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I.NTERLOCKS FOR STACKI NG OF NON- ROTATED LAM NATI ON CORES Field of the

I nvention The present invention relates generally to electric notors and
nore parti MAH46625% 0 paired interl ocks for the stacking of nBRIVVSIASEY

| am nation cores) and a nethod for nmaking such cores. Background of the

I nvention Electrical notors are in vast use and inpact every aspect of

i ndustrial, comrercial and residential life. Such notors can vary from

smal |, fractional notors that can be found) for exanple, in washing

machi nes and refrigerators, to large industrial applications for driving
manuf acturing equi pnment, fans and the |ike. Mdtors are conmmonly used to

convert electric jumi 0 rotating energy or rotational force.
Typically, a not am“mmmmmmwm rotating -central portion ref e\m\wwmmw
rotor and a stationary outer portion referred to as a stator

and rotor are housed $’a housi ng that contains the notor. Both #ksssr ot or
and stator contain electrical conducting elenments. Rotor and stator cores
can be formed with 1 11 Decenber 2002 WO 99/ 66625 PC T/ US99113' T96

varyi ng nunbers of slots, which are the openings that receive the

el ectrical conducting elenents. Arotor core is the central portion of the
rotor that contains the conductive el enments. The nunber of bars in rotor
cores can m-rgp' , '_q.{?f i not or s,
for exarrplple@[:%eh[gsle hav@%@ofgéﬁgﬂnﬁg (lalsgs g,:r g{%ﬁt V\%?lg?c%l%wunber
of bars i CORES ally between 8 and 52. The core structure is typically
formed as a plurality of stacked plates or |am nations. The |am nations,

whi ch can be netal, may be punched in a io press and subsequently stacked
one on top of another to formthe core. In sone cores, the |lamnations are
rotated relative to one another to account for possible asymmetries in the
| am nat i onF;gRyet rﬂg lnverioAt her, non-rotated cores, the laninations can
nerely be stacked one on top of another and interlocked with one another to
forma rigid core structure, and to prevent the lamnations is from
shiftsng rel atiThe tpresert inwention. relates ngenaraliyh 1o nelectrio ciiotags aamdhrmyeneent |,

each | am natj.on_has a _dinqple_or, recess punched.into the surface, which
Forms a canriRamd o feispdulrBts &R T0R MuHIRE Pt bOhforbts Andtic eile! on
The | am naéd@gheqﬁgquﬁaﬁh?g&gﬁcgfgg.on top of the other with the
projections fromone | am natli on .engagi ng and 20 resting in the recess in

t he next adjacent lamnation. In this nested arrangenent, the |am nations
are kept in alignment with one anot her by

Background of the Invention

10 Electrical motors are in vast use and impact every aspect of industrial,
commercial and residential life. Such motors can vary from small, fractional
motors that can be found, for example, in washing machines and refrigerators, to
large industrial applications for driving manufacturing equipment, fans and the
like. Motors are commonly used to convert electrical energy into rotating energy

15 or rotational force.

Typicaily, a motor includes a rotating -central portionjreferred to as a rotor
and a stationary outer portion referred to as a stator. The stator and rotor are
housed in a housing that contains the motor. Both the rotor and stator contain
electrical conducting elements. Rotor and stator cores can be formed with
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engagenent of the projections and recesses. This is a cohDecerabst 2802ept ed
method for interlocking | am nations. Al though such known nmethods are in
comon practlce t hey do have 2s their drawbacks. First, this direct nested
arr angementWRP¥98s a rel ativel y short path and thus, a |owP Koas
current path for eddy currents. This, as wll be recogni zed by those
skilled in the art, can result in |ncreased el ectromagnetic | osses through
the core) J&w@mgﬂmsid@crm@e%réhneeéﬁemQ%nmetq*ecém tfe) @lectricam whi ch
the stator core is constructed. 11 Decenber 2002 WO 991 66625

