ARBI TRARY PHASE RELATI ONSHI P FOR ELECTRI CAL CONNECTI ONS | N N- PHASE ELECTRI C
MACHI NES SUMVARY [ 0001] I n sone aspects, the present disclosure provides an
el ectri c waehiwvsidéomcl udi ng a rotor assenbly having a pl ecaltistyrooisoeot or

pol es, and a stator assenbly having a plurality of stator nodul es, each
stator nodul e including nmultiple, independently energizeabl e stator

segnents each corresBondi ng to a segnent position within the stator nodul e.
The stator modul esABPATRARY PHASE) :g%mlé@ FQRAENES LRIGAL

i nterconnect ed st at SrONNEREAONS INNPHASR BLECIRIEMASLHINESc| udi ng at | east

one stator segnment fromeach of nultiple stator nodul es and correspondi ng
to a different electrical phase of the machine, and each stator segnent set
i ncl udes segnents fromdifferent segnent positions within their respective
stator assenblies. [0002]In sone aSPHMARYthe stator nodul es are identical

and i nt er Ch b' & sohgg%%%tk,gléfﬁgﬁenﬂﬁ&?&h% pr%&e@%ﬁ@fefthﬁn%h&@' es are

ci rcunf eren y space ne a rotor pole angu spaci ng, adj acent
stator seg madu@m@& r@archsestblt lovingmdiirelita Déromorrpomfaed enfaioa hdsymblpac ed to

def i ne a StALAL SRATROL-ANGHBRAPAEH Lo AL NEWALALRGAEITENt angul ar

spacing is gre§tal ero e angular sp N sonme aspects,
t he segrrentmdctpfenck:adjnemdrgmablesmgxmesgmesateadrce)rrsaioedmgt:b &egmeﬁtlpamwme segnent s

ot on ol es inSRAHATRIHE. T ShCEmb RS e DSl [ EREEEEP S 2oy

assenbl y hasfiimgrcanrebtod ethiot yeghients,acH dtaral segihadtQet inadellih & leagtamb satoat or nodul e
including a first,  stator @plﬁnﬁm t hat, precedes a second.stator segnent in a

cl ockwi se dicBRERTM cagh af ﬁ@tqfﬂ’[?oéi’tﬂe%‘l‘@tCSFre%’@@ fo agfitfgenti st st at or

nodul e and d&igesRdofhainahifegiath QitoﬁseFﬁ@m@@t isdl@fc@kegiRaidlf®ncor r espond
to a fi rst hase of the electric machine. [0005]1n sonme aspects, each

st at or THCeTE R SEERIN PAYHQR Bdthin theff fegpestiverstitordasmPHeES: t he second stat or

segment bel \@o %Spﬂ%@ﬁle BgleveaRe id16r thbdudds atiderdiobirady ShatiphessgMeENt s of a
sequence, and erein the third stator segment in the sequence of a third

stator modul®03br rlaspmadweets adisectt reterpofss axeircymicaielawpesdie defines ec ond
stat or segnﬁ%&or%letangnér spinghhh s'@&ilébﬁnaﬁ]sd% adi fisibr RO Segrent of the

second stator nodul e correspon to a second ase of the electric nmachine.
[ 0006] | n somsuaépendiply spapesl tp ideferte asﬁttaé(trcspgrg@gmﬂarmacmﬁeanﬂlthes&tat@t ator nodul e

end e ScoaeR AL MLl R aeond Rl cbelamibhe ploggopond (o, the
the first sdsptooy, theeegnemts affcadhhsrtor segment set are selected such that the segments of
the set are each generally simultaneously aligned with corresponding rotor poles.

[0004] In some aspects, an electric machine includes a stator assembly having a
plurality of identical stator modules, each stator module including a first stator
segment that precedes a second stator segment in a clockwise direction, wherein the
first stator segment of a first stator module and the second stator segment of a second
stator module correspond to a first phase of the electric machine.

[0005] In some aspects, each stator module further includes a third stator segment,
the second stator segment being disposed between the first and third stator segments
of a sequence, and wherein the third stator segment in the sequence of a third stator
module corresponds to the first phase. In some aspects, a second stator segment of
the first stator module and a first stator segment of the second stator module
correspond to a second phase of the electric machine.

[0006] In some aspects, the first stator segment of the first stator module and the
second stator segment of a second stator module correspond to the first phase and a

second phase of the electric machine. In some aspects, the first stator segment of the
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1 first stator nodul e and the second stator segnent of the second stator
nodul e conprises a first stator assenbly and a second stator assenbly. In
sonme aspewOp1d3ecdii rst stator assenbly of the first staCcomssagmesies of the
first stator nodul e corresponds to the first phase, and the second stator
assenbly of the first stator segnent of the first stator nodul e corresponds
to the second phase. In sone aspects, the first stator assenbly of the

second st at @k ﬁ&r}ﬁ&aneoind&mea%%%r%@&&fom@%kaadcs%r%&mds to the first
phase, and the second stator assenbly of the second stator segnent of the

second st at@MPHEIE Estetie asyshlyend @ sedead staebrigcpas b soms agnsa. thepect s, a
third stat of.SeQuE! @%ﬂﬁﬁy @ftﬂé‘ﬁlfs{’sté&&%gl{aeﬂmﬁﬂ% ?irsqut%tro?ﬁl@@lﬂgé?r}egp&n'ag first

phase and the secon Hase of the electric machine. [0 In sone aspects,
the el ectr |t@thﬁafi1mtmhesef ditheseconiitaierersseambbuef theafirstrtrder segtheny phge dirsti r st bus

bar in el ecﬁttitbﬁﬁ% ‘P%’% Jofi L c}b% W dnll BQ@ i sro'ﬁ#e aSihOhe FRONEQE Of the first

stator nodul e an cond stator egne e second stator nodul e.
[0008] I n sansmaépebhsxmombﬂﬁmse@amnnﬁdmb@mﬁmthemO@dwpnmaamdamshtond bus
bar in elec ni ca

1rstI p(il%S t e se on staﬁor assemb é}e’[h S%ee&?nn Sta) éras%%’%enzgﬂng%e seconc{ the first

stator modul'@ Ehd &' or “segnent e sec nodul e.
[0009] In sosmOlaﬁq)mldH®rre$medSUU$hetsa¢ondlpﬁubeIrcmmeraspaaes athplwtasri ty of bus

bars, each bus i ncl udj ng_a pl connect or QL re t he
connect o aPEEeRer e Mo natble G b S st B SRR s BR onnect o
arns, adj acemiic danfte@iddinear N6 in a set of connector arns defining a first
angl e, and sets of the pl Ilt of .sets of caonnect bei ng of f set
from one an b@samgéﬁﬁﬁ:tﬁﬁgggj ?@@F@ﬂ?m¥ﬁaﬁ“¥%%bWﬁ?§ %ﬁ% [0010] I n
sone as pectmvmtgfaqarm@s Bani$ cladtBedd E@MmGEehtion wathIRstiechtAs i sagganBithe [0011] I'n
sone aspects, connector arnms of one of the bus bars extend transverse to

anot her of Retaieramesiyiecand thegeend stats segmeatefdhesecond stadordrodyke of the bus

bars incl Udgﬁ)oﬁ] SeQBAL afplat, (RAGRDAr QY& RPNARSHBFis@aBeoRll bl bak gASt anot her
of the bus bars by a distance. In sone aspects, the distance is sufficient

to inhibit fé?%m%bconﬁr@ma}lpnwstbﬁ@ sgee sl sezmeht offth first sadoraedulsrandr ms i s
general ly L;§haret: Eb%ﬁieﬂtgof the second stator module.

[0009] 1In some aspects, the bus bar module comprises a plurality of bus bars, each
bus bar ring including a plurality of connector arms, the connector arms of the bus
bars defining a plurality of sets of connector arms, adjacent connector arms in a set of
connector arms defining a first angle, and the sets of the plurality of sets of connector
arms being offset from one another by a second angle different than the first angle.

[0010] In some aspects, the bus bars are provided in a nested arrangement.

[0011]  In some aspects, connector arms of one of the bus bars extend transverse to
another of the bus bars.

[0012] In some aspects, at least one of the bus bars includes a segment that passes
over connector arms of at least another of the bus bars by a distance. In some aspects,
the distance is sufficient to inhibit arcing.

[0013] In some aspects, each of the connector arms is generally L-shaped having
a first segment and a second segment perpendicular to the first segment.

[0014]  In some aspects, each of the connector arms includes a bore, through
which a fastener can pass to secure a connector arm to a respective stator module of
the electric machine.

[0015] In some aspects, the bus bars are concentrically arranged relative to one

another.



a first segnent and a second segnent perpendicular to the first segnent.
[0014] I n sone aspects, each of the connector arns includes a bore, through
whi ch a faietendBi@®an pass to secure a connector armto &CTASpEOHUsNRs st at or
nodul e of the electric machine. [0015]1In sone aspects, the bus bars are
concentrically arranged relative to one another. WO

2011/ 031691PCT/ US2010/ 048028 [0016] I n sone aspects, each of the connector

arms ext endgyoigdi aﬂnsxmeuéﬁe@tg%cﬂ&qwadnﬂe&&%n%@&aglsamag%{&%ﬁcpr arms of one
of the bus bars are longer than connector arns of another of the bus bars.

[0018] I n sof¥1Zkpelptsgme agepfs.sPniager By ahapeofithe usdersprelangyy thepnduct i ve.

[0019] I'n ngﬁn&§9%ﬁ£§m%ﬁo&QQHﬂktﬁhg&@nce bet ween adj acent bus bars varies.
In some aspects, the electric machine further includes an insulator segnent

that is di sﬂ_l%&]d b@tsmensmdp, enef thajensibaisgs ¢lertacafp gorgiuctivigi t hi n whi ch regi on
the radial ﬁd(ﬁ%}anc sbﬁie@ erlﬁiLH{%tachbéth%aadz REG TS b arle PSHJ ator segment
uous r

is disconti about |ane e n sone aspec an 1 nsul’ator segnent is
absent fronmbemmﬁan‘@dph@emnwdumrhah@ﬁmmuasme@bdﬂprugummnmmhlch regi on the
radi al di st nce pect s

machi ne fur osed bet eea él%]acenjt buﬁg’lﬁ a regh%l ¥vsd%n Bvhehi région the rade al electric
d1stance is at a minimum. In some aspects, the insulator segment is discontinuous

about a diameter. In some aspects, an insulator segment is absent from between

adjacent bus bars in a region, within which region the radial distance is at a

maximum.

[0020] In some aspects, the electric machine further includes an insulator that
receives each of the bus bars.

[0021]  In some aspects, the insulator includes a plurality of radial grooves for
receiving cach of the connector arms.

[0022] In some aspects, the radial grooves define a plurality of sets of grooves,
adjacent grooves in a set of grooves defining a third angle, and the sets of the plurality
of sets of grooves being offset from one another by a fourth angle different than the
third angle.

[0023] In some aspects, the first angle is equal to the third angle, and the second
angle is equal to the fourth angle. In some aspects, the insulator is electrically non-
conductive.

[0024] In some aspects, the insulator comprises a plurality of lands that can
support one or more of the bus bars.

[0025]  In some aspects, the insulator comprises a plurality of bores, through
which a fastener can pass to secure a connector arm to a respective stator module of
the electric machine.

[0026] In some aspects, the insulator comprises a plurality of protrusions for
indexing the bus bar module relative to the electric machine.

[0027] Insome aspects, a number of bus bars is equal to a number of phases of
the electric machine.

[0028] In some aspects, the electric machine includes three phases.

[0029] In some aspects, a number of connector arms per bus bar is four.

[0030] In some aspects, a number of connector arms per bus bar is six.
3



recei ves each of the bus bars. [0021]1n sone aspects, the insul ator

i ncludes a plurality of radial grooves for receiving each of the connector
arnms. [00RO2br/sBmve aspects, the radial grooves define a&cCpluse@biosgn2ef sets
of grooves, adjacent grooves in a set of grooves defining a third angle,
and the sets of the plurality of sets of grooves being offset from one
another by a fourth angle different than the third angle. [0023]In sone

aspects, theyoBif StAﬁﬁ% %ft'h@p%%@hw&l@su?é‘ﬁrtﬁ&'p?&lumtﬁ’balatﬁgdlﬂé‘f%r§@C0nd angl e
is equal to the fourth angle. In sone aspects, the insulator is

electrlcalI@ﬁWﬁW@%ﬁﬂwé@YméaPF@@Qﬂ?ﬁﬁm@@Wﬁmk§pB@¥§waﬁﬁ@“A%%bw%ﬁbr conpri ses
a plurali tme&uliﬁ@l‘dées arfﬂ'gt Ha@Darh PRAfiLal QMmﬁﬁwMEl%wﬁ’if ﬁrptestal?d‘f%e n$- [0025]1n

sone aspects, e i nsulator conprises a plurality of bores, rough which a
fast ener caof afagstate nydulgreed asworhdeporcgaerhof dicacqoad peor méulgttbﬁ or nodul e

gr uﬁ gf‘l te' eCHkd s?at&%%%lhéh‘? oftghg(a?sﬂt {3r 30 He %?d’tgé"&e%%n& ol ds'égrﬂ&ﬁtof{l conprises a
y of protrusions I naexi ng t ufe relative to the

electric nathM@mHﬁ@@@ﬁkmnﬂsmnthSPthsph@ewﬁﬂb@kmmkImmhmbaméﬂws equal to a
nurber of pth SR s?a%or module and the second stator module being identical.

