ne wbcmemc{ﬂﬁ? iSQ:é@éhINC%Sg Nelaa%aﬂoc})gse acakafoisianb Py eehidtcal as
bet ween adj.af &dtiuis a3sar 15¥BALIkeSCiR8Ruentl &intided §btor FOMIQAHAE BE infplehéleat | ca
stator nodul es can be ugglenented w t hout adversely affecting operation of

t he electﬁm%mﬁ%@ﬁ@ﬁ%ya¢ HPIRENER of thg clseiic M3ciPGs. 9 and 10, a bus bar

nodul e 200ppfoi | IRCBEFRL &Fy toMIGER aﬁaaﬁo bevis '1591] rﬁ&ﬁﬂgﬁﬁb il Qluﬁ’tg?éde%ﬁlch R be
phase-shift arrangement di scussed ab ove. bus bar nodul e 200 i ncl udes an

I nsul at or ippipmeniehigpckigye thopkase- ahlﬁla@faltgﬁmGMﬂﬁuSS%ﬁboae bl taparxpalile Each of

the bus bapg 111%916@9 an%Qs‘h*Pator%@é‘Ca ROHLEHRANGRs bt B4DNAFE b ba?zﬁ&r EBspondi ng
el ectric machine (e.g., electric machine 50 of FIG 8). In the exenpl ar

ar r angenehe, bus hers B, Bodb, Z(Mbou@inombrt@ eplpondf ¢ @rgsfondigg clopts matliPhase A),
the bus by 284&1&1%Qch r &%&B{Ag% gz?%x{tpt\'ilﬁ & 1) ; 2004%'}qnt he bus

bar 204c correspon ase bus bar's
correspond to a first phase (Phase A) the bus bar 204a can correspond to a second phase

(Phase B), and the bus bar 204c can correspond to a third phase (Phase C). The bus bars
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204a, 204b, 204c are concentrically arranged rel ative to one another, and
are nested within the insulator 202. [0071] Each of the bus bars 204a, 204b,
204c i nclwdestiasg@ner al |y ring-shaped nmai n body and a plparaiseaig/oedo2r adi al |y
extending arns. More specifically, the bus bar 204a includes a main body
206a and a plurality of arnms 208a, the bus bar 204b includes a main body
206a and a plurality of arns_ 208a, and the bus bar 204c includes a main
body 206c 28 28t Peffcarg apeericatparrangad relatine tone anethes| and a5 teslsd @Bt of
FIGs. 9 ang idQiatd»eomai n body 206a, 206b, 206c of each bus bar 204a, 204b,

204c is generally C-shaped having an ogening 210a, 210b, 210c (see FIGs.
11A-11C), AAd]eadtscibeisthdbys bpplQda, 204k 204neludas ¢leaerasdllysing-shpped mei8kody208b,

208c, a .i radi S i. m.]c . in| l
c corrﬁ&ﬁpﬂg;l lfsgr%fte deﬁnsypég(g fﬁgtngal OIS Xp RHRERY, tﬂz%qytﬁ?_o% and?%xae”p ar

el ectric mac O4a, 204b, 204c each define at least a
portion ofmaambaly@06a ingal plyalithh obemae@a, thedwnbardOte mchided & hein pdyt Aanodul es.

L 007 2] Eachn @b phfuPUSRe 20 RR4: A0S us, YR LB PHAINEL Bkl Y
and t her mal y conductive material (e.g., copper, gold,” platinu

el ect ri calof yrne@A8u cinitheecxamplanataigt mant nbf€si @hrsl, 10athd houn @idg 2064, 2adH, y
conductiv omposi it e rialS)y, FUrt her ch of the bus.b , 204D,
204c 15 exsSeTaabE ofEh g PL R e e e M RO Ractifg | g
coat i ng pro®d @edrFiGheraariayad chdh Hubbs 20am264h, 284cihclbds sbaim?00ka, 20804b, 204c
can be nagg%actureddfronlraM/sHOﬁk of a g ﬁti ul ar nqteiial, mﬁlho t
further proteSYTHRECHGE HEAPERE Phd* e BRTYEACH “HUYP BArcU6 /%8845 204c
can be mamuf et 204acb b oMa cschighe Place mfticiaifef tladtricd path dBtwiden smanuf act ur ed
by assenbling nultiple co nents. For exanple, the nmain body of a bus bar
can be pr &GOt rg@iﬁaggggp Sconponent fromthe arnms, and the arns can be

secured (€0072] t Eaen@hnyBlsHaR@D44 204 04EE habOHYm ahSlcamiedliand eeadplye, a
portion of each armcan define a_portion of the main body, and the arns can

be i nt er c SAMBEREINH§ 18 (9D AEPPEY ehktingm spestially rndegive ewsietalligo73] The bus

bars 204a,mA0%, Hdifr SREALARDn MG EdtoShe MRBriADHA FRAN: NcPodhShaneR ¢l | .
The di stance d1 varies about the dianeter of the radial gap 214 to provide

a pl ural i 204£04tegP4sriscxpoed, et herng #n ¢lprirics]lys prdierahermally ingylatipggopfingum