PCT/ US99/ 1eanmotmcnlemnagts; there continues to be a need for a rotor core

| am nation interlocking arrangenent that readily facilitates manufacture of

I d f Wh hoi I '
croates a high AyelinEare: s 1BR, SpFA] Poyien bl i, Pk el EREE Bia
el ect r omgaghidciivd O8BRTerid!r OUBe t RBmbEE 06t BRHSTRY Vicker '¢istelNCBR iary A

rotor core for use in a rotating dynanoelectric nachine Is fornmed froma
st ack sof | eonsiderably. Imremaliere fiactionalesquirrgi-cagel mojors| fareexarapley thoseul ar

lam nations in a stacked fornmation, on t op of another. Each | am pation
o def nesﬁawn.sxfososf Blimelo?s & iabut Myinghesy the, nuRibar &3 tiers e neiiaat | on
in the sta dé@”rs ation includes fi rst and second surfaces, and the
stack is con%wgure efine at | east one inner |amnation having

| am nati ons adjacent to both the first and second sides and outer

| ami nati ons haviTig tonei staldtms&%mauylfomndcasl g pturalityfoftdtacked platesidr second

sides. is Each lamnatjon is farnmed w redet erm ned nunber of
ci rcunfer elﬂﬁ“&!ﬂqt‘?néquﬁi‘ﬁy %ﬁé@@%l%@i‘ § M&kalemay %@epgﬂﬁﬁ‘gga\?eﬁ spaced

from gdj acg Q‘gis‘g%qﬁég ﬁy ehdid 69 %‘%H%ﬁrofré?fdi‘héﬂ {HchSrﬁgF goréfa?ﬁ‘ | g

| am nati on | nc one | nterl ocki o] ection n one

the first sorheseorms(tise temihations arerotpted nedntwlestofmdotarerao Rcedantefon ned
radi al distance 20 fromthe | am natjon axis. gEltaC projection is formed so

as to exteR@ssipie gsymmptdns inthe lamipation amateriak 19etheb Rentratatad; °°'|9<§Ch
| am nat | On#ié“iétﬂﬁ’[aeioﬁu‘é éé?\eiji Eélylbeea&%cf?&? oﬁ %ln%h c?rér{o?ﬁgﬂ ¥h3§n{eﬁ3bﬁ3

shadow f or ving a projectio roman a cent

| am nat i onwiitene \drothétdotfomlsrigidaddre strethed, arvd & prdvend th@tamﬁqeﬁbns he
projections are 25 eng lgged i n correspondi ng shadows so as to define a

st aggkr ed {9 sbiftipg selabive 4o oap@NARlow engagenent s through the | am nation
stack. This staggered path of projection and shadow engagenents defines an

havi ng a. | engt h 05 Bpoh Attieekg S dnaierl-Pabiy eininatieh ot o e

t hr ough- t herlregessipumehetdato the smwaaemcnﬁmeecmemmldg prejeltion
therethrough. In a preferred core,  each |am nation includes a gﬁé‘allty of

proj ect i on o thecepResitp sidgiafine éﬁfﬂ'r@t@ﬂur‘r&el ?T'mt‘wf&WBrﬁa PERabl vy,

any of tho B Bl RSB 1 PLOIBRISTE RofrCEe ferfhaERL eRBINS FEE or)
the ps@j ectregt’n@am 3he etetesst fl.thar fert adidvane lapthation. Pr on etHis onedtedei vi ng
regi on has a conpl enent ar el ongat ed, arcuate shape io so as to fully

recei ve a @rangament, fthe amm&ﬂPﬁ%eﬁf? kenti !ﬁhﬁliﬁme%&‘%@ﬁnaﬂ@m@@bﬁn can
have a | engt ) JJihent® of e prdjBallofs ' sHP Boddseb® iRl &SR EUMIRoR" ghact! o

accepted r_nethod for interlocking laminations.