[0032] In some aspects, the bus bar module further includes a second bus bar in

clectrical communication with the second stator segment of the first stator module and

a third stator segment of the second stator module.

[0033] In some aspects, the bus bar module includes a plurality of bus bars, cach

bus bar including a plurality of connector arms, the connector arms of the bus bars

defining a plurality of sets of connector arms, adjacent connector arms in a set of

connector arms defining a first angle, and the sets of the plurality of sets of connector

arms being offset from one another by a second angle different than the first angle.

[0034] 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

[0035] 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.
[0036] FIG. 2A is a plan view of the exemplar bus bar module of FIG. 1.

[0037] FIG. 2B is a perspective view of the exemplar bus bar module of FIG. 1.

[0038] FIG 2C is an exploded view of the exemplar bus bar module of FIG. 1.

[0039]  FIGs. 3A and 3B illustrate an exemplar bus ring insulator of the exemplar
bus bar module of FIGs. 1 to 2C.

[0040]  FIGs. 4A-4C illustrate an exemplar first bus ring of the exemplar bus bar
module of FIGs. 1 to 2C.

[0041]  FIGs. 5A-5C illustrate an exemplar second bus ring of the exemplar bus
bar module of FIGs. 1 to 2C.

[0042]  FIGs. 6A-6C illustrate an exemplar third bus ring of the exemplar bus bar
module of FIGs. 1 to 2C.



the electric machine. [0028]In sone aspects, the electric machi ne includes
t hree phases. [0029]In sone aspects, a nunber of connector arns per bus bar
i s four. WoQ80Ju3m9sonme aspects, a number of connector aPEg/Useriobusd2bar i s
six. 3 WD 2011/ 031691PCT/ US2010/ 048028 [ 0031] Aspects of the present

di scl osure further provide a bus bar nodule for an electric machi ne having
a plurality of stator nodules. In sone aspects, the bus bar nodul e i ncl udes

a first bus gdbaﬁ] | nE1@] R Gld dohdhatic UMM Sk h@BxMpldd cRetric nfkhiad AkRGingegment  of
a first stator nodule and a second stator segnent of the second stator

modul e, t hempiligped Bhasesor segnent of the first stator nodule and the second
stator seqmpluap! AsRENNShR My FRIHE 1 LS BEPANCRGH LA St Phase of

the el ectric nachine, e first stator nodul e and the second stat or
nmodul e bei mgstitdiassangdy phab@OBR 1l gecerdmse adibasnests of He prasentdaelosselul e f urt her

i ncludes a d rodnos ' [ ' 1.5 v the second
stator segn@ﬁ?ggf t é9 ?v%%ﬂg?g?ﬁ%ﬁﬁﬁgﬁﬁgggﬂg&g%? ngegkggé r!lsegment of the
second st atphasathdibreangfiHOB8 3] donodare vatipepcs of theerdses dbaloswredul e i ncl udes a

plurality o each bus bar inhcl udin |ural it onnect or
Brme the oW, oIS A PuiB iRy RGP R PR B K Sor et o o
connect or af0od7] adilasentA-tidhilegtaor buarings ofihacxeaplapbusdanmedilonf ar ns def i ni ng
a first angbﬁﬁggn% hhe sets of the plurality of sets of connector arns
bei ng of fse r'otilalle anot her by a second angle different than the first

angl e. [0034do#BEe deliGail 8 aGthe@madic Olustimioe of MkIRAERheldr @R6trioimathige pr esent
di scl osure are set forth i@ the a .Qngan%hqg dramﬁngsf nd the description
bel ow. O helPClPdias @ anemblyPatesbEidn ascotdrepY BRI RSESPe will be
apparent fr@gidshe. description and drawi ngs, and fromthe cl ai ns.

[0049]  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.

[0050]  Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION

[0051]  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 generator. 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 electric machine 10 can
gencrate power that can be provided to, and stored in the power source 20, when the
electric machine 10 is operating in a generator mode.

[0052]  Although the electric machine 10 can be provided as a DC brushless
motor, it is contemplated 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
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DESCRI PTI ON OF DRAWNGS [0035]FIG 1 is a schematic illustration of an
exenpl ar electric machine including an exenplar bus bar nodule in

accor danceowntin3a®pect s of the present disclosure. [003BLFIUS2012/M48028 a pl an
view of the exenplar bus bar nodule of FIG 1. [0037]FIG 2B is a
perspective view of the exenplar bus bar nodule of FIG 1. [0038]FIG 2Cis
an expl oded view of the exenplar bus bar nodule of FIG 1. [0039]FI Gs. 3A

and 3B Ill%ﬁo&gz)l@s SMhEX s ﬁachtm&mr {8 tRSHhaL A BictrichacBinempliar bus bar
nodul e of FIGs. to 2C. [0040]FI Gs. 4A-4C illustrate an exenplar first bus

ring of thepr@%éWS&rD%h@slﬁaﬁs clesidigneaciyne. @p @cusaedﬂ@ﬁz@er jatraldr]oy.d8. 5A-5C

illustrate t"ﬁ@ca%?%Wé\?fché@&%ﬁn%e&ﬂﬂga&fnet Ben xR At mAinemodul e of
FIGs. 1 to 2C FIGs. 6A-6C illustrate an exenplar third bus ring of

t he exenpl athe knter nokes caroliuireviddd a5 prgtusiong ¢f offCr 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.

[0053] Inthe 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 electric 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.

[0054]  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.

[0055]  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. 1 is illustrated as including 16



WO 2011/ 031691PCT/ US2010/ 048028 [0043]FIG 7 is a schematic illustration of
an exenpl ar electric machine including msaligned phases. [0044]FIG 8 is a
schemat i cwDI2bugB3i&@ti on of an exenpl ar el ectric nachi ne Poglusdémy4828t at or
assenbly phase-shift in accordance with aspects of the present disclosure.
[0045] FIG 9 is a plan view of another exenplar bus bar nodul e including a
phase-shi ft arrangenent in accordance with aspects of the present

di scl osure-mlé;ag £1iGs céﬂe@la@@t}ﬁ%(ﬂls%&chsé@nﬁw of cah g anphanodys bar
nodul e of FI . [0047]FI Gs. 11A-11C illustrate bus rings of the exenplar

bus bar noduUtgcHIAIE Gs. 9 and 10. [0048]FIG 12 is a schematic illustration
of another gagpP! afh&hfGlalde tbr!?ifhhh&ﬁctle's%}[hﬂ%liﬁggfﬁatéﬁlﬂ&ﬂﬂes%sﬁ{@ley

phase-shift 1 n accordance w aspects o present disclosure.
[ 0049] FI G «x8mpkr grrangpraerdof EIG. [L] thestatar dseambdy 14mplydes fowr setortmpslutesx enpl ar

ot LIRSS A AL g STPL ARk, Opl o o L
i ke el emeninglndiDEmAL i OESCRMAROADNS 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.

[0057]  Inthe 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.

[0058]  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.

[0059] 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.

[0060] 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



[0051] Referring now to FIG 1, an exenplar electric nmachine 10 is
illustrated. The electric machine 10 can include, but is not limted to, an
el ectri c wotor/em@or an el ectric generator. The el ectr iPCTRESeH0/0d8029
includes a rotor assenbly 12, a stator assenbly 14, a bus bar nodul e 16,
and a controller 18. The controller 18 regul ates operation of the electric
machi ne 10 based on an input signal. The input signal can include a

throttle sigRald lafMate@XBIWHIDthek InfiBBektAREs, W0t éah@ncﬁid@gtrﬁm& feechine 10 is
inplenented in a vehicle, motorcycle, scooter, or the lik Ji)'he controller

18 can reguioi Bclydiiep Pbﬁr?&\kf Blecora sSmps e ?ﬁS@nl?*ﬁ‘émdrﬁéCLEEQﬂ edhita pover
source 20, i t ey ol Bk MoQuidBe iy 1H@ep%19dehtsfr@r9 ﬁfe‘%ttﬁe? gtafop gdﬂ&l Ainhode. The

el ectric machine 10 can generate power that can provi ded to, and stored
in the powethe statgr esecrplgy 1gvhidore speci aélatetadcstattalclhodvée élmlsurslemématvi ng in a

gener at or provi ded as a
DC brushlegggﬁg#%rgé%&ﬁ%%mﬁgg@ggggHﬁ%ﬁﬁ&taﬁmgﬁgghﬁggﬁgkgﬁEggﬁ?ne 10 can be
provi ded aSWOMEﬂbﬁmhmwdmne¢deﬁmthBnOpgmegmbﬂ%eﬂauaﬁﬂtmmmﬁhhmmgfmﬁthin t he
scope of th es cl osure.. Such. el ec i pes i.nclu but are
not linited %tgr m?:@]es i ﬁ%sﬁc?ﬂl%gt BTG "‘”a“%%eﬁ“egpﬁ@a?. Aisramplg ’ﬁﬁ%t ance or

swi t ched raﬂumMamﬁmn&Heahmomxmawhhhssmmaﬁﬁrmmdumbmﬂﬂzmxpg dlcectric

machi nes. r . exa per mane nets can be inple ed as the rotor
pol es of t hegecérl1 n%l R PR iﬁltﬁmﬁ ‘he Oﬁﬁ’éeee s\%ﬁoéggo@ﬁggg ectric machine 10
i s provided[@s2p D®hbi 1hs bicetsis nekkias 10 & opaatiigie a negordh&ieLths edtor N f urt her
detail bel ow. a 0 sSwi tch eluc ance electric chine, or an
i nducti on eqeé@??f‘%ﬂnéﬁhaﬁ% geﬁﬁﬁt?tﬂrt%?de“g%‘{ ‘?‘EUES yﬁ?%g}?a(ﬁ%etpyat ®protrusions
of other negnebild 18eeidhahsSbds ®ameddid pon WadH thatle@ns maénhin@toss i al s such as
iron or preferably thin filmsoft magnetic materials, for exanple. In other

ar r angenment YRS I gehpralon made, @aﬂgwﬂm@@we‘d@ad bsthe elegtrepagagitet s. [ 0053] I n

the exenpl ahcRlliGNUENERRAthOotdr hBembly 10RRd ﬁle%ﬁorr Infodﬁr@m ARd dfhskesre@r OVi ded as
a hub-type electric machine with rotor assenb %¢m | ocat ed around the outer
Bsy

perimeter of theowesr sarqei20 thraesli thebusgar mrdule d Gt @il Busbar i s surrounded
by the rot %oﬁﬁé%ﬁ@lﬂy elé&mcaﬂ&nﬂﬁﬁiﬂ&ﬂ@f?(mth ltﬂel{%‘h&ﬂése&f e'aEh (Ff{ﬂ% stailtor the rotor

assenbly 12 can be supported é bearings to rotate relative to the stator
assenbl y l4scgmentatlaafZlydpr thougl plactecad deatlil, caphof Wb eatsespordd té 2 om t he

stator asseihlabrid: liAALAIH! Yh: ALLANIRIRNScun LIGULOLET  ARFEID! Y 12 can

be support or rotation relative stator asse usi ng ot her

sui t abl e nedatsr. m@c@t&SAl])Tdaehspmscﬁlnéml@nﬂfttgnl Addow. nEhahtebaran@ﬂuwleﬂls blgo of pairs
of radiall yn%gelc@‘%%l com un C ?en\%lthrrt%g noer;[tlsollgrom C}Lrnu% quctrlcrrpiegér%t h%P s, the
pai rs of permanen { 50 Can® be provi ed"4s super nagne " Qlch as
cobal t rarewhdmmhmma@dem$4mam(ﬁMwemmhennamumable or readlly provi dabl e

magnet materjal. ough not i |l ust h of .the pairs of
pormanent. mgR: o SRPHERYE ekinet PeiB el it RemplasRGRr BbANETAOr: n v ot o
pol e, and ainsle¢®nd magmetso,&rbuenmesdatabufseﬁrmza aduttas bateae. padhefththe first
Tagnet s ar XPRINTAG (ah i GHESRR: ot A GG S T HOTEAAE s b al I ol vt h ¢ he
rotational &ginplaPhrrdniem&lteEFIG. ¢, tH@&i’sIHaE&JaQorr%@ﬁHsdb B@lfitst phide (Pae per manent
magnet s defi ne adj acent circul ar paths about the rotatlonal axis of the

el ectric nechilisdul banfrk ooy fsthe sreerhipfiaye Phasedpaanddhe s batfgn in FIG 1,

the per maneqrc{RANED tlféathirrépl?ars@% Qs%'(’?' qmegu@aapmq ddecicnsd de periphery of
the rotor assenbly 12 within the radial gap . Each consecutive pair of

per manent negeratricaBpairangedipktize %’G@Wﬂtlfﬁa%nd&rel negied pibinghy iaeeder Wagnet

segnent s al feflak&y frdmPabdippdigvsouth around the entire rotor assembly 12.
[ 0055] Al t hough per manent magnet pairs 30 can be provided as permanent super

magnets, ot Hl@ﬁ4haglﬁ@b|0éthn@v%barw@ 6% Oreinglngls @rpendrelly, ringrshepndenain

