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DESCRIPTION ROTOR, AXIAL GAP TYPE MOTOR, METHOD OF

DRIVING MOTOR, AND COMPRESSOR Technical Field 5 [0001] This

invention relates to a motor, and particularly to an axial gap type motor in

which the gap between a stator and a rotor is provided along a plane

perpendicular to the rotation axis. Background Art [0002] Conventionally,

many radial gap type motors have been used in which the gap 10

between the stator and rotor is pes{cietPakong a cylindrical surface parallel

to the rotation axis for applications requiring high outputs such as a

comprdssayRnaahih&ltoOlABtE YHEWEEF Cife cRUSEHID e e deREWigeMOTOR,

performance of magnetic materials or the like, the study of employing an
ANNIAIQRPRPBIOOOr in a compressor or the like has been started. [0003]

This is to respond to a request to solve the problem that a stainless pipe
Teshairali®4ike for preventing permanent magnets from being scattered by

centrifugal force increases gaps or eddy-current loss and a requestto
[080ly alpistBLireismEEetd & yiviarRcald Grtic Thobu ] Pateidl sainiE gotor in

describes that an axial qap type motor reduces axis and bearing load for
WhighBre8aR PEHIRAAGHIA F‘éﬂ‘iﬁﬁd?xé’&oﬂégédh g%ﬁﬁk@ﬁl&&emsa% ar to the

exposed at its surface. 20 [0005] Patent document | discloses an axial gap
ro&%@lr%llsor, and employs so-called distributed winding for a stator. In a
Bd torr %rrpcplg%ed here, permanent magnets magnetized in the axial

ir8ction are embedded in a disc part made of a non-magnetic material.

[og%%@glg%}ﬁ%ﬂsﬁm%%e 15005520 ARl AR WRR MPLRALHRIY fe gap

between the stator and rotor is provided along a cylindrical surface paraliel to the rotation
axis for applications requiring high outputs such as a compressor, machine tool, etc.
However, because of the recent higher performance of magnetic materials or the like, the
study of employing an axial gap type motor in a compressor or the like has been started.
[0003]  This is to respond to a request to solve the problem that a stainless pipe or the
iike for preventing permanent magnets from being scattered by centrifugal force increases
gaps or eddy-current loss and a request to apply a plate-like magnet to a cylindrical rotor.
[0004] Patent document 6 describes that an axial gap type motor reduces axis and
bearing load for compressor application. A rotor employed here has permanent magnets
exposed at its surface.

[0005] Patent document 1 discloses an axial gap type motor, and employs so-called
distributed winding for a stator. In a rotor employed here, permanent magnets
magnetized in the axial direction are embedded in a disc part made of a non-magnetic
material.

[0006] Patent document 2 discloses an axial gap type motor, and employs so-called
concentrated winding for a stator. In a rotor employed here, a plurality of permanent

magnets are fixed by a non-magnetic ring from their outer sides and by a magnet holder



10

20

25 concentrated winding for a stator. In a rotor employed here, a plurality
of permanent magnets are fixed by a non-magnetic ring from their outer
sides and by a magnet holder 2 from their inner sides. [0007] Patent
document 3 discloses an axial gap type motor having magnetic poles on
both sides of a rotor and stators on itg both sides. In the rotor employed
here, permanent magnets having a plurality of poles are disposed on both

fmﬁ{qﬁéi%ﬂ&i@%g@_aped yoke 5 member. [0008] Patent document 4
discloses an axial gap type motor. In a rotor employed here, permanent

[00mAdNeigagpetiaes: in heral direction 4y e e brAgeR: R GIsERALE poles on

made of a non-magnetic material. [0009] Patent document 5 discloses an

boXdalaal Reoswilehetorelueianbeimaties. 10h0Q1Q)Ratenidedienbiimanent
Japanese Patent Application Laid-Open No. 5-268754 Patent document
magndapenese PalerdlAppiicaties kaidiSperdlonSi268dzs Bateming-shaped yoke
document 3: Japanese Patent Application Laid-Open No. 10-164779
meRdtmnt document 4: Japanese Utility Model No. 3062085 Patent document
5: Japanese Patent Application Laid-Open No. 2004-166354 15 Patent
[0gunitaters doapeisaté Easkasenpphtial @an BicOpEArNolPopE Zegoyed here,
Disclosure of Invention Problems to be solved by Invention [0011]
PERRSRRRCRAERE FoterEIstiRatip thaawial GHRian S eravhsgdserinarlisg part made of
magnets exposed at its surface, cannot make use of reluctance torque,
2 e ASGHRIBIICERlide range 20 of operation by flux-weakening control is

o e R b E s 404020 SRR ERRHRE b Tl
[0010] Patent document 1: Japanese Patent Application Laid-Open No. 5-268754
Patent document 2:J apanese-Patent Application Laid-Open No. §-126277
Patent document 3: Japanese Patent Application Laid-Open No. 10-164779
Patent document 4: Japanese Utility Model No. 3062085

Patent document 5: Japanese Patent Application Laid-Open No. 2004-166354
Patent document 6: Japanese Patent Application Laid-Open Ne. 2004—52657
Disclosure of Invention

Problems to be solved by Invention

[0011] However, the rotor shown in Patent document 6, having permanent magnets
exposed at its surface, cannot make use of reluctance torque, and in addition, a wide range
of operation by flux-weakening control is difficult.

[0012] Further, in the rotor shown in Patent document 1 or 4, the disc part of the rotor
is made of a non-magnetic material. Thus, a portion of the rotor other than the

permanent magnets is merely a structural member having no magnetic function.

[0013] In the rotor shown in Patent document 2, the non-magnetic ring is also a mere



iIs made of a.non-magnetic material. Thus, a portion of the rotor other than
the permanent magnets is merely a structural member having no
magnetic function. [0013] In the rotor shown in Patent document 2, the

non-ma ic ring is also a mer stru_ctu_aé mber. Theteisno .
structural n%%g%?;fgheé@n%ggnﬁe{r}?&%oel} 8?-'[%6 erﬁ%%r}er{n é?’]c%: iC glrnlgoeit er macnetic or non-

eing N-"Magneétic, an

magnetic?\éﬁ%%v\be%nv?ﬂégl%é%%?f{%agnrﬁg%n@ é[errlilg{ggr lt%rn%gg Qﬁ%}%{i g%li e\f\,/”lin%ll not
exhibit saliency. nthe rotor shown in Patent docunient 3, the
exhibit sdgHRanent magnets have yokes on the opposite side of gaps, but do not

exhibit saliency. [0015] In the switched reluctance motor shown in Patent

[0014] documentSoibe PRIes of PLRLer BraRekes feRNBERigd: ShapRandibgokes on

poles of a stator have cores formed into U shape around which excitation
the oppoditngingsiaEpWeUNgs ARd:hiey asgigrgvided in main parts of separate
non- magnetic materials, respectively. One pole of the stator has a pair of
(00157 magnetibpelds-ivdien lineasxcitaticnshinding Frenedgiaedeant treppileddTa rotor
the stator and one pole of the rotor are opposed to each other to form one
are coresrfiagretinioath sk thedels polexchangswihmeagnetis flosnedthnan U shape around
adjacent pole. [0016] Therefore, when providing a permanent magnet for
which exgigaborimfassntidosumsntABdtHadRtaiacHoN Bedwe shaiiensHergizegparate non-
. pole of the stator and the permanent magnet interferes with the,
magneticj e aon IRARSTHECHOIEYBIPE RtdicHRiphEaY dPHE Yoreashsiifaiptorer the
.. shape. Further, the interaction between a pole of the stator yet to be
excitatiog \ARgREd SRR CREERI WARCHHGE AFIREreBUE ff UbyEly e opposed

tgrque. [0017] Embodiments gf th%%esent invention seekfto solvg[e thﬁ .
to sach 0%6 10 Jorm .one ma%%?tlc gat dm Cre 15, 10, CXC an%? O nfa netic with an
above-described “problems, and provide a techrique sf emp oglngaro or
hgt/eing anti- saliency and being rotatable about a predetermined axis in

djacent L
Aaacent B axial gap type motor.

[0016] Therefore, when providing a permanent magnet for the rotor in Patent document
3, the interaction between the energized pole of the stator and the permanent magnet interferes
* with the inferaction with the poles of the rotor composed of the cores formed inte U shape.
Hurther, the interaction between a pole of the stator yet to be energized and permanent magnet
will cause an increase in cogging torgue.

[0617] Embodiments of the present invention seek to solve the above-described
problems, and provide a technique of employing a rotor having anti- saliency and being rotatable
about a predetermined axis in an axial gap type motor.

Means for solving the problems

[0017a] In a first aspect of the invention, there is provided a rotor comprising: & plurality
of magnets, each having a pole face, disposed annularly with polarities being symmetric around
a predetermined axis; and a plurality of magnetic members, wherein an inductance (Ld)
corresponding to a magnetic flux flowing from outside passing through between a first type of
said magnets having said pole face exhibiting a first polarity with respect to one side of said axis
and a second type of said magnets having said pole face exhibiting a second polarity with respect

10 said one side is smaller than an inductance (Lq) corresponding to a magnetic flux flowing



Means for solving the problems [0017a] In a first aspect of the invention,

there is provided a rotor comprising: a plurality of magnets, each having a

pole face, disposed atmularly with pdlarities being symmetric around a
‘ .Qredetermined axis; and a pluraljty of magnetic members, wherein an .
from il oA ) CBELRA YRS rHGPSHR TR i Hom Bl magneti

passin tEr ugh bet eenafirstﬁt1 e.of said magnets having said pole
members N ATRoC R b I 1 GRS SRl Rpga e of

said mag%%fs?%&ybt’ﬁe?f &%@:%%%&ﬁé%@;{@%&ﬂ%‘%@%? %Hig%ggfﬁzé%‘fo%% magnets

arity with respect to sal e Is smaller than an uctance

magneticAOY SRRYRAINGAQ 2aaneleflux flowing3a sfrem:3aidiauiside ieRaithe covering

magnetic members bypassing said magnets; and said magnetic members

said poleRPHMIdEd atdeasibaivesnsaidditstdypeiat saiskivanaetaandsaitic plate has
second type of said magnets; and other magnetic members provided to

opening GOversaisipaleffage phsdichmagnetso magnetically idapendenthhandiween said
individually on said one side, wherein a magnetic plate covering said pole

magneticfacerird said sndgnegiccrmembersedrnikaig oné sde Hpsovided ssaidnagnetic piate
magnetic plate has opening slits extending from positions close to said

divided taxgeitbsthistier positiofescbenl duncsiaid arnairhetid menibet st waddpole face serve

_ magnets as viewed along said axis, divisions of said magnetic plate

as said OHIGIBAERSSAREEIRGIM el TEIHARBHEC IS A SaEnaRisdhadivisions of

cover said pole face serve as said other magnetic members, and said

said maggyetic Rl by HembErS st ScBhHEC R 1B trsidHs Brediig magheaad axis that

late divided by, said silts jn the circumferential direction around said axjs .
cover sel R gRYA B TR R e RS R O the side of

thFre%etvl\{een at least on the side of one ends of said silts. [0017b] In a
. one endsso Sal0, S1iLs,

econd aspect of the invention, there is provided a rotor comprising: a

017 Py 8 B U R s SO T i
plurality DRYASHSG MEMPRESIWNEFSIB ARANGUAIABSE K khrly with polarities being symmetric
around a predetermined axis; and a plurality of magnetic members, wherein an mductance (1.d)
corresponding to a magnetic flux flowing from outside passing through between a first type of
said magnets having said pole face exhibiting a first polarity with respect to one side of said axis
and a second type of said magnets having said pole face exhibiting a second polarity with respect
to said one side 1 smaller than an inductance (L.q) corresponding to a magnetic flux flowing
from said outside to said magnetic members bypassing said magnets, wherein said magnetic
members are provided to cover said pole face at least on said one side, wherein a magnetic plate
covering said pole face on said one side is provided, said magnetic plate has opening slits
extending from positions close to said axis to farther positions between said magnetic members
as viewed along said predetermined axis, said magnetic plate divided by said silts in the
- circumferential direction around said axis serves as said magnetic members, and said magnetic
members are connected to each other with thin portions interposed therebetween at least on the

side of one ends of said silts.

[0017c] In a third aspect of the invention, there is provided an axial gap type motor



corresponding to a magnetic flux flowing from outside passing through
between a first type of said magnets having said pole face exhibiting a
first polarity with respect to one sidef said axis and a second type of

.. sai t ' jd pole f hibitj lari ith .
o AR PR P e eI 8 SSCond PO i o

magnetictgoare@%%%%Elxgoﬂg)égm\év%pcg afrggn\a%%@n:? lét%%%ﬁa%]a(l)gmrga fif tx'ﬁamn%rtri] %Eﬁéas and a
bypassing sard ma&ne s, wherein said magnetic members aré provided to

magneticC Ya%ﬁ%%ﬁ%%oﬁfief%ﬁﬁ'%é&?ié%@x@@%ﬁ!ﬁ%aWﬁ%&%BeﬁiHE@ﬂ%ﬁ%ﬁ@ﬁmg from

covering sal face on Said one side is provided, said magnetic plate

positionsESORSURDSHLS . §xtaNAIpg: TR positions close to said axis to farther
positions between said magnetic members as viewed along said

[0017d] predetermipedinxipesaisinmagnetisplatetdbvided fysald silisaridheap type motor
circumferential direction around said axis serves as said magnetic

comprisinaefnbessoramddsitbpeaghete menmbessaresarnestsd sareadndtides:withubstrate
thin portions interposed therebetween at least on the side of one ends of

having assidsitsp{G@hdiedlbn actisudl aspect afaine infiesitivnge vers dssprepddaetiaitom cach
axial gap type motor 3b comprising the rotor as disclosed above and a

other andseagdr cwibetisia said stalordhehmied 88 prerahty of sridgheliecordaestapamigrential

~along said axis; windings wound around said magnetic cores; and a
directionneAcidicipitite: rBKIrtE ey RATEHARGRENRSED Y AP B aVir Shating diffst-stage

extending from, positions close to said axis to farther positions. [0017d] In

spacers 4} £l AR e AW G MVEHEDR, tﬂegraé‘}s%ﬁ%\ﬂbggﬁe%ﬁ%gﬁ%%?}lt B&ﬁ%&éﬁ““ﬁ%ﬁ
comprising the rotor as disclosed above and a stator, wherein said stator .. .

Spacers é) é’}g NACNEHe COLes . provi ergi on alé(ﬁi’ t-stage spacers, respectivel

P - RGBS & SUBEhatd ﬁ%vmg SO8UrfaCe perpencilcular 10" a&ls; a’palpo? Y

. first-stage spacers separated fro ch .other and each extending. at

o B e Oh Sl g QA Ao T eriahacaN & Bl of frs

wdndingsgglggf %}‘iognsgé?das)ﬁ.%t?a&aziﬁlﬁf\%ﬁﬁf?ﬂgﬂ@g%fs‘gﬁﬁ%%&ﬂ@%-@9; %&%ﬂpéf second
irst-stage spacers at an angfe of about 120 degrees in sai
windingChrfetentialidirectianon $aickfirshatage first windings and winding three of said
magnetic cores; and a pair of third windings provided on said second-stage spacers and said
second windings and winding three of said magnetic cores, wherein said first windings, said
second windings and said third windings are arranged to be shifted 120 degrees from one another
in said circumferential direction.
[0017e] In a fifth aspect of the invention, there is provided a method of driving an axial
gap type motor comprising the rotor as disclosed above and a stator opposed to said rotor, by
flowing a sinusoidal current to said stator. |
[00171] In a sixth aspect of the invention, there is provided a method of driving an axial
gap type motor comprising the rotor as disclosed above and a stator opposed to said rotor, by
flowing a leading current to said stator.

[0017¢] In a seventh aspect of the invention,.there is provided a compressor equipped with

an axial gap type motor comprising the rotor as disclosed above and a stator opposed to said

rotor.



spacers, respectively; a pair of magnetic cores provided on said first-stage
spacers, respectively; two pairs of magnetic cores provided on said
second-stage spacers, respectively“a pair of first windings provided on
said substrate and winding three of said ic.cores; a pair.of second, ;. 1.
10018)  inai RS BHORC O LA Hret SO0 e St L oo a1 1K
) winding three, of said _magnetic cgres;,an ihef thi NAINGS 151, 124 12b:
1L 1M) provided on %%%ﬁé%c%gr%- %%é% ggaaézrgé% é?%’t\)sgéai‘id‘ Sséé?gr%dvyvg%d?ng’s and’

12¢ 10 12 ,i@%]@i%f%%?f saidmagnetic soresy, whereipisajd firsiyvinslingsy, sgid 104; 124,

second windings and said third windings are arranged to be shifted 120

12b; 122 dHEes AR AL 3R0heE: inRpik&irghmfergntial direction. [0017€] In a
fifth aspect of the invention, there is provided a method of driving an axial
gap type motor comprising the rotor as disclosed above and a stator
opposed to said rotor, by flowing a sinusoidal current to said stator.
[00171] In a sixth aspect of the invention, there is provided a method of
driving an axial gap type motor comprising the rotor as disclosed above
and a stator opposed to said rotor, by flowing a leading current to said
stator. [00179] In a seventh aspect of the invention, there is provided a
compressor equipped with an axial gap type motor comprising the rotor
as disclosed above and a stator opposed to said rotor. Jc [0018] In
example embodiments, a rotor (IA; IB; 1C; 1D; IE; iF; 1G; 1H; 11; 1J; 1K;
1L; 1M) comprises: a plurality of magnets (12a, 12b; 120a, 120b; 12a,
12b; 12a, 12b; 12a, 12b; 12c to 12f; 12a, 12b, 12g, 12h; 12a, 12b; 12a,
12b, 12g, 12h; 12a, 12b; 12a, 12b, 129, 12h; 12a, 12b; 12a, 12b), each
having a pole face, disposed annularly 4 with polarities being symmetric
around a predetermined axis; and a plurality of magnetic



members (13a, 13b; 130a, 130b; 13a, 13b, 14a, 14b; 54a, 54b; 13a, 13Db,
54c to 54f; 549 to 54j; 13a, 13b, 13g, 13h; 13a, 13b; 13a, 13b, 1.3g, 13h,
14a, 14b, 149, 14h; 13a, 13b, 14a,%4b, 149, 14h; 13a, 13b, 13g, 1.3h,
542, 544; 13a, 13b, 542, 544; 541, 545). An inductance, (Ld

with POl ANy T HagHRHE b NOUHA HB doTerE Doy Sugh mesmete

between a first type. of said.magnpets (12a; 120a; 12a;.12a.12a; 12¢, 12e. . ...
menver S R S R PR S R S s
exhibiti firs QllCJi ith respeect t ' said.ax a
e o DR AL L e o AL T TR P 1 15
14h; 13a-28p2Pid 25l 201201, 130, 12R. 1 20012 having Saidpolg, fak8uctance (Ld)
exhibitinga second polarity with respect to said one side Is smaller than

corresporliPAHCIRGS, Eu@) A RS RANI RGN BNRI PRSIk ARMINBeiRoEBBaIb st type of
outside to said magnetic members bypassing said magnets. [0019] In

said mag@¥@ANple; emodimentss; thearotes, (1A 1B 4CHIE, 10G; 13, 12p1024:K02bL ) y; 12a;
which said magnetic members (13a, 13b; 130a, 130b; 13a, 13b; 13a, 13b;

12a) havitdasalBbolk3tict InhibBmgl3hiBank3iy 130 I3hed3a, dBhsidSaf $8id, axis and a
13g, 13h; 13a, 13b) are provided at least between said first type of said

second typaghetsd(1RentB0A2b28 024202421260 1. 2ekd1 23104, 12h; 128, 12bgl2h; 12b;
12a) and said second type of said magnets (12b; 120b; 12b; 12b; 12b,

12b, 12h1 2Rb:1 PRy ingRaid pple1fre £2hibiphy {0020)drPelEpTe BrtsBarkntaid one

~_the rotor in which surfaces of said magnetic members on said gne side_lie .
side is sgypligmibniie daretpandle) SAHPBRIAIR. foB TR Mptetiowing from said
.. embodiments, the rotor (1A; 113; 1C; IE; 1F; 1G; 11; 1K.) further
outside tg S AL iGIRERSS PBATE 1414 {144 11) for backing said

o) T S R B e

0 Side of sait axi
which sag u%;g%%&%ﬁ&%%%ﬂ%%ﬁ%&t‘%_{8}0{3%%%%}'%59 hEr LOMPESeS Qe 130, 131;
13a, 13b;13a, 13b, 13g, 13h; 13a, 13b; 13a, 13b, 13g, 13h; 13a, 13b) are provided at least
between said first type of said magnets (12a; 120a; 12a; 12a; 12a, 12g; 12a; 12a, 12g; 12a; 124,
12¢; 12a) and said second type of said magnets (12b; 120b; 12b; 12b; 12b, 12h; [2b; 12b, 12h;
12b; 12b, 12h; 12b).
{00207 In example embodiments, the rotor in which surfaces of said magnetic members
on said one side lie on almost the same plane as said pole face.
[00211] In example embodiments, the rotor (1A; 1B; 1C; 1E; 1F; 1G; 1L 1K) further
comprises a yoke (11; 110; 11; 11; 11; 11; 11; 11) for backing said magnets (12a, 12b; 120a,
120b; 12a, 12b;



of magnets (12g, 12h; 129, 12h; 12g, 12h) each having a pole face,
disposed annularly from the other ﬁide of said axis with respect to said
yoke (11; 11; 11) with polarities being symmetric around said axis. Said
“magnefic.members (13g,.13h;,13 : 130, 13h) are also provided
122, 126; Fw{] elté:%rg%ao?r?ér %&g}é{fﬁF@O%ﬁ%g&n:ﬁ%f)eﬁle%%gﬁﬁé%ts? ﬁ:ge rotor
(1G; 11; 1K) in. which,sai .1,2b; ' ; -
10022] said (i)Lt %(ralr%g%n%n?s %—I@%@ 1@2%%%01 ?1%1]%%9 11% ) are .g%%%%g%@izbﬁgﬂpmm
of magne&eﬁﬂ)%,dﬂﬁgtbﬁgppﬂﬁe@ vithsald yoke intepasieddhe ighebueem gLy from the
exhibit magnetic poles of opposite polarity to said yoke. [0024] In
other sidE€¥RMRlE ss@ab@gm%sacms satorydiB) imwhich a)oendes magnebédR0}ymmetric
covering said one side of said magnetic members (130a, 130b) and said
around s¥akex(d18)is providad, nancherid Magnsts (1R04,3k20b ars3kaidrbaidedrovided
magnet as magnetized. [0025] In example embodiments, the rotor (1B) in
between shichisaichfipreed magnet (120) is obtained by mixing dust of a
rare-earth magnet with a binder such as resin. [0026] In example
[0023]  embodimemsy)¢etodnd@n). ihoich §4id borlded miggabsidmagnmery e, 12b;
covering said one side of said magnetic members (130a, 130b) is
12a, I2bs&%@téaﬁéwyx%m¢a@ﬁbétimr{@@2%% Elmpe dahdditndriy, #e dstytsed to be
(1B) in which said magnetic members é%%Oa, 130b) have theijr surfaces 7
nearly dwﬁikﬂwgéﬁawamza@ad%’g?@[ OTEPFTELANTIC BREBUIRASHEIGRges of
. rotor (IA; 1C; 1E; 1G; IH; 11; 1J; 1K; IL) in which a magnetic barrier (Gl)
opposite ROKHINi R GAHY 3 Yifection perpendicular to said axis between said

o ISR e 55 12 T S e 20
oo B A 21 B B s
and said magnets (120a, 120b) are said bonded magnet as magnetized.

[0025] In example embodiments, the rotor (1B) in which said bonded magnet (120) is
obtained by mixing dust of a rare-earth magnet with a binder such as resin.

160261 In example embodiments, the rotor (1B) in which said bonded magnet (121a,
121b) covering said one side of said magnetic members (130a, 130b) is substantially
unmagnetized.

[0027] In example embodiments, the rotor (1B) in which said magnetic members (130a,

130b) have their surfaces vary sinusoidally around said axis.



adjacent to each other. [0029] In example embodiments, the rotor (JA; 1C;
1E; IG; IM 11, 1J; 1K; IL) in which the width of said magnetic barrier is
chosen to be not less than twice a gistance (6) between a pole face of a
stator opposed to said rotor to constitute a motor and a pole face of the

[0028] rotor.0Q30LIN LXABRERRROdINeRIS: e rofer (1€; s 111 EKIILIK; 10) in

further comprises other magnetic members (14a, 14b; 54c, 54¢€; 14a,

which a #4BadtobbAb; 1da) t4holdgd 14k BALioAdieH4RdAbr pEOMdESk IO KAWREN said
said pole face of said magnets (12a, 12b; 12a, 12b; 12a, 12h, 12g, 12h;

magneticlambahby (2a, 12, 12¢, 124; 1122a,13BD) Inaybleticadly libkteplandétly Bnd 3b. 13g,
individually on said one side. [0031] In example embodiments, the rotor
13h; 13a(IG3HE 34K 3K, )lilgwhith Edlgesitl4al sdabEpghdaidldthd2malgizetich; 12a. 12b;
members (14a, 14b; 54c, 54e; 542, 544; 542, 544) in a circumferential
122, 12bditdetioRlErddad K41 Bds b2, tﬁﬁ:ﬁaeﬂhaﬂq?@acé%‘@ral%@)rﬂ@h [bba2)ak: 122, 12b)
' example embodiments, the rotor (1C; 1E; 1K; 1L) in which edges (14akE,
adjacent F@kﬁ@?g)ﬁ@éﬁﬂ other magnetic members (14a, 14b; 54c, 54e 542, 544; 542,

n the circumferential direction around said a
)i ircu i i i u id axis h 7?@(?:1, nyaﬁ?{s iL) in

[0029] mclméﬂ fo il o Al RS U d P F,‘?Feﬂr{‘ﬂfél*emall(ﬁre]:

exa mhqdiments, the rotor. (1C; IE; IK; IL) in’ hICh sald other
which ‘thr«,?1 rﬁg‘h %nsg b%lefﬂc Ebe %Ze twice a d dme (8}

Hgl %S are provide

 between 2 é)gig RS Sl[fgé%lr]]oiﬁ)(@gd%l é?ci’ ! oratroggﬁist?&{% Br%%‘?gﬁ?%ﬂ?&f‘e? 80@?'%9@01@ the

one-Side exampe em odlments the rotor (1E; 1K;1
rotor.  Which a magnetic plate (542; 542, 544; 542, 544) covering said pole face
and said magnetic members (13a, 13b; 13a, 13g, 13h; 13a, 13b) on said

[0030] one sigedgprpMdeghaaidMmagnrticoriate Oas ppening: siits (BSF f@hsf comprises
other magnetic members (14a, 14b; 54c, S4e; 14a, 14b, 14g, 14h; 14a, 14b, 14g, 14h; 542, 544;
542, 544) provided to cover said pole face of said magnets (12a, 12b; 12a, 12b; 12a, 12b, 12g,
12h; 12a, 12b; 12a, 12b, 12g, 12h; 12a, 12b) magnetically independently and individually on
said one side.

[0031] In example embodiments, the rotor (1C; 1E; 1K; 1L) in which edges (14aE,
14bE) of said other magnetic members (14a, 14b; Sd4c, S4e; 542, 544; 542, 544) in a
circumferential direction around said axis are thinner than a central portion.

[0032] In example embodiments, the rotor (1C; 1E; 1K; 11) in which edges (l4ak,
14bE) of said other magnetic members (14a, 14b; 54c, S4e; 542, 544; 542, 544) in the

circumferential direction around said axis have side surfaces inclined to said one side in said



55c to 55f; 55¢ to 55f) extending from positions close to said axis to
farther positions between said magnetic members and said magnets as
viewed along said axis, divisions of said magnetic plate divided by said
) slits in a circumferential direction around said axis that cover said pole
circumfergptiakdigetidisaid other magnetic members (54c, 54e; 54c, 54e; 54c,

.. 54e). Said other magnetic members are connected.to divisions (54d, 54f,
[0033] 544, Enfe5AAPEAR %f&%ﬁgﬁlé?icr%ﬁ%e(md 5 &%ﬂﬁmy jg& said” other
. circumferential direction aro said axjs that cover said magnetic .
magnctic EHBERL i i POFTANE (580 14 S0 10 L) e paaely Looves (141) i
w1 dherebetween at.least he si . aid slits. [0035] In
a radial dé‘”f%“n?ﬁ‘lgr%’@og |r§§§?§?%£§?%%i§rgiﬁé;8ﬁéa‘1% m%\{ ich the width of said

r0034] Slits (3G9, 7R cRoi R ORE Beef) in $&id gircmiarantahaiieetionds (s42;

chosen to be not less than twice the distance between a pole face of a

542, s445tator opposedinihefotesill Red Kad kiito eansbildenapatoraad 13b; 13a, 13g,
surfaces of said other magnetic members on the side of the stator. [0036]

13h; 13aln expsnpiei¢mbodiseentsrdhii¢otonid GalRetk, ikt s lohchigldlitMF Sa to 558
which said magnetic members (14a, 14b; 54a, 54b; 54c, 54e; 549, 54h,

55¢ to 5545 Wjp P48, ddbpdidg, irbah ptdapidblokdgo kdht 8iS4@ fHAldgronR)thhs; between
541, 545) are provided to cover said pole face at least on said one side.

said magjGa8 Ahimbsanapte erbodinmenes, virsvistery; said aKis1 tvisepinalkies magnetic
said magnetic members (149, 14h; 149, 14h; 544; 544; 545) are mounted

plate divigeddiy sEgRES aISOCHVHRIIE B OLTE Eie 6 Wiidsaitesidd Py 338 FIraid pole
example embodiments, the rotor (IC; IE; 1K; IL) in which edges

fae Servg By SARY RGO HERHERI6 (544 6ap S S S sy rgh pagnei
memberstséﬁ%r’ggﬁﬁgﬁéiiggcﬁ? { ;%%TEPO%F yﬁ{?,fggi%?g%lfdérfcftamiha({io éjaqg r?%fg%gi)l(cisp .art% divided
by said slits in the circumferential direction around said axis that cover said magnetic members
with thin portions (36e to 56h/56i to 561} interposed therebetween at least on the side of one
ends of said slits.

[0035] In example embodiments, the rotor (1E; 1K; 1L) in which the width of said slits
(55¢ to 55f; 55¢ to 55f; 35¢ to 35f) in said circumferential direction is chosen to be not less than
twice the distance between a pole face of a stator opposed to the rotor (1E; 1K 1L) to constitute
a motor and surfaces of said other magnetic members on the side of the stator.

[0036] In example embodiments, the rotor (1C; 1D; 1E; 1F; 11; 1J; 1K: 1L; IM) in
which said magnetic members (14a, 14b; 54a, 54b; S4c, Sde; 54g, 54h, 541, 54j; 14a, 14b, 14g,

14h; 14a, 14b, 14g, 14h;



[0039] In example embodiments, the rotor (1C; 1E; 1K; 1L; 1M) in which
edges (14aE, |4bE) of said magnetic members (54a, 54b; 549, 54h, 54i,
54j, 542, 544; 542, 544; 541, 545) in $aid circumferential direction around
said axis have side surfaces inclined to said one side in said
542ci i fedianiia: dirdictioh) [esuplavidsdiaevempbdinbnathicthat it @csaid one
|E; 1K IL; 1M) in which said magnetic members (54a, 54b; 549, 54h, 54,
sidg4j: 542, 544; 542, 544; 541, 545) are provided with grooves (141) on

said one side in a radial direction around said _predeteymined axis. [0041] .
[00/Y bxample e FtBaRtTe D RRYSYSr ffﬁ;rl‘ﬁ?]ili(;lﬁi;lﬂf_;l% ﬂrwﬁ\)&’é Wiich sai
magnetic plate (541; 542; 543; 542, 544: 542 5A44: 541 545) coverin
moE BTG ol & brl3 GdTe P dan %ﬁaﬂfr%a%%%'t.éﬂsp%’té‘*ﬁaé“%gm also

opening slit 5§a 550:,55¢ 10.55f; 559 to 55j; 55e to 55f; 55¢ to 55f; 55a,
fm%%g é)ﬁ%or?éﬁen% r@obm?sgé)dsﬁ%enssl%ﬁbse to said axis to farther positions

{Oégreen Seﬂxde %t&m&m&'ﬁ?ﬁé’ i%%??z%ﬁ?'i'ﬂ;sﬁ@ %@%R@fﬁ@wg&’ges (14akE,

said magnetic 9 plate divided by said slits in the circumferential

14%?8?9&@@&%@@%&%&%&?@& agisaidy magnstic mpmberssibdas H4544; 541,
54c, 54e; 544, 54h, 54i, 54j; 54c, 54e; 54c, 54e; 54a, 54b). Said magnetic

samembetsang caenestaddereachcuhesadthxiainpaitions (afea behbgortion.,
56d; 56e to 56h/56i to 561; 56e to 56h/56i to 561; 56e to 56h/56i to 561;

(0B8], 56b/56¢ S6ahpintenpashdcherdietaeenlal;iéastidh tHe dibB of emech edges
ends of said slits. [0042] In example embodiments, the rotor (ID; 1F; | M)

(14nByhidiEhe widtmefsztid slitmtG545 6515465540 55)).55a, BEbj4a.catd: 542, 544
circumferential direction is chosen to be not less than twice the distance

54petein aapblirtaveloratithddicoppogeuing tidretd ke vopslitsiEiacaidhsined t©
and a pole face of the rotor.

said one side in said circumferential direction.

