WD 2009/ 136862PCT/ S&2008/ 000167 A LOW PROFI LE PERVANENT MAGNET SYNCHRONOUS
MOTOR W TH SEGVENT STRUCTURE Field of the Invention 5This invention relates
to an el ectromagnetic notor. More particularly, this invention relates to a
stator in the electromagnetic notor. Still nmore particularly, this

i nvention welabwessds® two stator cores encl osi ng w ndi ngsT/sGaeok/@amsh of t he
two cores having teeth that extend through the w ndings and affront nmagnets
on a rotor. 10Sunmary of the Prior Ar t

synchr onous ARWP RPEX-EI'? EBMANENEMAGNE! %X"%‘?%VO?%B&Wé%Wa di sk
drive system The notor rotates aggqhgbrymeer a read and/or wite head to
read data fromor wite data to the disk. As technol ogi es evol ve, nore
menory is often needed in the processing systens of devices Oten the
amount of nmenory that can be provided in a systemis determ ned by the
amount 15 of space that there |Eeldpbthelyratior additional disk drives.

Thus, those skilled in the art desire to re . i,ze. . i drive to
all oW a great"lé‘yS "?Yﬁ'ﬂﬁ%Fe'%efsei‘a?‘é%e%l”?‘wguct%mﬁrég%ﬁ% (a:;éigﬁﬁﬂﬁ’ téggg%%@nqg 7 er'e space
is at a pLas il eldbetdiagiots . SiNRoRREkAMNY, the invalibiCieRts td o SlaBecdés a di sk
drive is a stator assenbly for the electromagnetic 20 notor that spins the

medi a i nerclbgngiwindings, dridie eadhalf ¢e tas seehaying deeth batrpyiend Hyough e windings ak s wit h
magnets on a rotor to spin the nedia. It is a problemto reduce the size of
a st at orafMRELARENES SR afii¥di ngs in the stator. The wi ndings need sufficient
space between turns to assure proper alignment. One purposed way to reduce
the size of a stator assenbly is to provide teeth on one stator 25 core.
The jgeth extend through the vSumthargefthedriafArt ont t he nagnets on the rotor.
.There is contact between stator cores on eg%gosite‘ si des of the w ndings.

ne exanpl e oh perfiRRenbBRELYACIEYRYSERRIYr & 3 dectreeagetiomnoly HEERs e Bt &t
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stator aS¥RREIFN AR PIRE or core and a second stator core on

oOpposi NG, Shll@isk. Ak tbdARoINYid3 HvAIGS .mokd Rembrdli biteOiedduais tiec@bdesdirngadystexs ehd
through the w ndings affronting the nmagnet. Couplings that 30extend through
t he wi nddenigss. Pitenvthelemenhefawsmobehakcembe divided iy Hystedripdetermined by the amount

15  of space that there is available for additional disk drives. Thus, those skilled in the art desire to reduce
the size of a disk drive to allow a greater number of disk drives to be placed in a system where space

is at a premium in the system.

One obstacle to reducing the size of a disk drive is a stator assembly for the electromagnetic
20 motor that spins the media in the drive. The stator assembly is a component that interacts with
magnets on a rotor to spin the media. It is a problem to reduce the size of a stator because of

windings in the stator. The windings need sufficient space between turns to assure proper alignment.

One purposed way to reduce the size of a stator assembly is to provide teeth on one stator

25  core. The teeth extend through the windings and affront the magnets on the rotor. There is contact
between stator cores on opposite sides of the windings. One example of this proposed system is
disclosed in Singapore Patent Application 20007037820-3 filed 25 May 2007. In the proposed system,

the stator assembly has a first stator core and a second stator core on apposing sides of the windings.

One stator core has teeth that extend through the windings affronting the magnet. Couplings that

30 extend through the windings provide contact between the stator cores.



WO 2009/ 136862PCT1SG20081000167 One problemw th this proposed
solution is the nunber of teeth needed to generate the needed

el ectro-notive forces For exanple, a notor having eight nagnetic pole pairs
needs ei ghteen stator teeth. To provide this nunber of teeth, the teeth
must be tHWe 200943662l | . This causes the teeth 5 to bePEVIGHIBOYAT

vul nerabl e to breakage doi ng nanufacture and use. Thus, those skilled in
the art are still striving to design new stator assenblies that allow the
size of the drive to be reduced while being durable and inproving notor
efficiency. %ﬁg}%&énptvitﬁ RE Jropesat idiorl ATHRE naisy of Rl rRbiarto peekiteme ar e

sol ved and an advance in the art is made by a stator assenbly for an

el ect r orvRgfniteletiranmbtive fdraes.Rocomtkalacemoipt Havingigight magretie pagpairanesda pightealissenbl y
in accordance with this invention has teeth Onl'a‘bOtdh s[] or_corgs, that
extend tsteiesth- Taerowipntisnygber ehigetadtaiea gustde N &aSr iﬁca‘f:corgance with
this invent| is. t . > OihBdeQXiiéltn tha@rtRRCESSary
el ect} o-18F H'}Qe ?"grvﬁlgéggﬁlégﬁé%% ﬁg‘ﬂ&&gﬁﬁaﬁ[ﬁg&dﬁiﬁ? gfﬁg&s?eet h were only

connect egly Lividy 6 ddegn nel 8la@F assemiities thaliiow thaeiz¢ efdhddrivaip teeeducadydiile belige

i ncreased size of the teeth nmakes the teeth | ess susceptible to breakage.
Lar ger tdsible aat! gwprovial sotoheffidiasieX- h easi er to manufacture which in turn can
reduce production costs of an el ectromagnetic notor. In accordance with
exenpl ary enbodi ments-of this invention, a stator assenbly is configured 20

in the follow ng manner. The YuRintdry Sanewbdntionas Wi ndi ngs of conductive
material, a first stator core, and a second stator core. The wi ndings are
| ocated bet wekni abdve dnif lother emidlersearersdivest andom agdines in thpart i made by g core

‘has teeth extending through a | ayer defined. the w ndings, ad “st at or
core al sesemily fos@p r?‘eé%"?éﬁg‘?"ﬁg"%ﬁ'bﬁaﬁ“’?h‘? bW "H’&#‘li"ﬂ-e B@J{‘ﬁs@ﬁ@ﬁﬁﬂf ngs.
Pref erabl o\é?rdé Swfuf{ﬁ{s*?nv%ioﬁggs 8ith of both BRioPER&IhA extbMBnloBGRRS bihdiRgsSORE OF
cores substantrally perpendicular to the base and affront a nmagnet. 25

I n SONe Qwsajedr ¥ seBbRdtdrahe, withtids wentinig thatdhenunbsoef destit tegdedde piovidg n ot her

enbodi ments, the w ndings are conprised of nultiple printed cjrcuit boards.
The wi ndihagecenssy tlesire-metys fafcas Ist'?sd‘l‘a"dﬁ'@‘r‘fﬁééhed@%}’ ,’{"88‘-‘ ?Wr%’ﬂﬂﬁflef’ ﬁ%o:\}ﬁ ndi ngs.

