PCT/ JP2004/ 009887 SPECI FI CATION Mdtor Technical Field
The present invention relates to a notor conprising a

rotor core in which nmultiple permanent nag

enbedded. More particularly, the present igggﬁ"{)%@mog%?
relates to a notor suitable for usage in which silence
‘i1s required. Background Art Fromthe past, Silence in

a notor is considered. There exist many techniques

SPMHeCANeRg to achieve silence by paying attention to
the "variration in attraction force in rotational

Ot% ection due to rotational position such as togging
orque, nmaminly. For exanple, Japanese Patent Laid Open

TelR G B85 okukar - 2000- 69695 bach | Nt ends. to
o856 R 3 BB S oD i whicn
e
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t he permanent magnets bei ng enbedded in the

fornmul a,
BaF]FET@PF@rA@f the rotor core, as illustrated in Fig. 1.
Japanese Patent Laid Open Gazette No. tokukai hei

From.- phe 1mestpidencst denti swten isogepsidetess quéhers a¥igh many
formula differs dependi ng upon the cycle of togging
techpiqss. wiplecindeng ta wehisveusilence) hyn paying atbentdomsto the
greater when concentrated w nding is enployed, so
vatifen dh sgtiagtiondercerinsestatinna hdirectpen dundntrotatioretlposition
di sposed in outer peripheral side of the rotor cannot
sudhead cogging torque, mainly.
For example, Japanese Patent Laid Open Gazette Nos. tokukaihei 10-201147,
tokukaihei 11-98731, and tokukai 2000-69695 each intends to reduce cogging
torque.
Japanese Patent Laid Open Gazette No. tokukaihei 10-201147 realizes a
motor with low vibration and low noise by reducing cogging torque by
determining circumferential direction target position of permanent magnets
in two layers to be a specific relationship which suits to a specific formula,
the permanent magnets being embedded in the interior of the rotor core, as
illustrated in Fig. 1.
Japanese Patent Laid Open Gazette No. tokukaihei 10-201147 pays
attention to cogging torque, so that formula differs depending upon the cycle
of cogging torque. Especially, the value of 0 in Fig. 1 becomes greater

when concentrated winding is employed, so that disadvantage arises in that

permanent magnets disposed in outer peripheral side of the rotor cannot be




PCT/ JP2004/ 009887 made greater. Further, an angle of
aperture of a magnetic pole differs for every pole, so
that wunbal ance is generated in rotational ﬁ@?ﬁ?zo¢¥ﬁb9887
an induction voltage waveform becones asynmetrica

shape. Therefore, various abuse are expected such

that increase in noise, affection in position

detection accuracy and the |like due to other cause.

maﬁ%p%’%‘;gé% Pat ent Laid Open Gazette No. tokukai hei

1 “intends to reduce cogging torque by varying
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rture of netic, . pnole.dip.ffers for ever le, s
unPifiacl 1 Senfraled () aRERigRal forovor Aihndt mpiHoRsgftage

' an.i nduction voltage L wayef.orm begpnes. asymetri cal

wadpform Bacafiop o Aeyiictrisal SHARS, o BOTIRRe (YRR dpuse are

that.,incgrease.in noise, .affection in pasitipn .

exRretel B (ARCHICHRER® B A0 et e QPRI PP UGR i eqtigR accuracy

anese, Pat e Laid Open Gazette No. tokuka

ané%ﬁ%T@@ébgaﬁkQ FCAB&-t he punching hol es for

. enbeddj.ng pe ent net [ch ar qual . to one

J am%?age&ﬁdi@n@i‘ﬂw%@ﬁf&p Qfto ﬁ@feﬂlelka%fi%éaf»%# to
each provided to contact  to the edge face of the |

redyise FRAGHE tragHR LY IYEng the anglmebaperturppf theamagmetic pole
pseudo skew, and intends to reduction effect in

for eyguy ngles ap dlastratmd imBigdi% f erent rotor cores in axial
direction causes conplicated arrangement of die.

Butong engde génperturd afra axagnetdi pelet didfers dot hweryt polgsso that
vibration is possibly induced. Abuse cannot be ignored ,

unbizlance exigenerated oin rptateondli fivctas Aexd, r emeinductionowoltage
angl e of aperture in magnetic pole. For exanple,

wapefobive tecames easyphidtiied] sshalpet haThérefomaseatious radmse are
| osses due to excessive concentration of nmagnetic

expfdcted seel thati erireasegneatdise,fd fibctivanimoposition detection accuracy
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and the like due to other cause.

Japanese Patent Laid Open Gazette No. tokukai 2000'69695 determines the
punching holes for embedding permanent magnet which are equal to one
~another, and varies the shape of elongate hole section each provided to
contact to the edge face of the permanent magnet. This corresponds to
application of pseudo skew, and intends to reduction effect in Qogg‘ing torque.
Piling different rotor cores in axial dire_ction causes complicated
arrangement of die. Force is generated in axial direction so that thrust
vibration is possibly induced. Abuse cannot be ignored due to existence of
pole which has extremely narrow angle of aperture in magnetic pole. For
example, problems are exemplified such that increase in iron losses due to

excessive concentration of magnetic flux, sufficient magnetic flux cannot




reach edge section of permanent magnet during
magneti zation. Al of those techniques pay attention

to cogging torque. When a notor is driven,
particularly when load is great, affection %(??;J§2004/%09887

torque is small, and rather, affection of higher
~harnoni es of induction voltage becones greater if
coggi ng torque is suppressed bel ow a certain val ue.

reahé?‘ leeRBhb %E?%F%‘?ﬁ ﬂﬁg%%@?%*ﬁ%%%%ﬁzgﬁxﬁg?e

6 bl ek sl AftEREBE cdgbihe b %*few%ﬁ%ﬁﬁlﬁ%na motor is
dﬂ%%%fzgﬂ)ﬁ%w@% Fﬁr& iqfféa S oBfoalefion of g&zgepsnf@sque is
smfll, 54 ra e nBSGEE e?‘%%iﬁr%e AR difipdletioy Vlage becomes

eI ong te hole sectl on OVI de contacti ng the
? 2088518 (1REI e i eﬂe@ﬁp@ & wee&l.velue More
. erl eral, direction, asHIuiltratedln Fig. 4,
patygalfr ¥ugihema porpanant TeagReh haying st?soqeesvlinaeeetw force is

g{yﬁgnese Patent Laid Open Gazette . tokukai
emplyyed sppdgas uEn @arth magneindt éﬁsfuadﬁettpe@ that ithe magnet is

rotor, The magnetic flux also flows through the
- grealypafiecied Yéllﬁh‘@ﬂbmﬁmcﬁloﬁm ucti eeléage. sound may
be increased dependi ng upon the position of the
Japanese | Hadent LaithOpeodrazatte Ny. tolngkais2(i2s¢48%kaan nesdlee the
above, Japanese Patent Laid Open Gazette Nos.
probikmicfithei exigtencd ol gxtrevialk aisresw Hneds pg apertoicalini magnetic
2000- 69695, and tokukai 2002-44888 do not
pols ugmesgf tihd yahoed upeohlemgi n@ecifipadlywrn elomsgHtti holensection
per manent magnet  magnetic flux is maintai ned and abuse
provideds fotrodnéactin® thn bdga foe of theapdéramamnd magaetiivddiided in
- ~to thrust force is not generated. Al so, they are not
perificerat ddtectionhas il paystedtineig, dnsd thapeixiligry reinforcement
har noni es of the induction voltage, for exanple fifth

ribor @emprotdedni cFapatest AlHeh20R4d 009887 Gazette No. tokukai
2002-44888 intends to prevent deformation in the rotor.

The magnetic flux also flows through the “auxiliary reinforcement rib”.
Therefore, sound may be increased depending upon the position of the
“auxiliary reinforcement rib”. |

As is described in the above, Japanese Patent Laid Open Gazette Nos,
tokukaihei 10-201147, tokukaihei 11-98731, tokukai 2000-69695, and
tokukai 2002-44888 do not successfulb.z reduce cogging torque while
sufficient permanent magnet magnetic flux is maintained and ebuse in
sound due to unbalance vibration and in sound due to thrust force is not
generated. Also, they are not the measure which pays attention to specific

harmonics of the induction voltage, for example fifth order harmonics and




seventh order harnonies. Especially, they are not the
arrangenent for sufficiently reduce sound when the

notor has a great |oad. The present inventi q%¥85
in view of the above problens. It is an objgg?ﬁgio e 887
present invention to provide a notor for reducing

specific orders of magnetic flux distribution
waveform for exanple fifth order and seventh order,
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per manent gnet elongates in the vicinity _between
sp ;96&%‘%3 ob T renafic Tk Jistribugion, stayefamt fre example, fifth
second non-magnetic_layer is provided in the vicinity_,
order angh S%‘(ﬁfftbc@'%@rs and Iphpspvent genprapigneolounpetessageradial
position with respect to the peripheral direction edge
forepand shrust ferxeshwhie paieienirampenetisfluois magpiained.| ayer

continuous or adjacent to the peripheral direction

Sumggerys@E flherdngentignh per manent magnet, and wherein

the non-nmagnetic | ayer continuous or adjacent to the

- A mpetarptiefindt aspact comprissge wéat core, glusaEchepranemie ntagnets

magnet and the second non-nagnetic |ayer are
empedddd omdHe trotaacme, whdrkimadpgeripherad diesct{om edgasedidnh of
nunber and is equal to or greater than 3) of the
eadhnghiai aremivabageor Aot agnaic kgeonontiapeas oeadjawgat amthe
odd nunber order harnonies, the odd nunber being

perephiatal direetiofredigeadectibanf 3acln gephbaent hedprst lelongdagss O the
3, as the n-th order harnonics. A notor of third

vicBEREbEtvesa €lys palesodtHuueeiity bfl €he RatorodftiEsce, iRl @ddcond
4 PCT/ JP2004/ 009887 . ‘

non-magnetic layer is provided in the vicinity of the surface of the rotor at
the pole center side position with respect to the peripheral direction edge
section of each permanent magnet or non-magnetic layer continuous or
adjacent to the peripheral direction edge section of each permanent magnet,
and wherein the non-magnetic layer continuous or adjacent to the peripheral
direction edge section of each permanent magnet and the second
non-magnetic layer are positioned to cancel n-th order harmonics (n is an odd
number and is equal to or greater than 3) of the induction voltage.