(dim N, : ity L red hal j jisd is at a
i mum (g R o1 AR al MBS il BRI D D20
havi ng a diost awcstock 2f a fvacuddirgnagaries wdthowtdhitles progeraing thimswata thetbes baf t he
radi al ga t V4 ral | i . i i stance
02 1o at ol el MR, AP @ ohdblurdo TP pecd G AOLER SRR 710

di st ance dfnifctateddy mesxmblimg ol pdec)mp$r@dF 4 Faihexatnpls, tha mein2@da of 2Bublbar 204¢

are assen%%& ig%gahg%dins atonmégqong&scusse%ihn furthgr detgtl bel ow.

I
The bus bar CTS |n|F2%#?9nnssenb ed T ato’ the T HSuI“at oF “2U6° ‘4rvd t he bus
bar 204a itleosghbgadiugrt khe medsbodyl ad anstha ckdraple, nguitahaf c@B@rh cabé:fimeacent ri ¢
with the bus. b 204c. The .arns 2083, .208c of e bus bars 204a, 204c lie
" conmbitin ahibe THiPehatd Mt tsimeher it Bp DB AR RRe A ieFOn  he
mai n body t20&atwaknt he bus bar 204a. In this manner, the bus bar 204c is
nested within the bus bar_204a. The bus bar 204b i bsequent | y assenbl ed
"hto the |0 e S Be D eestRree ot A gt E%W%g_ 92@_2&5130%21@40 The
arns  208ghe ARBRse &08Kestboltiee DatfetBasT$hed@dial gag 0 4bio pt&ALe 4 piBralify & COMMDON
pl ane, and the arns 208a, 208c of the bus bars 204a, 204c extend bel ow t he

mai n body "B 26 it WEich U Pupncoduis at3 minAPE (femnetnd aphelBy sl BeiPe Pd4a, 204c
are nest eg Whichi didtcbUsis 2@% e ithlm (L QRLPITHR gu@maﬁ@szm, 1026 aRUSpRAESHIET i ne a

plurality of sets of arms 2 n the exenpl ar , ,
a radial gap 220 having a distance d>. The distance d> varies about the diameter of the radial

gap 220 to provide a plurality of regions 222, in which the distance d; is at a minimum

(dom), and a plurality of regions 224, in which the distance d; is at a maximum (domax).
[0074]  The bus bars 204a, 204b, 204¢ are assembled into the insulator 200, discussed in

further detail below. The bus bar 204c is initially assembled into the insulator 200, and the

bus bar 204a is subsequently assembled into the insulator 200 to be concentric with the bus
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arrangenment of FIG 9, six sets of arns are provided, corresponding to a
potential of six stator nodules to be included with an associated the

el ectri c wachimsieokach set of arns 230 includes three arog/Uscannepondi ng
to the exenplar phases of the electric nmachine. Adjacent arns 208a, 208c;
208b, 208c in a set of arns 230 define a first angle a. The sets of the
plurality of sets of arns 230 are offset fromone another by a second angle
p, whi ch iP8r e+ Eheims 2fkn 2Q8c. o the bypbare i 246 Yicimeoqmpat Plgitgrid e I n the

iI'Tustrat %%@68@69@1@%{?4bar@OAcSex'te%%elBQ%ﬁb Iﬂlﬁn bhl%)"@é@"ofth%ﬁ%ar%cfaaﬁﬁlﬁﬁ?m S are
contenplated, in which a is greater ecause a and 13 are not

equal , i mpraspes the bfrhee 294sris @ﬁSteﬂN@thS}tté? blrs %&Qﬂaegh@ busttae2@ibgs phpeaedlyl e 200
i's prohi biy, gﬁ&ble %t?}h%%kﬁﬁ?tg 55@{0%%11([@99%% Qﬁe b&%‘dlsa%'o% 289@ 1é1@%hﬁsdes a

plurality o y extendi ng grooves a plura anmetric
grooves crRO%sP0Rp, 2P of dukibab bgs 3rire204ba4s iliniin wdngm«msl@m btebthabméow th