Coup'a%f‘gs from j;h.t,sh o, GUALRL o6 Urbor TR DERLALEHGNS ePUaiket BR RRENYS

throtgh AT Whdigs to cau ontact between the two stator cores and
magnet i Cgfsidlisle BréaRkge drfferbantlaifgmake theteathrdsiergs manyfadias whismindwedmg i n
the centre of the windings to allow a rotor to

" reduce production costs of an electromagnetic motor.

in accordance with exemplary embodiments of this invention, a siator assembly is configured
20 in the following manner. The stator assembly has windings of conductive material, a first stator core,
and a second stator core. The windings are located between the first and second stator cores. The
first stator core has teeth extending through a layer defined the windings. The second stator core also
has teeth extending through the layer defined by the windings. Preferably, the teeth extend out of the
bases of the respective stator cores substantially perpendicular to the base and affront a magnet.
25
In some exemplary embodiments, the windings are a conductive coil. In other embodiments,
the windings are comprised of multiple printed circuit boards. The windings may have a plurality of
openings defined through the windings. Couplings from either stator core may then extend through
the openings through the windings to cause contact between the two stator cores and magnetic field

30 link with windings. The windings may have an opening in the centre of the windings to allow a rotor to



WD 20091136862PCT/ SG20081000167 be inserted inside the opening. The teeth
fromeither stator core may al so extend through the centre opening.
Furthernore teeth fromeither stator core nmay extend towards and cont act
the other stator core outside wi ndings. 5In sone exenplary enbodi nents, the
first statwo z2emesshas couplings to contact with the s 2PBPYF7 core. The
couplings are coupling teeth that extend outward froma base of the first

stator core towards the second stator, ¢ Ir centia
coupl i ng® Byeeedingids g ?Qjﬂ‘@%cr&? ?ﬁ?ﬁ"ofﬁg‘ %tg?f% |°1rruf::flr r %&gitg%%@g?on msht%at? @I% core to

cause CORLALT FydHdfindrd Rl RASeifiBYstdis cBrd nity SMEACERar@d arditenia e othanstitorsi de
edge surrounding a central opening, or along an outside perineter of the
first 10skedutside@@idings. Dependi ng upon the enbodi ment, the teeth of the first
stator core nmay be on the surface of the base, along the inner perineter,
al ong the centre opening, or along the outer perineter. I n one

par t1 gul ar enbodh (el | e fddiivhiss Bl1Rk <R Bk SalRARIRY: BTodRRGN AR L on

and a’ | ower Brs?T%ﬁ).(emH? upper and lower portions nmay be constructed from

SegMent SgeckACdt& HRENMe Mapingga@ chiplindaet thidt tekiead ¢udedrh fromek kese ot firy. Bot h
the teeth and coupling extend outward towards the second stator core. The
segment sstatorecopotofirdathe deqond Stator eqsgde FRe erpbodigieRtst e couplings ae 3P ploRsdt e

havi ng upper and |(?V\BI’ orti.o

second sYHYP cepling o ! osﬁ?‘?"aﬁ[‘l’g’-ﬁlc‘?"%totcﬁuesefo%rft?c'[' Tné Eou BT B B LS of 2

OwW ng ner. The 20 second

core hasya S&CaNdias bl sulr&Rbifg 6 QEMAN Bftinfag, di dlong ac luteid perither bihe Gst from a
first surtface towards the wi ndings. Each one of the second set of teeth

CONP &N e Ntator rea Dipgndial wpot thegapsdiment tthectedth pthe fratistater cere gy been theyguripee ¢
stator core. The teeth may be on the e%%e of. ”}%loinniaiegﬁer Ll centre
openi ng, ofitie ake 2RPLRE Bnes pefmpter N0 G e PRI UCErS peri net er - dependi ng on
t he enbodi nent. 25The second stator core al so has couplings that pronote
contact of the second stator core with the first stator core. In sone
enmbodi ment s, ihlafe pRERkI Efiodident, holfipl statyr taetsimada af aexarenePlion ok $#Wer om t he

first surface of the second stator core towards the flgrah stator .core. The
coupl i ngparénst Frecyppesraid {enersiens B bR gensiryried iom seametiy FahPICEN M4 Loupl i ng

teet t|]5 of bésge\'\rvit Iartgo esnr;[ ;;[ goruplﬁ‘us.r §dth the teeth and coupling extend outward towards the second
stator core. The segments are configured fo fit together to form the first stator core having upper and

lower portions.

In some embodiments, a second stator core is configured in the following manner. The

20 second core has a second set of teeth components that each extend outwards from a first surface
towards the windings. Each one of the second set of teeth components is aligned with gaps in the first .

set of teeth of the first stator care. The teeth may be on the edge of the inside of the centre opening,

in the middle of the base or on the outer perimeter depending on the embodiment.

25 The second stator core also has couplings that promote contact of the second stator core with
the first stator core. In some embodiments, the couplings are coupling teeth that extend outward from
the first surface of the second stator core fowards the first stator core. The coupling teeth extend

through openings in the windings and contact coupling teeth of the first stator core.



WO 2009/ 136862PCT/ SG2008/ 000167 In a particular enbodi nent, the
first stator core is nade of segnments. Each segnent has at |east E)ne tooth
and coupling tooth. In a preferred exenplary enbodi nent, each segment has
two teeth at opposing sides of an inner edge of the segnent and the
coupl i ng twotdnensssen the outer edge of the segment. 5 BVEFPEMYST ption of
ggger?rbfiw ngs The Sbove andhot her features and advantages of a stator

y in accordance with this inventio ' | i
_dlelt ai | ed desdt p periewar gFePANRSivne TiFt SRIST BT {éﬁaﬁf%@%\%ﬁ.tﬁg&%pﬂ Ee.gé"g'?‘e"fagg'l g
illustrati Vi ew ' iegcroR
navi ng. 4ol dheorh i BaplR, B Sh St b R ot This
i nvent i o Kiogbdsg idkd df U inhetletigept thie segapnbaheldhevdoenlingibotl isrep dheeriesedse of he
el ectromagnetic notor shown in Figure 1; Figure 3 illustrating top view of
the uppethegmgmenton of the first stator core in accordance with the stator
assenbly shown in figure 2; 15Figure 4 illustrating a top view of a segnent
of tHe upper portion of the first stator core shown in Figure 3;