A motor of second aspect employs an odd number order harmonics, the odd
number being equal to or gi'eater than 3 and other than multiples of 3, as the

n-th order harmonics.

A motor of third aspect employs an odd number order harmonics, the odd




nunber being equal to or greater than 13 and ot her

than nmultiples of 3, as the n-th order harnonies. A

not or of fourth aspect enploys 5-th order h j :
7-th order harnonies as the n-th order harﬁ%ﬁﬁggﬁﬁﬁﬂf%g?
notor of fifth aspect nmakes the peripheral direction
edge section of each pernmanent magnet or non-nagnetic

| ayer continuous or adjacent to the peripheral

nufbEF S8R STUHE A BE grael hEFals RRACRERE T ShedLor 8. oo
th anﬁi}thoeré ggd procvsi des rotor core |ying between them
A Sp bHALenH aspect determ nes O. 1 and 0 2 to be

0 <0 1<.18 - Pn) and, 18Q0.- P 502 : ~~ 0 X

A ﬂpt%)ojf gqur8g<a %1; <CHBleys. %Fﬁh ogﬁér l’{%or_nc%,ﬁgr 7i§1 rder
2 1 S~ 18tglsx'é{9 -.Pn) where 0 1 represents an angle

hayaomics asitie 15ER opdesy BArMERiEst | on edge section of each
per man magnet or. the pol e center. side edge sec¢tion

A %Ptqro‘?fg&ths%ﬁﬁeﬁt:é‘l%kﬂsaﬁ@ntje%@bﬂ”aérfhﬁ?cq%e &h Sppe of gach
| ayer continuous or adjacent. to the peripheral

PeranaReRt HMagnfteok SR BASHLLIE dape ciontinstous ey RejaceRd to the
the Dbetween poles, and 0 2 represents an angle

pemphopad dlivastioncedgecsectioneofeansh pysranet wazrakandtthe second
surface_ adjacent section of the second non-magnetic

non-pyagnetinlyendngependentpizoms onamdobher; epdepentdesareior eore
pai r nunber. A notor of seventh aspect determ nes the

lyinghbveenithambe 0 < 0 1 < 1800 5 PCT/ JP2004/ 009887

A motor of sixth aspect determines 06 1and 0 2 to be

0< §1<180/(5  Pn)

and

180/(5 - Pn) = 62 = 180X2/(5 * Pn)

or

0< 61<180/(7 - Pn)

dn_d

180/(7+Pn) =< 02 < 180X2/(7 * Pn)

where 01 rejpresents an angle between the peripheral direction edge section
of each permanent magnet or the pole center side edge section of rotor
surface adjacent section of the non-magnetic layer continuous or adjacent to
the peripheral direction edge section of each permanent magnet and the
between poles, and 6 2 represents an angle between pole center side edge
section of the rotor surface adjacent section of the second non-magnetic lajer
and the between poles, and Pn represents a pole pair number.

A motor of seventh aspect determines the angle 8 1to be 0 < 61 < 180/(5 -




Pn) or 0 <0 1 < 180/(7 - Pn), the angle O 2 to be the
m ni num value of 180/0 Pn) : 0 2 - 180 X 21(5 Pn)

or the m ninum val ue of 1800. Pn) 0 2 ¢ 180
Pn). A notor of eighth aspect determines O %égﬁg£@46009887

to be 0 < 05<180/(5 Pn) and 1801(5 Pn) c 0 6 ¢ 180
X 21(5 Pn) where 0 5 represents an angl e between the
peri pheral direction edge section of each pernanent

ngt_ op 4t b .eenter sid ge. section .of the
Pof 30 < it Ul BB, e B0l P57 % BE T iBipbf watue of
: cqnt i, nu ] t to the peripher
1808 ol & bl Sl Bl S i BRI B s P =
h n noles, and 0 6 represents an angle
e%e%/\égﬁ&?g@e g@Lter side edge section of the rotor
surface.adjacent sectiqn of the second, non-nmagnetic
-Am3§P§r0 e htq‘r'%)e%a@\@éﬁ“ﬁ%? e@?ad'ﬁgl PRtebBresents a pol e
<gair nuanr, agd determines 0 7 and O 8 to be 0 <07
0 < 851180/ pnPodnd 180/ (7 Pn) ¢ 0 8 ¢ 180 X 21(7 ~ Pn)
where the rotor core section width has points of
andnf| ection, the rotor core section wdth bei ng
sandwi ched by the peripheral direction edge section of
18Q/&en r%rﬁéétgwﬁaé@/ * Rod- magnetic | ayer continuous
or adjacent to the eri pheral direction edge section
whete e Blrepresenbean amgimbetvegea theeperinierd] diventinngdge isection
| ayer and the rotor surface, 0 7 and O 8 represent
of eajil permasenesragnet orsheauile wenpai side afdgenddctioni afnthencbtor
the between poles, and Pn represents a pole pair
surfacdedjacOIT seRRM0 (MRAB@Y neaghedizt layor npestintieus or adjacent to

rel ationship of the angles 0 5, 06, 0 7 and O 8 to be
theDperipheral direction edge section of each permanent magnet and the
between poles, and 06 represents an angle bétween pole center side edge
section of the rotor surface adjacent section of the second non-magnetic layer
and the between poles, and Pn represents a pole pair number,
and determines 67 and @ 8 to be
0< 07<180/(7+ Pn)
and
180/(7 + Pn) = 68 = 180X2/7 * Pn)
where the rotor core section width has points of inflection, the rotor core
section width being sandwiched by the peripheral direction edge section of
each permanent magnet or non-magnetic layer continuous or adjacent to the
peripheral direction edge section of each permanent magnet and the second
non-magnetic layer and the rotor surface, 6 7 and 6 8 represent angles

between the respective point of inflection and the between poles, and Pn

represents a pole pair number,




7< 05< 08< 06. A notor of ninth aspect determ nes the
angle 0 5to be 0 <05 <1800 - Pn), the angle 0 7

to be 0 <0 7 <1800 - Pn), the angle 0 6t
m ni mum value of 1800 - Pn) : .5 06 :_5 18§Ciﬁ§g6]®/009887

Pn), and the angle O 8 to be the m ninmm val ue of
1800 - Pn) :_5- 0 8 :_5- 180 X 20 - Pn). A notor of
- tenth aspect enploys a permanent nagnet divided into
iple |ayers;in radia irecfi as eacgh of .t
anf BelarRufhe s THE RIS BF 65 bRElerdlundff al detid el gy ¢
r nt gnet divided into two |layers in radial
7<3i¢)€ér?d;§<a§r%ach of the permanent magn 03 and 04 to
be 0O 0] < 180Q - Pn) apd 1800 - PD) 0 X
A mptor Dzﬁ’)mab?SR?CE%Gt@HQPHfS 3be ﬁnﬁfs I svia befsg08 5 %ﬁﬁaﬁgsxl’nl
0 4 < _180.X 20 -, _Pn ere 3, represents an angl e,
the,apglédh? tadepRrs p9n%r<azl89mﬂ? écfffgoﬁh‘éé@gfeséétﬁool?ﬁ th¢ minimum
permanent magnet in inner side of the rotor or the
valyel & WWe1 P8l de ddyc= LERK 205 ofn) Gudk thesnglee b B to be the
- .adj acent. section_of the non-magnetic |ayer continuous
migimyny wlegrf180(Fe Bot iph8ta= digs(@n Ralge secti on
of each permanent nagnet and the between poles, and O
A motrpfdsvbh eispectagpbyser pesmaneet mpgmepidevided into multiple
direction edge section of pernmanent magnet in outer
laysisim vidinhdireciionrs@achaolf dhe patmanshtimazphgés.sect i on of
the rotor surface adjacent section of
A 1BGIOrI¢2€18 44 01D 8 8fedt hmm pluys na preemianehb yea greand ivisdieed ) $n tor two

adj acent to peripheral direction edge .
-layers in radial direction as each of the permanent magnets, and determines

6 3and 04tobe

0< 63<180/(5 - Pn)

and

180/(5 - Pn) = 04 = 180X2/(5 * Pn)

or _

0< 638<180/7 - Pn)

and

180/(7 « Pn) = 64 = 180%2/(7 - Pn)

where 6 3 represents an angle between the peripheral direction edge section
of permanent magnet in inner side of the rotor or the pole center side edge
section of rotor surface adja(':ent section of the non-magnetic layer continuous
or adjacent to the peripheral direction edge section of each permanent
magnet and the between poles, and 0 4 represents an angle between the
peripheral direction edge. section of permanent magnet in outer side of the

rotor or pole center side edge section of the rotor surface adjacent section of




section of the permanent magnet and the between pol es,
and Pn represents a pole pair nunber. A notor of

twel fth aspect determnes the angle 0 3 to gé,gﬁgﬁgﬁ@%m

< 1801(5 Pn) or 0 <0 3 < 1801(7 Pn), th

to be the m ni num val ue of 1801(5 Pn) : 0 4 180 X
21(5 Pn) or the mnimumvalue of 1801(7 Pn) 0 4 180
X 21(7 Pn). A notor of thirteenth aspect enploys a

PR Bt FRe B RS, RUABHR! WoREphoral fffedtion edge.

determnes 09 and 010 to < .09<1801(5Pn), ,and
sechiggpfghe Pﬁrm@n@nien%g%m@b fiw?lsetWﬁﬁal s @n B Fopresents a
represents an angl e between the pole center side edge

pole @iy BHIMFET. 1 ot or surf ace adj acent section of the
per manent. magnet in inner sjde of the _rotor and th?