121 n ol ace o b T A R R TS Ll Pt R 030 ot

FIG 1is |MhusMn@ﬂe@ua@HnmmﬁudrmgmnﬁﬂnﬁhgnaﬂCpmnmsmammnhadm0w$enplated
that the r 01{48{6 sggﬁf?c%&%helb s Ba2a M ﬁja%? a Hah b%H}T,TBE,C{ an(afa pﬁ%‘%ﬂ? tof Bl s

66a, the bus bar 62b includes a main body 64b and a plurality of arms 66b, and the
8



[ 0056] The stator assenbly 14 includes a plurality of stator nodules 40. In
t he exenplar arrangenent of FIG 1, the stator assenbly 14 includes four
st at or nowo0l2es/03091However, ot her arrangenents are cont ecplisted/ 045608
exanpl e, stator assenblies including nore than four stator nodul es 40, or
| ess than four stator nodules 40 are within the scope of the present

di scl osure, as discussed in further detail below Each stator nodule 40

i ncl udes atbds%alsftzc@mu&; 2hflh 58y Mndvéﬂﬁhﬂal@c?%harﬁfs%BQrInstﬁ'ﬁg%ﬁlbla‘?or respondi ng
to a phase of the electric machine he exenpl ar arrangenent of

FIG 1, the wesgmaat oiBetkand Simelhitiemilo bpay peauh s e saBUNKase. ol ectri
Tach! ne. A9 fag At 3 lenRdul Sl Gk uee sADLCEAL ! Bl GERRRILS, @ Tl 1!

stator segnent 42a, a second stator segnen and third stator segment
42c. The f|mslud@tf@tr@rm%égmmndmaoafef@srcmtqyfrnqdhl@s 49 af the crepwldres 40

corr eSDO”dSeléc?ncamIldhﬁr%t 'Tﬁé?u eag&ﬁ@@ &b & LdicRhEst 4&15921 Sﬁg&l{ Henl0. the

second stator segnent of the stator corresponds to a
second phas@eO(ﬂMah}saehﬁtwgernthh@onabléertl&andtha«statommomles #hd the third stator

segnent 42c of -ea f -the stat d% 33? QL res ond a third phase
(Phase O opﬁjﬁﬁ let‘]aecgtﬁhg%lrlrsa% r?ﬁiea %’8 ®rat trlCaﬁQ’eagrfrdnent i ncl udes a
core 44 andthwinatly ngsludGic nhamermh(e@(,eﬂp[bea,rgoldrplaemmmte&t:trmmuy d¢onductioe e 44 is a

U shaped mag| netl core .hav COi ut each | eg
of “the cor etpgerlit Mgt bl Shffeld tpifins Haolinitim ). BRI g

6, 603, 237, &cBJﬁh@Bﬁs baik, 230025 38bc ia8¥ghosed 308 hd3Ryg art diectiibalig haBor es Of V\:hi ch
are express cor or.at ed . her ei reference.in their i es.

[0059] I n sO ﬁ]@mga‘ioﬁ‘tb‘%proYIH%‘P%ﬂgarB? ﬁ’bsr@alﬂlﬁ‘i’le‘if@ Hﬁh"é 6TLZ‘i‘om a nano-
crystal |'i nesant dsucrbaﬁ bé MasFhdturdR GG staat @Hd Iﬁhlculaﬂ matehiglr withqlt @reet at i ons,
any thin filmsoft magnetic material may be used, and can include, but are

not limt eoPrP‘E?S“%‘LOé’i‘ﬁuEf‘Festh@B‘ﬁé}aél Fagh pus bar P%fa 62 03¢ catrhs PANY R UYL al s,

material s sfhhamglehit 6MBRtA, @ chOYe HONRRSIE BNast@nilABntpiSt al | i ne
materi als that have been processed in sonme manner to further reduce the

size of thecogPyaenAY |Fopexamplqgheunain bedyrae brnbas crmbe pravidedeany serawde thin film
mat eri al s hagi e ! (R adiR! ﬁg%c‘aa{nn§Ee{n%tsH W& th Q. gnma%@wém@ #e and

nano-crystalline materials regardl ess e specific processes that have
been used tmalebﬂcﬂy ais amhféersquplamjpmmmftemh a5mm caf define apoltwowf the st ructure of

the materi | jnclude a core
that is ma al‘? %}pglldpt:;)lvxgmg ecé net ael?%ﬁén@%lt %%Od%rpﬁnﬁreﬁﬁaaﬁ%gshels the core can
be made frouhw:rabqutﬂnal ity of stacked laninates. In still other

| npl ement at ;(ﬂ)%g’ bug% 18 %?ﬂ g? ngre lgep%ra?edrrgé %d&;%g 90 G 1o Ehgta d' ng a

plurality o e segrren S are-asse secur

_[ 0061] Each &t ahedistanatul; &2 absut ithedkpenderf thefradahghin 20 ot frevidsd at or m)dul es 40

n plurality of regions 72, in which the distance d; is at a minimum (d;pmx), and a
plurality of regions 74, in which the distance d; is at a maximum (d;max). The bus
bars 62a, 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 (daum), and a plurality of regions 80, in which
the distance d, is at a maximum (davax).
[0067] The bus bars 62a, 62b, 62¢ are assembled into the insulator 60, discussed
in further detail below. The bus bar 62c¢ is initially assembled into the insulator 60,
and the bus bar 62b is subsequently assembled into the insulator 60 to be concentric
with the bus bar 62¢. The arms 66b, 66¢ of the bus bars 62b, 62¢ lie in a common
plane, and the arms 66¢ of the bus bar 62¢ extend below the main body 64b of the bus

bar 62b. In this manner, the bus bar 62¢ can be said to be nested within the bus bar

62b. The bus bar 62a is subsequently assembled into the insulator 60 to be concentric
9



the stator assenbly 14. Mre specifically, each stator nodule 40 is

i ndependently renovabl e and repl aceable. In sone inplenentations, a stator
nodul e 40woaniisieenoved, and the el ectric machine 10 caoTaseranesoasth | ess
than a full conplenent of stator nodul es 40. Considering the specific
arrangenment of FIG 1, for exanple, the electric machine 10 can operate with
| ess than four stator nodules 40 (e.g., the electric machine 10 can operate

with one, tym m@bul HEELS6R! ahe IRAUESH06e of HRAAZHIOER, bhe 68l gCt i C
machine 10 is operating in a notor node, the stator segnents 42a, 42b, 42c

of each st afi@rcompyipkangendthe a§@$@fcbt66ﬁequh%b1@rbgﬁséalbl6éc pyicndhelooder ol | er 18
through theq i, M%%‘Pq{élb"&sﬂﬁ62Wﬁﬂh1%%n§érecﬁéﬁ%%af§%@9'&%cg-rpbé Sidperating in
a generator e,” ener can be generated by t | 'ectromagnetic
interactiodmb@ﬂmééﬁhmh@ﬂﬂ@bgﬂﬁassenbly 12 and the stator nDduIes 40, and
transferred h 0 :qﬁq To this
end, the bug&%gt gg%%*@ﬁg%lH@??ﬁ?&ﬁ%%@%ﬁ%%fbgggﬁﬂ%;g%ﬁq %?he w ndi ngs
of each of tchef sitnatWr Iségwem@aréhzlangeﬁ@bt of42Gs.tlhnd g2 & f@u tseth o&drmlseads 48,
each of whi correspaonds to as t he e ch ne 10, The
ohectri cal TouEEsEREaRA S bR B B latrtRoRleR b of e SREME A Re 40" as
di scussed i 1), fuut dabieget d&arais I90h1e|lmms thideerhu@sabéib, ﬁ@dwre:sﬁxﬁldmg tathso i n

el ectrical co nlcatl t he, contraqller rough el ectrical | eads
S0. Cench of SRPERPESF S it BeaSE b Busfhy st BB EEH hétio

[0063] Wt h ¢arhi audcdine b €kebanee The ﬁts@the%r?l@y of fuvls EeenPIBdre bifset bar nodul e
16 includes_ an insul ator 60, ) 62 ar 62b, .a a bus bar
62c. Each of O AR Hiptheply 35 a“é%t? ?El %ﬁ?@%ﬁ%‘({b Wtﬁq%?ggieof t he

el ectric neghigled0.In tHd lnﬂ&a@a@langalﬁaerard RAngae Man @f Holweverlothdrhe bus bar 62a
corresponds to the first phase (Phase A), the bus bar 62b corresponds to

t he second %wag%n@ﬁwa%@n@}nplaé%w@dbwlﬁy%irtha@'ﬁc Regpuse e gohbiaretst t he t hird
phase (Phasgufl) impF}Rr %e@%ﬁ%fﬁ%@tato@%dul@?% Rk GRMBELALIIICH &Y arranged
relative to one another, and are nested within the insulator 60, as

di scussed imolibitadhesrdiggassad In yeheswetallogs] Each of the bus bars 62a, 62b, 62c
i ncludes a 9@%9{3|kﬁkﬁh§90égﬁpﬁﬂ TRLY BOW: ARG Plikki@lel b hﬁmn§ﬁ§'3||y

extending arns, and provides connecting points for connec ing t bus bar
to a stat orrafislubeniiog eoaves FiOc and acdwrratyi of diemerictenenveh E2wéen 103vor e

specificall I |urality of
arns 66a, t gm%@?m%gﬁagggalnc quﬁ U%Hgfgg%%dgﬁgngﬂgﬁgpgi|ty of arns
66b, and thﬂHB66®66bwécOB@cbwﬂmhu@esﬁa<ﬁﬁ|ﬂmbbﬂ¢mﬁducgwuvaIQRUMHJ|ty of
arms 66¢. fhgtch%iv g&rgccgmm%rdat ﬂ%emrg%r? (ﬁa N rf%ﬁb 6]40%?916% %ags 6§a bmal n body

of each bus bar1's genera g an openi ng , 68c (see
FI Gs. 4A, 562canesbe6w\)ey aihel n&aka’mr b()lslsdnmlcludm weties-shapad reaessrﬂ(B cor responding to

t he four stator. mduyl es.40 of t he 0. The bus
bars: oon,  cotsdRo s Bhonlep ira b i ET! Fhe BefR b B R WPE B i ot
bet ween t h&c@@ﬂ@bdﬂtés&he ihrangkctiieo hab@baiwdul 128, @G to £1686&] Ragh of the bus

bar s 62a roman el ectrj cal hernall conducti ve
mat eri al é © e&%‘ﬁ?}j?aqag@ fjar COBP%FPP%E% ug aé@%qd%]éiglt?ﬁ’éaﬂ‘?}@&]?

non- net al I [ g)ormt ertigl @am@ﬂ@%r@ﬁv&ﬂ()@%dlﬁ&@h kivp comnaismbd Mﬁa cQimas t e

mat eri al s).  Further bus bars 62a, 62b, 62c_ is exgosed not

havi ng an efcatierl08 af thy inghlaios O.rand R siap 110 defiwgd By ¢ Bepmedia fearyredl d9f ded

t her ear oundge |Rulhid} 60. MBRAGHs 18260 HYSIAB&Sr 1R Ring 62Me bBar 88 ashieis Manuf act ur ed
fromraw stock of a particular material, without further processing to

i nsul ate t rssatPledyato thediametye srags 1082 Morg siscifaldy. thagepactiiafafsst ur ed from a
si ngl e pi ecz0f o RIAL i the%f)elﬁmsfa%frfmu§ B Bihnlite FASATBLI g can! Lip! e
conponents. For exanple he main dy of a bar can be provided as a
separ at e cofpoRentt aseraried int the msulataned. {THie dmnmtrlq:gnovwew%é@meed to (e.g.,

t hrough wel i . of each arm
can deflnelghﬂ%%fﬁQEMﬂ?O?ﬁg%ﬂéggﬁ% %ﬂﬁﬁ Jhgﬁ%qglﬁ%l?gggﬁgkﬁﬁterconnected
by a body qympad@ﬁmuﬁnbp©3adHMh@ﬁehH%MEgmnwﬁwﬁﬁﬁmﬁhBS@hhebaﬂ@mﬁia 62c are
separated b i We! i e e dl varies
about the g%égﬁqlggdgﬁabyaéla “8%%%9%3§@%9%86&*%““EB1EH%§&$QQE regi ons
72, in whi ch8tplnce/1cth fot mdeengldf thesbua bad2ivian itiuars dnitiedainib)the diadetaicpl ural ity of
regions 74, in which the distance dl1 ij$ at a maxi mum (thraAx). The bus bars
62a, 62b are separated by a radial gap 76 having a di stance dz. The

di stance d2 varies about the dianeter of the radial gap 76 to provide a
plurality of regions 78, in which the distance d2 is at a m ni num
(thrall.), and a plurality of regions 80, in which the distance d2 is at a
maxi mum ( d2mAx) .