Brief Description of the Drawings
The above and other featlures and advantages of a stator assembly in accordance with this
invention are described in the following detailed description and shown in the following drawings:
Figure 1 illustrating a view of an outside of an electromagnetic spindle motor having a stator
10  assembly in accordance with an embaodiment of this invention;
Figure 2 illustrating an exploded view of components of the electromagnetic motor shown in
Figure 1;
Figure 3 illustrating top view of the upper portion of the first stator core In accordance with the
stator assembly shown in figure 2;
15 Figure 4 illustrating a top view of a segment of the upper portion of the first stator core shown
in Figure 3;
Figure 5 illustrating top view of the lower portion of the first stator core in accordance with the
stator assembly shown in figure 2;
Figure 6 illustrating a top view of a segment of the lower portion of the first stator core shown
20  in Figure 5;
Figure 7 illustrating a top view of the first stator core formed by the upper portion and lower
position in accordance with the stator assembly shown in figure 2 to 6,
Figure 8 illustrating a top view of a second stator core shown in Figure 2;
Figure 9 iliustrating a top view of a segment of the second stator core shown in Figure 8;
25 Figure 10 illustrating a cross section of the electromagnetic motor shown in Figure 1;
Figure 11 illustrating a top view of an alternative second stator core in accordance with this
invention;
Figure 12 illustrating a top view of another alternative second stator core in accordance with

this invention;



Figure 5 illustrating top view of the [ower portion of the first stator
core in accordance with the stator assembly shown in figure 2; Figure 6
illustrating a top view of a segnent of the |ower portion of the first
stator core shown 20in Figure 5; Figure 7 illustrating a top view of the
first statwoze®reessor med by the upper portion and | owePCHBEI00HWALGT n
accordance with the stator assenbly shown in figure 2 to 6; Figure 8

illustrating a top view of a second st at h ' ' :
Figure o 1 || Usreatd goaing 8on heh o0t SCelraker BIootTE T B 2iapE ity o o

secon
shown in Figure 8: 25Figure 10 illustrating a cross section of the
electroﬁﬁﬁﬁg?remﬁ% or shown in Figure 1; F?gure 11 illustrating a top view
of an al t er natiguker1SRSIRINRY Sloptiow oDafidings I acdancewithehinintdntiarhi s i nvent i on;
Figure 12 illustrating a top view of another alternative second stator core
i n accordance with this invention; W) 2009/136862PCT/ SG20081000167

5 Detailed Description
This invention relates to an electromagnetic motor. More particularly, this invention relates to
a stator for windings in the electromagnetic motor. Still more particularly, this invention relates to two
stator cores enclosing the windings with each of the stator cores having teeth that extend through the
windings and affronting magnets on a rotor. For purposes of clarity, an element shown in different

10  drawings is given the same reference numeral throughout the drawings.

This invention relates to a stator assembly for an electromagnetic motor such as a permanent
magnet synchronous motor used in a hard disk drive to spin a media under readiwrites heads. One
skilled in the art will recognize that a stator assembly in accordance with this invention may be used in

15 other electromagnetic motors and other types of circuitry requiring a stator for such motors.

Figure 1 illustrates a rotor and stator assembly for electromagnetic motor 100 in accordance
with one embodiment of this invention. Rotor 105 inserts through an opening in stator assembly 110.
Magnets (Not shown) on rotor 105 interact with windings (Not Shown) to cause the rotor to rotate

20  when a current is applied.

Figure 2 is an exploded view of motor 100 in accordance with one exemptary embodiment of
this invention. In the shown embodiment, motor includes rotor 105 which is inserted into an opening
through the stator assembly. The stator assembly comprises the upper layer of the first stator core

25 120 having an upper layer 200, and lower layer 300; windings 500; and a second stator core 600. In
accordance with this embodiment of the invention, first stator core 120, and second stator core 600,
each have teeth that extend through the layer of windings 500. This configuration allows stator cores
420 and 600 to have greater amounts of base area to integrate in a process that is similar to adhering.
Coupling teeth 212, 312, and 614 on first stator core 120 and second stator 600 form an efficient

30  magnetic circuit with the teeth 211, 311 and 613 surrounding the magnet. The increase in surface

5



Figure 13 illustrating a top view of an alternative el ectromagnetic notor
in accordance with this invention; and Figure 14 illustrating a top view of
wi ndi ngs in accordance with this invention. 5Detail ed Description

This invention relates to an el ectromagnetic notor. Mre particularly, this
i nventi on wel2atasessd a stator for windings in the el ecPEEREHEAPT not or .
Still more particularly, this invention relates to two stator cores

encl osi ng the w ndi Lfh of the v hat
extend tHFpUFAH ‘Pfée‘%?iﬂwﬂé @%ﬁggﬁ" % '(‘)CE tﬁé %rrg'{eﬁgjglrség%ﬁm% dr‘%?oc%%eg?ﬁdpur poses
of clarify,e SstlOrEits$RNGd A13disb fe@ﬁd%erdyl&rrdﬁtadNb RgiBh indurg impecved hetors ane
reference Auner a t hroughout the draw ngs. This invention rel ates
to a st admrengssenbly for an el ectromagnetic notor such as a pernmanent
magnet synchronous notor used in a hard disk drive to spin a nedia under
read/ wites heads. One skilled in the art will recognize that a stator
assenply in ordan l URERundar #aedth 8dn be

el ecr?onagneﬁ:l(‘:’c 0TS or D\MCE'B t%%eéstd&pgégngg&éﬁgﬁfht@?y requiring a stator for
such ot Qfiged ShiiteaRly bn itlel fiat statdk €20. Borreasrople, amsl nmtcmh@mngmemmygrﬁm pole

el ectromagnetic notor 100 in accordance with one enbodi nent of b |h%

i nvent i opairReighteed (8) $eqwents, or Wsrty iRYh(2ASeBPRITT: AL efdegon e o, RSP while) o

Va t Not sh t 10 t t
Cadoe ¢ KV BrePTnT S PEUot R A R L et el B LR R 0IOUL 1D

an expl ogded Wd Gihoee of RE Q&torlsganérrs 86T aEkNEHS dwsithofmlampbrameyinmdsadl ment
of this rnvention. In the shown enbodi mrent, notor includes rotor 105 which

i S i neer duedo ihetreduation @pipsilatign foh PEENLS thieughsthe windings; fop i (cgupling{getty (Alse dhe
‘assenbly co ses the u r of the first.s avi ng
an upperafa eﬁ'aCQGGJPI'%'BO‘F%\%?"“T%@‘EI’”‘@U'ES SPHERSRY w;\a%g‘ regs(é %\ae%gee%‘%ﬁ hst at or

core 600ten¢:llh§ﬁ|§i\'o nce with this enmbodi ment of the |nvent| on, first stator
core 120° d "second stator core 600, each have teeth that extend through

~the layer of windings 500. This configuration allows stator cores 120 and
600 to have greater anmounts of base area to integrate ess ;hat IS

simlar to acﬂiielﬁ"r avgemityje grsembled B Tlloying magqes in ageArdanes “6& rr%tjfo 'TPRCr core