Although such known methods are in common practice, they do have

25 their drawbacks. First, this direct nested arrangement provides a relatively
short path and thus, a low impedance currént path for eddy currents. This, as

will be recognized by those skilled in the art, can result in increased
electromagnetic losses through the core. This arrangement decreases the

efficiency of the motor from which the stator core is constructed.
2



O her features, benefits and advantages of the present 1a\Ritbmder 2002 be
apparent fromthe following figures, detailed description, and appended ~s
clainms. Description of the Drawings FIG 1 is an expl oded, perspective view
of an exenpkvamdy/eéasor, illustrating a rotor and havi ng a cor BCTYHSIHEEBTPR
accordance with the principles of the present 20 invention FIG 2 is a
perspective view of a rotor core fornmed froma stacked plurality of

| am nations i “C|A&'!df'6in > {RENROELATRI fsotfo So l%ahéé‘@ foih GotdtCkoradiarmifbaah FIGG

3 is a perspective top i'ew of one the lam nations of the core of

2; 2s FI G irterleckingeas’gngeinent tivatt readily dfacititatesananurfacture cof EmiRations; 4
11 Decenber 2002 - WO 99| 66625 PCT/ US99/ ipqi#f? FIG 5 is an enlarg %d vi ew of
t he | anmi na@néhretor reares Aherafrqm: whichnipter, & ArENgemEN - efeates @hhighc 6

656 of Fi cpBENES CAtAM By K Bl rertE BT odlbe” YL %?#iéﬁaﬁ}‘%ﬂ% the.

7-7 ofs Fl GlogsedtHroudh tife mteartial perspective view of a lamnation that
i ncludes an alternate embodi ment of the paired interlock system and FIGS.

9A 9E il lustrate various alternate projection shapes for the interlocking
system of the present invention. io Detailed Description of the Invention
Wil e the present invention is susceptible of enbodi nent in various fornms,

there is s s arid will hereinafter be described presently
preferred %ﬁ{aﬂ@é{@ﬂﬁw hods with the understanding that is the
present disclosure is to be considered an exenplification of the invention

and is not A mbtordestet for luse in ahctatmgedynavmélecmbemaphmef iscfoemipadiromnés
illustrated and rret hods descri bed eferring nowto the figures and in

parti cul ar stackaf laminatiens i Therearm incldstes: agplvsality| of QEF\QEﬂUYatCLfGUbﬂf 10

and a st a SR Rastkdiutbegl B B e Aotnetr B4 I hligh 1o
that 6 MoufRést an ks Mdths Rolilteah Wit 89 akid ofTBack loihér lakfindfibh e the
| ongi tudi nal axis indicated at 18, therethrough. The rotor 14 is the

rotating pdtacion kach laminstion lle)UdQ?nﬁfSh%'\dp%ﬁﬁQﬂdoﬁdiﬁ%&, ignd theestacktisr 96.

a1 gned wi (PrEired5p gBfds 3 |iiP phHho¥ e lbiaor ARG R Bloragistet. g =
Stator 16 anehetel iHg ML andl sedohdSIAESTId GRER |MIRRBOAG ARV TAMBRINONS7 96

‘The rotor 14 is positioned within the stator 16 to define a gap, referred
to as an aiadigagnt torenly enef dlne fipstiangrsasendsides. The gap 22 pernits the
rot or

15 Each Iarr;ination is formed with a predetermined number of circumferencially
equally spaced slots formed therein. The slots are spaced from adjacent
slots so as to define conductor receiving regions. Each inner lamination
includes at least one interlocking projection formed in one of the first and
second sides, which projection is formed at a predetermined radial distance

20 from the lamination axis. Each projection is formed so as to extend out of a
plane of one of the first and second sides. Each lamination further includes
at least one projection receiving region or shadow formed therein for
receiving a projection from an adjacent lamination.

When viewing the lamination stack parallel to the axis, the projections are
25 engaged in corresponding shadows so as to define a staggered path of
projection and shadow engagements through the lamination stack. This
staggered path of projection and shadow engagements defines an elongated,
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14 to freely rotated wthin the stator 16 wi thout the r ¢t Decddberi2zD02t at or
16 .i'nadvertently contacting one another. In a typical) small, fractional
notor, 5 e.g ., less than one horsepower, the gap 22 can be about

t en-t housaV® b¥66625 an i nch (ten mlls). The rotor 14 is for nBATRSIHI3I796
plurality of plates or |am nations 24 that are stacked together one on top
of another. The [ami nations 24 are secured in place relative to one anot her
by an i nt egdefifdtisn i &d¢ id T8k N i ng
st em 26 e R e X o e Rk G b Ve