[0040] In example embodiments, the rotor (1C; 1E; 1K; 1L; IM) in which said

magnetic members (34a, 34b; 54g, 54h. 541, 547 542, 544; 542, 544; 541, 545) are

provided with grooves (141) on said one side in a radial direction around said

predetermined axis.

[0041] In example embodiments, the rotor (1D; 1E; 1¥F; 1K; 1L; IM) in which a

magnetic plate (541; 542; 343; 542, 544; 542, 544; 541, 545) covering said pole face on

said one side is provided, said magnetic plate has opening slits (55a, 55b; 55¢ to 551; 35¢

to 551 55¢ to 55f; 55¢ to 55f; 55a, 55b) extending from positions close to said axis to

farther positions between said magnetic members as viewed along said predetermined

axis, said magnetic



[0043] In example embodiments, the rotor (ID; 1F; 1M) in which said first
type of said magnets (12a; 12a, 12c; 12a) and said second type of said
magnets (12b; 12b, 12d; 12b) are ormed integrally by a ring-like magnet.

plate dlv-lg—gg ”ngs%()c? gl ?g%gtt S%lér}%fazgﬂerté% al dB'OS H)%n%r(%g S %)%IT'.ES éSVEég C?s said

are provide din p an view as V|ewe ng sal

magnetlc%}xl'jn{)oo“ 0 example %web%‘%g%g%%e EQtor(D;s Jdb'é/')éﬁc"v?lfeh e W, Said

eo magnetlc méember a, 54h;' 54a, 54b) covering one of

magnetlcsx%gtﬂ)%lr% tcﬁ'g cGhABettdRo 1281 oIS WRIORE than e QQaOfJ%%!@@Ol%d 56¢ to

face. [0045] In example embodiments, the rotor (1D; | IM) in which said

56h/561 RItS6tO58e 305 6RBG AP 315 T 5RDY S HIravi e Isag,esasmay, ofdlig interposed

border between said first type of said magnets (12a; 12c, 12e; 12a) and

therebetvaRifl faeanGiyhe alisaitbmagnits(dadb;skkd, 12f; 12b). [0046] In example
embodiments, the rotor (I L; 1 M) 10 further comprises a magnetic plate

[0042] (545)Ieoxeringacpdlediacefsrtherprovited fér $Md firstitypethef walth of said slits
magnets (12a) exhibiting said second polarity and a pole face further

(552, 55tproided Tor. Said Seoondstypeiofwalkdiighsticelil) iexHibingsai Firsiess than
polarity, on the other side of said axis, and being of almost the same type

twice theali sandahayrsticeplate fBe Of dovaten g rRaE PR hsdaeR e HEnBHBIg yalotor and a
[0047] In example embodiments, the rotor (I E; I L) further comprises other

pole facqpfikeiéomembers (1 3a, 13b) provided between said first type of said

e I ol O 1 5
magnets g}nagi()g%ﬁéﬂ smtT2r oatgr gi%l) w%ev?/‘l%d‘;t[séld S|I%S &]Logéféé a?}g 8&pngr]tcg:\l/l edd tlg b) are
formed i%?eigr}% ?fegyr%la IVeﬁg ht%a%)ﬁlgtl dﬁ? qg{é?ﬁ? ’&‘E‘aﬁﬁ‘é‘? ?sxﬁnmagnetmeé in postiions
where said slits (55a, 55b; 55¢g to 55j; 55a, 55b) are provided in plan view as viewed along said
axis.

[0044] In example embodiments, the rotor (1D; 1M) in which the area of one of said
magnetic members (54a, 54b; 54a, 54b) covering one of said pole face (12a, 12b; 12a, 12b) is
larger than the area of said pole face.

[0045] In example embodiments, the rotor (1D; 1F; 1M) in which said slits (332, 35b;
55g to 55i; 55a, 55b) are provided in the vicinity of the border between said first type of said
magnets (12a; 12¢. 12¢; 12a) and said second type of said magnets (12b; 12d, 12f; 12b).

[0046] In example embodiments, the rotor (1L; 1M)



[0049] In example embodiments, the rotor (1D) and further comprises a
yoke (11) backing said magnets (ﬁa, 12b) from the other side of said
axis. [0050] In example embodiments, the rotor in which, in said yoke, a

further C(r)?}?éggegaavn:%get% eﬁjzﬁctaeﬁ% ec%\lz%lr"}%g;%a%rge ?acld %’%ﬁl&!.d%\%@eﬁ Cfg}tlsorﬂd {;’n‘st type
wnere sal gnetic me s are naea along saia axis Is made o

of said m%%%%&o ?Zea%g%’?é%ﬁ%hs%%ssgﬁmﬁ%gﬁ% riﬁc?gigo%iﬁa%%uﬁﬁ?&lﬁ%ﬂ%@ffor said

d region. IITexample embodinients, the rotor in which said yoke

second g b3S AERESRES ol 2threudhiinles:(d ks | JB)aEe. Whigh spidmaansticaid axis,
members (13a, 13b) fit'in the direction along said axis. 11 [0052] In

and bein@¥AMRISLAMBAdIMERis: thesirioninwhichisrid yoke ¢33l MasHacesseBice on said
(1.2aQ, 12bQ) into which said magnets (12a, 12b) fit in the direction along

one side.said axis. [0053] In example embodiments, the rotor further comprises a
magnetic plate (542) covering said pole face and said magnetic members

[0047] (13a, IEbyonpdaichtnesidetsT ieemagndfit; plate hetbopemingistitsy(BSC tmgnetic
55f) extending from positions close to said axis to farther positions

membersydtise b3 aith idaghetivyesemiberersiraaid saspmeanels (iéwetnalkmd wafend type
axis, and _divisions (54d, 54f) of said magnetic plate divided by said slits in

of said mpgnsiclinberd healltirétiom ardLiats ARyl thdbedlarienial mughrager between
members are formed int,eﬂgrally with said magnetic members. [0054] In '

the othergpagisiie SHBBARRMSHR GRS fhr cbrprises ridges (111a, 111.b)

provided on sajd yoke 11% and coining i L contact.with said magnets ...
100481 from e BUREIS SRR DticE B0 U s BraBb A, i 550 ae
providedr?(;[%réﬂj}rit ihed RIHLRYR fid %‘?’aild%ze%ﬁﬁ%%%mﬁ%?&id%%@ provided on said

yoke C and coming into contact with said magnets from the side of
[0049] In example embodiments, the rotor (1D) and further comprises a voke (ii)
backing said magnets (12a, 12b) from the other side of said axis.
[0050] In example embodiments, the rotor in which, in said yoke, a region having a
predetermined length from said one side in a position where said magnetic members are
extended along said axis is made of dust core, and steel sheets perpendicular to said axis are
stacked out of said region.
[0051] In example embodiments, the rotor in which said yoke (11} has recesses or

through holes (11a, 11b) into which said magnetic members (13a, 13b) fit in the direction along

said axis.



the circumferential direction around said axis. [0056] In example
embodiments, the rotor in which said magnetic plate has recesses or
through holes (57a, 57b) into which 'said magnetic members (13a, 13b) fit

in the_direction alo aid axis. [0057].In example embodiments, the roto
1005211 SRR DR G2y o QUMb (YR ) e 1220
._said magnets (12a fityn.the.direction alon id axjs, [0058] In
126Q) mg)x‘ghmlf)ﬁe%%% ogi rﬁg’n i?gfhhejrggtgr?{‘ﬂrt%eé%%?ﬁgﬁgégsg%d @%ﬁza){:ﬁ) backing

(00s3) Said magnets12a,dzhkfram he Qier sidsef seidaiss FaityakeAptie (542)

said magnetic members are formed integrally. [0059] In example

coverine SRR ihe LGt R hRald magnetic At (94d) e d8Ccessasagnetic
(57c, 57d) into which said magnets (12a, 12b) fit in the direction along .

plate haSagkaxis. 0060110 exarpplecmbnsiments, beitiotor flstbefoCeiprses to farther
ridges (58a, 58b) provided on said magnetic plate (542) and coming into
positionsCoatastwithiGaithgnagnets: frosrs thair sitempetipheralsides. {0861 kdnd axis, and
example embodiments, the rotor further comprises ridges (59a, 59b, 59c,
divisions5@d). fréfidé dapth reaiphetiagnimticiptated(53 2pahdicomitly ietswoftmetigithirection
said magnets from the side of the circumferential direction around said )
around sgidsafGOBR] lePEramsl g W e Cth SIo Mo HBREHld mignete magnetic
plate (542) is composed of magnetic plate components (542a, 542b)
membergivided in a position where said pole face is disposed as viewed along
said axis. [0063] In example embodiments thﬁgrotor in which said

100541 magndticS5PrR omBBAERIEN t545ls, £99H) b B SOBHS 8 AASthdr 1 1 111b)
providedlseé?%i%gé(%aﬁz%g[g(%?iugdeé&% lg(? ?nmob%g)in aecrt]t%ﬁi Eesréq Orﬁilggvr\llgl(isc rh%%g%ﬁe?; outer
peripheral sides.

J0055] In example embodiments, the rotor further comprises ridges (112a. 113a, 112b.
113b) provided on said yoke (11) and coming into contact with said magnets from the side of
the circumferential direction around said axis.

[0056] In example embodiments, the rotor in which said magnetic plate has recesses or
through holes (57a, 57b) into which said magnetic members (13a, 13b) {it in the direction along
said axis.

{00571 In example embodiments, the rotor in which said magnetic plate (542) has

recesses (57¢, 57d) into which said magnets (12a, 12b) fit in the direction along said axis.



components (542a, 542b) in the circumferential direction have steps in the
direction along said axis. 13 The steps of said magnetic plate
components adjacent to each otherZengage with each other to constitute
said magnetic plate (542). [0065] In example embodiments, the rotor in
[00581  whicHedyespt sauibedimeritic hrteivofipbaeAesy(@aEs, H19k) (1 théacking said
circumferential direction have steps in the direction along said axis. The
magnets ghdbs!gbsaiahdyrhestite ¥orrsonents aidiackarcneh Bagactisgnembers are
~adjacent to each other, and form recesses which open on said. one side
formed ingggrall¥ in contact with each other on the other side of said axis. [0066] In
example emb@dime ts,.the roto%in which a di teince %3 between t

[00S9T " other i PR IABHANL Brati’ (595 rifatViiTd St S5AESNY S ) s
recesses @qg Q%&?{gtg()kﬁi&]i]s?iil rr%?%%%% s”(ﬁ%at’ 8 ﬁ:ﬁt 38 H}Q ﬁl%‘é’éﬁ%&g?ogfggﬁf Sxis.

etween a pol‘(;aV ace of a stator opposed 1o the rotor to constitute a motor

[0060] 2nd asuiage of Said MAGRElGRIRR PR.ING SIS RIS stater. 06 2kl provided

example embodiments, the rotor in which a distance between the other
on said %ggn@fics%@t@ﬁgﬁ@)ﬁ%r[?i%Qx@ﬁg)iﬁ%aﬁﬂﬁté‘étsﬁjﬂkﬁ)éEﬁ@'ﬂﬁ’agﬁ@sOfif@rﬁiQEeﬁf outer
said ridges (111 a, 1l b, 112a, 113a, 112h, 113b) is chosen to be not less
peripherdh@fehvice the distance between a pole face of a stator opposed to the
rotor to constitute a motor and a surface of said magnetic plate on the side
[0061] of thelistatan{ROsBHddiexampliecantbodimientsptheriatoriipwshitbrasob, 59¢, 59d)
distance (t3) between the other side of said magnetic plate (542) relative
providedtorssaet animastic gaidedié Bidudot said yoke (Dhjds! whidswndtmbennotfisss the side
than twice the distance between a pole face of a stator opposed to the
of the cirestmfctentighshiterba iotoxaab &8arface of said magnetic plate on the

side of the stator. [0069] In example embodiments, the rotor )
10062] In example embodiments, the rotor in which said magnetic plate (542} i1s

composed of magnetic plate components (542a, 542b) divided in a position where said pole face
is disposed as viewed along said axis.

[0063] In example embodiments, the rotor in which said magnetic plate components
(542a, 542b) are adjacent to each other leaving gaps.

[0064] In example embodiments, the rofor in which edges of said magnetic plate
components (542a, 542b) in the circumferential direction have steps in the direction along said

axis.



14 in which a distance between the said one side of said yoke (11) and
the other side of said ridges (58a,.58b) relative to said axis is chosen to
be not less than twice the distance between a pole face of a stator

. opposed to the.rotor to constitute a motor and a,s e of said r i i
e s G L s e

it té'rg {51 h %qut %8@2‘* /een the said one side of said yoke (11) and the
consttu otélltvarﬁs:lla e o} sgli% ridges (59a, 59b, 59c, 59d) relative to said axis is

[0065] chosgp tohenat lessdianiuicedhedistance/Rriveana RAlafareRbaetic plate

stator opposed to the rotor to constitute a motor and a surface of said

componeMagRetic plate) on the gidarpfdlbanipiredoor Lhin expnplaiendedinenidng said
an axial gap type motor comprises the rotor and a stator (2). Said stator

axis. Thdneipdes: aidluialiteod magnaiiaoresy2afhter? 26)eatandihg alengigaitht to each
axis; windings (231 to 236) wound around said magnetic cores; and a

other, anthagneticpiste ¥240h mpuntedsoid saidsdagnéticcoresaiad: vavingpopetiegon the
slits (251 to 256) extending from positions close to said axis to farther

other sidpobiphex[0072] In example embodiments, the axial gap type motor
comprises the rotor and a stator (3). Said. stator includes: a substrate

[0066] (31) HavirgrariareadeoBIoNSe theraien by Whididtakigans s i obtieestdge other

_ spacers (311, 313) separated from each other and each extending_ at an .
side of HiipIaRBFAoLIFB6 et AL o SRIGHTACEh R CPAUAErnGaR Yoke (1) is

direction of said axis; a pair of second-stage.spacers.(312, 314
chosen t%&?elﬁ%tiﬂeggsa _ &g% @%&W&%é&%g%@% segtp%a%ﬁeacf?g%egtgf%bo Osgjo the rotor
o constif GOSN 2210, 5':55%%'”8!%@5‘&%8'&?&%%&'8%%%5% é@%a%?ﬁ’?@é@%‘f&fs,
_ respec |ve1iy, a pair of magnetic Cores (321, provided on said

[0067] first-stage. S ?@Eﬁzﬁgﬁﬁggﬁ%?{}{é%&)Pfﬂ-r%ﬂfcﬂ%a&%ﬂgec%%e@g@m other side of

323/325, 326) provided on said second-stage spacers, respectively; a pair

said madRkliEShMineings (33aSaPRIQMIHed PR spithSURRIGS.aNEWIRANG BNnea b, 1124,

of said magnetic cores; a pair of second windings (34a, 34b)
113a, 112b, 113b) is chosen to be not less than twice the distance between a pole face of a stator

opposed to the rotor to constitute a motor and a surface of said magnetic plate on the side of the
stator.

[0068] In example embodiments, the rotor in which a distance (t3) between the other
side of said magnetic plate (542) relative to said axis and said one side of said yoke (11) is
chosen to be not less than twice the distance between a pole face of a stator opposed to the rotor
to constitute a motor and a surface of said magnetic plate on the side of the stator.

00691 In exampie embodiments, the rotor



15 provided on said first-stage spacers and said first windings and
winding three of said magnetic co{gs; and a pair of third windings (35a,
35b) provided on said second-stage spacers and said second windings

in whichan@sMpdingdhees @tsaid mrRanatiscaias,craid fisshaviRdingss SRidof said ridges
second windings and said third windings are arranged to be shifted 120

(58a, 58J6EKARS o MANANRIBEsIthSRIdCiicunsierentiahditecioni{B¢3biiween a pole
example embodiments, the axial gap type motor comprises the rotor (1G;
face of a Kalot; diifo ddd) antlearpair of stadorsi¢ntenpasingdsaishrétor f0GTd hingnetic plate on
example embodiments, a method of driving a motor drives an axial gap
the side diye stitar comprising the rotor and a stator opposed to said rotor, by
flowing a sinusoidal current to said stator. _[OO?E\SAég example _ ‘
[0070]  embodintems|dsahnstivernist dringnaimotoeldAvisasakmarepaghypaid one side
~ motor comprising the rotor and a stator opposed to said rotor, by flowing a .
of said yRigdihl Gt ht ReEiF el 076885 ExEmpis-ettbodithfRialye to said axis 1s
compressor is equipped with an axial gap type motor (100) comprisin
chosen (e RSYOF R SUAS BBERBE T SARFIDBP DO H EXLHIGPPOSed D the rotor
.embodiments, the compressar is the compressor, and further, comprises
o consti A TAPREAE L Tah ot (oo G iy e T ater o6y, dna L
compyession element js provided he aid_ma f | '
0071 e SR e SN (R Sonel sGd AL (AP g 100r and &

s ST AR GBI oA et o b i
axis; winMiliel Nareasessiorqua AN RGNS magnetic cores; and a magnetic plate (24)
mounted on S&éd magnetic cores and having opening siits (251 to 256) extending from positions
close to said axis to farther positions.

[0072] In example embodiments, the axial gap type motor comprises the rotor and a
stator (3). Said stator includes: a substrate (31) having a surface (310) perpendicular to said axis;
a pair of first-stage spacers (311, 313) separated from each other and each extending at an angle
of about 180 degrees, on said surface in the circumferential direction of said axis; a pair of
second-stage spacers (312, 314) extending at ends of said first-stage spacers at an angle of about
120 degrees in said circumferential direction on said first-stage spacers, respectively; a pair of
magnetic cores (321, 324) provided on said firsi-stage spacers, respectively; two pairs of
magnetic cores (322, 323/325, 326) provided on said second-stage spacers, respectively; a pair
of first windings (33a, 33b) provided on said substrate and winding three of said magnetic cores;

a pair of second windings (34a, 34b)



Further, the effect of flux-weakening control is increased to enlarge the
operating range. [0079] In example epgbodiments, the magnetic path
passing through the magnetic members bypassing the magnets has an

pro(ﬁ@é’c‘?téﬁ‘%%ilﬁ@z%'i-‘stﬂ?%kt?ﬁa%?@ﬁﬁﬁ%@ﬁ”ﬁ&@&ﬁﬁﬂiﬁ@@w WRIMIMNELE of said

and is perpendicular thereto when viewed as an electric angle. Thus, the
maghedXiIEUANcE faitnsreasedvwand Articsaliency)isigpaeyesh Euthebond-stage

size reduction in the axial direction is easy. [0080] In example
spafRbasimentsdhe distaicechefiveondiadatoeand stadomiscRelcineseasseid first

unnecessarily while earning the g-axi.s inductance, [0081] In example
wirgiinbediniénts;oadnaguitigsilandispdeanted frdim: s ot airengdgobetvwaeied 120

the magnetic pole and pole face in the same magnet on the other side of
degivesexisn diveraddrer; theadagretici fherigd dartadsfrom the pole face is

supplied efficiently to the one side of the axis. Further, the magnetic
[00redistance Betreshlthembaghaertpoles Belash thedirsofppecanpiees the rotor

magnets and second type of the magnets on the other side of the axis is
(1Cf‘eH%ééd.l@é@%@ﬁ%@%%%mﬂ&@%w%cremd, so that the

rating point of the magnets is raised. The torque is thereby improved.

[9016082] In eXh R BBBRMERIE ot RGN hBISFR S ARhIHE SR 2! gap

interposing _the rotor improves the torque. Qf? 3] In,.example . : .
LR R A BITAC R Bl A0 (A GRED T 5 e cALR e dgesoice

curyégt %as%liggtgtgyxes generated from the magnets is extended, and
variations in magnetic fluxes flowing from the stators to the 17 substrate

s o e e ey L B aRRENan axie
gap PP IO tBEYPKEing the rotor and a stator opposed to said rotor, by flowing a
leading current to said stator.

[0076] In example embodiments, a compressor is equipped with an axial gap type
motor (100) comprising the rotor and a stator opposed to said rotor.

[0077] In example embodiments, the compressor i1s the compressor, and further
comprises a compression element (205) driven by said motor (100), and said compression
element 1s provided below said motor.

Effects of Invention

[0078] In example embodiments, the rotor serves as a rotor having anti-saliency

and being rotatable about a predetermined axis in an axial gap type motor.



Moreover, they can be formed with improved adhesion, so that the
permeance coefficient can be maglg still higher. Moreover, the use of the
bonded magnet increases the flexibility in shape, which facilitates control
That is, 8¢ qg}g&%ﬂ@é’ﬁ!&'@}@ Ragnetic fuscsuppieddrom therdatar hiribemdnerficiency.
eddy-current loss is extremely reduced as compared to the case of
Further, GEWRIRYING & sinierad (aleRaf0MadbrhEuihenmare I agatitfieltge.
orientation may or may not be performed at the time of molding, and
[0079] magnetizatiapis eagihupasasmas andiregcaerhmslsing, huthephade: ofragnetic
performing magnetic field orientation at the time of molding, it is also easy
memberstdgpaesan: optimizedanapaetize thdistiabutidargeortien tthre durgmetibragibnpassing
and noise. [0085] In example embodiments, the density of the magnetic
through thaxagenetated isypempendioris thereassbiefo086 T frrerarplisiiehabeimdns the ¢-
through the use of the bonded magnet having high magnetic resistance
axis indugtinseis darrgastivigndiatitiel sy netRtR AEWE BB e retFetyso R i dhe axial
‘ exhibiting the first polarity with respect to the one side of the axis and the
directionjgastace exhlbltlng the second polarity with respect to the one side of the
axis with the b 1% net interp sed th ebetwee that is, ma netic ¢
00801 e e AGHE S TS TR STHSE < SHeeEle arily “ne ot is no

Incmaseyumageré%%zlﬁ brg)[%deea%n agpet covering the one side of the magnetic

SraSetves ds a magnetic barrier between the pole faces. [0087] In

[0081] examp g‘@%ﬂ%%ﬁlik&&a%)/&%&?é&oh@? {PEIQE@J}EJHJ‘%HP BHSH circuiting

from t e roto smusmda y around the axis, thus the cogging torque is

between fﬁQUﬁl%gné& [QA88HD sxRMAle sMpedimenisahat the MAgRRtiCHux Jowe axis.

between the pole face exhlbltlng the first polarity and the pole face
Therefor@XPibitiRg:1he: Tacopehprlattywithitbedmagpetic stpmbpesitiampsedhe one side

therebetween, that is, magnetic flux leakage inside the rotor is small.

of the axis. Further, the magnetic resistance between the magnetic poles between the first type
of the magnets and second type of the magnets on the other side of the axis Is reduced.
Accordingly, the permeance coefficient is increased, so that the operating point of the magnets
is raised. The torque is thereby improved.

[0082] In example embodiments, forming the motor along with the stators interposing
the rotor improves the torque.

[0083] In example embodiments, a region where the magnetic flux of the yoke saturates

by the magnetic fluxes generated from the magnets is extended, and variations in magnetic

fluxes flowing from the stators to the



-~ Therefore, the magnetic fluxes generated from the pole faces of the rotor
is supplied efficiently to the stators ?ffosed to these pole faces. [0089] In
example embodiments, magnetic flux leakage is reduced by making the

magnetic resistance betyeen the pole face exhibiting the first polarity .a ,
S e A AT RSB PETS RIGHS THA S HERRRC Huxes i

dresi tance between the stator and rotor. [0090] In example embodiments,
T9¥i&inductance corresponding to the magnetic flux flowing from outside

mO?ﬂxgassing fzrl] ee}rpa%%}gt%fﬁbig&%g%%d E’tjrweéﬁgy ef‘ixomg r @%ti,(fo the yoke.

mbers are provided closer to thé stator than the magnets, allowing the

Mo%gg&?%e@ec!gnfmomeém i heikehiir RasSHRMARIRR RIS ce coefiicient

magnetic members and to be less likely to reach the magnets of the rotor.

can S PAE QRlY SURRresass Aemaangiization oldhe Magaeis Rt AlsomIawsibility
eddy current, if any, to be likely to occur in the other magnetic members,

in aRFSUPReSERTIThe:osaurrenredef thenesldiousrantingide fhe magiietsirom the
This is particularly advantageous in the case of employing a material of

rotdowrelestic tesistancareg. lassinteredaaréyesrdoombgretdoptiied to the case of
magnets. In other words, the rotor of high magnetic flux density is

empltgimed emigloying acsititereg rareleaiitbrmarpenrdenehe firagrstenitivounay or
concern about the occurrence of eddy current. [0091] In example

magnmbbdmestorms ciigiingipegae Boldiniectd [0USPFHrdidimisieasily performed
embodiments, skews 19 is further obtained. [0093] In example | .

angimsorlisienedding Grobussssraloppiuadts HRsEE SN SRy tptime of

rooves serve as so-called supplemental grooves foy. shortening the, cycle
ot gy IOVGES (Hereby PRI e C BB AIRE HGR e educs

..example gmbodiments, the number of components is less and the
vib gaﬂg Notse.

[0085] In example embodiments, the density of the magnetic flux generated by the
rotor 15 increased.

f0086] In example embodiments, through the vse of the bonded magnet having
high magnetic resistance and low conductivity, that the magnetic flux flows between the
pole face exhibiting the first polarity with respect to the one side of the axis and the pole
face exhibiting the second polarity with respect to the one side of the axis with the bonded
magnet interposed therebetween, that is, magnetic flux leakage inside the rotor is small.
That is, the substantially unmagnetized bonded magnet covering the one side of the
magnetic members serves as a magnetic barrier between the pole faces.

[G087] In example embodiments, it is easy to control the magnetic flux supplied

from the rotor sinusoidally around the axis, thus the cogging torque is reduced.



plate is stronger than in the case of forming the magnetic members
individually and separately. Since the thin portions are easy to become
magnetically saturated, a short circuit of magnetic fluxes inside the rotor

[(088] Itir%)l(,lté%mﬁ? %ﬂ? ealzlmve&; ents E{%&t”&?@?\%&%ﬁn exr%lare Cg@\r}b%c;[}egle gole face

IN POrtions 1o eac amp e embo Iment

exhibiting ﬁx%nﬁgs% Hfér&rel%%eetﬁgtxﬁ bﬁ%ﬁgj@[%@ {Qg 559819@%%%?&'%%%@ magnetic

between the pole larity and the pole face

memberqem%@&hﬁé@B%QPIQﬁﬁy highef &t%ﬁnm resistange rotor is small.

between the stator and. rotor. [0096] In example em odlments the

ThercforiN@HCIARERGOTRSRBOBEHGG IO TR MABNBHE fra¥efloViRg sRMi0WigigRed cfficiently
bypassmg the magnets is increased further. Further, the magnetic

to the stafoedpErScALS Handdelt ¢heser to the stator than the magnets, allowing the
magnetic field from the stator to be likely to pass through the other

[0089] magnkticraembiersrdnditodne|essiiikely tdusatiaitheemagrdtsedf the ratbmg the
This not only suppresses demagnetization of the magnets, but also allows

magneticedebjsicneremitifveny the hwlikdheto dvbitinahdanoteiel anémpeds thingole face
suppresses the occurrence of the eddy current inside the magnets. This

exhibiting the ARegRH) AN BNEGED RATIISeTEHBS T BiFi PRIViRGA A iatigapand rotor.

electric resistance, e.g., a sintered rare-earth magnet for the magnets. In

[0090] other iR FEIBPGFIEH: rﬁ%@ﬁ%ﬂ%ﬂﬁ%ﬂéﬁgﬁ?%%{éﬁﬁ@dtéﬁﬁ}ﬁyﬁﬁgc fux
a sintered rar% earth magnet for the magnets witho Lg%ﬁco er% about

flowing \ramy QHfFs yé’laésdﬂyé FrERET500 7] I ERARTRIS BB dime (fg 3 mﬂlagneﬁc
th t t tator ter th 1
memberc[&g%rg%\?{dgdo &% A g 290 0 n ﬁlg Osmgeis ealfgv%ll RIQYE Bfégiuﬁom the

nexampeem ) |men e cog’glng torque i reduc

stator to %Xim%’}n%m {H}gu% tﬁk%%{sr&{ c%%%qs £ngiqg]ﬂp i@@m@ﬁ/ to reach the

ts, the gréoves are oppGsed to the side of the stator, and
magnets of the rotor. This not only suppresses demagnetization of the magnets, but also allows

eddy current, if any, to be likely to occur in the other magnetic members, and suppresses the
occurrence of the eddy current inside the magnets. This is particularly advantageous in the case
of employing a material of low electric resistance, e.g., a sintered rare-earth magnet for the
magnets. In other words, the rotor of high magnetic flux density is obtained employing a
sintered rare-earth magnet for the magnets without concern about the occurrence of eddy
current.

(0091} In example embodiments, the cogging torque 1s reduced.

[0092] In example embodiments, skews



the grooves serve as so-called supplemental grooves for shortening the
cycle of cogging torque, thereby rggucing the cogging torque. [0101] In
example embodiments, the number of components is less and the

is further DRUNRLC plate is stronger than in the case of forming the magnetic
members individually and separately. Since the thin portions are easy to

[0093] becomednagpeticalyEattialediearhokcircuiiponragaatic fuxes hsidator, and
the rotor is extremely small even when the magnetic members are

the grooveRnaeaied sholigh thpplbincpatigneiechesioifen (@02t lexaiapiging torque,
embodiments, magnetic flux leakage is reduced by making the magnetic
thereby redsistande beggieendimmgole face exhibiting the first polarity and the pole
face exhibiting the second polarity higher than the magnetic resistance
[0094]  betwderctivenplatemandireois: [b20BjobExamplepenboidintelass, ahé theorisenetic
_easy to manufacture. Further, a substrate for connecting the first type of
plate is strengsadhdraiy savonbiRpEnss the MregRbTSHocredutisugts g peparately.
example embodiments, a short circuit of magnetic fluxes inside the rotoris .
é:i?mégnetlc

Since thedHHcBAIIPRS[BF08]Th ExBFRIE SRASSaHAENSSUHBIELirB NG GEERE
., first type of the magnets, and dt f th ts th h th
fues il G BB 16 B SRERh BYFthe GHS i1 DAY s> e connected

through t%@{?;?g'@%%ﬁg %%%g{rflgomgrmotor along with the stators interposing the

rotor mPproves %rque. [0107] In example embodiments, short

[0095] Circuitfﬂge%%{\{ﬁ%nemgoﬁfﬁ{e%@? m‘agn}%ﬁ@agﬂﬁtﬁemé%%&m o6 thRaking the

magnets through the magnetic members and other magnetic members is

magnetiP QYRR byihe slitsnd010R] I exarpiepmbadimentsothaisubsiantial poic face
border of the pole faces is inclined relative to the radial direction to

exhibitinRMdde:saCalRe SKewssthereh raducing he€aggingriiargiite stator and rotor.

T10096] In example embodiments, the inductance corresponding to the magnetic flux
flowing from outside bypassing the magnets is increased further. Further, the magnetic members
are provided cleser to the stator than the magnets, allowing the magnetic field from the stator to
be likely to pass through the other magnetic members and to be Iess likely to reach the magnets
of the rotor. This not only suppresses demagnetization of the magnets, but also allows eddy
current, if any, to be likely to occur in the magnetic members, and suppresses the occurrence of
the eddy current inside the magnets. This is particularly advantageous in the case of employing a
material of low electric resistance, e.g., a sintered rare-earth magnet for the magnets. In other

words, the rotor of high magnetic flux density is obtained employing a sintered rare-earth

magnet for the magnets without concern about



[0109] In example embodiments, magnetic fluxes are prevented from
short circuiting between the magnetic pole on the other side of the axis
and pole face in the same magnet2(Therefore, the magnetic flux
generated from the pole face is supplied efficiently to the one side of the

the occurestise Bledr ctireenmtagnetic resistance between the magnetic poles on the
other side of the axis is reduced between the first type of the magnets

[0097]  and skcerimplsecofthdimuayhdemacHidingliortaopeivita e teeridigtposing
is increased, so that the operating point of the magnets is raised. The

the rotor {g1pfiga 58 Tl Smproved. [0110] In example embodiments, dust core is
employed in that region since magnetic fluxes flow both in the direction

[0098]  paralid) 53 AL ARUTFI (eSS thET8E nd stacked steel

. sheets are employed out of that region since most magnetic fluxes flow in
10099) the (;lﬁr}e%)f%np%%ﬁ%{g%noé%}éﬂ ggst’osi(ﬁ‘év‘aisis. ﬁ% %p' |ﬁ%|¥és_ the magnetic
[0100] Charaﬁ%@%}%ﬁ Ogﬁlhi?or ﬁéméoﬁ;&llll&)?ég ngﬁ%%dg%@tgiég%%e stator, and

magnetic members and yoke are 2asi y aligneda, are easil

the goov%%gk%g'@;&glﬂll@c? Pﬂl}%&ﬂyp%%Q@gtﬁartgﬁo%&gﬁgtﬁl@@%}’é)g?c%rgfging torque,

easily aligned, and both are easily coupled. [0113] In example

thereby rEMBRLIMENIS:dhe RFyetance corresponding to the magnetic flux flowing
" from outside Bypassing the magnets is increased further. Further, the

[0101] magnBiie:plaisidsepiddrechaioges e siatabihpstigsmagnetandliowinggnetic
the magnetic field from the stator to be likely to pass through the

plate is snagreticaplateianchte bé fessitikehy tmreraivthe misgnétdiofdingiroton separately.
This not only suppresses demagnetization of the magnets, but also allows

Since thetdy portents Hrarspsitédbbsikely wapetcal themagnktic fatesiandt of magnetic
suppresses the occurrence of the eddy current inside the magnets. This

fluxes ingigrathieutary agvaireigebusiatheveaseistehplsiaapca magsregsf ptyconnected
electric resistance, e.g., a sintered rare-earth magnet for the magnets. In

through G BipeReORRErERER BFter-

[0102] In example embodiments, magnetic flux leakage is reduced by making the
magnetic resistance between the pole face exhibiting the first polarity and the pole face
exhibiting the second polarity higher than the magnetic resistance between the stator and rotor.