A medoyeb i plithaspegh determaines she saglesd 3o bedl & BSr7:8WEG - Pn)
gole center side edge section of the rotor surface

or B b3t 18QET r §)othe angledt habertheraipaunvalue of 180/(5 -
side of the rotor and the between pol es, and Pn -

Pn} ¢pr <eri s180%8/(6 ‘pRiy onthmerinimpum valusy of HY(D Pn) oRd 0 4
0 12 to be 0 < 011<180/(7 Pn) and 1800 Pn) c 0 12

< 38082/ 2®@n)Pn) where the rotor core section wdth has
points of inflection, the rotor core section width

A thefongpfshindescthedsimct teleplpes aghemadnaditrmeghet dedded into two
section of PCT/JP2004/ 009887 per manent magnet on inner

laysrgim rddibhdirection agreanhmf whgpetrmankay eragredntamlideterorines
adj acent to the peripheral direction edge section of

6 Peandabaotto be

0< 69<180/5 - Pn)

and

180/(5 « Pn) < 610 = 180X 2/(5 - Pn)

where 69 represents an angle between the pole center side edge section of
rotor surface adjacent section of the permanent magnet in inner side of the
rotor and the between poles, and 6 10 represents an angle between pole
center side edge section of the rotor surface adjacent section of the
permanent magnet in outer side of the rotor and the between poles, and Pn
represents a pole pair number,

and determines 6 11 and 6 12 to be

0< 611<180/7 - Pn)

and

180/(7 + Pn) < 612 = 180X2/(7 - Pn)

~ where the rotor core section width has points of inflection, the rotor core

section width being sandwiched by the peripheral direction edge section of




magnet and the peripheral direction edge section of
per manent nmagnet on outer side of the rotor or
non- magneti c | ayer continuous or adjacent t
peri pheral direction edge section of pernanQG%Bﬁ%&ﬂ#Qq9887
0 11 and 0 12 represent angles between the respective
point of inflection and the between poles, and.Pn
represents a pole pair nunber, and determ nes the
relatlonshégeof t he _ang Igs 0,9, 0 1 0 11 and O 1
peygangyyl Mnaghety PR 1908t “HdfoPhrthsr TPHT PEeAPR THaERE fo ' fayer
etermnes_the angle 0 9 to 0 9 < 1800
cory H@lwrea@aﬂnft "the Eﬁr&pleerf?%eref@@n(eﬂ&e $6R510n 0f gethianent
angle 0 10 to b th nlnlnu val ue of 180/ (5 - Pn)
magngt gngothe genip eliﬁlzgre"tl% edgg geethen gf eemagend megngt on
t he mi ni_num val ue of 180/ (7 .- Pn) 15012 : 15180 X
outzz@ sidegyf the Fotey er spREnagReiis tayerpyndingoys pregdiagent to the
géesent N-pol es or S-poles which are disposed at
pesanespl adiseebionerdgey seating Hit Pernanenl nrsnnst ddt and 0 12
_ angle. (imagnetic pole" is used to represent an extent
represanivinglas %ﬁ@‘ﬁ%@ﬂl the¢ respestive mwipk phinflactionagmbthe between
mainly flows. The invention of first aspect conprises
, polas,raJtc%:/)_Pnd@peesqmts; agiolppairamenber,nagnet s enbedded in
the rotor core, wherein a peripheral direction edge
and detdronnes thacélapenshiyeof thesgrgdes 619, nd A0mayibkaind 10akito be
conti nuous or adjacent to the peripheral direction
0 lddged Sect § @B <off BAch per manent nagnet el ongates in
the vicinity of between the poles to the vicinity of
A inbeor of dburikentlacspeandetersenesdthitonnghgh®t te Hayer 1659 <
- provided in the vicinity of the surface of the rotor
18G(5 t Pey) pelecaiglatiell & e 0posd i en18d/(h: Pedpgetatgle BN to be
peri pheral direction edge section of each pernanent

theBONSI WO vA108 of RYOES + PnPCE/ JPROCL/ PO9ZB/(F LY, and the angle
conti nuous or adjacent to the peripheral di rection

0 120d@ s fitd iR hnmepslie o ROUETOMPR)TBYNGL2 and 3ghep&T R Pn).

t he non-nmagnetic | ayer continuous or adjacent to the

In ﬂgé L%@@ﬁﬁbtféhr‘%SIé”qg 52880985 R0t - pRAG oS PRELHhich are.
disposed at every approximately constant interval or constant angle.
“magnetic pole” is used to représent an extent from which magnetic flux of
the permanent magnet mainly flows.

The invention of first aspect comprises a rotor core, plural permanent
magnets embedded in the rotor core, wherein a peripheral direction edge
section of each permanent magnet or non-magnetic layer continuous or
adjacent to the peripheral direction edge section of each permanent magnet
elongates in the vicinity of between the poles to the vicinity of the rotor
surface, and a second non-magnetic layer is provided in the vicinity of the

surface of the rotor at the pole center side position with respect to the

peripheral direction edge section of each permanent magnet or non-magnetic




and the second non-magnetic |ayer are positioned to
cancel n-th order harnonics (n is an odd nunber and

is equal to or greater than 3) of the ind '
vol tage. Therefore, n-th order harnonics cgﬁ%tﬂgmméqoggw

the magnetic flux distribution waveform (induction

vol tage waveforn) can be reduced and unnecessary

radial force and thrust force can be prevented from
can

occurr.ence, while sufficient. neti c f.l ux be
laygk CRPUBNGHS oR AditsPrdp tBedbriP AL ALOHCCHER SE° Rartion of gach
of an order qf od mber gnd of equa). to or greater
veiihafifnd sirench il EheHEh ot mod maanetie Rufh Gaus or
harnpni ¢s. Therefaqre, odd nuynber order harnonics, the
adiagem i Hhs pEEp araqéﬁa%qﬁ%e e a?céa%ne# eI D IRARERt magnet
éh@g mul ti Ies_of 3, .of the magnetjc fl ux )
and); Qe jspeando RORareLBLHE (1aY8T citeo Rosidiangde tovrpmcel Ay th pyder
be reduced and unnecessaré]radial force and thrust

‘haygprics danisanmdd, anmekers apthisaaned dacer gregier ¢han 3) of the

. sufficient magnetic flux can be nmintained. A notor of
induetiog yelase. enthesgorpamibhi exslest hapmenirsr compegent of the
nunber and of equal to or greater than 13 other than
‘magneticfles distrihution mraveforrn @rdwstiorhyplege csaveform) can be
Theref ore, odd nunber order harnonics, the odd nunber
redosed gndesprdcessanyrragiadforce 2imd bhmsstdoteercanHzmprevented from

mul tiples of 3, of the magnetic flux distribution
occnaxeafooy whilersthfifi¢ienh magrtedgefl v vah bemhaodnited. r educed
and unnecessary radial force and thrust force can be
A motevaftsecorid aspat cmpleys darmamiteofai ordércof oddouathar and
flux can be maintained. A notor of fourth aspect

of equalotesof ightdteorthan Barthenithanomudykrtdf 8y denhe n-th order
harnoni ¢cs as the n-th order harnonics. Therefore, 5-th

hadhéeics haThefifere, @dd uhbét IRPAMASHE8Y, thet dddhdiber being
harmoni es of the magnetic flux distribution waveform

~ eqddlngduét edhtel hhATS othve tRAMmM GRS of &l uFatheaRthgnetic flux
unnecessary radial force and thrust force can be

disg:&%ﬁggﬁﬁ%gé@mnocﬁlldhbﬁeﬁevom@@é Qvavdthih) @ah BBORcEd and
‘unnecessary radial force and thrust force can be prevented from occurrence,
while sufficient magnetic flux can be maintained.

A motor of third aspect employs harmonics of an order of odd number and of
equal to or greater than 13 other than multiples of 3, as the n-th order
harmonics. Therefore, odd number order harmonics, the odd number being
equal to or greater than 13 other than multiples of 3, of the magnetic flux
distribution waveform (induction voltage waveform) can be reduced and
unnecessary radial force and thrust force can be prevented from occurrence,
while sufficient magnetic flux can be maintained.

A motor of fourth aspect employs fifth order harmonics or seventh order

harmonics as the n-th order harmonics. Therefore, 5-th order harmonics or
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mai ntai ned. A notor of fifth aspect nmakes the
peri pheral direction edge section of each pernmanent

magnet or non-magnetic |ayer continuous or '
the peripheral direction edge section of eggjﬁﬂﬁ%g‘”&dbsw

per manent magnet and the second non-magnetic |ayer

i ndependent from one anot her, and provides rotor core

| yi ng between them Therefore, nechanical strength can
erati ef f

e iqproved, .and. 0 n and ect.simlar to,. .
Ty pRF SRR RO (i Slaroefie A aB e BiticR ey aort pdgption
i xth aspect, determn nes 1.and 0 2 to be,. <. 0
volfagio W BRI (R Dageigeed eyl inapegsary stial fayce ash thrust
or 0 <01 <1800 - Pn and 13800 - Pn) : 50 2 :. 5
forggeaicby @revwﬁvﬁﬁwce&arepeﬁr%ggﬁ ﬁgfgae%aaagn@m@ehcan be
the .peri pheral direction edge section of each
n“ﬁ%?ﬂﬁﬁint magnet or the pole center side edge section
of rotor surface adjacent sectign_of the non-magnetic
A mgierr ofcBfth; aregk mrkesgthec peripheralidiseqiion phes apction of each
direction edge section of each permanent nagnet and
peppanenje fiadetpel awn-magnetic laypr avatimsions ethgidgacent to the
: between pole center side edge section of the rotor su
- penipheral slifection: edgecsdctionodf edeh prrmmanenionagagheniddhe second
| ayer and the between poles, and Pn represents a pole
nowamagnedbayer Thdepdndant fromPei¢ 22001 GRESBTovides atdtiooreore
and effect simlar to those of fourth aspect or fifth
lying petweaanbhda. Mheréfvee mychakicahstygnpt cyn ibetimproved, and
consi deration. A notor of seventh aspect determ nes
opdrhtioargideflect dimilae t0 thode df thelBQBth aspect can be realized.

