. e3e6] VWDXR. Y~Z6ZT6[ _| ?19 Decenber 2002 WO 00/ 01058 PCIg De&smlist20802 ROTORS
UTI LI ZI NG A STEPPED SKEW - CROSS REFERENCE TO RELATED APPLI CATI ON Thi s
application clains the benefit of U S. Provisional Application No.

60/ 090, 773, wo domtbsdune 26, 1998. BACKGROUND OF THE | NVENTpERUShVI4301 nvent i on
rel ates generally to electric notors and, nore particularly ) to a line
start magnetically salient rotor AC electric notor. s Line start permnent
magnet notors include rotors havi ng permanent nagnets and induction
squirrel -cages. The induction squirrel cages enable starting on a

conventional AC power -SOWRCEORSIWUTILIAING ey STEPPHD SKEWet s | Aprove not or
efficiency. Such rotors sonetines are referred to herein as divided magnet
rotors. In an exenplary form a divided magnet rotor includes a rotor core,

a rotor lo i ons, and secondary
conductors.%éﬁggwggﬁ%@%@tﬁ&gﬁﬁe rotor core and is coaxi al

with the rotor core axis of rotation. The secondary conductors al so extend
t hrough t he r ot oThisapplicatioh claims ghertmnefs df Bk . Brovisioinal iApplicatiesNot o t he rot or

shaft. Such r nduct are offset fromthe outer circunference or
peri phery of&?@g?ﬂgtwgﬁgégagggare connected at opposite 15 ends of the
core by end rings. Notches at the outer periphery of the rotor core

typi cal | y arRACKGROUND OF THRINVENTIGN | east one secondary conductor.
Per manent magnets are |ocated in the notches and the pernmanent magnets are

magneti zed to forma sel.ect nunb f les. T (geo | sl ot
order harnoni cs, T‘tf’]ffé"\‘egtl%l} mgagel;ﬁ?eﬁﬁ{y htg °lse§‘3‘|°l"?°é‘i’rs g% e'ﬁggg?‘glﬁﬁé@#’% are
skewed. Skewd hug st magnetiqally sdlieak foior AC ¢lbdttiymbtei Ni Ng the rotor | am nations
with respect to each other so that the passages fornmed by overlapping slots

of the rotor lammations are generally hel.ical in shape. |n di vi ded
magnet 1 *~ooooa*Lmel anen%ga g‘@ﬂ%’ mﬂb%zmt S%%Ftﬁo%eg@“ﬁ@ / US99/ 14391
rotor, Iskewi MggnkRiand sdudiidhisQiifell@getl fHedatuttionRRbirtel bdgas bnablessirngragnet i ¢
materi al s

on a conventional AC power source, and the permanent magnets improve motor

efficiency. Such rotors sometimes are referred to herein as divided magnet rotors.

In an exemplary form, a divided magnet rotor includes a rotor core, a rotor
10 shaft, permanently magnetized locations, and secondary conductors. The rotor shaft
extends through the rotor core and is coaxial with the rotor core axis of rotation.
The secondary conductors also extend through the rotor core and are arranged
axially with respect to the rotor shaft. Such secondary conductors are offset from
the outer circumference or periphery of the rotor core and are connected at opposite
15 ends of the core by end rings. Notches at the outer periphery of the rotor core
typically are radially aligned with at least one secondary conductor. Permanent
magnets are located in the notches and the permanent magnets are magnetized to

form a selected number of poles.

To decouple stator slot order harmonics, the rotor bars in the squirrel cage
20 typically are skewed. Skewing is accomplished by slightly turning the rotor
laminations with respect to each other so that the passages formed by ov—erlapping

slots of the rotor laminations are generally helical in shape. In a divided magnet
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that may be used for the permanent nagnets are brittle af§pRr&WBst2odgch
skewing. In addition, open slot rotors generally provide advantages over
.closed slot rotors. In a closed slot rotor, the flux flows through the
bridge (i. region of 5 iron inmmediately towards out er

di anet er frgvn??%oté&rgot or bar) and saturates the bridge depl;e%z?gr?gﬁ%%l t he
rotor current. The level of current at which the bridge saturates wll be
passed t hrough four tinmes per cycle, causing tine harnonics in the stator
current. These tinme harnonics create the basic forcing function for a cl ass
of noise. . rbfdg, kORMAUR lhhidxtiodd isCdiffieats @arib k1 ey sbifle thapfetie MawrRlse reduces
the torque to produced by the nmachine at that current |level and in turn

rai ses the |thageay beanseskfotithe permanens magnethave Frittle agi peevenssugheskewingopen sl ot
rotor does not provide a high perneability path for this conmponent of the

| eakage 1 ux. OpenadifisRin, bRh ok totbie BENeRdlly drofRiCRivhtagdh Bvdidiedlitbt | cul t to
fabricate than ciosed sfot rotors. It would be desirable to provide a

di vi ded magrretors. oinayclaspdslot miok,uie Bux flawp throngh dhetbridge (et sthg eagianl o decoupl es
stator glot I Lt [ Lde such a

r ot or ich f@qﬁjﬁﬁgﬁg})@%@% E)herrgtt%?&ﬁ%g‘é%e@g?'ﬁ?%tr?%g bﬁé&ﬂ?ﬁé&‘% RY OF THE
| NVENTI ON | rthebridpeelopnding or theadiorewtrent.f Thélevelof emndrénd at whicll theibtidge magnet

rotor includes a stepped skew rather, than a helical ,skew. The,stepped skew
enabl st he BUBESHILEP 20 UG AT S0iot PO 9CIps EARSLOR P BAFIADES {01 nt 0 ¢ he

rotor core nEie@fremO ThRR RV ha®hbiitd\@bdtd the bic f huRctinadkls Blag dFel | X from
the rotor cage. The stepped skew is effective in decoupling stator slot

order har norfloise. ' The leakage fluy whichicauses te beideestosaurag: wdudenthewerase i n sone
enbodi ngnt s, o0 | i bri dge
sat ur atni:6 on. 928 aﬁ%b&}:@%%‘r?g@?é %8@%%%8@;}'811361@11 %@F@g}h%j%%q?ﬁghgéw ded
magnet r ot orcurrent floskeat asgiveabxue.Cc An®peraslotabtor dedsaibt propide ahighnt | y nagneti zed

| ocations, and s nd canductors. .Th otor shaft extends through the
rotor core é?‘?&‘“?@ﬁ’&)'é% é’%fﬂ"&?ﬁﬁnt%g\?ﬁ%"eﬁ%‘xi °81‘°’F°F 5% on. The rotor
core i ncl udegoweddrOtyplcally e ot \@fficiltdo fabAcdte tad ABGARIt Potads. | €ast two s sets.
The slots in the first set of |am nations have skew portions extendi ng

laterally in a first directigon, and.the sJots in the secqond set of

| ami nati ons hayel%waﬁb%g?iﬂﬂﬂ%foﬁ?‘éﬂﬂf ﬁ’d“i"‘g_{‘@%ﬂt F3fo5 HAAPGUESNd di rect i on
opposi t§ t hepekrhiriht rﬂi\g’n@@tybt%so dbbdupled Kaidk kbt brdBxarRONils. AP gls@wokbeespondi ng
slots in the first and sécond sets of rotor |am nations overlap each other.