[0103] In examplie embodiments, the rotor is easy to manufacture. Further, a subsirate

for connecting the first type of the magnets and second type of the magnets is not required.

[0104] In exampie embodiments, a short circuit of magnetic fluxes inside the rotor 1s

reduced.



high magnetic flux density is obtained employing a sintered rare-earth
magnet for the magnets without cgncern about the occurrence of eddy
current. Further, making the magnetic plate and magnetic members

f01057 integrgy E%%ﬂ%ﬁﬁ@%rﬁ@é@!ﬂ&@hfs@fsﬁ&%r&%ﬁi‘ﬂﬁi?%&%é&l@%ﬁ%ﬁ) of the magnets

magnetic members, yoke and magnets. [0114] In example embodiments,

and secotl8yPRENEIS GapRasivAeRiBNaR-ARGthe Maghel SRk rséanRedagainst
the centrifugal force produced in the magnets by rotation of the rotor.

[0106] [0115[Hnexapplengsobiesimentsatier dioraceerdingetavikistirventian itheposing
magnets are easily aligned. [0116] In example embodiments, the

the rotor inggnetictheamhers and magnetic plate are easily aligned, and both are
easily coupled. [0117] In example embodiments, the magnets and

[0107} magnbtievaemberstraiinecily hertatignetnant vottncs agilyype of the magnets
coupled. [011.8] In example embodiments, 23 magnetic fluxes are_ .

and secopieiypateltiomasmeit Enouring'p StpaH tHa MRS Hetrdpdieb igaSih grembers is
side of the axis and pole face in the same magnet. Therefore, the

preventegbiptherilifhx generated from the pole face is supplied efficiently to the

one side of the axis. Further, the magnetic.resistance betweenthe . . .
01081 b6 BT TR GG i of (B AE o e 2B BBGER fhenctined
. first ty f..the magnets and sec type of the magnets. Accordingly
e QB P S e B A B e

[0109] magnﬁ%%g%ﬁg%ﬂ&% Iqye i fherabyrimproyed, Further. making the . wiing

yoke an netic members integral facilitates assembly of the rotor

between YRINShBE-MagPRIGPIAIe Ja0sRICINBMmbETS, yoke sRdipagnelR BkOhagnet.
in example embodiments, the magnets and magnetic members are easily

TherefordligReghadRel bath e easily BoMPiedpole face is supplied efficiently to the one side
of the axis. Further, the magnetic resistance between the magnetic poles on the other side of the
axis 1s reduced between the first type of the magnets and second type of the magnets.
Accordingly, the permeance coefficient is increased, so that the operating point of the magnets
is raised. The torgue is thereby improved.

{0110] In example embodiments, dust core is emploved in that region since magnetic
fiuxes flow both in the direction paraliel to the axis and in the direction inclined thereto, and
stacked steel sheets are emploved out of that region since most magnetic fluxes flow in the

direction perpendicular to the axis. This optimizes the magnetic characteristics of the rotor.

[0111] In example embodiments, the



[0120] In example embodiments, the magnets are easily aligned, and the
magnets are stopped against the gentrifugal force produced in the
magnets by rotation of the rotor. [0121] In example embodiments, the

magnetic RRGIRIS 8 SASYRIGRRM [H24] nexamale emiodinsms, the

magnetic plate are divided and formed in small size, facilitating
[0112] Manufaciure MdtBHesiaHSHEOR. [Rd2RinriamRle:rMactMEntRdthed both are
gaps are opposed to the side of the stator, and the gaps serve as
easily cogghlled supplemental grooves for shortening the cycle of cogging
torque, thereby reducing the Bogging torque. [0124] In example
[0113] embodineenisitherstrutiiveaisf the mageeticeplatecpmpusgdofthmagrmtitic flux
plate components are made strong. [0125] In example embodiments, the
flowing 2dnrevtsdesaesoppdseasit sidewtabedstaberatortherrdbe ssamededate 1s
as so-called supplemental grooves for shortening the cycle of cogging
providedplefge [QribretRior i betHe oy @QM&H@W&WW@H&C&H&&E@I@&&' to be
_ of the magnets are utilized effectively. %ZG%n example mbodimentf,
fikely to s ibgHEN IRURISHEANPISA SRAHE He pUle e T SERBRL the rotor

) when the magnets are embedded to fit into the yoke. [0127] In example, . :

This 0t S SHPRERGS: T HEENEER T 1 TS o L Pleetaso e e a0
.. Stator even when the yoke is provided with ridges. [0128] In. e I

o be g A R RS B T M R R G o

inside th%%gg?@ys? %M@&@Qﬁ&%ﬁgﬂ%&%&g&%@%iaqeteaﬁé M%&Eﬁoﬁlﬂg netigplatess low

In example embodiments, the magnetic flux is lik o flow from

electric HARRAAIL f@%@ 1Q;the-sialat Queh WheR-the-magnaisdlals isRmovided, Withotor of
ridges. [0130] In example embodiments, the pole?aces of the magnetic

high maSQIES BEQ @XERAYEE obtained employing a sintered rare-carth magnet for the magnets

without concern about the occurrence of eddy current. Further, making the magnetic plate and

magnetic members integral facilitates assembly of the rotor using the magnetic plate, magnetic

members, yoke and magnets.

[0114] In example embodiments, the magnets can easily be aligned, and the magnets are

stopped against the centrifugal force produced in the magnets by rotation of the rotor.

[0115] In example embodiments, the rotor according to this invention, the magnets are

easily aligned.

[0116] In example embodiments, the magnetic members and magnetic plate are easily

aligned, and both are easily coupled.

[0117] In example embodiments, the magnets and magnetic members can easily be

aligned, and both can easily be coupled.

[0118] In exampie embodiments,



substantially, making it easier to make the magnetic flux density between
the rotor and stator uniform. Furthey, the windings are protected by the
magnetic plate. [0131] In example embodiments, the three pairs of

magnetic MREIDGR-3he RAslly FisRqsed siatitin{0dackin exampie ambRtime s, dhRr side

presence of mechanisms for generating torque on both sides of the rotor

of the axINRIOVRIIIRLORAUR: 1833 h@xample:Rmberinekis(baceagingieGemn the

is suppressed. 25 [0134] In example embodiments, the reluctance torque

pole facdsditilippHeaitetiivelyiywbiche inetesidesfoigueaxandrefficiendy magheticthesistance
effect of flux-weakening control is increased to enlarge the operating

between tiangeef@1id Folasexathpletlemiiddinemtsighetficiedase ot the (aga}pe of
In example embodiments, an axial gap type motor having a large diameter

the magistpravbrisdflonystirihdhsil TeEaTIT HexsersieebthdhfeRameaangspeeeticient is
and advantages of the present invention will become more apparent from _

increasedhio fIRWIRQ RRSBAIREIRIEECHb ST IAE Do SE ANV ERtIBHIWhENDERRRY iproved.

, conjunction with the accompanying drawings. Brief Description of :

Further. iakipin e [oAsa) I gnaZRe e RAGRANT SIS SHEASER AR O o FORGROT Using

according to a first emgodimegt oféhe re%_sent invention. Fig. 2 is a

the magngRtip; gﬁ’%{?\%ﬁ WSW' st Bglﬁi%}l - n° ig. 1. Fig. 3is a sectional
[0119] arrowe{j S Cai }%t%n&%%t}ggnltlslf %ﬁ'elﬁlrﬁré:ﬂ%ﬁ]anﬁl%ﬁ‘é{ﬁ%ﬁ%ggéﬁ%%%%?e\@gﬂv aligned,

. 1
|Ilustra1t|ng a of manufacturirig the rotor IS a diagram

and bothig#ésga%il g.thg;skucture of a rotor | B according to a second embodiment
of the present invention.

[0120] In example embodiments, the magnets are easily aligned. and the magnets are
stopped against the centrifugal force produced in the magnets by rotation of the rotor.

[0121] In example embodiments, the magnets are easily aligned.

[0122] in example embodiments, the magnetic plate are divided and formed in small
size, facilitating manufacture with iron dust core.

[0123} In example embodiments, the gaps are opposed to the side of the stator, and the
gaps serve as so-called supplemental grooves for shortening the cycle of cogging torque,
thereby reducing the cogging torque.

(0124} In example embodiments, the structure of the magnetic plate composed of
magnetic plate components are made strong.

f0125] In example embodiments, the



Fig. 6 is a sectional arrowed view in a position VI-VI in Fig. 5. 26 Fig. 7 is
a sectional arrowed view in a positign VII-VIl in Fig. 5. Fig. 8 is a
developed view in which the structure of the rotor 1 B is developed in the

recesses %@H& tentiahidirggtion- gk Stisiaudgvelopgskvieuwin which aipaodifigmental
structure of the rotor IB is developed in the circumferential direction.

grooves FigSshOranchd liarecpespectivesviewseaeh thestrmatinglasmethad ebgging torque.
manufacturing the rotor 1B. Fig. 12 is a diagram illustrating the structure of

Further, AdotaptChiaqboeing tHora@mthirg-embodingiicof the present invention.
Fig. 13 is a sectional arrowed view in a position XIlI-XIll in Fig. 13. Fig. 14
[0126] is a sécticaaipderonwbetiemtin tpositioetix X1 ikrig id 3loRighes iha pole face
perspective view illustrating a method of manufacturing the rotor 1C. 15
to the staRigsvais wharotby endevetopedmibodsitd enbhistathickoianodification of the
rotor 1C is developed in the circumferential direction. Fig. 20 is a dlagram
[0127] jllustrdfikgameistarbariresussdtsr Mgt ding to Wdtirth TomoBamBitale face

the present |nvent|on 20 Fig.,21 is a sectional arrowed view in a position

to the stagoy £¥3R WhEigh2801eil, Qﬁv@ads\ggﬁoﬁﬁ%e&rrowed view in a posmon

XXI-XXII F 20F 23 ti trati th
oo R S SRR e o

to the sta?or e(f%il:lo \rJv Ceolrrg&!.pge%g aarJ Igzt}:%bedded to fit into the magnetic plate.

[0129] In example embodiments, the magnetic flux is likely to flow from the pole face
to the stator even when the magnetic plate is provided with ridges.

(0130} In example embodiments, the pole faces of the magnetic cores are extended
substantially, making it easier to make the magnetic fiux density between the rotor and stator
uniform. Further, the windings are protected by the magnetic plate.

f0131} In example embodiments, the three pairs of windings are easily disposed stably.
[0132] in example embodiments, the presence of mechanisms for generating torque on
both sides of the rotor improves the torque.

[0133] In example embodiments, the cogging torque 1s suppressed.



25 embodiment of the present invention. Fig. 25 is a sectional arrowed
view in a position XXV-XXV in Fig. 24. 27 Fig. 26 is a sectional arrowed
view in a position XXVI-XXVI in Figz.324. Fig. 27 is a sectional avowed

view in a position XXVII-XXVII in Fig, 24. Fig. 28 is a perspective.view .
10134 st P ARG P AT abtEr TR RO, § PG 56 Lot A hich
. illustrating the structure. of a rotor IF.according to a sixth 0emb diment of
increaseyBFUTEc HUGHT: EI§C 30 40k SR ik URoVd & har RER i abpdrge
Q a mQ ificationg of the sixth embodiment of the present invention. Fig. 31

!
large th ange. = . :
] gpﬁéarls%gcrtlvg view illustrating the structure of a motor according to a 10

(01357 seventhsmbodiment ALINAPIESRUHNENUOR JridiRd IS a side view of a

motor 100 according to the present invention. Fig. 33 is a sectional view
[0136] illustrafing s GomprassenAQ tawhish thesmoter AR rinaARRlied 1iigh Athiseter is
a perspective view illustrating the structure of a motor according to an 15
prevente@igbih @mbadinent of the present invention. Fig. 35 is a perspective view
showing the structure of a magnetic member 30 employed in the eighth
[0137] embodimentad thidgréseante vention. &id. K6 intageerspdotiveesiew invention will
showing the state in which the magnetic member 28 30 is provided with
become wimdingpalery. 37nsthgpbripeotyeisiaiedldsieatinigihel shreicipseof avetson when
G according to
taken in conjunction with the accompanying drawings.
Brief Description of Drawings
[0138] Fig. 1 is a diagram illustrating the structure of a rotor 1A according to a first
embodiment of the present invention.
Fig. 2 1s a sectional arrowed view in a position II-1I in Fig. 1.
Fig. 3 is a sectional arrowed view in a position 1H1-1I1 in Fig. 1.
Fig. 4 is a perspective view illustrating a method of manufacturing the rotor 1A,
Fig. 5 is a diagram illustrating the structure of a rotor 1B according to a second

embodiment of the present invention.

Fig. 6 is a sectional arrowed view in a position VI-VIin Fig. 5.
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a ninth embodiment of the present invention. Figs. 38 and 39 are

perspective view each illustrating the structure of another 5 rotor 1 H

according to the ninth embodiment of the present invention. Fig. 40 is a

perspective view illustrating the structure of a motor according to the ninth

embodiment of the present invention.J6ig. 41 is a perspective view

illustrating the structure of another rotor Il 10 according to the ninth

embodiment of the present invention. Fig. 42 is a perspective view

illustrating the structure of another rotor 1.J according to the ninth

embodimentiotthe frasentimeention: hig.p4Sitoa PErSpEdtiveyiéw

illustrating the structure of another rotor 1K according to the ninth

emboditize Stiskttevpresehticventiomch ShEigirddiscarpdrs petctividdviede veloped in

illustrating the structure of another rotor 1L according to the ninth
theernbodifrentiof diegraisent invention. Fig. 45 is a perspective view

illustrating the structure of another rotor 1M according to the ninth )

embodhitertt &f thdpidened iFivento Vg acmedivedspaiives wéhe rotor 1B is

illustrating a method of manufacturing a rotor 20 according to a tenth
degpitnsditiehe STHEPREEIRY HVEIBN. Fig. 47 is a sectional view of the

rotor IE when manufactured accordin%to the tenth embodiment of the

present §VeRtigHIFid Lagis PSERFSHAF viglE EhofiiRY d Bia R iR of

of the tentp embtodi nt of the present invention. 29 Fig. 49 is a
m?fé’r%ﬁ%ﬂhl/et\l}f:ew ifustrating a method of manufacturing a rotor according

to an eleventh e?‘lgf’ 9&”?? ot 1&%@&10 m&&%{ﬂge\lﬁg%&mtme of a rotor 1C according

to a third embodiment of the present invention.

Fig. 13 is a sectional arrowed view in a position XII-XIII in Fig. 13.

Fig. 14 is a sectional arrowed view in a position XIV-XIV in Fig. 13.

Fig. 15 is a perspective view illustrating a method of manufacturing the rotor
1C.

Figs. 1.6 to 19 are developed views in each of which a modification of the rotor

1C is developed in the circumferential direction.

Fig. 20 is a diagram illustrating the structure of a rotor 1D according to a fourth
embodiment of the present invention.

Fig. 21 is a sectional arrowed view in a position XXI-XXI in Fig. 20.

Fig. 22 is a sectional arrowed view in a position XXI-XXII in Fig. 20.

Fig. 23 is a perspective view illustrating a method of manufacturing the rotor
1D,

Fig. 24 is a diagram illustrating the structure of a rotor 1E according to a fifth
embodiment of the present invention.

Fig. 25 is a sectional arrowed view in a posttion XXV-XXV in Fig. 24.
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Fig. 50 is a sectional view of the rotor |IE when manufactured according to

the 5 eleventh embodiment of the present invention. Fig. 51 is a sectional

view showing a modification of the eleventh embodiment of the present

invention. Fig. 52 is a perspective view illustrating a method of

manufacturing a rotor according to aiwelfth embodiment of the present

invention. 10 Fig. 53 is a sectional view of the rotor 1E when

manufagiured ageecdigtaribectvelth iermboditrenkaith&presentig. 24.

invention. Fig. 54 is a perspective view illustrating another method of

manufégu iigstheecttombacordidy tothe dweHitoerBOdimERT\O tihel1g. 24.

present invention. Fig. 55 is a sectional view of the rotor 1E when

manufdturatl iaccprdipgatdva iswiddification ofthibed eftmenifsdimehiss rotor

the present invention. Fig. 56 is a sectional view showing another
1Emodification of the twelfth embodiment of the present invention. Fig. 57 is

a perspective view illustrating a method of manufacturing a rotor .

accordifig- Vsl iarfesr e B EIHISHD S RecHrs B hiFSh 6rAcsaTEige 4g @ sixth

is a sectional view of the rotor IE when manufactured according to the
emhidnrms SrHoRmE B tAEPresent invention. Fig. 59 is a perspective

view illystrating another method of manufacturing the ,.rotor according to

the thirlabnth S BTGt of 11E Bre ANt e i e & S of he
i }yti‘?\elr\}/n%}ct e ro%or gordingtto the.ltglgr_teenth embodiment 25 of the present

OQ1 1 reseHt mvent . X
|nvent|on.IE?g. 611 perspective view illustrating the structure of a

magneﬁ}zfgp ?f“;isag perspective view illustrating the structure of a motor according to a

seventh embodiment of the present invention.

Fig. 32 is a side view of a motor 100 according to the present invention.

Fig. 33 is a sectional view illustrating a compressor 200 to which the motor 100
is applied.

Fig. 34 is a perspective view illustrating the structure of a motor according to an
eighth embodiment of the present invention.

Fig. 35 is a perspective view showing the structure of a magnetic member 30
employed in the eighth embodiment of the present invention.

Fig. 36 is a perspective view showing the state in which the magnetic member
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according to a fourteenth embodiment of the present invention. Fig. 62 is
a perspective view illustrating another structure of the magnetic plate
according to the fourteenth embodiment of the present invention. Fig. 63
is a perspective view illustrating still another structure of the magnetic 5
plate according to the fourteenth emb&diment of the present invention.
Fig. 64 is a perspective view illustrating still more another structure of the
30 agoeidediaid adadia#ng to the fourteenth embodiment of the present
invention. Fig. 65 is a perspective view of exciting the structure of an
embeddigd Yhagagerspeetrotorn900liuorBeos ModevehCartyingi@ulipscording to
Invention [0139] Basic Idea of This Invention Before starting detailed
a ndletbcriptiotiorimibduimesnes! thEaBEsk idea of this invention will be
described. Of course, this basic idea is included in the present invention.
15 [01408Sidilar 85 AarareRsd YpaTHARar it AnEsiaE Jhp Hpstip @y another
improved so-called saliency does for m ?Ein effectjve use of reluctance
m‘f%fré;ﬁe?%@ﬁ%?éﬁ%?ﬁ&‘mbeﬂg’ﬁ%@%c?g ‘Ei%ﬁéﬁ%ﬁﬁvﬁlﬂ?&ease the
effect of flux-weakening control, thereby enlarging the operating range. In
other words, an inductance (d-axis inductance) Ld corresponding to a

ic flyx flowing from. outside t s [ S
rotor iy CHeRER BOTAP o AL T s LR RIS nkglana o

a rotor ing sma n an inductance
J-axis. inductancellq.comrespanding.to a magnetic flux flowing from
théoqdit%s%éﬂg%%%ﬁg tlﬂe rcﬁ%gnet. [0141] Incidentally, in a radial gap type

motor, p;s0-galigd.embesldedmagnet tyeaptor Mithimagnets eaesidetbtor 11
in a rotor iron core has been presented. Fig. 65 is a perspective
according to the ninth embodiment of the present invention.
Fig. 42 is a perspective view illustrating the structure of another rotor 1J
according to the ninth embodiment of the present invention.
Fig. 43 is a perspective view illustrating the structure of another rotor 1K
according to the ninth embodiment of the present invention.
Fig. 44 is a perspective view illustrating the structure of another rotor 1L
according to the ninth embodiment of the present invention.
Fig. 45 is a perspective view illustrating the structure of another rotor 1M
according to the ninth embodiment of the present invention.
Fig. 46 is a perspective view illustrating a2 method of manufacturing a rotor
according to a tenth embodiment of the present invention.
Fig. 47 is a sectional view of the rotor 1E when manufactured according to the
tenth embodiment of the present invention.
Fig. 48 is a sectional view showing another modification of the fenth

embodiment of the present invention.
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25 view illustrating the structure of such embedded magnet type rotor 900.
A rotor iron 31 core 91 is provided with embedding trenches 92, in each
of which a permanent magnet 93 is embedded. A mode is illustrated here
in which four magnets 93 are embedded around a shaft hole 94 through
which a rotation shaft is inserted. Adjaeent permanent magnets 93 have
magnetic poles different in polarity from each other being directed 5
toward the outer surface of the rotor 900. [0142] One of the causes of
increased g-axis inductance Lg in the rotor 900 is the presence of a
magneHiz path 9% passirgtthcoughy alportinimef theettod icdmeong@luring a rotor
appearing as a projection 91c present between edges of adjacent
acenalnets 98 dnvkiititerpbedunbatwe s tirestieinicivest8R.and a portion
appearing as an inner portion 91a 10 around the shaft hole 94 surrounded
by the Fiaghiets 83detmdutiiaectithe megndlcbamhmasuiatgusedapraring to the
along which a magnetic flux supplied from a stator (not shown) passing
elqppatigrbedbneat SliFSdE SEMENRHDDO flows bypassing the magnets

93. The magnetic path which bypasses magnets hetween the magnets,in .
this mekies Wih ErIRBRET Y SRISERE AP AR M T G pgf iment

fI—further, another one of the causes of increased g-axi.s inductance Lq is
of he HraLEHRYBF 2 agnetic path 96 passing through a portion of the rotor

ron cose 91, Apbeangas a0 Qule pUion S0, 04iside & MANREESRTNE. rotor

magne itl,gpa 6 0 be apath along a magnetic

ac%%ﬁ%{‘%&?ofﬁoﬁe%&%ﬁ%d%@éﬁ Bypassing the, agnets 93. The magnetic

ich bypasses magnets closer to the stator than the 20 magnets as

viewedftom {he SLalof iRAhssRaeE WibhgieRatienbe called &1S8e8RMNe to the
type magnetic path. [0144] Therefore, providing the first type magnetic

oA andserrnd dyRe: PREARTG RAKLN.

Fig. 54 is a perspective view illustrating another method of manufacturing the
rotor according to the twelfth embodiment of the present invention.

Fig. 55 is a sectional view of the rotor 1E when manufactured according o a
modification of the twelfth embodiment of the present invention.

Fig. 56 is a sectional view showing another medification of the twelfth
embodiment of the present invention.

Fig. 57 is a perspective view illustrating a method of manufacturing a rotor
according to a thirteenth embodiment of the present invention.

Fig. 58 is a sectional view of the rotor 1E when manufactured according to the
thirteenth embodiment of the present invention.

Fig. 59 is a perspective view iliustrating another method of manufacturing the
rotor according to the thirteenth embodiment of the present mvention.

Fig. 60 is a sectional view of the rotor according to the thirteenth embodiment
of the present invention.

Fig. 61 is a perspective view illustrating the structure of a magnetic plate
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in the rotor of an axial gap type motor can make the g-axis inductance

larger than the d-axis inductance and increase anti-saliency. 25 [0145] To

provide the first type magnetic path in the rotor of the axial gap type

motor, it is useful that a magnetic member is disposed on almost the

same plane as the magnets. 32 At thi¥ time, the magnetic member may

cover the shaft hole, but in that case, it is desirable to use devices such
acdbatithadataiiorahaftiobbdiinsarietintpretbenshafehiode. does not serve as

a magnetic path, similarly to the rotor of a typical radial gap type motor.

[0146] . fidviderttersetond type nsigristic pathdn drecioterooftienmgagtic plate

gap type 5 motor, it is useful that the magnetic poles directed toward the
acrotdimgre dacfhreovenddewitdimmaigrichealiyiprid pepriEnt magnetic

member. This case is inferior to the case of providing the first type .

magnelitgpainitrrapmestivcrdasedl shalpapslbirahenisiusvaRicisgenetic

demagnetized fields in the magnets and suppression. of the occurrence of
Pl ageCHIBA LW P AP T e MeR B TR thinking ou

its 10 configuration. [0147]. Employment of such, rotor having anti-salienc

for the fdt hlpbsrr%iﬁ% Eﬁ?&ﬁ{l\% s ?%ﬁéf?gﬁr%t%{‘%@e‘ 81?%uaél,gt vvla]ﬁfc e of the

miiSases foaue and olidency. Btien e elect aLIMGHEEING,

hefed5€0%0 entarge the operating range. [01 o utilize t

reluctance fﬁq%%é}}%%%ﬁw _QJ%&@@%@;&&@%@@%@&Q far dhenlRmeiOhagnet

along with e salient poles made of magnetic member, e.g.,

tyé%ermer[%ﬁl.g] Providing the first type magnetic path and second type
agnetic path in the rotor of the axial gap type motor offers an advantage

B WRlhe Magneh lomuerRNdvegtugtance torque can both be designed

larger than in the rotor of the radial gap type motor. The reason will be
[odeseribgddpetavs. of This Invention

Before starting detailed description of embodiments, the basic idea of this

invention will be described. Of course. this basic idea is included in the present
inventio.
[0140] Similarly to a radial gap type motor, i'n an axial gap type motor, improved
so-called saliency does for making effective use of reluctance torque, thus increasing the
torque and efficiency and to increase the effect of flux-weakening control, thereby
enlarging the operating range. In other words, an inductance (d-axis inductance) Ld
corresponding to a magnetic flux flowing from outside through between magnetic poles
of a rotor having different polarities needs fo be smaller than an inductance {(g-axis
inductance) Lq corresponding to a magnetic flux flowing from outside bypassing the
magnet.
[0141] Incidentally, in a radial gap type motor, a so-called embedded magnpet type rotor

with magnets embedded in a rotor iron core has been presented.  Fig. 65 is a perspective

view illustrating the structure of such embedded magnet type rotor 900. A rotor iron
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20 [0150] In the rotor of the radial gap type motor, the first type magnetic
path 95 and second type magnetic path 96 are disposed alternately on its
cylindrical surface. And the first type magnetic path 95 is present between
embedded magnets 93 bypassing the magnets 93. [0151] Therefore, as
the position where the magnets 93 aré'embedded is made closer to 25
the center of rotation in order to increase the cross-sectional area of the
c@econtktypsidodagneticpatd @6gtherciesso8ectiend afealofithefirgnappet magnet
magnetic path 95 decreases. 33 Conversely, to increase the
93 crossysettiohal Aremdf the lbetonetysecniagriitib peith 98 enith it fesigmbedded
the cross-sectional area of the first type magnetic path 95, the magnetic
arquolé widiei(hdinndis et thbipiaydetd polehiidroisditionAdjacent permanent
perpendicular to the rotation shaft, rather than the thickness of the )
magrgindty dratie MAREEs TE5h GEBEE AarRABHWHIE AR G 1S Ssigoffirected
where the magnets 93 are embedded closer to the center of rotation. This

towied WserShuikeP iherdks Ytindrical surface of the rotor of the radial
type motor increases in.external shape..This is because the mini .
10 ] T te A Bt A Brs ARt i o o 0 is e

almost determined. in t sitions whe e I
RS Sl e BRI R INE OS2 e et o1
manner results in reduct; : 2 _ stoind 3 and
o (L B Lty S e o
inREDISYEd by mAgnRtic MmeRabers Gaveringhednagrete palesdiiggiedortion 9ia

toward the stator, and its cross-sectional area is grasped in cross section

ar@ipRatbercircknierentiab ginegtignhEhgathiekness-ohtbigsRgnalie: magnetic path

member can thus be increased irrespective of 15 the size of magnets, and .
osthere e Apnaeddewanycthe sizenatid fositignpbédiagnetstnodésigsiforn) passing
increasing the cross-sectional area of the second type magnetic path.
through the outer surface of the rotor 900 flows bypassing the magnets 93. The
magnetic path which bypasses magnets between the magnets m this manmner will
hereinafter be called a first type magnetic path.
[0143] Further, anoiher one of the causes of increased g-axis inductance Lq is the
presence of a magnetic path 96 passing through a portion of the rotor iron core 91
appearing as an outer portion 91b outside a magnet 93.  The magnetic path 96 is also to
be a path along which a magnetic flux supplied from the stator flows bypassing the
magnets 93. The magnetic path which bypasses magnets closer to the stator than the
magnets as viewed from the stator in this manner will hereinafter be called a second type
magnetic path.
[0144] Therefore, providing the first type magnetic path and second type magnetic path
in the rotor of an axial gap type motor can make the g-axis inductance larger than the
d-axis inductance and increase anti-saliency.

[0145] To provide the first type magnetic path in the rotor of the axial gap type motor,

it is useful that a magnetic member is disposed on almost the same piane as the magnets.
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Therefore, the cross-sectional area of the first type magnetic path (which
is grasped in cross section perpendicular to the rotation shaft) achieved
by magnetic members disposed on almost the same plane as the
magnets is not decreased. It is therefore possible to 20 increase the
cross-sectional area of the second type magnetic path without reducing
the magnet torque or losing the cross-sectional area of the first type

Atniggngtie path. fQLadhi withebce venywherretucediniibickhesdinithe case, it is
direction of the rotation shaft, the rotor of the axial gap type motor can be

deinetdasedin dutpeshagettnincreaseitheshaéar34cohsmagheatio felesaichole does
that the magnet torque and reluctance torque can both be increased.

nofGE54] Furthepmuire pathtendiolyobthe axiat ghp typealrothe] g Suptapetor.
opposed to the gaps is a plane, which makes it easy to increase the

[0 protesdingeacddraty anebadsenbimertcuraty. i haditien cdves wrahgap type
the second type magnetic path cannot be provided or 5 the magnetic )

motenahsR ghamassiinages dueslrthienedshenatiagnare RaRvered with
easily be processed and have high dimensional accuracy since the pole

a faeeististtnadhatnende ‘Ia??ég‘{’éils5ﬁ“ﬁ}?§%€é-mb5%‘i%%?§?Fﬁ§.W@%"Hié‘brﬁ% case of
illustrating the structure of a rotor. 1A according. to a first 10 embodiment ... .

PR EHEG LSV BRENTIEL s I 1o sl VIGHEN oM (DS o itates

re(i_xt%%s?f)rﬁ(ré%téfgggv A eélr.]zéheﬁ% Fsseigft%%nr?’xtgcy&ie@g gn@%&%%?ﬁ!ﬁﬁ?rgﬁ t&eg%%ce of

are sectional arrowed VIEWS in positions [T1-111,

respectively, [01.56].The.r. A inclydes;ma a 12D, i :
SRR I AL e e e

coﬁﬁ%ﬁﬁﬁ@'}? rotor | A can be employed as 15 a rotor with one pole pair
(thé number of poles: 2). The substrate Il is also provided with a shaft

[ohatg 10@BLER.CRIMRTof such rotor having anti-saliency for the motor permits effective
use of the reluctance torque, which increases torque and efficiency. Further, the effect
of flux-weakening control is increased to enlarge the operating range.

[0148] To utilize the reluctance torque, it is desirable that the stator employed for the
motor along with the rotor have salient poles made of magnetic member, e.g., teeth.
[0149] Providing the first type magnetic path and second type magnetic path in the
rotor of the axial gap type motor offers an advantage in that the magnet torque and
reluctance torque can both be designed larger than in the rotor of the radial gap type
motor. The reason will be described below.

[0150] In the rotor of the radial gap type motor, the first type magnetic path 95 and
second type magnetic path 96 are disposed alternately on its cylindrical surface. And the
first type magnetic path 95 is present between embedded magnets 93 bypassing the
magnets 93.