t o one anocurentsrtirdughitheciaminationy stackntodacteaseshimpedandetdfuan eddy path ns t he
core 28 as,a u itarﬁ/ menber during manufacture. As illustrated in FIGS. 2
and 3, thetr&fPE“'Q‘égl-ncl udes a predeternined nunber of slots 30 farmed
therein at an edge or periphery 32 of each is |lam nation 24. The slots 30

are definefh by p@Riod cha! 58P AGRIRtAYP LRI HIGHHIRY S BibiBgtion 1. 2

typical rotor l|la Ion teet are i nteg amnation

central porédeingGegiors and.eepluralityesiprojections! hPrdfbedbly,stHeh amihation$0, are
configured to receive and secure conducting el enents an exenplar ~ one of

which is i Afe ceanfigused 380 that| eacly recelving nfegion aear x@aeive yamo ¢fr a8 i onal

notor, the 3 QL & as a single mass from for
exanpl e, aPﬁ‘ﬁ?%ﬁﬁé’{“ ﬁhga‘@ggﬂﬁl;ﬁ}"g%{@g into the slots 30 in nolten form
This type " rotor manufacture is commonly referred to as a squirrel-cage

not or . The {mpbatadnfiguration) dieé prejediornhas adnelbabhied, aroBstef sinipesangthe
material) 2s such as sheet steel) that has been stanped in the formof the

| ami nat i onProjaction eceivingi r@gion hasia somplementasy celongated, -acuate shapen

rgg;t{)n;{:; ' g na ; "Tor e i da
ot atfton pPcu HIErERve R hrofanero A HaRRe e oG, T st

number of degibAcsar Ahee! & feridgthithat e Xargafiteaed 1dryth BT theNcdites diﬁgn
cores 28 do hot require 6 11 Decenber 2002 WD 99/ 66625 PCT/ US99/ 13796

such rot at poejectifpi cal | y, these non-rotated cores 28 can be formed from
materials in which the material thickness tolerance is controlled or the

cores 28 t I n bj ect u i i

oper at i on (ANBEJERErgEpeia B oy dried b IR, bR BFebte Wl b, 11
Sonme s | nS@@gﬁ?ént frb 1thé Sfollbwirte ﬁm{rés?@e(ﬁbédmﬁés@ﬁlgﬁéﬁ,g%nfdo ab?bﬁﬂ@dt he

| am nations 24, or there sinply may not be any need to control the

di menti ons cBimshe core 28. Neverthel ess, such cores 28 still require an

i nterlocking arrangenent 26 in order to assure that the |am nations 24 are
mai ntai ned fixed relative to one another. io The present invention uses an
i nterl ocking system 26 that includes a raised projection or tab 44 that is
formed in a surface 46 of the lam nation 24 and a correspondi ng projection
recei vi ng mrascriptioropithierRrasingshadow 48 in the next adjacent |am nation 24
into which the projection or tab 44 resides. In a preferred enbodi nent, the
rojection 44 h a l.ead portion 50 and a.trailing is portion 52. The | ead
Bor!ti on 50 can aﬂGsﬂéﬁ)ﬂ@@?(Hb@HoRﬂsPﬁdﬁed'e‘&Of ane emplgry motor, lﬁ’ustra-[lng

a rotor and having a core formed in accordance with the principles of the present
20 invantion;

FIG, 2 is a perspective view of a rotor core formed from a stacked plurality
of laminations including one embodiment of a paired interlocking system;

FIG. 3 is a perspective top view of ane of the laminations of the core of
FIG. 2;

25 FIG. 4 is a perspective bottom view of the lamination of FIG. 3;



Essentially the lead portion 50 is the upper nost raisedqpydeder pogen t he
surface 46 of the lam nation 24. The trailing portion 52 can taper or ranp
downwardly fromthe | ead portion 50, sloping toward the surface 46 of the
| amnat i on Wd so/¢ek290est seen in FIG 5, the projection 44 canpgefuseensv 20
arcuat e shape along its circunferential length as indicated by Lp such that
the center line) as indicated at 54, remains at a fixed radi al distance dP

