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PCT/ u597/‘1’§5‘%5"49 REDUCED NOI SE RELUCTAGHUSRESFTE
FIELD OF THE INVENTION 5 This invention in general relates to
rel uctance machi nREBUCRENNOISEREEUCTANCEMATHINE to

swi tched reluctance machi nes and nmachine systens. Mre specifically, the

present invention rel ates 0 pparatus for inproving the
per formance of a swtched reIE@%&H@glﬂﬁiﬁﬁﬂgsggnfeducing noi se.
BACKGROUND OF THE | NVENTI ON 10 Rel uct ance machi nes are wel |
known i n therh@ihventitn BseRsrallrelates Rl relGtaite mathifds iaf® machim by QMRS hifd. ¢n particular,
machine in which torque is produced by the tendency of a novable part to

noVe t Qo dwikhed tdlindd Aaéhidel @nd machine sy HEhC LB BpRifically, eicCprbRet MV eHtibm Beldtss
maxi m zed (i.e. the reluctance is mnimzed). In one type of

rel uct anG e, JiRg Qh@gp{%ﬂﬁxs?m&ﬁroWnE e Fortaficetdtalsthelie r@bcrahc€ BREKIRA byElducin
frequency. his type of reludctance machine is generally réeferred to
as a sypelronous rel uctance nmachine. In another 15 type of reluctance
machine, Circuitry is provided to determ ne the position of the machine's
rotor, and the W ndj K i,zed as a function of
rotor position. This type %$&?§?§%$§§gg§ﬁ%§ﬁﬁxgﬂﬁégh general ly
refgrred to a switched rel uctance machine. t hough t he. descriptjon of
thelurrent REFBHES machines are well knohh i ghe'see 19 sppfal elbeiise AShEe P it e
machi ne, he,&r sent inveq&{o bi aﬁ$lic | e tq all fornms of ..

rel uct eI AR Brate S ATERHORG YR ERERRIS matabls Rt imeRye oot RRSiion dderdby r s
and to other machines that .20 . have phase w nding arrangenents simlar to
t hose odUSHNELPAR excited Mindineds Ratmizsd ¢.c. the reluctance is minimiz¢he " general theory of
design and operation_of sw tched reluctance machines is well known and

di scussed, fgrongRRepf wluctancepacking ths phase windingg are ppasgiged ah p gonioHed Beauensds of

Swi tched Rel uctance Mtors and Drives, by Stephenson and Bl ake and
pr esent s tpe phreluptapqymaghingis gereraliy seferagdgo Bchiypehronsus gluctance machingy byanethgr
Ger many, June 21-24, 1993. 25 As a switched reluctance notor

( or 1yenwpaeiselpctapse mackise, cirenitels iptovided se detsruioa the positien of thermachiasismejor, and the
and decreasing in different parts of the machine. The changing flux results
i n f | ucwindingnof aphgsecaré enefgiged asa function of tetar positiqup Thisdyref reiustanes meshingriet i c
parts of the machine. These forces can produce unwanted noi se and
vi br at i generaiiyneefereeidde asmsptiabddgeindigncaimachine Adbeughahedescriptinn efftheitwrentinvmatips
the ovalizing of the stator caused
1 is in the context of a switched reluctance machine, the present invention is applicable to all forms of
reluctance machines, including synchronous and switched reluctance motors and to other machines that

20  have phase winding arrangements similar to those of switched reluctance machines.

The general theory of design and operation of switched reluctance machines is well known and
discussed, for example in The Characteristics, Design and Applications of Switched Reluctance Motors
and Drives, by Stephenson and Blake and presented at the PCIM '93 Conference and Exhibition at
Nuremberg, Germany, June 21-24, 1993,

25 As a switched reluctance motor (or generator) operates, magnetic flux is continuously increasing
and decreasing in different parts of the machine. The changing flux results in fluctuating magnetic forces

being applied to the ferromagnetic parts of the machine. These forces can produce unwanted noise and

vibration, One major mechanism by which these forces can create noise is the ovalizing of the stator caused
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PCT/ US9 7R fikoao by nmegnetic forces normal to the ai r'?é?ms?ﬁf@‘tf' ly,
as the magnetic flux increases along a given dianeter of e stator,
the stator is pulled into an oval shape by the magnetic faqrces. As_the
magnet PYcenaanetic fersesnammal to the air-gap. (Geaeraliy epihe pagnetic Bux iggrepssalongagivengligmeger
undi storted shape. This ovalizing and springing back of the statorw ||

pr oduc® R RAtes; the fiaprdepulisdintoan oval sape bn ths pagmets Toress. | Axythe magnetic flux decreasey, )
addition to the stator distortions resulting fromthe phenonena descri bed
above, the pfator pulis e satingsdack to its undigtayied shape. f Bicevalizing and spriigingrbaekaof the ssaterwill ¢ he
stator in other ways, as well as distorting the rotor and ot her

parts prodichauditderiviseendops canse urv@nted xibragibsw, di stortions of the rotor can
cause resonance of the rotor end- shiel ds. These additiona

di s or t i onsinadditiamottirestatgralisortiorairessbing fremake phenamdnadeseribedadbioom thafldcmatinge.
Anot her source of undesirable noise in reluctance machi nes include the

" Si r eniagdfetie fokceninttheimotbDcan dissothe atard indthdr vaays, las wall las distortihg tieapton embather
above, the rotors and stators used in nost reluctance machines

I ncl udparfsalf HRMtachift §Stem] [For BREAPH) istdktiont 6f48é titér dak Salst kddgnahé«sN thd@tor end-

pl acenment of such a salient pole rotor within a core defined by a

sal i enhigl@d. Thése addMionhiistdriidrs afe ahdthér @oRntaCsoRRE bburfwanfd §ibfa8ibn #ldGolsaN, i n sone
i nstances, produce unwant ed audi bl e noi se according to the sane

phenonenont ak&ReradiROLAGRRHalle RbIEET Fductance mactihRAHABdN e SQiren” 1&¥fect often
A still further source of unwanted noi se associated with sone rel uctance

MagHi NeQodisted With DEH MAchirddhs explained 20w, e rdtoRSand ktatoksusel A'Mbst RiRiaARhRRR&ed
t hrough the reluctance nmachi ne during operation. During operation of

cposds ek HGR pURE T oo falsBdh (Ruthe iR dBlemeRRSE ehefpol i
th = e Lt : . o " . .
At hougiinEeRP SihieBE LA cblelhable MRHIEP W B el NS N AT B, some

I | t .
000 s P, e G T o B O LIRS el sy
i npl e ptdugeqlﬁr’rmi cated control techniques to carefully control the currents
appl i gﬁqto the ‘phase w ndi ngs of the machines. Certain of such

h 11y di dinCY. d ¢ Pollock, "Analysi
and>Reduct i ArBPRRLReF o R BOen roalioadt Rt rbcupfymiBiions A Aol ke

Drive," P di .of t | A ' 93 . ,106:113 (1993 Wiile th
cur { enteBITTe FBf: AP B0 EHbEsted Frpislese e R B b AR aleTptgy pring gperarionor °
Nor eov aTH FIREARS GRReb e BHER  he roor, Sseciptpiat hEh spesie 19p FLAPGT SR AL

constitute only .one possible form of. naoise reduction an 0 nhot necessari |
through the c%vity with?n which tLe rotor is positioned resulting in undes?rable “\%ﬂgjage’pnotise. y

Although the problem of unwanted acoustic noise and vibration has been recognized, known
20  control systems for reluctance motors do not adequately solve the problem. One proposed solution has been
to implement complicated control techniques to carefully control the currents applied to the phase windings
of the machines. Certain of such approaches are generally discussed in C.Y. Wu and C. Pollock, “Analysis
and Reduction of Vibration and Acoustic Noise in the Switched Reluctance Drive.” Proceedin gsof the JAS
'93 pp. 106-113 (1993). While these current control approaches can reduce the noise produced by a
25  reluctancemachine they are often difficultand costly to implement. Moreover, these types of reduced-

noise current switching schemes constitute only one possible form of noise reduction and do not necessarily
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noi se. It is an object of the present invention to provide

for a rRRWCArbraRisscdsSF putintiltPuiWagial Agise hat can be easily
constructedand that can operate, in isolation or in conbination with

reduced- noi §GHLLRERS Hidblesdht M¥ention to prviiesESrediRed R TAudhiRe RANHR 1Rk ORE ed
by a reluctance nmachine. 5 SUMVARY