hear s 205a hOBREARIBAE Hre SNGa pOGN e MRS RRFNGuEA BRETTOCE ©

di anetri c tigs oewes tlnedmmbvm2a4ud2%cammmubdmthtmehmharmmh es 206a 206b, 206¢c

of the bus tr| oQves ude L ops
defi ned by[OG'?Sr rTEtZI?II 8fnf eg?}llf’rbélé %rfs df’ nél’alpnlérﬁllrﬁgt or° Sz(gtr 0 pI’OVI ?%1?1 ndexi ng
of the busrbagemeRA&]C.204iR setR Ofkama arctpheyda ear&smdhg&da pasténnat dsf&nxrstator

respectiv Mor e ficall i ¢ features

e | it RTR R R G ol DS B ctr Fpcing o BSea e B0l o2 b6 e,

204bnb|2036ncﬂ1me§fhﬁd¢l’aﬂn§ fdaﬁresbb‘lﬁiéﬂ(i)g‘zls tl’i_?ﬁfx&rgﬁl@ﬁ@ase%%ﬂme e?e@‘éﬁa rﬁd’cﬁln]?r Q&Jﬁédny ' ud
asse e into the i r e | a tri ves can rther 1 nclude
| ands t hat P8 Béoégg’ﬁm V8L 3oFt OfeHes %ﬁ&ﬁmﬁ@g B OUS, Setéeﬁ@e [0077] The

i nsul at or pRPAitf bf RT ainC130dRSo MRt @B dnGthepby 5563&%1 bR\ derdnhhet ween the
bus bars 204a, 204b, 204c. Each of the walls 232 is discontinuous al ong

respect i veaIEraEes fis. nohequplte) the fiernelen it th illpyietedarmagemst, pés lssdianded as
a wal I segmepfvevd GiéraRahdeaRhts W donRhlated, RVANEHALH oftatch BEn e BE&Isf the

i nsul ator 202. [0078] The Tnsulator 202 is made froman electrically

non- condu@q § arerat equpk Imprpies geynaetioned g sttes madeles tethe PustbapmedHe20q B t ed

to, plasti ?o?ubnteﬁ'ear lagpl!ls Hef&n, rubber, and/or electrically non-conductive
conposite rrat erials. e 1 nsul ator 202 can be manufactured using various
manuf actur[|0ﬂlﬁ]netﬂh@wulaﬁxé%malmdmrmﬁram&'@f fadgllyrexthigldee groeicsided abut are not
limted t i

t hor mof or R PP BB Erockih BE AR ENE, BRIk Pl vitn

[ 0079] Ref eespeattp thg aiswlatoo2(R). (Ihe%dlatlIge)owlrb@l@&izldacroenmwpteﬁ@chrmeﬁﬁ)ﬂaen t he bus

bars 204a 0 on h e n this.manner, the walls
232 i nhi b| gbaé@%cnér%gctf V\l/g%rrsig%es%ib arsdg% dlaméﬁﬁﬁrooﬁﬁiewwe anfl he exenpl ar

ar r angenentcoafmdda@.thSmaindodied 20%a,2206b moewoﬁhdbneiawemna héb, R04c. Bakes 204a,
204b, 204c.in.the reqgio 18, n the re the r. dial
gaps 214, %%“éfrgéo%vﬁgﬁ“"@‘a"r T’Z‘Pl%si déﬁ{‘edat?ys%eél‘ﬁ‘@é“tf res éli‘en‘aé"ilaﬁ Azf(?ﬁ BPPEEf or t he
antici pat g6t iNixIn@QE thamds Bar @l 2(Iz|@mu46h§mte¢dretamemagh mmalebu@sp&ms 204a,
204b, 204c, and insul ator cééc are not necessar The absence. of insul ator

wall's in tdf?&?glcrgé%‘?VGﬁsM@’F?éB? aflpdhggromgiricdeasias,cxtong Ao thegaspegtiycpe

assenbl ed optifyst2ea, DG 2l 6d rth 28R baRPP4d, QUL 264cLth ensarusttthfus ek 2042l
requi red to nmanuf acture the insul ator 202, thereby also reducing the wei ght

and cost @P4t BA4q g piopsrbrassybledrinte thpinanater 202 TR tirmetsic sipoyvpscap furthies e

regi ons akgm@naak ﬁﬁt&h%eh%d%%pﬂm&ﬁuﬁ 8@520%“2@%?&1)4%“9 bus bar nodul e
200, therengextractln heat fromthe bus bar as discussed in

further del0871l belheinsulpodd) Reheringlidss Adigmesicpyats 23 Apravidedbetaprn thgbus
di scussed lelg(%?a, 264 BoRUS. D85 BOG&US 232 is discontinuous along respective diameters. In