A motor of sixth aspect determines 61 and 62 to be

0< 61<180/(5 « Pn)

and

180/(5 - Pn) = 62 = 180X2/(5 - Pn)

or

0< 61<180/(7 - Pn)

and

180/7+Pn) = 02 < 180X 2/7 - Pn)

where @ 1 represents an angle between the peripheral direction edge section
of each permanent magnet or the pole center side edge section of rotor
surface adjacent section of the non-magnetic layer continuous or adjacent to
" the peripheral direction edge section of each permanent magnet and the
between poles, and 8 2 represents an angle between pole center side edge
section of the rotor sui'face adjacent section of the second non-magnetic layer

 and the between poles, and Pn represents a pole pair number. Therefore,
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Pn) or 0 <01 < 1800 - Pn), the angle 0 2 to be the
m ni mum val ue of 1800 - Pn) - 50 2 : 5 180 x 20 -

Pn) or the m ni num val ue of 1800 - Pn)
X 20 - Pn). Therefore, silencing can be reaPF?@geé%msm
operation and effect simlar to those of fourth

aspect or fifth aspect can be realized. A notor of
ei ght h aspect deterrri nes 0 5 an(f 0 6 to be 0 <05 <

| 5 -.P 18Q0 0
opgfdion B e?%%ﬁ? S5itaE %3 base e Tt hensinoeh 8F S Breckiban be
e sectl an, of e ch er mmnent magnet or
reqlied iyl kiR LER ST s Bty FRRTr the rot or
- surface adjacent section. of t|cI
A BOHE SIS BE oAb G PReS He : %Pﬁhn’é?%ﬁea Felltli 5180/ -
dge sec ion of er.manen gne the bet we
nSare@ a ® B¢ prE’ ntke gne im@%et% nﬁ&‘@“é‘hﬁ(@i‘ﬂe of
d section of the rotqor surface adjacen
18%@1?@ Lt 02he SlonaGiokn oRehetgtihe ménimaya, val Hnet ilﬁfé/(7 Pn) =
between poJ es, and Pn represents a pale pair numer,
0 2 &%Qér iTrieBnb ﬂhemf@esmtlwq;@g cgndberealizedgand pperation
- Pn) and 180/(7 - Pn) 508 : 5180 x 20 - Pn) where
and péfeciosiorilantoethose of &mﬁh dishettary fbhraspeot cambe cealized.
the rotor core section wi dth being sandw ched by the
A mpetorpifetghthdispect deteredges s@btarsh &6 todach per manent
magnet or non-nmagnetic | ayer continuous or adjacent to
0 <t Heb £21900(0F JP2D04/ 009887 peri pheral direction edge
section of each permanent magnet and the second
andhon- magnetic | ayer and the rotor surface, 0 7 and 0 8
represent angles between the respective point of
180/8 + @i 5 A<t N8ObER/(@EePnpol es, and Pn
where 05 represents an angle between the peripheral direction edge section
of each permanent magnet or the pole center side edge section of the rotor
surface adjacent section of the non-magnetic layer continuous or adjacent to
the peripheral direction edge section of each permanent magnet and the
between poles, and 0 6 represents an angle between pole center side edge
section of the rotor surface adjacent section of the second non-magnetic layer
and the between poles, and Pn represents a pole pair number,
and determines 67 and 8 8 to be
0< 67<180/(7 - Pn)
and
180/(7+Pn) = 68 < 180X2/(7 - Pn)
where the rotor core section width has points of inflection, the rotor core

section width being sandwiched by the peripheral direction edge section of

each permanent magnet or non-magnetic layer continuous or adjacent to the
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represents a pole pair nunber, and determ nes the
relationship of the angles 0 5, 0 6, 0 7 and 0 8 to be

0 7<05<08<06. Therefore, operatio
effect simlar to those of fourth aspect oﬁC?ﬂ?%%04/009887

aspect can be realized by taking symmetry into
consideration. A notor of ninth aspect determ nes the
angle 0 5 to be.0 <05 < 180/(5 Pn), the angle 0 7

oA s B bR SBeel Solons
and the.ali%lre 0 8 o be the fm' ni v%l ue of 1801&7 1
nopyagnefig layerggng the yotopyjuriases, dilopad P |TgRESSRGE anples

be realized, and operat ,%21 and effcgckl imlar t thosg
betgreen, §he Fesprgbive: Pont rofs inflestiga cang dhe RELWESH| YIS, An Pn
nmotor of tenth aspect enploys a permanent nagnet
repIese ISR PHePANUPHIES, | ayers in radial direction as
each of the permanent magnets. Therefore, operation

p .
and deteampines the gplationshin pbthe angles b, 08,1 Brand a8 gdetbe o
can be realized even when the permanent magnet is
7 i §Bded 8o Ol tTharefqrer operation: apdr efectcaimidan spdhase of
to inner side of the rotor_and other parts _
foueth raspeoh dimdiftlo aspectercani be vfalized byt taking swmuoretey into
el event h aspect enpl oys a permanent magnet divi ded
conisedaratiom. | ayers in radial direction as each of the
per manent magnets, and determ nes 03and 04t obe 0O< :
A mGk0t &6 hiBitn et daBrRGTisd PROAALNNDBEF be8DO 9 5Pa)l80/(5~ Pn),
04 : 5180 X20 - Pn) or 0 <0 3 < 1800 - Pn)
the angle 6 7 to be 0 < 07 < 180/(7 - Pn), the angle 0 6 to be the minimum
‘value of 180/(5 * Pn) £ 66 = 180X 2/(5 * Pn), and the angle 8 8 to be the
minimum value of 180/(7 * Pn) = 08 = 180X 2/7 * Pn). Therefore,
silencing can be realized, and operation and effect similar to those of fourth
aspect or fifth aspect can be realized.
A motor of tenth aspect employs a permanent magnet divided into multiple
layers in radial direction as each of the permanent magnets. Therefore,
.operation and effect similar to those of first to fourth aspect can be realized
even when the permanent magnet is divided into multiple parts, some parts
corresponding to inner side of the rotor and other parts corresponding to
outer side of the rotor.
A motor of eleventh aspect employs a permanent magnet divided into two
layers in radial direction as each of the permanent magnets, and determines
~03and 04tobe
0< 63<180/(5 + Pn)

and
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and 1800 - Pn) : !~ 04 : 5180 X 2/(7 - Pn) where O
3 represents an angl e between the peripheral direction

edge section of permanent magnet in inner
rotor or the pole center side edge secti oﬁlggf/;[?%q(%;( 9887

surface adj acent section of the non-magnetic |ayer
continuous or adjacent to the peripheral direction
edge section of each permanent magnet and the between

18085, B SR 50 D& B Ry ot or sur  ace. ad) acent

section of the peripheral direction edge section of
°T her manent nagnet in outer side of the rotor or

yer continuous or adjacent to
eﬁ{#gﬁ%ﬁﬁ dPFlgcti on edge section of the pernmanent
magnet and the between poles, and Pn represents a
an ol e pair nunber. Therefore, operation and effect

as to those of tenth éalgspect can be realized by

18Q/§7<| Rep) symtet rs B80S ZOhsPaération. A motor of twelfth
aspect determnes the angle 0.3 to be 0. < 0 3 < 1800 -

whepn &P represguts an agglq hetween) thetneélrshﬁgab diyeqtipp egage spetion
m ni mum val ue of 1800 - Pn 504 : 5 180 x 20 -

of peymanentheaghet huinner side tbsoro(cdfr or Py pale centsr side edge
180 X 2/ (7 - Pn). Therefore, silencing can be

sectionlaf zethr samfhcepaljatandsectionl offhienon snaghetic layet hastnuous
of tenth aspect can be realized. A notor of thirteenth

or asipment eiwp iy spearipiernacth ndiméctivag rdige désadtibad of rdaeht permanent
| ayers in radial direction as each of the pernmnent

magrghahd, thenbletthatedr poless anf98rdr&letaiie M anld betd80 pole
- Pn) 14 PCT/JP2004/009887 and 180/(5 Pn) ¢ 0 10 c

cent8POside 2dge BBgtiovh 6f thdrdof enrfaceptipicant saglon dfahegrripheral
the pole center side edge section of
direction edge section of permanent magnet in outer side of the rotor or
non-magnetic layer continuous or adjacent to peripheral direction edge
section of the permanent magnet and the between poles, and Pn represents a
pole pair number. Therefore, operation and effect similar to those of tenth
aspect can be realized by taking symmetry into consideration.
A motor of twelfth aspect determines the angle #3tobe 0< 63 < 180/(5 *
Pn) or 0 < 63 < 180/(7 - Pn), the angle 64 to be the minimum value of
180/(5-Pn) < 84 = 180%2/(5+Pn) or the minimum value of 180/(7-Pn) <
84 = 180X2/(7 + Pn). Therefore, silencing can be realized, and operation
and effect similar to those of tenth aspect can be realized.
A motor of thirteenth aspect employs a permanent magnet divided into two
layers in radial direction as each of the permanent magnets, and determines

09 and 810 tobe
0< 69<180/(5 - Pn)
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rotor surface adjacent section of the permanent magnet
in inner side of the rotor and the between poles, and