120 and second. stator 0 f doieCioB :&Qaeg ek theGinch Wertofibn  he
t eet A° 211 ™Y °%1n(?p% gﬁgrhgcjr%«{jn %&t & magnet. Th eﬂﬁr norease in surface

200 is described in more detail below with regards to Figures 3 and 4. Lower portion 300 of first stator
core 120 is then placed below the core 200. Lower portion 300 is described in more detail below with
regards to Figures 5 and 6. Figure 7 illustrates first core 120 of the stator assembled from upper
portion 200 and lower portion 300 in accordance with this embodiment. Windings 500 are placed
20  below lower portion 300. Windings‘soo are described in more detail below with regards to Figure 14.
Second stator core 600 is then placed onto windings 500. A detailed description of second stator core
600 is given below with regards to Figures 8 and 9. One skilled in the art will recognize that the
components may be adhered together or may be held in place by the interlocking components or
other mechanical means. This is a design choice left fo those skilled in the art.
25
Figure 3 illustrates an isolated view of the upper portion 200 of the first stator core 120 in
accordance with one embodiment of this invention. The portion 200 is made of ferrite material.
Although, it is envisioned that those skilled in the art can and wili use other soft magnetic materials for
the components of upper portion 200. In this embodiment, upper portion 200 of the first stator core is

30  made of segments 210, and has teeth 211 arranged concentrically around an opening through which



WD 20091136862PCT/ SG2008/ 000167 area of each of teeth 211, 311 and 613
surroundi ng the nmagnet increases the notor constant and torque constant.
Teeth 211, 311 and 613 al so reduce eddy current |oss which in turn inproves
notor efficiency. S5Furthernore, by placing teeth 613 on second stator core
600, the nwol2e09/16¢862 eet h can be reduced significantly BEI/SGRE0FHPT st at or
120. For exanple, in a notor having eight (8) magnetic pole pairs, eighteen

(18) segnents, or t ty faour,_(24) seqnent 8k 9 Uikl sbPinaSt at or
120 whi ["eloptfpys @?eﬁewp%é’ﬁ'ﬁ%rh%@ aés%’eha%eeua'%%?eﬁhaéﬁé?gg rrq’atssgnﬂgy V\ﬁ]en t he
teeth on ggc‘g{gq, Shalb: £R&oar e used Since the nunber of first stator
segnent gm?s ec?eased,rthe density of the w ndings can be increased 10 due

to the reduction of insulation for openings through the wi ndings for the

coupling teeth. Al so the area of each coupling tooth c t h

wi ndi ngs is iFisfechdiedralehionn spRab At e’ (HRR ’ﬁﬂﬂ%ﬁﬁ@a#”esé?g@%ét%?%f‘{e?‘%e ot or .

Stat o a2 RenRlnbe 8o RGP S0 & drddlorfyu el i3hoMRARR, d iR GPigRBAR I N Lhi S
memt2or "T85 **¥he

enbo rnventi1on. Upper portion 200 of first stator core 120
i's pl acegteQidn hwdy fRh sebid Stat 60D, TddpEN isTomiet bna AGGon of sebasatr21 H edlthe imneror e
detail below with regards to Figures 3 and 4. Lower portion 300 of first
stat or owmigeofs2ament210hEaeth 12 sy be Bress byRENEEHe.Tgd: [UdRle?” PHPPF PS80 i s
described in nore detail belowwth r t i and 6. Figure 7

i |1 ustrathe&q% 'F‘%t["’dc"gP"@"”Iaf reol?e'"f;ﬁede%'?"a%g?é %@ggﬁ%ﬁgg% ?%rﬁi Upper portion 200
and | ower portion 300 in accordance with this enbodi nent. Wndings 500 are
pl aced 20 below | ower portion 300. Wndings 500 are described in nore

det aid bel ow @éupimgrtenia 2t or eediegu2 | extendsSeavawerds suhstantialy perpediguiprstotden

| aced onto wi ndings 500. A detai]ed descrjpflon o Q t ore 600
s gi v_erﬁuﬁéqedwsqu%t ?@g‘&r"&fs%”&s"ﬁid&%ﬁ“a%a%ﬁ’ah‘gé‘é: 8%39@92?&?&?%%"%%‘"? aégsart Wil l
recogni

pl ace bi/t %Ohég’aﬂ%ﬁ%’%ﬁggp \Ep&ﬁb% BHS adiR¥nthGs @S‘Jﬁg{n Of d-0GRARF cdrd 60TBFouBIhgliekd | N

cki ng conponents or er nechani cal neans. This is a
desi gn choims befotmddonyt fupsiangs lpicssinggl folding, lve apy bther2@ethod. The exatt ggihed of
illustrates an isolated view of the u ortiagn 200 of k}"g‘ﬁ first .lFtator

core 120manfagiitedicita A design T oicIRk oD Bﬁ{gﬁgﬂ'epﬂ? F.t"itﬂeg"‘lr% Vet gt Wibr ti on
200 12 nl?e%egPiog tth%Eh'é! Sl &%\%ﬁ\}lq@{aﬂonﬂ& MQHcngBﬁngk Inal Be &BNded bR Rk Ak bhOSE

ski | e art can a use ot Soft” magnetic materials for the

conponendsigh Endit P thofdkliedinthd@A. | n this enbodi nent, upper portion 200 of
the first stator core is 30made of segnents 210, and has teeth 211 arranged
concentrically around an openi ng through which

Figure 5 lilustrates an isolated view of lower portion 300 of first stator core 110 in accordance

with one embodiment of this invention. Lower portion 300 is made of ferrite material. Although, it is

20 - envisioned that those skilled in the art can and will use other soft magnetic materials for the

components of lower portion 300. In this embodiment, lower portion 300 of the first stator core 120 is

made of segments 310, and has teeth 311 arranged concentrically around an opening through which

rotor 105 is inserted. It has also coupling teeth 312 for coupling the winding 500 and linking with the
second core of the stator 600.

25

Figure 6 iilustrates the structure of one segment 310 of lower portion 300. One of Teeth 311
extends outwards from segment 316 in a direction substantially perpendicular to a surface of segment
310 in direction toward second stator 600. Tooth 311 is formed by a portion of segment 310 on the
inner edge of segment 310, Tooth 311 may be formed by punching, pressing, folding, or any other

30  method. The exact method of manufacture being a design choice left to one skilled in the art.