[ 0067] The bus bars 62a, 62b, 62c are assenbled into the insulator 60,

di scussed in further detail below The bus bar 62c is initially assenbl ed
into the wool1aBor160, and the bus bar 62b is subsequenPCy/iassoNioesl | nt o
the insulator 60 to be concentric with the bus bar 62c. The arns 66b, 66¢
of the bus bars 62b, 62c |lie in a common plane, and the arns 66c¢c of the bus
bar 62c extend bel ow the nmain body 64b of the bus bar 62b. In this manner,

the bus barg62c mnm@e@@aﬂc ngtla@gé&%&dfewebm i REedi iRBincb2b. The bus

bar 62a is subse uently asse into the insulator 60 to be concentric 9

with the buepiag §8Bofithe Bpdar (o ghyvie Badhe Bebar @hds prrehesmidlear s 62a,

62b, 62¢ |1l AsARGFAN 1A e 021 fFheSR0uIRGG 1R BP1fus bar's 62D,
62c extendlbg OMl?ﬂe mai n body664a %f t he ug baP % 1§ hﬂs manner, the
bus bars 62122 th2carcanpeseths hirdbar 62lbe nested wit hin the bus bar 62a.

[0068] The a (ﬂﬁl]? #qugl’lat(g‘%% lefthetr %lulagssa Iﬁulgﬂlsﬂof g%ﬁfetrﬁ%&allg?ﬁ ne a
plurality o arns 9 I'n the exenp arrangenent and

2A- 2C, f ourpreetigl pftwenitis: @@nan@grppmll(ﬁeddtlcdnmm@mmdwwgoﬂmnﬂhe four stator
nodul es 40 of th lectr.ic nac ns ncl udes
Chree-ar s Ge P BLIL Ao R SAUDGar o BhFREN s BBl 0 ! e

el ectric nmatghi mecyhﬁdnowwald:ezﬁhs @rdvmefﬁaahe&mb;roﬁﬂhbmsﬁ]ﬁmr b0 Bachefthef arnms 90
define a figst an e.a. T ts.of. the pluralit s of arns 90 are
oftser 1o e Rp B ks e g B LR ThAS I B or ent than (i ce.
not equal tdigcohtiohid 416ig @p@L®ealiankatert. i@ thik huﬁﬁdfaa‘aadofaheraﬁlgelrmmm ais
greater tha % ; wever11 ot her grrangﬁnents are contenplated, in which a
is |ess that heplulity o vallsis prpyided a2 wall 8gemeqlial | i nproper connection of the
stator nmoduf@s2p0 T ihfifatbiud @aadem%iﬂh@elé&rltﬁlymb@hblhiu&m,maaaladi scussed in
further detail herein. [0069] Referring nowto FIGs. 3A and 3B, the

i nsul at or GEXMRAAT fReisEialy “?fﬂhiﬂeatl"itfi&? ngt hma?ﬂ to) nlgsties thermonietisy 5HPes 100, and a
plurality ofyi aRBlitdlS BhROYER (iR mpdlt makdmlL es $istaik B cdasdi al grooves
100. The radial groovés receive and accommodate the arns 66a, 66b, 66c¢c of
the bus bar®amfslurgbyinggppousdprufasariag medods. Exgrpley menufagurinens, 105 recei ve
and accomméth&fstlﬁ@u%%ﬁ af%%'t ﬁﬁn@flﬁ st?@@lthc%%h?flnj%&ﬁ)nt?ﬁ{ﬁdlggrb‘fov@Za 62b,

62c, respective I nsul at or so i ncludes a wedge-3haped recess 103
ext endi ng tmolﬂm@ thenmofdranng, tsﬁnst‘em@lqldn\%lcammssm mofiag raad extsusid3 provi des
space for a coggp . ng gr C S 62a, 62b,

62c to elecpﬂﬂggl eaggé?%?%?sqglégﬁ§€§§’ 23% (ﬁﬁﬁ%gggga%%ﬁ%ectlng t he bus
bar nodul e a6 62xandhiee lps ber @blie the 1&iofs087 0 fﬁhenajman‘éIEMaﬁs H230iokigit102 i ncl udes
a stop 106 def | a 0 i.ns r 60, and a
stop 110 def i ne gggeeéhgggﬁéng%gm ggﬁﬁég %%% §P kqﬁﬁéﬂ(y ge%60 The stops
106, 110 perwdmt&ﬂmmbmd@hmm@ﬂmbushﬁ6bum¢hamgﬁﬁa%h§hﬂﬁsnmm&ssmﬂbled into

the dianetri 0 ecific eqnet fi feat res 108,
110 extend V2 ERERAs b G BY Biba Blaiohy e s BT i BERRE % e bus
bar 62a is ffapaidnyotiserR] edvilRtate grivddddistleah e B0 barb2e ah tamaﬁsrl C groove
102 further | udes a | ands. 112 that can, support the bus bar
62a. The dl%ﬁg§QF%’%¢88€%§&6%1W%%5Ed@%mgyg? tyyeeR thidyus Ba Bﬂniﬁﬁeonetrlc
feature 116p@batshein tRStebRhO74.60 theaaBGod B 8P tHelBdidefaph@ad oby sdrigeanet ri c
feature 120 of the insulator 60, The stops 114, 118 provi de for jndexing of

the bus bardiggise ghat picingds lag@é%ﬁoéﬁle%tf%améolﬁ%r?@f‘ ﬂlr&eng%ww%% Nor e

speci fi cal | fyoub e B8OHRE, bh&ink @RLUW AR atd ot néc%@sagxt'[%@qmeﬁ&é)oftlﬁtﬁlaﬁ)@em ng 68b
of the bus bar 62b to ensure that the bus bar ﬁIgroperly assenbl ed

i nto the i n¥ylsdn Brescgogiontraable dedup pas §72% 6 630w begpsemelediiKe thgdes a
plurality Oi]ilsdlaﬁ&d(ﬁ) ;Igi?re@l @stthg%oéﬂgpﬂﬁtrerlalt}&}u%étot}ﬂﬁn @a%grre {hggl%gdll‘ggpe

insulator 60 furthér includes a rst plurality of dianetric walls
60, thereby also reducing the weight and cost of the insulator 60. The absence of

insulator walls in these regions also enables air to flow more freely through the bus
bar module 16, thereby extracting heat from the bus bar module 16.
[0074]  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
11



provi ded between the dianmetric groove 102 and the dianetric groove 104, and
a second plurality of dianmetric walls 124 provided between the dianetric
grooves MO0, 2010B81694A cylindrical wall 126 is provided at pChaSc@niesn2ef t he

i nsul ator 60. Each of the first plurality of walls 123 and each of the
second plurality of walls 124 is discontinuous al ong respective dianeters.
In this manner, each of the walls 123, 124 of the plurality of walls is
provi ded asmaqial dndR REMtough ORT 2F Iﬂa%rlhh@aél %950@93@&1&@1@@ fakemgran

el ectrically non-conductive material. Exenplar materials include, but are
not |im t ednpishopnye bF eascivedior prsplingsthe bus bar modide 16 aitlinghe decitiq r i cal | y

non- conduct ik OMMRASH i6viliRk ekl fba coaiﬁﬁnfctt%ﬁlb%%n i by s, BRA( act ured
using various manuf acturi ng”me enpl ar manufacturi ng net hods

i ncl ude, buttaterrreodudss. Fpidxpaplet @ch %@n@@m@ @)h@girlatpworrmpehmg anmel d| ng, blow

ggt?h??en ?E%%%?éq?§g¢?hgﬁ gaf%gggkglE?nfﬁggahaaﬁhﬁﬁgﬁgggk%re di sposed

bet ween t hebussr Paranétha resnettity bistatoussghnants.62he armSt6htearneglemﬂs( [7ghapddn t hi s
manner, the .123 i nh the s nd t he bus
par"eoh.  Tratirfud by Bid lgég‘gedtgtﬁ‘et‘e“ P A% 208 R dRAAN Y, | 0C 0e®
62c in the ﬂﬂgﬁdﬂml&%athmﬁhﬂ&rmhﬂnmeammh@ammh@selﬁﬂmeahmhmﬂ arci ng between

t he bus bar 62a an 62cC t he exenpl ar arrangenent of FIG
2A, no wal | E4pE" Bvlﬁggﬁ%gPa£@ﬁmPh?£@us bar 62a and the bus bar 62b in
the regi ons[®05] anRlefa@ing@abk o BIG. @«0@;dﬂdshetmeahmbheﬂbmesh&mzﬁZa and t he

bus bar 62c | he regqi ons 4, e r adi aps are of
a sufficienf® ?ti tﬂ%ﬁ'}E% 31%&54&2‘&5% P lit}ﬁg gé’ f‘%g aa‘ﬁpfoéffdggtafgd vol t age
and curr entthe gRBUGHICGALROthEJNGR bgh ot‘theahﬂ%daarmebaedmar@ut)lat@fasm@drl s are not
necessary. The absence of insulator walls in these reglons enabl e the bus

bars 62a, 628 shgyp) tp§e Freciyekionticurng the Bus e mofdle 1 P ERinghe clegide r educes t he
amount  of rmt&tﬂeatndrfeﬁ%h@ﬁl tectﬁetllétﬁﬁtlﬁltﬁmtntb%nte@ls Hle@uObar®0a afdigE €bY al so
reducing the wei ght and cos? he i nsul at or . The absence of insul ator
wal | s in théger m@fb‘ﬂe@nEOTaﬁX@@P]@n%Bh Estepgrican wtmddwompeesmebmgzonenmeugh the bus
bar_modul € diGhe GG RNIE I BRANG: REQY ToRRATCF PcIBYedbBin BOARL PR O

[ 0074] Referring now t C, 3 I scussed above, the bus bar 62c
i ncl udes t hausbai @al@e@@emﬁee@lﬁdstahesqgmmal Ihfyarmfs 664 a1 goBeallyA-geped, 130c i s
provi ded at c. The bore
130c enablegk%d?%§¥§ﬁ§%@1d%ﬂgl Lﬂggqn&aée%ggggﬁ%eéﬁkgéagegﬁEﬁﬁgﬁthe bus bar
nmodul e 16 V\uzthlbnsetdfeheehambodycmﬁmsmffae freanatopgtanp i dda dithegpreb 6z ryi < al

conmuni cat | c?lgtanc%td Dinis ﬁan?l?ls th%%lst aBQf tepg § @ttvovéenqullﬂ 1ﬁ%0 For exanpl e,
each fastener can®exten corre on peni t St at or

nodul es, an@lapf deibdebatand éﬁ&bstai ok Hooof thd btarbaeékcetctenmag thomihddoet ween t he

bus bar 62c.and the . res tor.s are general ly
P Shaped. - cWRahuPEdn i Rt Rk e tis b b aneed B bR o o 66
are equi di S628NThy asP 6L drefeqditisangy @acddteorm bie dnber iadheahdidi dikefidnon by an

angl e 0. the e lar arr enent provi her ei.n equal to 90.

[ 0075] Refer Yaﬁ‘ganﬁ%@n?‘b&ﬁeé%mﬁ@ TBeeey EPYS&‘Q CUs éﬂe‘&‘ﬁbvéo ‘the bus bar 62a
i ncl udes t heporgj n m&ymgﬂawwptash@hbumlalsHmc@tedadbase @faus Barlkope 130a is
provi ded at, the distal end of and through each of the arnms 66a. The bore

130a enabl e§clydes dhg rasia podynsb a%atm}urtlay B%arfnéé@? vect’Oteolﬁ% BARYidd 2 he bus bar

modul e 16 Wit bisfal ddaf 8hEHEdubk cABRGRIRAmPEWh. fIAE bBeQYoslimBiceh etichécal
conmmruni cation between the bus bar 62a and the stator nodul es. For exanpl e,

each fast en@pt banndrpergeived ©r sccuvirg be periar Agddpéhivitinghe ¢lerdriat at or

modul es, antﬂaotl)ﬁrfevérﬁefo%ro%ﬁﬁé t1c8riPA %Bh%nﬁgtlﬁ%e%e%ﬁ teibe@barRab BnP@L ween the
bus bar 62a and the respective stator segnents. The arnms 66a are generally
L- shaped, estaterrmdoduindi Hp1l qxampleveacll fastgnet chineitendlanta atchiresppeding QIRNIingn one
arrangenent L. of fset from
a top planeirgigaﬁhﬁt ggé%ﬁ h%gm%bﬁ%ﬁﬁ ?ngﬁgépggﬁ?&?ﬁMh%éégﬁgﬁner t he

di st ance dghusderft2besd thegespedsiot m@nSdghentmifhe podyobdig ceferallyd - Buscbar and t he
nested arns 0 xt,endi ng t her The, di stance dg

is suff|C|eﬁ$§@ (iﬂﬁrﬁmvgiﬁgﬁﬁmﬁég ﬁl&%e¥t3qgone]%%'%§lnth& ?Wg bus bar

62c. The ararsefifh Absscaqli ofithd mmmlbysdﬁﬁfamedfftet @omenep pland 18db of thet he r adi al
direction by an angle 0. In the exenplar arrangenent provided herein, 0 is
equal to 90. [0076] Referring now to FIGs. 6A-6C, and as di scussed above,
the bus bar 62b includes the main body 64b and the plurality of arnms 66b. A
bore 130b is provided at the distal end of and through each of the arns