0 10 represents an angl e between pole cent '
edge section of the rotor surface adjacent E@E@Pgﬁ)%@ggm

the permanent magnet in outer side of the rotor and

t he between poles, and Pn represents a pole pair

nunber, and determines 0 11 and O 12 to be 0<
11<1801(7 Pn) and 1800 Pn) c 0 12 c 180 X 20 Pn)
ere the rotor core section width has points of

hpf | egti on, er ep.section wdth being
lsg)géd%i’gh% %gat%qugk%%sr gllﬁdi recti on edge section of
er ent nmagnet on inner, side.of the rotor .or .
whize, 0 RRE NS sk angls, hetwasn EherDolei Cartit iflg edge section of

peripheral_.directign e section of permanent nagne
rotgp guy e@éﬂw%rsgptlanroggﬁpwr@@g@n&éeagw BY LT %H% the
magnef on_ outer side of the rotor or non-nagnetic
-rotprynd g dichween rilesgpng chi Ot xepeprentpcin smeley between pole
di rection_edge section of permanent magnet, 0 11 and O
centor gider edemt sestigne o hEhavawbon rrarfacep agiaceat psegtiorpfof the
i nflection and the between poles, and Pn represents a
pepparefainagnative outensidd of éhenroter amd the batweers polesoand Pn
the angles 0 9, 0 10, 0 11 and 0 12 to be 0 11 <0 9
repre$eiit® a<p@e Y@ir Mherhefror e, operation and effect simlar
to those of tenth aspect can be realized by taking
- and deteenrines nf dlconki E2 & ben. A notor of fourteenth
aspect determnes the angle 0 9 to be 0 <0 9 < 15
- 0 <PCTIVRABOANTOOBARB7 1801(5 Pn), the angle 0 11 to be 0
< 0 11 < 1801(7 Pn), the angle 0 10 to be the
andn ni num val ue of 1801(5 Pn) : 0 10 : 180 X 21(5 Pn),
and the angle 0 12 to be the m ni num val ue of 1801(7

1807() - Pn) £2 612488 XS@X(7(7 PPh)

where the rotor core section width has points of inflection, the rotor core
section width being sandwiched by the peripheral direction edge section of
permanent magnet on inner side of the rotor or non-magnetic layer
continuous or adjacent to the peripheral directibn edge section of permanent
magnet and the peripheral direction edge section of permanent magnet on
outer side of the rotor of non-magnetic layer continuous or adjacent to the
peripheral direction edge section Qf permanent magnet, 6 11 and 612
~ represent angles between the respective point of inflection and the between
poles, and Pn represents a pole pair number,

and determines the relationship of the angles 69, 010, 6 11 and 6 12 to be
011< 89< 812 < 610. Therefore, operation and effect similar to those
of tenth aspect can be realized by taking symmetry into consideration.

A motor of fourteenth aspect determines the angle 6 9 to be 0 < 89 <
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Therefore, silencing can be realized, and operation
and effect simlar to those of tenth aspect can be

realized. Brief Description O The Draw ngsgFKi
is a schematic diagramillustrating an exan%ﬁl::tgg#&é‘}m%s"'

prior nmotor; Figure 2 is a schematic di agram
illustrating another exanple of a prior notor; Figure
3 is a schematic diagramillustrating a further

f a i tar. FlLgu 4.1 s sghenat.i
185 o0 fiq Al T8 Pls o Lhadet & By GReIRgE 10 to be
not.or; Figure [ .4j.89 | L1 us ' ] eti.c
the TigriBA T ot 180Gt o ek SRl PAL argitbg pnele
otor, surface, Figure 6 is r o§Ss secti.gn Vi ew
0 1 hodher tha Agnampat grves of KOG BR 5 Y arotdiey - Po).
accordi [ig to the present .invention; Figure 7 is .a
Therefgre, silencingican hawpabized) and gnerptypmandetict similar to those
maygneti c flux density distribution on the rotor
of tepth aspedan brremdizefagnetic I ayer; Figure 8 is a
diagramillustrating characteristics of 5-th order
Brigh Deseription0f Rhe Dyrewings noni cs with respect to 0 1
when 0 2 = 23 ; Figure 9 is a diagramillustrating
Figirarlastesc¢hemaiac diagganhilbrsdmating anmxiagaple of atprier getor;
_harnonics with respect to 0 2 when 0 1 = 6 Figure 10
Figuge a2 ds e mehematiicadiagmain illsstratinggavotheatexaniplei ofja prior
di stributed w nding; 16 PCT/3P2004/009887 Figure 11
moter;a schematic diagramillustrating a stator having
concentrated w nding; Figure 12 is a schematic
Figiirao® aa b¢heshatat idigermnmutubiradingx anfurthaf exdrapleodba prior
motor;
Figure 4 is a schematic diagram illustrating a.further example of a prior
motor;
Figure 5 is a diagram illustrating magnetic flux density distribution in
peripheral direction on rotor surface;
- Figure 6 is a cross-sectional view illustrating a rotor of a motor of first
embodiment according to the present invention;
Figure 7 is a diagram illustrating a relationship between the magnetic flux
density distribution on the rotor surface and the non-magnetic layer;
Figure 8 is a diagram illustrating characteristics of 5-th order harmonics,
7-th order harmonics with respect to 6 1 when 6 2 =23° ;
Figﬁre 9 is a diagram illustrating characteristics of 5-th order harmonics,
7-th order harmonics with respectto 02 when61=6" ; |

‘Figure 10 is a schematic diagram illustrating a stator having distributed

winding;
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of first enbodinment; Figure 13 is a schematic di agram
illustrating another nodified exanple of the rotor of
first enmbodinment; Figure 14 is a schematic
illustrating a rotor of the notor of secondpé?gﬁﬁﬁhﬂmggg]
enbodi nent according to the present invention; Figure
15 is a schematic diagramillustrating a nodified
exanpl e of the rotor of second enbodi nent; Figure 16
.iS chematic diagramillustratin otpr .of the
Fighipobt i hpihatissdiaarme i abing Aotelst Roviecbtpntrated
.dnvention; Figure 17 is a diagramillustrating
¢tic flux density distribution on rotor surface;
_Figure 18 is a diagrami)]Justrating c ri son_of _the
Figuy J&ns&qs%m%@%%@f yaing. danchlio exampde g the rotor
on-magneti c | ayer does not exist, and the induction
of {xsitexpleodimedtor m for a case where third enbodi nent is

) enp:‘lg%ed; Figure 19 is a_diagramillustrati nfggiwi gher
Figiernbhitcs ssbepaiisndiagrapmoiliustrafing anether modified example of

driven as the notor for conpressor; Figure 20 is a
thesedteref fivstdirabpdiment! ustrati ng a nodi fi ed exanpl e of
~the rotor of third enbodinent; and Figure 21 is a
Figsuh eilatsi @ schexgatimdizgnage ilustrgtingrarotor of thaenotwrmf sstond
fourth enbodiment according to the present invention,
emBedimdéidacchudin€ao the pye&int ifiventionent i on Her ei nafter,
referring to the attached drawi ngs, we explain a notor
Fignire dis 18 4 deiemiRR0dia L0008 st mentdified exaimpde bbthchevtor
present invention in detail. In the follow ng
of serbnd embodimeat;expl ain a case which cancels 5-th order
harnoni es and/or 7-th order harnonics of an induction
Figuebt & aBidghemiatic diagkam illustrating a rotor of the motor of third
embodiment according to the present invention;
Figure 17 is a diagram illustrating magnetic flux density distribution on
rotor surface;
Figure 18 is a diagram illustrating comparison of the induction voltage
waveform for a case where second non-magnetic layer does not exist, and the
induction voltage waveform for a case where third embodiment is employed;
Figure 19 is a diagram illustrating higher harmonics component of noise for
a case the motor is driven as the motor for compressor;
Figure 20 is a schematic diagram illustrating a modified example of the rotor
of third embodiment; and
‘Figure 21 is a schematic diagram illustrating a rotor of the motor of fourth
embodiment according to the present invention.

Best Mode For Carrying Out The Invention

“Hereinafter, referring to the attached drawings, we explain a. motor of an
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course possi ble that other harnonics can be cancel ed.
First, a general exanple of a notor is described.

Magnetic flux density distribution in perip
direction of the rotor surface of the not o?@fl‘@i32004/009887

~symmetric for every pole. Wen each pole has
approxi mately sane shape to one another, magnetic fl ux
density be comes zero for between poles. Therefore,

ticyfl ity dist b t. i ph |
e RO aring o e bt btigBantbead £ st Ml buti on
K 1 ir t . fund
In e FHEE 0 &w%ﬁa@re%gi e CEREIL & Q%%”egs@wﬁac&svﬁ 8 agder
hagipghics pudior Geher aﬁ%“ﬁ%ﬁ%ﬁ%c? 8 gerindsCHan g Gior Bug. s of

or der and 9:th order re overlapped to
coyige Pf)%mé%ﬁ@ﬁtaat ghbarmgpicscaphaeancsled in Fig. 5.
Wherein, 3n-th order harnopnics vibration addition
Firptyragenqrgh example of a motgr is desasihed. as third order and
9-th order harnpnics vibration addition forces are in
‘Magpetisibin denaity distribntipndn pesinhese!l dirpefden of theraar perface
having a nunber which is the sane to the stator pole
of iebanotozudh shmmetaiagbn everie péler esoNhane each tieke has
stator having 6 poles. The node of resonance of
apprioginenately deme shapal toyorx enetharh enagrtitii Suxadepsity becomes
greatly so that the node of resonance hardly becones
zerndos betwaent paes. 5-th order and 7-th order have
characteristics which is greater in anplitude, easier
Thereftyes che nyasnetic fluxnde maitye dikitfibutiont irt petigpherd]- difréction of
because of |ow frequency, in conparison to. eleventh

theorotolr surfaded besoméder eistrutivh WhiPRThaR20 04 /fOG3dr to be
wll pay attention to 5-th order harnonies and 7-th

fun@iagieimth W, ead ttuddy b@MmGnbaOoRdbriiferosl (Forr@danple,
to be prem ses when the 5-th order harnonies and 7-th

wheh dekinigleniRot G5 ah e walel aRstdd FolifiePR&bankion, odd number
order components such as third order, 5-th order, 7-th order, and 9-th order,
are overlapped to the fundamental wave, as is illustrated in Fig. 5.
Wherein, 3n-th order harmonics vibration addition forces (Where n: 1, 2, 3,
4, ..) such as third order and 9-th order harmonics vibration addition forces
are in synchronism to one another so that a mode of resonance having a
number which is the same to the stator pole number, such that hexagon
‘mode of resonanée for the stator having 6 poles. The mode of resonance of
higher order generally exceed the audible range greatly so that the mode of
resonance hardly becomes noise.