fromthe axis of;hhe J.ap ' i€, t aXj. . | j ke kngwn

i nterl ocks whi cE'%‘sg izi‘ gﬁ%@%gg Y}P@j 8f ﬁé 'ﬁﬁtﬁn %gcﬁée;r‘i'n@é%iré%mgoaene
anot her i nirfleddokfty prdjettipAn and at .fixed position, the projections 2s 44 of
the present invention are received in the shadows or openings 48 that are
also forned in the | am nation 24. The shadows 48 can be elongated to

recei ve the profGt6isa patialictosg-saationaingew oftha lamination stagk takemnalong t hus
permt the 8 MC“F%} é14 to reside fully wthin the shadow 48. Simlar to

t he proj eclifig £t e“shadow 48 is preferably arcuate such that a center
i ne of 30 the shadow i ndicated at 56 |s at a fixed radial distance d, from
the | am nation Qxet ﬁ%ﬁ 1 s(rotor
axi s %O) equal t?cl)Gt%ls?ggﬁamlpe@sét anc‘gﬁ P of the égf&:c@ ectl oﬁaggmﬁgdmthe axi s
20. Preferably, the projections 44 and shadows 48 are paired with one

anot her and eackl@h&disvadpattiat perspectives dewnof al lamunghdm tbatt ineludes annewhat
| onger than.the |en its .c spondi n rojection 44. s The present
i nventi on PBW&%EMIW@’MH?G Bﬂ%@!‘iﬂ@?ﬂ %"{) A nown, di npl e- proj ecti on
nesting arrangerrent Particularly) the present invention provides a higher

i npedance curre at A S u rRatah clic I'?a%e T killed
inthe art wll wggog%zggtlﬁg%ikttﬁl géﬁﬁfléltsyl n aﬁrngguctl gs sTHS e

el ect r omagirdetiacking systemrof tthepreseat it8entidri.ch in turn results in a to nore
efficient notor. More specifically, as illustrated in FIG 6, each

[ nter]r?ock 26 location within a series of |lam nations 24 alternates between
its sfradow 48 position and its projection 44 position. As such, the pathway
for eddy currents is no.longer a straight path through the core 28 as in

t he di npl eDetdifd Descriptivhf ted IngBagoent , but is a tortuous path resenbling
a zig-zag is configuration rather than a straight-line path through the

core 28. This increased path |ength and the resultant increased resistance
to eddy current Whﬁ@ldﬁ@spfﬁﬁémel@/@m@ﬁdén%iSC@PI'B'?s@% emhasiimgant i veeoES As i s

The" am nafotoierp s, SoRA . Ik By Rpl i MeFbinane g Habebel
corres pondlpﬂas&hadpwféhaaeémaaaummsmu inflethBEs Wity tise! turidepstaharRthat

invention. For exanple, as illustrated in FIGS. 9A-9E, the projections can
take ihe shbporeseriglisgosuriesisdo bg censiderast an exemplifination of the inventiangul ar

12155 of ST B 9 ENaRS, o B0F Pk HRbRod S Skhate R en® ©' ' ©
appar ent f glustiztedl lapid isthdddaiasasBew. confi gurations 148, 248, 348, 448 and
548 are conplenentary to the projection configurations 144, 244) 344) 444

and 544, respectively. In a contenpl ated arrangemantzg two or nore
proj ections 144-Fefgring now e thediguresiandi in particwigr to EiGdduthere isshows 11

e 2R ORI ARRATICICL 0 APl o e
24 wiph a predadancihides @ rsBEM40And a stator 16. The stator 16 is the stationary
portion of the motor 10 that is mounted to and within the housing 12. The
stator 16 defines a longitudinal axis indicated at 18, therethrough. The rotor
14 is the rotating portion of the motor 10-that is positioned within the stator
16. The rotor 14 also defines a longitudinal axis, indicated at 20, which is
25 aligned with the stator 16 such that the axes 18, 20 of the rotor 14 and stator
16 are collinear.