OF
THE | N},/gw J:ogs\lr cted and that can operateTﬂG?sthi%ﬁ &"h cé.rﬁw ﬁsﬁfoh Qhth iﬁgﬂ&‘a[ﬂaﬁe@uﬁeﬁg%‘éﬂﬁgm se
rel uct ance machine I'n accordance wth one aspect of t
present .l i ' machine is provi ded
that i %cgklﬁgfeg&g%sltﬁ%tn{?%gg@?‘lgcr??ﬁ%§%ll%%h%ﬁafép@gof i nwardly projecting stator
pol gs, where the pr o ' i ne inter-pole regions
bet ween the stator poles aﬁgﬁg5@gﬁ¥?g?&gggﬁﬁ%gﬁgeﬁﬁere 10 each stator
pol e term ng ' I on definh@gda,concave surface, where the concave

esinare
surface hasTg;\e E)"F?Fé'rfnvent'g“ conpergi /€ 8RS alugRReegRachi®S st one phase wi ndi ng

having a wi nding coil that is wund about at |east one of t he stator
pol es, wher & #5prdsnse with png 3sRechPhile RgSEbinVensioR 2 Friucadngise Frlyctangg mpchineds one
I nter-polar region, and where the portion of the wi nding coil

i ncl ud@revided that ispludes aptatos defipingaplumglity of invadly prejeatingstaorpolesihsrathel
top-stick positioned within the at |east one inter-polar region on the

out er prajéctingstaspr poles definetintompalé regivns bergeen thy statdrpgles aind a ceptralrborenardyehere
contoured top-stick has an outer concave surface where the radius of

curiQat weach stator pole teyfminates int axggion deflling axoneave swifdke odiereshs ehnsavasuifatk has a ghensane
as the given radius of curvature. In accordance w th anot her
enbodi matits of turvinerepat least oe phaseowihdiog havingecwindidg oail thet is eburclabogat least one of
machine is provided where the nachine conprises a stator, the stator

def i ni nige starorqiotes,r whdié partiens off the vahdih@®eoil are positiohdMh BQlessp presiewdr-polirTégion) dnd
second ends; and a first endshield, the endshield defining a cavity having
a fi r stwher(he poitisrf Al vandingcsibiacladks ab bltacsarfudediding e céntrabliors Whd fetduted
substantially perpendicular to the second surface; wherein the

stat or thpstRRpbificheE Glithin ke 4t RIQVGE inkd-polafrekioh oh tRMAIERheTade SUBSpIria of ktite
outer surface of the first end of the stator mates mﬁt% bot h the
finst anddifgesan Whébih iRcdttourtd SpCeik hasSh BlitePdonbdve ShrfRE WhBr Yhedh&i@s dfRurvature
provi ded. A still further aspect of the present invention

rel at eSoffiR 18p-§tRkFoBR} supRbkSis Bitbstafial §AENainB ds thB Giverd Rudius bEEH M@k, ends of a
plurality of phase w ndings of an electric machine to a source of electric

AR R A s ot
machine is provided where the machine comprises a stator, the stator defining an outer surface, the stator
having opposed first and second ends; and a first endshield, the endshield defining a cavity having a first

20  surface and a second surface where the first surface is substantially perpendicular to the second surface;
wherein the stator is positioned with respect to the first endshield such that the outer surface of the first
end of the stator mates with both the first and second surfaces. A second, similar endshield may also be
provided.

A still further aspect of the present invention relates to a terminal housing for coupling the

25  terminal ends of a plurality of phase windings of an electric machine to a source of electric power, where

the terminal housing comprises: a central portion defining a plurality of hollow cavities, the hollow
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PCT/ US9 7%iHd8/15049 cavities adapt ed to receive the term papnRefssafl the
phase w ndi ngs; at |east one prOJ ectl ng |l eg projecting outward from

t he cent.r,al orfion jn aflrs t|on dflrst and second w ng.nmenbers
ext end‘PYiBesi e“t“’ ’°°8‘5E>8‘§ “t”@“ﬁ ?1%““?‘?8 PE% atlesst ?‘&IP'?SS“I‘W?%PWF%P‘&S t he

first an menber s extend in di recti ons substantlally

per perPdP'@Eff fip qccewe porHiR indifir dirpesion: amd fisyt anckigeond Yarg MEROeTHRISHHBE Bnt

i nvention i ncl udes the use of the identified termnal housing in a

r el uctoRResite Hﬁ?FHP‘PFefmm the central portion wherg the,firshang;serondving membergiesteptit aspect of
the present invention a dust cover for a reluctance machi ne

i ncl udlissgrions presartially perpengiculatitoshafinst direetiong A telated aepectiob theipryent divertishnect i ng
el ectric power to the phase wi nding is provided, wherein the dust
cover in¢ledes thesiseofitbsidentifiedidrpinal dovsing i e e¢lyatanchmashineni nal housi ng
where the passage is defined by a plurality of flexible projections,

separ at ed iy asdordiegn witl gt another aspect of bt present Byyentios a diist towsr for @ saluvtangenvent i on
relate to the use of the top-sticks, first and second endshi el ds and
dust cnachine dretdingagtiasa indwling and @ progjécting terminaldoudiggfonainseting tleatiapomer wachi ne.
O her aspects and advantages of the present invention will becone apparent
upon rhephasgwinbing is providedf wherelimhr @ust@bver ik thdekospagdapd adapreditodedep@ thet@im@ifabnce
to the draw ngs. : BRI EF DESCRI PTI ON OF
THE DRAMEiREPherd the passage is definedbyd/sleralie of FlkAible bRiR o Rpaedby ment of a fully
assenbl ed nachine in accordance with the I nventi on.

Figure 1B I@thms&%elo@de@re\gé;@wveﬁmaraaemtﬂeuderbfaﬁwdam firsthddiedoh®
i nvention. Figure 2A-2C illustrates a topstick of a machine

i N accQisaigtanWahd c&ﬁ?dés%@%cﬁ/@ to construct a reduced nois 1 fefitaficedthchife.d Cr 0SS
section of the stator of a machine in accordance with the invention. 20

Figures 3B @M’r a%&cfs ah&'Mﬁés%fﬁb QFesé}:'i B9entRE Wil Bi2ahe Xﬁ;ﬁWnpﬁpoﬁréKEiﬁ%ih@e in
accordance wth I nventi on. ure 4A-

il UStfoﬂB@ﬁgﬁet%éa%ﬁrxbﬁ&mnﬂgaom%?ézg&l ﬁl?ed? aWREdi ne in accordance with the

i nvent 1 on ure ustra es a cross section of a
stator. 25 gs b F BRASVARSs sectional view of a
portion of a machi ne |n accordance w tlﬁ ? I nventi on.
15 Figure 1A illustrates one embodiment of a fully assembled machine in accordance with the
invention.

Figure 1B is an exploded view of a machine in accordance with the invention.
Figure 2A-2C illustrates a topstick of a machine in accordance with the invention.
Figure 3A is a cross section of the stator of a machine in accordance with the invention.
20 Figures 3B and 3C illustrate a side cross sectional view of a machine in accordance with the
invention.
Figure 4A-4B illustrates a winged-terminal housing of a machine in accordance with the
invention.
Figure 4C illustrates a cross section of a stator.
25 Figure 4D illustrates side cross sectional view of a portion of a machine in accordance with the

invention.
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a machine in accordance with the invention.
DETAI LED DEgfurd $i5la@btailbd Vittk of A\NUstddvdDifbr a machine in accordarice gith €% idvdndord 1B show
an exenpl ary reduced noi se reluctance machine 10 in accordance with
t he present inventi ONDETASDER/DESCRIPFIONR OF THEUNVBENTIONsS|i de view of a
conpl etely assenbl ed nachine 10 5 and Figure 1B illustrates an expl oded

perspect i Veripir@W A0{nd TRCAbW an 4k teldBeeld AdisY teflidhceoRABRMB @0 irfaccordance with
Referring to Figures 1A and I B, the reluctance nmachine 10 includes a

centrghe ?Es%ﬁﬁﬁve]uﬂioﬁ BQEOW SFigure 1A illfs@GH0¢ 4 §§éjv19\i/ oP-a M&el?f&ss@diﬁ%& ﬁt%h'uﬁl 1|0y

i denti ca am nations of appropriate nmaterial (e.g., |am nated steel
A fsr0 IEhIlsthtR af BEbIGHel BaSpeBii il beln PRShdilia M to
an a%gg%@ thi 1t e stagtg)g)l)r@de P pe : g nun&e%g P"@%gmgﬂd gﬁﬁts 13b

uhich pass 4ataugh Hales o5l e s Wbl - LA SRS 50 140

and 14b an efined y one exenp ary nut
d bol t | ust.r at ed
TN N T L N7 e Wik o
St at or A Bpntentssiclt Planta ear el 18 3 gpyiEEd SYaLIR AR 11 et LEPY
Fi 1A h f th def mb
of I it agf%ﬁrwatwé nu TP B hish s Cpigh St (e 0% B FipaHang BRESTOPUG | onod

about t hese stator poles are a nunber of phase w ndi ngs whi ch may be
wothhd 148 2ad &ﬂ’rﬁi‘éﬁ‘!'PEﬂ%°'°ﬁ&§i}"ﬂ=€ﬁY thestatarlil QRuly one exemplary nyt gnd holticombipatienyj t hi n

the inter-polar regions of the stator and are used to cover the portion of
the  13aand hipis diugiraied ndiewra BB alfhoughit yithes widerstopd thasagseases nupberimaydent r al
bore of the stator. In the exenplary enbodi nent of Figures 1A and 1B

t her e rgAwiredito adeqysiely couplerthe frons amémnﬁsmw@lzmwwbanwemm ends,
where each of the ends of the phase windings termnates in a termnal. The
si x t er m nalngheembndiment df machine 19@llustratdintRiguzes Ihandd Byiha tanringsions of tleecstatore 10
are positioned within a wi nged-term nal housing 15. A rotor
assenbl }/def®e p supbsriof invastly projehting stawer polesthatdefinon eentis! lebed. i Rositiolred abdug these
i nwardly projecting stator poles. In the exenplary enbodi nent of
Fi Yur esatbrpaescirel Bpuntbiee of piager wiadisgssollivh théy boowiamid Sres canventional fashiba.cRopadticks
substantially identical rotor lamnations that is coupled to a shaft 19.
Bear i n3s s pesitiined withinahe inter-polayrgiods/df tieer stata] and are @byl te covienthe paxtishaffthe on
opposite sides of the rotor stack. The bearing assenblies 17a 25 and 17b
may beplase dindingpthat woudd ofaprwidede expoasdroehe c@ntedl ibpre e thd fatos NindhiCdxemplatyn at
Il lustrated as el enent 18