Such a conf idgsirable torprovidersycipa miterpphich isletsubjeet thisetonetidgesaturgtiomnel s, ext end
froman outer dianeter (OD) of the rotor

BRIEF SUMMARY OF THE INVENTION

In an exemplary embodiment of the invention, a divided magnet rotor
includes a stepped skew rather than a helical skew. The stepped skew enables the
use of straight magnet sections that can be inserted into the rotor core notches

20 thereby eliminating the need to produce a helix from the rotor cage. The stepped
skew is effective in decoupling stator slot order harmonics. In addition, the stepped
skew rotor includes, in some embodiments, open slots so that the rotor is not subject

to rotor bridge saturation.



| am nations to the skew portion of each respective sl ot.{1gpecditiei»0062ext end
axially, and pernmanent nmagnets are |located in the notches. Specifically,
strai ght magnet sections of permanently nagnetized naterial are inserted
into the no he strai ght nmagnet sections are magnety orm a

sel ected nuhﬁg@%&slpol es. The is secondary conductors ext%n tgé{?"g%lgh t he
rotor core slots and are arranged axially with respect to the rotor shaft.
The secondary conductors are offset fromthe outer circunference or

peri phery of the rotor core and are connected at opposite ends of the core
by end rings. Thahabwird dRagsk rdiedinclides dectorraged rotortshift, pefmanestyepped skew
rather than a 20 helical skew. The stepped skew enables the use of straight
magnet sect i BHgetizgd focatigns,7ad serendary gondugterss ae reippshaftcxtendsthroighy nat i ng t he
need tO prodHE st A3 dnl id {Wieh her&tbr ERExis I tStafibgPPed skew is effective
in decoupling stator slot order harnonics. In addition, the rotor has open
slots so that the rotor is not subject to rotor bridge saturation. 3 19
Decenber 2002 wo Therdeiees ipclydessolor lmimtionsrin grstagiearoriged (oM 16t tMAE DRAW NGS
Fi gure IS r VA i £aadi a rotor
core ha\]fi ng nggbﬁglk\%{?%c ﬂ%rfggrsggteru\/f\g%%{m |°§%§%5ﬁ?ib%ﬁ%%r spectlve l-\a}flwew of the
rotor core sihavirstidiregtionyand the siets i thesesofd ses oflamamtionsgade Skeavgpostionar y vi ew of

a second enbodi nent of. . a rotor .core havin | at s which e s d; Figure 4
is a per spec“t’ﬁg“&?g‘]’s‘%?aéwmtar'?8°°l"8§5‘?&'88|°8p°§ﬂ%%ﬁ%i'ﬁi dﬁ?‘él??‘eali‘? rf—‘ﬁéﬁ?e 5is an
enl ar ged fr aign@porions i @yreonding Klots th B8Hed an®stcomf sefs of@btoF lagiatiolaVvi ng
slots which are skewed; 10 Figure 6 is a perspective view of the rotor core

g /
shown in Fi (R¥edageackpiyes. Sugh aconfigugpation foymg arsteppadeske¥ry view of a fourth
enbodi ment of a rotor core having slots which are skewed; Figure 8 is a

per specipi Ve Vi ew Nifchesd) Or cRtinféls, GRiefd HOMMA duftr iafhéte® (FD) bf Wiblkgo® IS an
enl arged fragnentary view of a fifth enbodi ment of a rotor 1s core having

open sl ots vamitiensdo Sreslastportipryefract mspestive siatr e apiches axtcadawiall.he 1ot or
core shown if 4k eﬂh’é;n@ng%agFétQWe%&Peﬁ 'iﬁth@rﬁoﬁﬂés?r%ﬁcg?éaﬂgﬁ%h?ﬁﬁggé&ew of a

si xt h enbodi nent o or core having open are ewed; Figure
12 i's a per sgetidns vEpermenenty miapretizal materizd are issecod intothEingtches. Mhe 20 Figure 13
S O et AR Bty i el SRR BB B or et £RY OF cOT€

15 secondary conductors extend through the rotor core slots and are arranged axially

=

with respect to the rotor shaft. The secondary conductors are offset from the outer
circumference or periphery of the rotor core and are connected at opposite ends of

the core by end rings.

The above described divided magnet rotor has a stepped skew rather than a
20 helical skew. The stepped skew enables the use of straight magnet sections that can
be inserted into the rotor thereby climinating the need to produce a helix from the
rotor cage. The stepped skew is effective in decoupling stator slot order harmonics.
In addition, the rotor has open slots so that the rotor is not subject to rotor bridge

saturation,



19. Decenber 2002 WO 001 01058 PCT/ US99/ 14391 Figure 14 i sjgepdnideeoboye Vi ew
of the rotor core shown in Figure 13; and Figure 15 is a partial cross
.sectional view of a notor. DETAI LED DESCRI PTI ON OF THE | NVENTION Set forth
bel ow i n norgo Gfigds! 1S @ description of various exenpl ary~gahefisggnt s of

di vi ded magnet stepped skew rotors. The rotors nmay be used 1 n many
different notor configurations including many different stator
configurations. Generally, a divided magnet stepped skew rotor includes a
squirrel cage with permanent magnets secured at an outer periphery of the
rotor | am naBRIBFDESCRIPIIQN OFITHE DRAWRIGS®S t he use of straight sections of
per manent nagnets rather than requiring that the pernmanent magnets be

skewed. This rotaqr_configurati facilitates, 1.0 t fabrication of divided
magnet rotors si %r&%“r? ﬂés %‘[e@%ﬁ@gr}?ﬁg\ﬁf‘%ﬁé’lﬁ“’eg %glrét?}? °§PP%H‘ 8%1‘ r‘f‘r%lrgneti C
sections yetcond BavirigSsictd which arégkéwedglecoupl i ng stator sl ot order harnonics.
In addition, and in sone enbodi nents, the rotor has open slots so that the
rotor is not subject fo rotor bridge turation, Referring now particularly
Lo the dr awi ngs, TSP & APEpecHyediap Bt toISt SoR IgREA BB ew of a frst
enbodi mrent of a rotor core 20, and Figure 2 is a perspective schematic view
of cores20. The Higurerdts am enlaeged fraginehitaryt ievinef £sevoml embodintsntiefth gdry t o
illustrate varil(])us C nfiWEati ns of permanent magnets with respect to the
rotor cores SRUMYPEIALS MlICh e skewedeach aspect of such cores. Core 20 has
slots 22 which are skewed. Slots 22 include a radially inner portion 24 and

first and 20 secighrs 4 paspetti@ViewSofthélroldt cofeshOwr th Bigar 4;ncl udes a
plurality of |amnations 30 having an outer periphery 32. Afirst set 34 of

rotor |amnations,30 bas a plurality of slot 2 .,haying first skew portions
26 extending in & $Y¥ t‘sﬂﬁ"l“g’&nglfﬁg"é Y ‘hé‘"gtff“ %‘g’tﬂ“ ®3T89T | ani nat i ons
30 has a pl ugon hdvingafots Whick arédkéwpedt Ng second skew portions 28 extending in
a second direction. 19 Decenber 2002 WO 001 01058 PCT/ US99/ 14391 Core 20

further includes |yrality of notch 38 having an en end at outer

peri phelly 32. Inl’?ﬂgegﬁ%‘b&? V°§'I‘Fd'(/\hte ?qui?rgcﬁfeesgg?(“é‘hgpg?fe sach notch 38
ext.ends axially with respect to a center axis of rotor core 20, and each
notch 38 is coextrgfé Ves s énlhrged fRpRRatiywEew 6Ea fourtt lefibsdimént dNQ rBlor dge  of

| am nation materi al extends between notches 38 and slots 22, and notches 38
have a subst ¢ hayingslote which awe skeweds oss sectional shape. As shown in Figure
1, a first notch 40 is substantially aligned and coextensive with first
skew portion 26, mage 8 iS£pREHRRRVIEW Gahé PorSrtdsd Mowh3h Figual 7,0ned and _
coextensive with second skew portion 28. Permanently nmagnetizable materi al
44 is located in _notches 40 and 42. 1o Figure 3 .is an enlarged fragnentary
view of a second E&Hdihamnlasged{raggeptary igw °f5't‘)f‘ft5ﬁﬂb?4"@ﬁ'i‘te°fg rolgr 5

per specisi Ve sidRiVEdg dpel sIBW vifichRé Skewed; Core 50 has slots 52 which are
skewed. Slots 52 include a radially inner portion 54 and first and second
skew portions 56 and 58. Core 50 also includes a plurality of |am nations
60 having an out SfigyedP jrapeyspective Xiew ofthe rafar cgre shpwn gt Bigwedsi nati ons 60 has
a plurality ~ s of slots 52 having first skew portions 56 extending in a
first direction, mpfled] $aUArga fradfehry idwoe 4 RthRAbLAMRNEH aBRr
plurality of slots 52 having second skew portions 58 extending in a second
di rection. Cerehsing enenislors whieh arelekewsdipl ural ity of notches 68 having an
open end at