66b. The bore 130b enables a fastener (not shown) to be received for
securing the bus bar nodule 16 within the electric nmachine, and for
prOV|d|ng electrlcal connunlcatlon betmeen the bus bar 62b and the stator

o o o . o, o



[0077] Referring again to FIG 1, the exenplar electric machine 10 incl udes
a stator segnent to nmagnet ratio that enables the sane stator segnent 42a,
42b, 42c wb 2enaizienat or nodul e 40 to appropriately al i gRCRiUuskotviodgsoz®t or
assenbly 12. More specifically, when a stator segnent 42a, 42b, 42c of a
particular stator nodule 40 is properly aligned with the rotor assenbly 12
for the currently charged phase, the correspondi ng stator segnent 42a, 42b,

42c of the arrﬁlmmmd@ﬁa@seqrgz MR Rdnifed ﬂ@ercﬁstalc;s Q,,REARE Tl Mp Blveed. Wi th the
rotor assenbly 12 1, for exa the stator segnents 42c of each

of the staﬂ@wnﬁﬁﬁuﬁ4&§fﬂ®twﬁémémﬂﬂﬁﬂ@ﬁ&fﬁ?“éﬁ%@ﬁ@ﬂfwwb?ﬁhﬂﬁ§2md8ﬁets of the
rotor assenBlyiah el lie T ISIALEH 4L BRANILPASHELIR, BE] 2l ve 1o
the stator asse [ 0078] Duri fig operation in a notor node, power is
provi ded t obar hzb @tdath@bus@e@r@mt@c 4@1@ arm2166b m@@qvmﬂlﬁmntima@ﬂétom ongpdul es 40

t hrough t he e %ﬁﬁﬁ tes, heat is
gener at ed MAtﬁéqu égggg#%Pkg’aﬁﬁ’ Q@S kﬁﬁ&c eat uceéggggggting

ef fi ci ency.heThe Obusqushtod062a, 62b, 62c function as a heat sink to draw heat
fromthe st @099]Ch é#errlﬁl/%la%alrg poePrIabY tfl ne%xlér%% aﬁ&g(ithc maaﬁl yﬁ)tmag%ef ficiency of

the electri specrfi’ca erma conducti ve bus bars
62a, 62b, aﬂnmaegnmmuhmmymtmanﬁhEﬂmbbmﬁmmmnammonwgmmh4th28vatof segnent s

42a, 42b, 42¢ th the fast f d above, th
bus’ bars. 6240 tantHE0U 171 BRBREGT s bR b R i A e 1y

i nsul ati ng @odfitallg, whoh d drts soRAGEA2a, NBRUE oM (ShirtkSilap aa®r o ddlbe0 &i r
surroundi ng the bus bar 2a, 62b, 62¢. al so dISCUSS d a ove air is
free to fId%PWﬁW&ﬁ&Wdﬁﬁg”g%ﬂWﬁP“ﬁwagdﬁéﬁéi?FW“@P&BWE@3 a°he®i nsul at or 60.
I'n this manekspohiiag hedt seginesd 42at428Muxfof tReeaifinpafator BdauleSRbare 62C can be
i npr oved. [0079]Efforts to OEtlﬁlze t he stator segnent to magnet ratio to

maxi nmi ze t ASORTPRE N GligRsAsyihyhefotasiapsemRly 12t &k BIC- dsQemmipler hecBiPTy esul t in
difficulty gegm@xhgm&gaéhhﬁt@sﬁt&rm&ﬁ&gaoal% AR} AMgrRgSafly for the

i ndi vidual l'y char? phase. Wth particular reference to FIG 7, an

exenpl ar el BgIERE ﬁﬁéﬁph@s‘ﬂ%}’ i 3 far e Besirated eoterras by RAssion elatiicitgned st at or
segnents wi §bhQ5REGHLI; @42 rotor assembly 152. More 13 specifically, the

el ectric machine 150 1 nhcludes the rotor assenbly 152, a stator assenbly 156
havi ng a pl (03B t yDeifing aperatipcila metar medaypeivdrésprosded BAkstst6r t he st at or
nmodul es 158 | S 60c.
iIIustratedw%%&ky%?’%ﬁ%g%y&gﬁ}%§EQ%P§§Q%§%)%ﬁ%ggﬁ%}uégg%gwﬁgggaé%ng X and a
r ot or pole‘@pabﬂﬁgnm&mmﬁﬂbmmvmﬁd¢MﬁTQeu$M@mWMMSégmemnnspab$ﬁg X is provided
as the cente ter tm?ﬁ t egnents within a
stator nDdUWﬁwﬁﬁﬁggﬂueSO&ﬂa? gﬁggﬁ Wm%@$$g§| é@fgéggﬁgpﬁénter t o-center
di st ance belicaecdnk tady@cinat fromttlmrstmlrmsiule'lzlfoethstehy orreseggTbnbpatatiigance X i s

greater than.the r r . pol e spaci 0] h t en rotor position
o H a7 s P lr Sl BRE O ront RARP LR el G 5 %
respective umg@a; 62026 2c. arCarnseqaasted domnin@@esn @ﬁlematsiafm s@mehRe2gl ectric
machi ne 150 | s d More specifjcally, altho t he st or segnent
160a, in a ?{C tETSE?F}i BERSESRCIE: ﬁ%rp%‘ﬁlfj‘gfreng\ﬁtd}gg’fsé‘? ?ﬁg)glflbéls by %a[ he stator
nodul e 158 @i, 6RPEOXIpIRUIRIY db he idch@le @l tRGHhaPPBEEIA@R)coating, Pk GREr |y al i gned

wWthits respectlve magnet pair, the same stator segnents 160a, in the
first posi tMoHHCBEHE 1SS§13@&%ﬁherﬁsroﬁ9rr@%nd1®stth@ars @ﬁé%{%oﬁ%am es 158 at

appr oxi mat efiyeut g aove, &1 19 &Ke ANbwothough BfekadifShd l:li@ﬁ'ét)ﬂc Tgecro%esomh@f proper
alignment with the respective magnet pairs. In order for the stator

segnent s ofm@lﬁ%éorsftoaﬂwhlwwp@éheth@at&lwémrwfahqlgiﬁbaltsrééa $SLRit03e caful es woul d
be requiredp,Rg custom made for a particular radial position within the
el ectric machi ne. Consequently, identical stator nodul es could not be

i npl ement ed[007Rkr eBoriigo epignizad stemptament i nufenetheticeb exiniiee thachi ne.

[ 0081] Ref er v

bhase. shi f " Ag A Rihithe dpof AEoBlORPO, Bufih BHLE B QEhiETE
|nplenentednumwtgemsiaﬁoomass@mﬁyﬁnﬂwbnéV@pdbhﬂmcﬁﬂbW$eF%@m 8 illustrates
the electrig din h nd the stator
assendly 158 A afta ot g O eb fabit B PR RPE M e qent cal

st at or m)duﬂnelsde]s5ﬁ95,11gﬂﬁi&lm,tor35@nentsﬁheh shEton arrmdudtsecsnl:ilﬁaiaz. Ni68b, 158c are

i dentical and can be interchanged wi th;one another, or replaced, w thout
adversely affecting operation of the electric machine 150'. Each of the
stator nodul es 158 includes a plurality of stator segnments 160a, 60b, 160c.
[ 0082] I n accordance with the phase-shift arrangenent of the present

di scl osure,



an arbitrary phase relationship for the electrical connections in an
N-phase el ectrical machine is provided. The stator segnents 160a, 160b,
160c ar e wbheotwade@itl y connected to the controller to shipCr/ush@ophsazes
across the stator segnents. Mire specifically, the stator nodule 158a is

el ectrically connected such that the stator segnent 160a, in the first
position, corresponds to a first phase (Phase A), the stator segnment 160b,
inthe 14 Ss%ﬁ&ﬂgallgptﬁb Ele@Re maOfiAEFPARIScE heRoRLEOORbIPNES G shiase B), and the
stator segnment 160c, in the third position, correggonds to a third phase
(Phase C). arkrsnbly hrtoheving@wlwalits gbidemisieaser modyles (1 8%t Fack aF thy se@t¥inect ed such
that the Stﬁ%&ﬂesslgg%Hltde%@}glﬂrali{y%ftsﬂﬁ)rgégn%tﬂtsﬁggd,tlb@d?11%(5%9%5@&%%@3 to the
third phase (Phase C), the stator segnent 160b, in the second position,

cor r espondsintFdGt h@s wvicH 8¢ Figh 8% @ staRi agamen) spaging Xtané asetar pole speghet 60c, in
the third pQsiti r ; has ). [0083] The
stator rmdu%}gbltfg@gd'i @%esﬁag%g rgéljg%lt F%C%g?](nlg?fog’gg g Egﬁé? %Ig‘gr)q? %gmgt at or segnent
160a, in t hdsthice bttweosidjdcont statwsegsponddhin ostlemsédonthqhaseol¢ Phase B), the
stat or Segnéegct.nl QSb rovi e(} 'cbsqhes cee%%n—g —gegfelrtd{s%pl SR L3 %@e%?rottoor tot'eg third phase
(Phase O, And % he” BPAtor segm&*ntr Ie0c “I°A fehe {R T position, ‘corresponds
to the firsThephasacgminagdntad)e X Ehpraats bhahtthaxgtop adlk epacingsy.r epeat ed about t he

renai nder o S r assenbl 56. his manner, the N-phases of the
oot e rolagsiE Shh e ARRTRH dondRRigr Fb o Sy Shon 8 TehaDNR oo Py
shifted as afigitd)vateniks Bt alcah Iresod®gant] ionGothsequent | y,

i denti cal s?gl%éoﬂ? n{gﬂdul . C Sh]gﬁ:be i aglﬁg(rirjéé.t eé‘fi@ ﬁt ho%?ﬁgpgf/glr@gﬁllo;l af fecting
oper ation of e Et?tlSﬁé“ﬁ]HE‘lﬁ‘?dn@%f% ‘]C?—i é }}quﬁ]@thﬁéwoféegﬁfe&. 9 and 10, a
bus bar nodigog, iR Q@irdt poditidnUustiKcaippetmodhitabl BanIDBi(pPkeive Hoggle 192 achi eve t he

phase-shift arrangenent di scussed above. The bus bar nodul e 200 incl udes an
i nsul at or  2WRrOXENHENE el o dodenosiiopl neery GUECd A 1 rpsiBamagtAc. Each of

the bus bargi2d3am2Q48r segdGs I BIROMEIS ok BoR o PRBS RtaRfr nfbdGRE 15 PONI NG
el ectric machine (e.g., electric nmachine 50 of FIG 8). In the exenplar

ar r angement (¢-& e st medules d dhateaprosditdsihe A @ deskand i osdodspagiBosphase A)

the bus bar,20dar CRh RSN thOredheSBR PHARE l(npoli]cﬁe? Blo stfld the bus
bar 204c caag corr%gnd%to a thi rdeﬁpﬁaseq?%hlagg O. T e?%usesbars 204a,

204b, 204c weeciipaictbastatocabiutesdp peongdidalical the steter modderevemidbher, and are
nested wi thipn . i - 1 ha - s, 204a, 204b,
204c inclu ggmg’lag%tr)]gég{o yﬁéqeﬁgé%%%?@ggg%%n \gﬁldpgr%ﬁf%{rgl ity of radially
ext endi ng amadineMboesegpandy filerichlyfatdr medblgs cdydd n@04 amplawenietes a nai n body
206a and a pluralit f arms .20 he. bus.bar 204b includes a main body
206a and a lgfrg%sg]gictoé agg C%?@X@O%’g}?e etéer??lct aec’hﬁlﬁ's bar 204c includes a main
body 206c ap®83] pl Refalring yowfo BIGTS, tBOBEsent dis¢lbsarepreviptsarphascrshifgenent  of

FIGs. 9 and 10, the.majn, bod 06a, 206b, 206c of each hus bar 204a, 204b,
2040 i s gerPRETIG ERABL R RE LR OG B RS SOEm B0 MR See Fi o,
11A-11C), adcknshg MbteSsplafical04aG. @ MHibratRAlEclbonid makhsncslisy” @aclnsin208a, 208b,
208c, correspondin potential of §ix or nodul es of an exenpl ar

el ectric nd@gﬁwgﬂﬂ%ﬂégbﬁg’ﬂgﬁ C SYApss hébi%, ﬁ@ﬁgﬂéﬁﬁﬁgﬁéﬁﬁne at least a
portion of afu@seeiurhiaabf RattRakeiwasdiuies ¢o%t 1540 e53cande ther mbatler nodul es.
[ 0086] Each of the bus bars 204a, 204b, 204c is nmade froman electrically

s 204
and t her mal 13faclofitrdets ¥e idratie pid cap be gerchappseyith gsizgothen e PRias’.
el ectri cal | yingangtetshly arBQy BBErahidd oF N QtdcAhschinrdN g0 OrEael 8Chs {igdt | Y
conductive conposite materials). Further, each of the bus bars 204a, 204b,
204c is expBedies 1aBinchides nfumhiveafsietor seeanenyy 1401 080. 16%er nal 1y i nsul ating
coating proyjedefl { ASEERIAUOn IR phiVShiFRRAREmARGNONS AR AR, 204D, 204c
can be manufactured fromraw stock of a particular nmateri af, wi t hout
further prowesirpy phescirglatidnship fariee deptridgbgonngetions ib@s NophesQ@adticap04b, 204c
can be man I r Walel |.£C f ten : nuf act ur ed
by assenbl ﬁ%g&%}uélléta Fo)l139&3‘9%%%2(%58@9&'9%1%8%&%@? é?ééﬁéelﬁgflﬁﬁ‘@gg@%g a bus bar
can be proviodedoagolir seghat tit ehwengorse e sfatasegnmatsaMes sEadictlhether ms can be
secured (e.g.... throu vel di n he i , not.her .exanpl e, a
portion of Sg%%rhm%c{ru?ﬁ %g?llsoﬁla %rlﬁ:gﬁ%éoglgéctt?dosﬁl oﬁw{)tﬁ%e%%ﬁﬁeg%‘g%ylgs%iﬁ%é? he arnms can
be i nt er confirsigiosition)coaedpontys t¢ o fipo pkent (Rhiaspd)s td stahve sednehne®@b, in the