'Further, 5-th order and 7-th order have characteristics which is greater in

amplitude, easier in becoming sound, and more difficult to be cut-off because

of low frequency, in comparison to eleventh or more orders. Therefore, we
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1) Every order conponent becones zero due to the
symmetry of magnetic flux density waveform on the

rotor surface. 2) Hi gher harnonics conmponen

zero-cross at the location where varying i%cﬁgg%gﬁﬂ§mgg7
flux begins suddenly such as begi nning of magnetic

pole and the like. (First Enbodinent) Hereinafter,

the first enbodinment is described with reference to

il B AN s b SR Bt B o
o TR 5 Sl b2 S BLESTRL e o

magnet s in this, enbodjnent, . the rotor has 4 po]es,
hafiRgRis vl ﬁ'tgé’ﬂfa%]éﬁ’fm%’éﬁ &r's takeqmeasuze Lo st LR
in the interior of the rotor core 2. Further, )
D n@ﬂe%ﬁﬁ 5 eOmpYRent ecioﬁﬁse?ﬂﬁf‘i‘é? to the sypupetry ofmagnetic
"first non-magneti.c. Iayer"f), each bei ng continuous
flug depgdy yeaveiowen om therroter surfdenye section of each
per manent magnet 3, each elongates in vicinity of the
2) pEighen hesmeaiesoceRBONeRY AN yoeo LeXhEross (o tl%?(qca@@n where
And, a second non-magnetic |layer 5 is provided at a
vanyseg in oragiatohilis bagips| smddenbesudi ae begivadng ofimmgnetie pole
first non-magnetic layer 4 and which is in vicinity of
and bke tikeor surface. Werein, the non.-magnetic |ayer
is a through hole or an air layer. The. first
(FirgrEmhbgdianent)l ayer 4 and second non-magnetic |ayer 5
are independent from one another. An auxiliary
Heranaftercahenfirst ker@bodiasmtofis 1dedecibedP2OOKH/ DORB&Te to the
rotor core is interposed between both non-nmagnetic
drdvaiyiges. An angle 0 1 between the pole center side edge
section of rotor surface adjacent section and the

 Figh® weansdiehnegiodiddian illastracife@gnarhfgdmyat of.a a6tdr of a

~motor of the first embodiment according to the present invention.

This rotor 1 comprises multiple permanent magnets 3 (in this embodiment,
the rotor has 4 poles, therefore 4 permanent magnets 3) which are embedded
in the interior of the rotor core 2.

Further, non-magnetic layers 4 (hereinafter, referred to as “first
non-magnetic layer”), each being continuous to the periphez;al direction edge
section of each permanent magnet 3, each elongates in vicinity of the
between poles to the wvicinity of the rotor surface. And, a second
non-magnetic layer 5 is provided at a location which is a pole center side
location of the ﬁfsf non-magnetic layer 4 and which is in vicinity of the rotor
surface. Wherein, the non-magnetic layer is a through hole or an air layer.
The first non-magnetic layer 4 and second non-magnetic layer 5 are

independent from one another. An auxiliary reinforcement rib 2a made of
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.an angle 0 2 between the pole center side edge
section of rotor surface adjacent section and the

bet ween pol es of the second non-rmagnetic |
determined to be 0 < 0 1 < 180/(5 - Pn) ﬁ%ﬁ'&@%@ﬁ/@o%w

Pn) : 502 180 X 2/(5- Pn) or 0<0 1< 1800 - Pn)
and 1800 - Pn) : 50 2 : 5 180 X 20 - Pn) when the
poI e pair nunber is Pn. The above fornul ae correspond

to reduction i har noni es .and reduction in
rotof papeci JBICRAHDN BEbn W PRE J&tlﬁw of n-th

ord a nics (n is odd nunber, an ual

g%@{ee?’ ! {@ﬁwg?n ey Bolﬁec‘zxﬁaer.%ée &5@’6 et neﬁfnra%dsurface

instead 5 and_ 7. . Simlar oper n should be carried
adjggent gxctiop) 4&%%%*&% ples Pﬁaliifh st mamstic lager 4, and

pol e pair _nunber Pn = 2. Fornul ae of upper tw o rows

ana&lgleuﬁé’d bpbwe%d:bé. pRjet erntsr tsideradee sactionnpE gotor surface

- _Specifically, is better that 0 1=9" , 0 2=18" The

adjpeemic beatonf and rtba thsitwgenauries of theseemndnonyereretindayer 5
above arrangenment is described in the follow ng. For

- areedetepingned &0 hee 5-th order harnonics is intended to be
reduced and the pole pair nunber is 2, when 0 1=0'

0 <arfdll & 1BOI@ - Pn) he phases are shifted 20
PCT/ JP2004/ 009887 by 180 so as to cancel from one

andnother. But, 0 1=0 is difficult for the arrangenent
where the permanent magnets are enbedded in the

180/(8 ePindr <off 2tHe180X(5coPa) Consequently, it is
sufficient that 0 1<18 due to

or

0< 61<180/(7 - Pn)

and

180A7 +Pn) = 02 = 180X 2/(7 * Pn)

when the pole pair number is Pn. The above formulae correspond to

reduction in 5-th order harmonics and reduction in 7-th order harmonics.

 When the reduction of n-th order harmonics (n is odd number and is equal to

or gréater than 3) is to be carried out, n is employed instead 5 and 7.

Similar operation should be carried out for following formulae.

In this embodiment, the pole pair number Pn = 2. Formulae of upper two

rows are used for reducing the 5-th order harmonics. Specifically, it is

better that 61=9° , 62=18°

The principle for reducing sound of the motor having the above arrangement

is described in the following.

For example, since 5-th order harmonics is intended to be reduced and the

pole pair number is 2, when 6 1=0° , and € 2=18" , the phases are shifted
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symretry. \When 7-th order harnonics is to be reduced,
formul ae of lower two rows are used, and it is better
that 0 1 <12.9, 12.9 ¢ 0 2 25 7 For naxig.zi

torque, 0 2 is increased as great as possi bﬁgf}ggg%@?@gt;W
i ncrease the magnetic flux interlinking to the

permanent magnet. Fig. 7 illustrates a relationship
bet ween the magnetic flux density distribution on the

r.ot.or surface a t he non- netc, | rss 4.a 5
by 1R02" sXfip ki Rl bl ol Rn R oRogr B el o itfu e the
| ayers 4 and 5, the nagnetic fl|ux densi j ncr.eases .
argnggEmend © the PYTMANGAY; RARReISFHE| edﬁﬁ%‘%a/%dr@ he mterior of

non- magnetic |ayers 4 and 5 , the magnetic flux_ ,
theygioéen \ore a&%?@ﬁﬂﬁﬁ?@h’y 1t c’c§n§t1&fﬁ1?ntT f&rdsi8”  due to
changing_in magnetic fl ux beconmes steep from pole '
SYIREMLEY: S b@nehgbe oxdex hapmeniosHg tpdreorediigetlafarnyypg of Jpwer
portion of respective non-magnetic |ayers 4 and 5. o
tweree g Heeds andsitds bettex that rf § <ot2.8) g9 rar #ohizs25.7 .
conponents appear for respective points. For the
Fox gaorithizingh theadersuies P 2y igredsedcas eepb agpassible wavas to
| ength of the 5/7-th order harnonics fromthe between
incpedsestheamdgnetic Sukhioteflinkihgto the pexmenentbsmgnetnt
becones the between poles due to symmetry. For the
Fid.i fistillnstrabegnet ralatioagbkip 4hetiwteenorthes moargisetio. fiak f density
wave | ength of the 517-th order harnonics from the
dishbutien . onphlecastorsukfate and theughtmhpastit heyersdoawd 6saf this
poi nt becones the between poles due to symmetry.

embbéireéiy. e, Inbsamiehportien dfathw moasmegretio layespdchinded, the
non- magnetic layers 4 and 5 are shifted by half wave

malg@B et v i sifnieicasriel @ detfedsbBat add By réhaiiaggRireion of the
one another. Fig. 8 illustrates characteristics of

norPuidiRiielaydas MOBHhES5 Atfe 'mhBnefid dlu? Bensity is afnproximately
PCT/ JP2004/ 009887 harnonies with respect to 0 1 when O

co%téfntz.:g'Ther\é‘erle,e chhfigin® ih ?jiﬁ%ﬁ&‘i@ﬁﬂuxcbéétﬁﬁé@rst&tﬂ ﬁﬁnﬂfpole

-th order harnonics and th order harnonics w't

certEP RET edSe Qedid®P tle krofodsurface adjacent portion of respective
h_on-magnetic layers 4 and 5. Consequently, zero-cross points of higher
harmonics components appear for respective points. For the second
non-magnetic layer 5, it corresponds to 1 wave length of the 5/7-th order
harmonics from the between poles, and it is thought that the zero-cross point
becomes the between poles due to symmetry. For the first non-magnetic
layer 4, it corresponds to half wave length of the 5/7-th order harmonics from
the between poles, and it is thought that the zero-cross point becomes the
between poles due to symmetry. Therefore, 5/7-th order harmonics. due to
respective non-magnetic layers 4 and 5 are shifted by half wave length from
one-another, so that they are canceled one another.

Fig. 8 illustrates characteristics of 5-th order harmonics and 7-th order
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It is understood fromFigs. 8 and 9, greater reduction
effect of 5-th order harnopnies and 7-th order

har noni cs can be realized by determ ning t{/]ﬁ%?@?%éﬁ{@é)%?