WD 2009/ 136862PCT/ SG20081000167 rotor 105 is inserted. Upper portion 210
al so has coupling teeth 212 for coupling to winding 500 and linking with
second stator core 600. Figure 4 illustrates one segnent 210 of upper
portion 200. One of Teeth 211 extends 5 outwards from segnent 210 in a

di recti on wohseiasdssal | y perpendicular to a surface of BEYMEAA08/020167 | n
direction away from second stator 600. Tooth 211 is forned by a portion of
segnent 210 on the inner edge of segnent 210. Tooth 211 may be formed by
punchi ng, pressing, folding, or any other nethod. The exact nethod of '
manuf acture bgi | |efia sdgs@Fki pbrpéhaRiithr. to a
10Coupl i ng tog?uﬁﬂ?il%&géhg%g%&bgdtegnge%ﬁ(ePgsﬁ%dsmgﬁﬁ%drds sﬂgs?glnti ally

per pendi Githdlof §@mant300  &Re a0k dRaRiues tooh(D 1. Goupling 3 tptesilt dowdwarécthiosah as
tooth 211. Coupling 212 extends downwards throuqh an openi ng i.n W ndi ngs
500 and @ospesing s vendinon IO ang centedite seHRlingroh ERPE IR BERS Oéﬂﬁﬁﬂgﬁa"*% th 210
may be fornmed b nchi pressi . folding r e . off NE
exact® mePRole cf‘i"%ﬁgﬁﬁf RHEFTC %%F'%nfgmlaéfsll)rg%ld}cﬁ%%crg@tﬁ%% 1?* htQ o&gﬁg&gﬁﬂ Ped in
the art. mErh'ﬁaTcﬂﬂ%rdEH{; § deHheh&kd 1k Rnb BxilleB @ thd 4rt. Wirthlernichs, ecogEdzie tHehattwilot her
couplings and | ocations for the couplings may be changed and these are |eft
for a demstgnizehatioter dooplingshand docations$ foeitie pyplingemal ke changed and thgsg giedefijor a
illustrates an isol ated view of |ower portion 300 of first stator core 110
i n accor ¥psiee Bhoie i herRskleAiB B RBnt of this invention. Lower portion 300 is
made of ferrite material. Although, it is 20 envisioned that those skilled
inthe art can and will use other soft magnetic materials for the
conpgmnent s ofriduaseRuspated igper @adn 20Martdhovesr gortimcE0Prefthe firsialaier cpreriel efithe300 of
the first stator core 120 is nade of segnents 310, apd has tee 311

ar r angedstatoraseambled (Gaupling iget 7@ 2318 ﬁé‘ﬁ'?d?fb“ o %%ﬁ‘ﬁ'%‘fﬂgﬂ SPlsﬁ‘f gre {11353" 9%
inserted, It has al so coupli cedHd I ¥db.Ne 0 and
i nki ng YR f"ﬁ@e Lo coarngrﬁ%?eat Ié%g%ﬁ{t?got%&%gg‘?w% &mwﬁ{ugﬂrethg@

i |1 ust r aj@soghlaft, Sdupiing ledhe123125@I 6@ grath B4 obinelestentionfomtsdivining @is oOne  of
Teeth 311 extends outwards from segnment 310 in a direction substantially
per pendi adicent seaments209. f34@ andf1 0shiqywersit it is ervisionedfhatather epriquRiigsd ¥ daif st at or

600. Tooth 311 is formed by a partign, of, segu Q 42 ik NEsidoRd 6 tecifige  Of
segnéht YALe t@BH’HedsTleaﬁléf/é/gB’gmlfogP?r%k"e i'/mbeuncﬂ'l %?&’%Zr ess! nrga’, Slt%Ool ding, or any
ot her BOE?F{hQﬁgt aniNSocErPGltor Bleb 98h S 600 BhAEHUF BabBs fiangeddOss gamplaoi xe | ef t
to one skilled in the art.

different configuration is shown in Figures 11 and 12. These portions can also be developed for the

motor has outer rotor, as being illustrated in Figure 13. Furthermore, it is envisioned that first stator

core 120 could be made of one integrated component without departing from this invention. However,

20 this is left as a design choice to those skilled in the art.

Figure 8 illustrates second stator core 600, which is formed by segments 610 in accordance
with this invention. Second stator core 600 is made of segments 610 aligned concentrically around an
apening for rotor 105, Segments 610 are made of ferrite material and have teeth 613 and 614 formed

25  at opposing ends of the base on an inner edge defining the rotor opening. Although other soft

magnetic materials may be used. The choice of material is left to those skilled in the art.

Figure 8 illustrates one segment 610. In this embodiment, segment 610 inciudes two teeth
613 on opposing sides of an inner edge of segment 610. One skilled in the art will recognize that in

30  other configuration one or more teeth 613 may be placed along the inner edge without departing from
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WO 2009/ 136862PCT/ SG2008/ 000167 Coupling tooth 312 on segnent 310
ext ends downwards substantially perpendicular to a surface of segnent 300
in the sane direction as tooth 311. Coupling 312 extends downwards through
an opening in w ndings 500 and contacts a coupling of second stator core
600. Couplwogodeaadske 310 5 may be fornmed by punching, prEESGH/00918T di ng, or
any ot her nethod. The exact nethod of manufacture being a design choice

left to one skilled in the art. Furthe i ki Wi | |

r ecogni 2B iygetiog FASP °56‘?5‘g1 ?ﬁg?‘}eé'ﬁao ”F"gééﬁnﬁ)%gg@%r%t ’8 %gﬁeﬁz cighngg@garrgéﬁybe

changed gl%néié‘u%ﬁ%l Badek Leghiaht 630 HRfbERN MGt St@br dokome. ki bi tetlh 613 t he
| |

art. 10 ure ustrates upper portion 200 and | ower portion 300 of the
first straiyObe Gained 130punéhirigh @ressied, dpidiag semiivectherCpeihed. et e@ethmethyd ghd 312
extend out froma first side of first stator core 110 to be inserted inside
w ndi ngsmmﬂafﬁdl’eiﬂgﬁﬂwn\ﬁl‘?‘??'%ﬁﬁ??%ﬂecf'ggieﬂﬂﬁm of second stator core 600.
In this enbodi nent, coupling teeth 212, 312 and 614 are each nade of one
extenSion from adj oi ni ng ends of adjacent segnents 210, 310 and 610.
However, it iBachRdnfnCa0edad diaiof auping teetdishi4 ofiseani stater ovee/60RFach of ca®ling ngl e
tooth formed on each segment. One skilled in the art w |l rg%%gni ze that
the positétohiss efends apwardsrsubsientiplly pstreadiyiat lochrfack ofio7edmgt &40 1I6° SHW 600 of

the stat b d.. One ' i iAgs |
Shoun. | rvErgh Fe e PR arrren o oo S pbng? uBhard S STRCHE U 2,