14



[ 0087] The bus bars 204a, 204c are separated by a radial gap 214 having a

di stance dl. The distance dl varies about the dianeter of the radial gap
214 to prwoizda/si@hural ity of regions 216, in which thePdiraiSanos4s928i s at a
m nimum (dim N), and a plurality of regions 218, in which the distance dl
is at a maximum (dim. The bus bars 204a, 204b are separated by a radi al
gap 220 having a distance dz. The distance d2 varies about the dianeter of

the radi al @afhddRQtibe cgfrréwbldﬁ t@a wcyﬁ@ﬂuaw@ﬁisemgdna%sm,segrﬂen\ﬁhl ch the
distance d2 is at a mnimum (t |.), and a pl urallt¥ of regions 224, in

whi ch the dit9¢e.dnée thipd pasitign, @rrﬁwn@a}ma(tlumd&w (Phoo$8] Thessompding 2044,
204b, 204c pye %%%@&bls%fécﬂn@&lg’ éoﬁﬁec{eﬁ%h'élﬂhﬁrth%%or s%rﬁ&fﬁé&dld tfle Fildf t her

detail bel ow. The bus bar Is initial assenbfed intod the insul ator
200, and t heositigs, doerespROdido ihe t@(ﬂo@@@ﬂ@h@ﬂ"«ﬁ)a@@ giptor segmicwit160k.hethicnsul at or 200

to be conce j i f.t.he bus bars
204a, 204c %&%@d&ﬁ%g%%ﬁméﬁg fi? asﬁgm‘gsrensﬁglb%‘ Spofiifnefilook® D45
extend bel oiwvtluehhirdmcbsniotnodyremds fthet deeorﬁu@ai@dPhaZ@Béi In this manner, the

bus bar 204 mnth u 204b is
subsequentl esaatorntlo P ésgf hsseﬁ Ctrfcaﬁy (?%ecttec? Sll)lcgh @%trlﬂé%sﬁ%trl c wth the bus

bars 204a, s%@#ﬂlent mcelramﬁﬁrsz@(&monzmmpoa%m tinf setdvel phete (Deass BRGMa, 204b, 204c
liein a como and.the arns. 208a, 208c of the. bus rs 204a, 204c
extend ber corsEnan ToubaunS ses RN RE BusToak S M PR Gner. e
bus bars 20#d,thc20#46r sagr@erii@stoeth the third Poditien, botsespaids 2R firsl phasd\O

2011/ 031691 / US2010/ 048028 [ 0089 Th rns of the b bars define a
plurality o&%@t@ 8?1"5 ?lﬁﬂlgé’%‘gm Ilsnre% éﬁ%‘ﬁﬁf%?m&m&%ﬁgg’ﬁémorof FIG 9, six

sets of ar n&sciiy PSOMh dﬁgmalﬁ@f rtlﬁbsfﬂl@ﬂﬂsbfﬂ&fth@el@ctl@@ﬁl@ﬂﬁﬂealBOO(ﬁn fhiicaSd at or
nodul es to be included with an associ ated the el ectric machi ne. Each set of

arms 230 i ndILgEdl e ﬁ}'«géelﬁ?tﬁgaﬂwbkfﬁeé%leﬁﬁweaa@dlaeenf HatoERafrsaP8pHA8Rs of the

el ectric magRg, n@onsequeﬁﬁ@riaenaema%%@dul&%ﬁ be 2R8PmeRQBFith It A1veREyOf arms 230
define a first angle he sets of the plurality of sets of arns 230 are
of f set fromf’@ﬁ@lmtaﬁ@momede@@@mﬁ@%gle p, which is different than (i.e.,
not equal tgoshfie kiftithg ABOKEE s, § thd f1€a b bt hloliedoRiiRRGREENT . & s | ess
t han p. However, er arrangenents aré contenplated, in which a is greater
than [ 3. Bewblgls@ané)eamalemntad@aqbrpweﬂ.}aahasefhrﬁmp@en@mﬂwmwdwbocw t he stator
nodul es to b el n.
[ 0090] The |$ﬂ?ﬁugy%ggg% Ing+§%%§85h§F§?a Ptéﬁggmfgg?g1$§%§§?gﬁgﬁhg gr ooves,
and a pl urad,blisy>a0204d4 Emditafitte bys bwé@4ac?.(b’@si(kﬂg cohmepoalditad plypsoofees, as
simlarly de es 2 radi al
grooves recé%%so ggggggnﬁ%ﬁé?e& %E%%ﬁ52§B@856 %@%ﬁgbé%age¥m@ﬂ%'bus bar s
204a, 204b, ar2@danenanict Huk darditdbredir dotregrood wesfisggvse@hand ) abcouwbadat e t he

mai n bodi es, 206a, 206b of, the ) rs,204a 204c. The

i ametr o aosRierRRnaE Cropy il RhiSe B Ge Bl pE el es of e

i nsul at or 2&2Zrefponfooathite pha3e (RhACER). Me 0fis bdre2daus20dbr294204a, 204b, 204c as
they are assenbl ed into . respective dianetri ooves. More
speC|f|caII?m“?ﬂgmgéﬁﬁﬁgﬁr?bpﬁﬁf058§n%9?éﬁﬂaﬁﬂpgbgﬁgLWé@%@§9?Wé openi ngs
210a, 210, 3p0c of the bus bars 204a 204b, 204c to ensure that the bus

bars 204a, 204b, 204c are properly assenbled into the insulator 202. The
di anetric gm?@é]es RBagh of the PHwbary Hdruddb) e dctudet 2 eeapraleripgeiPed support the

bus bars 20ggn bg%A:hpd a4t Glity LORAAHI Baed dhstirAL. OMo?eos%e&ﬁéatupetﬁe blidtides a

dianetric walls rovi ded between the bus bars 204b, 204c. Each of

the wal s 2%%3F@lwp%%@ﬁmubﬁ%%%a&%ﬁgluraélgp@ca@mw&m @%@%204% thi s manner,
each Of t NenWfahdss re?bldy bLHI LA B UL 20REANF o budvd HAHELER! vl | 234

is provided at the centér of the Insulator
a main body 206¢ and a plurality of arms 208c. In the exemplar arrangement of FIGs.

9 and 10, the main body 206a, 206b, 206¢ of each bus bar 204a, 204b, 204c is
generally C-shaped having an opening 210a, 210b, 210c (see FIGs. 11A-11C), and
cach bus bar 204a, 204b, 204¢ includes six arms 208a, 208b, 208c, corresponding to a

potential of six stator modules of an exemplar electric machine. The bus bars 204a,
15



[ 0092] The insulator 202 is made froman el ectrically non-conductive
material. Exenplar materials include, but are not limted to, plastics,

t her nopl a®0i2081/03149ber, and/ or el ectrically non-conduct iPC&/USemp0$802%
materials. The insulator 202 can be manufactured using various

manuf act uri ng nmet hods. Exenpl ar manuf acturing net hods include, but are not
limted to, stereolithography, injection nolding, blow nolding,

t her mof or m R@y, foud Bsch ik Walth poS IR 88 Sle@AcATPhH bB&ccPREhrdli&tgion. WO
2011/ 031691PCT/ US2010/ 048028 [06)93 Referring again to FIG 9, the walls 232

are di sposelfic Hatoiweduleshe bus bars 204a, 204b, 204c al ong the regions 216,
222. 11 1 NV ygRBNCEach e WAL bk, 372, JADI Wt i AR POPELARERahPEPUS Dar s

204a, 204b, 204c. I'n the exenplar arrangenent 9, no walls are
provi ded bethownaHy consuptivs npdgri] @(mawm@@ld Qbﬂ@m,wlem@alﬂwndmwew 224. In

the r egl Ons Q%]Iﬁetalﬁgéhatehglg farna)% l:ctﬁ@alﬂ c%ctnc?fzc% Bﬁte%at& &%sgf ffﬁrﬁfe{a nt distance

that arcing Is in or t ant cnpate taean urrent
conmuni cat esch hiftbc,lgllrs hatse206u520’élar2§4c21®4m08@134m hamgan clactdcdliyswd/at or wal | s are

not necess atitgrmag %b nco?lttlr%c Igloxqaéjci tﬁ% rmgl : nrtl thll n ;[mr}l%rs gacﬁ%%s Qn§8§anabl es the

bus bars 20 e asse Irasut ator
reduces the2(dhmidt cmfbermztrmfacmlredrfecqmramedo&@f mmﬁﬂeﬁmztendl heithionsul at or 202,

thereby al s educi n t he t t. of t l.ator 202. The absence
i nsul at ‘i?‘ IPFEeys gﬁﬂ&@ﬁﬂﬁgbﬁ ?)hl% %b%a ﬁH 4?? ‘ore freely
thr ough t hembiSachasd ﬂﬁ@dulsﬁaglz@ﬁbcebﬁameﬁal @@k a@inamgadﬁ&ad byf 4seemiiling bus bar

nodul e, as discussed in further detail. helo 94 ferrl now to Fl Gs.
11A-11C, an‘B“IQBGSP@B%E‘édE%ﬁ‘&%‘PIG €Hlal§’ﬁ%° f %%&rlaﬁ &thV @ fncl udes the

mai n body 2Qfaate 20aHone”ROfin 8RArrhd)@ndPiht hibhd dal bOfecareli®e.o 2@fAegh 208b, 208c. A
bore 240 is provided at the distal end of and throu h each of the arns

208a, 208b, V2888) T HBPRY: MO ERTFEMPIGSRFEIOTCHA A BIFBIAYIES be recei ved

for securi ngfidieAMSmPRbo AP Be 2AR W bdlinRr@An&kRW Mol fod daat and for
provi ding el ectrical commini cati on between the bus bars 204a, 204b, 204c

and respectdisnosxktherehetwigsiiul es. For exanpl e, each fastener can extend into a
cOor T eSpOndi iy FPent A Qhu K OBRESHLE: SbakRl pIPANS S ADphRY| de at Ieast a

portion of an ectrical path between the bars 204a, 204b, 204c and the
respecti ve dstacod:. sEigrdsstanse diTyreicazhvpt th@@@metem@be ragp8gapald t@@m@udal |y

L- shaped, e The arns
208a, 208b, HYFRl O?Q%%Hﬁél?%ﬁ@*’?é@%é%%@%é g s&‘gg‘?w . 204c are
provi ded i r‘plslehis( o &ZionAd] &@rewhlchtthWMtamcadlsleat m@umnm (dnm)etThf: bam one

anot her by I2‘?’)4b are-ngeara S azéléﬁ%ag 29{) &gw dlg)tan %ng”ﬁgg%sngnce by anot her

angl e 6. e‘f erring ag ai n above- geonetry of
t he bus bard;z Vﬁﬁéhaaboﬁﬁkﬂdadlarﬁ&élmfltlﬁm‘adlell dab 2@ togrodésa ploliphedsesicenhi f t

ar r angenent |sc ) ove., More speci cal | d hl i ed in
further detit™s %\/@%ﬁ‘fﬁm‘r q‘zésraéﬁélb} "ﬁd@ni)?,xridﬁpgur&ﬁ%? 5E1As gg&ti cul ar bus
bar corresp@mﬂndhahe/ammmﬁiztsadamaxmﬁm@bms Wlthl n the sets 230. For

exanpl e, isin rst positio an arm 208a is
in a second[@g& uéhﬂfsgﬂfaa%g@(f afesasfeﬁn ° IHﬁOﬂi‘Fp st ‘Pr%H | n anot her

set 230 a&ito@%@mn fuRthdruetas 8b10R3@he Bk HAF P42 Q8witially assanble@mftd thgt position,
an arm 208b-' is in the second position, and an arm208a’ is in the third

posi ti on. NEARef 2}984 291d theus baigddg s sppﬁgqllegtly assembled into the insulator 200
to be concentric with the bus bar 204¢. The arms 208a, 208¢ of the bus bars 204a,