Figure 12 is a perspective view of the rotor core shown in Figure 11;

20 Figure 13 is an enlarged fragmentary view of a seventh embodiment of a

rotor core having slots which are skewed;



outer periphery 62. In the enbodi nent shown in Figures ¢gpadefibere®oh notch
68 20 extends axially with respect to a center axis of rotor core 50 and
.along an entire length of core 50. A bridge 70 of lam nation materi al

ext ends be ml@?ch notch 68 and respective slots 52. 99’%‘3‘%@8 a
substantially rectangul ar cross sectional shape, and each notc 8 1is

substantially aligned with a radial axis of one of slot radial inner
portions 54. Permanently nmagnetizable material 72 is |ocated in notches 25
68. Figure 5 is an enlarged fragnentary view of a third enbodi nent of a
rotor core 80, . &ighrEil4irapetspectiva vieer of fiRCiotor ot GhewiRin Eigiredd: afd core 80.
Core 80 has slots 6 19 Decenber 2002 wo ooi oi oss PCT/ US99/ 14391 82 which
are skewed. S Ioﬁ.s 8% i ncl udag a radl%lé{)y. inger- ortion 84 and first and
second skew por tHiSHE I3% apfiag grossaseronalyviey oA MY ges a plurality of

| am nati ons 90 having an outer periphery 92. Afirst set 94 of rotor

| am nat i onsSPBYAIEED HESCRIFIIONYOR THHE INVENAOMYVI ng first skew portions 86
extending in a first direction, and a second set 96 of rotor |am nations 90

has a plurality of 'slats 82 having second ske artions 88 extending in a
second directi oﬁ‘@&ﬁ’e@b ?m%ﬁﬁ’g{ﬁéﬂgﬁggl%{' |‘I%'P8l|ls|e[x§m8 hot ches 98 havi ng
an open endembodahén®y of (idVided Wfig)et StEppddikéw SotBFD Tt #6BEs mdyB¥usedninFi gures 5 and
6, each notch 98 extends axially with respect _to a center_axis of rotor

core 80, antabudifferspimejonepniigurations ingluding aany dififirent stator ganfiguralioss. one of
sl ots 82. Aebﬂerﬁﬁaa&@deeﬁnabmfe@veh@&mc%aﬁde@ﬁs 1éa§éwaﬁn notches 98

and slots 82, arrrd notches 98 have a substantia rectangul ar cross
sectional spamenenpmaghetsisecuired atiag outer periphery iof the rotor BminA@ns. sThaubst anti al |y

al i gned and_coext.ensi v ith fi.rst. skew portion 86, and a second notch x04
s Subst ant PR SSEM: epubles Y e o SSigMAPHONS ot et ket e At s 1
Per manent | y reqBiging that the lpermiiinért aghetslbiSskewed. OTIS fsdor donfigiratimfaliBtateli gure 7 is
an enlarged fragnentary view of a fourth enbodi nent of a rotor core 110,

and Fi Jure Hheifabricatina.of divided mageet peipmsinee GredtipRad skeanablesnsels of core 110.
Core 110 hagrddiphigdelid sébibiisyesih ﬁ:‘%ﬁ’wﬁﬂe hﬁ&&&lﬁ)ﬁﬂ%gtato?@ioy%cla radially inner

portion 114 and first and second skew portions 116 and 118. Core 110 al so
-incl udes 2oharmonigs.aln addition, and i semei embodineotshthe iretgr bas open gots sethaphery 122. A

first set 1&%@%{&%@*@@%2@%&tﬁg@}g%gtgm &s a plurality of slots 112 having

first skew portions irst direction, and a second set
126 of rotor lam nations 120 has a plurality of slots 112 having second
skew portions 11Refexingnok particuiarly wabodrdwihigs,diguren .is &serbagead 110 furt her

121 S92 2 Bl Sl R oA o4 8 e 20 0 55 B PR
axi ally w t Perspeet@athdnfatia vieRif @bre@0i SThefscHeiatié views set ¥dréh heaélfl akach notch 128
! intended only to illustrate various configurations of permanent magnets with respect

to the rotor cores and do not illustrate each aspect of such cores. Core 20 has slots

22 which are skewed. Slots 22 include a radially inner portion 24 and first and

20 second skew portions 26 and 28. Core 20 also includes a plurality of laminations 30

having an outer periphery 32. A first set 34 of rotor laminations 30 has a plurality

of slots 22 having first skew portions 26 extending in a first direction, and a second

set 36 of rotor laminations 30 has a plurality of slots 22 having second skew

portions 28 extending in a second direction.



19 Decenber 2002 wo oorol oss PCT/ US99/ 14391 - extends thg patdriseri2e0gt h of
core 110. A bridge 130 of lam nation material extends between notches 128
.and slots 112, and notches 128 have a substantially rectangul ar cross
sectional sRapgyogdg Shown in Figure 7, a first notch 130 pesrgdbgsientially
al i gned and coextensive with first skew portion 116, and a second notch 132
is substantially aligned and coextensive with second skew portion 1] 8.
Permanent |y magneti zable material 134 is |ocated in notches 128. Figure 9
is an enlarged fragmentary view of a fifth enbodi mrent of a rotor core 140,
and Figure 10 i s CorgH) fuphértinolwies a iplurslity of notches 88 havirigeanlopen efdbate 140 has

slots 142 which are skewed. Slots, 142 incl.ude a radially inper _portion 144
and first t QLR Eyo%d @Q@/\?’%&d’c‘?eﬂﬁ%}’%ﬂ@ fﬂrefdénd%o%hlnﬂffﬁélsso_ i ncl udes
a plurality gtent@sidRtvwi Qo R_UNME BB D b EEr® 20, A0 Rhch bk 38As 1 st set
154 of rotor lam nations 150 has a plurality of slots 142 having first skew

portions | Aecogxtensivgivwith 4 mspectiveroge ofisleta 22 e, brideeioflaminatipnimaterialiSb of r ot or

| am nat i.ons | gt f 0 i gnﬂ @rew portions
148 ext esndi n%ﬁse?lgpg&g%g%lﬁ%ﬁ%i jrse%f'i?lgtns?jzf ?d(%’?%leil]%hﬁgra tss ﬁesr I'ncl udes a
plurality ofrectatguiae srodS&ctiomal shapeanAoshowndmBigate 1gatfirst npeohi4dHiery 152. In the
enbodi nent shown in Figures 9 and, 10, each notch 1 extends axially with
Fespect to siputialy algted & coptigrive gyie TGk patien h, sidecreondgoRs
coext ensi ve 9 & Buttah@ARQGEIM And B&xRhsi®d Qith sckdmd skéw Poltiaeg160 of | ami nation
mat eri al extends between notches 158 and slots 142, and notches 158 have an

i rregul ar criamancytly magncgzable maenial 44 ixlogateddn npishesi49and 49, 3 first notch 161
is substantially aligned and coextensive with first skew portion 146, and a

second ot ch 162 gigyré 9 sdntntakgel | fiag ik B, ot dibliffenVbf {robgcond skew
portion 148. Notches 158 are open and do not include permanent magnets.