this manner, each of the walls 232 is provided as a wall segment. A cylindrical wall 234 is
provided at the center of the insulator 202.
[0078]  The insulator 202 is made from an electrically non-conductive material. Exemplar

materials include, but are not limited to, plastics, thermoplastics, rubber, and/or electrically
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204b, 204c includes the main body 206a, 206b, 206c and the plurality of
arns 208a, 208b, 208c. A bore 240 is provided at the distal end of and

t hrough esohowofo3tdye arnms 208a, 208b, 208c. The bores 24@censbéie/ szt eners
(not shown) to be received for securing the bus bar nodule 200 within an
el ectric machine, and for providing electrical conmunication between the
bus bars 204a, 204b, 204c and respective stator nodul es. For exanple, each
fast ener AESPrCRUEHE CPRPST Mt ialss JHR HISWAOB YA e SrRNYac e BT V10Nt or
nodul es, %{hﬂuﬁétﬁf{h ﬁetﬁ&ds‘ e&shpar RAUARR N m@R d8 LRELE Iathre RALIIMRALYeEN the
bus bars 204a, 20 4c and the respective stator segnents. The arns
208a, 208ktereptitheztaphy. gme@ramp&ﬂlqg, blewpeeldingthemdfaramgatrangfep moldaned and
include a NESS & 208a, 208b, 208c of each of the
respectlvggﬁhggharsdgégg%d %ﬁhﬁ{204c are provided in sets 242. Adjacent
arnms in a 9879124 Refarangydghmdd FIG.dhithervealladdt dredispgsedibetapayl the fus biné0det s 242

F1G 9. tna hauk RRaRPRghs 2, 207 Rl FREeR & wiR I AhGh R38R, " 1 ©

inmplicitl thdmebardé@4at WbpMelrsihﬁéxenmixrangmnt dirsG Us sedvalibav erovived e

speci fical/l | i urt her I QW W ference to
e 13, ereafE ool Elin bR DA BERRLA AR, AR B 48 4 86

posi ti ons rauidl ik A1HE220etsof230ffickat d1axlajasplhaearclnlg ioinkibieat for 86 anmipaaerdm 208b is
inafirst posit n arm.?2 IS eco n ar 208c
o in a ¢ b Peaf o mRe np e Bugn Ry BB DR e B e 545

arm 208c' ateSnC?lt Rededi@ry. fThe Slﬁseﬁ&?dfﬁﬂsﬁlﬁtor &ﬁllsalgmheaé)&lglons SnabRs tﬁaabuwﬁ@mah

posi tion, n arm 208 IS in.the thij ositi Accordin the arns
of the r egﬁ&@ﬁféwag%% d & o insplefor ?@%gn%ﬁmqﬁe@gﬁ%&q %‘teg‘é{s t her eby
shifting Fequatd BSRANGICRS PP ASSalF 200, SREcbY Alss &dducihOBB 2 cRat aiddonaragw to FI G
12, portlons of anot her exenmpl ar el ectric nmachi ne 300 are schematically

i |1 ust r at dtsulat 20 BrerabpaceldRWROrIoNs imibpsgaegions ale spahesaiide ABMynotD2 havi ng
a plural it ?fthrbﬁjﬁﬂhé 6@ baPTBUAE 20D il B§ e384 tin ERGDSh R Hus BRAHI Ri1304

includes a plurality of stator segnents 306a, 306b, 306c, 306d, 306e 306f .
The st at odissesgerbintfertigodetail BdGh, 306c, 306d, 306e, 306f correspond to

par ti cul aropigs e R Phridd oweloqaEE. '1§A”ﬁ%hhrﬂieas dRREks &l H 8% QYdhdRd bhidoagt S

i ncl udi ng a plurality of stator segnents correspon to a common phase.
[ 0083] I n £2hb, é%qnp¢la¢168élrerramgéwé/n106ef20ﬁp @06ggnd tbfaldhrabeft%‘ ainprclOdele?®3b.wo st at or

t i i F
oxamml e, aiBEIRbRE 246 RBEARR PP ind dH LR R el BAIP G o1
apprOX|naﬁé&y’ﬂh@oms@mhhmbkfpmsmmenﬁhmmneabemanwﬂﬁudesns@aMﬂmmbagnents
3063, 306d O%O{e 28@8\'3 91' a%%éec’%c machme an aZ)?%VgCF ag eﬁectrlga’lc nn%ﬁrﬂceaglﬁﬁ%t I ncl udes