204c lie in a common plane, and the arms 208c of the bus bar 204c extend below the
main body 206a of the bus bar 204a. In this manner, the bus bar 204c is nested within
the bus bar 204a. The bus bar 204b is subsequently assembled into the insulator 200
to be concentric with the bus bars 204a, 204c. The arms 208a, 208b, 208¢ of the bus
bars 204a, 204b, 204c lie in a common plane, and the arms 208a, 208¢ of the bus bars
204a, 204¢ extend below the main body 206b of the bus bar 204b. In this manner, the

bus bars 204a, 204c¢ are nested within the bus bar 204b.
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respective bus bars shift positions across respective sets, thereby
shifting a correspondi ng phase fromset to set. [0096] Referring now to FIG
12, portiwo=0ofo3aset her exenpl ar el ectric nmachi ne 300 areTash@omisoeal |y
illustrated. The electric machine 300 includes a stator assenbly 302 havi ng
a plurality of identical stator nodul es 304. Each stator nodul e 304
includes a plurality of stator segnents 306a, 306b, 306c, 306d, 306e, 306E
The stator mﬁ}?ntﬁh&ﬂ&%fé%‘% baRQfR€ine §9ﬁff¥:ht)3&@@ts A 2@@rfn6iﬁep0nd to
particul ar phases of the electric machine, and are provided in sets

i ncl udi ng acxgmpleairangerent of BiGo P, Setpveriteme e PEspishdorePPrdiag wémon phase.
[0097] I nt hey XAl sRS W ARYRIR e 19{)1u(1:|d%1th]a%’ AR BRlfeclChiifigs, tvo stator
segnents separated from each ot her i nternedi ate stator segnents. For
exanpl e, ankrchisgtipf ﬂ@@ﬁé@ﬁnd@em ﬁ@e@pp%ﬁomms@ndsrtgap@he prodplpepBeA of theg. |, at
appr oxi mat e t gnents
306a, 306d %%:rnrrlé;g%%lhn i %d?d %&ltgﬂﬁ irdsg‘? rh)oﬁ ggaz %ﬁgacslgq%%gﬁgsts%ﬁ a%fgré(fﬁgl ncl udes
st at or segn@nttaslglk%tTheSﬁﬁefthoplme@pmfdmgf armsa3@@c®ﬂﬂet|cﬁf®a8@le(aﬁ’btasre B), and
still another set incl nts Qrnesp ing to a
third phaseorprage B ol iet bleR T her P B8 RS RO TS 504
(e.g., at afipstexidratedcmehte iFeq’ thﬂn(ﬁ:ﬁ‘lqubﬂ; bmer)anahgm&mar@f stator segnents
306a, '306d co onds t.q the se p ase set. of stator
segment s 3088 hEel Ror e StE R AE RERT et paaCuChpdll B e se
of stator seghefits o306 aatoBModulesad ﬂe&m@laﬁsmdmetjme if prowibitqahasdscufbase C) .
Wth respect to the |ower right stator nodule 304 (e.g., at approximately
the 5 o' cl 0 Position), the set of stator segnents 306a, 306d corresponds

to the thir doobpsericRhaseoOn2 iktldedd pistadityast raRg BRSO 6Rova04RI acor I esponds
to the flrst phase (Phase A), and the set of stator segnents 306c, 306f

cor r espondsPliliEypE deEeBicErosas dorpgAkradifl erpeysoat pimilady dessiibider | the phases

are shift ediye QR rpRE fartheSﬁanﬁ&t 2025 TRETARE Brodis 3G8RE and @B St at or
nodul es 304. Conseg uent | for a given rotor EQSIUOH stator segnents
®

cor r espondi g2 24 Q%QOW@@ @éﬁ%é’%ﬂoé@@p 4et widyhegdipgefed wit h
cor respondi é}goxfeﬂ&éw@&ﬂaea%corhrﬂo&atf@thﬁi‘rﬁfﬁpdoﬁfesQ 2050dBOI 6k loPlhe Blis l!)zalrsG 12, the

stator segnents corresponding to t first phase (Phase A) are all
appr opr i at el0fa.20hyrR8dc. ablrcoBamasiactroofes isbids sepodelimoden gwngoi. features

[ 0099] Ref er(gfltl[k]glg 11262% é%‘ovf!ig rtunﬁggg%fﬁg% mqyi(ﬁa%\%ﬁ%ﬂc Qsethé)mjl ement ed

with the exenp Pectri |ne rtion of ich 1's I'llustrated.
In the exengt wserablaémgletﬂranteSpdCtlmdlalattsdgronveﬁl Glord Heciflodlybths bar 204b is in

ggigt Ir ESC?:’I %elgme TiC. fga%]grlesoeg(té’r\fdtirnott eres%%cqlvg %pésn?&”‘%%a 2?’(99%0 o:)le?eqjusto & bus bar
204a, 204b, 204c¢ to ensure that the bus bars 204a, 204b, 204c are properly assembled
into the insulator 202. The diametric grooves can further include lands that can be
used to support the bus bars 204a, 204b, 204c.

[0091]  The insulator 202 further includes a diametric walls 232 provided between
the bus bars 204a, 204b, 204¢. Each of the walls 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.

[0092]  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 non-conductive composite materials. The insulator 202 can be
manufactured using various manufacturing methods. Exemplar manufacturing
methods include, but are not limited to, stereolithography, injection molding, blow

molding, thermoforming, transfer molding, compression molding, and extrusion.
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communi cation with the stator segnments 306b, 306e, and the bus bar 204c is
in electrical conmmunication with the stator segnents 306c, 306f for the
st at or now0I2e113B46911 n t he case of the adjacent stator nmpduluS280448028 he
rel ati onship between the stator segnents and the bus bars is shifted. Mre
specifically, the bus bar 204a is in electrical comrunication with the
stator segnents 306a, 306d, the bus bar 204c is in electrical comunication

with the stgjoos) Seﬁé‘f@ﬂ?ﬁlg agﬁﬁg F18068he RAK z@bﬁregiél%?%rbe%%ptﬂe%ui Bargl ectrical

communi cati on vvlth he stator segments 306c g not

i |1 ustrat ed204p.784p, eﬂOé@ Plops e praes aeeR22 i this sapncr byl 32aMibit he bus bars
s again Shigkheded,0n g 18X03LAMEDHAS URURLexBRAM SrandBf& SPAEL T1 CAI |y,

t he bus bar c isin electrical comrunication Wt stator segnents
306a, 306d,9.mhevabuare peavided bptwicen the bed kst 204e.22040.G0femi tharckions W% h t he stator
segnents 3 ] mpyyni cati on
with the s?%tqorh?glgge %21%%24%%6@?[ % g§?\£ér>g<t0?%§ﬁ %glﬁ'?l Séa?lgtor nodul e
(not shown)arcih®Bidtopited fnluht)emcwhtedwpllta@ﬁam atﬁeotwnoﬁunumdplnres@nhe di scl osure
modi 11 cat i o oty e et PR eyl s P B BR R scope of
the pr esentmdﬂeﬁcﬂ vodld fiietheshaegioihi angjhlys, th@bﬂséjarslmi endlnedd tobs agembMd t hi n t he
scope of the follow n ectric

machi ne, coffSrfsi™ ato‘gzoéo%né‘rre%%s%??mf%% ‘E}&‘ieﬂagr%q“brf"%%)aﬂl?“ﬂlfﬁc{%?e Bt or pol es;
and insulatSit 280 Oth eraSys A §defuchi@ipé Wweighithand cdt of @k idsylaok 263, atler nodul es,
each stator nodul e 5includjng. nmultiple, in endent | i zeabl e stator
segnent s eaORSEH P ‘é‘%"ﬁ'ﬁﬂrdi"aﬂb 1?616%“5%15??9%1&0 %g $adA “ﬁ‘?rﬁ?rf‘%é stator nodul e:
wher ei n t hethifygh B buDBH hRIuRNO0 ah@@ciyréx&addng heQmactheBustar moduTe,set s of

i nterconnected stator segnents, each stator segnent set incl udi ng at | east
one stator @%ﬁ"éﬁfn@%‘?ﬁd@%ﬁelﬁf" mul tiple stator nodul es and correspondi ng

to a differ qoaflOekgelrink Gad twhrze1 9 1 {NQnIRCHIASsed above, caBis@ah, €ach
stator segnent set includes segnents fromdifferent selgrrent tp05|t| ons
u

wi t hi n t hei 204p.90te mckdesthy maisdedhP6as200b, 206¢ and the plurality of arms
208a, 208b, 208c. A bore 240 is provided at the distal end of and through ecach of the

arms 208a, 208b, 208c. The bores 240 enable fasteners (not shown) to be received for

securing the bus bar module 200 within an electric machine, and for providing
clectrical communication between the bus bars 204a, 204b, 204¢ and respective stator
modules. For example, each fastener can extend into a corresponding opening of
respective stator modules, and provide at least a portion of an electrical path between
the bus bars 204a, 204b, 204¢ and the respective stator segments. The arms 208a,
208b, 208c are generally L-shaped, extend radially outward and include a thickness
tarm. The arms 208a, 208b, 208c¢ of each of the respective bus bars 204a, 204b, 204c
are provided in sets 242. Adjacent arms in a set 242 are offsct from one another by an
angle y. The sets 242 are offset from one another by another angle 6.

[0095] Referring again to FIG. 9, the above-described geometry of the bus bars
204a, 204b, 204c implicitly provides the phase-shift arrangement discussed above.
More specifically, and as highlighted in further detail below with reference to FIG. 13,
the arms of a particular bus bar correspond to various radial positions within the sets
230. For example, in one set 230, an arm 208b is in a first position, an arm 208a is in
a second position, and an arm 208c is in a third position. In another set 230°, adjacent
to the set 230, an arm 208c¢’ is in the first position, an arm 208b’ is in the second

position, and an arm 208a’ is in the third position. Accordingly, the arms of the
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2. The electric machine of claim1, wherein the stator nodul es are

I dentical and 15interchangeable. 3. The electric machine of claim1 or 2,
wher ei n awlpaca3169ot or poles are circunferentially spacedTius2adefisees a r ot or
pol e angul ar spaci ng; adjacent stator segnents of each stator nodule are
circunferentially spaced to define a stator 20segnent angul ar spaci ng; and
wherein the stator segnent angul ar spacing is greater than the rotor pole

angul ar spagifagtive bus béts shiRPoShi Gk bl RO thGbR! MiFag Mherein the
segnents of each stator segnent set are sel ected such that the segnents of

the set arecoEauinganehar fipmgeiasetaneously 25aligned with correspondi ng
rotor poles {0092]- AR EBE Wb Go F’ﬁ?hb,%ni&?gp{]doﬁfep&eﬂlpﬁtr Qiteflfic ans@pdbl y having a

plurality of identical Stator nodul'es, each stator nodule including a first
stat or segn¥itare ishemysicelbeidfegrateds dbopldctye apdrins¥Yrirciudes asator okl se

di rection, %%%%hgagﬂl?alfq% BI%PeIﬁithts&lEor AERISHL h?tatf& Fi3ly$ @ or nmodul e and
the second stator~segnent of a second stator nodule correspond to a first
phase of t hecledwetphirgityatsiatoesegménts J0e, Hl6bci06e.30BAIPNE00 Thk afetor 1 or 5,

wherei n each st at | g f her. i des. a i rd. stator segnent, the
second st ar SPSny s ol ot bl otes Y RESROeh B itk Be AN 1 o' ctator
segnent s of clatseqgadhneesndandprohidedkinBets meludimgragpheblaty of stsegyvements N t he
sequence of a third stator nodul e corresponds to the first phase. 7. The
el ectric meNHE" e 8 BIMB" Rt ei n a second stator segnent of the first

[0097]  Inthe exemplar arrangement of FIG. 12, each sets 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, 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,
306¢ 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 306c,
306f corresponds to the second phase (Phase B).

[0098]  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.

[0099] 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 clectrical

communication with the stator segments 306a, 306d, the bus bar 204a is in electrical
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5stator nodule and a first stator segnent of the second stator nodul e
correspond to a second phase of the electric machine. 8. The electric
machi ne oVochaiasss9l or 5, wherein the first stator segnmeot/uskoivioasoRs r st
stator nodul e and the second stator segnent of a second stator nodul e
10correspond to the first phase and a second phase of the electric nmachine.
9. The electric nachine of claim8, wherein the first stator segnent of the
first statofnimditaBoRdh iHR&waESUMENRIBEOR06EANERE bR b PRaSieRONd St at or

nmodul e conprises a first stator assembly and a second stator assenbly.

10. The el ed¢qtiice] erammimieation with ierraror sogreqnési 196¢.FE0K for the sigtoamedulassenbl y of
the first Sial@fuseauehin:Qlialdeukif Sbail MOrnIRAbRGALSRANIS Lo the
first phase, and the second stator assenbly of the first stator segnment of
the first staergesmedidng teobusdspondsftado Mhespreidionlly. flidyebar 204aisin 11, The

el ectric maghine wm&&ﬂa%%wit%ﬁers%d& sggﬁenis@O%& PR pRBSEIAL ¥ T the
second stator segment of the second stator nodul'e’corresponds to the first
phase, and dénricbopndustaabowithdsetdirpeghicntsi®obedondndthatbos ba@fgHent of the
second stator, mdul e corresponds.to the seco e L2, The electric
rmchi ne of  BELTICE pEpFRRaR Tt S GBS aRne AT ot st at o modul e
cor r espondsillh@aratedetht rdlgiongtiyaisewamdhd heosegaads phlabebweibatshieaglnect ri c

machi ne. 30 The el ectri.c machi ne of t recedjn | ai.ns, further

o e o s Sisfe T blifes MG Ratle, Mbte RistregR B bR Ror L

communi cat i @¢ctitdat donidighidaitios tvith tiatsetors egnmennt 3004, 306& tild Bus barsi0ab @rin nodul e and

t he second stator segnent. of .the second st at dule, WO )

2011/ 031691%?9?}%%1%‘}%8%&1%.Stﬁ%ée@@&aﬁﬂ%3 %ﬁPﬁi@eé’PS targPthii3, wherein

the bus barinrReicg cothirfuR Rt HOMBT h SStoRsEBRMN OO SOdTAr théent &Fadehtcal
comuni cation with the second stator segnent of the first stator nodul e and
a third stat¥er BeERPt §PVEhe second stator nodul e.