embodiment of Figures 1A and 1B there are three phase windings, each having first and second ends,

where each of the ends of the phase windings terminates in a terminal. The six terminals associated with
20  the three phase windings of machine 10 are positioned within a winged-terminal housing 15.
A rotor assembly 16 is positioned within the central bore is defined by the inwardly projecting
stator poles. In the exemplary embodiment of Figures 1A and 1B, the rotor assembly 16 comprises a
stack of substantially identical rotor laminations that is coupled to a shaft 19. Bearing assemblies 17a
and 17b are also coupled to the shaft on opposite sides of the rotor stack. The bearing assemblies 17a
25 and 17b may be held in position by, for example, a clip mechanism such as that illustrated as element 18

in Figure 1A.
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PCT/ US9 Ry The rotor assenbly 16 fits wiglhi entral
bore defi ﬁ %g/ the stator poles and is held in place Pﬁ"gfbg?ﬂfsﬁ

rel ati onship between the bearing assenblies_ 17a and 17b_ and the front and
read endsh i"g‘F grsorpssegbly 16 fits within %”Ztﬁ’emf“l’\ berg éef@k‘é%‘lh&?t?r‘°'é??&6&%’é felddt Plagequr es
1A and 1B, both the front and the rear_endshi el ds and 12b defi ne
ci r cul Bthe relatianship betygen the beasing agerpblics bfagng &7k ad “E?ef‘éﬁ‘q ‘H‘S repd epdpbiclde 422 75 and
17b such that, 5 when the endshields are coupled to the stator 11, the
bear i regd A2t dnticiexemplzvy embedimens ofiFighred A prd HB, jbeth the front andthesearisydshiglds 12a
endshields and the rotor 16 will be held in place within the central bore
of t heangtl2b dafing girculur recesses that @regsized & receivenhs hearingrassemblids 1asanddi7b sugh #at,nay be
used to hold the rotor assenbly snugly in place. As

r efS ecwlen therenBshipidsese cbipleditd thestatbrel If the h¢aripg assénthlien ] 7ashd i 1b wifl bekitld inds

t hrough a bore defined by the front endshield 12. The front portion
of t hepladedly theiendshiettis andithg raxarvidovilibaheld indilaceivithin tireecgntind bord Of the saraplledh t 0 a

| oad such that operation of the machine 10 will drive the load in an

appr opédnidkasibmbdhadiism, such as spring 20 may bSisddab héia thedotbrastenblir shuglBin gldee. r ear
portion of shaft 19 termnates in a snaller-dianeter section 22 t hat

passes t hr oNgRfietddah FiglRk umdd Py tHelFont ;swonemsiﬁhl 19 leterldd Ehrouph 3 bofeldefined by

mechani sm 23 is coupled to the smal | er-di aneter section 22 by a clip

24.  Asyk ebhetddid 1. Fing dofk p%ﬁlontoh fhe §Mlﬁﬁﬁde§r§ B8V SiBmd& M &{HidhGRayde

nunber of projecting shutter teeth A sensor board 25 is

coypl eghy E;ed {dWoiERER &%@hﬁ&%ﬂtﬁ@m@éﬁm@%%ﬂ mve%nwn 20 f%paahyte eRgoRf which

is i1llustrated in Fi gure 1B). I'n the exanple of Figure t he sensor board

25 i ncl udes s0nfeQlq A PP, the rear poref okt SermSEARIL % shlIRL aLAER] XBid

shutter teet mechani generate signals

provi dgxﬁgasgegﬁk& ehg&eq ﬁr{eﬁ%gm%ur%ﬁdsmugt, o) S@Lmt.n&mms ,wc& ESRECt 1O

t he st a or positiron sig

I 25.
(Z:SUD egmélf%r 8%%1} seWxJn?;?rb?ta é’ﬁﬂg ; ho f?ecwa mcﬁ ‘éﬁﬂﬁéshﬁﬁe‘&ﬂea%ﬂ%@rzs% ﬁt(eg gspec t
to the_raotor ln% Qttheferred arrangenent of the shutter

mac hanf'$ e’égf%{ﬂ'act’néﬁsor "568rd 24 is described in co- pendi ng, commnl y-
gned, patent atio eri al / 6 ent |
iviRATus Fey3ensor SRR iﬁﬁf‘t‘éﬁreﬁz’ tﬁi{ F’é’@‘r&“ﬂ% Zﬁz‘tﬁﬁ Mﬁg&tﬁ%"“ 9’“73%
Nevvber ,.fileﬂ £ r 1 19 specj fd.catjon and d| Iosure
of whi %f"'i'%faﬁe T YBEd i xEPRR bR Bghe sensor Board 13 e ey bl |
posi ti og ver tlf}‘ shutt }{recha g;hZS anq&senﬁ_ r poard 25 eind coupl ed to
rear efRHSHCESESS ab‘chwﬁi/ BF ‘%""s‘F?fibP PO BEPBERR 3 ang §eRPTRYE SRS YER eby ¢ he
dust 30 | udes
ust ¢ ?yyo%nrde an 1n|d1r¢]:gnon oei\' the angular position of the rotor with respect to the stator. The leads that carry
the rotor position signals are coupled to output wires at a plug 27 which extends from sensor board 25.
20 One preferred method for positioning shutter 23 with respect to the rotor 16, and one preferred
arrangement of the shutter mechanism 23 and sensor board 24 is described in co-pending, commonly-
assigned, patent application Serial No. 08/724,690, entitled “METHOD AND APPARATUSFOR
ALIGNING A ROTOR POSITION TRANSDUCER?” by Barry M. Newberg, filed on October 1, 1996, the
specification and disclosure of which is incorporated by reference.

25 A dust cover 30 is positioned over the shutter mechanism 23 and sensor board 25 and coupled to

rear endshield 12b by way of a simple interlocking arrangement whereby the dust cover 30 includes
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rear endshield 12b. In the exenplary embodi ment of Figures 1A and 1B
the dughaiGRYiBéioRthhtS sifaBintd re6ds@d irthe fehrOhlishietd PIbATh tife R arg Rabodihedt®y be
easily renoved and attached to the rear end-shield 12b.

The dugiuoYR En@@% dle g{hsP Eovet 30/iS borRRskiea®E AREDIS blabd S cH RgH ipﬂg%ﬁt]eaﬁm_eﬁgved'“

portion of w nge term nal housing 15 extends throu the “first

slitteg, ﬂ&h@ﬁto%ﬂeé@ﬁn@-sﬁ%tlbﬁn of plug 27 extends through t he
second slitted region. As explained in greater detail bel ow,
there are amgmgéovgfmfdg%{egﬁ?sf n%fseég%ﬁmt{lg aégontseii%n&ﬁnﬁptoﬂion o{ win eJ_educe the
anmount of noi'se genérated by fie Sfachrne I'ng normal ‘opera O

Spegi ficall t.he constructi.on. of .t t pp-st.i c 3 t he front, and
Toar ol iauieE v seps IR o {1080 Reicn T andpoHior e ses Sy, o
plug 27 and g st .coyer 30 all tend to reduce the noise |evel associated
wi t h nifterspypad slijted freion normal operati on. One specific
feature of machine 10 that tends to reduce the noi se output of the machine
is the As expigjaedrip greptgrdetail bejomva hierarna imberof featyyes ofunashigs 1Qthatiend tp e

i nter-polar regions of the stator 11. This feature of the present

i nvent ireskice the ppoupt pfnpise gererptag by Aheapackine dwringnermegl gperationp Sperifically, the

Figure 2A illustrates in greater detail an exenplary topstitck 35

const r genstructipn obthel Fapepticks 39.th¢ fions and rear end-ghiplde 122 apfl 12 ¢hepise ofterminal heysingon.
The topstitck 35 in Figure 2A conprises a topstick 35 having a |length
corlPespémid plpg@é st dust opverdOtaH ¢enti o whuve the nofse ldvel assomtated with mathiee 1 bgingck 35
has a central region of a first t hi ckness and two opposed | ateral

r egi onsiotim operatioB6b, where the thickness of the lateral regions is |ess
than the thickness of the central regions. In the specific enbodi nent of

t opsti ck 35 Orelspesificfeande bfmdchinen @ that 2filds to RAuce@he idise dugpuesfale mehineiscth8d6a and
36b define slight indented notches. This is better illustrated in Figure
2C whi cngdfubiondad placenieSof tikacpstick3al withiaheihtesS pMaY refiohsiToHel selsi 135 This