Mot or  hagQu Sinael LQlplingdsotP& ik Bstitbd comst12a tEach df thefdoglifigtediB 614rumytbeéomed e, i t
i s envisioned tﬁat first stator core 120 could be nade of one integrated
CONPEENén Wisehmetit 60@ parpuhahingf pressinghfoldingnoe v eiher PRioRsly dhe exsst melod Of | of t a5
‘a ‘'design choice to those skilled in the art. Fi gur i rates
second s@ﬁl“fﬁcmf?che@gﬁ@eﬁ'g’\/ﬂ’i‘P'E‘h'eﬁ?W‘SFWEE "l%e g%g%hﬁf%or%fﬂgﬁlggﬁ%%éoﬁﬁn@e Wi th
this inventio h blid¥E fay 6d charshaRnd e ik et fogmed
concentrﬁegoé;P'F%mgtr%%%ﬁ‘gﬂgﬁB%%{eamcﬁgynfg{)or@grggét’u(?)’r!{é?%?{ Segnents 610 are made of
ferrite gamighente fatdsdeained iheetdt. 613 and 614 forned 25 at opposing ends of
t he base on an inner edge defining the rotor opening. Although other soft
magnetic materials my be used The choice of naterial is |left to those
skilled int art... . Fi. ik S 14 &kPbe I N this
enbod? nent, s 'Zfr?éﬁ?d B At g 3’%'96&&% t'?ee%%s#ﬁaétfgégﬁ%é%g?si ﬁ'g% des gf an

i nner  edg@ng, SROMEHeghRd® stridiie Fial lalsd el dhatiged. lovteveu bie skiledntheert Wt in
300t her configuration one or nore teeth 613 may _be placed al ong the inner
edge Wi t feoegnize @phinisi pogitidnrroan beeriet Jup exwars b/ dEeEp s tYFIY e ?ﬁ"&"‘ n
invention. Each of teeth 613 extend outward from segnent 610 in a direction
subst ant F8¥eY! M 'Gendi cul ar to a surface of segment 610 in direction toward
first stator core 120. Each of teeth 613 nmay be fornmed by punching
pressing, folding, or any other method. The exact nethod of manufacture

bei ngoa desi gonecdkiiedsie theeft willfigtherTecogkizd thatdhe mpteriganfigyration may also be changed

to outer rotor structure in accordance with this embodiment of the invention, and Figure 12 illustrates

an example of the outer rotar motor, where the magnet 106 surrounds the stator core 400. However,

one skilled in the art will recognize that this position may be varied.

25 Figure 14 illustrates the structure of windings 500. Windings 500 have openings 515 defined
through wires 506 to allow couplings of the first stator core 100 and second stator core 600. it is
contemplated windings 500 can be made in the conventional manner. However, in this embodiment,
windings 500 is a two dimensional structure to reduce the thickness of motor 100. Windings 500 are

distributed in plane layers. Preferably, the disiribution is made using Printed Circuit Board {PCB)



5 Each segnment 600 has one of coupling teeth 614 of second stator
core 600. Each of coupling teeth 614 extends upwards substantially
perpendi cular to a surface of a segnent 610 in the sane direction as teeth
613. Each of coupling teeth 614 extends upwards through an opening in

wi ndi ngs 500 2009366t act s coupling teeth of first statRFTV/HSSMUNUGT Each of
the coupling teeth 614 nay be fornmed 10 on a segnent 610 by punchi ng,

being. o tesenesy Bt ajecRioRsh \TPER Hinache BoF ¢S oEBb e R e

being a & _ one s e art. Furthernore, one
skilled i{ué?ea%?ﬁes?g%hd%e'p%raﬁ:@ﬁ%gaﬂa #8 sbibabn @trhghetic pappdirags and | ocations for
the couplings nay be changed and these are left for a design choice for
those skilled in the art. 150ne skilled in the art will recognize that the

iti f teeth 613 d [ 614 h 3 t
posons of Lcet L Su3 s colt L 1ge, G4 ek o ADOIORS S0t Uy ST
recogni Zeili:l);[ogi?‘n%nttoplhé WQ&\%& W9 %n@%egﬁn ¥Rlire Q6 seddNB sBRACHR] 809 isdn tRe Sbitbrh eF ent

confi‘gur on are shown I n gure 11 and 12. 200ne skilled in the art wll

further feec@aeniTé@n biaklt e eMBiodstaoadésgR0aI0@Nd f@0/aftint magrnetscandpige®5t o out er

rotor structure in accordance with this enbodi n@nt of @20? invenéilon and
rsermB '

Fi gur e 1Windihgsu8A0r 21¢ eaciasnd Bstwerd| taot 211 i 1obitSe g P UPREH PSR magnet

106 surrfounds_the stator,.core,.40 en@ne skilled in the art wll
recogni Z@ntoﬂagoot%qczéﬁ%tgﬁoi'%oae @f%%@ﬁ%{%ﬁ.G@SFi gure 14 illustrates the
structure of w ndings 500. Wndings 500 have openi ngs 515 defined through
wires 506 to allow couplings of the first stator core 100 and second stator
cor e1@00. |t Whencoourentpd apied. masnetin iux fiope ategenprated i faotey1op ithe KHOMMR | onal
manner. However 6 in this enbodiment i ndi ngs. 500_i I rghsiqnal

st r uct ur®@aNg Adieldc sarted PYoRP FRANEL PoTES "8%' a?%ﬁggwﬁrﬁﬁn%égs%% are '
distrib | AVl andlbreioah ¥80, BiEtoGiofiibis MU tah@B1d. TherBatbthersi ng

o int eq P el habigd i O o e o 2B 2P T Se2008/ 000167 £ echnol ogy. or
bonded Widug 1 e€danDitaterycord 600REBghvther ciuplyg o6 0Otiens 21B313aek614n ThafiRld e cycl es

whi ch i ncrease design choice paraneters. a he sel ect,i on_of i C
pol e- pai passes to the toothgﬁ‘ifs of second sFt)ator core 600. The?igd tthen enters another polg of tﬂg%g&;e&

15  through air gap tooth 613. Windings 500 couple with the magnetic field to realize the conversion of

electrical to magnetic energy.

The above is a description of one embodiment of a stator core assembly in accordance with
this invention. It is envisioned that those skilled in the art can and will design aiternative systems that

20  can and will infringe on this invention as set forth in the following claims.
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Figure 10 illustrates a cross section of an assenbled motor 100 in
~accordance with this 5 enbodi ment of the invention. As can be seen in
~Figure 10, second stator. core 600 is on the bottomof the stator. Teeth

. 211, 311 and 613, of stator cores 200, 300 and 600 affront nmagnets on rotor

105. Widi ngs 500 are encl osed between tooth 211, -311, 613; and the
assenbly of upper and | ower portions 200,300 of first stator core 120 and
second statorwﬁqo. ]1 en a current is applied, magnetic flux flows are
generated in 6% i'n the followi ng manner. A field, started by one
magnet, passes through an air gap and enters tooth 211 and 311. The field
passes through. upper and | ower portion 200, 300 to portions 212 and 312.
The field then fl qusatirassabbifor v pofie peget 8Bchreneud G- edTPrigRdipl i ng of
portions 212, 312 and 614. The field then passes to the tooth 613 of second
stator core 600. Triedifos af@ndustye ea@¥ s anot her pol e of the magnet 15t hrough
air gap tooth 613. W.ndings 500 ¢ .ewwth the magnetic field to realize

t he conversion of '%ﬁ%é@h%ﬁ?é?vggﬁ%é%éti C energy. _ The above is. a
description of "one, ahRdidighreHavify 8 badeQiheRf RIAHEERTR e lotat@lRadasge W th
this invention: It is envisioned that those skilled in the art can and w ||
desi gn al t er Mdtista®dr 8ore brersaidishednd 2@acorgnd- wi || i nfringe on this invention
as set forth in the follow gfg@clai ns. What is clainmed is: tator