[0151] Therefore, as the position where the magnets 93 are embedded is made closer to
the center of rotation in order to increase the cross-sectional area of the second type

magnetic path 96, the cross-sectional area of the first type magnetic path 95 decreases.
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[0157] The plurality of magnets 12a and 12b are disposed annularly

around the shaft hole 10 with their polarities being symmetric, and their

pole faces are perpendicular to the direction of the rotation shaft (this is

the direction in which the rotation shaft to be 20 inserted into the shaft

hole 10 extends and parallel to the dirEction perpendicular to the sheet of

drawing of Fig. 1). The magnet 12a has a pole face exhibiting a first
Copotagily ofo onesige tiktheoratstiovsilal(anthibsiseaidthgshestoktic path 96

drawing of Fig. 1), and the magnet 12b has a pole face exhibiting a
witeeorndspolatity onstheonensideef didhottioriyshalzgiereipathe mdbnetsgnetic

12a and 12b are assumed, for example, to exhibit N and S 25 poles,
polespalitivelydionetiéoside shthesgarsic(delhisnsitlessf shelisheberopadianiag to the

of Fig. 1). The magnets 12a and 12b are 35 made of rare-earth sintered
rotgibgnetelforahaimipien [BEsBigtmessiphliBEomaehbie iienibasactsd Angust be

13b are disposed perpendicularly to the direction of the rota%gn zlq?f{,
naww%p%éaiﬁ%}%sdgﬁd?ﬁ%&wéﬁﬁﬁéﬁﬁ%%@ PG rianPsfidephgloser to the

magnetic members 13a and 13b are made, of, for example, a high 5
CoRSHHLANY gk HstERESLOR L8 B G40 E ST BT L IRA Sl et f

it is .desirable to employ iron dust core in terms of reducing.iron loss. . . .
thTngg]?l SR et}r%?orpﬁ&?niggcaqases 1 exfernaﬁ ?ﬁ] eﬁus NYIERILQ5Re minimum

ape.
axlis airection Is epall'eCtIOI’] connecting the

v ORI %ﬁ%@ﬁ%éﬁ%wﬁﬂ gt LRSI ARDAURTS NG, AIBY B ermined

positi Ig. 3). On the other e g-axis direction Is the

in %feegH%ﬁ Wﬁ@@@léhﬁw%&@@m@@a&e@ 1&%@@&&%@@}@%@ pole
ra 0

in parallel to a phantom line showing the position II-1l (Fig. 2). J0160] In

wiRME R SHUCluE.the MAgReiRRath RYRASSING e DG NaIscheaarEd 2b
and. passing through the magnetic members 13a and I3b is a magnetic

[opath in the shaxis, Hirectivneantiteagpeiicypatimpassing tacoughibe magnetic
magnets 12a and 12b is a magnetic

path is achieved by magnetic members covering the magnetic poles directed toward the
stator, and its cross-sectional area is grasped in cross section along the circumferential
direction. The thickness of this magnetic member can thus be increased irrespective of
the size of magnets, and there is no need to vary the size and position of magnets in
design for increasing the cross-sectional area of the second type magnetic path.
Therefore, the cross-sectional area of the first type magnetic path (which is grasped in
cross section perpendicular to the rotation shaft) achieved by magnetic members disposed
on almost the same plane as the magnets is not decreased. It is therefore possible to
increase the cross-sectional area of the second type magnetic path without reducing the
magnet torque or losing the cross-sectional area of the first type magnetic path.

[0153] Further, even when reduced in thickness in the direction of the rotation shaft,

the rotor of the axial gap type motor can be increased in outer shape to increase the area
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path in the d. axis direction. And, these magnetic paths are perpendicular
to each other 15 when viewed as electric angles. Accordingly, in the
present embodiment, the first type magnetic path is achieved by the
magnetic members 13a and 13b. Therefore, the g-axis inductance can be
increased, and anti-saliency can be irsproved. Further, size reduction in
the axial direction is easy. [0161] It is desirable that surfaces of the

of Magnets Jedas andidAdianddpagnetipmem bgirtaQd taard43bodh thencreased.

side of the stator be positioned on the same plane. This is because, when

[0 thelmapnetiemes benbd dacand hdhtial gspmatthiokneds; thefepaxisposed to the
inductance cannot be increased, and on the other hand, when the

cagsltfac@dot thehiviagndtis iempersintBaandid 8ty orsthe sideisicshenstassembling
extend farther to the side of the stator than the pole faces of the magnets

ac@@acand el dhtedistepcebanikese taahbipgfacecot e pthoraand! fsl@pgided or
face of the stator (hereinafter this will be provisionally called "interposed )

theiiasnetqenatipimashierpmdisael Toreapmahdhiraess: BmBuEnsmas casily
is desirable that gaps Gl serving as magnetic barriers for blpcking the )

berRfReatsThghetetitnis A BREIaa BERNESY tHathfmeta 25 D Bpact is o
the magnetic members 13a, 13b. It is to prevent magnetic fluxes from

pl‘r’fﬂﬁNing 5 between the pole faces of the magnets 12a and 12b through the

[Oﬂﬁ nePcI:rTg@bb&{s 13ta and 13b. This reduces short circuit leakage of
gne i HUIR&IdE the rotor which is grasped as magnetic flux leakage

with re%pl)e_citt% tgledig}%qu%e#ﬁlg@éi %VYH%QS pHgE e g?ét(?fltqrﬁgggc&@ﬁg to a 1irst

This allows the magrietic fluxes generated from the p aces of the rotor

en}i&%n?&ﬁ%ke@l@ i%@?l@h@&ﬁﬁ)ﬁ}%ﬁ[cﬂﬂ?%S%Qﬁovm@s% RelefRCESnLGhe side of a

0163] A magne Ic flux flows back and forth between the rotor and stator.
sthRdndt BraaRstis fhacliows bshweanthe magnetsd2aanehd 2Rdbrougtys. 2 and 3

two gaps G1 on the both

are sectional arrowed views in positions II-1T and HI-111, respectively.

[0156] The rotor 1A includes magnets 12a and 12b, magnetic members 13a and 13b
and a substrate 11 on which they are mounted. That is, the rotor 1A can be employed as
a rotor with one pole pair (the number of poles: 2). The substrate 11 is also proﬁded
with a shaft hole 10 at its center.

[0157] The plurality of magnets 12a and 12b are disposed anmularly around the shaft
hole 10 with their polaritics being symmetric, and their pole faces are perpendicular to the
direction of the rotation shaft (this is the direction in which the rotation shaft to be
inserted into the shaft hole 10 extends and parallel to the direction perpendicular to the
sheet of drawing of Fig.1). The magnet 12a has a pole face exhibiting a first polarity on
one side of the rotation shaft (on this side of the sheet of drawing of Fig. 1}, and the
magnet 12b has a pole face exhibiting a second polarity on the one side of the rotation
shaft. Herein, the magnets 12a and 12b are assumed, for example, to exhibit N and S
poles, respectively, on the side of the stator (on this side of the sheet of drawing of Fig. 1).

The magnets 12a and 12b are
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edges of the magnetic member 13a or magnetic member 13b. Therefore,
it is desirable that the width of gap G1 be chosen to be greater than the
interposed distance to armature. This is to reduce a magnetic flux short
circuit within the rotor by making the magnetic 15 resistance between the
magnets 12a and 12b through the magnetic member 13a (or magnetic
member 13b) higher than the magnetic resistance between the stator and

md QL rARLEANT urthetdihis Sesirablethal@gap G2 serving as a magnetic

barrier for blocking the flow of magnetic flux be provided between the
[0r98pnetsd 2ardRh, Magneliic meeiers 1382130 sindrskiaibhale dlpdikikidarty to

to prevent a short circuit from occurring in the 20 magnetic flux between
théh#reodgnetsha acantbh 2havanwhepethécrdtationshbfttddiwecmstrteddptets 12a

the shaft hole 10 is made of a magnetic material such as iron.. Of course,
anthé2bis rithaeadgucprovigentivesgapaGif thibratatiomdhattisinbriraaghstie high

steel. [0165] It is desirable that the width of gap G2 be also chosen to be
peyreates thaanpiec imeipitesidistandeoto adnstrRleTHIS iBbdbguseipwever. it is

magnetic flux passing through the 25 rotation shaft between the magnets
desipablsria BIeRoEEBIHIE D I EERR! TRAEBPT HEsiBStrate 11 may be a

netic member, In this case, the s,ubstraﬁg 1 37 serves as a yoke for

ma

(Ob3ind B TG LA 2GR 1S 18B e BEA oA BB R et 122
o IR o S o1 i B A he A b g (P 5.
opposijte sjde in.th ot | et [20) jtself, T: ic. fl
O o T R DR L T RS rembers

13%“&%‘?%5%%&5%&%25 iGIanHY, [Q%ﬁeﬂtlﬂ&ﬁ‘&&@ﬁ&%ﬂﬁﬁe‘@@sﬁ%ﬁﬁ@{tﬁ(ﬂg. 2).

IS a magnetic member, the magnetic flux flows betweén the magnets 12a

[0286h 12p-pagsing-tuarghiibemanneticnembel-k3a Oe madneliq membert and
13b, one gap Gl and substrate 11, so that it is desirable that the gap Gl

passing through the magnetic members 13a and 13b is a magnetic path in the g-axis
direction, and the magnetic path passing through the magnets 12a and 12b is a magnetic
path in the d-axis direction. And, these magnetic paths are perpendicular o each other
when viewed as electric angles.  Accordingly, in the présent embodiment, the first type
magnetic path is achieved by the magnetic members 13a and 13b.  Therefore, the g-axis
inductance can be increased, and anti-saliency can be improved. Further, size reduction
in the axial direction is easy.

[0161] It is desirable that surfaces of the magnets 12a and 12b and magnetic members
13a and 13b on the side of the stator be positioned on the same plane. This is because,
when the magnetic members 13a and 13b have small thickness, the g-axis inductance
cannot be increased, and on the other hand, when the surfaces of the magnetic members
13a and 13b on the side of the stator extend farther to the side of the stator than the pole

faces of the magnets 12a and 12b, the distance between the pole face of the rotor and pole

face of the stator (hereinafter this will be provisionally called “interposed distance to



L

10

15

20

25

be chosen to be not less than twice the interposed distance to armature.
Similarly, it is 10 desirable that the width of gap G2 be chosen to be not
less than twice the interposed distance to armature. [0168] Further, the
magnetic resistance between the magnetic poles of the magnets 12a and
12b on the opposite side of the statoraan be reduced. Accordingly, the
permeance coefficient can be increased, which raises the operating point
arrRadie’nagnatesl2a and 12b. 15 This results in improved torque. [0169]
Fig. 4 is a perspective view illustrating a method of manufacturing the
[0T629r 1An THesalstrateddlinitnthé nsadrsatibimemaberi8&anadmagnetionagnetic
member 13b mounted in predetermined positions is prepared. Then, the
barmagnits il ed ot il ave af ovrstedio Sspestiviety dniged deaeyasingep magnets 12a,
positions 12aP, 12bP between the magnetic member 13a 20 and magnetic
12embie TBiwetitheaubstratdal 13 thé sdseniens mreselisiiates ardlowing
serves as a back yoke, the substrate 11, rr;‘g%]etic member I' )a and

bensghdbic pRkhiBEFS19b R BBIS e R itdgrairqpely Sher R eraln s yrs 132
and 12b may be fixed to th bstrate Il b dhesij the like, but . . .

g ore WA HESToHHBH SHEREr AT R6RAR Sisetrife | TS dife WhErebich is
the 25 ti b 1.3 d13 ided.i f usi

e B AL RSk TN (VR CASa: e s o 8 A 125 Ahd RSt Wden (e
sta o%rgr? r%t%§a dl (i%foi]t‘l I%go%étip ﬁ%@g g&%ﬁ?&ésﬁoﬁaﬁl@?&ggﬁc@ of the

cannot be provi ed. owevVer, magnetizing with distribution of the

rolBPRNENG I Ol SR A8 (DS BNt AN ALIbBAdags Of the

magnets In"the circumferential direction "around the rotation

[0$h&ft cap provids.argiruature magnglicalnegdivalentsubsiantialydad?.  And, a
providing the gaps GlI.

magnetic flux flows between the magnets 12a and 12b through two gaps G1 on the both
edges of the magnetic member 13a or magnetic member 13b.  Therefore, it is desirable
that the width of gap (1 be chosen to be greater than the interposed distance to armature.
This is to reduce a magnetic flux short circuit within the rotor by making the magnetic
resistance between the magﬁei‘s 12a and 12b through the magnetic member 13a (or
magnetic member 13b) higher than the magnetic resistance between the stator and rotor.
[0164] Further, it is desirable that a gap G2 serving as a magnetic barrier for blocking
the flow of magnetic flux be provided between the magnets 12a, 12b, magnetic members
13a, 13b and shaft hole 10. This is to prevent a short circuit from occurring in the
magnetic flux between the magnets 12a and 12b even when the rotation shaft to be
inserted into the shaft hole 10 is made of a magnetic material such as iron. Of course,
there is no need to provide the gap G2 if the rotation shaft is non-magnetic steel.

[0165] It is desirable that the width of gap G2 be also chosen to be greater than the
interposed distance to armature. This is because the magnetic flux passing through the

rotation shaft between the magnets 12a and 12b crosses the gap G2 twice.

[0166] The substrate 11 may be a magnetic member. In this case, the substrate 11
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[0172] It is possible to previously form the substrate 11 and magnets 12a
and 12b integrally by a bonded magnet. In this case, so-called polar
anisotropic orientation may be employed. [0173] Second embodiment 10
Fig. 5 is a diagram illustrating the structure of a rotor IB according to a
second embodiment of the present iriention, which is a plan view as
viewed from the side of a stator (not shown) in the case of constituting a
sernQtor alopgkwithr thecttiatorhEigsadhend 7a afeisezionalatiwe buigwsole.  The
positions VI-VI and VII-VII, respectively. [0174] The rotor IB includes
pronagnets 1RO»adi2Glokmagoidticimemizersid 30 8Gh ahdt kireusulpstratecen the
110 on which they are mounted. That is, the rotor 1B can also be
polmpleyed the sidotor with valepatd phir (thenstimipercobpdies 0PpoFiie side in the
substrate 110 is also provided with the shaft hole 10 at its center. [01.75]
mappetstilsstriteaadiahibmisepietic e mperstis Bungenstsigrelformiy pole face on
integrally employing, for example, a high permeable magnetic material

thespicls a5 thentatsir e siesby bosueplivd ikderHatsciie&ibstrate 110 also

serves as a back yoke. It is desirable to employ iron, dust core fqr the .
[0ipktralte PECP&H WhSGhEtT HBITBES 13D FRER5 BORP R BrRgpetic fus

S e S g R B Rl pBle 150 o
R RIS OmANS 8 WSS TAdSr S AR AARNap

are provided, andthe st own)’is to isposed on this

besé%%.ségjtgmeqb% p: Q%&%@%ﬁ&%&éﬁ@é@%ﬁs&%@%r%@@é’ thgimilaﬂy, it is

portions interposed between the magnetic members 130a and 130b but

dcRlsa heynaghelicimentiers &308.a06senl30Be The Rendrshmagneit2Berposed

may be formed without covering these portions, but even
distance to armature,

[0168]  Further, the magnetic resistance between the magnetic poles of the magnets 12a
and 12b on the opposite side of the stator can be reduced. Accordingly, the permeance
coefficient can be increased, which raises the operating point of the magnets 12a and 12b.
"fhis results in improved torque.

[0169]  Fig. 4-is a perspective view illustrating a method of manufacturing the rotor 1A,
The substrate 11 with the magnetic member 13a and magnetic member 13b mounted in
predetermined positions is prepared. Then, the magnets 12a and 12b are mounted
respectively in predetermined positions 12aP, 12bP between the magnetic member 13a
and magnetic member 13b on the substrate 11. In the case where the substrate 11 also
serves as a back yoke, the substrate 11, magnetic member 13a and magnetic member 13b
may be formed integrally.

[0170] The magnets 12a and 12b may be fixed to the substrate 11 by an adhesive or the
like, but may previously be formed integrally on the substrate 11 on the side where the
magnetic members 13a and 13b are provided in the case of using a bonded magnet. In

this case, the magnets 12a and 12b and magnetic members 13a and 13b come into
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if there exist portions 121a, 121b which cover the magnetic members
130a and 130b, respectively, these portions substantially serve as
magnetic barriers having high magnetic resistance since they are thin.
[0178] The magnets 120a and 120b can be achieved by magnetizing the
bonded 10 magnet 120. Specifically, tRe portions interposed between the
magnetic members 130a and 130b are magnetized, and the portions

inthRad bR AR ek magagtized.suhstantiaty:dthe magnets 120a and
120b adjacent with the magnetic members 130a and 130b interposed
[olhetebetpeevcarapagnetized withsdifferent polasitiegn@icrMirAdensdinglyss to be
the first type magnetic path is also achieved by the magnetic 15 members
exfi3frianidvi30hin tHecrotdrtid 3y gimitarl2 dcatie dtan the Theveférentiv direction
g-axis inductance can be increased, and anti-saliency can be improved.
ard0 R 80h ¢ ipt Biim altdy eloped vidweintwisishetheghaisrlie efthalostosybsigntially to
developed in the circumferential direction. In the drawing, the upper side
privythiagsidie pink& stator, and symbols "N" and "S" respectively indicate

polarities exhibited by the pole faces of the 20 magnets 120a and 120b
[06fethe $idé BPH®StafoP RYIBE MEYREIARURMRIT suchsomAgRgs 122 and 120

. prevents the bonded magnet 128_ ositioned at the Porder between.the .
iofeRrgEE TBDERE FRBHLY o, RO DGAIEN S 12 S LR VR ecion ey

b ma%netic members 130a, 130b from being magnetized substantially,
UWREN$8rve as magnetic barriers between the magnets 120a and Lob.

is is hecause the 25 material for bonded magnet generally has a low
{0%—2?11ea%elﬁ?ﬁ%%%g%de%%?ﬁons 121a and 40 121b can be formed thin.

[0182] Eh 9%@%ﬁlﬁ‘?ﬁﬁéﬁi&{ﬁg%f&?ﬂ&ﬁ%%@?@%%%%@&&ﬁ?ﬁg to a second

employmeént of such structure increases the degree of contact between

iR nasness 42030 IRAAERE which is a plan view as viewed from the side of &

stator {not shown) in the case of constituting a motor along with the stator. Figs. 6 and 7
are sectional arrowed views in positions VI-VI and VII-VII, respectively.

[0174] The rotor 1B includes magnets 120a, 120b, magnetic members 130a, 130b and
a substrate 110 on which they are mounted. That is, the rotor 1B can also be employed
as a rotor with one pole pair (the number of poles: 2}.  The substrate 110 is also provided
with the shaft hole 10 at its center.

[0175] The substrate 110 and magnetic members 13a and 13b are formed integrally
employing, for example, a high permeable magnetic material such as iron, tron dust core,
or the like. That is, the substrate 110 also serves as a back yoke. It is desirable to
employ iron dust core for the substrate 110 and magnetic members 130a and 130b both in
terms of forming integrally and in terms of reducing iron ioss.

[0176]  The substrate 110 and magnetic members 130a and 130b are provided with a
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substrate 110 serving as a yoke in the rotor 113. Further, the rotor 113
can be formed with 5 improved adhesion between magnets and substrate
without separately bonding the magnets to the substrate. [0183] The
bonded magnet is a mixture of a binder such as resin and magnet dust,
and thus has a high electric resistancg; which can extremely reduce the
eddy-current loss as compared to the case of employing a sintered

botRI&r SR Magnet: G COUrsRica Fageaith hldmagneldnayhel s0layed 30b are
as the magnet dust, and in that case, the magnetic flux density generated

proYidbe. relerieanhe: iRcrensed:) [R184)Rig:8dsdadelrleped view showing a
modification of the present embodiment in which a modified structure of

[0thrg rotorhk Bdadievelaped i thés cisenrferertatdirectiohy thetipsrstructunterposed
the magnetic members 130a and 130b have their surfaces vary 15

besimusoiblakyaigntitie okgubafertiitimbokivdSHorh ek speaificaltjicarsindevaye Oa and
appears at the same frequency as the number of poles (1, here) of the

138or pée byeidedonesicr b2 thingitihe Bomeddrvithepietoreoentaerepstiifatalt cven
110 and magnetic members 130a and 130Db facilitates control of the

if ShahetEIIEappIidd dror theMiadr 4978 SR SBAgRRY Bt e iiftadsr 130b,
shaft, thus allowing the cogging torque to be reduced. 2Q [0186] The.use .
TeHHE B éi&fmgh@tslszm Se8E RIS A ﬁ%ﬁé%ﬁ)%‘&g high magnetic

magnets,lZO% and 12Qb, which facilitates control of the distribution of
re S RIGX "8 ARTiEH rom the rotor | B as in the modification shown in

[05@2#&%68 7111%%%#3@?3@%@ [ OLBeESageggvgci{ m%%il%st@é@%&%g@gg bonded

ufacturi € substrate with the nfagneti

m%“%%l;gg é%%%g_@arﬂ;;éemg&&w&% N AP EABLEIINEHPOSHONS hembers 130a

n, the bonded 41 magnet 120 is formed on top of

B ESOMEMBEIS: (gl 1 TQLPUMIAS e IN@HBSEH not magnetized substantially.
The magnets 120a and 120b adjacent with the magnetic members 130a and 130b
interposed therebetween are magnetized with different polarities.

[(179]  Accordingly, the first type magnetic path is also achieved by the magnetic
members 130a and 130b in the rotor 1B, similarly to the rotor 1A. Therefore, the g-axis
inductance can be increased, and anti-saliency can be improved.

[0180] Fig. 8 is a developed view in which the structure of the rotor 1B is developed in
the circumferential direction. In the drawing, the upper side is the side of the stator, and
symbols “N” and “S” respectively indicate polarities exhibited by the pole faces of the
magnets 120a and 120b on the side of the stator.

[0181] Magnetization with such polarities prevents the bonded magnet 120 positioned
at the border between the magnets 120a and 120b, ie., the portions 121a and 121b
covering the magnetic members 130a, 130b from being magnetized substantially, which
serve as magnetic barriers between the magnets 120a and 120b. This is because the

material for bonded magnet generally has a low permeability, and the portions 121a and
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distance to armature, it is desirable to planarize the surface of the bonded
magnet 120 on the side of the stator. The bonded magnet 120 may or
may not be subjected to magnetic field orientation at the time of molding,
and is easily magnetized anytime after molding to 5 obtain the magnets
120a and 120b. When performing magmetic field orientation at the time of
molding, it is also easy to give an optimized magnetic distribution in order

1249, feduceidhratians and noise. [0188] Further, by providing wedge-like
projections or recesses in the substrate and applying the bonded magnet

rolemoveriy filitheapestiansiitiebondedrthaghetiane suskistiate the aneplessent of
likely to be separated. [0189] If the bonded magnet 120 is present outside
suthesmagnetsnt30acanteldrethel bandedbeiageet th2risgorméddthiekdh20b and
the substrate 110 at that portion. Therefore, to make an unmagnetized
supgrticnl tHineitvisgesirable to dvinoide the otiwthetgbs vfithd Fragristiormed with
members 130a and 130b with the outer edge of the bonded magnet 120.
imPeoy&daediessothibaiesly, migisitislesebmiei e the b utgredghs bpading the
magnetic members 130a and 130b with the outer edge of the substrate
magptEg thosmbsifdtes the case where the outer edges of the magnetic

members 130a and 130b coincide with the out f the sybstrat
e o ors b o, 905 O SRS s, o

arqund the shaft hole 20 10 adjacent to the magnets 120a, 12 d
i FIBATE TSR RIS 1 ICIS o oRe e pagrent Joss as
embodiment Fig. 12.is a diagram illustrating t t , f C
S e L S R TR

m%%%\%t%%ﬁ%\é’%ﬁgﬁ%&hﬁ ﬁ%%ﬁ?xeg Tl ARt show) M8 £R38Ofiux density
g a motor along with the stator. Figs. 13 and

generated by the rotor can be increased.

[0184] Fig. 9 is a developed view showing a modification of the present embodiment
in which a modified structure of the rotor 1B is developed in the circumferential direction.
In this structure, the magnetic members 130a and 130b have their surfaces vary
sinusoidally in the circumferential direction. More speciﬁcaﬂ'y, a sine wave appears at
the same frequency as the number of poles (1, here) of the rotor per cycle.

[0185] Forming the bonded magnet 120 on such substrate 110 and magnetic members
130a and 130b facilitates control of the magnetic flux supplied from the rotor 1B
sinusoidally around the rotation shaft, thus aliowing the cogging torque to be reduced.
[0186] The use of the bonded magnet 120 increases the flexibility in shape of the
magnets 120a and 120b, which facilitates control of the distribution of magnetic flux
supplied from the rotor 1B as in the modification shown in Fig. 9.

[0187] Figs. 10 and 11 are perspective views illustrating a method of manufacturing

the rotor 1B.  The substrate 110 with the magnetic members 130a and 130b mounied in

predetermined positions is prepared (Fig. 10). Then, the bonded
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14 are sectional arrowed views in positions XIII-XIII and XIV-XIV,
respectively. The 42 rotor 1C has a structure in which magnetic members
14a and 14b provided magnetically independently are individually
mounted on the pole faces of the magnets 12a and 12b for coverage in
the rotor 1A (Figs. 1 to 3) shown in the:ifirst embodiment. Illustrated here is
the case where the magnetic members |4a and 14b are of the same type

mAndheMagnsimhedler apdot2heSintaias 12is a plan viewbamewedinterposed
rom the side of the stator, the symbols 14a (12a) and 14b (12b) indicate

didhatdhe magnets k3a endd2b arethidden iy hefmaghetichmelabersghéa) 20 on
14b. The pole face of the rotor | C serves as the surfaces of the magnetic

thanelnberd datand THs borie! sideret ) statoni{6L82)dntheulgtetct @ magnetic
the first type magnetic path is formed by the magnetic members 10 13a

fiekhariEBbasimitarietatheatordiygnddnsadditiom g sesbaeitype aiggnetéing to
path is formed by the magnetic members 14a and 14b provided closer to

obthin diteroighelstaitr ahdn e mighmosdaratae pwaTeii fdekherientation at the
presence of the magnetic members 14a and 14b in the d-axis direction as

tingh SRS 18 SaSURRAST IRcrEEsaY P tmRdimR e &I E RBinpdregrder o
to the rotor 1A. 15 [0193] The rotor 1.C can be manufactured similarly to

rediec BB IS A4 itagnetic members 14a and 14b are mounted on the

ne 1gaa d 12b,.respecti éaly.. Fig. 15 is. a perspective vie ,
OB ath GO P TEGASTIS TR 1 1 B R Herre o0d
this manner. While the shape of th netic. e %‘@p d substrat
apgk;?’d% i E%adfg Ps’q‘%%%ﬁﬁ?/ %f#glré)rll? roﬁn%'tgggﬁ@g%%cgr%%%% erg 1C’-,aa§n§u S

AT RO gy o P dosrton b detrein s el
[ohkamay bespads of £ MmageetisnerpRa e MaY bR REaYIdRd 130a and 130b, the
bonded magnet 120 is formed thick on the substrate 110 at that portion. Therefore, to
make an unmagnetized portion thin, it is desirable to coincide the outer edges of the
magnetic members 130a and 130b with the outer edge of the bonded magnet 120.  To
achieve this simply, it is desirable ;[.0 coincide the outer edges of the magnetic members
130a and 130b with the outer edge of the substrate 110. Fig. 10 illustrates the case
where the outer edges of the magnetic members 130a and 130b coincide with the outer
edge of the substrate 110.
[0190] In the rotor 1B, it is desirable that the gap 2G be provided around the shaft hole
10 adjacent to the magnets 120a, 120b and magnetic members 130a, 130b, similarly to the
rotor TA.
[0191]  Third embodiment

Fig. 12 is a diagram illustrating the structure of a rotor 1C according to a third
embodiment of the present invention, which is a plan view as viewed from the side of a

stator (not shown) in the case of constituting a motor along with the stator. Figs. 13 and

14 are sectional arrowed views in positions XIII-XIIT and XIV-XIV, respectively. The
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with the function as a back yoke for the magnets 12a and 12b. [0195]
Here, the thickness of magnetic member 13a, the thickness of magnetic
member 25 13b, the sum of thicknesses of magnetic member 14a and
magnet 12a, and the sum of thicknesses of magnetic member 14b and
magnet 12b are chosen to be equal taone 43 another. Provision of the
magnetic members 14a and 14b in the rotor | C on the side of the stator

rott HisHpanrRehbasdhe disarvaniage: aheliffiewty 48 educibgibeisidennidheically
motor in the axial direction, but facilitates device for reducing the cogging
indesenaigd adeidh fonobtaiving ket casotdlfdee deStrtbadgnetow2Hand 12b for
[01.96] Further, the arrangement of the magnetic members 14a and 14b
covlomer o threrside af thigsthtor thamtne imdgnétst tRdbadicne nitikekaged here is
eddy current, if occurred, to be more likely to occur in the magnetic
thawesabehsrt4heandgniticandmpheriehts tid ddburrersdehefsetngyixdfranthe magnets
inside the magnets 12a and 12b. This is particularly advantageous in the
12awdl dbmplayiegdemate ol GTIBW BTE R CViggietaten: & sidgintdhsgstator, the
rare-earth magnet 10 for the magnets 12a and 12b. This is be%aus? it i

syphekipiaa6lappresk Rt RGBS S BHES s Peherafth Bjitd‘lff’n by the
tsandi in irop loss. In oth ds, f high
RO R0 ey B HL I ey SriErEe Safbecipfees of te
m t for th d 12b wi -0l b h
magehe embery 'I‘zg,agé}?&%?r%%rf _fosi?ée?%Eg‘é%a‘%&f‘cem about the

nce of eddy current. course, employing a material of

101Q%,ron,|oss, &4 gg%é%&%@g 1l iaqc)%%%&%ﬁé@d HARRIESEN Brbers

positions where e current to occur permits reduction In

13590y qypsahiassy RLA8]3ieh advaataosispastionalysuitable fidhic path is
case of employing the rotor 1 C in a motor driven by a PWM inverter. This
fol$nP8IRUER GHAEREHoMELIRIRtha MEten BY thevided closer to the side of the stator
than the magnets 12a and 12b. That is, the presence of the magnetic members 14a and
14b in the d-axis direction as shown in Fig. 14 can further increase the g-axis inductance
as compared to the rotor TA.
[0193] | The rotor 1C can be manufactured similarly to the rotor 1A, and the magnetic
members 14a and 14b are mounted on the magnets 12a and 12b, respectively. Fig. 151s
a perspective view ilustrating a method of manufacturing the rotor 1C to be
manufactured in this manner. While the shape of the magnetic members 13a and 13b
shown in Fig. 15 is slightly different from the magnetic members 13a and 13b shown in
Fig. 12, no particular description for distinction is not made here. This also applies to
other embodiments,
[0194] The substrate 11 may be made of a magnetic member, and may be provided
with the function as a back voke for the magnets 12a and 12b.
[0195]  Here, the thickness of magnetic member 13a, the thickness of magnetic member

13b, the sum of thicknesses of magnetic member 14a and magnet 12a, and the sum of

thicknesses of magnetic member 14b and magnet 12b are chosen to be equal to one
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20 PWM inverter has a high frequency, and an eddy current is likely to
occur near the surface of magnetic members because of the skin effect.
[0199] Figs. 16 to 19 are all developed views in which various
modifications of the rotor 1C are developed in the circumferential
direction. In the drawing, the upper side is the side of the stator. In the
first modification shown in Fig. 16, the magnetic members 25 14a and 14b

anb@¥e a PRy ishapeibahpsaigrtsiansnd thie staiordiandde edgelldadn dic side of
the magnetic member 14a in the circumferential direction and an edge
thd4hitofithehinagaeie s niemberiidinigdhd ciffumfarentiatiduiegtite aiee of the
thinner than the central portions of the magnetic members 14a and 14b.
mdfhe iootgingitdrduectan, therdhyilbetredlssect; Simitediycing ths degigaghatque and
the tip of the teeth of the stator retracts from the rotor in a radial gap type
demetder SYoR00ERkeeraaw il teeleretind hdefication shown in Fig. 17,
the edges 14aE and 14bE may be beveled to be thinner than the central
[0B¥tlionEwihie fagHenesmeRiDE s anaaRRli ¢ ABCTOZ0 ] | ARl igsst to the
_in the third modification shown in Fig. 18, inclining the side faces of the

SigsRiebIAsECA ERR e BRARITHEUELTOR BRFEINeS o EtHRn b FStATish © b

10 ft) in the ci f tial direct [ tot ial directi
ST e e Sreten o epre o e Rl e
nin Fig. 19, so-called | I s. 141 i .
o T R A A s

cagé;] ?rfeeig ﬁggatﬁ%dé%%%ﬁm hhesuRplemental grooyes &%&%ﬂrﬁfg@m magnet

15 cycle of cogging torque, similarlyto supplementa

fodr@evesrqyided intheaxiahdirection.andhg teethssiviags ol atalqein@ion in

radial gap type motor.
efficiency due to heat generation of magnets and increase in iron loss. In other words,

the rotor of high magnetic flux density can be obtained employing a sintered rare-earth
magnet for the magnets 12a and 12b without concern about the occurrence of eddy
current.

01977 Of course, employing a material of low iron loss, e.g., iron, for the magnetic
members 14a and 14b present in positions where eddy current is likely to occur permits
reduction in eddy-current loss.

[0198]  Such advantage is particularly suitable for the case of employing the rotor 1C in
a motor driven by a PWM inverter. This is because current flown into the motor by the
PWM inverter has a high frequency, and an eddy current is likely to occur near the
surface of magnetic members because of the skin effect.