1, and 0 2 to satisfy the above formnul ae.

wi dth of the rotor core sandw ched by the first
non-magnetic |ayer 4, second non-magnetic |ayer 5 and
the rotor surface (hereinafter, referred to as "first

nef 85, e B0 PR i, SRR BEL o bt
R e T e

servin as the_nagnetic path between the first
resﬁ@?ﬁ%%r%ﬂi@qa;ﬁgﬂ-and second non-magnetic |ayer 5.
Sufficient_effect cannot_be obtained by passing the
It aynderstoqd @Ol’éfFRgﬁeSp@F‘}r@n@ﬁ?a%gW?é‘tuc¥1ﬁPon§Q?tthe5'th order
auxi|iary_ reinforcenent rib 2a. The perpmanent magnet
hazmenics mthghth icxdenharmendes gae b rpalizeshbyndeigsmiping the
one anot her. They may adjacent to one another by a
anglgér 1, &ﬂ%t%ﬁé@ﬁa{lﬁ@ éﬁaﬂhﬂvecﬁ)rmﬁé&%tor according to
the present invention may have distributed wi nding as
Whareins tthetwetithrofFilg. rator core smydwiohedchmn thetfirat adn-magnetic
winding as illustrated in Fig. 11. Especially, 5-th
layer dbr sdrandononsnagubtic 4yerod dend Hdenpotioc ssurfamnthereinafter,
extremely greater for concentrated wi nding, therefore
refepyptitoatsi ‘Girsvbridge 218 seudt “secorehbridge i2b 28X dctdnssant. It is
Figs. 12 and 13 illustrate schematic di agram
deditdhlst vledti tige neidithi 80 neadephedleroforFipgevénti®? magnetic flux
- PCT/ JP2004/ 009887 Fig. 12 is a nodified exanple in
leakbgeh rotor core 2c exist in vicinity of both side of
t he permanent nmagnet of the rotor of Fig. 6. Wen the

Fuftihles, thdpe alSEELiRE anAoRBidN@luixelidey flisfdrcdnt ril) 2a serving
di sposed for canceling the higher :

as the magnetic path between the first non-magnetic layer 4 and second

non-magnetic layer 5. Sufficient effect cannot be obtained by passing the

magnetic flux of the permanent magnet through the auxiliary reinforcement

rib 2a.

The permanent magnet and non-magnetic layer need not i)e in continuous to

one another. They may adjacent to one another by a short distance.,

The stator of the motor according toc the present invention may have

distributed winding as illustrated in Fig. 10, or may have concentrated

winding as illustrated in Fig. 11. Especially, 5-th order harmonics and 7-th

order harmonics become extremely greater for concentrated winding,

therefore application of the present invention is effective.

Figs. 12 and 13 illustrate schematic diagram illustrating modified examples

~of Fig. 6.
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har noni es wave of the magnetic flux flow ng out from
the surface, sufficient effect can be obtained. Fig.

13 is a nodified exanple in which the per
| ayer exist to a region adjacent to the ??GT}JPM%E’SW

surface. Wen the second non-magnetic |layer 8 1&
di sposed for canceling the higher harnoni es wave of
the magnetic flux flowi ng out fromthe surface,

.sufficient,.effect can.sinmlarly be obtained. In. thi

Fig f2uie"s fie g ERutd if Vhishrroos orBrs R ishilinity of both
. M t so that the magnet, flux at, the perpanen

sidgdinthe BAERABERS PRERSCY The FOBGLRIE. (G WhFhedhe first and
direction of the rotor. (Second Enbodipent) Fi.g. 14 is

secand cpERgnedicalivaRs 6 ﬁﬂét? 1'% HsROse B cooslifg ibe Bigher
a second enbaqdi nent according. to the present )

haymoaisiwave pithenmagpete thx Howingmaehirom b purfape sufficient
enbedded in the interior of the rotor core 12.

effenfrogaremebtsingtbt s for each pole is divided into 2
layers in _radial direction (13: permanent nmagnet at

Fig. Adds asingdifisfd edsanpletiorwhighdhepermpnemt meegnatrdgyes exist to a
outer side of the rotor). Further, peripheral

regivn adjdcent te tigerator sivfase.1 3 hemthel geconfl nsacmaghetiodayer 8
per manent magnets 13, and 14 elongate in the vicinity

is' dipbbel et wewceling dse thighdre haimionidsywake tdfetheotmgnetic flux
surface. The peripheral direction edge sections 13a

flowinky dd6 finin the spefarenadficieagredfect t3n atimilanbr bs iodtainéd. In
the rotor and of the permanent magnet 14 at outer side

thiefcasbhit isohedesasn; to migpestienthd perinanentnoafiest. sAthat the
so-called g-axis magnetic . 23% PCT/JP2004/009887

malehe fhat At theapsBagnoit hod@ietCod® kécticH doposed flow out in
between them Due to the existence of the g-axis

normaN&irb&tidh bRtladdtod2a, g-axi s i nductance Lg can be

made to be greater so that the reluctance torque can
(Sekend Erhbé@ithd:it)
 Fig. 14 is a schematic diagram illustrating a rotor of a motor of a second
embpdiment according to the present invention.
In the rotor 11, permanent magnets are embedded in the interior of the rotor
core 12, Permanent magnets for each pole is divided into 2 layers in radial
direction (13 permanent magnet at inner side of the rotor, and 14:
permanent magnet at outer side of the rotor). Further, peripheral direction
edge sections 13a, and 14a of each of the permanent magnets 13, and 14
elongate in the vicinity to the between poles to the vicinity of the rotor
surface,
The peripheral direction edge sections 13a and 14a of the permanent magnet

13 at inner side of the rotor and of the permanent magnet 14 at outer side of

the rotor are independent from one another. A so-called g-axis magnetic
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greater part, and that the magnetic flux of the
per manent magnet can be increased w thout increasing

the rotor in size. An angle 0 3 between th
center side edge section of the peripheral eP@?bE%QQ%QWSSF"

edge section 13a of the pernmanent magnet 13 in inner
side of the rotor and the between poles, and an angle
0 4 between the pole center side edge section of the

| eri ral djrection edge.section,l4a of .t he per nanent
fufatB Y A mare drblotoeds To i ErReo RO A VSRR AR bet woen
| Dur%%l@/e%gagwe dg.fgg r@iﬂ gﬁeg 91'1:%85 %?%_I%Egico ﬁ% %%{tﬁslgaan%p)ggggductance
180/ (7 Pn and 180/ (7. Pn) : 4 : 180 X 2/(7 Pn). )
Lqm@néq Wé‘dﬁzip évep%eatwf?o@?ati @eﬂﬁ?uqtﬁn%rogqgﬁﬁa& bﬁamkilzed In

the pol e pair._ nunber Pn =_2. Formul ae of upper two

graador Pare ansbihabthe serenatie {lng of the pegaanent magnet can be
. Specifically, it is better that 0 1=90 , 0 2=18 . O
incgeagedevithonbinaeasng|thagotanid 918w are used for
reducing the 7-th order harnonjcs. The principle for
Any auglei g8 betmeemvithe molensestemsidienedgenseciimy of the peripheral
~arrangenent is simlar to that of the first _
directhonl edge sectitid Sahef thespetinpanent inaigoat (8an. inwr side of the
. PCT/ JP2004/ 009887 Fig. 15 is a schematic di agram _
rotbt landtthat hatgeannudées, isadl enamgle # hdtiveendhbqutilereenter side
This nodi fi ed exanpl e enpl oys pl anar permanent nagnets
edgenséctivch bhehe peripheral direction edge section 14a of the permanent
magnet 14 in inner side of the rotor and the between poles are determined to
be
0< 83<180/(5« Pn)
and
180/(5 - Pn) < 04 =< 180X2/(5 - Pn)
or
0< 63<180/(7 - Pn)
and
180/(7 + Pn) < 64 < 180X2/(7 - Pn)
when the pole pair number is Pn.
- In this embodiment, the pole pair number Pn = 2. Formulae of upper two
rows are used for reducing the 5-th order harmonics. Specifically, it is
better that 8 1=9° , 62=18" . Of course, formulae of lower two rows are
used for reducing the 7-th order harmonics.

The principle for reducing sound of the motor having the above arrangement

is similar to that of the first embodiment. Thus the description is omitted.
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curved permanent magnets. Therefore, sound can be
reduced when this nodified exanple is enpl oyed.

(Third Enbodinent) Fig. 16 is a schematic dj
illustrating an arrangenent of a rotor of ?8%?%@046}09887

third enbodi nent according to the present invention.
In the rotor 31, nultiple permanent magnets 33 (in
this enbodinent the rotor is of- 4 poles, so 4

Flé) thralgte gﬁs gg S)d v e%ﬂr&%}l‘ltgn@;?pg?&i t& re}?a{mp{e of this

i} reinafter, referred to as "first non-nmagnetic
em ﬁg’é?-m} ‘el ongat es in vicinity of between poles to the

vi ci nj.ty of the rotor surface, the non-magnetic | ayer
Thizy naredlﬁgd cOFRMBleo e5Rlays Mlapay iRsrEanent gragnets ng the
section of each pernmanent magnet 33. Further, a second

cunyged NeaEeaIeNs Magnratsas i s provided in pole center side
of the first non-magnetic |layer 34 and in vicinity of
Theredorepsound gan beccedviped sihen thie madifiedegample 19 employed.
a through hole or an air layer. An angle- between the
(Thiovd Erclotdivrend) de edge section of adjacent section to
the rotor surface of the first non-magnetic | ayer 34
Figarl$ ishe sobemedic dioigesmi dluséipins sadamangemeft oftd retoarof a
angl e between the pole center side edge section of
motal] dctditd embbidtmenatdoedingt tortheypreasst nivenhi®ensecond
non- magne.tic layer 35 and the between poles is
In ehpresmed] winditiplpefihantnt siagmmts 1B3gGat this leaylkeodifivent, the
and second non-magnetic |ayer 35 are independent from

rotonés ahotpblds, s pepthan@itymaghstd aee pibedddd iB2¢henrderior of
of 25 PCT/JP2004/ 009887 rotor core is interposed

theb@fiveedretddem Further, the width of the rotor core
section (herei nafter, referred to as "first bridge

A 8é®Pma opd (Qfe&'é’ﬂﬁft%@bg ferPAb t60ANErS non-magnetic
inflec on 3 a and 36b

layer”) elongates in vicinity of between poles to the vicinity of the rotor
surface, the non-magnetic layer 34 being continuous to the peripheral
direction edge section of each permanent magnet 33. Fr.u-ther, a second
non-magnetic layer 35 is provided in pole center side of the first
non-magnetic layer 34 and in vicinity of the rotor surface. Wherein, the
non-magnetic layer is a through hole or an air layer.
An angle b.efc’ween the pole center side edge section of adjacent section to the
rotor surface of the first non-megnetic layer 84 and the between poles is
expressed with 8 5, While an angle between the pole center side edge section
of adjacent sectioﬁ to the rotor eurface of the second non-magnetic layer 35
and the between poles is expressed with 6§ 6.