interlock pair (corresponding projection 44 and shadow 48Ddcembei 20020 Each
interlock pair has a projection 44 and a correspondi ng shadow 48 positioned
S - equidistant fromthe lamnation (i.e., rotor) axis 20. The projection
44 and its wer99asmsndi ng shadow 48 are positioned at a predetR&ITIS98@396di al
di stance fromone another or at a predetermned angle a relative to the

| am nation 24a in (FIG 2) axis 20. A second |am nation, for exanple,

| am nation 24b i Rayddi t ] Blffinef ' j 44
and Shadow 48 1 07 e P T B R A airece 8RBl RTbH i ng
rel ation tdotdean dingapdindicdted dti22sthetebetwesen.oTh24gap ZBpermitsithelratornat i on -
24b is then stacked on the first lam nation 24a, so that thq%gproj ection 44
fromthe fit4tofeanlydotatad 2uithinthedatatorn16 mathomk ey ratero14 and statende

am et o Ryt BTG bR b4 JE IR Sl PR lof o1
| am nag i on 8@.2. lo8s Hign ePeehEBepowbR tRBhapa2 BEin 1Y Hbolta@eithotBahdpsedfn and
does not include any projections in the llam nation 24z. In that the core 28
is of the "aminaghottemeilisk ype there is no limtation or restriction as to

t he nunber of interlock pairs or the spacing of corresponding 20 .

b thany nunber - SheZaeF deis Tarmed of & il AR BtindlatEde Biar 4™
limted onlstacked Qoéé’tge?‘%ﬁehén qegsdfww. ofhé feminatibas 24 éﬁéélgég.ggai iﬂcei$ of

the projections 44 and shadows 48 fromthe | am nati on axi s-

consi st encyplacedelativeftorena aabthéirdyaare interlecking aystemainginated geoerallysatondi ng
2s projectigns.44 and, shadows 48..Lln tha he, core.28 is_ fornmed.from

non-r d{’ ate -amr\?a'f‘i]%}%"km s?(ﬂ@"b?é]pé%\ﬁré%@‘34@"3'%“% %‘Z frpm ?%a%%ngxt ent,
to account i ' SYREEAAd bRdt '

proj ecti onsé'gztlﬁcgﬁé%gbﬁstgdat 0 rﬁ]ﬁ% hﬁgnﬁgfg oﬁr?srg@lg ﬁﬁt?% Pg%(;hea nz(ijnot her

to adj ust fthusymaintainsthescorec2® asa unitang manikzer ducing manuafactunei nat i on
material. 9 11 Decenber 2002 WO 99! d6625 PCTI US99113796 From t he

f i it will b b | t dif.i i d iati
can be eff ect uat &8 UHERERH BoRIFS: AN SNBHBTE AgerEhidRe: » aodBEpbest  ne
novel concegiygbel 6h§|&§e§@rrﬁrmeue@{e¥ag- gt tanld_édgs é\epelﬂsﬁéﬁ} @2d of hedchno

(imtation wwth respect to the specifi nbodi ments il lustrated or nethods
s predént edlamination2dedThe skits 30careadafined byddetidv thit sepasatedhe slota@hded

o eoer Yt RIS 8 A Debl S P BB, e WA ™
PCTNS99/ 137%h;)ﬁh3rlé‘rﬁﬁét%r} eehfal g?ﬁ‘i&ﬁ 36, Ofhé Fe,é?@%(b@{wée?mﬂﬁfde%‘,sthat is

conprising: a ality of generally circular 'am nations in a stacked
formati on othenstotar8a, rare, cenfigureditd receiveaand securei comductingagiematean o

that is collinear s with, ap, axis of ea ] 1nation in said stacked
ot on EXBR Rl Pe At HRid ndialad it i 2 JRGIT, 1 R amuas oo\
bei Hi : > ) ) ] ) ot

od] ol "t o RASHEnalmiofir 1o YondERiors dcardedth Idfidatas gl RassTRAEL! On
| ami nat i ons ferdgxarple, aluminenthat dias Hdendshjested inta thvedslstsl88 in ewltensfarm.

| am nation having a i 0 predeterm ned nunber of ci rcqlﬂﬁ erentially equally
spaced sl ot sTHi§r P8 Theater manufagiwe is coaprnlyretarred (o asnaIPTOLERIL sai d
sl ot bei ng o d fromslots adjacent .thereto so as to define conductor

recei ved regions, each said inner |lamnation including at |east one
interl ocking projection formed in one of said first and second surfaces at

a predetermi ned rib plates or faminations2daard generallysformeddrarh sheas materal,
projection being formed so as to extend out o ane of one, of said first