stator segments correspondi geond“phase as , and
still anomhﬂnwbek20m£2®ﬂegySMmdﬁﬂpﬁﬁgﬂﬂﬁbﬁm&ﬁﬁﬁ F&Gﬁhmph[ﬂfhﬁﬂﬁdﬁﬂgnto a

third ph h W.t h t to t ht - t, st dul 304
ot P B i o R bt b R b AP B Bb AT R s ooment s
306a, 306gofidhLesPaEEScal Path bﬁwSﬁﬁﬁélﬂusFHﬁ@SZMé Ebaj; 204&) andsied regfect&teata@crr

segnents 306b, 30 e corresp o the third p e (Ph he set

of stat or SSBRHENL &0§e§§$b ?8%9 ug 5%%1%81? ?%t?rgdtra%ﬁ%ys twﬁa%

Wth respegdude@ tﬁlblaletsqm THeglﬂhs 362! b MR b EeadP 1 1€ rdpoctidd b@mafsqmwat el y

the 5 o' clock ﬁOSltlo he set of stator segnents 306a, 306d corresponds

to the thiP#:g e?lpﬁlé%me)ﬂs 243t Adjpceat 2 in sy Abnars ot Fomaneandtksr esponds

to the finghy £ ffé%@‘%@ﬂ\lme ARA fRLoRGhoMEr ‘tg/taﬁgﬂﬂlér ﬁ%ﬁ%ent s 306c, 306f
corresponds to the second phase (Phase B). i S manner, the phases

are shift @08 offefasting gpingde fHe ft tha sbgyet echgﬁoa@é’hpfthi? He%hairsc%]“aast at or
modul es 3044y, %ﬁ%ﬂ&%ﬁwﬂ%ﬁheﬁh&k‘éﬁi@t a?ﬁﬁé%ﬁneﬂp(ﬁéal%sgﬁ' alf c Segments

corresponding to a co ~phase can appropriate mnth
cor r espondpaseficaldy, end fpﬁdil@élghﬂedl int faetherdetap Ibalpwmtlnﬁfems¢ i Fdﬁ ldf, the@s df2, t he

stator se gﬁgﬁlﬁ §KiRbhE dp% %b%h@g) Ja?lﬁﬁﬂ?dl% 0§1tt101?m%lﬁn {hptg §§3(§0F40q'|e§an?ﬂle in

appropri ate |gne 0SS eac stat or
[ 0085] Ref @ng at @30)@m/a1tno2(rgb® 1n1a’iirsttmeltlbm$n loem 2®ﬁaduinet @@tﬁldq)amntne andrpl @ment ed

with the L ar el ect |c nac ortlon ,|Il trated.
M e ox BER L RELRAT TRRRNSe 330 aBaRl bl PIolH G Jofed bt 2L o'

el ectrical conmunication mnth the stato@s segnents 306a, 306d, the bus bar
204a is in electrical comunication with the stator segnents 306b, 306e,
and the bus bar 204c is in electrical comunication with the stator
segnents 306c, 306f for the stator nodule 304. In the case of the adjacent
stator nodul e



304', the relationship between the stator segnents and the bus bars is
shifted. More specifically, the bus bar 204a is in electrical comunication
wi th t he woaboross@gnent s 306a, 306d, the bus bar 204c i ®cirrusedieousoetal
comuni cation with the stator segnments 306b, 306e, and the bus bar 204b is
in electrical comrunication with the stator segnents 306c, 306f. Although
not illustrated, the relationship between the stator segnents and the bus
bars is adéitRoutq perny iSbiinén e xqcondipostion: and e pER 20f3gis Mk the (fdgosition.

specific alAld@rdfngg/ fu §rn%%f t}?e%ﬁ)eétﬁfe Iblds @Jr@éhtlﬂ &&ion§ Q&Hw}és(tb@étivg QetWMifiretiyhe
stator segnents , t he bus bar is in electrical communi cation

with the §1:11§F!ftgra @@gmmlég%@%fro@ﬁgéo SGéind the bus bar 204a is in electrical
communi cat cent
stator Imo d['u (not s T \%g\@fo 0886 §s AARGther3Q pltnoélecrtljfkemgb@lﬁlte r’;@ﬁ”ai%

unber of inplenentations of the present
di scl osur @cmaxaecalﬂ&elﬂusuetsdzrThﬁeediectrNevmhtnhéD@m@Iudﬁia siathr astpanblindriwvived t hat

var i ous ”{&ﬂ)rilt Qfldgx{%l%%ll o glgogggcg@ éa*égk*trato %%8151% 6‘49111?;1‘118 e:@ﬁgﬁtg' fit and