Rot or core 1enge $Q and Figuzed isgcnerspecsive pehemntic view of eorg 30, SopmShas slotred

fragentary ¥ eiPhrdles! MEIBIRLAROL i) i@t inab2s§ Gy g 2N Fi gure

12 is a perspective schenatic View of core as slots 172
whi ch are skseeed. skéb posiods/5d dand SBU @oraiS0 alsb imbluyesiaphanlity @f tantnatibdsié@®nd i r st

and second skew portions, 176 gnd 178. re 17Q aJ so ingludes a plurality of
19 Decenber %5’@%“@6?3}%%‘3’ cﬁﬁ@@%%ﬁggmr WW&H“?"&%@ haspPHRBhg an outer
peri phefsy 18gksiols §7 hasvingFRit sk pSitionsB6dxtdnainl Mg Fifk0 8irdcBion,AE adedndr al i ty of

slots 172 havi ng first skew portions 176 extending in a first direction,

ahd a secondset 69 ofiRrdaminasions 60 rs a plymlitaof slats SR daviag prcondiskewy of slots 172
havi ke i i d di ti . Co 170
avi ng seconﬁ)dﬁ&ﬁ\gsl%?(e}l&ﬁ?@ya é?onﬁ ng in a second direction re

further includes ura not ches 188 havi ng an open end at outer
periphery 182. In the enbodi nent shown in Figures 11 and 12, each notch 188
extends axi al |y Varé50 authecincludesa plurality of agithes 68 havingyan epgnend 710, and each

notch 188 is . j ] [ V€ QF f o) 7 bri dge of
| am nati on n%‘ﬁ%ﬁggﬁ%&%‘%n sthgglﬁ\bi\‘ieﬁaﬁg%dc es i@é&gn dstf’ %?ésh '%ﬁ'!\&and not ches
188 havm® an dxends axglly with espesistoacentenadd ofshtepeore AG asdatong amedtirgure 11, a
first notch 190 is substantjal i gned and .coextensive with first skew
portion 176, e_ﬁgﬂi oﬁcgg?@ngqmggehgg tlgwgtpaﬁthgpq? seg Rch noteh
coextensive ¥g idd RGRANE sPISY. RWtéH G8hab ASubdiRtigiieRctAfiEhl R cRos® BRAomld do not
i ncl ude permanent nmagnets. Rotor core 170 is tHus an open slot tutor. In

one enbodi nesitape,tané eqehingich 48 dresybstyntially aligned with adadial axis of one of slot

radial inner portions 54. Permanently magnetizable material 72 is located in notches
25 68.

Figure 5 is an enlarged fragmentary view of a third embodiment of a rotor

core 80, and Figure 6 is a pérspective schematic view of core 80. Core 80 has slots



1s pouring a nolten nmetal such as alum numinto slots 17 psstnisdrobes 188
while rotor core 170 is maintained within a cast that prevents the nolten
.alumnumfromfreely flow ng out of notches 188. Rotor core 170 is then
brushed to ny excess al um num fromthe outside of m nat i ons
180. In an a e%ﬁ'r?]og?i ve enbodi nent, the rotor assenbly is Pf(g@sig%é %d by
initially formng tutor core 170 with a thin wall 20 of |am nation nateri al
on the outside of notches 188. Mdlten alum numis then poured into slots
172 and notches 188. The thin wall of lam nation material on the outside of

not ches 188 grswhifiedte sRsWRY € Blokd8% inahdesSd AldRll} indeppsttiOP8L ifISfirkGihdf or m open
510t5. Figure 13 is an enlarged fragnentary view of a seventh enbodi nent of

a 25 rotor ceeandakey perHensiBoqnd 88.1 Fores8lalsodpapdes aiplusality of lagtinations Wy of core
200. Core 2 i gh : j radially
i nner porti gﬁvggin glrnltgf??ﬂi)g%ygd%sfgig%%&%%%éﬁ@%tﬁ)gg%gkﬁgu%ga Core 200
al so i ncl udesf shtyd2irazingifiyst ckew portiomt&§6enendif®invafiishdireztiom and a sgond phery 212.
A first set 214 o otor, 9 Dec r 02 Qo/ 0i 0ss , PCT/ US99/ 14391

| ani nat Pons Sff}% ?Ffarg{oéiaﬂlﬂﬁngﬁ Q@ha&a pi‘}r%& Oég?s ﬁ%?‘ﬂﬁg ‘feic?’gfs@Wew portions 206
ext endi ng i rpoztidnks 188 extdhdiMCiniakBeond diretiond set 216 of rotor |am nations 210

has a plurality of slots 202 having second skew portions 208 extending in a

second direction,. an hi.r et 218, of _rotor m,nati ons 210 has a
plurality of sl otcé’reng&‘ﬁh?fi‘ﬂ u F&’f“ %W%&ﬁ%@avmneeaeaﬁ g in a first
direction. Caite péfpher92. NBthd &ifboddRsht ShoRnUh Flgukes 50ind B0 esdhaRtcAd8 having an

open end at outer periphery 212. In the enbodi nent shown in Figures 13 and
14, each not@fendpuxiallyveifhorespsstitapiconter axis of setpeare 80, and cagh natch:38is of rot or

core 204, ai]%g g:?sﬂe%{hci‘m?&&i\je%m%PSFS&%E.SiAV 'dQEtIBO Bffaﬁﬁi%?gx%lé:\éé ne of slots

202. No bri [lam nat1on nateri al extends ~between no 0 and slots
202, and notextends BPWecnaohes 98Ldnd istatst 823 hid/natehet 9 haviearsubstasiallyect | onal

shape. As sho in Fiqure. 13, .a first not.ch. 22Z is.sub i,al 'y aligned
and’ coext encPUBTENRF (o FeEUOnElagPs ot TG RIB BIEOE T SFISHRIAGAt o’ 224 1<
substanti al | Mbwmﬁm@wmit@ﬂ%mmmmwg&mﬂp 8k caMdROdetdridhotH 8-
Permanent|y magnetizabl e material 226 is | ocated in notches 222 and 224. 15

Many vari at i Yids gibsteptially gigned gedseqexigasive Withtecondyskew ppgtiopd8si bl e.  For
exanpl ey ad%&h%ah%gﬁg%ﬂbléﬂﬁteﬁm!1@6‘1&%&%3@::&%&%. added dependi ng upon

t he desired operati aracteristics. Itron, the particul ar
di mensi ons of the slots can be selected to provide desired operating
characteristics. Hpuieidl aveslasgedSrgmentanyt devapka fough gmbedimentonf agpigrpl e, in U.

S . Patent NQ; 4 ,e M i slaned. S assi gnee and
her eby i ncor porg{oégmﬁg'%gll%ng, l\é\?l?g{gPés?ﬁ‘é%%"r'E .[{ég'l%‘gof% ee:]ezer?geél?s oi%lleti onal
detail s regalld rcprelil 10 ks Glotseld @ ethichaire skewad.e Soest 112 dndlide o radiakbkawgd e, in U S.

Patent No. 5,548,172, ich is assigned. to the sent si.gne nd her eby
i ncor por at edp%?%f]ﬁ,anp\re’/?ﬁtf’%d ¥H 53?‘8 poyyiong }sllﬁearngﬁig %?Weﬂ?)(ﬁlsgrm‘g'b% s

descri bpd abpyRratisidfdamingond €20 ivingGatoatér pedpheryt 122 e fifk 641934 bpcat ed on the
outer periphery of the 2s rotor |am nations. The rotor bar slots woul d

still have arolard@piastiong &0 hasd plyrelity of gets 432 haying firsikaw portionsd6 he open
slots or cl 0g&ghafleQh £ first Qirection, and a second set 126 of rotor laminations 120 has a

plurality of slots 112 having second skew portions 118 extending in a second

direction.