: 1. A Si
assenbly for -a’| o fetotrelty pligetbtexie)dioch pEwsH dromotad b??SrP&SP'gi]ﬁF?b?’taﬂ AP ngs of
conductive material ;. a first stator.core Vi : s ond
stator core HFEHEHN B&?gﬁﬁ@?uéﬁ%h o éﬁeg' ev’fnteE% *ﬂ%gg'g? %@?rgdg el v 5ag V\“@gﬁsés: aid

first stator ggre and said second stator core; _ a first plurality of
‘teeth extending outward from said base of said first stator core wherein -
each of said firsta g@coidaglirhny of ieéte ektendingt @iveiad from caigbase bippidrsecentistatad by
sai d wi ndings; and . . o ' o -

-core wherein each of said second plurality of teeth extends through said layer defined by said

windings,
wherein said first stafor core comprises a plurality of couplings for contact with said

second stator core; and

each of s:;id plurality of couplings comprises a coupling tooth extending out from said

base of said first stator core towards said second stator core.

2. The étator assembly of claim 1 wherein each of said first plurality of teeth extends

outward substantiafly perpendicular to said base of said first stator core.

3. - The stator assembly of claim 1 wherein each of said second plurality of teeth extends

outward substantially perpendicular to said base of said second stator core.

4, . The stator assembly of claim 1 whereln said windings comprise:

a conductive coil formed by two dimensional windings.

5. The stator assembly of claim 4 wherein said two dimensional windings comprise;

a printed circuit board.

11



a second plurality of teeth extending outward from said base of said second
stator core wherei.n each of said second plurality of .teeth extends through

said | ayer "defined by said w ndings, wherein said first stator core
conprises a plurality of couplings for contact with said second stator
core; and each of said plurality of couplings conprises a coupling

tooth extending out fromsaid base of said first stator core towards said

second st at or, cor ]‘f'rh? 3%?%;%%%%%%%" &la'ﬁ&%péé{%% dﬁmlné?aisipi?%ww/@iﬁ eéoglpﬁs%ch of said

first plurality o S out war ubstanti a per Jendicul ar to
sai d base of sai dpbhde8lwired ator core. 3. The stator assenbly of claim1l
wherei n each of said second plurality of teeth extends outward '
substantially perpendicular to said base of said second stator core. 4. The

stator assenbly of claim 1l wherein said wndings conprise: a conductive
coi | fornmed by twdheptRerssYnRly ofkaief Whkrein said widings furfhsr compdissh | y of clai m 4

wherein said two di nensi onal w ndi [.SE. inted circuit board.
bonded wires. 7. o ﬁielrj? asl é’? %rfnteggggéﬁbbpgrﬁ%ﬁgﬁﬁ%éla%eﬁn%{?@{eeﬁgiﬁi sai d wi ndi ngs L
further conprise: a plurality of printed circuit boards form ng said
conductive coil. 8. The stator assenbly of claim1l wherein said w ndings
conprise: .a @ ur alThé ytatof assqetly ofgping € vherefid ssithwindigts @eipdseconduct i ve materi al .
9. The stator assenbly of claim@8 wherein each of said first plurality of

t eet h  ext ends t hr AR oppningg defingd thyowoh 83/ eondughianalgiél.  10. The stator
assenbly of claim8 wherein each of said second plurality of teeth extends
t hrough one of said plurality of openings. 11. The stator assenbly of claim

-1 wherein saigd W Rl BEfr SQERbBY SF claim 8 wherein each of said first plurality of teeth extends.

through one of said plurality of openings.

10. The stator assembly of claim 8 wherein each of sald second plurality of teeth extends

through one of'said plurality of openings.

11. The stator assembly of claim 1 wherein said windings cbmprise:
a centre opening defined through a centre of said windings for receiving a rotor

having a ptu:ja!iiy of magnetic poles.

12.  The stator assembly of claim 11 wherein each of sald first plurality of feeth extends

through said cenire opening.

13. The . stator assembly of claim 11 wherein each of said second plurality of teeth

extends through said cenire opening.

14. The stator assémbly of claim 1 wherein each of said first plurality of teeth extends

through said layer outside said windings.

12



a centre opening defined through a centre of said wi ndings for receiving a
rotor having a plurality of magnetic poles. 12. The stator assenbly of
claim1l wherein each of said first plurality of teeth extends through said
centre opening. 13. The stator assenbly of claim 11l wherein each of said
second plurality of teeth extends through said centre opening. 14. The
stator assenbly of claim 1l wherein each of said first. plurality of teeth
ext ends through saj 1S i wingi '

out oi do sai d i nange PR RAY &k T RhdaleB ot soobtl Mfal T Bith SBUE,

coupl i ng t ootthirogkiseid #Fedougidt afid Alatiags. edge of said base of said first stator
. core. 17.The stator assenbly of claim 1 wherein said coupling tooth extends
outward from an inner edge of said base of said first stator core around an
opening through a_centre of said first stator core. 18. The stator assenbly
of claim1 ‘V\ng ei 1he sRler pspebly of SiEigy T wheren sgitsrynling; tooth exfepdsyjrom gn gpter

- segnents. 19'ed§@§fs§{j%s%%f%?d%ﬁé@la%r?reCl aim 18 wherein each of said
_plurality of segnents. canprises: a base; a tooth that extends outwards
-substantially perpendicular fromsaid base; and

17. The stator assembly of claim 1 wherein said coupliing tooth extends outward from an

inner edge of said base of said first stator core around ary opening through a centre of said

first stator core.
18. The stator assembly of claim 1 wherein said first stator core comprises:
a plurality of segments.

~18.  The stator assembly of claim 18 wherein each of said piurality of segments comprises:-
a base; '
a tooth that extends outwards substantially perpendicutar from said base; and

a coupling that extends outwards substantially perpendicular from said base.

20. The stator assembly of claim 19 wherein said tooth exiends outward from an outer

edge of said base.

21. The stator assembly of claim 19 wherein said tooth extends outward from an inner

edge of said base proximate an opening through a centre of said stator assembly.

.22. The stator assembly of claim 19 wherein said coupling extends outward from an outer

edge of said base.