As reflected in Figure 2B, topstick 35 may be inserted into the inter-pole
r egi ondestire 5 Ak PresehilinVéntion is illustraté®MPreaten BetsDintFigifesPa-2dle phase wi ndi ng
positioned within that inter-pole region that woul d ot herw se be

expgsed. OneFigeIm HREYatd)S braater dtailRf Skdmphiy m?stmm&hﬁﬁd bQRRfigQl vatioub N
place with respect to stator 25 11 is 1llustrated in Figure 2C. As

i |1 uSt ragpeRe of the preddt Bivedtion! Tike BpAtR35 @PKIBure AR pRLSk SphlidkB s BRVifiSa Rhgth he
stator 11 defines snmall extending tangs 37 such Fhat each inter-pol e region
IS assQirddpdfkiiNg defer@MProtiRBickness of the stator 11. The topstick 35 has a central region of a first
thickness and two opposed lateral regions 36a and 36b, where the thickness of the lateral regions is less
than the thickness of the central regions. In the specific embodiment of topstick 35 illustrated in Figures
20  2A-2C, the lateral regions 36a and 36b define slight indented notches. This is better illustrated in Figure
2C which provides a cross-sectional view of several topsticks 35.
As reflected in Figure 2B, topstick 35 may be inserted into the inter-pole regions of stator 11 to
cover the portion of the phase winding positioned within that inter-pole region that would otherwise be
exposed. One exemplary system for positioning and holding topstick 35 in place with respect to stator

25 11 is illustrated in Figure 2C. As illustrated in Figure 2C, the stator each of the projecting poles of the

stator 11 defines small extending tangs 37 such that each inter-pole region is associated with one tang
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PCT/ USO7 45 8sfisn49 37a fromone stator pole and a secondPE & from
anot her stator pole. The topstick 35 may be pl aced e I nter-pol e
region such that the tangs 37a and 37b fit within the notches 36a and 36b
t o hol}fa{iqe one stator Mg»srtdl acsreond t4ng 35 fem anqtherstaior pole-yEhetapstigk hmavibsrisred t he
topstick 35 sits "on top of the magnet wire positioned within the
appr oppithetintes-paleregion such rﬂ@gthe Fansa%‘h anth3Tb ﬁtwethmgmftww pé2 3nd SRkt hold thee
topstick 35 5 and provides a conpressive force which hel ps hold the

t opst i ©Rsti8k 3§ in piace.cln the illustrated embodiment;thotopstisk 3 siti “amtop™ okihe magnet wite art
havi ng the benefit of this disclosure will appreciate that the use

of t anppsitidfed withih BF bprawpdiatedatertde Bgian such tid6the magndp wire pusheexethptopstick 38t hod
for coupling the topsticks 35 to the stator 11.

Topdst | oid padvidted comeressive forteowhich hefpsthbliake t8pstick3d iniplacaiot fl at but instead is
contoured such that it 10 curves according to a radius that is

subst ant i al Thoseofuadinir skil éh theaht he/irgIBboisenafite thid diftidstre will apaédidtetharfthd dse
stator poles. This is reflected in Figure 2C where the inner radius defined
by t heoRkris 37a 42@1385 artitidtch&bSB6a and 36b akd B bheixerfiplafyanethod forddoupliify thepsticlesks 1 s
substantially constant. It has been determ ned that the use
of t op$4 ioGkeSstadsr 1RaVi Ng an appropriately contoured interior surface
37 results in a reluctance machine that is less noisy than a simlar

rel uctance fHGHikES dehads ag ARHor drface FPhal1@NAR MRIHH: nORAd & hRoREd {ulRthaliS

topsticks with flat (i.e., non-contoured) interior surfaces. It is believed
th ag ant
149 ScERFILERIES o ot o) BB U g

and al gkgt of e trflis'i tgﬂgc?edtxpﬁgux\%&%gg thé‘&kx&‘%a& &%f%ﬁﬂﬁé’&ﬂg{ a’Mle%%m%

produced as the salient pol €& rotor at ed passes "t he sall ent po

stat or nlel'rorgu?ﬂ?e 3%&“1‘}: &El%fl Qxbstannall)r( cén?!g ticks 35 constitute one

si gni ficant nol se-reduci n ine 10. 20 Anot her
feature of t.h ni f i can [ yTount
of noi se fﬁ\ﬁﬁke'éﬁ de]tg'mmegtﬂbam’fhe Trech g‘:kégggﬁg FPPR n%:{%l g n#%ugé t%ngnd

desi gn ol% rt i cul ar,

e R MRk W a4
o cabmpeedd {hgﬁget%ﬁnﬁw@haﬁgﬁ{o RSN T
T2, o S b S bR S AR
tolfro rg)}etwrt])gsl? 3&%1!‘1@ s}lj'eonr”%ffgc(:f‘fa,xlui~| zﬁg) tlgl;/d tE) rr]e(:"duge} the me&age” noise that would otherwise be

produced as the salient pole rotor 16 rotated passes the salient pole stator 11. Thus, the contoured

topsticks 35 constitute one significant noise-reducing feature of machine 10.

20 Another feature of machine 10 that is believed to significantly reduce the amount of noise

produced by the machine concerns the construction and design of the front and rear endshields 12a and

12b. In particular, the front and rear endshields 12a and 12b are constructed such that they define an

inner edge that has a varying thickness to contour to the outside shape of the stator 11. When the front

and rear endshields 12a and 12b are secured to the stator 11, this contoured inner edge mates with the

25  outer edge of the stator 11, thus inhibiting the flow of air to/from the central bore defined by the stator 11

from/to the environment outside the motor. This inhibition of such airflow tends to significantly reduce



fromto th% envi ronnent outside the notor. This inhibition of such airfl ow

tends to YWOMPMantiy reduce PCT/US97/16571
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PCT/ USQHe ahtdmnitlof acoustic riolise tianwault othErvdsedis producedtivaachinati 0 dimidgthoarhdl @pevatian. be
produced by machi ne 10 during normal operation. Thi s aspect of the

pr esentThiguépstt 6fake presehtfivehdon is Rirhed illestratdd inFigings3 £3C3A- 3C.
Turning to Figure 3A, a cross section of the stator 11 is provided. The

previously dmsfifd BFEuROIA a cross sectichddT the bidtor 18 GEpréBdéd) ETHR dvivubih AbscAbEY Hared
to secure the endshields 12a and 12b to the stator 11 are clearly 5

1T ust r ol @ifhe feBeitedtRe b1 WaBare used to secure the endshfi¥ds 184 Lxﬁ(ﬁﬁ% the sﬁtcﬂ‘l‘i Gre<ftarly N
stator 11 does not have a snpoth, continuous outer surface,

I nstead e Surface that has a nunber ofjagged features such as
not csﬁed'llpsgl%}egnmsﬂgg and 39b, regi ons having a substantially "flat"
out er pI’OfI| S

rounded out e&s r%ﬁ% ?eraqn f’ggﬂegﬂ Bxggt\ﬂopgl foes HQ@%@QL %ri%cltly rk“n“?tﬂs °Q'£f§ Furfaﬁca bgtu t er
surface, of the st e fr

are deshgarEHERy Riede tts%o?tt%%ﬂgﬂa%e?afdﬂ Qf‘scr?%?'ﬁitegwg&%«f& My
stator 11 is contqured.tq ow t he out er, furfa e of

stator PEERLES tapally SfiEf e ttgéliiﬁ%tfag‘mhﬂgwgaﬂwnnﬂ

A"t he
stat or In addlttl on to being designed to accommpdate the varying outer
surfaceméHl ded puierprofilg 414 e endshi el ds are constructed to prow de for

"| edge" surface that Is designed to receive the stator 11 such 15

wheho t he nach? #feommodaie %W% Ruter surfaqs of Rgestatard 1 shedfrant angl readicodhields 12a and
horizontal ly, a horizontal portion of the | edge surface mates with a
hor i zoni2 aredesizardsuelt thatiike portianof the endrphiclds thatreceives thedtatar d h isgontoned ke dge
surface mates with a vertical portion of stator 11. This aspect of

t he pr eslesely foherethe owar susfagecof stator &lisuch thgt e erdshiclds 12a anddZh smodthly Fiagpvidsthe B
and 3C. Figure 3B illustrates a side cross-sectional view of
machi nestater ! Irily edditic® @ béing desighedds accomimodate the van(ng ouwdr surfase phstatorold. € Fi gur e
3B enclosed in the dashed circle. As reflected in the figure ,the stator 11

S endsipield$ 4re ometudpdittopremide For af ‘ledgd” sarfatetipd is desigaesine ekceise h2 stamnill @b, i n
such a manner that that a portion of the stator mates with

hor 13 onwaén theimbhchiresi 0pys mositidaedl sogh thizsheshadft 39 exabrdis harizbneailp,ariorieontal fpoitibe ofthat or
mates with vertical surfaces provided by the end-shields. As

expl ai nédgadndae, mdtdsodth diorizatal safacanfihe stator Chindaveftivalgortion of the l@dge surface
carefully contoured to match the outer surfaces of the stator 11.
mates with a vertical portion of stator 11. This aspect of the present invention is reflected in greater
detail in Figures 3B and 3C.
Figure 3B illustrates a side cross-sectional view of machine 10. Figure 3C illustrates a close-up
20  of the portion of Figure 3B enclosed in the dashed circle. As reflected in the figure ,the stator 11 is
positioned between the front and rear end-shields 12a and 12b in such a manner that that a portion of the
stator mates with horizontal surfaces provided by the end-shields and a portion of the stator mates with
vertical surfaces provided by the end-shields. As explained above, these horizontal and vertical surfaces
are carefully contoured to match the outer surfaces of the stator 11.