25 Core 110 further includes a plurality of notches 128 having an open end at
outer periphery 122. In the embodiment shown in Figures 7 and 8, each notch 128

extends axially with respect to a center axis of rotor core 110, and each notch 128



19 Decenber 2002 wo oo/ ol oss PCT/ US99/ 14391 Figure 15 ik¢ patémba2002
not or - 250 whi ch may i ncorporate any of the rotors R descri bed above. Mt or
250 i ncludes a housing 252 having notor endshields 254 and 256 secured

t her et o. I\/%%q/oqggshi el ds 254 and 256 include supports 2?&@&9/1‘%99 for

bearing asse I'eés 262 and 264. Rotor shaft S is coaxial gned with
beari ng assenblies 262 and 264 and extends through openi ngs 266 and 268
formed in endshields 254 and 256. Motor 250 al so includes a stator 270
having a stator core 272 and stator w ndings 274 Stator w ndings 274

include a sixadnlis e RAktird Jengihthf Rofei 116! ABBIligs 135G 60RAINABbNmdeRsl dxgndsThe fir st
winding is wound to forma f nunber of poles 1o and the second

t, |
mai N wi ndi neptvesneighes 128 @%fl;ﬁéil%éég\é\%;ﬁ%ilaﬁéi“fe axyhesentialy reciapglar The start
W nding is 4eungdo alfsgarp@? AsHAAPIn bR ) §Fir® fbieh 130is!iRutARer of poles of

the first marn wnding. Stator core 2 orns a rotor bore 276 Rotor shaft
S i s concendlignehindycoentermivg aith firit akdw parfions | b, and & secend®@@ch &32disr ot or core RC

is positioned concentrical ith tutor shaft S. .is switchi unit 278,
shown i’n phﬁ'ﬁf"?}‘ﬁ\aﬁ?' g‘l%ﬁm‘ie%e’\f’vwsbvﬁd‘é‘hﬁ%?%gé&% P%‘i&b"?éﬁ?~ng’f]‘r§f‘?“ﬂ 78 i ncl udes,
in one for MuaghefiR¥RGhRerie tHPiiicaled & fotelR9128.centri fugal force responsive
assenbly 282, also shown in phantom is nmounted to tutor shaft S and

i ncludes a push coll ar, 284 which engages nmeghapj ca rm 280 Push collar 284
o sl dabl y mourfigie B FtiareadTRemeda et AEt b sabaflbg R aries o 2o
wei ght ed ar £3rat4b, Sid Fipdre(1005 2 pErSYMLive scAGhaticlviews 8dbE tUT. OCHel a0 hashaft S. The
wei ghted armis calibrated to nove froma first position to a second

posi ti on whpfs dfkwhish are skpredel otz d&kinclides edially innenertiop ddtjand i t he
wei ght gd ar [iyRVGRS skdy é&ﬁoxﬁ?ﬁ@@ﬂd Pﬁ?'é&r%@% B‘s@fﬁc{ﬁﬁéé zﬁ%luﬁﬁﬁy ¢! so noves from
a result. nechadi

a first position to a Second position. cal arm 280 of
swi t chi ng ulaintinaB@® ¥50\hawing aroonter periplery 252, pAdirstisetnl St ®f sotexlamindtionssi t i on,

whi ch causes_.swi t chi uni, t to itch from i rst .circuit-making
posi 1 on & or30 s gl pEiets FEaeline Wakey BRI do srihge it £ s 5 o
utilized segigcabeland hRecodet 350 o8 ldfifatons 1300MMs aPluraIAP OF sle’d43Wi t chi ng
unit 278 and assenbly 282 are utilized in conbination in other

appl i cat i onBavingjeeqndskew,partions 148 extonding-i@aresond@irectigs. ooi ol oss
PCT/ US99/ 14391 to control energization of start and main w ndings are well

known. ;$Synchr oni @gl 150VurGéY iHEludi RIAAIS oPRSIHIE | SRS/ inpincdperred fe uti | i zed

in nmotor 250 are described, for exanple, in U S Patent plication Seri al

No. 091042, gwter periphasyl 134y katthe emboiment shown indigmsss 9 andoOpsachneghdéein, in
|t enti et Yy aﬁl\;i\l;l;ﬁ%lgﬁ]fegpef% ér?;rﬁod%ﬁteﬁ’:&%i fofor 86890 Fdleactt et 19835 M1 N

stator wwnding rs
coextensive with a respective one of slots 142, A bridge 160 of lamination material

extends between notches 158 and slots 142, and notches 158 have an irregular cross
20 sectional shape. As shown in Figure 9, a first notch 161 is substantially aligned and

coextensive with first skew portion 146, and a second notch 162 is substantially

aligned and coextensive with second skew portion 148. Notches 158 are open and

do not include permanent magnets. Rotor core 140 is thus an open slot rotor.

Figure 11 is an enlarged fragmentary view of a sixth embodiment of a rotor
25 core 170, and Figure 12 is a perspective schematic view of core 170. Core 170 has
slots 172 which are skewed. Slots 172 include a radially inner portion 174 and first

and second skew portions 176 and 178. Core 170 also includes a plurality of



four poles and the second main stator w nding is wound t{ Hekdmisdreops! es.
Mot or rotor pernmanent magnets M are nagnetized to formsix poles. Sw tching
.unit 278 is coupled to an external control, such as a furnace control.
Centrifugal {gogMessesponsi ve assenbly 282 is not utilizedptpybddhior
particular application. Switching unit 10 278 causes the FI rst  main wi ndi ng
to be energized for the high fire node and the second main stator w nding
to be energized for the low fire node. In operation, and at notor start-up,
the stator start winding and the first main winding are energi zed. The
magneti c fi claminagenagahadngan que petipheey I82S A fieky st 184|bfﬁmcirslaxhiilaﬁxﬂui rrel cage
conductors C r yotor nd, t neti.c Ids 0 ch w ndi ngs
and conduct ot @EB&W%?H@P"@%@% PQILionst Pé"te ‘Pﬁ:lé‘ac start

wi ndi ng and &&ﬁ&n,mms%ﬁwgemm&m @strlamaﬁ§ns Ha§§ piRARE DS doth 1l ds of the
such w ndings do not effectively couple to the nagnetic fields of rotor

per manent melfyigseoond skew pastony lg%ext@ndmgsm% sprond direaigie rotor R has
sufficient speed, the start winding is de-energized. If the 20 furnace is
to operate in th%d?é?fbi‘uhﬁ&xﬁ@%saﬁmr&lﬁ}‘bmwﬁ& 18gANing A e e 1 st mai n
winding to remain energized. As a result, notor 250 operates as an

i nduct i on moouier peripkery g$2at1in\th,€| gmbodipent slwpeemFlgumdlpndéZ,rmdenmh oper ati on.
If the furna rale t ) ching unit
278 energi zegéasté"ﬁm&s ?‘8@3“%] épvvl r@?ﬁéﬂ?%yr%{ tor‘f:éa&dcw? mali n‘?\%ﬁcﬁ WECL IS

de- energi zedlSSAse@eﬂeﬁﬁWﬁmhik’&pdcﬁt@ﬁne&ﬁsﬁ)rselad Mrﬁaseﬁlmdﬂkmnnthe r ot or

d s th | h 2 th t
PPerds af v ettt arers 105 suCire L aaf nirehes Lop bRe ann o "tho 1
19 Decefber 2RBulaM¥rAReibEAdndpe:T AsSRGn th3lkur8a g Netiksendttiel gbsis gener at ed by

the second main winding. Rotor R then rotates at substantially the
synchronous sibeantially pligned and coexsensivecriiik fingtskew ipextionl76,cand a secomd rpm | the
Lonace 1° o (s WbuhlAl ofRRAMF cdeliohdl® Blclid el Pfion P41 11 1O LN !
278 energi zes e firs I'ng an e-energl zes the second nmin

wi ndi ng. thNotcEdSGSBIamrnpepmdadoamth&luﬂapemﬁmtmgnamtmtoﬂmb17031sr ot or speed

i ncreases. | p another lication, and as,in the i scussed
above, the f{Ipsgn ?P&Pﬁmg?‘g RPgn eélt\kb%p%ortaas f‘@g‘ﬁ“ﬁ‘gt’%s and the
second ¥ N Sdudinga nieAl ekl sth WoABRlinuM ih@rsIotS172 ana |n6t%hes|\ﬂ88 Qhile @bt0F

per manent magnets M are magnetized to formsix poles. In this particular

appl i cati on, care i} is maintaiped within a gast thatpraygnts tb‘b’@@]@“l %“%F'Brfm“tﬁml)’l f ugal
force responﬁbe;ﬁgaascﬁrmlcxes%%g ROl ki 176 il brlishe B Ioodd &l bi@edsr ansi L on
fromthe first tion e second position en the rot'or speed exceeds
1200 rpm i . dumingindreo ke aside iof mtmjamaqat'mm 180 bmamsalietnativeigmbodiren®,78 i s in
the first cigcuit-naki Sl first in W gized i
e e 1 ot Hs ReRE s Richiod Ry iy piite R0 8L A BitPEL Mok ng
posi ti om, theflsmﬁﬂ&lmemDnme\Mumﬂerwnb@hmsng@tdnalumumm1sthdme hi gher pol e

nmode. Centrifugal,K force responsiv
poured into slots 172 and notches 188 The thin wall of lamination material on the

outside of notches 188 is then removed so that slots 172 and notches 188 form open

slots.