scope of esen CCOf I oNns are
withint hetalmsq:wleofs 30be 30@, BOG, B@ﬁdc];(tﬁerﬁi)ﬁ W%Tatd)rSe@lemtd\ElBaBS% 306¢,An

el ectric %&P 3?&’ 306X rrrclesf)lonotgt g patt LG tclrg{ghlas%sssoﬂﬂg e ebtra Stﬁ‘itngranél gr%%rowc%:d n
conprising a’plura a €ac conprising nul tiple,

|ndependemakymemg@gqmﬁmmyefﬁﬂaﬁmgm&ﬁgaﬁnﬁpan@@masmgmemmmhaV|ng a
correspondi ctrical connectin plurality of bus
bar s connclibg®: ¥ et SnaemRearatabT [ s Bornintuges fibrdtSbbidudsenpi y,
each bus lgagara@arﬁ(eﬁ PR @iHREbY MicAmeldidtt etﬁfbmegniaats eFofextiiplc amdRViMacpbet to

el ectrically connectin gg&%é of nult Ie stator npdul es; 10wherein the

stat or nodkf L@Qera}ﬁastﬁtﬁ@?m@% Eal?t YK 't‘tFlﬁféhep]o? Alosk pesigion). o8k ¥t d

includes stator segments 306a, 306d corresponding to a first phase (Phase A), another set
includes stator segments 306b, 306e corresponding to a second phase (Phase B), and still
another set includes stator segments 306¢, 306f corresponding to a third phase (Phase C).
With respect to the right-most stator module 304 (e.g., at approximately the 3 o’clock
position), the set of stator segments 306a, 306d corresponds to the second phase (Phase B),
set of stator segments 306b, 306e corresponds to the third phase (Phase C), and the set of
stator segments 306c, 306f corresponds to the first phase (Phase C). With respect to the
lower right stator module 304 (e.g., at approximately the 5 o’clock position), the set of stator
segments 306a, 306d corresponds to the third phase (Phase C), set of stator segments 306b,
306¢ corresponds to the first phase (Phase A), and the set of stator segments 306¢, 306f
corresponds to the second phase (Phase B).

[0084] In this manner, the phases are shifted by one stator segment as between adjacent,
identical stator modules 304. Consequently, for a given rotor position, stator segments
corresponding to a common phase can be appropriately aligned with corresponding rotor
poles. In the exemplar rotor position of FIG. 12, the stator segments corresponding to the
first phase (Phase A) are all appropriately aligned across each of the stator modules 304.

[0085] Referring now to FIG. 13, the bus bar module 200 can be implemented with the
exemplar electric machine 300, a portion of which is illustrated. In the exemplar arrangement
illustrated in FIG. 13, the bus bar 204b is in electrical communication with the stator
segments 306a, 306d, the bus bar 204a is in electrical communication with the stator
segments 306b, 306¢, and the bus bar 204c¢ is in electrical communication with the stator

segments 306¢, 306f for the stator module 304. In the case of the adjacent stator module

16



such that spacing between adjacent connecting points within each stator
nodul e differs from spaci ng between adj acent connecting points of different
nodul es. WO 20h3edsect ri ¢ machi ne of claim 1, wherein thecstastanoasenbly is
di sposed 15within the rotor assenbly, the stator assenbly and rotor
assenbly defining therebetween an active magnetic radial gap. 3. The
electric machine of claiml or 2, wherein the bus bars are provided in a

nested ar PhgResittionsp bofweerrfhe gptgteementharchihp Budrrgnehifisd Mee of t he

precedi ng sﬁéc?ﬁcgﬁy tl’{mﬁ‘l"s 8hi0dk [W8n OkctRBg c%mhﬁ'i@atl%‘d%w@l%éstﬁ&t s%QﬁEleM gfaverse to
anot her of the bus bars. 5. The electric machi ne of one of nore of the

pr ecedi ng 38¢ditheus 08¢ it iy ele¢taepd corpmpmeation withdhpyigoyggmentniohdéd¥ea segnent
t hat pass%ﬁ%ﬁl\é% s bt Bl 8 1§ﬁ@&fr’&l %J arlné’a'h'SEw(Pt tl?etstdt&%ﬁém&&oﬁdéﬁrw@f the bus

bars. ectric nachine o erein the segnent I's spaced
from the avithough it Slusirvsesl, Safrélpeinslrip betwepmthe btattor sagoicntg anghe bys bathie el ectric

el udes 428l B4 FPOE oL St LG AL Bl MR ) B BB et and
a second s@gmdtcomﬁmpemtmhmkMe statot mmenus §06as é@ﬁdeﬂnb _bus bar 204D is in

clectrical communication with the stator segments 306b, 306¢, and the bus bar 204a is in

electrical communication with the stator segments 306c, 306f for the next adjacent stator

module (not shown).