[0199] Figs. 16 to 19 are all developed views in which various modifications of the
rotor 1C are developed in the circumferential direction. In the drawing, the upper side is
the side of the stator. In the first modification shown in Fig. 16, the magnetic members
14a and 14b have a drum shape that projects toward the stator, and an edge 14ab of the

magnetic member 14a in the circumferential direction and an edge 14bE of the magnetic
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[0203] In the rotor IC and the above-described modifications, it is
desirable to provide the gaps G1 and G2, similarly to the rotor IA. While
the magnetic members Na and 14b do not always need to be of the same
type as the magnets 12a and 12b, the 20 dimensional relationship
between magnets and magnetic meméiers forming the second type
magnetic path will be described in a subsequent embodiment. [0204]

mdrsith egmpogimentiMnilethe: thirdcampadimentdiagdesaribashesasens of the

where both the first type magnetic path and second type magnetic path

maieentesenthdisl pessibleds, folrmcthesgeconskqRb typareagretic patianlyimilarly
When such mode is to be achieved by an embedded magnet type rotor of

to abradiafigathiy pecniptof, theistthctfinhavilbrathetrbas droerchimphicateda 48dial gap
[0205] Fig. 20 is a diagram illustrating the structure of a rotor ID according

type mdourth embodiment of the present invention, which is a plan view as
viewed from the side of a stator (not shown) in the case of constituting a

[0A%8tor divribewies thetbeateroriys i fipgtion shew s datibital ldr Sivediigisweral and
in positions XXI-XXI and XXII-XXII, respectively. The 5 rotor 1D has a

b s dsbavkied ndaihmetdaineratd Partiensy fe Basneicasmbers 14a

the rotor IA (Figs. 1 to 3) shown in the first embodiment, and a magnetic
541 mounted on the pole faces of the magnets 12a and 12b from

angj
ide of the stator to.cover th [ ded. [0206] Th tic.plat :
0 BB Gt U LE e S s Whrh S0 peBeA e side
to the shaft hole 10.to farther positions. netj ] X
e S R e s e S T
sh_lg_ﬁzf}]pﬁlg %chi%%?&mé&l MAYARIE %%%@}5%&4{@ and 240, IeSREEHVEMher allows

magnetic members 54a and 54b are connected to each other at the

sendspithe shits p5a and 55b on the outer peripheral

[0202] In the fourth modification shown in Fig. 19, so-called supplemental grooves
141 are provided on the surfaces of the magnetic members 14a and 14b on the side of the
stator in the radial direction. The supplemental grooves 141 can shorten and reduce the
cycle of cogging torque, similarly to supplemental grooves provided in the axial direction
on the teeth surface of a stator in a radial gap type motor.
[0203] In the rotor 1C and the above-described modifications, it is desirable to provide
the gaps Gl and G2, similarly to the rotor 1A. While the magnetic members 14a and
14b do not always need to be of the same type as the magnets 12a and 12b, the
dimensional relationship between magnets and magnetic members forming the second
type magnetic path will be described in a subsequent embodiment,
[0204]  Fourth embodiment

While the third embodiment has described the case where both the first type
magnetic path and second type magnetic path are present, it is possible to form the second
type magnetic path only. When such mode is to be achieved by an embedded magnet

type rotor of a radial gap type motor, the structure will rather become complicated.
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side with thin portions 56a and 56b interposed therebetween and at the
ends on the side of 15 the shaft hole 10 with thin portions 56¢ and 56d
interposed therebetween. The slits 55a and 55b are positioned between
the magnets 12a and 12b in plan view, and prevent the magnetic flux
from short circuiting. The pole face of ke rotor 1D serves as the surfaces
of the magnetic members 54a and 54b on the side of the stator. [0207]

roMfh sugh sigustyigatheaGaRlimMembensHiaAntSdh tRRbeabiained fourth

with 20 less number of components than in the case of forming

enibdividpallyfand sepasaiahelikenthehiohgnaticimervers ldavaddibab the thide of a
rotor 1C (Figs. 12 to 19) shown in the third embodiment, and the
stanagnetishplate bdhcandelinenstaaeathinastrengthloBneatbhhdhiatqortioigs. 21 and
56a to 56d are easy to become magnetically saturated, a short circuit of
22msgretionfllxmside traveoopibiisexierhelyXémral ev¥dh WhBnmspectively.  The
magnetic members 54a and 54b 25 are connected with these portions
roipterPdEed tiarsbaneehi (o dosmases ik aaTaBEHE Kk B éRsaa araiipd from the
54b suppress the occurrence of eddy 46 .current inside the magnets_12a
roggricl Aot | &ty TR R fieshH ARS8 $3a AP TABL S CBIRE ) | mounted
employing a material of low irgn loss, €.g., iron dust cor electroma‘gt;netic

ors e P RS RS Sita G e etior Bt the 1S Jofthefigitetie e them i

c
late 541 present in positions where eddy current is likely to occur
496&Pmits reduction in eddy-current loss. 5 [0209] Further, the area of the

ipanetis, ambers Siaand 4k, coysling, e ROl a6 6L MR f1adREln; from

n-eastly be made larger t rea of the pole faces.

po%}ﬂggsﬂ&?o%eﬁu%é%ﬂ?lﬁofl%c?@ is increassd.whils reduginga al;acgﬁ&;ec%mte 541

of magnetic flux inside the rotor by the presence of the slits 55a and 55

dimagnsiiisatiration insids he magnetic Rlaigiatdicandesedieade J8aft hole 10
[0210] It is desirable that the width of the slits 55a and 55b in the

s FCUMIBIanialk members 54a and 54b, respectively. The magnetic members 54a and
54h are connected to each other at the ends of the slits 55a and 55b on the outer peripheral
side with thin portions 56a and 56b interposed therebetween and at the ends on the side of
the shaft hole 10 with thin portions 56¢ and 56d interposed therebetwéen. The slits 55a
and 55b are positioned between the magnets 12a and 12b in plan view, and prevent the
magnetic flux from short circuiting.  The pole face of the rotor 1D serves as the surfaces
of the magnetic members 54a and 54b on the side of the stator.

[0207] With such structure, the magnetic members 54a and 54b can be obtained with
less number of components than in the case of forming individually and separately like
the magnetic members 14a and 14b of the rotor 1C (Figs. 12 to 19) shown in the third
embodiment, and the magnetic plate 541 can be increased in strength. Since the thin
portions 56a to 56d are easy to become magnetically saturated, a short circuit of magnetic
flux inside the rotor 1D is extremely small even when the magnetic members 54a and 54b

are connected with these portions interposed therebetween.

[0208]  And, the magnetic members 54a and 54b suppress the occurrence of eddy
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direction be chosen to be not less than twice the interposed distance to
armature. This is to make the magnetic resistance of the magnetic path
passing between the magnets 12a and 12b through the magnetic
members 54a and 54b higher than the magnetic resistance between the
stator and rotor, thereby reducing the 4hagnetic flux short circuit within the
15 rotor. [0211] Fig. 23 is a perspective view illustrating a method of

cuffanifarietingriagrator 2 iDnBh o miRdandtmangiattuneshionilddy tod 14b.
the rotor 1C. That is, the magnets 12a and 12b are mounted in the

Ofpredete renipiel pasitiongd@alPodridw 2bR dosthe subistratéust lcars péativatyggnetic
and the magnetic plate 541 instead of the magnetic members 14a and 20

stetlibhéRig stBkisl mountisebbndiives ieaigprats 1ika.dnd iRomTges po Slien a0 pesent in
slits 55a and 55b at this time are as described above. [0212] Of course

postitgpe yrivuifieddioperes shAWALNTREC G FsdHE P! EHRBUARTTERtoss.
may be made in the magnetic members 54a and 54b. [0213] Further, the

(0209 nefauberaths 498 ﬁ?&{)%@?@ﬂ%&ﬂﬁ@aﬁaﬁ%@ PingikEV B QrRgle faces

o (15 TR 08 I S5 A S5 uIBER A e e Toces

sifiefp oSl anvantages aleasymaniachie and ke SUPsH Afoneric

gne aan are mounte e omi

ﬂJQ%%éli?ﬁ{Q% o?tﬁ%a%i‘%g‘ﬁ?é‘s%?}%”gﬂﬁ{ei'%Yi?.«,'" s thescase of heing, YmRv:NAtinside

magnetized, and in addition, also involves the case of being magnetized

th@g{g&{g{!{g%ﬁ%{% it theaxialdigection and not containing a magnetized

component in the axial direction. [0215] Further, the substrate 11 may be

[op1age of.amagnatic Mames athmayike sprowWeedth Ihafuetionasmarential
back yoke for the magnets 12a and 12b. It is possible to

direction be chosen to be not less than twice the interposed distance to armature.  This is
to make the magnetic resistance of the magnetic path passing between the magnets 12a
and 12b through the magnetic members 54a and 54b higher than the magnetic resistance
between the stator and rotor, thereby reducing the magnetic flux short circuit within the
rotor. |

(02117 Fig. 23 is a perspective view illustrating a method of manufacturing the rotor
ID. The rotor 1D can be manufactured similarly to the rotor 1C.  That is, the magnets
12a and 12b are mounted in the predetermined positions 12aP and 12bP on the substrate
11, respectively, and the magnetic plate 541 instead of the magnetic members 14a and
14b (Fig. 15) is mounted on the magnets 12a and 12b. The positions of the slits 55a and
35b at this time are as described above.

[0212] Of course, shape modifications as shown in Figs. 16 to 19 in the third
embodiment may be made in the magnetic members 54a and 54b.

[0213] Further, the magnets 12a and 12b may be formed integraily by a ring-like
magnet. In that case, it is desirable to substantially unmagnetize in the vicinity of the

positions where the slits 55a and 55b are provided in plan view. This mode also has



10

15

previously form the substrate 11 and magnets 12a and 12b integrally by a
bonded magnet. In this case, so-called polar anisotropic orientation may
be employed. 10 [0216] In the case where the substrate 11 is made of a
magnetic member, the magnetic field from the stator is likely to flow from
the magnetic members 54a and 54b covering the pole face to the
substrate 11 bypassing the magnets 12a and 12b, so that the magnets

advedRaand d2haredesstiely hbesanie-demagnetizesh [WRitE]thifthagnets 12a and
embodiment 15 Fig. 24 is a diagram illustrating the structure of a rotor IE

128ceordingtal adifthe embediment of the present invention, which is a plan
view as viewed from the side of a stator (not shown) in the case of
[0ZDAstitliingeamattati atorgsitnthd statoro Figs. 26, 2Gsand27bareg  simply  not
sectional arrowed views in positions XXV-XXV, XXVI-XXVI and XXVII-
maeitere spdctiveddittne abtornmhvas Hsraturt IalnhiBR@E e magReteicularly
members 54c, 48 54e, 54d and 54f respectively mounted on the magnets
to maaind dines e andgARERN FiBmb a8 ams ind SammBRTHR BigaTdpiHEscton

stator to cover them are added to the rotor IA (Figs. 1 to 3) shown in th
(0%} embadifiente o] diffealyPa Ml dlicipiRigsas MotHEd %}eTF‘aY be

the side of the stato the 5 di12 d tic, . .
205 02 e o, SImagnls 100 SR SO, e
has a hole 540 | than.the shaft hole 10. And, th i

S BRI D T A AR e

1SRRI, 10,10 farther positians. nde Ragnefl gt a4p divided by

ese slits in the circumtferential direction serves as magnetic members

[Oéfﬂ t_o ¥ fthlsocggg %&MQE% spegifically. inplan M@Vm%ﬁi& ﬁﬁﬁrjﬁer, the magnetic

positioned between the magnet 12a and magnetic member 13a, the slit

ficadhiSPesitigned hetveonshe.masnat hebmRdetic members 54a and 54b covering
the pole face to the substrate 11 bypassing the magnets 12a and 12b, so that the magnets
12a and 12b are less likely to become demagnetized.
10217]  Fifth embodiment

Fig.l 24 is a diagram illustrating the structure of a rotor 1E according to a fifth
embodiment of the present invention, which is a plan view as viewed from the side of a
stator (not shown) in the case of constituting a motor along with the stator.  Figs. 25, 26
and 27 are sectional arrowed views in positions XXV-XXV, XXVI-XXVI and XXVIi-

XXVIL respectively. The rotor 1E has a structure in which other magnetic members 54c¢,
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magnetic member 13a, the slit 55e is positioned between the magnet 12b
and magnetic member 13b, and the slit 55f is positioned between the
magnet I2a and magnetic member 13b. 15 [0220] And, the magnetic plate
542 positioned between the slits 55¢ and 55d serves as the magnetic
member 54d, the magnetic plate 542 positioned between the slits 55d and
55e serves as the magnetic member 54e, the magnetic plate 542

54p0sitioNed betivesndhe slitsRandbSiigenvegastiemagheatib methbesgnetic
54f, and the magnetic plate 542 positioned between the slits 55f and 55¢

mSeh¢es 1as thel g fetic fresihesShe. 204022 L Thaimagreticdaémmbdrsrotor 1A
54c and 54d are connected to each other at the end of the slit 55¢ on the

(Fiautdrtpéripheval sidbeviitht artthindporion 56e interposed therebetween and
at the end on the side of the shaft hole 10 with a thin portion 56i
[02A88rpoSeetifhatbbetviesmetitenaty AdlicmmBnipe sosa dhs sia el dbpsesespn the
to each other at the end of the slit 55d on the outer peripheral side with a

magnetporiioEbfl el SEamdic HEtIEsIT i ot TR CRENGH Eh%.&e%wded
TGRS B Soh s COHRECIE O BRI HF db e BF igeneti
P L ﬁa"’a‘éﬁ%ﬁg““é%? S a‘%ﬂniﬁe i e shaf
B T A S SR e e

cn%ugﬁlé're Bl 9%’8{1} 52#%%’% HI%I?&!} @‘e%%%??%é‘IS@HQIW‘*e” and at the

&'sid 0 with a thin portion 561 interposed

@g begyeen, JheHplke f@x?ﬁ thesrotar Urserves a3 dhpsiifacesof 1 magnet
netic members 54¢ and 54e on the side of the stator. [0222] In

1angthen palatiofyisvpcthesmagratic FRMbeIsshimantadesouasingdhe: 12b and
magnetic member 13a, the slit 53¢ is positioned between the magnet 12b and magnetic
member 13b, and the slit 55f is positioned between the magnet 12a and magnetic member
13b.

[0220]  And, the magnetic plate 542 positioned between the slits 55¢ and 55d serves as
the magnetic member 54d, the magnetic plate 542 positioned between the slits 55d and
55¢ serves as the magnetic member 54¢, the magnetic plate 542 positioned between the
slits 55e and 55f serves as the magnetic member 54f, and the magnetic plate 542
positioned between the slits 55f and 55¢ serves as the magnetic member S4¢.

[0221] The magnetic members 54c and 54d are connected to each other at the end of
the slit 55¢ on the outer peripheral side with a thin portion 56e interposed therebetween
and at the end on the side of the shaft hole 10 with a thin portion 361 interposed
therebetween, the magnetic members 34d, 54e are connected to each other at the end of

the slit 35d on the outer peripheral side with a thin portion 561 interposed therebetween

and at the end on the side of the shaft hole 10 with a thin portion 56] interposed
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10 magnets 12a and 12b are connected to the magnetic members 54d
and 54f covering the magnetic members 13a and 13b with the
aforementioned thin portions interposed therebetween. [0223] The slits
55c to 55f prevent the magnetic flux from flowing between the magnets
[2a and 12b and magnetic members 28a and I3b in the magnetic plate
542. 15 Since the thin portions 56e to 561 are easy to become

thamRagheticallysattrated, ashestciglital magnetiedisy insidentbeheptar the isnd of
extremely small even when the magnetic members 54c to 54f are

thecannetied theoatanpthigherith side sei poatibins Reiposéd ithensbetivberebetween
[0224] It is desirable that the width of the slits 55c to 55f in the
andirguthéeradtiah 20ediidetion the chaiehole B& gratter thém roetipre ffbséeterposed
distance to armature, unlike the case described in the fourth embodiment.
theTefistisdsncausshhenagaghie tiecpztprpadsirnstArsuth apnpsigghistigach other at the
members 54c, 54d and 54e between the magnets 12a and 12b has two
end|itd B5c SHdB5dOT0 8T PRFI@Fighealinide avd e (CHs P BREIM pl8Yirdg etposed
the width of the slits 55c to 55f 25 in the circumferential direction equalto .
theFrbRiSEGTIA ﬁ-fett%ﬁ&awqu?eﬁﬁaﬁkﬂ‘ﬁe%%&ﬁs@‘%b@ﬂ%ni% %i'thé Bbyéertion 36t
. between the magnets 12a and 12b and magnetic members 13a and.13b,
mtBB%H_Sa% H&T%‘?ﬁ} §?‘1e§§% B(g‘?n 3Cgere0§rﬁeen% e 1;%(?&%\!0-@1,3 the tsil}ﬁssggéct%s of the
magg%‘%%y;g@ﬁgﬁgg%ét% dgg%logli an s%tl(%_rger when designing with

eW _ aekagg ?qu %v?t metﬁe rof_or | E, and smaller when
[{}.m g %2&9 1%?:%%%\/{3%2%{00?% m&l? %ﬁgﬁét%ﬁbmI%A&@C%%dogmecovering the

12b widely. [0226] With such structure, the magnetic

migdugtange of the,sgeond ixpe MaanetiaRat canhssmadgisiliamevering the

and anti-saliency can be improved. Further, the number of

magnetic members 13a and 13b with the aforementioned thin portions interposed
therebetween.

[0223] The slits 55¢ to 55f prevent the magnetic flux from flowing between the
magnets 12a and 12b and magnetic members 13a and 13b in the magnetic plate 542.
Since the thin portions 56e to 56l are easy to become magnetically saturated, a short
circuit of magnetic flux inside the rotor 1E is extremely small even when the magnetic
members 34¢ to 34f are connected to one another with these portions interposed
therebetween.

f0224] It is desirable that the width of the slits 55¢ to 55f in the circumferential
direction be chosen to be greater than the interposed distance to armature, unlike the case
described in the fourth embodiment. This is because the magnetic path passing through
the magnetic members S4c, 54d and 54e between the magnets 12a and 12b has two slits
55¢ and 55d.

[02251 While Fig. 24 illustrates the case of employing the width of the slits 55¢ to 55f

in the circumferential direction equal to the gaps G1 in the circumferential direction
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components can be less, and the magnetic plate 542 can be made
stronger than in the case of forming the magnetic members 54c to 54f
individually and separately. Of course, 10 employing a material of low iron
loss, e.g., iron dust core, electromagnetic steel sheets stacked in a
suitable direction or the like, for the magnetic plate 542 present in the
position where eddy current is likely to occur permits reduction in

po@ddycauirant Inssiel G2wLEigh2&is@perspeetide IMewiilusisahietgcanembers 13a
method of manufacturing the rotor IF. The rotor IF can be manufactured

an&imianydo dhesotdniys Thad is, teamagneteds 12handiipbfahe sissntedio 551
in the predetermined positions 12aP and 12bP on the substrate 11,

in taspéactivelycatia theenagnetichslate Bagisvhoudesitomgheithaghists kppeducing
and 12b and magnetic members 13a and 13b. The positions of the slits

thesBekegsSiust titbitirthe aptond Fdend sbwd goaben s wéilrdaiendpebtaining
modifications as shown in Figs. 16 to 19 in the third 20 embodiment may

thepahsadahnals fegetibaanepeis5aced 24P 19995} Further, the

substrate 11 may be made of a magnetic member, and ma ovided

2 , b :
(0330 thOTUhtioh S5 BERAoREAB IR HIAGAREE SoLPBAECLS qis meshet path
possible to previously form the substrate 11 and m ts 12 12h )
ce S FRo oRion HAGRUC R B o0 e o Anogumber of
orientation m e emplgyed. 25 [0230] | h . .
o B TR AR A MRS IR e o

of FAGNSE $ed,anddeP Rassing YHoughAne [AAGAGHE MEMRESI3RIPr Of course,
it |

magnetic member 13b, one slit and substrate 11, so that it is desirable

iDL Wiy 9f 81t 8 e NAseTLiQ Renakizsadhar WicshR IgMeRedee] sheets
Istance to armature. [0231] Sixth embodiment 5 Fig. 29 is a diagram
stalusirating the Hracie i sptar fiacCRiEing teacsid plate 542 present in the
position where eddy current is likely to occur permits reduction in eddy-current loss.
[0227] Fig. 28 is a perspective view illustrating a method of manufacturing the rotor
1E. The rotor 1E can be manufactured similarly to the rotor 1D. That is, the magnets
12a and 12b are mounted in the predetermined positions 12aP and 12bP on‘the substrate
11, respectively, and the magnetic plate 542 is mounted on the magnets 12a and 12b and
magnetic members 13a and 13b. The positions of the slits 55¢ to 551 at this time are as
described above.
{0228} Of course, shape modifications as shown in Figs.. 16 to 19 in the third
embodiment may be made in the magnetic members S4c to 341
[0229] Further, the substrate 11 may be made of a magnetic member, and may be
provided with the function as a back yoke for the magnets 12a and 12b. It is possible to
previously form the substrate 11 and magnets 12a and 12b integraily by a bonded magnet.

In this case, so-called polar anisotropic orientation may be employed.

[0230] In the case where the substrate 11 is a magnetic member, the magnetic flux
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embodiment of the present invention, which is a plan view as viewed from
the side of a stator (not shown) in the case of constituting a motor along
with the stator. The substrate 11 is provided with the shaft hole 10 at its
center. Four magnets 12c, 12d, I2e and 12f are provided on the substrate
11, and the magnets 12c¢ and 12e preSents a first 10 polarity (e.g., N
pole), and the magnets 12d and 12f presents a second polarity (e.g., S
flopal®)respetiivelyowith Féspact 1@ bhpastateritthisgidbohthgnshieanefiber 132 or
drawing). Accordingly, the rotor IF can be employed as a rotor with two
magoleipairsnithe bmberdt polesbayafo232jarhelrdtordesides hot Heveidth of slit
magnetic members between the magnets, similarly 15 to the rotor 1 D
be @higrsn20 bs 29) lshoibatiiwire fha i SRIBBUIMERICa I BREYSetic plate
543 is mounted instead of the magnetic plate 541. The magnetic plate
10343 haSiwe wohedasfarger than the shaft hole 10. The magnetic plate

542 has.opening through slits 55¢ to_55j extending from positions close to .
the shaftthoit B0 14FIHR P ELHEERS, B ‘”fPi‘émFﬁaogpnaeﬁ%1 ’%Oa?[g BFSTNRdY @ sixth

e"ﬁ%{é hese slits.in the cwcumfe{}.;%ntlal direction f,er\(fcles as 20 mgcg?etlc

8% 4%1 %3’ Tﬁfﬁbﬁ?’fp W As Vl@\}f o1 éhe_ side of a

6?’e‘%%8%ﬁ‘?c%l%??n plan view, the slit 559 is

st %fi iof e%x]g\%’ﬁ’ ei%nE@ei%‘f&ﬁ%g%ﬁ%ﬁéﬁ&%1&%%1815'&56@1 ISRosiionedy  The

een the magnets 55iis positioned between the

sugg?fg{ée 3 ilsiﬁaqgeﬁz&u’apglé%ﬁlfth%% i@&@%@%ﬁ@petw_gﬂ%ﬁg%é@%t?zd, 12e
12t and 12e. 25 [0234] And, the magnetic plate 543 posmonedbbetween

antD8 FSORI AN SBEVER3Eathe MagNels MEMPRr PAgathel MagRelts a first
plate 543 positioned between the slits 55g and 52 55h serves as the

pdlaanetic merpbry 54l the magnetic plated43masiioned batweepolasty (e.g., S
slits 55h and 55i serves as the magnetic member 54i, and the magnetic
paMater&g3ctively, with respect to the stator (this side of the sheet of drawing).
Accordingly, the rotor 1F can be employed as a rotor with two pole pairs (the number of
poles: 4},
[0232]  The rotor 1F does not have magnetic members between the magnets, similarly
to the rotor 1D (Figs. 20 to 22) shown in the fouﬁh embodiment, and a magnetic plate 543
is mounted instead of the magnetic plate 541. The magnetic plate 543 has the hole 540
larger than the shaft hole 10. The magnetic plate 542 has opening through slits 55g to
55] extending from positions close to the shaft hole 10 to farther positions, and the
magnetic plate 543 divided by these slits in the circumferential direction serves as
magnetic members 54g to 54;.
[0233] More specifically, in plan view, the slit 55g is positioned between the magnets
12¢ and 124, the slit 55h is positioned between the magnets 12d and 12e, the siit 351 18
positioned between the magnets 12¢ and 12f, and the slit 55 is positioned between the
magnets 12f and 12c¢.

[0234] And. the magnetic plaie 543 positioned between the slits 33} and 55¢ serves as

the magnetic member 54g, the magnetic plate 543 positioned between the slits 55g and
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positioned between the slits 55i and 55j serves as the magnetic member
54j. [0235] Similarly to the rotor 1D (Figs. 20 to 23) shown in the fourth
embodiment and 5 rotor IE (Figs. 24 to 28) shown in the fifth embodiment,
adjacent ones of the magnetic members 549 to 54j are connected to each
other at the ends of the slits 55¢g to 55j2on the outer peripheral side and
on the side of the shaft hole 10 with thin portions interposed

55thereketwetn. nthegtierfacdaf tha, ritonbkgseticesias this sufacesdbthecen the
magnetic members 549 to 54j on the side of the stator. 10 [0236]
sliSirhiarkyntd e slits&s5astalEShuasetibethémibe fodictred Bodimegesindplate 543
fifth embodiment, the slits 55g to 55j blocks the magnetic flux from flowing
pobigianed hehecom synsts $3t andoSipecivahesrifegnegecplatecsd®r Pdither,
since the thin portions in the rotor IF are also easy to become
[0¥agnefibailrdatartedcsanildH{figtned éfprééawh%ﬁﬂaﬁéa fpisth smbpdiment and
56a to 561, a short circuit of maﬁ?etlc flux inside the 15 rotor IF is

rolggtidERLS AR PEN RS tHetRiaBHBRIPRIABERS 8454654 KRe0 " the magnede
onnected to _.each other with these, porti

DS SR ST AnLh O EH AP TS TR BIE g Lot on the
flfth em od me tca btained. F rth th t d

o STRABTNEL G50 SR LRI [0 AGESLIGI0 s

thereqF %recuoﬂie dhat gﬁ% e jﬁ% g&r& Oipr%!%\tQé:%% A Ane FRfors I AtRe magnetic

inclined with respect to the ra Irection. Thus, so-called skews are

méipdedh which canfedies Medogaing torque. [0238] In Fig. 29, the line

connecting the end of each of the slits 55g to 55j on the outer peripheral

0sitls andithe.eenie i afiaes kates IFsisRhavuasaihskewangietlative tend fifih
the line connecting the end on the side of the shaft hole 10 and the center

endbfitherotelel F1ib3 pdithe Tase 6itsl thedagigesiis fllustfatedfibuitiebdieen the
case in which the slits 55g to 55j

magnets 12¢ and 12d in the magnetic plate 543, Further, since the thin portions in the
rotor 1F are also easy to become magnetically saturated similarly to the
already-mentioned thin portions 56a to 561, a short circuit of magnetic flux inside the
rotor 1F is extremei}; small even when the magnetic members S4g to 54i are connected to
each other with these portions interposed therebetween.

[0237] With such structure, effects similar to the fourth embodiment and fifth
embodiment can be obtained. Further, in the rotor 1F according to the present
embodiment, the slits 55g to 55] are inclined with respect to the radial direction, so that
the borders of pole faces of the rotor 1F are inclined with respect to the radial direction.
Thus, so-called skews are provided, which can reduce the cogging torque.

[0238] In Fig. 29, the line connecting the end of each of the slits 55g to 55j on the outer

peripheral side and the center Z of the rotor 1F is shown as an skew angle relative to the

line connecting the end on the side of the shaft hole 10 and the center Z of the rotor 1F,
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extend linearly is shown, but they may extend in curve. [0239] Further, the

magnets 12c to 12d may be formed integrally by a ring-like magnet. In

that case, it is desirable to substantially unmagnetize in the positions

where the slits 5 55g to 55j are provided in plan view. This mode also has

advantages of easy manufacture and ihat the substrate 11 on which the

magnets 12a and 12b are mounted can be omitted. In the case of omitting
anth@isubsiratd 1 Heitris:désitableatedsubfectithe thagaetsn telpolatheniBotidpido 55)

orientation. [0240] It is desirable that the width of the slits 559 to 55j in the
extindlimnferéntiadhd @rdibectiory beagotenito bemmeot less than twice the

interposed distance to armature, similarly to the case described in the
[0386ith Evrthstlithe maTinttsisdsdcalsbring hraigiewe prasrehrobys Wrschighaagnet.

magnetic flux short circuits between adjacent magnets flows_corresponds |
In ttheneassit {09 AEHiobko (RsBibsHEpe HUHRABRSHE A SHEVR SHIRTS SV 1g folhe siits
_19in the third 15 embodiment may be made in the magnetic members
S3ga¢Pto’Suj (e 2R iEl5ithEt, H%@sdb%‘f"rateTﬁ%’gﬂ?‘gé BT AOApkELe of casy

member, and may he provided with the function as a.hack for the
m?ﬁ&él?@%?f? &W&‘Edﬁ%&%& iBie 't ]Cpk)lr&eforﬁ% RS ﬁw%ng%gr% prjqunted can
and.magnets 12c and 12d.jntegrall a ed. .In this:
<A PO AR B Ay T Doy B o B e

to Eo?g?%alﬂs\éi@g\%ﬁchﬁr%ﬁgt%ﬁpw 1F1 according to a modification Qf the_ sixth
mbodiment ©f the present invention. The rotor 1F1 has a configuration

[0%] they, slits pagpohna0tand.aRhohthesotard s srergxiendadin Wigkhm ferential

Spgcifical[y, both ends of one slit in the circumferential direction are
ditpelipgdwitth tespe st toothesadial dirretian infngsdbe diasada whighathe:, similarty

angle formed by lines respectively dividing the skew angles is 25 30
todgRreascisitidstratech the fourth embodiment. This is because the magnetic path
through which the magnetic flux short circuits between adjacent magpets flows
corresponds to one slit.

[6241] Of course, shape modifications as shown in Figs. 16 to 19 in the third
embodiment may be made in the magnetic members 54g to 54.

[0242] Further, the substrate 11 may be made of a magnetic member, and may be
provided with the function as a back yoke for the magnets 12¢ and 12d. It is possible to
previously form the substrate 11 and magnets 12¢ and 12d integrally by a bonded magnet.
In this case, so-called polar anisotropic orientation may be employed.

[0243]  Fig. 30 is a plan view showing a rotor 1F1 according to a modification of the
sixth embodiment of the present invention. The rotor 1F1 has a configuration that the
slits 55g, 55h, 55i and 55j of the rotor 1F are extended in width. Specifically, both ends
of one shit in the circumferential direction are inclined with respect to the radial direction.
And, the case in which the angle formed by lines respectively dividing the skew angles is

30 degrees is illustrated.
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54 [0244] By extending the slits in this manner, the magnetic flux

concentrates on the center of each of the magnetic members 549 to 54

in plan view, which may increase the torque. 5 [0245] Seventh

embodiment The first to sixth embodiments have specifically described

the structures of the rotors 1A to IF. Either of the rotors according to the

present invention as illustrated in these embodiments may be combined

with a conventional axial gap type stator to constitute an axial gap type

motor. Of course, in either of the rotors obtained by the 10 present
[OIehdéntiGly, theestiingtube ofithersthiorimmatrlirtfitethtgubiacstitsr@egeatstgpon the

3 which will be described later. [0246] In the present embodiment and an
ceriighti erpibofiiemaghetistroetbersPasstatdt] thaplearyise emprdyapwingrease the

the rotors according to the present invention and the structure of a motor
orgltained by combination with the rotors will be illustrated. 15 [0247] Fig.

31 is a perspective view illustrating the structure of the rotor IF and stator
[0t c'ga)‘“rY HEPYIBYEECRSr the motor according to the present invention.

Whil ing. di bl tati 90.in,Fjg. 31, th
otor 17 SR EALlar e SRR A ATy SLeA o R Folbg A es of e
) 0.,[0248 implicity,.the case i ich skews. t ' :
o 0 e SR R SRR e e AR
T G gtgh%}aw %&ﬁﬁ&aumegl&mmﬂm%fog@? IRt or 1o
axis center 90, and ‘magnetic cores 221 to 226 standing almost in parallel

co G LARNR RS, GepienIR ANASlisResed apauiatY.areUndile ENRIE by the
axis center 90 are provided on the surface 210. The magnetic cores 221

priR22GRgRsaY iR alaserdQ thad alatdhandbeiimited to the stator 2 or a stator 3

which will be described later.

[0246] In the present embodiment and an eighth embodiment, the structure of a stator

that can be employed with the rotors according to the present invention and the structure

of a motor obtained by combination with the rotors will be illustrated.

[02471  Tig. 31 is a perspective view illustrating the structure of the rotor 1F and stator

2 that can be employed for the motor according to the present invention. While being

disassembled along a rotation axis center 90 in Fig. 31, the rotor 1F and stator 2 are each

practically stacked along the rotation axis center 90.

[02481 For simplicity, the case in which skews are not provided for the slits 55g to 55j

of the rotor 1F 1s illustrated here.

f0249] A substrate 21 in the stator 2 has a sarface 210 perpendicular to the rotation axis

center 90, and magnetic cores 221 to 226 standing almost in parallel to the rotation axis

center 90 and disposed annularly around the rotation axis center 90 are provided on the

surface 210. The magnetic cores 221 to 226 are provided closer to the rotor than the

substrate 21.