Bhd Sefond SUENRSEIaAAS) s boen cierad Bdhe PG o&éhe (ArBInayABS 24.

bk acent | YOG HAPRuIRT ARSI wipBhed R, S ol T 36t e Ve

to said axi ¢orea28 PARheaghossmar SoredJa8edhel forAmeidd uBing @c rotation egcessd
wherein each lamination 24 is rotated a predetermined number of degrees
relative to the next adjacent lamination 24, certain cores 28 do not require
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20 regions so as to define a staggered path of projectiqn Ezdmbecgooz ng
regi on engagenents through said | am nation stack to define an el ongat ed,
tortuous path having a length greater than a height of said stack for eddy

currents t hweugsetdse | ami nation stack to increase i npedance aicTas®ddyws
current path therethrough. 2s 2. The rotor core in accordance with claiml
wherein each said |am nation includes a plurality of projection receiving

o nat i on SUEEV TGS, DRUPicHyy EReCAGiTotiad Sordy 26 AR S S 338 5
The rotor GRa®rials ff WHiCH B niitéflalthitkieds o1BFande addhtdlleledStheObsres
projection has an el ongated) arcuate shape and wherein said at |east one

proj ect i on 26 themselyes etarobehsishject tol a ppst-egnufactusing turnipg eperatienttot ar y
to said at | east ngc"’ﬁrojﬁectﬁ" 5 The rotor corei.i accordance with claim
2 wher ei n @500 BRL AP0 FOTAH US HGPER: B oh SYMISiEicR) ANRSE. | 0| SOREr t han

a lenggh Ofa?%%ﬁceer {n%smgegidmn@rce}eeeeirﬂéy b&tod *rsfg%%%qatﬁéff%ﬁﬂmsw th

claim1l inc Ing at | east two projections and a projection recelVving
regi on cor r2% mritheregsimply atdy nét seaady aeelda controbthe dimensionssof thieecaren each

T ol gt 7o a0 i B e g 2
accor dance iidrheP\@behdre"fiEt fid\la|aiind 945te HANRINMPRkdPPoIBIIRY t'BRe? SN M

bet ween | am nati ons.
e. AY?. A 3e.ghéthét.3?. AYR AF?. AYhY. Af | %&560u$HdP: ?P\ nR-
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Unlike known interlocks which use a series of projectior;s that lock or

nest into one another in a fixed relation and at fixed position, the projections

25 44 of the present invention are received in the shadows or openings 48 that
are also formed in the lamination 24. The shadows 48 can be elongated to
receive the projections 44 along the Ienéth of the open region and to thus
permit the projection 44 to reside fully within the shadow 48. Similar to the
projection 44, the shadow 48 is preferably arcuate such that a center line of

30 the shadow indicated at 56 is at a fixed radial distance d, from the lamination
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axis (rotor axis 20) equal to the radial distance d, of the projectic;n 44 from the
axis 20. Preferably, the projections 44 and shadows 48 are paired with one
another and each shadow 48 has a circumferential length L, that is somewhat
longer than the length L, of its corresponding projection 44.

5 The present invention provides a number of advantages over the
known, dimple-projection nesting arrangement. Particularly, the present
invention provides a higher impedance current path for eddy currents through
the core 28. Those skilled in the art will recognize that this results in a
reduction of electromagnetic losses in the core 28, which in turn results in a

10 more efficient motor. More specifically, as illustrated in FIG. 6, each interlock
26 location within a series of laminations 24 alternates between its shadow
48 position and its projection 44 position. As such, the pathway for eddy
currents is no longer a straight path through the core 28 as in the dimple-
projection nested arrangement, but is a tortuous path resembling a zig-zag

15 configuration rather than a straight-line path through the core 28, This
increased path length and the resultant increased rasistance to eddy currents
reduces the electromagnetic losses through the core. As is apparent from
FIG. 6, the path thus created is longer than the height of the lamination 24
stack or core 28.