[0086] 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. Accordingly, other implementations are

within the scope of the following claims.
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WO 2011/ 031690PCT/ US2010/ 048027 8. The el ectric machi ne of one or nore of
the preceding clainms, wherein each bus bar includes a plurality of arnms,
each armwef2nnimgoa bore configured to receive a fastenecTius2eeouie’t he arm
to a respective stator nodule of the electric machine. 59. The el ectric
machi ne of one or nore of the preceding clains, wherein the bus bars are
concentrically arranged relative to one another. 10.The electric machi ne of
one or norewdfat RecpAsved 1Y cl ai ns, wherein each of the bus bars includes
arns extending radially outward. 10 11. The electric machine of one or
nmore of thel predeuilesyicnadhine, coppesdien arns of one of the bus bars are

| onger than arns of aRghher of the bus bars. 12. The el ectric machine of
one or nore of the preceding clainms, wherein each of 15the bus bars is

el ectrical ly conrdtaariaysemblyl®mpTikiag ephieality of strdermaalepfeagngator nore of the

5;??22%”9 Cd o PBing WRRIE, thalpdnBetiR cn W BEMNC Gat DAL YRERs, 3UAEER DUS Dars
having a corresponding electrical connecting point; and
a plurality of bus bars connected to the electrical connecting points of the
stator assembly, each bus bar corresponding to a different phase of the machine and
electrically connecting segments of multiple stator modules;
10 wherein the stator modules and their electrical connecting points are arranged

such that spacing between adjacent connecting points within each stator module

differs from spacing between adjacent connecting points of different modules.

2. The electric machine of claim 1, wherein the stator assembly is disposed
15 within the rotor assembly, the stator assembly and rotor assembly defining

therebetween an active magnetic radial gap.

3. The electric machine of claim 1 or 2, wherein the bus bars are provided in a
nested arrangement.

20
4. The electric machine of one or more of the preceding claims, wherein arms of

one of the bus bars extend transverse to another of the bus bars.

5. The electric machine of one or more of the preceding claims, wherein at least
25 one of the bus bars includes a segment that passes over, and is spaced from, arms of at

least another of the bus bars.

6. The electric machine of claim 5, wherein the segment is spaced from the arms
a distance sufficient to inhibit arcing.

30
7. The electric machine of one or more of the preceding claims, wherein each bus
bar includes a plurality of generally L-shaped arms having a first segment and a

second segment perpendicular to the first segment.

18



2014. The el ectric machine of claim 13, further conprising an insul ator
segnent that is disposed between adjacent bus bars in a region, within

whi ch regwonrotimsievadi al di stance is at a mninmum 15. Phe/usk@otousoe7 machi ne
of claim 14, wherein the insulator segnment is 25di scontinuous about a
dianmeter. 16. The electric machine of claim13, wherein an insul ator
segnent is absent from between adjacent bus bars in a region, wthin which

region the gadi atdicsti2MEehihS ofdncdr ABK Jflt'ﬁgprg&dm%z}am:[sh%h@eﬁl%éﬂ Gusmachi ne of
one or nore of the preceding clainms, further conprising an insulator that

recei ves eakehinsfudesenlpahtyngpens, cagapp dafinem 600PcMigezd 10RIB0R7  18. The
el ectric ”%Qb&ftoosfecﬁbﬁfe%ﬂoa {%e'kt &ﬁnédﬁ%{lf@ﬁe eec'trgtﬁagét%ﬁl% a plurality of

radi al grooves recel ving eac e arnms of ars. 19. The
el ectric machine of claim18, mhereln t he radi al grooves define a plurality

Sof sets ofy gr ogyes, c&gjnﬁ%ﬁﬂé otgcgn%gﬁﬁl%re; lge] ?Ctedl?l AIROVGSreMGhd flisng an

angul ar spaC|ng an e sets Sets o grooves bei ng
of f set fr onbaoree emetiiecallydirhiged miatwan@meaamothpam ng.

10. The electric machine of one or more of the preceding claims, wherein each of
the bus bars includes arms extending radially outward.

10
11. The electric machine of one or more of the preceding claims, wherein arms of

one of the bus bars are longer than arms of another of the bus bars.

12. The electric machine of one or more of the preceding claims, wherein each of

15 the bus bars is electrically conductive.

13. The electric machine of one or more of the preceding claims, wherein a radial

distance between adjacent bus bars varies.