25 Figure 3C illustrates an exemplary mating between the stator 11 and end-shield 12a. As

reflected in the figure, a portion of the stator 11 mates with a horizontal surface 40 of end-shield 12b,



25 Figure 3Cillustrates an exenplary mating between the stator 11
and end- gy a. As reflected in the figure, t he
stat or 1%&%2% th a horizontal surface 40 of end-shi el d?’%g‘[}isgﬂlé%%
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PCT/ USYhileigpprtion of stator |y mates with g vertigy syrface proyided &neqﬁ*aSé’@éd Wbth a vertical
surface prOV|ded end-shield 12b. ecause of the close fit
bet ween t heBesusesh ?/hswhnée fivhetvgen thezpd-shiglds hee agd A%*mndﬂe staiord 1 pand herapseithee
mating of the end-shields to the stator 11 occurs at contoured horizontal
sur f ac &gtingRf thenntsiekds tothe ftateral 1 occurs at cogigpred Berigonteurfases arr coptoursd vertisahwn i n
or expelled by machine 10 during normal operation is greatly 5 reduced.
Thi s r euttacesi bpameunt afdir drawn fnl asexpedind by inachine 0dutingnamoialaperationis glestly of
machi ne 10. Moreover, the acoustic barrier established by the mating
of $§ he relneedoThigreduction mssuehnair Béw edniisbui@ao thr doit@tedyctinnl of machined 8kMoreover, the
acoustic noise generated within the stator bore fromreachi ng the external
envi r oacomstic Halries establisiied by the mating btie statog 11 focheendishiskis® 24 ald 10btesds tgblnet at ed
by machi ne 10. A further aspect of the present invention

whi ch  acouktid fbise @enefdt@iivithiic e ktator bére o retling the@Rienfal avirtiment fhus fuph@@duced by
machine 10 relates to the use of dust cover 30 and the interaction of

end-shiraiuetngﬁ.ewﬁ\ti}anmemalnoisw'gag%dttgnﬂacaakmoum ng 15 and sensor board plug
27. In particular, the dust cover is designed to be secured to

t he rear - engsfiiidr dspddetiR phddédt wenﬁ&s\bmrp&on&mei Lip\igdntptd thd REdckioTdtrldRe

central bore of the stator as machi ne 10 operates and to restrict

t heot r JRITERADY HMackihe BERIRS kS thB BT dlift @5Vet BE ki infttachOH 6 ch@ sHiflg 30 with
external envifonnment. Further, the dust cover 30 has slotted regions 31 and

32 t hatly;fdeq-tethira giﬁg 19¥nd sll";’sor béa?&‘ﬁiﬁ? b)ﬁog b BARGHA e Blse édJ@J R Rk daat

recei ve and engage theé w nged-ter ng 15’ and t sensor

boar d Q..éﬁged%%tht: ea;.@.ltusmfd (p{af‘o fuk B Qi@ e ﬁ%f%ﬂ?%ﬁ{i@%@gﬁé&l Bbke BF mé U§

noi se throug regi ons an sition t

27 and nﬁ&fnme Wl)perh%é 5‘9) r;érul.t Qhe%a?%ﬁ{ssn@a &aal iLl_Etxg 9&&%&&’1 ﬂ%c&&xﬁ?li_me to the as pect

of the present |nven I on are ures ure 5.

Tur ni ng Pmaﬂ]ng% £, 40 Fuﬁgr,%ggﬁ%%e%ﬂﬂ%‘ gg?@oggﬂlé 43 tl!\ak Lrléﬂ:h%& Ing' bl e

Secur ea m na OUS

d
?23 r%l ﬁa{“g‘?{gﬁ’gmﬁ&" %ﬁg |l§l g’? Ehajc’ ref;edv A flg%agg } %\;mgeﬁ germmal h%lélﬁg V%%’Mg@%:r e
sized to fi

o or oo ‘Sasat pogtd PA%?’ *8ffﬁwbgt the v ﬁg?‘b‘“ﬁ’p‘g? ??%w%flﬁigfﬁf chioh SRt

housi nq'eglons ang Hold" 5313%%51&81 tLe plug IZ? and terminal housing 15 in place. Details concerning this

s

aspect of the present invention are reflected in Figures 4A-4D and Figure 5.
Turning to Figure 4A, the winged-terminal housing 15 is illustrated as secured to the stator 11.
20  The winged-terminal housing 15 is flexible and is formed of a suitable material (e.g., plastic). The
winged terminal housing 15 includes two projecting “legs” 45a and 45b which are sized to fit within the
inter-pole gap between two of the stator poles. The two projecting legs help position the winged-
terminal housing 15 with respect to the stator.
Winged-terminal housing 15 also includes to outwardly extending wings 46a and 46b which
25  extend from a central portion 48 of the winged-terminal housing 15. The outwardly extending wings 46a

and 46b from a surface by which the winged-terminal housing 15 may be affixed to the stator 11. Inthe

10



W nged-term nal housing 15 al so includes to outwardly extendi ng wi ngs 46a
and 46b YR 2K1504%  oxtend froma central portion 48 of thPGRVIPIHEIr ni nal
housi ng 15. The outwardly extendi ng wi ngs 46a and 46b from a

surf acantlszMixTMsHt ﬂﬁlsﬁ-ﬁé& WiFR@adA, e Wi gdd-Bamiedl Rgusify 138y affiRedb tHesatbr bP plaliR
stator 11. In the

10 ties (one of which1R§tFalcdQd Blement 47) which pass over an extending wing 46b and down through

PCT/ US97/16571 ~enbodi nent illustrated in Figure 4A the _
W ngedatfrinadhe BOHS LN thhPcdntprat fHepRske tiindif}8. stator by plastic ties
(one of which is illustrated as el enment 47) which pass over an extendi ng

wi ng 46b ang %gem SBJ%R 4¥@Bxtends in a éﬁ&@tAi&{C %hlt&?llfﬁh@peﬂﬁic&lgﬁo‘ﬁ%‘édla?\etf%@%? GPe" i se

t he phase w ndi ng al " portion 48 exten

o b R RS A M B AT Ry Bt 70
exenpl a

, dj . Fi 4A h l. ' 48 def i
oS 8BNSl i SO e ph BTt Bl 8 o5
i ndi I d withi t at 11. Th . SJ h W ndi z Il pat e |
0 G R R Y o S S AR AR R R T

can mate with winged-term nal housing 15 so as tq electrically .

connec thagan FRPTOPHALE plugi(agtiilinstrated) cawa%mhaweseéﬁﬁww hoyspng |p s¢ gs to elggyrically

Al though it is not visible in the view of Figure 4A, w nged-term nal

housi n§onnscted the phrse windings to apppappipte PRtFRY SNt i oni ng tab 50 which al | ows

w nged-term nal housing 15 to be properly aligned with stator. 11
dudPng manufidthopgh ihis nopdsible inhe Mgwé%l&w 445 wirgsd-tegmingl hqusipg 8} ieledesian Fi gur e
4B which illustrates wi nged-term nal housing 15 froman angle

di f f er @miecting pesitiraingithti swhich allpwswisgederminphhousing 15 to be properly aligRed withs $tatgr t o
Figure 4B, the positioning tab 50 conprises a projecting tab that

t er m ndtl elyringymanufaeBiring n Besitebnpugrtab $his gereeraliptélfustrated invidgurad B whick illufteatess, each
substantially perpendicular to the other. The I ength of projecting
t ab 50 voogaedaempomd bowyegds ditckmyant anglehliffaters framahat ilhatratekindigirdtA.ween one edge
of the stator 11 and the outer portion of the end-turns of the
phase w ndi nBsfetringtto Eigre 48, the positbriiripatals §dontprides.a pfdjersing tdbehat terminates ina
projecting tab 50 nay be used to properly position the w nged-term nal

hous$i ngrofed pattioa it Hefitias twdimating Burfaces, each stigssinealty gefpehdicuisttathe bthdrd . The Bigth

In the enbodinent illustrated in Figure 4D, the projecting tab 50 defines a
pl ur al idfprajécting tab30 dbryesponds generaiiy i@ thd idi3giney thalexikts Betwadn drd@ligef tiRRttor pYar d
fromone of the two mating surfaces defined by tab 50. As expl ai ned
i N nor eand eedduter BEkiONGS théErfictufiis W6 the phdds wirlisipk khab&xidhd ®bydnl thelsBk@ N ANTIRS, thdat
may occur during not or assenbl y.

projecting tab 50 may be used to properly position the winged-terminal housing 15 at one location with
respect to the stator 11,

20 In the embodiment illustrated in Figure 4D, the projecting tab 50 defines a plurality of outwardly
extending crush ribs 51 that extend upward from one of the two mating surfaces defined by tab 50. As
explained in more detail below, these crush ribs absorb some of the tolerances that may occur during
motor assembly.

The projecting positioning tab 50 is sized to fit within the notched regions 3%9a and 39b defined

25 by the stator 11 (see Figure 3A) such that it can further position the winged-terminal housing 15 with

respect to the stator. This aspect of the winged terminal housing is illustrated in greater detail in Figures

11



The projecting positioning tab 50 is sized to fit within the notched

regi ons 9b defined 25 by the stator 11 (see Fi ch
that it 32% u%? er position the w nged-term nal housing 1%Q§ﬁF%€&&§P
respect to the stator. This aspect of the winged term nal housing is

i |l ustrétasd4Pn greater detail in Figures

11 WO 98/ 15049

PCT/ US97/ 16 Figure 4C illustrales axigy similar to that of Figure 3B of aprogerestioreofithg saserrldt ke a
view simlar to that of Figure 3B of a cross-section of the stator 11. The
figure figurd fugheriillusuaresthe mennehio whishnler wingedwhimital housingil b gy be positioned withousi ng
15 may be positioned with respect to the stator 11 by aligning the
pr o] ect respgetpote staton il higy dlzgbind thepfojevting pabiticaingkabdl0 ofiwingedigmiibaliotdng 15 witht he
not ched region 39b of stator 11. Figure 4D illustrates a

Si de crhisfotsird kdgiondob uf @aordfl. a porti on of machine 10. Stator 11 is

il lustrated, as are front and rear endshields 12a and 12b. Also illustrated
are coil setEigir@aDaln@triiddn sideakoss sectional ¥iew 6F 4 patigeFatackihe [0, rBidor ASs may be
noted, the coil sets 52a and 52b extend outside of the stator 11.