[0250] A high permeable magnetic material such as iron may be employed for the
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25 substrate 21. [0250] A high permeable magnetic material such as iron

may be employed for the 55 magnetic cores 221 to 226. While the case in

which the magnetic cores 221 to 226 show rounded triangle poles is

illustrated here, another configuration may be employed. [0251] The

substrate 21 and magnetic cores 221 1d 226 may be formed integrally by,

for example, iron dust core. 5 [0252] The substrate 21 may be either a
mapagheticenéber 26a nBitieagnetiscmewibeh thutitgadasiabie2fdl to 226 show

employ a magnetic member in order to make it serve as a back yoke for
roghderhiitpmetic poreds2dusear26h 402 88pvinaing 23ies 286 heewblargd-

around the magnetic cores 221 to 226, respectively. That is, the windings
[0231 to TBe arestpecily snsunacarsiinePie TRadRetd Tt dredomedgaisgrally by.

by concentrated winding absolutely independently in. different phases.
forginpmaife WRRAIHYSERR in one layer in the direction of the rotation axis

center 90 without oyerlappjng,.the amount of copper is small, and th
(05 lonslH TN i PRSI COMRFS8 At B g member

In Figs. 31, conductors of each of the windings_ 231 to 236 .are not .
A R S A St
fo%/vt&?edimn sﬂZ§C1 581,283%@% \Q/?é{nd as _thrge-phase yvindings, and fqrm pairs

in" éacirphase. And, the pairs of windings are disposed in positions

rosbiffed 48Qafrom each, other indhe Gircmiferantialdireetion AdebY221 10 226,

flowing current to the windings 231 to 236, a magnetic flux is generated

re ;%%ﬁ@él 1 ofthe Wingings 231 {0 286, [9205ldmhe case Whrkehel ¥afehagnetic

nstitutes a motor along with a rotor with one 20 pole pair, magnetic
coiexes ptoppesite phrsesde Lachdatheiatg generatestyctils oneliphirenf phases.

windings. In the case where the stator 2 constitutes a motor along with a
Siptorhwithindings are in one layer in the direction of the rotation axis center 90 without
overlapping, the amount of copper is small, and the dimension in the direction of the
rotation axis center 90 can be reduced. In Figs. 31, conductors of each of the windings
231 10 236 are not minutely shown but shown collectively per winding.

[0254]  The windings 231 to 236 are wound as three-phase windings, and form Iﬁairs in
cach phase. And, the pairs of windings are disposed in positions shifted 180 * from each
other in the circumferential direction. And, by flowing current to the windings 231 to
236, a magnetic flux is generated from each of the windings 231 to 236.

[0255] In the case where the stator 2 constitutes a motor along with a rotor with one
pole pair, magnetic fluxes of opposite phases to each other are generated by this one pair
of windings. In the case where the stator 2 constitutes a motor along with a rotor with
two pole pairs, magnetic fluxes of the same phase to each other are generated by this one
pair of windings. Since the rotor 1F illustrated in Fig. 31 has two pole pairs, magnetic
fluxes of the same phase to each other are generated by the aforementioned one pair of

windings
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two pole pairs, magnetic fluxes of the same phase to each other are
generated by this one pair of windings. Since the rotor IF illustrated in Fig.
31 has two pole pairs, magnetic fluxes of the same phase to each other
are generated by the aforementioned one pair of 25 windings 56 [0256]
While Fig. 31 illustrates the case in which a magnetic plate 24 is mounted
on the magnet cores 221 to 226 in the stator 2, this may be omitted. The
magnetic plate 24 is provided with a central hole 250 and slits 251 to 256,
all extending therethrough. The 5 slits 251 to 256 are provided to extend
[025rughwirem Fie ihheliperiphetal side {thelside ointeaantialtdtei250toted on
the outer peripheral side of the magnetic plate 24 while leaving thin
theortions 025 2R Intpl2RivievhalkrigtAethatation bxisnuietster 90)theagantiaplate 24
hole 250 is surrounded by the magnetic cores 221 to 226, and the slit 251
is fwinidedosill betwsehttie 250 mdgihistie totes 20 1rB sy topdinghdeptbpeh.  The
between the magnetic cores 222 and 223, the slit 253 between the

slitaaghdtic ebras Doy isd toariand Shtorsh Hotndbh IS RsHRBERICHASS B ide of
and 225, the slit 255 between the magnetic cares 225 and 226, and t .

the epsal folreet) mefmaﬁaﬁeeem@’%z%d&n%? é%%%%‘éj af @ﬁh“ﬁf%?hlemg

hma%netic plate 24 provided, the likelihood that the thin portions 15

YRS  hagnetically saturated and the presence of the slits 251 to 256

Uiy bttt G e SR U

from short cﬁrcuiti%g e e magne ate 24.’In other words, the

%m@gﬁpﬁ%wgé%w%éégggg%&%fi %%Wﬁg%%cmﬁeﬂﬁ@%ﬁ% 261 10,206,688 between the

Interpose N a pair o s, and the magnetic members 261 to 266

mAa¥Ravsdhefingtion of subsiantiallywideningthe Rele Jace9 e el 223, the slit
magnetic 20 cores 221 to 226.

253 between the magnetic cores 223 and 224, the slit 254 between the magnetic cores 224
and 225, the slit 255 between the magnetic cores 225 and 226, and the slit 256 between
the magnetic cores 226 and 221,

[0258] Even with such magnetic plate 24 provided, the likelihood that the thin portions
become magnetically saturated and the presence of 'the slits 251 to 256 prevent the
magnetic fluxes generated from the magnetic cores 221 to 226 from short circuiting due
to the magnetic plate 24. In other words, the magnetic plate 24 serves as six magnetic
members 261 to 266 each interposed between a pair of slits, and the magnetic members
261 to 266 may have the function of substantially widening the pole faces of the magnetic
cores 221 to 226.

[0259]  Since the windings 231 to 236 are enclosed in the border areas between each of
the magnetic cores 221 to 226 in the circumferential direction, the border areas cannot be
reduced. However, the pole face of the stator 2 can be grasped as the surface of the
magnetic plate 24 on the side of the rotor. Therefore, the substantial widening of the
pole face by the magnetic cores 221 to 226 than the magnetic cores 221 to 226 makes it

casier to make the magnetic flux density between the rotor and stator uniform.

[0260] It is desirable that a suitable value for a width G3 of the slits 251 to 256 in the
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[0259] Since the windings 231. to 236 are enclosed in the border areas
between each of the magnetic cores 221 to 226 in the circumferential
direction, the border areas cannot be reduced. However, the pole face of
the stator 2 can be grasped as the surface of the magnetic plate 24 on
the side of the rotor. Therefore, the subystantial widening of the 25 pole
face by the magnetic cores 221 to 226 than the magnetic cores 221 to 226

cirlakRs:Hengiesdoomakestheshagnretiedluxidensityifefneen theuatorantmature.
stator uniform. [0260] It is desirable that a suitable value for a width G3 of

Thibasshteakd oM i thebercitetunienditiatdioaetion besetonofhlessthatic path
twice the interposed distance to armature. This is because a magnetic

ledhanp drecoeraspondinghtorongslit existban e maghetivithathibeakitng, and on the
between two of the magnetic members 261. to 266 within the stator, and

ottwn tvedotther hagnktthepattadlvatiog dbiofiaivitiy thebugtPticarstarybs kateen the
returns between the 5 stator and rotor. [0261] The magnetic plate 24 and

statgagnetietplate 543 are desirable in terms of allowing magnetic fluxes to
be exchanged efficiently between the rotor and stator, provided that th ,

(02halalmbit BAEBFI Ele A BRI SGAE UPRMEF b g ecallo ing
plate, 24. also serves to protect the W'nd,lén s 231 to 236. 10 [0262] Fig. 3

RSB SN D1 RADITH0 COr ey SmBr R R ed tht
shown in Fig. 31 along the rqtation axis,center, 9Q, and the interposed.. .

e DAL A D0CH s S o i BRRR e plae 24
illustrating a ¢ mRfes 0 \(vpdcﬁ e above-mentioned motor 100 is

alSaOpSpﬁfg%S. “?n%&gr %%(?I?(sg g %t\%n by usgi?}g a side view. 15[0264] A

gl fananntn o cagte s e
shEQMRRESsed highLPHeeSUISiion axis center 90, and the interposed distance to armature
& is illustrated.

[0263] Fig. 33 is a sectional view illustrating a compressor 200 to which the
above-mentioned motor 100 is applied. The motor 100 is shown by using a side view.
[0264] A coolant s supﬁlied from an inlet pipe 206. and the coolant is compressed by a
compression element 205 driven by the motor 100, and the compressed high-pressure
coolant is discharged from a discharge pipe 207. The uvse of a radial gap type motor
causes a problem in that even ice machine oil goes out from the discharge pipe since an
air gap communicates with the discharge pipe without its top shielded.

[0265] However, when employing the axial gap type motor 100 as in the present
invention, ice machine oil can be dropped by centrifugal force from the lower surface of
the rotor 1F disposed on the upper side toward the sidewall of the compressor 200, which
is desirable in terms of reduction in oil coming-up.

[0266]  Further, a balance weight 208 attached to the rotor 1F on the opposite side of
the stator 2 can be increased in diameter, and thus can be reduced in length in the

direction of rotation axis.

[0267] The compression element 205 is more suitable when disposed below the motor
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coolant is discharged from a discharge pipe 207. The use of a radial gap
type motor causes a problem in that even ice machine oil goes out from
the discharge pipe since an air gap communicates with the discharge
pipe without its top shielded. 20 [0265] However, when employing the
axial gap type motor 100 as in the present invention, ice machine oil can
be dropped by centrifugal force from the lower surface of the rotor | F

1 0disposRG 9Mdhepperisidedonaid tber Bidawallibf thecohfptessoi2@0, diameter.
which is desirable in terms of reduction in oil coming-up. [0266] Further, a
Whaladispoueighir208maitactied:tathésrotondBah ihehepipositecside ofl.2® tHet it is
stator 2 can be increased in diameter, and thus can be reduced in length
defirihie wiBetior dfootatipresaris2§0267jBHE.compression element 205 is
more suitable when disposed below the motor 58 100. This is not to stir
[0208lice Thachinmpitsmdemss hstdriNEhRy & daiferiiesn SEerighem @ single phase,
disposed horizontally, the rotor is immersed in the ice machine oil, so that .
thyrdieguen abre WianpudEing ormplassbrod dirertichily ISP PRE ARpiged in
circuit may be driven by a thr e-phg{lse inverter..In a singl .i?hase 5 the
[

fofiricsticoPBttion! s QIS S BERLIOLHE HRPL Y (Y Bicgifsn: waveform

1co‘[nd(%licated in_four or more phases. In terms of control of torque ripple,
S R/ﬁ?dn@uwevrﬁ waveform should be a sine wave. [0269] Since the

oGRUPIeS3 AL 20051y IS the mONer WA SIIBIBVING 1o e ot

. 11’1({6 :
cording 1o the present invention, the compressor efficiency is hi S

AR 0 S SR e comas gpatls a
saw&%g]alp:@itag’t‘i&m%@%mpresmr is possible even when employing the rotor other
than that of the present embodiment.
[0270] Eighth embodiment

Fig. 34 is a perspective view illustrating the structure of the rotor 1F and stator
3 that can be employed for a motor according to the present invention. While being
disassembled along the rotation axis center 90, the rotor 1F and stator 3 are each
practically stacked along the rotation axis center 90. Fig. 35 is a perspective view of a
magnetic member 30 provided for the stator 3.
[0271] The magnetic members 13a and 13b (Figs. 1 to 4) provided on the substrate 11
are hidden by the substrate 11, and thus do not appear in Fig. 34. Conductors of cach of
windings 33a, 33b, 34a, 34b, 35a and 35b are not minutely shown but shown collectively
per winding.
[0272]  In the magnetic member 30, a substrate 31 has a surface 310 perpendicular to
the rotation axis center 90, and first-stage spacers 311, 313 and second-stage spacers 312,
314 are provided on the surface 310. Magnetic cores 321 and 324 stand respectively on
the first-stage spacers 311 and 313, and magnetic cores 322, 323 and magnetic cores 325,
326 stand respectively on the second-stage spacers 312 and 314, all almost in parallel to

the rotation axis center 90. The magnetic cores 321 to 326 are disposed annularly in this
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Fig. 34 is a perspective view illustrating the structure of the rotor IF and
stator 3 that can be employed for a motor according to the present
invention. While being 15 disassembled along the rotation axis center 90,
the rotor IF and stator 3 are each practically stacked. along the rotation
axis center 90. Fig. 35 is a perspectivasiew of a magnetic member 30
provided for the stator 3. [0271] The magnetic members 13a and 13b

ordEi9Sohia AProvdes pndhesubstaterhl atedniddesorystheisubsiated brovided
and thus do not appear in Fig. 34. Conductors of each of 20 windings

c133a138k,r3da (B4bidxaanad @5 are not minutely shown but shown
collectively per winding. [0272] In the magnetic member 30, a substrate
[0313has Ehsuifacet8t0sperpantlit utad td thea diatlioprexidedenteh®Bpdack 310, and
first-stage spacers 311, 313 and second-stage spacers 312, 314 are
exprovivéd on tiglksurfat83damtagnetic corawdRrrid xgstamdbut are separated
respectively on 25 the first-stage spacers 311 and 313, and magnetic
frepreasBRthes3 HiiSAaBAIRIE RIS T8 | 23981t ih dTReisBRe By grapided on the
second-stage spacers 312 and 314, all almost in parallel to the rotation

engsigTcHisdR Yt ARG ef L lc8Pds 32 1 D S ikrenfispLat St AR extend

this 59 aqrder around the yotation axis center 90. The magnetlc cores 321
wigh %%8%18 Bgc;@%gav’&%%é”fﬁﬁée%ea W&hsiicie 31. [0273] The

ers 311 an 313 e bo prov ided on the sur
[Ogtﬁt]'g ?ﬁ ngangl?-:'hofS i egfgres in the i nemfe?leer% aflélrec 163‘sgand1ng

IS Elparaﬁ?q 0 tgg%ﬁ?ggng{]egegg (93}9%% flréégge%%ﬁﬁ% 3\%?[1{35}9 z%%f'e of 60

are res ec |ver provide een -stage spacers 311 an

SRR e Al O E M0 o 10 o

proviiree BLO asabe aanstigmembers 811 to 316 standing

[0275] The stator 3 has the three pairs of windings 33a, 33b, 34a, 34b, 35a and 35b,

each of which is wound around three magnetic members by so-called distributed winding.

For instance, as shown in Fig. 34, the windings 33a, 33b, 34a, 34b, 35a and 35b

previously wound into a predetermined shape are prepared, and they are embedded into

the magnetic member 30 along the rotation axis center 90 in the order to be described

below.

[0276]  Specifically, first, the winding 33a is provided to surround the magnetic cores

321, 322 and 323, and the winding 33b is provided to surround the magnetic cores 324,
25 and 326. At this time, the windings 33a and 33b are provided around the first-stage

spacers 311 and 313, respectively.

[0277] By making the height of the first-stage spacers 311 and 313 coincide with the

width of the windings 33a and 33b in the direction of rotation shaft, the first-stage spacers

311, 313 and windings 33a and 33D fit into a first layer L1.

[0278] Next, the winding 34a is provided to surround the magnetic cores 322, 323 and

324, and the winding 34b is provided to surround the magnetic cores 325, 326 and 321.

At this time, the windings 34a and 34b are both mounted on the first-stage spacers 311,
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almost in parallel to the rotation axis center 90 and disposed annularly
with an angle of 60 10 degrees around the rotation axis center 90. The
magnetic members 311 to 316 are provided closer to the rotor than the
substrate 31. [0275] The stator 3 has the three pairs of windings 33a, 33D,
34a, 34b, 35a and 35b, each of whickds wound around three magnetic
members by so-called distributed winding. For instance, as shown in Fig.

31 84wthaimindmngsa3mb33 Sdas3ted3baan 3okl previdushptaauspdeers 311,
into a predetermined shape are prepared, and they are embedded into

31 thevindgnstiimendbis30talongttee totdtiper dxis tenteéndtign e ardep4d can be
be described below. [0276] Specifically, first, the winding 33a is provided

digeosenrageid.the magnetic cores 321. 322 and 323, and the winding 33b is
provided to surround the magnetic cores 324, 20 325 and 326. At this

[037Ae, tHiywinlingshedwighticdsheareprdvided srermsy the Mmddthgaincide with the

spacers 311 and 313, respectivevly.#():Z?‘?] By making the height of the
wifthraftabe windiaes 352 andl 343 Boiei g SN’ FAtErBT The witgisgrond-stage

33a and 33b in the direction of rotation shaft, the first-stage spacers 311,
SPEOLESaH A wiHiNGREas Add Ash oINS %At a0t *ﬁYf‘ésﬁfgzm] Next, the
inding.34a is provided to surround the magnetic cares 322, 323 and = 4+,
O R e S o 0% B Tr R AU e e st ey 103, 324
nd . At this time, the windinas 34 I g%
oo T ST B e OIS G i G T Ayl BRGS0 and

32??0\{51‘ %ﬂﬁﬁg%@%ﬁ&ﬁgﬁﬁ%{%ﬁ@%ﬁ% 34 WPHIRAS 3331RN6k33-stage

tinto the first. ayer LI, _ ndings 34a and 34b can be disposed stably.
spRf21 8y makingtheheighiof theiseqend-siagespasers M&and3ldaking the

coincide with the
second-stage spacers 312, 314, windings 34a and 34b fit into the second layer L2, the
windings 35a and 35b can be disposed stably.
[0281] By making the height of the magnetic cores 323 and 326 coincide with the
width of the windings 35a and 35b in the direction of rotation shaft, the magnetic cores
323, 326, windings 35a and 35b fit into a third layer L3. Of course, in order io reducé
the interposed distance to armature, the top surfaces of the magnetic cores 321 to 326 on
the side of the rotor 1A may extend off the windings 35a and 35b to the side of the stator
LA.
[0282] The state where the magnetic member 30 is provided with the windings 33a,
33b, 34a, 34b, 352 and 35b as described above is shown in Fig. 36 as a perspective view.
[0283] Next, current to be flown to the windings 33a, 33b, 34a, 34b, 352 and 35b in
order to rotate the rotor 1A will be described. Here, the case of rotating the rotor 1A
counterclockwise in the direction of looking at the stator 3 from the rotor 1A is illustrated
as an exampie.
[0284]  Since the windings 33a and 33b are directly opposed to the magnets 12a and
12b in the state shown in Fig. 34, current to be flown is zero. This is because a torque

caused by current, if flowing, 1s zero.
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5 width of the windings 34a and 34b in the direction of rotation shaft, the
second-stage spacers 312, 314, windings 34a and 34b fit into a second
layer L2. [0280] Further, the winding 35a is provided to surround the
magnetic cores 323, 324 and 325, and the winding 35b is provided to
surround the magnetic cores 326, 32%and 322. At this time, the windings
35a and 35b are both mounted on the second-stage 10 spacers 312, 314,
[oisdings,34a aner3dbd Asuglescribed abaveiobydmalkiog ihelsecond-tiageagnetic
spacers 312, 314, windings 34a and 34b fit into the second layer L2, the
comingidIgs BbandniP 356 tenbedisposettstablyr§028it] Bygmakidy thdibiting the S
height of the magnetic cores 323 and 326 coincide with the width of the
polindins $§8a antha5irinittie difbation tferctation shafowhdmisigrstinisoebaskwise
15 323, 326, windings 35a and 35b fit into a third layer U. Of course, in
dirgrtionto (educesti ipepbse flersdadbacvirdingutdb thdhe slaghaissdrection, to
the magnetic cores 321 to 326 on_the side of the rotor 1A may extend off
exgie WInANIgESISEarR 380 Slthand i orithbrerBrlaatRrsRy piffrs g dhe magnet

where the magnetic member 30 is provided with the windings 33a, 20

128 3phating Ay 350510 985748 QL& above is shown in Fig. 36 as a
erspective view. [0283] Next, current to be flow the windings 33a,

O S SIAS G BoBon T Be i oRA B JStoP i B X o the N
escribed. Here, the case of rotating,the rotor oupter ise i -

P"g?re‘&ic% &t |8%k?ﬁ%§a§’i o e e E’“oetroyrf\éf g{?ﬁuétlr%%é\év %Si@%m in the

co%ﬁ?ﬁ%&%k%?s&og@égh%mCe(fuﬁé’ﬁ. RS 1333 a0 %%3\9&'1‘&%19 IEREIIY.QRPAS B excited

to the magnets 12a and 12b in the state shown in Fig. 34, current to be

toletgx\ré\é@éﬁlcﬁgrﬁ' Jhls is becauseatoigne causethbycueremt diflewing, fown in the
CI.OCE(VVIiSS direction.

[0287] Since the magnet 12a exhibiting the N pole approaches the winding 33a when
the rotor 1A starts to rotate in the counterclockwise direction, the magnetic cores 321, 322
and 323 are excited to the S pole. Specifically, a U-phase current is flown in the
clockwise direction. On the other hand, since the magnets iZa and 12b approaches the
winding 34a and 34b, respectively, the current value is made close 1o zero. Since the
magnet 12b approaches the winding 35a in a position where the mutual positional
relationship with the magnet 12b maximizes the torque, the current value is increased.
This is similar to the winding 35b.

[6288] That is, using the positional relationship between the rotor 1A and stator 3 in
the circumferential direction at a point of time as a reference as in Fig. 34, current phases
of the windings 33a, 33b, 34a, 34b, 35a and 35b are 1807, 0°, 120°, 300°, 60" and 240",
respectively, which are not phase lead or phase lag.

[0289] A pair of windings in each of the layers L1, L2 and L3 is disposed in a position
shifted 180 degrees from each other in the circumferential direction. Further, the
respective pairs of windings are disposed in a position shifted 120 degrees from each

other. Flowing a U-phase current to the windings 33a and 33b in opposite phases to
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[0285] On the other hand, current to be flown to the winding 34a excites
the magnetic cores 322, 323 and 324 to the N pole in order to attract the
magnet 12b exhibiting the S pole on the side of the stator 3. That is, the
current is flown in the counterclockwise direction. Conversely, current is
flown to the winding 34b in the clockwdge direction, to 5 excite the
magnetic cores 326, 321 and 322 to the S pole, thereby attracting the
cadRagnet (12a exhibitingrthend Role 30 thenside iof thestatargde)[0286ing a V-phase
Similarly, current to be flown to the winding 35a needs to be excited to the
cuferpole thordexiamtttdastdhé daghebiitsiEheheforeithadurtrtisflolowing a
in. the counterclockwise direction. Current to be flown to the winding 35b
Wnéess tabaescited Whdinghe3Sapoid FSbrierppertaohisesitagrdt othgr achieves
Therefore, the current is flown in the clockwise direction. [0287] Since the
Opm@rgmetamatémmhn@em@w pefetHpprEaicties thiswiefdial S Jmivietingecurrents
rotor IA starts to rotate in the counterclockwise direction, the magnetic
floggds Bete $rpdings esnard S5cREENR e 1§ 15 Hes USPBEHIRRIPrave [ippise
current is flown in the 15 clockwise dlrect n. On the other hand, since the

%ﬁ%ne@]i%%ael%@fﬁﬁoﬂ’dﬁ‘é@ the’ wi amg%lfaa&‘r? §14t?%§%?e€ﬁ%?§’/yed as

the curreh%tiv lue is made clo Cfe to ncegth% magnet 12b H in the onDOSITE
Cugﬁﬁ%é&} &Rt 889 5 tlg’n Aéfethe mUtialpos) fidRaire opp
tlons Wlth the m t a X|m|ze g forque, the current value
dnf% m%rrletg:g?j §?rer%%%ratgl% & Winc r?gec lsve 20 [0288] That is, using

03'.[t 1eg9| ﬂ?{'&l@ Bﬁg%ﬁe& tgﬁ fr%@ftép‘ ?&deh%tﬂ'é 3aEH the frequency and

CII‘C mferentla irection at a point of time as a reference as In Flg 34,

cu%{ﬁ%}a@%?@%aﬂémemmggé 332, 33P134Av34R Bapand 35b are 180,
0, 120, 300, 60 and 240. respectively, which are not phase lead or phase

O'ﬁ@ [02804 foRain of Windings-ifc-gach.alithe layess tabive?@ndllBiiSlarger than the
dlsposed in a position
d-axis inductance L.d. Therefore, advancing the current phase allows an effective use of

the reluctance torque. By advancing the current phase at an angle exceeding 0° and less -

than 45° from the above-mentioned current phase, the reluctance torque can be used in
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20

25 shifted 180 degrees from each other in the circumferential direction.

Further, the respective pairs of windings are disposed in a position shifted

120 degrees from each other. Flowing a U-phase current to the windings

33a and 33b in opposite phases to 62 each other (i.e., with a difference of

180 degrees in electric angle), flowing&a V-phase current to the windings

34a and 34b in opposite phases to each other, and flowing a W-phase
cosirRabio the/wisdisgendda andiBbhiiigppaSite: phasksiteleaahcether and d-axis

achieves operation as a three-phase axial gap type stator. It is desirable
indbatexcitioguediiredia Gritdmnite thege windgshe divenasive oyt ientsivitrising at

to suppress the torque ripple. [0290] Three-phase currents shifted 120
15frof{org@nsthetdan be employed as currents to be flown to the

windings 33b, 34h and 35b, when wound in the opposite direction to the
[03fiRdin§éB8 anaxmetan 81854, flespeciiveyegogad prrreys d(irretgiagactic members

obtained by an inverter, for example, and the frequency and 10 current

13gamd e WariBigadchrding 1o Habe ity tgRUanBIM ST, 538 Hesteel sheets

rotor JA has anti-saliency, and the g-axis ind,uct?nce Lq is larger than the

stagkedidn thag REAHAETEL e rd e [ HAVERE IR G G UPrBRR PRASYASHS an
fective use of the reluctance torgue. By.advancing the,current phase at
0 R Al S e T Y B A S TR EAE R of the
rrent bhase, the reluctance targye can be used In 63, Oﬁ%t%&”%l%@anﬂ and in
SN %g%oesn ing on fhe design of the g-axis inductance %q and d-axis

adgly%g}ama%qea@dfﬂ&@%@ paint thedoraye;cap be-ggpereteraxinizets, fows

advancing at 15 to 30, approximately. [0293] Since magnetic fluxes

adiRWdedbe magheticmember3dand magnsticarembers d 3RanBIL38 employ
(cf."Figs. 1 to 4) also in the axial direction, iron loss increases in steel

ircth@&8core to form the substrate 11,

[0295] Of course, iron may be employed for the magnetic cores 321 to 326. Further,

While the case in which the magnetic cores 321 to 326 show rounded triangle poles is

illustrated, another configuration may be employed.

§0296] The substrate 31 of the magnetic member 30 may be a non-magnetic member,

however, it is desirable to be a magnetic member in order to serve as a back yoke for the

magnetic cores 321 to 326.

{0297] Further, a non-magnetic member may be employed for the first-stage spacers

311, 313, second-stage spacers 312 and 314. However, making these spacers of iron

dust core similarly to the magnetic cores 321 to 326 achieves the advantage of being able

to be formed integrally.

[0298] Of course, the substrate 31 may be made of iron dust core integrally with the

first-stage spacers 311, 313, second-stage spacers 312, 314, and magnetic cores 321 to

326.

[0299] Ninth embodiment

The rotors and motors described in the previous embodiments are provided with
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stacked in the axial direction. Therefore, it is desirable to use iron dust
core. [0294] Further, to the substrate 11, when serving as a back yoke,
magnetic fluxes of the surfaces opposed to the pole faces of the magnets
12a and 12b flow constantly, and in addition, a magnetic flux that varies
by the exciting current of the stator 3 also flows 10 through the magnetic
members 13a and 13b. Therefore, it is also desirable to employ iron dust

on€Qt&de forndhe subsinatedit iiR2065:0mhaoulse, irappiay betknpleyeadhdar a pair
the magnetic cores 321 to 326. Further, While the case in which the

of Bragnetitcepres 32 Tdm 32k shewweounceprovaiglapdlesisicll ustfated, documents
another configuration may be employed. 15 [0296] The substrate 31 of the

I tmégnetic member 30 may be a non-magnetic member, however, it is
desirable to be a magnetic member in order to serve as a back yoke for

[0306] mddaetic iseresrsr iy SpE v 0l atng by, SragHIFeighEtfermenipeprding to
may be employed for the first-stage spacers 311, 313, second-st

: . age ,
a ngpHcambadimanues 1a¢ PsvaLE FlkIhg thadl ?ﬁ&b%ijéséﬁ?&‘?l%%qﬂ%% a rotation
core similarly to the magnetic cores 321 to 326 a &iﬁv S thﬁaadvantage of
; 5

axheirBiebld b He-rofntBa TRtRgl&llyS (298] i SHAR S Hilgyrenter

90be made of iron dust core integrally with the first-stage spacers 311, 313,

second-stage spacers 312, 314, and magnetic cores 321 to 326. 25

[Og%%zg] lflhrf]:tp ?orplf%dé@s?msggcl tlél%é%gsw Q&%%OI{%% \?V%%ripﬁgdﬂdtg%%ﬁg&oﬁ%mbers

embodimeénts are provided w one stat er, the present

13?9 ‘é%@ti%% g}@ér%@%ia plieghig e Eﬁ%@z‘ﬁ’ﬁs 8 QTB% of t‘ff@fﬂrﬁ embodiment on
interposing arotor therebetween are provided as illustrated in Patent
thg‘aﬁﬂg%ﬁ@tsﬁde of the magnets 12a, 12b, magnetic members 13a and 13b (not appearing
in Fig. 37). The positional relationship between the magnets 12g, 12h, magnetic
members 13¢ and 13h on one side surface of the substrate 11 is the same as the positional
relationship between the magnets 12a, 12b, magnetic members 13a and 13b on the other
side surface of the substrate 11.
[0302] For instance, the magnets 12a, 12b, magnetic members 13a and 13b are equal 1n
thickness to one another, and the magnets 12¢, 12h, magnetic members 13g and 13h are
equal in thickness to one another. Alternatively, they may all be equal in thickness to
one another.
[0303] By providing such rotor 1G with stators respectively on the side of the magnets
12a and 12b and the side of the magnets 12g and 12h to constitute a motor, mechanisms
for generating torque are generated on both sides of the substrate 11.  Thus, the motor is
easy to increase the forque, or easy to obtain a necessary torque with less current.
[0304] While the case where the magnets 12a, 12b and magnetic members 13a, 13b are
opposite to the magnets 12g, 12h and magnetic members 13g, 13h, respectively, with the
substrate 11 interposed therebetween is illustrated here. such opposition is not necessarily
required. However, this opposition makes it easier to design the arrangement of the

stators.
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Ito4. [0300] Fig. 37 is a perspective view illustrating the structure of a rotor

1G according to 5 a ninth embodiment of the present invention. While

being disassembled along a rotation axis center 90 in Fig. 37, the rotor

1G is practically stacked along the rotation axis center 90. [0301] The

rotor 1G has a structure in which magtiets 12g, 12h and magnetic

members 13g and I3h are provided for the rotor IA (Figs. 1to 4) shown in
[03bs}firsperahadimantansd Adkieabhpositenside bbthamagets:d 2agt1Rb, opposing

magnetic members 13a and 13b (not appearing in Fig. 37). The positional
releeladions ip setvised thieh Goeigtk2dirdaly-nragratiposigmbers 1k3gadnd! v, it is

13h on one side surface of the substrate 11 is the same as the positional
noteletiosshipbethett thegmdghats s manetimmsetherndnthérd B8d tiggnagnets

13b on the other side surface of the substrate 11. 15 [0302] For instance,
12thel AlaghetsctizamEmpbaisabie e dnbbdisctha ehresBh tareash iRy i the case

thickness to one another, and the magnets , 12h, magnetic members

. 12
whesey z61@tinsh Beklse 46RFIA AN RS B8N LGHEF. RIRHRSHVET e rotor 1G
. may all be equal in thickness tg, one another. [0303] By providing sych
iR eSS ASpREVE tﬁB@aléeof?hSAl‘f?hd%[é% it Seapier 10
. 12b and the Bsi(tzle; of the magnets 12g and 12h to constitute a motor,
m‘ﬂ@%%\%%?ﬁ% &efgnerating torque are generated on both sides of the

trate 11. Thus, th tor i '
[O%@@ ur%her muaief S JOQRELS tﬁé‘%&é&ﬂé{%r[%ﬁ%]%ﬁ@“aeﬂ G88Y ember to

n a necessary torque with less current. While the ca%e where

se{‘gg magngls 1oa.14b ang.magneticmembers,laa égbaﬂaemp Sii81{Qhe same

e magnets 129, 12h and magnetic members 13g, 13h, respectively, with

pdfAgitids sUfstrale ek dnteInpaet e 0 isdlustepiedinesedSHehe substrate
opposition is not necessarily required. However, this opposition makes it

1 easigiqdegien the aangemantaf the exhibit the N pole and S pole, respectively,
on the opposite side of the substrate 11, it is desirable that the magnets 12g and 12h
exhibit the N pole and § pole, respectively, on the opposite side of the subsirate 11.