20 14. The electric machine of claim 13, further comprising an insulator segment that
is disposed between adjacent bus bars in a region, within which region the radial

distance is at a minimum.

15. The electric machine of claim 14, wherein the insulator segment is

25 discontinuous about a diameter.

16. The electric machine of claim 13, wherein an insulator segment is absent from
between adjacent bus bars in a region, within which region the radial distance is at a
maximum.

30
17. The electric machine of one or more of the preceding claims, further

comprising an insulator that receives each of the bus bars.
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20. The electric machine of one or nore of clainms 17 to 19, wherein the
insulator 10is electrically non-conductive. 21. The electric machi ne of
one or nowewofr/mh@ins 17 to 20, wherein the insul ator ceopriss@s/ossopturality
of lands that can support one or nore of the bus bars. 1522. The el ectric
machi ne of one or nore of clainms 17 to 21, wherein the insulator conprises
a plurality of bores, through which a fastener can pass to secure a bus bar
to a respecig ve 13t @fcBHkic m@mh@ofcla%é 17Taﬁerah%155&tmﬁaa&@agfur%eopr more of
claims 17 to 22, wherein the insulator 20conprises a plurality of

prot r usi onsradiek grpeyge fir rrgeiving caehsofihe arms oEWBIbYS bast. at i ve within the el ectric
machi ne. 24. The electric nachine of one or nore of the precedi ng clains,
wherein the electric machine is a three-phase electric nmachine, and there
are three bl bdihs clepthic npghinTpleclameldt whaeimtletradiel gpovendefme apbrditpf t he

precedihg c Gh L tator
modul es, %ﬂagﬁfg%ggctF&%&ﬁgéﬁkﬁghOF&oggﬁBb&ﬁ%ﬁgﬁg%ﬁaﬁﬁmﬁéﬂﬁm 0
wher ei n t heangltigctetsiof tid@hmality nésecarfgraosesbegigofBttatonr omoauthers dlfferent

angular spacing.

20. The electric machine of one or more of claims 17 to 19, wherein the insulator
10 is electrically non-conductive.
21. The electric machine of one or more of claims 17 to 20, wherein the insulator

comprises a plurality of lands that can support one or more of the bus bars.

15 22. The electric machine of one or more of claims 17 to 21, wherein the insulator
comprises a plurality of bores, through which a fastener can pass to secure a bus bar

to a respective stator module.

23. The electric machine of one or more of claims 17 to 22, wherein the insulator
20 comprises a plurality of protrusions for indexing the bus bar assembly relative within

the electric machine.

24, The electric machine of one or more of the preceding claims, wherein the

electric machine is a three-phase electric machine, and there are three bus bars.

25
25. The electric machine of one or more of the preceding claims, wherein the
electric machine comprises four stator modules.
26. The electric machine of one or more of claims 1 to 25, wherein the electric
30 machine comprises six stator modules.
27. The electric machine of one or more of the preceding claims, wherein the

stator modules are individually removable, and wherein the machine is operable with

multiple configurations of stator modules.
20



27. The electric machine of one or nore of the preceding clains, wherein
the stator nodules are individually renpovable, and wherein the machine is
oper abl e wot2n1washdonpl e confi gurati ons of stator nodul esPCTMS2010/048027

2011/ 031690PCT/ US2010/ 048027 28. The el ectric machine of one or nore of
the preceding clains, wherein each of the plurality of stator segnents is
an i ndependently energi zabl e el ectromagneti c assenbly, and conprises a

one-pi ece nagnetic core defining two stator poles |ocated 5at opposite ends
of the one-piece magnetic core. 29. The electric machine of claim 28,

wher ei n thef fone- Tﬁlﬁé%etrlﬁﬁglﬁm ef angroemiors dfdhanserceling elaims, wheteinpegiodft  magnet i c

material . ]'tﬂg’&u;gﬁ s%gotr fiéé}néﬁ?sqmu\?ﬁggjeg&énﬁ& @ﬁ&é)lzabw&?ﬂo aé&%ione pi ece

magnetic core I's forne rom a magnetT c naterla The el ectric
machi ne of arenbdy, ande@npises m@em@@e}@hgnqlc@lom deBningirer gitar paldstipgated st at or

segmentss Wil e SIRLPIe TRAPE: G tRSANd to a common phase. 15

29. The electric machine of claim 28, wherein the one-piece magnetic core is

formed from thin film soft magnetic material.

10 30. The electric machine of claim 29, wherein the one-piece magnetic core is

formed from a powdered magnetic material.
31. The electric machine of one or more of the preceding claims, wherein multiple

stator segments within a stator module correspond to a common phase.

15
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