Figure 13 is an enlarged fragmentary view of a seventh embodiment of a
25 rotor core 200, and Figure 14 is a perspective schematic view of core 200. Core
200 has slots 202 which are skewed. Slots 202 include a radially inner portion 204
and first and second skew portions 206 and 208. Core 200 also includes a plurality
of laminations 210 having an outer periphery 212. A first set 214 of rotor

9



assenblies and switches are well known and are descri bed , in
nore detail in U S. Patent Nos 4, 726,112 and 4, 856, 18129, bgéerﬁ&@?@\ll)\gi ch
.patents are assigned to the present assignee. In operation. and at notor
start-up, SWd 6dis unit 278 is in the first circuit 20 rr%q 9/98§ft|on and
the first ITB.II’] w ndi ng and the start w nding are energize € nagnetic
fields generated by such w ndings induce currents in squirrel cage
conductors C of notor rotor R The magnetic fields of such w ndings and
rotor secondary conductors C couple and rotor R begins to rotate. Since the

first main VWamshiatfiéhs210 hist Aléralidy o8 5106 202 RaBRETiBt AW poRtidn@ 208 ERerdingol es, the
magnetic fields of 2s such w ndi ngqs do not effectively couple to the

nmagnet i c f| einadirgirdissetionn m sagondhigh ALS of rptopiamiratigps210chan a Plurdldy o6s1etsr m si x

ot or R oxceandATE Rk Aot botlth) B tngnl R dielion ARGR RE P Daen

col | ar 284 twtmm’mlor tahmasetscﬁiﬂ hpos pluiatity. of Rlts22diavimg fz84kevauses

mechani gé noyve . tott.t%ﬂ%ﬁcond position, and switching unit 278
swi t che to ? 8 ﬁ e l8“]00& tion. The second main winding is
t hen energi zed. As a result t he speed of rotor R decreases. Wen the rotor
speed equal s the &n«ZﬁMuﬂherynuhiﬂemmplusalﬁ;pdewxchbs 220, havid@@nopen endlaé magneti ¢

fields of the rotar ets cou into, the
magnetic fi e?‘ﬁ?pﬁﬂwg%égﬂqﬂ@wtﬁ%a’é‘l%}%o W‘FF&HH@"‘?E@(%F“ F?li?lhen rotates
at substanti mdd{t&lhbem@ang&hﬂhqs@ua t@@@@ﬂerfaszrs of AstoS¢ore 20U, Ané eathingiehat i on, i .

e. , 1200 rpm As descri bed above, rotor Ris 10 dragged or. "coasts" into

synchr onous 239d&goexiensies Witha respestiveneneof islets 203y Nerhrisies of lagpeatian Enabl i ng
rotor Rt O cagsiaenioRuHANCEE AARKS 2508RFE G RSIE 120 R A1 L ETPL i ng Lo

"push™ rotor R i1nto synchronous spee a |l ower pole 1 nduction w nding,
whi ch i s typiubstintially keetanguldricrass sactional shape.h s simyen i Higured,0a frst vadeli t i onal

details rel 0 rtji.ng,and runni.n i ¥i ded nagnet tors are set 1 s
forth, for g@ﬁgﬁ'@mﬂ@@ﬁ@da?‘g?@ﬁ?"ﬁ%gwg‘ﬁ’fg%ew g" '\/&ngﬁndi% assi gned to
the present @a&dgmm@k SaBstAly dlipacdaidiotttedifeaiith sebdhdiskéw portibret y, by
r ef erence. Qﬁ% nodi fi cations and variations of notor 250 illustrated in

Fi gure 3 ar e2QSo Rermanently,magnstizablemateriali 226-is docated i petches g2 andb24. coul d be

configured to operate as a two pole | four pole notor, a six pole | eight

pol e mofsor, or sQyEnyOahie ongmhzabdve@escﬁaé@fotorw@smgfdsﬁms Fof ucture of
not or 250, such as the type of bearing assenblies 262 and 264. and notor
frane, of co%ﬁaﬁ’@e ‘S\PQF%W lagpinations sap bhedded Hepsnding pPerftheal force

responsi ve Syig Gl ra‘ﬁgE Bﬁi} fStiks! Qb a%Jl&oxP% Hﬁ:ﬁ%}}gﬂﬁénswﬁs%ft Réﬁ&t" € a

rotor speed senso rmunte to st or optic based controls
coul d be uti ¢tandedeleted medee:kplmdtopemtmg]ehalmtmsmﬂ Pimensiahs af sushb| y of rotor

R, Iamnatlos are.stanped from st I éche@? each | natlon
may be anneaf 8t8 affrd‘%‘{’ﬁgﬁf rE¥ample, ind slo)atf'ﬁfﬁ §E 4 mﬁS‘f %ggﬂeg
materiago is ﬁ:@@f@dltfaﬂ?ne&ﬂxd HeRBY RitbipofiSedHtetein, lif its SAtASIYEBY re?&énc@xarfm ein
two sets, to a _desired height to form 14

Additional details regardmg divided magnet rotors are set forth, for example, in

U.S. Patent No. 5,548,172, which is assigned to the present assignee and hereby

incorporated herein, in its entirety, by reference. The rotor cores described above

could also be fabricated without the notches located on the outer periphery of the

25 rotor laminations. The rotor bar slots would still have a stepped skew and the rotor

bar slots could either be open slots or closed slots.

10
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| am nations are stacked so that radially inner portions of the slots are
.aligned, and the skew portions in the first set are offset fromthe skew
portions in ond set. Once |am nations are stacked ected
hei ght and a?@ﬁ% , as described above, pernmanent nagnet sﬁcﬁﬁégr}gﬂ@g}r med or
| ocated in the notches at the rotor core outer periphery using, for

exanpl e, an injection nolding process. Particularly, magnets may be forned
from neodym umiron using injection nolding. Neodymiumiron in a form

suitable for inj qGkir®ns MRkeiRA hétoCT5URIEH mhy Mcatporatedinl of HeQblord e
Magnaquench division of General Mdtors |ocated in Anderson, |ndiana.

Al ternati vel describagalavs. Maienadl indudenn heusing o2 faving matoserdshiskls 29t t echni ques
such as et 14431738 sedit3lhelo AN A HIADSRLAP S SMApIIOTRSREUr o0 Lo the

rotor core. Squirrel cage conductors C and rotor end rihgs ER are then
formed usi ng2é@rfornbearingasserbilies 26%and}64 c Rotor sidt His cotvgidlly digned witen i nserted

t hrough _al i gned openi ' m 1,.O A j tor shaft
S o Sedur ccaas REMIES 2471l 360 4P QAR e Peid AR Apd 258RmEF S\ Ty

t hen be nmagni@atendshikbldsAddiaiid 286al details regarding assenbly of a rotor and a
notor are set forth, for exanple, in US. Patent Nos. 4,726,112 and

5,548, 172, which are si.gne ot ent assi gnee,-,lh ove descri bed
di vi ded magnet r %‘P’s?@a%}%‘&g'é‘i‘%ﬁﬁgg”?ﬁ@ Vig A GHOT 6P 272 8 Y skow and
the stepped wiiNgerabsasorwiflings 279 inchide ais@htwindioy aid SH86t i bsebdi@t zo can be
inserted into the rotor thereby elimnating the need to produce a helix

from the rot®pincypding. TRRe Biehip ' g éuqpndite forma first; daster, Rumber aERderol i ng
stator gl ot G44RL sedGdhilh Gindidgls #d6Hd to%0m 4 E&oﬂcﬁthfghér, HahbbPorpoRReN sl ots so

that in at |east the open slot configuration, the rotor Is not subject to
rotor bri dgeTkeattart winding.is winddo form 4 mymher pOpldsaqudl dethedwmber dfgdlesn t er ns of

{na “the | vt B R BEGRE 2o kIS 72 s vipt ek a7 dor et RGECETT " ana

scope of thecehkéittically dfranged axially of stator core 272, and rotor core RC is positioned

concentrically with rotor shaft S.