[00100] 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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5 15. The electric machine of claim 13 or 14, wherein the bus bar nodul e
conprises a plurality of bus bars, each bus bar ring including a plurality
of connecwonoarasse1t he connector armnms of the bus bars deCirnisegomasgpbsiral ity
of sets of connector arns, adjacent connector arnms in a set of connector
arnms defining a first angle, and the sets of the 10plurality of sets of
connector arns being offset fromone another by a second angle different

t han the fiwsiAPROCEAIMED 1SThe el ectric machine of any of clains 13 to 15,
wherein the bus bars are provided in a nested arrangenent. 15 17. The

el ectri c makhi neAofleckifymeghing} gnHEISIE: t 0 16, wherein connector arns of one
of the bus bars XLERAuhBIAARKANSE R AQERRS Rlccliig bus bars. 18. The

el ectric machine of any of claims 13 to 17, wherein at | east one of the bus
20bar s i ncl udes astasegpemblytdeaipripiag & ebirabieef staterewstulss, caglnsiatorf meduld east

anot her. of : : : ' T I i of claim
18, wheir oi AR PR g 5 oG Beab)esthor NAEnGh CGLS Lind BRI O 2

el ect ri ¢ nectegmentgbsiaoywokin theaitate idsluteo 19, wherei n each of the connector
arnms is generally L-shaped havi.ng a fir.st segnent.and a _second segnent

per pendi cul ar té%}e én@'fe?tsa{éréngé%n o elﬁﬁﬂiafll'?‘ﬁgg% {él“%ttor e fEE ficne of any of
clai ns 15 tiateROnnastedreion s@meintspéach ketoc sagment sot including at least one stator

segment from each of multiple stator modules and corresponding to a different
10 electrical phase of the machine;
wherein, each stator segment set includes segments from different segment

positions within their respective stator assemblies.

2. The electric machine of claim 1, wherein the stator modules are identical and
15 interchangeable.
3. The electric machine of claim 1 or 2, wherein adjacent rotor poles are

circumferentially spaced to define a rotor pole angular spacing; adjacent stator
segments of each stator module are circumferentially spaced to define a stator
20 segment angular spacing; and wherein the stator segment angular spacing is greater

than the rotor pole angular spacing.

4. The electric machine of claim 3, wherein the segments of each stator segment
set are selected such that the segments of the set are each generally simultaneously

25 aligned with corresponding rotor poles.

5. An electric machine, comprising a stator assembly having a plurality of

identical stator modules, each stator module including a first stator segment that

precedes a second stator segment in a clockwise direction, wherein the first stator
30 segment of a first stator module and the second stator segment of a second stator

module correspond to a first phase of the electric machine.

6. The electric machine of claim 1 or 5, wherein each stator module further

includes a third stator segment, the second stator segment being disposed between the
21



arnms includes a bore, through which a fastener can pass to secure a
connector armto a respective stator nodul e of the electric machine. WO
2011/ 031680RCT/I382D10/ 048028 22. The el ectric nachi ne ®CTArsgo10f482&i ns 15
to 21, wherein the bus bars are concentrically arranged relative to one
another. 23. The electric machine of any of clains 15 to 22, wherein each
of the connector 5arns extends radially outward. 24. The electric nachine

of any of ckaim kRl s&ﬂor?ségmmem s@q&gwﬂ@ﬁ@ﬁeraﬁ%md QR6r Qkmbdn bus bars
are |l onger than connector arnms of another of bus bars. "1025. The

el ectric nel@hbegEense ohmipirgstagor gjogsle erresgorply to \hhéfsépli*ﬁséach of the bus bars is
electrically conductive. 26. The electric nmachine of any of clains 15 to
25, wherein a radial distance between adjacent bus bars varies. 15 27. The
el ectri ¢ nmaGhi ndhefleetriginmackige off algimife whetghmy seetnd gtago segmant efithe fisegment t hat

s di snosed LGN, Al AGE TP USR! S Pl S0 HModd B HRY £, T €0 on the

radi al distance 1s at a m ninmum ectrlc mac aim 27,
wher ei n t hesetoslyphateorf tleetpeertmdckindi scont i nuous about a di aneter. 29.
The el ectric machine of claim26, wherein an insul ator segnment is absent
from between adj acent bus bars in a region, within which region the radi al
di stance i s8.at &h2bhaticmanhine of claims 1 or 5, wherein the first stator segment of the

first stator module and the second stator segment of a second stator module

10 correspond to the first phase and a second phase of the electric machine.

9. The electric machine of claim 8, wherein the first stator segment of the first
stator module and the second stator segment of the second stator module comprises a
first stator assembly and a second stator assembly.

15
10. The electric machine of claim 7, wherein the first stator assembly of the first
stator segment of the first stator module corresponds to the first phase, and the second
stator assembly of the first stator segment of the first stator module corresponds to the
second phase.

20
11. The electric machine of claim 7, wherein the first stator assembly of the
second stator segment of the second stator module corresponds to the first phase, and
the second stator assembly of the second stator segment of the second stator module
corresponds to the second phase.

25
12. The electric machine of claim 6, wherein a third stator segment of a third
stator module corresponds to the first phase and the second phase of the electric

machine.

30 13. The electric machine of any of the preceding claims, further comprising a bus
bar module comprising a first bus bar in electrical communication with the first stator
segment of the first stator module and the second stator segment of the second stator

module.
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30. The electric machine of any of clains 15 to 29, further conprising an
i nsul ator that receives each of the buss. 3031. The el ectric machine of

cl ai m 30, wotrergismothe i nsul ator includes a plurality of pcadiSaliogusvoyes for
recei ving each of the connector arnms. 32.The electric machine of claim 31,
wherein the radial grooves define a plurality of sets of grooves, adjacent
grooves in a set of grooves defining a third angle, and the 24 sets of

the plural ity ofTh%%@m@fmagmg@Mﬁaalﬁleﬂsngh&tnhsﬁbufs%%@me @Rpd-her by a fourth
angle different than the third angle. 33. The electric machine of claim

32, wher ei ncomEisgsiarsggong fyt larjinscleciien] ceramueation vty tsegind stagid t he second
angle is e%gﬂneﬁt%ﬁh@%g‘t%{o& thogtid |a§d a thiad stafd? eg%eﬂ%frthe[cse@aﬁimtd?@r of any of

claims 30 to wherein the insulator is e?ectrlca y non-conducti ve.
1035. The eh@@tﬂ¢c machi ne of any of clains 30 to 34, wherein the insul ator
conprises a plurality of lands that can support one or nore of the bus
bars.

15. The electric machine of claim 13 or 14, wherein the bus bar module comprises

a plurality of bus bars, each bus bar ring including a plurality of connector arms, the
connector arms of the bus bars defining a plurality of sets of connector arms, adjacent
connector arms in a set of connector arms defining a first angle, and the sets of the

10 plurality of sets of connector arms being offset from one another by a second angle

different than the first angle.

16. The electric machine of any of claims 13 to 15, wherein the bus bars are
provided in a nested arrangement.

15
17. The electric machine of any of claims 13 to 16, wherein connector arms of one

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

18. The electric machine of any of claims 13 to 17, wherein at least one of the bus
20 bars includes a segment that passes over connector arms of at least another of the bus

bars by a distance.

19. The electric machine of claim 18, wherein the distance is sufficient to inhibit
arcing,

25
20. The electric machine of any of claims 15 to 19, wherein each of the connector
arms is generally L-shaped having a first segment and a second segment

perpendicular to the first segment.
30 21. The electric machine of any of claims 15 to 20, wherein each of the connector

arms includes a bore, through which a fastener can pass to secure a connector arm to a

respective stator module of the electric machine.
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36. The electric machine of any of clainms 30 to 35, wherein the insulator
conprises a plurality of bores, through which a fastener can pass to secure
a 15connewbDan1iaBmio a respective stator nodul e of the eCeatseéio/onsehi ne.

37. The electric machine of any of clainms 30 to 36, wherein the insulator
conprises a plurality of protrusions for indexing the bus bar nodul e
relative to the electric machine. 20 38. The electric machi ne of any of

claims 15 t® 37, ThMRRERL MadhiRd bR o@Elaf%éSISQé‘QIS w&re@m@%umr@ar@unber of
phases of the electric machine. . The electric nmachine of any of

claims 15 t@ngairicahepainged fekatise @cqnﬁla@thﬁchl ne 25i ncl udes three phases. 40.
The el ectric machine of any of clains 15 to 39, wherein a nunber of
connector arns per bus bar is four. 3041. The electric nachine of any of

cl ai ns 15 t3. 39, Thaklseteic maghinepfpay ob tlaimesnlidde Earwheraiseask of hasormaetoi s si x.

42. A bys bqgmggg (ﬁrLRQJQFh%h§Ctr'C machi ne having a plurality of stator
us

nodul es, the e conpri sing: a first bus bar in
el ectrical communication with a first stator segnent of a first stator
nodul e and secqnd, stator. .se second st at or nDduIe the first
stator segrr%nt gll% elnwrllp mac}tlme at'or Ofglal Slhlg t%ggl WSS EEORE S nalt% or° segrrent of
a second st@hmﬂmmmdmhﬁﬂomxr&mpomdmaQnﬂmsafﬁmﬂ&tomma&gtmﬁ.the electric
machi ne, and the first stator 5npbdul e and the second stator nodul e being
i denti cal

10 25.  The electric machine of any of claims 15 to 24, wherein each of the bus bars is

electrically conductive.

26. The electric machine of any of claims 15 to 25, wherein a radial distance
between adjacent bus bars varies.

15
27. The electric machine of claim 26, 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.

20 28. The electric machine of claim 27, wherein the insulator segment is

discontinuous about a diameter.

29. The electric machine of claim 26, wherein an insulator segment is absent from
between adjacent bus bars in a region, within which region the radial distance is at a

25 maximum.

30. The electric machine of any of claims 15 to 29, further comprising an insulator

that receives each of the buss.

30 31. The electric machine of claim 30, wherein the insulator includes a plurality of

radial grooves for receiving each of the connector arms.

32. The electric machine of claim 31, wherein the radial grooves define a plurality

of sets of grooves, adjacent grooves in a set of grooves defining a third angle, and the
24



43. The bus bar nodul e of claim42, further conprising a second bus bar in
el ectrical comunication with the second stator segnent of the first stator
nodul e arwsloaotiidied1st at or segnent of the second stator moamiseo100@o02814. The
bus bar nodul e of claim42 or 43, wherein the bus bar nodul e conprises a
plurality of bus bars, each bus bar including a plurality of connector
arns, the connector arns of the bus bars defining a plurality of sets of
connect or %e%ftlﬁﬁil&&lﬁ?%f&é@s EdoREs t%'ir{ésoffs& feonS 6ite MOEOBINELHLAL afilid™s defini ng
a first angle the sets the 15plurality of sets of connector arns
bei ng offse‘ilffﬁrﬁ@iﬁh@ﬁbeﬁlﬁétaﬁ@ii by a second angle different than the first
angl e.

33. The electric machine of claim 32, wherein the first angle is equal to the third
5 angle, and the second angle is equal to the fourth angle.
34, The electric machine of any of claims 30 to 33, wherein the insulator is

electrically non-conductive.

10 35. The electric machine of any of claims 30 to 34, wherein the insulator

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

36.  The electric machine of any of claims 30 to 35, wherein the insulator
comprises a plurality of bores, through which a fastener can pass to secure a

15 connector arm to a respective stator module of the electric machine.

37.  The electric machine of any of claims 30 to 36, wherein the insulator
comprises a plurality of protrusions for indexing the bus bar module relative to the

electric machine.

20
38. The electric machine of any of claims 15 to 37, wherein a number of bus bars
is equal to a number of phases of the electric machine.
39. The electric machine of any of claims 15 to 38, wherein the electric machine
25 includes three phases.
40. The electric machine of any of claims 15 to 39, wherein a number of
connector arms per bus bar is four.
30 41. The electric machine of any of claims 15 to 39, wherein a number of

connector arms per bus bar is six.

42. A bus bar module for an electric machine having a plurality of stator modules,

the bus bar module comprising:
25
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15
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a first bus bar in electrical communication with a first stator segment of a first
stator module and a second stator segment of the second stator module, the first stator
segment of the first stator module and the second stator segment of a second stator
module corresponding to a first phase of the electric machine, and the first stator

module and the second stator module being identical.

43.  The bus bar module of claim 42, further comprising a second bus bar in
clectrical communication with the second stator segment of the first stator module and

a third stator segment of the second stator module.

44, The bus bar module of claim 42 or 43, wherein the bus bar module comprises
a plurality of bus bars, each bus bar including a plurality of connector arms, the
connector arms of the bus bars defining a plurality of sets of connector arms, adjacent
connector arms in a set of connector arms defining a first angle, and the sets of the
plurality of sets of connector arms being offset from one another by a second angle

different than the first angle.
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