23, The stator assembly of claim 19 wherein said coupling tooth extends outward from an

inner edge of sald base proximate an opening through a centre of said stator. '

13



a coupling that extends outwards substantially perpendicular fromsaid
base. 20. The stator assenbly of claim19 wherein said tooth extends
outward from an outer edge of said base. 21. The stator assenbly of claim
19 wherein said tooth extends outward froman inner edge of said base
proxi et e an openi ng through a centre of said stator assenbly. 22. The
stator assenbly of claim 19 wherein said coupling extends outward from an

outer edge of Sai & Bas, .23, ! 3hhn a5 Bk throhAl@A O wherei n said

coupling toot from an I nner edge of sald base proxi mte an

openi ng through a £&Rbé&Sofbn BNty $bakalith a Rét suldte bl atsetondsaeadelogp@ite cl ai m.
1 wherein said first stator core conprises: an upper portion having a base

with a first ssgfrasefsadndt second surface opposite said first surface; and

a lower portion having a base with a first surfacg and s'cog&asurt$ce
wherein sai d secorffowerrpdienhayinggdiage wishafrsiyresedid 8 SRR f'é‘i%% e P

surface of secon rtion,, 25. The stator . ' 4 wherein said
first stator %ﬁ?rgaﬁ%cpﬂ&aldwwrpp@g%gon%c is?'gﬁ ég{aﬂ%éaélaﬁ%?c&{‘)@oﬁ gﬁ't h conponents

t hat extend outward from sai d upper portion away fromsajd | ower portion;
and _
25, The stator assembly of claim 24 wherein said first stator core further comprises:

a first plurality of teeth components that extend outward from said upper portion away

from said lower portiony; and

a second plurality of teeth components that extend outward rfrom said lower portion
away from said upper portion wherein each of said second pluralify of teeih components is
aligned with one of said first plurality of teeth components to make one of said first plurality of

feeth.

26. The stator assembly of claim 25 w_herein said first plurality of teeth components and
said second plurality of teeth components are on an outer perimeter of said upper portion and

said lower portion.

27, The stator assembly of claim 25 wherein said first plurality of teeth components and
said second plurality of teeth components are on an inner perimeter of said upper portion and

said lower portion around an opening through said centre of said second stator core.

28. The stator assembly of claim 24 wherein said first stator core further comprises:
a plurality of couplings on said upper and lower portions wherein each of said

couplings contacts a coupling of said second stator core.

.29, The stator assembly of claim 28 wherein each of sald plurality of eouplings comprises:
- an opening defined through said base of said iower portion; |

a coupling tooth extending out of sald base of said lower portion along an edge of
said opening for contacting a coupling protruding through said opening; and

14



a second plurality of teeth conponents that extend outward from said | ower
portion away from said upper portion.wherein each of said second plurality
‘of teeth conponents is aligned with one of said first plurality of teeth

- components to nake one of said first plurality of teeth.. 26. The stator
-assenbly of claim?25 wherein-said first plurality of teeth conponents and
sai d second plurality of teeth conponents are on an outer perineter of said
upper portion and W ! - Sheseabt ael foa@hal m 25
wherein said first%Pﬁwgﬁ¥§§eo E@%g?wmgﬁﬁ%bnénfé&gﬁﬁﬁﬁgﬁg%ggggﬁgpgﬁﬁ?ality
of teeth coM@EHK SiddpenificopfctingB&8 cRPliighieAdingfirosgh wdidwpaedg. porti on and
said.l ower portion around an opening through said centre of said second
stator core. 28. The stator assenbly of claim 24 wherein said first stator
core further conprises: a plurality of couplings on said u r and | ower
portions wher¥ n JAgRtaler assemily b GaM %Pg'ghee%;ﬁf%ggpeapeﬁ Tﬂdr%lgﬁ?‘"ga??@% econd
Stator core. 2 : S ' ey .sal
plurality of -e(%glhp |‘Hg%sa%:%#p@ﬁs%gbéﬁﬁ%bh%%?ﬁgoﬁ@%%% ?%g .oggﬁ'%a@grse. of
sai d | owner pQﬁth&ﬁsmdkmm”mﬁU§oupling toot h extendi ng out of said base of
said | ower portion along an edge of said opening for contacting a coupling
‘protruding through said opening; and - a coupling tooth extending
outward from said second surface of said up portion and into said

C | upper. .
openi ng cont &8t i nghe aiAar aIBepRlY pigaln | WRETFIA G2 AFCOLRHRR AR OPRIHg. - 30. The
stator assenbly of ¢l ai 8 rein said upper portion and said | ower
portion each conpfﬂ%@%bgk%%ﬂ}a ity of segnents that are configured to nmake
“each of said upper portion and said |ower portion. 31. The stator assenbly
of claim1l wherein said second stator core conprises: a plurality of
segnents. - 322. Th&hs s@too essambly whtlgimo$1 wheseinmedsh ofitseid elurplivof Beapfentsaf daid
plurality of segnments of said second stator core conprises: a base;
second stator core comprises:
a base; _
a tooth that extends outwards substantially perpendicular from séid base; and

a coupling that extends outwards substantially perpendicular from said base.

33. The stator assembly of claim 31 wherein said footh of each of said plurality of

segments extends outward from said outer edge of said base.

34, The stator assembly of claim 31 wherein said tooth extends outward from an inner

edge of said base proximate an opening through a centre of said stator assembly.

35. The stator assembly of claim 31 wherein said coupling extends outward from. said

outer edge of said base.

36. The stator assembly of claim 31 wherein said coupling extends outward from an inner

edge of said base proximate an opening through a centre of said stator.

. 37. The stator assembly of claim 31 wherein said coupling comprises:
a coupling tooth.
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a tooth that extends outwards substantially perpendicular from said base;
and -a. coupling that extends outwards substantially perpendicular fromsaid
- base. 33. The stator ‘assenbly of claim 31 wherein said tooth of each of

- said plurality of segnments extends-outward fromsaid outer edge of said

- base. 34. The stator assenbly of claim 31 wherein said tooth extends
outward froman inner edge of said base proxi mate an openi ng through a
centre of said stator assenbly. 35. The stator assenbly of claim 31
wherein said coupling extends outward from said outer edge of said base.
36. The st at 8. ass@Ebbir Sletbiabatd 31uesk € seced dateradfelcbmgrisext ends out war d
froman inner edge of said base proximte an opening through a centre of
said stator. 37. Hruragityaf ethanseidiségmest cl ai m 31 wherein. said coupling
conprises' a coupling tooth. a plurality of teeth on said segnent. 39. The
stator assenbly of claim38 wherein said plurality of teeth conprise: a

[irst tooth o @ i Shuophddinifofthul A8ShaEHdR: uchPcflobitarand 2 second

tooth on a second si sard inner edge o base opp05|te said flrst
- .§| de. C -a first tooth on a first side of an inner edge of said base; and

a second tooth on a second side of said inner edge of said base opposite said first

side.
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