15 A switching unit 278, shown in phantom, is mounted to endshield 254.
Switching unit 278 includes, in one form, a movable mechanical arm 280 A
centrifugal force responsive assembly 282, also shown in phantom, is mounted to
rotor shaft S and includes a push collar 284 which engages mechanical arm 280
Push collar 284 is slidably mounted on rotor shaft S. Assembly 282 also includes a

20 weighted arm and spring (not shown in detail) secured to rotor shaft S. The
weighted arm is calibrated to move from a first position to a second position when
the rotor speed exceeds a predetermined speed. When the weighted arm moves to
the second position, push collar 284 also moves from a first position to a second
position. As a result. mechanical arm 280 of switching unit 278 moves from a first

25 position to a second position, which causes switching unit 278 to switch from a first
circuit-making position to a second circuit-making position. Switching unit 278 is
utilized separately in some applications (without arm 280) and switching unit 278

and assembly 282 are utilized in combination in other applications. Switches used

11



19 Decenber 2002 CLAIMS: 1. A rotor core conprising a pl+igpkédnyber2002t Or

| am nations, each of said | am nations having an outer periphery, a fast set
. of rotor latiamations conprising a plurality of slots k~aving skew portions
ext endi ng i'@v@?o‘;o?(%P direction) a second set of 5 said rotQr 1155@51/%5’1“ ons
conprising a plurality of slots having skew portions ext endi ng in a second
direction, and a plurality of notches having an open end at said outer

peri phery and substantially aligned and coextcnsivc with at | east one of
said skew portions. 2. Arotor core in accordance with, Caim1l wherein

oat h.of sai do B&MitFol Biferdifatiox bEAMS aPthah Mindidsrd REIPRSIwiL SyRcliBiiz®r axi s of
raid rotor core. 3. Arotor core in accordance with Caim2 wherein each of

sai d not cheswitshing abparatnsiagdmgihods whiclemap be piilized iremetor 230 redpssribed, 4. A rot or
core in acc ARESIeM fl h ' AR 18xtend axially
with respec?{’{jo aﬁggﬁg?s%gkép%ﬁggﬁgs%ﬁﬁ' gg@gf,g*.lé&ﬂ% ongﬁalg’ entire is

| engt h of sali988,cand dereby indorported hesing in s enticavy,dbyrreference.h Cl aire 1 wherein
each of said notches extend axially with respect to a center axis of said
rotor cQre and a , Lon. ' : . r (naccordance
with d gi m 1 V\helrhg?%' %@%%@Bﬁ%&%g@ %&Fﬁéﬁisggmrm &edr?é: %Iwcg@{jgon%gmbet ween at

| east one offosmpalesaod thesscoaditham staterpeioding & wovad of fopmi sik pdlest Motdér A r ot or

i d ith daiml wherei bri. d f.laminatiqp.tnuterinl

ext ends. bot vi2ISh Pemaiea sagts M gfe @agnaticed el form s foles. Soufibing Wt 2085 of sai o

slots. 16  chipleformtaierrADEbAtrdl, shth R aFhma& @nirbl. a@&.&sfdgm&cw th daim1l
y

wherein at |east one of said notches has a substanti al rectangul ar cross
sectional sHagpensive asgembly 372 ig potartilizedyin this partioargpplicatioryj $witchingmitej n at

| east qgyo t I : Al 1 A . i pe. s 10. A
otor oure (7SREs B8 HER R Rl d b4 GRIAN KBS fgh B b ndE

subst ant i al |sgconldimpirestatanelindiog xd bneanesgizediforthetva fife maded skew portions of one
of said slots in said first set of rotor |am nations) and a second notch is
substantially ali d ve W ) f S Q]EE'!ilcpns of one
of said slots inIl'ggfegatg’gk%ngg‘?éléﬁpg@ﬁlgr%hﬁeq]ag??ngﬁgﬁlgﬁg? a?d‘%@’ﬁé? rotor core
I S accor danceinding hre@her'gizad. 1 Thdvadgnetic fiells gembrated tbyBuclswindings adtdeal | y al i gned,

for at least a portion of length of said first_ notch, with of said skew
bor t1 ons- of WHERSI Sqiitet caes CERRIOBE B FPIOEFORLR. D8 ieomehncti AL onoy and &
second 130t Chgyts whidiizs aftf dopdidcioralicomAdlind Rfor K bdgRR 6 rolatbOSincOthe@farta | €ngt h
of said second notc with one of said skew portions of one of said slots

in said secowadisgandfirst paip winding ferm fenripoles, the magnetic fields of thesughn accor dance
with Ctaim]l i . i I i i i ortions,
and each of “s’%@ésﬁ%dtq%ﬁgg&lug&% E@Jg % atﬁttﬁéaﬁfé'gg?ﬁgﬁsg% r\EI)VI%? h@%ﬁ%ﬁgﬁ{%ﬁﬁ%{% s of one

of said sl otMrcadfigured torfenm gioptleons. 13. A rotor core i~a accordance with
Claim1 further conprising a third 'o set of rotor |am nations conprising a

plurality of sl Oﬁc@ﬁ"éémh&@ﬁ%ﬁ{épig‘g#??jhef%%?&md&%g% ?%Hilgg&édr Sﬂ“{hgi rection.

4. Arotor for an electric no or co > a rotor Core
conpri siong afuplace Blté dperad inrthd high Figsmodsd, iswiichingaait 278 casses thelfixstinmgdt | ons

havi ng an outer, peri Ghery, a s set_of rotor lam natiQas conprising a s
i iy of VErBE FE ekt B8 ArTUliomalr SR P CRREEORPEE | o) o
second set Of alélativelPniplRs SPERE, fosOfbic MBUloff (peRilion. AT the ka8 isG8MPr i Sing a

plurality of slots having skew portions extending in a second direction, a
plural ity ofonseteidhe lawfiregrode, hopever eswitching smit 379 enesgizgsdhe sependy and
substanti al | y,.al i d ensi i . | ea o) 0 skew
portions, an alg“’cen raa{ﬁqgeoﬁ/lgtre&slﬁ%d{%p%ﬂr# %6&&2&? al a ki, tfne%&b'd

25 speed decreases.

When the rotor speed equals the six pole synchronous speed, i.e.; 1200 rpm,

the magnetic fields of rotor permanent magnets M couple with, and "lock" into, the

12



3 arotor sliaft havi~~ ;ui ~utib which is euaxiat W <fr§peebberco2 axis
of rotation and extending through said central rotor shaft opening; a
.plurality of secondary conductors extending through said slots; and a
plurality of ‘SCi maner ~t magnets located In said | am natiop_n tcheg 5. A
rotor in accCB?HHE® with O ai m 14 wherein each of said nofEHERME%hxt end
axially with respect to a center axis of said rotor core and al ong an
entire length of said core. 16. A rotor in accordance with C aim 14 wherein
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of “sard &1 at 258 el Bp Pl oh aibgrmG: i B R Praili i Becond notch i<
substantially aligned and coextensive with one of said skew portions of one
of said slots in beoandthsexpplichtids, and fas off the embodithentidisaissaaiebove] thedfirst 19