03071  Such opposition of magnetic poles of opposite polarities with the substrate 11
interposed therebetween makes a magnetic flux less likely to flow between the magnets
12a, 12b and magnets 12g, 12h through the substrate 11, so that the substrate 11 1is
improved in function as a back yoke for the magnets 12a, 12b and for the magnets 12g,
12h. This extends a region in the substrate 11 where the magnetic flux saturates by
means of magnetic fluxes of the magnets 12a, 12b, 12g and 12h, and reduces variations in
magnetic fluxes flowing from the stators to the substrate 11, so that eddy-current loss
based on the aforementioned variations in magnetic fluxes can be reduced.

[0308] Fig. 38 is a perspective view illustrating the structure of another rotor 1H
according to the present embodiment. The rotor 1H has a structure in which the
subsirate 11 is omitted from the rotor 1A (Figs. 1 to 4) shown in the first embodiment.
Since the magnets 12a and 12b have magnetic poles on their both surfaces, providing the
rotor 1H with stators on its both sides allows mechanisms for generating torque to be

formed on the both sides.
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stators. 65 [0305] Of course, it is also desirable in terms of obtaining
skews that the opposing relationship be slightly displaced from the
directly-opposed position. Alternatively, it is not necessary to make the
magnets 12a, 12b, magnetic members 13a, 13b and the magnets 12g,
12h, magnetic members fig and 13h diéectly opposite to each other in the
case 5 where rotating fields generated by the pair of stators provided with

[o3oeroter IGdétennesedihaicbetveen siewotidirently ppasiedepedaiiween the
other with the rotor 1G interposed therebetween. [0306] Further, in the

ma#ages\iheredhasubsigated nisnbadd dd,al hraghetlicaiemther gapservéndsa 1) as
back yoke, it is desirable that the magnets 12g and 12h present the same

ded@ipodarities msiiiie magretstd?d And TRbefespestivelfounitisetopposite L H. it is
side of the substrate 11. That is, when the magnets 12a and 12b exhibit

detiinatNepdie andoB-pulensdspdliineipateridhbospudneesiderofthezanbsmdtdhat the
11, it is desirable that the magnets 12g and 12h exhibit the N pole and S .

magletsrédpe bRy ShaES bhpRBesidEsr b fbbrated (9. p8ErPEgERVith this
opposition of magnetic poles of opposite polarities with the substrate 11

filking materiddgtmeresbhraebr iakEs a magnetic flux less likely to flow

between the magnets 12a, 12b and.magnets 12g, 12h through the ‘
103 etk 3955 BF S SUESHIAE LLTC TS AVRThT: RIS o agk e roer

oke for the magnets 12a, 12h and for the magnets 124, AN o
e R R e RO bl | e bBown i i 38

arl) e%rﬂ(?egfbm% qgtié:r f{ N f\%ﬂ% B&IE t"f&é %g@éoﬁagéﬁ%m’lﬁndfhe rotor 4
g} 1ati IC TIUX r?

reduces v ons in 20 magnet es flowing from the stators to the

hatul %%r'ﬁ}%érl‘f’r@%m%t Eqiy-cUrentiasscRased: %5@%&9@ meptioned here. The
variafions in magnetic fluxes can be reduced. [0308] Fig. 38 is a
cyREIRReRIVE Mg sl atingath e StbeHH enafianothas gtarelts the magnets 12a, 12b
and magnetic members 13z, 13b from magnetically short circuiting even when the
rotation shaft is a magnetic member.
[0311] The mode in which the cylinder 40 has a thickness in the radial direction larger
than the thickness of most part of the rotor 4 in the radial direcﬁon and has a shape
projecting from the surface is illustrated here. However, the size relationship between
these thicknesses can be designed depending on various conditions.
[0312]  Fig. 40 is a perspective view illustrating the structure of a motor including the
rotor 1H and stators 3A and 3B interposing the rotor from its both sides, which is shown
disassembled in the direction of thickness. Practically, the rotor 1H is molded as the
rotor 4, for example, and the stators 3A and 3B are each stacked and held keeping the
interposed distance to armature between the rotor 1H and stators 3A, 3B.
[0313]  As the stators 3A and 3B, the stator 3 (Figs. 34 to 36) described in the eighth
embodiment may be employed. That is, the stator 3A has a magnetic member 30A in
correspondence to the magnetic member 30, a winding 33A in correspondence to the
windings 33a and 33b, a winding 34A in correspondence to the windings 34a and 34b,

and a winding 35A in correspondence to the windings 35a and 35b.  Similarly, the stator
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according to the present embodiment. The rotor 1H has a structure in
which the substrate 11 is omitted from the rotor IA (Figs. 1 to 4) shown in
the first embodiment. 25 Since the magnets 12a and 12b have magnetic
poles on their both surfaces, providing the rotor 1H with stators on its
both sides allows mechanisms for generating torque to be formed on the
both sides. 66 [0309] It is desirable that the structure shown in Fig. 38

3BBMe: GRAS BeIwRSANE RaaneisckdandeR R iaagietici mepmiees iBa, winding
13b (depicted as the gaps Gl in Fig. 1) as described with respect to the

33mtarddrekpenators, wihign fending Ui i B 3bl, dtisndesgiideithatreespondence to
non-magnetic filling material be employed for the gaps and that the 5

thanaigrdetss1Ra, d2Bahdanhgratidinedibens d@a;sp8hdsedeoedbd tamshiegs 35a and
another with this filling material interposed therebetween. [0310] Fig. 39 is

35h.perspective view illustrating another preferable mode of the rotor 1H. In
a rotor 4, the magnets 12a, 12b and magnetic members 13a, 13b shown

(0% 4ig. B8 theerotslddd Bhacspenrtthélfel dhirakdepimgiinigisadisonapa and 13b
relationship. The rotor 4 10 has a cylinder 40 at its center, and a rotation .

COBRAN B PRGHSS hadhed herdatne iRt Patreb seRpadLIB e that itis
gap G2 shown in Fig. 1, and prevents the nets 12a, 12b. and .. "

o A e RH35.0) 8 RN ey Sty SAOI GRS SUB A end

. .the rotation ft is,a,magnetic member, [0311] T ode in.which the .

T Ao e B kAo (AP SiSchon 1A 18 Ut reltion

wiiciessiomest panslihe Bk Ane dial diedionand 1S 4,3N88 show
projecting from the surface Is illustrated here. However, the size

difelationship hetween. thesg thicknesses can.bg;desioned dapendingon that the

various conditions. [0312] Fig. 40 is a perspective view illustrating the
distEewEe Of AMLsdNEIVEING thewindings 33A and 33B, the windings 34A and 34B,

and the windings 35A and 35B be in mirror image relation.

[0315]  Of course, their displacements from the mirror image relation is also a desirable
design matter in terms of obtaining skews.

[0316] Fig. 41 is a perspective Viﬂ-W illustrating the structure of another rotor 1i
according to the preset embodiment. While being disassembled along the rotation axis
center 90, the rotor 11 is practically stacked along the rotation axis center 90.

[0317] The rotor 11 has a structure in which the rotor 1C (Figs. 12 to 14) shown in the
third embodiment is provided with the magnets 12g, 12h, magnetic members 13g, 13h,
14g and 14h on the substrate 11 on the opposite side of the magnets 12a, 12b, magnetic
members 13a, 13b, 14a and 14b (magnetic member 13a does not appear in Fig. 41). The
positional relationship between the magnets 12g, 12h, magpetic members 13g, 13h, 14g
and 14h on one side surface of the substrate 11 is the same as the positional relationship
between the magnets 12a, 12b, magnetic members 13a, 13b, 14a and 14b on the other side
surface of the substrate 11.

[0318] For instance, the thickness of magnetic member 13a, the thickness of magnetic

member 13b, the sum of thicknesses of magnetic member 14a and magnet 12a, and the
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rotor 1H and stators 3A and 3B interposing the rotor from its both sides,
which is shown 20 disassembled in the direction of thickness. Practically,
the rotor IH is molded as the rotor 4, for example, and the stators 3A and
3B are each stacked and. held keeping the interposed distance to
armature between the rotor 1H and stetors 3A, 113. [0313] As the stators
3A and 3B, the stator 3 (Figs. 34 to 36) described in the eighth

sufNoPaRinmanisnayrhe.caHpioYesmbhal 4% the staterBAhag-a dhagneticbe equal to
member 30A in 25 correspondence to the magnetic member 30, a

onWiaginge33A dimttires perddickriathefvingdings33acarte:33B ga wWindimgkness of
34A in correspondence to the windings 34a and 34b, and a winding 35A
mdpretirespoheeitle thetverwirdings85seant nBGineSimilanyethd stadmainet 12g,
3B has a magnetic member 30B in correspondence to the magnetic
anghtmbbensol thivknditngs 38Bisgootire sponeRin et oA RIdingS 3@ 4 shesen to be
33b, a winding 34B in correspondence to the windings 34a and 34b, and
equahin @iRy2BSERGH corhsspAYaRde RIMb I ERESSERMRdNEK TS [0314]

In the rotor 1H, the magnets 12a, 12b and magnetic members 1.3aand .
[0FHY REIRERERECHARIEH i W AR SEHETS SRR B LStk (o constiute a

generate t that if | irable that | truct f the stators 3A
s SEBATCOR T W G o A S UHRHOR A e s e

toand wa!lrll iggﬁt%gAdand 35B be in mirror image relation, with the substrate
Ii’f‘j‘ﬂlgrfios d thérébetween. Since the magnets 12a and 12b show 10

[03}%&?%&%@9&39ﬁo'ﬁﬁlﬁ&fb‘?gtéﬂ}? Sidescespecivelnilisalse, {t%%b% 12b,

the direction of current to own in the windings 33A and 3

AN S o S SR e e o
miglationis.alse-a desirable designimatierdapéerng of RbimiRtaaekeNSvever, such
opposition is not necessarily required.

[0321] Fig. 42 is a perspective view illustrating the structure of another rotor 1J
according to the present embodiment. While being disassembled along the rotation axis
center 90, tiﬂe rotor 1] is practically stacked along the rotation axis center 90.

[0322]  The rotor 1J has a structure in which the substrate 11 is omitted from the rotor
1C (Figs. 12 to 14) shown in the third embodiment, and the magnetic members 14¢ and
14h are added. The magnetic members 14g and 14h are opposed to the magnetic
members 14a and 14b with the magnets 12a and 12b interposed therebetween,
respectively. It is also desirable to form the rotor 1J by molding by resin or the like,
similarly to the rotor 4.

[0323] For instance, the sum of thicknesses of magnetic members 14a, 14g and magnet
12a, the sum of thicknesses of magnetic members 14b, 14h and magnet 12b, the thickness
of magnetic member 13a, and the thickness of magnetic member 13b are chosen to be
equal to one another.

[0324] Since the magnets 12a and 12b have magnetic poles on their both surfaces,

providing the rotor 1J with stators on its opposite sides allows mechanisms for generating
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15 [0316] Fig. 41 is a perspective view illustrating the structure of another

rotor 11 according to the preset embodiment. While being disassembled

along the rotation axis center 90, the rotor Il is practically stacked along

the rotation axis center 90. [0317] The rotor 11 has a structure in which the

rotor 1 C (Figs. 12 to 14) shown in thessthird embodiment is provided with

the magnets 12g, 12h, magnetic members 13g, 13h, 20 14g and 14h on
tord\@ sedstraiméd of thetempeite. side of the magnets 12a, 12b, magnetic

members 13a, I3b, 14a and 14b (magnetic member 13a does not appear
[032Hig. #1). Thespogitiopatiielatioeship izetween tte smagnstsdPgndtier rotor 1K

magnetic members 13g, 13h, 14g and 14h on one side surface of the
aceuldstate fhciptresambedtatpostibhabmtgidiekipnblgvelenglibe rotation axis

magnets 12a, 12b, magnetic members 13a, 13b, 14a and 14b on the
ceptre?Gite 28 slHdseBrtivalbupsgked AnpRrgPRGomatahee g

thickness of maginetic member 13a, the thickness of magnetic member

0328, thd hsurater thickiesseucorindybic MBI 14 hivd rbdhet 120w n in the
FHSh eGSR 58 BEOAIG U SRS e TR B o ot 108 130
e B e o TR D I e oo

mz&h iz?e ”ce%?e?éb%ﬁs”la%f‘ £ i gp}g%%e% 4@ eﬁgt% @@@Bé@}@g,ﬁe%&(gqg% Qﬁdsl_%b do
Ual to one another. ey ma al b equal in thickness to one another,
n({%%% LEY;interposing sygh rofgrid-between siators fiem the hathsides o 1on,

itute a motor, similarly to the rotor 1G, 1H or the like, the maotor

m¥SHISRARLLO 19graase he narue Canbesabigingst Q82 adheraiokubstrate
11, similarly to the Totor 1G, the case where the magnets 12a, 12b, 10

1 Magnetigmempbars d3aid3h, aianchiAbaare appeseskiodhe IDAINESS magnetic
129, 12h and

members 13a, 13b and magnetic plate 544 on the other side surface of the substrate 11.
10327]  For instance, the thicknesses of magnets 12a, 12b, magnetic members 13a and
13b are equal to one another, and the thicknesses of magnets 12g, 12h, magnetic members

13g and 13h are equal to one another.  Alternatively, they may all be equal in thickness
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magnetic members 13g, 13h, 14g and 14h, respectively, is illustrated,
however, such opposition is not necessarily required. [0321] Fig. 42 is a
perspective view illustrating the structure of another rotor 1J according to
the present embodiment. While being disassembled along the rotation
axis 15 center 90, the rotor 1J is practically stacked along the rotation axis
center 90. [0322] The rotor 1J has a structure in which the substrate 11 is

to emittgdiikem the rotor 1C (Figs. 12 to 14) shown in the third embodiment,
and the magnetic members 14g and 14h are added. The magnetic

[0TnembeTkeldg antd dharéddpdesédda theritmgneitumembersdgaangiate 542,
l4b with the magnets 12a and 12b interposed therebetween, 20

hasgbpéciivel( lrid apeoideshiabisttadorgtheudton 1dbyomatdirighsy ressier detween
the like, similarly to the rotor 4. [0323] For instance, the sum of

cathiciribssesotindgaeclichmantvstis Membag ddd Ardghty ahitieosgiadopn them
thicknesses of magnetic members 14b, 14h and magnet 12b, the thickness

frosp thagmensiipsidber dssubsirtablthickness of magnetic member 13b are

chosen to be 25 equal to one another. [0324] Since the magnets 12a and ,
1033 habis FHAHEREBBIES oL BOT SHHTAEEE: ERBmBRS Hor) Sonsttute &

with stators on it ite sid I hani f ting 69
R BB TOIHER T e BT SRIE TGS LG 45 P04 PEsspective view

[0g#%fratigg[ﬁh%@Eﬁg%rgﬁﬁgfggt{&e%go%%%ITG;;} ?%é: (:Cgs%gv\tfﬁetit%edper%‘?f fots 1 a, 12b,

odiment. eing ssembled along the rotation axis center 90,

m%@%@f%ﬁﬂ%@ ractically stacked gjp%&gﬁg?eﬁ{ Ot@i%g‘ﬁgi’sc?%‘?r}%' Qnd) magnetic

The rotqr 1K has a structure ch the rotof IE (Figs. 24 to 28
mSHALR indhe, fifth embadimentis, providedwith, themagnetsch 28 pkAtion is not

magnetic members 13g, 13h,
necessarily required.

[0331] TFig. 44 is a perspective view illustrating the structure of another rotor 1L
according to the present embodiment. While being disassembled along the rotation axis
center 90 in Fig. 44, the rotor 1L is practically stacked along the rotation axis center 90.
[0332]1  The rotor 1L has a structure in which the substrate 11 is omitted from the rotor
1E (Figs. 24 to 28) shown in the fifth embodiment, and the magnetic plate 544 is added.
Jt is desirable to form the rotor 11. by molding by resin or the like, similarly to the rotor 4.
[0333] The magnets 12a and 12b have magnetic poles on their both surfaces. That is,
in the case where the magnets 12a and 12b have pole faces exhibiting the N pole and S
pole, respectively, on the side of the magnetic plate 542, the magnets 12a and 12b have
pole faces exhibiting the S pole and N pole, respectively, on the side of the magnetic plate
544, Therefore, providing the rotor 1L with stators on its opposite sides allows
mechanisms for generating torque to be formed on the both sides.

[0334] Of course, shape modifications as shown in Figs. 16 to 19 in the third

embodiment may be made in the magnetic plates 542 and 544.
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and magnetic plate 544 on the substrate 11 on the opposite side of the

magnets 12a, 12b, magnetic members 13a, 13b and magnetic plate 542

(magnetic members 13a and 13b do not appear in Fig. 43). The positional

relationship between the magnets 12g, 12h, 10 magnetic members 13 g,

13h, and magnetic plate 542 on one side surface of the substrate 11 is

the same as the positional relationship between the magnets 12a, 12b,

magnetic members 13a, 13b and magnetic plate 544 on the other side

surface of the substrate 11. [0327] For instance, the thicknesses of
[0magnetsd 2 12b, magneticmembeittuiBaiagdttib arecequabfaonder rotor 1M

another, and the thicknesses of magnets 12g, 12h, magnetic members 15
acd@diapnddl®h areseguahtedinednothérilAeimatiislysethbledvdyrall the wduiadn axis

in thickness 70 to one another. [0328] The magnetic plate 544 also has a
cegiemifdl istiligtu® thametonayhistiorpitinelbastadkad thenadhe 5a@tENRSFetRnigr 90.

slits extending through in the vicinity of the border between each of the
[0A3agnetEhezgiordiVirhaymetioseniberbisBdhenaasiiiand is mutirtelicsn the rotor

them 5 from the opposite side of the substrate 11. [0329] By interposing

3R FORSY DI DERRER St OHEAMBHRCEIl884S BpBtRLteP Fdtor's added

the motor which is easy to increase. the torcgje can be obta'ged. 0330] In

This ASRTIKP I AN ES IHETPEHE 1S 2O TABE TS B B Mg RARN IS plate S41.
12b, magnetic m ers 13a .13 d to t ts 1 :

oo L B A SRR I PO A s 5

andCWEYELeSHEN opposition i3 nagy P.eC%%&%@yeﬁﬁqﬁgsdmggS%ﬂel 'aigépﬁ&@ From the
perspective view Ifustra %g the structure of another rotor 1L according to

ofER LA e el alng biouon
roFAIRIioNaAxXis GROME[aBRets 124 and 12b have magnetic poles on their both surfaces,
providing the rotor 1M with stators on its opposite sides allows mechanisms for
generating torgue to be formed on the both sides.
[0339] Of course, shape modifications as shown in Figs. 16 to 19 in the third
embodiment may be made in the magnetic plates 541 and 545, Further, fhe magnets [2a
and 12b may be formed integrally by a ring-like magnet, as described in the fourth
embodiment.
[0340] The magnetic plates 341 and 345 are not necessarily required to be of
completely the same type to each other, but may be of almost the same type and different
from each other for the purpose of distinguishing front and rear of the rotor 1M, or the
like. Further, they may be of almost the same type to a degree that similar effects can be
obtained even with slight differences in shape.
[0341] Tenth embodiment

Fig. 46 is a perspective view illusirating a method of manufacturing a rotor
according to a tenth embodiment of the present invention. This can be employed as a

method of manufacturing the rotor 1E shown in Fig. 24. Fig. 47 is a sectional view of

the rotor 1E when manufactured according to the present embodiment, and shows a cross
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15 [0332] The rotor IL has a structure in which the substrate 11 is omitted
from the rotor IE (Figs. 24 to 28) shown in the fifth embodiment, and the
magnetic plate 544 is added. It is desirable to form the rotor | L by
molding by resin or the like, similarly to the rotor 4. [0333] The magnets
12a and 12b have magnetic poles ontheir both surfaces. That is, in the
case where the magnets 12a and 12b have pole faces exhibiting the N
scdPRle ianH-Shpalsiaspetivelyi amthésidaoithe Faghktic plate 542,
the magnets 12a and 12b have pole faces exhibiting the S pole and N
[0k, réspeetivelynoamhedidenof e sulagastid piateréddedrnetefonesses 11a and
providing the rotor 1L with stators on its opposite sides allows
11meshbmiswisdorthermeglingctorgudesbb3fosnedidh e Bothesiieastion3dgng the
Of course, shape modifications as shown in Figs. 16 to 19 in the third 25
rotefssodinsentlbrly BeervasEna shasmbgredd pldel 8ad ampaig i cpysesily be
'Fig. 45 is a perspective view illustrating the structure of another rotor IM
aligpedrandd rohangadbnhberbBlithent. While being disassembled along

the rotation axis center 90 in Fig. 45, the rotor. IM is practically stacked ..
10315ho SIS TORYGH oo EEEVSH % [5IP AR TP WA A UeLTe e 25

which the substrate 11 is omitted from the rotor, ID (Figs. 20 t0.23 :
o P ot AR o AN (a5 a1 Hbencie

mdpRgnetic plate gj‘;}hﬁg;@ﬁ@;ﬁg&g@@%gamen%ﬁﬁ,a% e, and 13b are

magnetic plate or thé magnetic plate 545 are

exgércfﬁ&fﬁg)ﬁ% ARPAsG o heisiE Pra; ANdRnlLAf eimagnela Raktdm the side

However, they may be displaced from the 10 directly-opposed. position in

of BN reduscing e cogging 1Rra. Ak Reies {03881 SHCEMEre made of dust
magnets 12a and 12b have magnetic poles on their both surfaces,

cob¥Omidingdhesrotarah withwstpbers i ke neasiessidas allows
mechanisms for generating torque to be formed on the both sides.

[0344]  The substrate 11 other than the above-mentioned region may also be made of
dust core. However, it is desirable that the substrate 11 other than the above-mentioned
region be formed by stacking steel sheets perpendicular to the rotation axis. It 1s
desirable to employ dust core in the above~rﬁ.entioned region since the magnetic fluxes
flow both in the direction parallel to the rotation axis and in the direction inclined thereto,
and on the other hand, it is desirable to employ stacked steei sheets in terms of optimizing
the magnetic characteristics of the rotor since most magnetic fluxes flow in the direction
perpendicular to the rotation axis out of the above-mentioned region.

[0345] The structure in which stacked steel sheets, particularly, electromagnetic steel
sheets are stacked is superior in magnetic characteristics in the direction perpendicular to
the rotation axis, e.g., saturation magnetic flux density, permeability and iron loss.  And,

many magnetic fluxes in which the magnetic flux based on the current flown in the stator

is superimposed on the magnetic fluxes of the permanent magnets need to flow in the
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[0339] Of course, shape modifications as shown in Figs. 16 to 19 in the
third 15 embodiment may be made in the magnetic plates 541 and 545.
Further, the magnets 12a and 12b may be formed integrally by a ring-like
magnet, as described in the fourth embodiment. [0340] The magnetic
plates 541 and 545 are not necessarilirequired to be of completely the
same type to each other, but may be of almost the same type and

sulshifferent; 201frerafeachigihaitiprtael pucpese:ofdistinng uiskingk ficnt ®ndmploying
rear of the rotor IM, or the like. Further, they may be of almost the same

stabjpd toeal degreddhatsinblaraeffeétts can be obtained even with slight
differences in shape. [0341] Tenth embodiment Fig. 46 is a perspective

[0346\v illEstthtingta méthald ofabiariufacpiipgacstdrs2sl abeotsling eons whstrength
embodiment of the present invention. This can be employed as a method

singk kharufactoning wheotbenetshevbstialely, Bf Pigieupigiassktibnal view

~of the rotor | E when manufactured according to the present embodiment,

[03hd showshg erbestrpdsibtisncare i el o4 dh hReIHA S8R TBREN Hetiriations
shown in Fig. 25. [0342] In the present embodiment, the substrate | | is

in FRBgEE Wit S SSSRE A RAZTHES Fitin eH e TRAGHSRETHEBEr Sy means

N A ey AR S
can easily be coupled. [034 structure, when viewed on the basis of

fm{k?ées%% ?%ZP&%@%’% I\}vgllcnp%&%%' can be grasped that the substrate 11.

o geceg g e BeGTS <.e MopREe TP RoY 1308 e
etBEIBLoN A I hegion bavind & RredrigrbinesHERIUlRMtIesids and 47.
In the substrate 11, the recesses 11a and 11b are both through holes, and the magnetic
members 13a and 13b extend through the substrate 11 at the through holes in the direction
along the rotation axis. At this time, it is desirable to employ dust core for the magnetic
plate 542 and stacked steel sheets for the substrate 11 for similar reasons as described
above. 1tis des'n;abie that the magnetic members 13a and 13b be integral with magnetic
members 54d and 54f of the magnetic plate 542 which cover the magnetic members 13a
and 13b. This is because press fitting of the magnetic members 13a and 13b into the
recesses (or through holes) 1la and 11b facilitates assembly of the rotor using the
magnetic plate 542, magnetic members 13a, 13b, substrate 11, and magnets 12a and 12b.
[0349]  The technique according to the present embodiment may be applied not only to
the rotor 1E but also the rotors 1A (Fig. 1), 1C (Fig. 12), 1G (Fig. 37), 11 (Fig. 41) and 1K
(Fig. 43).
[0350] Eleventh embodiment

Fig. 49 is a perspective view illustrating a method of manufacturing a rotor

according to an eleventh embodiment of the present invention.  This can be employed as
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10 of the magnetic plate 542. When the magnetic members 13a and 13b
are made of dust core, the recesses 1 | a and I | b will be filled with iron.
dust core. [0344] The substrate 11 other than the above-mentioned region
may also be made of dust core. However, it is desirable that the substrate
I I other than the above-mentioned region be formed by stacking steel
sheets perpendicular to the rotation axis. It is 15 desirable to employ dust
a et ihdhaahgvenmaptivhed segivnipinadile magneticddxes flawtbath inew of
the direction parallel to the rotation axis and. in the direction inclined
thdhetetd F aricomtine fatherciaodo idisgesihabiectere raploydstackeshstesiws a cross
sheets in terms of optimizing the magnetic characteristics of the rotor
sediooa mibssamagreticoiuacthf seetionhkviiveshomparbenditular to the
rotation axis out of the above-mentioned region. 20 [0345] The structure in
[03¥Hikh dintkepresen anbedinsakitnamperelicmsmagiiclitdstad S$hebteeanmenetic
stacked is superior in magnetic characteristics in the direction

pigiefehaiigf et BRaRM e ebErs LAt Aatdn ik RERE fhk HERLRGESses 572
permeability and irgn loss. And, many magnetic flyxes in which t .
oG M DS BB eI he Malop & LoerhSb4a Bienet
the magnetic fluxes of the.permanent magnets need to flow in.the 7 .
™R AIe L T erelird: P8 SUSHAIe L b LA o tolRe et

mg n@%y 5% ig%clggg rsfztfle %Ie r(]:eeltdsté%rﬂrti]ga%u(pa%{@t%elg:i‘il?gééﬂlfd'lg%ﬁrcéy%asiiy be
also desirable to emp é"y Stacked steel sheets In terms of strength since
o%qgg are many cases where the substrate 11 fits to the rotation shaft. 5
3

47] On the other hand, in the case where the rotor is a permanent

[oTagnetryaniations;.inmagneticfiyxss plaerueneit sPROBRISISHI ile magnetic
many harmonics particularly by means of rotation of the rotor. Dust core

mbAawag ssloweddy-currenbiessdsithiarelaseiasisabligcatahemaaiesalat 13a, 13b
the magnetic plate 542.

and magnetic plate 542 arises no problem, provided that they fit ideally.
[0353] Fig. 51 is a sectional view showing a modification of this embodiment, and
shows a cross section in the position corresponding to Figs. 25 and 50. In the magnetic
plate 542 , the recesses 57a and 57b are both through holes, and the magnetié members
13a and 13b extend through the magnetic plate 542 at the through holes in the direction
along the rotation axis.
[0354] It is desirable that the magnetic members 13a and 13b be integral with the
substrate 11. This is because it facilitates assembly of the rotor using the substrate 11,
magnetic members 13a, 13b, magnetic plate 542, and magnets 12a and 12b.
[0355] The technigue according to the present embodiment may be applied not only to
the rotor 1E but also to the rotors 1K (Fig. 43) and 1L (Fig. 44).
f0356] Twelfth embodiment

Fig. 52 is a perspective view illustrating a method of manufacturing a rotor

according to a twelfth embodiment of the present invention. This can be employed as a
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[0348] Fig. 48 is a sectional view showing another modification of the
present 10 embodiment, and shows a cross section in the position
corresponding to Figs. 25 and 47. In the substrate 11, the recesses | | a
and | | b are both through holes, and the magnetic members 13a and 13b
extend through the substrate 11 at thethrough holes in the direction
along the rotation axis. At this time, it is desirable to employ dust core for

mdh@ineonaticrRiatend4Bandstaskeshsteeh sheetsifor the solistradectididar view of
similar reasons as described 15 above. It is desirable that the magnetic

thanembersviza anchdBbtbe ddegsaliwithontagpeiienmembéim dddaaddissdf-of cross
the magnetic plate 542 which cover the magnetic members 13a and 13b.
sedfthis ia Hecamseppressifitiingeckthembgretishmemingre:13a and 13b into
the recesses (or through holes) lla and 1lb facilitates assembly of the
[036Gr uSinththeremagratioflataGa magwetonseThtiersiizamd 3, of the magnetic
substrate 11, and magnets 12a and 12b. 20 [0349] The technique
pl@t@cmm@wtwgrré%@m@%dumay B@aﬁaﬁwm%m@%ﬁéﬂmﬂd 57d
IE but also_the rotors IAé ig. 1) IC (Fi 12) 1G Fig. 37), 1l g 41) an% ,
omike {5, AN GOROFEIdvarith ol RBotiih b4 dnzrspladtivdyfely fit in the

|Ilustrat|ng a method of manufacfuring. a rotor 25 I% an eleven
o S TR e G o SRR Bl Sinpie d b Fana e Dbt 542
met gd of many actgr{) thelrgtglr IEng(O)wn in Fig. 24. Fig. 50 is a
Cagee@ﬁ Halﬂ Ew 61 e rotor 1B Wihe r?z manu gc?ured according to the present

e o e S A SRR A this manner
Hﬁﬁ@gﬂ S meRPey éodta@%ﬁﬂf@m maonetic I%Q%tQISflIZlﬁVhﬂqya?g‘lrﬁFlg. 30),

agnetic members I3a and 13b are provided with recesses 5

1R fhigruthe side;ef ts magngtieimenmpers 13a and 13b, within which the
magnetic

[0359] Fig. 54 is a perspective view illustrating another method of manufacturing the
rotor according to this embodiment. Fig. 55 is a sectional view of the rotor 1E when
manufactured according to this modification, and shows a cross section in the same
position as the sectional view shown in Fig. 26.

[0360] In this modification, the substrate 11 is provided with recesses 12aQ and 12bQ,
within which the magnets 12a and 12b fit in the direction along the rotation axis. Then,
the magnets 12a, 12b and substrate 11 can easily be aligned, and both can easily be
coupled.

[0361]  The technique of embedding the magnets in the magnetic plate in this manner
may be applied not only fo the rotor 1E but also to the rotors 1A (Fig. 1), 1C (Fig. 12), 1F
(Fig. 29), 1F1 (Fig. 30), 1G (Fig. 37), 11 (Fig. 41) and 1K (Fig. 43).