W nged- fligétriteddds aReOfesuk Y rdd? eﬁcfshi@ﬂ§ 13d £890b. XS ilfuRraidQresdtl s&tf SBNEld S20tha f or
the coil set 52a. As may be noted the central portion 48 rests above

t he endghknapnase v.txmngfeom mﬁ?ge ﬁcta@d me@ea@ssz%ﬁ'&szmén&&ﬁslw e Gior 11.

extend across the surface of the end-turns. The |eg projections 45a and 45b

2;? al SW; ggh M haindt l%qsx A215is posmonga(ﬁ&?%' dﬂg sét '3;' Qn@ﬁﬂxs%ﬂ%tlk&%ﬁt AL My §0i |

also reflected 1n Figure 4D, the positioning tab

ext ﬁi‘ds J:&RH% %Jﬂ&ﬂﬁ{oﬁf&ﬁ 4k %g‘iﬁ‘m}&){hééﬂﬂ nﬁ'ﬂgot{tw i afd b %ng@ gJob aﬁéns 53%.1& 98 he

st at or suc e en portion o the ges t e st at or

11. Thr %Hﬂxgl ahfakssthéaﬁ;%&e&ﬁ{étend- tﬁx@ 1%8; @E@Hﬁs%am%taﬁkeaw ?rgted a

term na using 15 1s malntai ned posSI ecte I n

1 oAl i i 8012 e WS S 6, 2
crush H

ot act hr"éils R fpe %eep%'ﬁ TemieaprBs ﬁé‘-ﬁla S°; e cof S%??a?\wﬂﬁia%ﬁqﬁa‘f%#att PEEd, ot ween
. T

;rrguﬁ'? g o0 P SRR P sl 38, Trovadn ehbreiem, RS sab o BT Sutenr d

conf8L Rminghousing. |5 'éma}n&ag}ewgbﬁweétwgéﬁ%n? s srifpeiet ikigie 8‘%&@ ol Fibtabug 2P

nachlne 10 a or, effl nt constructi ch
Speci T 8@*193?9365 ed by mg%he&f%@ (5 ISP} (o PR SHeerush ogy 1IN AR oF O
housi ng cr]\}sh r&;l?s 1w ﬁ ten Qo éolm ensate anrgxgxor! tglemtlzeg rlln tWe mgnufacmre of the endshield 12bto

allow for a better fit between the endshield and the stator stack. This tight fit serves to reduce the
amount of acoustic noise produced by the exemplary motor of the present invention.

20 Winged-terminal housing 15 allows for both rapid connection of an electrical controller to the
phase windings of machine 10 and for simple and efficient construction of the machine 10. Specifically,
because of the flexible nature of winged-terminal housing 15 and the non-rigid manner in which wing-
terminal housing 30 is affixed to the stator 11 and coil set 52a, the winged-terminal housing may be
moved about during assembly without affecting the connection between the winged-terminal housing 15

25  and the stator 11 and coils 52a.

Referring back to Figures 1A and 1B it may be observed that the central portion 48 of the

12



term nal housi n% 30 is affixed to the stator 11 and coil set 52a, the
wi nged- t ¥AP$E04housi ng may be moved about during RETEIRIVAESARt hout
af fecting the connection between the wi nged-term nal housing 15 25 and

the st @in@éd-timialthofshgd S exéBds through an appropriately sinf Pefihg b Rtk en@skitiguees 1A
and 1B it may be observed that the central portion 48 of the

12 The centrai portio¥'\é8 %&lﬁe’hﬁ@&ﬂmd by a slotted opening 31 in dust cover 30. The specific manner in
PCT/ US97/ 1657f wi nged-term nal housing 15 extends through an

SoP O ko0 0BEBU k5 57 TG by, s ol o
spect h&#@l@ﬂé\? {Flrggegt_.?s of th\émaIEltﬁﬂé i’lﬁ.d%g&?l% gp{é% ﬁcfnrsﬁgca{og gﬁ}%&?#g@% d&?&fe[}a.

port i on erm na ousli n ol se

reduction propertie t he machi.ne 10 Ails of the construction of dust
cov%r Vtaﬁté?&ésraépecg"f()&?%rfs \r}talﬂ‘fe"t'%" Bfr?ﬁegecgegdi)'ggfgufﬁg't he present invention are
reflected in, Fi e 5. . l.qyre .5 illustrates. a frontal, view
of rear endEL %fegﬁhuﬁ’ff?séﬁﬂmahvﬁw de%Fmga‘%gg%bcﬁnf’idEﬁlcPVr %/?’s?pﬁflg“ﬁ{;' visible ; |,
figure 5 are_the slotted openi n%s 31 andﬁ32 Lhat are defined hy t“rfg& cg%lst
cover dbfigugd areitieplatied apegings gl and 32 that yyp defingd by the;dpstopner 30 Epgising qnslgitet e
opening 31 consists of an external support region, reflected by the

dar k | iopenings3 1dhmaxbenotedithat Hewpeing 3 consigs ¢ ap extemal syprostregiom reflspiad Bether at ed
fromone another by slits. 10 Thus, each of the six inwardly projecting
slits dakilines5 andssixinwerdlyopreinsting portipnst36e 1 Shas atefspparaterblonnh pneranother by slits.

Figure 5, the external support region defined by |line 55 has the sanme shape
as 10andhis epohof thelsixghwarglylpeajesting slits definestaisiotted oprpingr dsthe specific embedimersof 1 al
region 48 of w nged-term nal housing 15. The inwardly projecting

port i orFsguids,dle exteenal suppertiregfon defirled by hhecS Srims theisathe shapaas, antilis justslighslyilagerand
project such that they forma openi ng 62 that has the sane general
shape alman, the trosssestinm dfeenttah@pion #§1ef wingesigersdtdll hasingfl S CHwrtinvedrdly popjesting 15
Thus, when the dust cover 30 is placed over the central portion 48 and
sSnappecottions 8661 &a dormed of diflckitids material (e.g.fthia ptastid) aad projettdsuchth&t8heyfform a

w ng-term nal housing 15 will pass through the opening 62 and deformthe
pr oj ectdpfin®6 thathas the Garfelgenfrabshalse a8, baihis msiRA thah,3hd @b¥REctdA L EAtRalréfon.
projecting portions 56-61 and the central portion 48 of

Wi nged-THag, e theldaitebg 38 &.platbd Sveb@a bent@l poRFont48QAnd Laghdded fear dhdishiald 126, ) it
hel ps to mai ntain the wi nged-term nal housing 15 in proper position

and;  (ithe centralgRFioAA8 o whrgttrmida Bouking 15 @il ghiss throdBh the iopénlgf 62QHA bdtermr@et r al
portion of the stator during operation and to inhibit the transm ssion of
acoust i grojecting portiol$6361 dpwaks st al sl & foRed BEtwWERE Rk PRjebling PriidiS 56BY hiddherent .
central portion 48 of winged-terminal housing 15. This seal serves two functions in that: (i) it helps to
maintain the winged-terminal housing 15 in proper position and; (ii) it serves to limit the flow of air
20  into/from the central portion of the stator during operation and to inhibit the transmission of acoustic
noise from the interior of machine 10 to the environment.
As Figure § illustrates slotted region 32 is like slotted region 31 except that slotted region 32 is
defined by four projecting portions 62-66 that define an opening that has the same shape as, but is
slightly smaller than, the central portion of plug 27. The function and operation of the slotted region 32

25  issimilar to that previously described for slotted region 31.