20 A wide varisty of projections and corresponding shadow shapes can
be used in carrying out the present invention. For example, as illustrated in
FIGS. 9A-9E, the projections can take the shape of solid raised, circular or
oval elements 144, rectangular raised elements 244, square raised elements
344 as well as arcuate, prolate raised elements 444 and “bow-tie” shaped

25 elements 544. As will be apparent for the figures, the shadow configurations
148, 248, 348, 448 and 548 are complementary to the projection
configurations 144, 244, 344, 444 and 544, respectively. In a contempiated
arrangement, two or more projections 144-544 can be disposed within a
single shadow 148-548,
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$10%u& () - interialy pair)(coussponding grejection ddandashadow 48) locations. Each
interlock pair has a projection 44 and a corresponding shadow 48 positioned
5 _ equidistant from the lamination (ji.e., rotor) axis 20. The projection 44 and its
corresponding shadow 48 are positioned at a predetermined radial distance
from one another or at a predetermined angle o relative to the lamination 24a
in (FIG. 2) axis 20. A second lamination, for example, lamination 24b is
punched having a predetermined number of projection 44 and shadow 48
10 pairs. The projections 44 and shadows 48 are in opposing relation to those
formed in the first lamination 24a. The second lamination 24b is then stacked
on the first lamination 24a, so that the projection 44 from the first lamination
24a resides in the shadow 48 of.the second lamination 24b, or the projection
44 from the second lamination 24b resides in the shadow 48 first lamination
15 24a. Most preferably, a last lamination 24z in the core 28 is formed having
only shadows 48 therein and does not include any projections in the
lamination 24z,

In that the core 28 is of the “non-rotated” type there is no limitation or
restriction as to the number of interlock pairs or the spacing of corresponding
20 projections 44 and shadows 48. As such, the laminations 24 can be formed
with any number of corresponding projections 44 and shadows 48 and is
limited only in so far as the consistency of the radial distance d;, d, of the
projections 44 and shadows 48 from the lamination axis 20 and the
consistency in circumferential distance i.e., angle o between corresponding

25 projections 44 and shadows 48.

In that the core 28 is formed from non-rotated laminations 24, the
projections 44 can be used, to some extent, to account for possible
asymmetries in the core 28. That is, the projections 44 can be used to “shim”
laminations 24 relative to one another to adjust for minor inconsistencies and

30 the like in the lamination material.
9
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of the novel concepts of the present invention. It is to be understood that no
limitation with respect to the specific embodiments illustrated or methods
5 presented as intended or should be inferred. The disclosure is intended to
cover by the appended claims all such modifications as fall within the scope

of the claims.
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U U& () - #3438 %ridthér) dath”8aid lamination defining an axis thereto that is collinear
5 with an axis of each said lamination in said stacked formation, each said
lamination have first and second surfaces, the stack being configured to

define at least one inner lamination having laminations adjacent to both said

first and second sides and outer laminations have laminations adjacent to

one of said first and second sides, each said lamination having a

10 predetermined number of circumferentially equally spaced slots formed
therein at about an edge of said lamination, each said slot being spaced from

slots adjacent thereto so as to define conductor received regions, each said

inner lamination including at least one interlocking projection formed in one of

said first and second surfaces at a predetermined radial distance from said

15 axis, said at least one projection being formed so as to extend out of a plane

of one of said first and second surfaces, each lamination further defining at

least one projection receiving rregion formed therein for receiving a projection

from an adjacent lamination, wherein when viewing said lamination stack

parallel to said axis, said projections are engaged in said projection receiving

20 regions so as to define a staggered path of projection and receiving region
engagements through said lamination stack to define an elongated, tortuous

path having a length greater than a height of said stack for eddy currents

through the lamination stack to increase impedance of an edd;_l current path
therethrough.

25 2. The rotor core in accordance with claim 1 wherein each said
lamination includes a plurality of projection receiving regions.

3. The rotor core in accordance with claim 2 wherein each said
famination includes a plurality of projections.
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6. The rotor in accordance with claim 1 including at least two projections and a
projection receiving region corresponding to each of said at least two projections, wherein
each said lamination is configured such that each said receiving region receives a

corresponding one of the said projections.

7. The rotor core in accordance with claim 1 wherein the at least one projection

provides a shim between laminations.
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