Decenber 2002 20. A rpotor .in accordance wth aimi14 wherein a first notch
s subst ant 1 S saiph wRdRe i o 58 oAbt Aty and R ot abgt von wading Fr et
notch) with enowd t6 drfh sBkRIlesD MébtoPfbtorPerridientQhaghéts M SleQhdpnitizedd d first
set of rotor |amnnations, and a second notch is substantially aligned, for

at ieast a péPmm $hpeles. oln|thif garHowar application center 18woperateqps sisgle seedsai d skew
por {+ ono Of - ftfordcepfirea? NeolgBndl AecifPI6h 5 i b ibARUAS! | On. 21
An el ectric notor, nprising: "a stator eoertprisinQ a stator core, first
and second nwiansitionfgom g, firstpositidratthersicond/positiom gherothe irgpor speed excéalsm a | ower
nunber of pol than said second main i .n wnding. sai at.n re formng
a stator haré?&aﬂ)&"dﬁpo‘f’wﬁ%ﬁé’ paquy gpegd.; ?“%‘H‘gwgaaﬁ@%{sr‘?@ﬁffﬁ? ar r anged
axi al ly of sairchiGiakifg pssitios, tha fits® tfain Windidg ROsnetgiZd Sk, S8 dewetipoR! | y Wit h
said rotor shaft and attached thereto, said rotor core conprising a
plurality of MadeoWhesnit 27§ isia thedgond gircuitymakingpositiopghe sseendgitng an out er
peripheny) a ihdisd i et ¥=Vaul i . E_fRikigal Ssipd urality of
slots haltvi ng sk%@véggg%ﬂgg%lgi?ﬁeen ?ﬁr?grlislafr? a HQ%t dlgrale@??egtﬁ%poam&sgecond set of
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I di idlam ' h d [ N Au; f
pol o5 equal 1ot i . 1 ShEPEE R HARGREUFR T2 B on e ReR ARG g,

20 making position and the first main winding and the start winding are energized. The

magnetic fields generated by such windings induce currents in squirrel cage
conductors C of motor rotor R. The magnetic fields of such windings and rotor
secondary conductors C couple and rotor R begins to rotate. Since the first main
winding and start winding are energized to form four poles, the magnetic fields of
25 such windings do not effectively couple to the magnetic fields of permanent magnets

M which are magnetized to form six poles.
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25 With respect to the manufacture and assembly of rotor R, laminations are

stamped from steel. As is well known, each lamination may be annealed or
otherwise treated so that a coating of insulating material is formed thereon.

Laminations are then stacked, for example in two sets, to a desired height to form
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the rotor core. Rotor laminations are stacked so that radially inner portions of the
slots are aligned, and the skew portions in the first set are offset from the skew

portions in the second set.

Once laminations are stacked to the selected height and aligned, as described
above, permanent magnets M are formed or located in the notches at the rotor core
outer periphery using, for example, an injection molding process. Particularly,
magnets may be formed from neodymium iron using injection molding.
Neodymium iron in a form suitable for injection molding is commercially available
from, the Magnaquench division of General Motors located in Anderson, Indiana.
Alternatively, magnets M could be manufactured using alternative techniques such

as extrusion, casting and sintering processes, and then secured to the rotor core.

Squirrel cage conductors C and rotor end rings ER are then formed using an
aluminum die cast process. Rotor shaft S is then inserted through aligned openings
in each lamination and the end rings. Rotor shaft S is secured to the end rings by
welding, for example. Magnets M may then be magnetized. Additional details
regarding assembly of a rotor and a motor are set forth, for example, in U.S. Patent

Nos. 4,726,112 and 5,548,172, which are assigned to the present assignee.

The above described divided magnet rotors have a stepped skew rather than a
helical skew, and the stepped skew enables the use of straight magnet sections that
can be inserted into the rotor thereby eliminating the need to produce a helix from
the rotor cage. The stepped skew also is effective in decoupling stator slot order
harmonics. In addition, the rotors may have open slots so that in at least the open

slot configuration, the rotor is not subject to rotor bridge saturation.

While the invention has been described in terms of various specific
embodiments, those skilled in the art will recognize that the invention can be

practiced with modification within the spirit and scope of the claims. -
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2. A rotor core in accordance with Claim 1 wherein each of said notches
10 extends axially with respect to a center axis of said rotor core.

3. A rotor core in accordance with Claim 2 wherein each of said notches
is coextensive with a respective one of said slots,

4, A rotor core in accordance with Claira 1 whetein each of sald notches
extend axially with respect to a center axis of said rotor core and along an entire
IS Iength of sald core,

5. A rotor core in accordance with Claim 1 wherein each of said notches
extend axially with respect to a center axis of said rotor core and along a portion of

said core.
6. A rotor core in accordance with Claim 1 wherein a bridge of
20 lamination material extends between at least one of said notches and a respective one

of said slots.

7. A rotor core in accordance with Claim 1 wherein no bridge of
lamination materia! extends between at least one of said notches and a respoctive onc
of said slots.
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103109 () - ! substAafagiy( éhgned and coextenszve with one of said skew portions of one of said
slots in said first set of rotor laminations, and a second notch is substantially aligned
and coextensive with one of said skew portions of one of said slots in said second
set of rotor laminations.

10 11. A rotor core in accordance with Claim 1 wherein a first notch is
substantially aligned, for at least a portion of leagth of said first notch, with one of
said skew portions of one of said slots in said first set of rotor laminations, and a
second noteh is substantially aligned, for at least a portion of a length of said second
notch, with one of sald skew portions of one of said slots in said second set of rotor
15 laminations.

12. A rotot core in accordance with Claim 1 wherein each of said slots
comprises radially inner portions, and each of said notches is substzntially aligned
with a radial axis of one of said slot radial inner portions.

13, A rotor core in accordance with Claim 1 further comprising 2 third
20 set of rotor laminations comprising a plurality of slots having skew portions
extending in the first direction.

14. A rotor for an electric motor, said rotor corprising;

a rotor ¢ore comprising a plurality of rotor larninations, each of said
laminations having an outer petiphery, a first set of rotor laminations comprising 2
5 plurality of slots having skew portions extending in a first direction, a second set of
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and extending through said central rotor shaft opening;

a plurality of secondary conductors extending through said slots; and
- a plurality of pcrmanent magnets located in said Jamination notches,

15. A rotor in accordance with Claim 14 wherein each of said notches
10 extend axially with respect to a center axis of said rotor core and along an entire
length of said core.

16. A rotor in accordance with Claim 14 wherein each of said notches
extend axially with respect to a center axis of said rotor core and along a portion of
said core.

15 17. A rotor in accordance with Claim 14 wherein a bridge of lamination
material extends between at least one of said notches and a respective one of said
slots.

18. A rotor in accardance with Claim 14 wherein no bridge of lamination
material excends between at least one of said notches and a respective one of said
20 slots.

19. A rotor in accordance with Claim 14 wherein a first notch is
substantially aligned and coextensive with one of said skew portians of one of said
slots in said first set of rotor laminations, and a second notch is substantially aligned
and coextensive with one of said skew portions of on¢ of said slots in said second

25 set of rotor laminations.
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21.  An electric motor, coraprising:

a stator comprising a stator core, first and second main windings, said first
main winding configured to form a lower number of poles than said second main

10 winding, said stator core farming a statar hare; and

a rotor comprising a rotor shaft concentrically arranged axially of said stator
core, a rotor core positioned concentrically with said rotor shaft and attached
thereto, said rotot core comprising a plurality of rotor laminations, each of said
laminations having an outer periphery, a first set of rotor laminations comprising a

15 plurality of slots having skew portions extending in a first direction, a sccond set of
said rotor laminations comprising a plurality of slots having skew portions extending
in a second direction, a plurality of notches having an open end at said outer
periphery and substantially aligned and coextensive with at least one of said skew
portions, a plurality of secondary conductors extending through said slots, and a

20 plurality of permanent magnets located in said lamination notches and magnetized to
form a number of poles equal to the number of poles formed by said second main
winding.

22,  Anclectric motor in accordance with Claim 21 whetein a first notch
is substantially aligned and coextensive with one of said skew portions of one of said
25 slots in said first set of rotor laminations, and a second notch is substantially aligned
and coextensive with one of said skew portions of one of said slots in szid second

set of rotor laminations.
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second notch is substantially aligned, for at least a portion of a length of said second

s notch, with one of said skew portions of one of said slots in said second set of rotor
laminations.
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