The above description of several exemplary embodiments is made by way of example and not

13



As Figure 5 illustrates slotted region 32 is like slotted region 31 except
that slo on 32 is defined by four projecti i 62- 66
t hat defﬁﬁggg%ﬁg%enlng that has the sane shape as, but is P&n@%ﬁdéﬁf ghtly
smal l er than, the central portion of plug 27. The function and operation of
the sl ¥r p@aoseégf britggipn. Many vpratiohsyinpy, pe made tohe pmbadimenss gndgmethedsisisglosest
slotted region 31. The above description of several

exenpl barsin ayithewti departing fram the cops aneh spitdtf ofthe prssent inyantinstand se of such alternate

13 WD 98/ 15049

PCT/ USoomfig@atiohs will not depart fiem hesssopeodf the prieseat inwsntion/HHystrativel embiodimentseof thee
made to the enbodi nents and net hods di scl osed herei n w t hout

depar t invention am desvabalteivev mritmight be émpddyed nethp canseuntion nf/2 reduced naiverebetanée such
alternate configurations will not depart fromthe scope of the

pr eSensysteivention. |l lustrative enbodi nents of the invention are
descri bed below as it m ght be enployed in the construction of a reduced
noi se rel ucivreeer, i the iflfebtiNclarity, not all features of ¥R a&1GM Gmpleinenthth dréeseritel iDf
clarity, not all features of an actual inplenmentation are described in

t hi s spgeifecimvitionn. it dilMbf boudde BOUpmHSIARAR BROKEBleali®dicbiait bfMadyheuch actual
devel opment of any such actual enbodi nent nuner ous

i npl eneab&éuhaﬁ-n%ﬂeﬁh; 'uﬁplélﬂ&x'taiio%ﬁecméséecﬁfonm& b0 mAld it Wéhidvaethel QU RIIPRAY S'
specific goals, such as conpliance mnth systemrel ated and busi ness-rel at ed

const r gldiR ’gcam'gl 'sﬁé?x a‘é‘cbx}\p%ﬂéé’wxﬂ; steﬁx Qﬁ?bdsfmésef@ﬁ{la %Bﬂs%n{sowﬁi@fp{vh Flary
| t wl at suc

Nbreover be appreciate a devel opnent ef

ndly AR} o?%mﬁ'ﬁ%""'t AR WA e, R R e IEUE WP S %%@??%J“"?Pﬁ%‘ﬂes
di scl O%H %lhebe complex and time-con {l\'ﬁ g ﬁz% ld' :[l\é&!h%le‘é’é‘bé Z r&u%x? Qg&qtalixgg Po‘? dxésg]o?ed

only by scope and spiri
ordinary skill having the benefit of this disclosure.

The present invention is intended to be limited only by the scope and spirit of the following

claims.

14



14 ' ' WD 98/ 15049
PCT/ US97/WO$9§/15049 VWHAT IS CLAIMED | S: 1. A r edURCEHURV16871
rel uctance nachi ne conpri si ng: a stator defining a

pl ur al WAPS CRARVMEIDISPr O] ecting stator poles, where the projecting
stator poles define inter-pole regions between the stator poles and a

centrah, bor @, refidch /R rQuclMcdmadhife@bmprsing: POl € ternm nates in a region
defining a concave surface, where the concave surface has a given radius of

curvature; defining 3 plurRPSf iPREdR PR Ectih Sdicd Polb& WhBQ ke pibiBRp9 CoOi |
that is wound abgﬁﬁbaflpggs?lbngﬁo# theB"rsb???ttol\rﬂlg Po pol es, ﬁﬁ%ré %ortions

of the s é)p g&lg%eﬁﬁ)%igtre?-{:&g% gg?)h{ l}]e?\ogeg tlixf.nsrtfﬂsr éJSI ?ﬁx}idnag{kﬁ\ghl%% éxpcf)»L/l?Jre éagg%tﬁgr and

wher e t e W ndi ng €S an outer surtace
fackng t central bare; .and_ 10 C [ -stick ..
lgger{,nmu}af?f ﬁl at"ﬁ%" ?eﬁﬁlélé a concave surftace yJB%rF glre cgpéa%j suei"fiacé ?% a %ve rardms of

p05|ti83 st one 1 nter regi on on uter surface
o] t he portion of the winding coil, wherein the contoured top-stick
has an SBUE®E concave surface where the radi us of curvature of the

top-stick's outer surface_ is substanfially the sa as the giv r adi us of
curvature, atleastonephase windinghaying g v %9%“%%?%335?"* &1 Ig3shine &% each
of the stator poles defines.tang menbers 15 that extend into the

i nt er - oles Wasye pastions af te windingcail are pogjiionsd jinat Iepstang infer ppdar Feginng gidghere the
top-stick includes a central portion defining the concave surface
and t wpogionwhthe windingceih includessa Mebﬁls'gcm@n&m cenitah bere; anfle out war dl y
extendi ng portions defines a notch, and wherein the top-stick is positioned
sud t hat t taesontoured topistickaiesitioned pxithincthe airjepst dnedntert prdargegienen the beter suifase of
define the inter-polar region within which the top-stick is

posi t i chepbrtion of the winding coil, wherein the contoured top-stick has an outer concave surface where the

radius of curvature of the top-stick’s outer surface is substantially the same as the given radius of
curvature.
2. The reduced noise machine of claim 1 wherein each of the stator poles defines tang members

15  that extend into the inter-pole regions adjacent the stator pole, wherein the contoured top-stick includes a
central portion defining the concave surface and two outwardly extending portions, wherein each of the
outwardly extending portions defines a notch, and wherein the top-stick is positioned such that the

notches receive tangs from the stator poles that define the inter-polar region within which the top-stick is

positioned.
20 3. The reduced noise machine of claim 1 wherein the top-stick is formed of plastic.
4, A contoured top-stick for use in a reluctance machine, where the reluctance machine includes a

plurality of stator poles that terminate in concave regions having a given radius of curvature, where the
contoured top-stick includes a central concave region having a radius of curvature equal to the given

radius of curvature.

25
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20 3. The reduced noi se machine of claiml1 wherein the top-stick is

f or med o{votysﬁg‘?#s,c. 4, A contoured top-stick forppsfisbihédn

rel uctance nmachi ne, where the reluctance machi ne includes a

plurality of stator poles that term nate in concave regions having a given
radi us-of clFeutedmaise yglistaace mechine comprisiggit our ed top-stick includes a
central concave region having a radius of curvature equal to the given
radi us of castaten the stator defining an outer surface, the\gptaydavimgepposed first and second ends; and
PCT/ US97/ 16571 5. A reduced noi se reluctance nmachi ne conpri sing:
a stator, t#lrseandshinld,desfendshindd definingtacmaviguhaiving @ firgt murfase andar sependisréecepposed
first and second ends; and a first endshield, the endshield
def i ni wigeraithe fivst swrfabaisisulistantifliyrpstpesdicflarce thesekond sefaemd sur f ace wher e
the first surface is substantially perpendicular to the second surface; 5
whe¥ ei n t hewhdrgih tre stasor isamkitionxladithretpectne tp diedt endshitldaudhi thas theanutks hirfabebofsuch
that the outer surface of the first end of the stator mates with
bot h t the fifst el of Hedtat@ Giuted withrbothaRS first and seconé surfaces. The reduced noi se
reluctance nmachine of claim5 wherein the outer surface of the stator
includgs  The redJeed hoiseatinbtinedmackihé of Gdiin I Witréithe Bier suFfacidf ViRl syatd? iHcluaeh

regi ons. 7. The reluctance machine of claim5 further including
a secopsih pdivell isedight rédichs aRFRAEVAPESDESlegionsl0  defining a cavity having a
third surface and a fourth surface where the third surface is substantially

per pendi cul gfe LRchAR dRHRE bf SM PGRherduding a second end-shield, Mkde6dnd chdifiefit at or
Is positioned with respect to the second endshield such that the outer

S ufé ac Sefm?]ng a ca}ligf haW@ a%ﬁmf%&rmd fo%tﬂitﬂ%uﬁﬁc%%@ﬁgﬁétﬁﬁd W{fgbe Qgﬁﬂgﬁﬂm% hird

and fourth surtaces. erm na ng r coupling’the

term ngg SR51aPh e 8L &tk 20§ Phase windings of an electric 15 machi ne
to a sburce o? el ectric powér, the term nal housing conprising:

ral , o . Vi di
2 cont el PR BBl WhPksdok B ML B SR AL
o i1 b FFEaR] Bl BF e ior idheR b 8ol it i SR el endi g from.
i rect Pon sAHETUMT ParTE Feping At 3P opl i ke finfiesSFen cecticy
Theterm nal, housing. of claim§ whereipn the term nal housing is formed from
pl g'gt i g\.achlne 10 a source gf electric power, the terminal Eousmg comprising;:

[

a central portion defining a plurality of hollow cavities, the hollow cavities adapted to receive the
terminal ends of the phase windings;

at least one projecting leg projecting outward from the central portion in a first direction; and

a first wing member extending from the central portion where the first wing member extends in a

20  direction substantially perpendicular to the first direction.

9. The terminal housing of claim 8 wherein the terminal housing is formed from plastic.
10. The terminal housing of claim 8 wherein the terminal housing further comprises a positioning
tab that extends from the central portion, where the positioning tab is adapted to receive a portion of the
electric machine so as to position the terminal housing in a given arrangement with respect to the

25  machine.
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10. The term nal housing of claim8 wherein the term nal housing further
conpri seVQRIHHEB4? | oni ng tab that extends fromthe cREE/BSI7/16871t i on,
where the positioning tab is adapted to receive a portion of the

el ectrijg Maghi REnne HRSsitofRAkh 110 MRerteir@hd QédHidiRhchitRUSIEES b Radr SdURD

arrangenment with respect to the 25 machine. _ WO 98/ 15049
PCT/ USQddiridimblab includes JaJnomhedT:e?o& @ik Bdtipted ik i%e RE slorbthd BatMiRr ei n the
el ectric machine i1 ncludes a stator and the positioning tab includes a

not ¢ hegiﬁf eg ﬁﬂ@remgawﬁsiagmm 1Pwhex%mh§ﬁosmsm§w&rﬁn&fa g BEB LG ibs.