[0362] Fig. 36 is a sectional view showing another modification of the present
embodiment, and shows a cross section in the same position as the sectional view shown

in Fig. 26. A structure in which the recesses 57¢, 57d, recesses 12aQ) and 12bQ} are all
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members 13a and 13b fit in the direction along the rotation axis. Then, the
magnetic members I' )a, 13b and magnetic plate 542 can easily be
aligned, and both can easily be coupled. 10 [0352] The magnetic plate
542 may be made of dust core along with the magnetic members 13a and
13b. In that case, the border betweenihe magnetic members 13a, 13b
and magnetic plate 542 arises no problem, provided that they fit ideally.

prdQRRAlEighowhn, 18R secHanakuaw shawing a-madiicaidriofibisagnetic plate 542
embodiment, and shows a cross section in the position corresponding to

anfFigsbhamand H0xim thieidragnetia 1 1ardate, S42pethiz¢bceshasdtvaianditiince 3
are both through holes, and the magnetic members 13a and 13b extend

bethraunghdhemaghetc plamidRat fathrégnddiesinghsidirdattobt alodg of the
the rotation axis. [0354] It is desirable that the magnetic members 13a and

subSetrelintdyrdhivkiteshel Substrgtets 1.2Thisdd Pesathsesittaefifadbicknesses tl, 12
assembly of the rotor using the substrate 11, 20 magnetic members 13a,

and Jstagagitic plate 542, and magnets 12a and 12b. [0355] The technique
according to the present embodiment may be applied not only to t h

(07683 | FEalB6 5 MBSFoldrs™L Ry, S BRETHU(FIG w45 fo4S6) Paih of the
embodiment Fig. 52 is a perspectjve view illustrati thod. of A

O RBAOHAGL Ay RO S SRS B U HIDURIEHE GPfe 342 in @ shor
.present invention. This.can be employed as a 75 thod of . )

RGBT o LUBITR Mg A s, 50 o et thgitsy o flow

thg]r%{xgé%%lclzﬂp{e&@: i@g%q%l{ Eﬁ% ﬁ%?gr{di'pgs tSeQ?Fal%eEoe nLe %%%1888 of the

OWS a Cross section In the same position as the sec ional view

m?#é?%ygg%%% 126y [03p £l 1asthe Prasenhemrhesiment e naangtiGnee to armature
and 54f of the magnetic
and thicknesses t1, t2.
[0364] Of course, the desirableness that the distance between the substrate 11 and
magnetic plate 542 be not less than twice the interposed distance to armature is not
limited to the present embodiment, but applies similarly to the other embodiments.
Additionally saying, it is desirable that the distance between the magnetic plates- 542 and
544 (or magnetic plates 541 and 545) inferposing the magnets 122 and 12b be not less
than twice the interposed distance to armature, like the rotors 1L (Fig. 44) and 1M (Fig.
45)
0365}  Thirteenth embodiment

Fig. 57 is a perspective view illustrating a method of manufacturing a rotor
according to a thirteenth embodiment of the present invention.  Fig. 58 is a sectional
view of the rotor 1E manufactured according to the present embodiment corresponding to
the position of Fig. 26. While description will be made here taking the rotor 1E shown
in Fig. 24 as an example, it may be applied to other rotors 1A (Fig. 1), 1C (Fig. 12), 1F

(Fig. 29), 1F1 (Fig. 30), 1G (Fig. 37), 11 (Fig. 41) and 1K (Fig. 43).
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5 plate 542 which cover the magnets 12a and 12b are provided with
recesses 57c and 57d on the side of the magnets 12a and 12b, within
which the magnets 12a and 12b fit in the direction along the rotation axis.
Then, the magnets 12a, 12b and magnetic plate 542 can easily be
aligned. and both can easily be coupléd. [0358] The technique of
embedding the magnets in the magnetic plate in this manner 10 may be
applied not only to the rotor IF but also to the rotors IF (Fig. 29), 1FI (Fig.
30), 1K (Fig. 43), IL (Fig. 44) and 1M (Fig. 45). [0359] Fig. 54 is a
[0S peR il vielt dlustr atity amoitie mvethothof withibkaotagimgtida mdrl 2b from
according to this embodiment. Fig. 55 is a sectional view of the rotor |E
theiharienyaniplzeal redeasrsopainiged wisthsowhetain! bndBrotideasctésa and 1110
section in the same 15 position as the sectional view shown in Fig. 26.
faqinses nignmamsdficheonamesubaratd 17k grelitien WithmagrsSesiapd 120

and 12bQ, within which the magnets 12 d 12b fit i directi |
e Y L e e Y00

be aligned, ily b .. i
[0@%@%’%?&@%”%;1@2@iﬁii%y@ﬂigﬁééi’%%é%nh?é’évi%m%%‘ﬁéﬁﬂ;’fb kners 122
ied not anly to.the rotor. IE but al h ' ig:
an g G e e T B B R A S, e also

9362 %@%]%ﬁ' & sectional view, shqwing another modification of the

present e8mbodiment, and shows a cross section in the same position as

[0%%]5903%'.‘%'9@?‘%( sBopR %R iﬂ&&%@é&éﬁﬁg%ﬁ%}nﬂ&mga reniesessasing the

57c, 57d, recesses 12aQ and 12bQ are all 76 provided is shown, and the
rolBRgREIRidhdR @nghid ZhRipneRedded inthe magpedicaplatebddrafibnding to the

substrate 11 with thicknesses tl and t2, respectively. Introducing distance
pd@tion of Fig. 26. While description will be made here taking the rotor 1E shown in
Fig. 24 as an example, it may be applied to other rotors 1F (Fig. 29). 1F1 (Fig. 30), 1K
(Fig. 43), 1L (Fig. 44) and 1M (Fig. 45).
[0369] Ridges 58a and 58b coming into contact with the magnets 12a and 12b from
their outer peripheral side are provided on the magﬁetic plate 542. The ridges 58a and
58b facilitate alignment of the magnets 12a and 12b, and stop the magnets 12a and 12b
against the centrifugal force produced in the magnets 12a and 12b by rotation of the rotor.
[0370] Ridges 59a to 59d coming into contact with the magnets 12a and 12b in the
circumferential direction may be provided on the magnetic plate 542. They also
facilitate alignment of the magnets 12a and 12b.
r0371] It is desirable that the distance between the ridges 111a, 111b, 112a, 112b, 113a,
113b and magnetic plate 542, and the distance between the ridges 58a, 58b, 59a to 59d
and substrate 11 not less than twice the interposed distance to armature, similarly to the
aforementioned distance t3. This is to make the magnetic fluxes generated from the
magnets 12a and 12b easier to flow into the stator.
[0372] However, the above-mentioned distances may be less than twice the interposed

distance to armature, provided that width and length in which these ridges are provided
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between the yoke side of the magnetic plate 542 and the magnetic plate

542 side of the substrate 11, the thickness of the magnets 12a and 12b is

the sum of the thicknesses t1, t2 5 and distance G. [0363] When the

distance t3 is small, the magnetic flux generated by each of the magnets

12a and 12b flows between. the substfate 11 and magnetic plate 542 in a

short circuiting manner without interlinking with the stator. In other words,
areiRigrder tthitow tbenvagheticiliycetfiectivelyitothe statongtds ddlsirsileaed, and

design the thickness of the 10 magnets 12a and 12b to not less than the
hastifephtivichithe ontespos eatldisthreeotarthatese and thicknesses tl, t2.

[0364] Of course, the desirableness that the distance between the
[0EMstrabelresadcamdghetieagrascsagpecriol fesanthadbidetpedispensable in the

interposed distance to armature is not limited to the present embodiment,

prasgrapphedismiiaryiorrenideeiss dif sne det Adakisraiyedyingat it the
desirable that the distance between the magnetic plates 542 and_ 544
g ireht oS a1 S78) (elBOSN AT go e 28t T3pige when o

not less  than twice the int dist fo. t like th 1L .
e B R e R A B PR e

mefg%g%gﬁef&ig‘?ﬁmvgnéggtsig%té@g%g@@%ﬂeﬁfn@@%&?{ﬁg&% RIIOE AESRIAD it he

irtee imen present inventio 8 Is a sectional

oL rolon . rAMiaGiuEed asesiring fo e aresent embodiment

rresponding to the position of Fig. 26. While description will be made

{0!31%? takingthegotardEashiewn in Fig. 24 as an example, it may be applied
to other rotors IA (Fig. 1), 1C (Fig. 12), IF 25 (Fig. 29), 1F1 (Fig. 30), 1G

(Fig. 3%);l b {Rigs pddspdi HNEIQ i Birdifng the structure of the magnetic plate 542

to be emploved for a rotor according to a fourteenth embodiment of the present invention.
While description will be made here taking the rotor 1E shown in Fig. 24 as an example,
it may be applied to other rotors 1D (Fig. 20), 1F (Fig. 29). 1F1 (Fig. 30), 1K (Fig. 43},
1L (Fig. 44) and 1M (Fig. 45).

[0375] The magnetic 'plate 547 is composed of magnetic plate components 542a and
542b divided in a position where the pole faces of the magnets 12a and 12b (cf. Fig. 24,
for example) are provided as viewed along the rotation axis (i.e., in plan view). For
instance, the position of division is the position XXVI-XXVI shown m Fig. 24,

[0376] Dust core is generally formed, but press pressure can be made lower as a
compressed portion decreases in area. Therefore, dividing the magnetic plate 542 into
small-size magnetic plate components 342a and 542b facilitates manufacture by dust
core.

[0377] The presence of the magnetic members 13a and 13b is not indispensable in the
present embodiment. However, when they are provided, making them integral with the
magnetic plate 542 is desirable in terms of facilitating alignment of the magnetic plate
components 542a and 542b and assembly of the rotor.

[0378]  As shown in Fig. 62, the magnetic plate components 542a and 542b may be
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[0366] Ridges 111 a and 111b coming into contact with the magnets 12a

and 12b from their outer peripheral side are provided on the substrate 11.

The ridges llia and lllb facilitates alignment of the magnets 12a and 12b,

and stop the magnets 12a and 12b 5 against the centrifugal force

produced in the magnets 12a and 126%y rotation of the rotor. [0367]

Ridges 112a, 112b, 113a and 113b coming into contact with the magnets
adjheantand:-k2b inibe Ricimferentialitiregion awayobeeprpyided on the stator side.

substrate 11. They also facilitate alignment of the magnets 12a and 12b.
Si0368] duigeihg isrgpdtspettiviwiencititstiating aothienmetrogiofesistance of the

manufacturing the 10 rotor according to this embodiment. Fig. 60 is a
gasebtionainibe gotvespdrmding thegappositisnasfsPigalds! ywhNEHesH soAves for

will be made here taking the rotor IF shown in Fig. 24 as an example, it
shonagibe tpslict: 1of sorasinstora s (Figiexweairg rryieso)herebypigdupssl 11

(Fig. 44) and IM (Fig. 45). [0369] Ridges 58a and 58b coming into contact .
[03ith thé& wihghndbs ToReerits PYBTUIMPPBAHSIP StReNPeHpRarsPsTiR St on their

provided on the magnetic plate 542 The rid 58 d 58b facili . )
edaﬁﬁHHE%%m%f%%ﬁé@fg%oan‘a@ﬁ%%agﬁi’aetﬁ?gaﬁ%n%%%% %“%%gé:fﬁ? Hon axis.
.12b_against the centrifugal force produced in th ts 12 1
P e SR res e iad AL RN S A B
em s.12a and 12b in the cir ferential directi ided: ,
SO T e e e R, SR AR B laacent

e A is desirablethat the di et
oIS e e e o

rothedistapce hetvesndhadidgeasda. mBhikO9akere 9k angsubstratebls 13a and

not less th_an twic«_a the interposed distance to armature, similarly to the
| Bforempaiivegd.distiapae . ihhisipirimakedhermagnatisifiticesn this mode, the

generated from the 25 magnets 12a and 12b easier to flow into the stator.

cogging torque can also be reduced as described above. Further, the magnetic plate
components 542a and 542b are in contact on the side where the magnets 12a and 12b are
provided, which permits effective use of the magnetic fluxes form the magpets 12a and
12b.
[0380]  Of course, the magnetic plate 542 may be formed with steps engaging with each
other as shown in Fig. 64 without forming such recesses. Such engagement of steps 13
desirable in terms of making the structure of the magnetic plate composed of magnetic
plate components strong.
[0381]  Various modifications

It is known that it is desirable that the angle at which a magnet extends to be
widened in the circumferential direction fall within the range of {(120+20)/P} degrees,
assuming the pole pair number to be P. It is therefore desirable in the rotors 1A to IE,
for example, that the angle at which the magnets 12a and 12b are widened in the
circumferential direction fall within the range of (120+20) degrees. Further, in the

rotors 1F and 1F1, it is desirable that the angle at which the magnets 12¢ to 12f are

widened in the circumferential direction fall within the range of (60 & 10) degrees.
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[0372] However, the above-mentioned distances may be less than twice
the interposed distance to armature, provided that width and length in
which these ridges are provided 78 are short. This is because these
ridges are easy to become magnetically saturated, and have degraded
function as the paths of magnetic fluxes, [0373] The presence of the
magnetic members 13a and 13b is not indispensable in the present
[0BTbodIHeR ERWeY et yaan theyafepreigedmakingtthenglintegralaniih shaft
the 5 substrate 11 is desirable in tennis of easier assembly of the rotor.
in Hgrtber;, whedeaaimbgnetiaplate hevepnG2iEi psagnetd 2, 2acandrafhléshe cylinder
provided along with the magnetic members 13a and 13D, it is desirable
40tfag tA8) magnelicyplaterbagfotmettah tiog thil y titiothshafiaghétic nhethidarse.
I3a and 13b from a similar point of view. [0374] Fourteenth embodiment
(0383 Fig. Ietermthe dipseneeolesanodiratinghn eanrtidurerorg pHadiosatiomay be
plate 542 to be employed for a rotor according to a fourteenth . )
previfisdcmh i Brerensradiay infabrishalvinplie HbebriptioRiimke hibighered: 12:
taking the rotor IE shown in Fig. 24 as an example, it may be applied to
SiothBiE BB she Doy, b %}ﬁf‘g’?%}%&ﬁﬂ?@%@o KME %%31,@ %_Ofﬁﬁ.l fggposed
and IM (Fig. 45). 15 [0375] The magnetic plate 542 is composed of
thfff%’ﬁﬁ'@ plate components 542a and 542b divided in a position where
[Oyﬁl’pdﬁfg%%' aci]:f\;zg es r%agln & t% 2? %pc% theb %fft 'lzlltg'e 21[8)’ 15%1% @g}p lelgglr %mtance,
provided as V|ewec¥afoﬂg the Totation axis I.e., In plan view). For
i ’ " £ division i » XV - '
R e L LAt byt

cAPHENAR ol GO 835 R ARAUCR fetisRsRSHI Ak, Thatrire adividingn shaft

the magnetic plate 542 into small-size magnetic plate components 542a
maNH2AR R faqiiates masuaciurady dust
[0385] While the invention has been shown and described in detail, the foregoing
description is in all aspects illustrative and the present invention is not limited thereto. It

is therefore understood that numerous modifications not illustrated can be devised without

departing from the scope of the invention.



core. [0377] The presence of the magnetic members 13a and 13b is not
indispensable in the present embodiment. However, when they are
provided, making them integral withlthe 25 magnetic plate 542 is
desirable in terms of facilitating(gf;%@gfgnt of the magnetic plate
components 542a and 542b an bly of the rotor. [0378] As shown
in Fig. 62, the magnetic plate components 542a and 542b may be 79
adjacent to each other leaving gaps. The gaps are to be opposed to the
L?ﬁﬂ%o?ig&qpﬁﬂﬁ the Bogging torque is generally generated by variations
in magneticresistance of the gaps between the stator and rotor, the gaps
a EVRiAScTARANeH SURPIGMERtal grRoYRs falsShRUenRA NS GY&8farities being
cogging torque. The cogging torque is thereby reduced. 5 [0379] Further,
symmetri08rpanaticRlrtecampaneniaS42a and 542b may have steps on their
edges in the circumferential direction with respect to the direction along
a ilereotatishaxisctibigiecahisa phesgeactive view showing the state where
the magnetic plate components 542a and 542b having the steps are
amdjabemitceedah atheesiielsteps of theeadiacéhtx iagnagciplateoutside passing
components 542a and 542b are adjacent to each other. And, these steps
through 1€ vwm rebesdppavifichidomeensts bavirg o thelsilesvhdrbifieemaiemelarity
members 13a and 13b are provided and open on the opposite side (the
with respaeiiép Sifeyidn thisadonds te! 8owEING (BRSuRT cai JIAEBE gy sqy! pole face
.. described abogve. Further, the magnetic plate components 542a and 542b
exhibitinga B RABHINE Bl HRE AT AN Et4a BBt ToH 3 e pHatREECe (La)
which g‘en-nits effective use of the @argneti%fluxes form the mg}gnet§ 128 ters
correspolgige 1§br.nff5%1§8f CourSe e moagnseat}ic p(igséldfﬁ(}m%%}%e Srmed With
bypagsmg;tggga enga isn%nvyiith each other as shown in Fig. 64 without forming such
“Trecesses: Such engagement of steps is

said magnetic members are provided at least between said first type of said magnets and
said second type of said magnets; and

other magnetic members



desirable in terms of making the structure of the magnetic plate composed
of magnetic plate components strong. 20 [0381] Various modifications It
is known that it is desirable that thézangle at which a magnet extends to
be widened in the circumferential direction fall within the range of
{(12020)/P} degrees, assuming the pole pair number to be P. It is
. erefore desirable.in the rotors 1A to IF, for example, that the angle at. .
provided e R SR s b et B T e B S iy
. irectio ithin the range of (12020) degrees. Further, in the rotors IF
on said Ogggfﬁéi?ﬁ%ge%esirable that the angle at which the magnets 12c to 12f are
aWidened inthe.sireunferentialdirection fallwithindhe rangs-ef §80a30bne side is
degrees. 80 [0382] To prevent the magnetic fluxes from short circuiting
providedthrough the rotation shaft in the rotor, it is desirable to provide the gap G2
(Figs. 1, 5, 12, etc.), provide the cylinder 40 (Fig. 39) or employ
sfianmagnetipistedldoniimgiadian skafiiag desaribedaboveiofo383jald axis to
earn the distance corresponding to the gap G2, non-magnetic bosses may
farther plestew deisedonithennmetipenphbeys ohtheshafidrole 40vidthd slinstaid axis,
11 (Figs. 1, 5, 12, etc.), the rotation shaft may be inserted into the shaft
dhateons withaiderhemsass imterpolistiiethdresetdeding [0384ireiHetcakaydirection
required to provide the shaft hole 10 in the rotor. For instance, the
around spitapdTRHATR YRRRBhRP seRtFosEly eoapIbatheineAgBeioRTrIsE sttt hole

. without 10 coming into contact with the magnets and magnetic members. .
said othef GFEHEK 1 RORHEDH S BATHE DI SHYTRARIIY 309 AGPER bR Toafy sod

s n e e etiion has bech shown and desgrbed 1 detal e oreagg. i

ustrative an € present invention1s no
limited theret
&t

thin portions interpose hlgzre’t)etween at least on the side of one ends of said shis.

2. The rotor according to claim I, wherein the width of said slits in said circumferential
direction is chosen to be not less than twice the distance between a pole face of a stator opposed

to the rotor to constitute a motor and surfaces of said other magnetic members on the side of the

stator.

3. A rotor comprising:

a plurality of magnets;



is therefore understood that numerous modifications not illustrated can be
devised without 15 departing from the scope of the invention. 81 CLAIMS
1. A rotor comprising: a plurality of #§8agnets, each having a pole face,
disposed annularly with polarities being symmetric around a
predetermined axis; and a plurality of magnetic members, wherein an
inductance (Ld) corresponding to a magnetic flux flowing from outside
. each hexiseng ﬂﬂl@ugﬁ%e@é@@ewé Rl oPdEidnelagHess Pralh §EamSHaRe around a
face exhibiting a first polarity with respect to one side of said axis and a
Wp&ef said magnets having said pole face exhibiting a second
polarity with respect to said one side is smaller than an inductance (LQq)

2 S HEE O R LTHRRS Ao RsgHEES: REHWing from said outside to said |
magnetic me rs_bypassing said magnets; and said mag etic members .
o RHOVIOES L DORTEANEa frdt A or it GPCIG ThG e sing

q, tyne.of sl pagnets, and.other magnelie Meruoars;Be: Rrovided o iaric
through t%og %%%élr ég?r pﬁg face o sﬁ%@f{n};a‘gnetsl,nr%]agn_eéca%l%ndepelnﬁle%y and potarity
with respRevidyallys;ap @Qiﬁﬂ&é‘%dvyihé’e@ﬂcﬁ%&@%ﬁﬁ&lﬁ&%ﬁ&é’%@ﬁ@%‘&P‘ﬁ@e face
face and said magnetic members on said one side is provided, said
exhibitif® 08RG P36 Nas QRENNGSitsxending fram pesitivasmlesedasRittance (Lq)
axis to farther positions between said magnetic members and said

correspoftBgRELS as vigwedaaliny Faidhaxisfrom said outside to said magnetic members

predete

bypassing said magnets, wherein

said magnetic members are provided to cover said pole face at least on said onc side,
wherein

a magnetic plate covering said pole face on said one side is provided,

said magnetic plate has opening slits extending from positions close to said axis to
farther positions between said magnetic members as viewed along said predetermined axis,

said magnetic plate divided by said slits in the circumferential direction around sard axis

serves as said magnetic members, and



divisions of said magnetic plate divided by said slits in a circumferential
direction around said axis that cover said pole face serve as said other
magnetic members, and said othergﬁnagnetic members are connected to
divisions of said magnetic plate divided by said slits in the circumferential
direction around said axis that cover said magnetic members with thin

se@? grlrg)ﬁr]g‘cr’sl%]iteg :0 %%1996}9 er%b chsen At k%aéacci{‘ _mge‘?iqr%gi;;‘%ﬂfﬁs}i%gﬁ@%_Sﬂ{%rposed

its. or according to claim 1, wherein the wi dslitsin

therebersElfl eﬁiﬁ%Hbﬁ‘B‘?{‘ﬁ{‘Jiﬁhedérte&{@&@s%%%siﬁsbe not less than twice the

Istance between a pole face of a stator opposed to the rotor to constitute
a motor and surfaces of said other magnetic members on the side of the
stator. 3. A rotor comprising: a plurality of magnets; 83 each having a
4poig e dispasedianmianty wikk-gelarities being symmetric around a
predetermined axis; and a plurality of magnetic members, wherein an
thindudiangdes{ldllaoirespantingifzamiabtiesict fux §lokvisg frobe aotdige than twice
passing through between a first type of said magnets having said pole
the distafiacdextibitingadiistopoartgtwitdpresprct tocontosidecobsiidaximaind aud a pole
second type of said magnets having said pole face exhibiting a second
face of thgotaiity with respect to said. one side is smaller than an inductance (Lq)
corresponding to a magnetic flux flowing from said outside to said
magnetic members bypassing said magnets, wherein said magnetic
_members are proyided to cover said pole face at least on said one side,

thjétf‘ﬁi??@‘%ﬁﬁ@‘?féffbgﬁ%? ABver %4 pole face on said one side is

sgiré)vfliggtd type of said magnets and said second type of said magnets are formed
integrally by a ring-like magnet, and
said ring-like magnpet is unmagnetized in positions where said slits are provided in plan

view as viewed along said axis.

6. The rotor according to any one of claims 3 to 5, wherein
the area of one of said magnetic members covering one of said pole face is larger than

the area of said pole face.
7. The rotor according to any one of claims 3 to 5, wherein
said slits are provided in the vicinity of the border between said first type of said

magnets and said second type of said magnets.

8. The rotor according to claim 3, further comprising



said magnetic plate has opening slits extending from positions close to
said axis to farther positions between said magnetic members as viewed
along said predetermined axis, saitf magnetic plate divided by said slits in
the circumferential direction around. said axis serves as said magnetic
members, and 84 said magnetic members are connected to each other
with thin portions interpased therebetween at,l n. j f .
B B R R Sl SRR i pagmens
exhibitmg@;l%sEé%aﬂgﬁ%'agﬁ%ugﬂtﬁaem@ RIERCHRMIS HhOSRRIGREAR! 885H0aTpe of said
wice the distance between a pole face of a stator opposed to the rotor to
magnets CONBIHE QiDL RBGAIPOK: REOLINGIOer - <aidl REIJOkRH akGREANThIost the
claim 3, wherein said first type of said magnets and said second type of
same typSatdnpgRgitare farnedetnie gl ydy adingiliedvagert.and said
ring-like magnet is unmagnetized in positions where said slits are provided
in plan view as viewed along said axis. 6. The rotor according to any one
of claims 3 to 5, wherein the area of one of said magnetic members
 9.coNmringoorecofdiaig tpaleyfane 4§ dhager IHark. thethreacofizastpole face. 7.
The rotor according to any one of claims 3 to 5, wherein said slits are .
othepvigkanatichexsaehsity bIaHewsoRsé erstweEh Best fit (yeast sapgnets and said
magnets and said second type of said magnets. 8. The rotor according to
second typrfth 3G uPaRaCE WBFISRY 85

said slits are provided in the vicinity of the border between the other magnetic members

and said magnets.

10. The rotor according to any one of claims 3 to 5 and '8, wherein

said slits are provided to be inclined relative to the axial direction around said axis.

11. The rotor according to anv one of claims 3 to 7, further comprising

a yoke backing said magnets from the other side of said axis.
12. The rotor according to claim [, wherein
said magnetic plate has recesses or through holes into which said magnetic members fit

in the direction along said axis.

13. The rotor according to claim 1, wherein



a magnetic plate covering a pole face further provided for said first type of
said magnets exhibiting said second polarity and a pole face further
provided for said second type of saiddtmagnets exhibiting said first
polarity, on the other side of said axis, and being of almost the same type
as said magnetic plate covering said pole face on said one side. 9. The
rotor according to any one of claims 3 to 8, further comprising other
magAKtIEFRBEHEETL STV TSRS RVBEN hitPRRCRRZBFS ATl s sting along
_said second type of said magnets, wherein said slits are provided in the
said,{kity of the border between the other magnetic members and said
magnets. 10. The rotor according to any one of claims 3 to S and 8,
wherein said slits are provided to be inclined relative to the axial direction
aroynd-said axis. .11..The [ iy to 7,
furtﬁ% r Eﬁc}?n";? risine § %}%ﬁ% té;%:ﬁ %%g%z%l ?mga%?ngg?éﬁ%ﬂr%%@@%de of

said, X, Rk eE0Iqn AGRRLGING .l Lihareinisaid magnstic plate

has récesses or through holes into which said magnetic members fit in

the difgclinn alongsaidaxisicldedba{aterraaseringdasiaim 1, wherein
86 said magnetic plate has recesses into which said magnets fit in the
direction along said axis. 14. The rotor according to either claim 12 or 13,
further comprising a yoke backing said magnets from the other side of
saidiaxishatheseivcsaithyokeland $aihateignetic members are formed
integrally. 15. The rotor according to claim 3, wherein

said magnetic plate has recesses into which said magnets fit in the direction along

said axis.

16. The rotor according to either claim 1 or 3, further comprising
ridges provided on said magnetic plate and coming into contact with said magnets

from their outer peripheral sides.

17. The rotor according to either claim 1 or 3, further comprising
ridges provided on said magnetic piate and coming into contact with said magnets

from the side of the circumferential direction around said axis.

18. The rotor according to either claim 1 or 3, wherein
said magnetic plate is composed of magnetic plate components divided m a

position where said pole face 1s disposed as viewed along said axis.



said magnetic plate has recesses into which said magnets fit in the
direction along said axis. 16. The§gtor according to either claim 1 or 3,
further comprising ridges provided on said magnetic plate and coming into
contact with said magnets from their outer peripheral sides. 17. The rotor
according to either claim 1 or 3, further comprising ridges provided on said

‘@nﬁﬁg%% Ipallg%%r%ﬂg) 8%1g1%irp§o\gﬁggaﬁt with said magnets from the side
of ' ;

& circumferential direction. around said axis. 18. The rotor according

séld %ﬁ@%_@ﬁkﬂ#ﬁ% QB dRRreRSaithraonelicpieisgemeqsed of

" magnetic pfate components divided in a position where said pole face is
disposed as viewed along said axis. 87 19. The rotor according to claim
18, wherein said magnetic plate components are adjacent to each other

2deaving gapsco2@inkhe coien agcaigdingnto claim 18, wherein edges of said
magnetic plate components in the circumferential direction have steps in

edhes difectiomatongsaldtaxispanddhie sieps ofrsailfemayrétibyptaten have steps in
components adjacent to each other engage with each other to constitute

the direcaichimagnaticplaten?1. The rotor according to claim 18, wherein edges of

said magnetic plate components in the circumferential direction have

thersipinofHeidinsegneisl s SN BAIS Nt iResstdp st B AN PR AGigage With cach

plate components adjacent to each other are adjacent to each other, and
other to GeRsYFEESSKERHIRICAPEF-on said one side and are in contact with each
other on the

21. The rotor according to claim 18, wherein

edges of said magnetic plate components in the circumferential direction have sieps in
the direction along said axis, and

the steps of said magnetic plate components adjacent to each other are adjacent to each
other, and form recesses which open on said one side and are in contact with each other on the

other side of said axis.

22. The rotor according to claim 14, wherein

a distance between the other side of said magnetic plate relative to said axis and said one
side of said yoke is chosen to be not less than twice the distance between a pole face of a stator
opposed to the rotor to constitute a motor and a surface of said magnetic plate on the side of the

stator.

23. The rotor according to either claim 16 or 17, wherein

a distance between the said one side of satd yoke and the other side of said



other side of said axis. 22. The rotor according to claim 14, wherein a
distance between the other side of said magnetic plate relative to said axis
and said one side of said yoke is §%osen to be not less than twice the
distance between a pole face of a stator opposed to the rotor to constitute
a motor and a surface of said magnetic plate on the side of the stator. 23.

ridges rel;%l]\?er tor Cacz»:{cfsrqls (‘%SG.I [ Cl%l{ne%?tg fé/@ﬁ{g i @%@%@Qﬁtg\’ B face of

€ said one side yoke an r side of said 88 ridges r atlve

a stator c!]gp%@éq %'&@r@%ﬁc%%&@ti%ﬁtm%m%f%éj istanee REIWaRNFate on the

pole face of a stator opposed to the rotor to constitute a motor and a
side of theugtage of said magnetic plate on the side of the stator. 24. An axial gap
type motor comprising the rotor defined in any one of claims 1, 3 -5, 8,
12, 13 and 15 and a stator, wherein said stator includes: a plurality of
magnetic cores standing along said axis; windings wound around said
24nagnetie] qares;nd@amagneticiplateemauntidioadsaidmagpeticieores! , 3 -5, 8
and having opening slits extending from positions close to said. axis to
12, 13 anfhithenpesitons v28rdm axial gap type motor comprising the rotor defined
in any one of claims 1, 3 -5, 8, 12, 13 and 15 and a stator, wherein said
syehsbrimchsdiedesa substrate having a surface perpendicular to said axis; a

pair of first-stage spacers separated from each other and each extending
a piyal gﬁ@@%gnetlc cores standing along said axis;

windings wound around said magnetic cores; and
a magnetic plate mounted on said magnetic cores and having opening slits extending

from positions close to said axis to farther positions.

25. An axial gap type motor comprising the rotor defined in any one of claims 1, 3 -5, 8,
12, 13 and 15 and a stator, wherein

said stator includes:

a substrate having a surface perpendicular to said axis;

a pair of first-stage spacers separated from each other and each extending at an angle of
about 180 degrees, on said surface in the circumferential direction of said axis;

a pair of second-stage spacers exiending at ends of said first-stage spacers at an angle of
about 120 degrees in said circumferential direction on said first-stage spacers, respectively:

a pair of magnetic cores provided on said first-stage spacers, respectively;

two pairs of magnetic cores provided on said second-stage



about 180 degrees, on said surface in the circumferential direction of said
axis; a pair of second-stage spaceg%extending at ends of said first-stage
spacers at an angle of about 120 dégrees in said circumferential direction
on said first-stage spacers, respectively; a pair of magnetic cores provided
on said first-stage spacers, respectively; two pairs of magnetic cores
rovi n said second-stage 89 spacers, respectively; a pair of first
SPACETS, I@v?ﬁtej&l?%%l rovided on said substrate and winding three of said magnetic
a GREESFHRAILAL Sacondviadings piRvided an-said W%ﬁ@q%emﬁa%fgmc
said first windings “and winding three of said magnetic cores; and a pair o
cores; third windings provided on said second-stage spacers and said second
windings and winding three of said magnetic cores, wherein said first
a Windingse@aid secdndswindingd andsaaldikirdiuindingsarendreant édstoviadings
shifted 120 degrees from one another in said circumferential direction. 26.
and windimétiseafatitiviagnancaciatgapdype motor comprising the rotor defined
in any one of claims 1, 3 -5, 8, 12, 13 and 15 and a stator opposed to
a gaid ofotdrd byifidngs g sines ol stid serent toiagr drstetor apd siidsetvod windings
driving an axial gap type motor comprising the rotor defined in any one of
and windipgiihges, of saidgnagnels spES5VABEE stator opposed. to said rotor, by
flowing a leading current to said stator. 28. A compressor equipped with

S AR WEPRFe FAtoIEORp NS Fe Bt ANEY TINgREs MO REMIRT © be

. 3-5,8, 12, 13 and 15 and a stator opposed tq.said rotor. 29. The
shifted 1%%%%‘?&.@, PR CBFAtRGHS R é}rﬁ}%ﬁg?@é%ﬁp Shgon

26. A method of driving an axial gap type motor comprising the rotor defined in any one
of claims I, 3 -5, &, 12, 13 and 15 and a stator opposed to said rotor, by flowing a sinusoidal

current to said stator.

27. A method of driving an axial gap type motor comprising the rotor defined in any one
of claims 1, 3 -5, 8, 12, 13 and 15 and a stator opposed to said rotor, by flowing a leading

current to said stator.

28. A compressor equipped with an axial gap type motor comprising the rotor defined in

any one of claims 1, 3 -5, 8,12, 13 and 15 and a stator opposed to satd rotor.

29. The compressor according to claim 26, further comprising
a compression element driven by said motor, wherein

said compression element is provided below said motor.



a compression element driven by said motor, wherein said compression
element is provided below said motor. 90 ABSTRACT A technique of
employing a rotor having anti-saliency and being rotatable about a
predetermined axis in an axial gap type motor is provided. A plurality of
magnets (12a, 5 12b) are disposed asmularly on a substrate (11) with
polarities being symmetric around a shaft hole (10). For instance, the
magnets (12a, 12b) exhibit N polg BRGALUle, respectively, on the side of
a stator (on this side of sheet of drawing). A plurality of magnetic
members (I 3a, I13b) are disposed to extend perpendicularly to the
direction of a rotation axis, and more specifically, between the magnets
(12a, 12bechnigue of employing a rotor having anti-saliency and being rotatable about

a predetermined axis in an axial gap type motor is provided. A plurality of magnets (12a,
12b) are disposed annularly on a substrate (11) with polarities being symmetric around a
shaft hole (10). For instance, the magnets (12a, 12b) exhibit N pole and S pole,
respectively, on the side of a stator (on this side of sheet of drawing}. A plurality of
magnetic members (13a, 13b) are disposed to extend perpendicularly to the direction of a

rotation axis, and more specifically, between the magnets (12a, 12b).