12. e term nal housing of claim10 erein the positioning tab defines
a pluraghkity L: : t ' . ' : '

furthe ﬁhc o] rrp’l(rﬂl£ ts%}éﬁghoé ge'@%%f(f la\/'vlm r? gfu&r%rnﬁ%'?&%%gean 8@5’ g %l?%ﬁ%’f‘%&g gx‘E;d'@c@rﬁhgl
portion where.t he second wing nenber extends.in.a direction substantially
Oppasi LERTLpqn whete 1 Sepof Hihe MERbR! GienaR s irepiapbiipinghy eheBuE 10 endis.

14. n electrjc I ne conpri sing; a stator,

at Iea@'“&ﬁ@"bﬁ@glétr%ﬂﬁiw ‘ﬂ%f&e’& t the stator, the phase w nding
including end-turn portions 10 that extend outside of the stator and end
term ndfts; Anelectric machine cOmpRisiiEgs; nal housing for coupling the terninal ends

of the phase winding to a source of electric power, the term nal
housi ng conm®$a9Tg a central portion defining a hollow cavity, where the
term nal ends of the phase wi nding are positioned within the holl ow

cavity and atlerstonpe phasgvinding sourdabenithegator, the phaservindipgiaclyding eng-tupigiortions |
wherein the termnal housing is positioned such that the first w ng nenber
15 10 exthaestsndduside ofithe statoraod pndtgrminrisit | east one end-turn portion.

15. The el ectric machine of claim 14 further including a second w ng
menber that stmenal hodsingfort dvepling the termipgdrendsadf thopliasowindingriea sdueceé eleetdc wi nd
menber extends in a direction substantially opposite to the

di r ect i gowet, thewkrimdial hirxeingicomprisingycengaliportioa b Bmiog a hollow cavity, Wiere theftbreninal

rel uctance machi ne of claim 14 wherein the first wing nmenber is coupled to
t he at d¢ndasfithoptase Rinding @rechobitioned pdthin thethdllow daeity &ridea firstaging member extedding  The
rel uctance machi ne of claim 14 wherein the stator defines a plurality of

pr o] ect frévg thiktcaitaal portion , wherdinthe Sermiradl hovking ip®iopddanerthatanstirandngmenséirn t he
term nal housing includes at |east one positioning |eg where the
POsis i Ofitéads AtdWe arfdl i Osiipled as1&tdeast dnblefid-fuin potiad.- pol ar regi on.

15. The electric machine of claim 14 further including a second wing member that extends from the

central portion where the second wind member extends in a direction substantially opposite to the

direction in which the first wing member extends.

16. The reluctance machine of claim 14 wherein the first wing member is coupled to the at least one
20  end-turn portion by flexible ties.

17.  The reluctance machine of claim 14 wherein the stator defines a plurality of projecting stator

poles and inter-pole projections and wherein the terminal housing includes at least one positioning leg

where the positioning leg is positioned within an inter-polar region.

18.  The reluctance machine of claim 18 wherein the terminal housing further comprises a

25  positioning tab that extends from the central region of the terminal housing and engages the stator.

Y
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18. The reluctance nmachine of claim 18 wherein the term nal housing
further } a 25 positioning tab that extends fro a
regi on 01(‘:‘9?%3}1 @rgrn' nal housi ng and engages the stator. rpéﬁ?sggﬁ%i

98/ 15049 _

PCT/ US99/ 165 h¢ reluctance maahine of gain Hefuribsr soremsising@h ienvishisld, wheas e euishield isher
conprising an endshield, where the endshield is secured to the

st at or seawkdip the staton andewipsethe Entiskielfl idefines a passass thyeugh mhish e asntral regionof hent r al
regi on of the term nal housi ng passes. 20. The rel uctance
machi ndermfinat hovsig p&sésur t her conpri sing a dust cover that is coupled to the
5 endshi el d, wherein the dust cover defines a passage through which the
cent r al20r eqiThe radctanbembehingiofielaim 19 furtherloorprising apistsever that is couplédlo the The
reluctance machi ne of claim20 wherein the passage in the dust cover is
def 5nesndspield, wherein thqddust calvéridgfinek a paagealirbuph whichrthdxdeatrs repiomdf the t@mpal at ed by
slits. 22. A dust cover for a reluctance machine, the reluctance
machi nexohidied puddelld @ phase winding and a 10 projecting term nal housing
for connecting electric power to the phase w nding, wherein the dust cover

includes, a PR $aERands MR Jleal’n?Q@WHﬁmh iR pﬁﬁﬁ%@ iffHe dIAUSVeP 3 d&fARE By 4 he
passage is defined by a plurality of Xi bl e projections, separated

by sl i tghurality of projeéiihg flexibfé eldhienfs! Q%ﬁe@?fﬂ‘tsﬂe conpri si ng: a
stator defining a plurality of Inwardly projecting stator poles, where the

Proj ectgang sg ﬂ&s?EonP of 2 rehijc@nce Hl&hiddEné E&m@(an&%a%hﬁ??&cﬁﬁﬁxgg‘%ﬁa\@@%dh Gnd4 at or

p0| es and a central ore, ere each stator term ates In a
re :032 ;g@utm;ra&mﬂmpmgggﬁr%wnfeéﬁ@enem@ f,sawérta&hg £ BREEY AR ﬁeﬁag @@gv‘l,sg yen
haV|ng

ol es, 'mﬁ‘*f%gk ot koo 13 ke MR AN ""i‘%*éJ'%@E beSOf Sl i

| nter rre and the 20 portion of the w nding coil
i ncl udgfgexgbrlle 1 e%ong’ﬁ?qaéée%efdfsng the central bore, the phase w nding

i ncl udl%g luctanged il x‘%ort' ons that extend outside of the stator and
end terfi nal &% machine comprisiig-nl urality of contoured top sti cks

Phe. porti on b=t lax%ﬁ'a?’f'aga'@g? mwvﬂ‘cx?’tq?%aﬁﬁ%@&%i%{’ﬁ@& Bepeliscanseos,”
UL BT ImSie v er sl S A B P s o
25 ¢ ”x’éX%%é‘tes ih a region defining a concave surface, where the concave surface has a given radius of
curvature;
at least one phase winding having a winding coil that is wound about at least one of the stator
poles, where portions of the winding coil are positioned in at least one inter-polar region, and where the
20  portion of the winding coil includes an outer surface facing the central bore, the phase winding including
end-turn portions that extend outside of the stator and end terminals;
a plurality of contoured top-sticks positioned within the inter-polar regions on the outer surface
of the portion of the winding coil, wherein the contoured top-stick has an outer concave surface where

the radius of curvature of the top-stick’s outer surface is substantially the same as the given radius of

25  curvature;
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WD 98/ 15049

PCT/ US97/WOB/15049 a term nal housing for coupliPQIUBY/168TIM nal
ends of the phase winding to a source of electric power, the term nal
housi ng conpy dediiffl husiiTor BlipiRQ ke t%méﬁdabﬁ%eq;h_hg@!wi%dgﬁw sbifrce ¥fefkcict he
end termnals of the phase winding are positioned within the holl ow
cavity il Sfmifl HouR g CBHprY I poriBA G TnThe @ HoR W ERGty! WhePPROSId! ©

di recti%%r’frot?n&qtnﬁg (():en ralppor{ré'?licgrr‘ltrw%re thél fgi rst anic}%s{econd wng 5
menber s | ' 5 {3l adi st
i et SRnp o ok SRS patHRA Rk thohok ORA ofh R QP 01
first and second w n d.acr to .| east

one end'—“f'ﬂﬁ s%er“tdfngngo}’rggm%grgasgﬁ&"tha f rﬁ%ﬁ?"ﬁg‘ﬂ‘ds e?ee gl,fwstk Ee Fre g%“"&nds hield
defining a cavity.having a first. surfage and a.second surface . wher e
Lhe 31 r Gemesis prasrd in Qiretiths Subriandally PerparGiei FeF BT V5 parh "EaEti e Emivdlco,
wherein the stator is, 10 gosi ti onsd,w’th resgec to the fi rs&: endshi el d
such t hBRusingds Ro§itian such thatthe fitst andisecond wing mempetsextendacross ang arg gqupled to at least
with both the first and second surfaces; a second

end- shi eneendt¥B PIEEBNd endshi el d, the second endshield defining a cavity
having a third _surface and a fourth surface where the third surface
i s subst ant i afirsyendshigld the finst earshicld defiming@ieavity havipg a fiest surface and agacond pfaghe
stator is positioned with respect to the second endshield such that the

out er swhérate fust surfage isisgbstangjaltycperpendiculasto tha secondisunfacernt e swhireih thgstater ishe

third and fourth surfaces and wherein the second endshi el d defi nes
a pisagesitidnedwihresprctta thelfosteadshiehd suclethatahe atfter siréace of the fisst el thengtopastees;
and a dust cover that is coupled to the endshield, wherein
t he dustwith bushithedferbti and seceandmagfa@sgie t hr ough whi ch the central region
of the term nal housing passes wherein the passage in the dust cover is
defi nes a secohid/erdl-shleld; the isécpndéndptrielfl ahd setandichdskiehd defiring reatiy havisd thiréd by
slits. 20

surface and a fourth surface where the third surface is substantially perpendicular to the fourth surface;
wherein the stator is positioned with respect to the second endshield such that the outer surface of the
15  second end of the stator mates with both the third and fourth surfacés and wherein the second endshield
defines a passage through which the central region of the terminal housing passes; and
a dust cover that is coupled to the endshield, wherein the dust cover defines a passage through
which the central region of the terminal housing passes wherein the passage in the dust cover is defines

by a plurality of projecting flexible elements separated by slits.

20
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