The first non-magnetic layer 34 and second non-magnetic layer 35 are

independent from one another. An auxiliary reinforcement rib 32a made of
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the rotor core section being sandw ched by the first
non-magnetic | ayer 34, second non-magnetic |ayer 35

and the rotor surface. Angles between resp '
poi nt of inflection 36a and 36b and betmenﬁgt*%go%f%ogss’]

expressed with O 7 and 0 8. The angles 0 5, 0 6, 0 7
and 0 8 are determned to be 0 <0 5 < 1800 - Pn) and
1800 --Pn) : 506 -_5180 X20 - Pn) and 0 <0 7 <

180/ (7. .. Pn and 180/(Z - Pn) ---1g 0 8 :-:5- 180 X
rotgy G‘?"ge-lsljﬂfegpﬁﬁ%‘?g?w?%kﬂ@é% 06. In this enbodiment,
the pal e pair nber Pn is 2, so,that the angles are
Fua@?eér thensadiinobtheraten gere sestipn; hegematigrsragrredfo as “frst
7=6. 4" \Werejn, the points of inflectign 36a and 36b
bridge 32bdssand) “sernd drisieeaddben} has pairts of paflegtinn 36 and 36b,
the first bridge 32bl and second bridge 32b2 are,
the soter gare apetiaxbemsssandvicheddynthr Hgstononmeagnatia layer 34,
bridge 32bl and second bridge 32b2 are gradually
sedondr aasimggnatie laengt ian erotorf pusfaekensAmgles between
distribution on the rotor surface becones steep at -
resphetive poimt of infleetiongdfist podf3Glx avddwitweedimes brr espressed
on the rotor surface of this enbodinent is
with 1% amdt ddB.i MThe gngled. 026 PG]/ § F200d/ 68388 Wetarmized to be
. apparent fromFig. 17 and the description of the first
0 <erfodei 18045 - Pn)h  order harnonies is cancel ed by the
points of inflection 36a and 36b, while 5-th order
andhar noni cs i s cancel ed by pole center side edge section
of the

180/(5+Pn) = 66 = 180X2/(5 * Pn)

and

0< 67<180/7 - Pn)

and

180/(7 - Pn) = 68 = 180X2/7 - Pn)

and

B7< 65< 08< 86.

In this embodiment, the pole pair number Pn is 2, so that the angles are
determined to be 66=18" , §8=12.9° , 65=9° , 67=6.4" .

Wherein, the points of inflection 36a and 36b are crossing pbints of extents
where the widths of the first bridge 32b1 and second bridge 32b2 are
constant and extents where the widths of the first bridge 32b1 and second
bridge 32b2 are gradually increasing. The change in magnetic flux density
distribution on the rotor surface becomes steep at these points.

The magnetic flux density distribution on the rotor surface of this

embodiment is illustrated in Fig. 17.
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section adjacent to the rotor surface and by pole

center side edge section of the section adjacent to

the rotor surface' of the second non-nmagneti

Fig. 18 illustrates a conparison in i nductiggjr@%%%@@)gsm
wavefornms, one for a case where the second

non- magnetic | ayer 35 does not exist, the other for

thi s enbodinment. Table 1 illustrates a corrpari son in

A Bruh it i 8§ i e Sdserineo0a WhRdR St REHANTG . th

ond S 3R Bl T OPLESS0" ) S LR S04 B, white

undament al wave, | nduc voItageWtho t Wth
L oo ﬂ%‘fm@nlcﬁyﬁér?ﬂiwﬂiﬁé’g%& pele| gapdpr $34% egegerection of the
har nonj ¢s8. 240. 01 7-th order har noni cs2. 68Q. 03
seqtipn adiacentnto shepetor surface anch biraphe ceterayde edge spetion of
35 are not limted to the shapes of this enbodi nent.
thq geciipp %ﬁbagemcmtthatrotqrosuré the sgeond nopimageetae layer 35.
in Fi the widths of the bridges 37bl and 37b2
Figairk8 & tpﬁr@tegda cpmparisonl in mdidtioseveltags warvelirmg 2y for a
and | arge wdth sections 37b12, 37b22,. and that '
caseawheregtheaientisd nbntrthegsetad layer @bHlcee ot emist 3tts dther for this
37b2l and the large wdth sections 37b12, 37b22 are
embodineet. edTallebd fdbustratesf ai dhpatisam irB&anp]ﬁBﬁtde 7 higher
PCT/ JP2004/ 009887 (Fourth Enmbodinent) Fig. 21 is a
hamabeivat compomgriam iFuher, ahighgrahamnonaitgecmmpondnta of noise
rotor of a notor of fourth enbodi nent according to
whehehprmaseitis drventdsan mdtor fdrecongi@ssellis ilastranedin Fig. 19.
magnets are enbedded in the interior of the rotor

Table 1
percentage with respect to fundamental wave
Induction voltage | Without With
non-magnetic layer non-magnetic layer
5-th order harmonics 8.24 0.01
7-th order harmonics | 2.68 0.03

Further, the éhapes of the non-magnetic layer 34 and 35 are not limited to
the shapes of this embodiment. It may be good that, for example, as is
illustrated in Fig. 20, the widths of the bridges 37b1 and 37b2 are separated
into small width sections 37b11, 37b21 and largé- width sections 37b12,

37b22, and that varying points of the small width sections 37b11, 37b21 and

| the large width sections 37b12, 37b22 are considered to be points of inflection

- 38a, 38b.
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core 42. The permanent magnets are divided into two
layers.in radial direction for every pole (43:

per manent magnet at inner side of the rotor 44
per manent magnet at outer side of the rotor??f‘@g?‘?%@q%”

the peripheral direction edge section 43a, 44a of
each permanent magnet 43, 44 elongates in the
vicinity between poles to the vicinity of the rotor

surface. The ri pheral direction edge sections 43a,
(Foﬂﬁh?f:rn?%%ﬁfranent magnet 43 at the inner side of
.t rotor.and t he permanent nmagnet 44 at the oufer
Fig Hels’ g ety e Hhirpaige fo RFISREBHIS ik hesptorof a
so-cal l ed g-axi,s magneti ¢, flux path 42a made of rotor
MOgeH ‘éfaig%‘r‘% ?@?’Bé&@@lgé@% & t9dhe Pregent BIVEREIOBX | st ence
of the g-axis magnetic flux path 42a, the g-axis
In thﬁjmﬁgféep@aneaﬁnmaﬁﬁaés yrecnbedderhin thepngerior of the rotor
rel uctance torque of greater part can be used, and )
corehd2.naghet permansatomagnety cenfbidedripie tweatayses in radial
_increased without increase of the rotor in size,
dirpefiem for, even pober {43 perinagent magnet @d generside of the zoter, and
t he permanent magnet 43 at the inner side of the
44’ prrmand wngagest iah outer side off the beoweeFythes the neripheral
vicinity 'of the rotor surface, and the peripheral
dirditi@r e dgmsendpn 4$3a; t4darofb4ah permane np exagred 43, Hdghatgatds in
at the outer side of the rotor also elongates in the
thevvicinitst hetvatonepolep vd eke vizinite of the potby saffacbe rot or
surface. Wierein, air layers and the |ike nmay exi st
Thepetiphepal dipbaion edps eedticnsy 43igeldaesiithenserddmentddagndt 43
t he permanent magnets 43, 44. An angl e between the

at tH Bmee iy of Hdlfoterdadshetje@mailent iea@esti Phet ghe outer side
di rection edge section- 43a of the 28

of fRe ol R4 RdeAC TrN Dk JMEAREE. 48 saicalled d-AR® magnetic

side of the rotor and between poles is expressed with'

fluf path 324 MRAASBPLS 0P BSMERMNEID RS Betiidtiifthethde edge
section of the peripheral direction edge section 44a

DuBf td RBe POLERARAL of RYBEY-24s ahabhStic WL psthda2al thBeq-axis
rotor and between poles is expressed wth 0 10.

inductance Lq can be made greater. Therefore, reluctance torque of greater
part can be used, and the magnetic flux of the permanent magnet can be
increased without increase of the rotor in size.

Further, the peripheral direction edge section 43a of the permanent magnet
43 at the inner side of the rotor elongates in the vicinity between poles to the
vicinity of the rotor surface, and the peripheral direction edge section 44a of
the permanent magnet 44 at the outer side of the rotor also elongates in the
vicinity between poles to the vicinity of the rotor surface. Wherein, air
layers and the like may exist at the peripheral direction edge sections 43a,

44a of the permanent magnets 43, 44. An angle between the pole center

side edge section of the peripheral direction edge section 43a of the
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Further, the width of the rotor core section
(hereinafter, referred to as "first bridge AM, and

"second bridge 42b2") has points of infl eCttgilﬂég?%Zdb%S?

46b, the rotor core section being sandw ch

peri pheral direction edge section 43a of the

per manent magnet 43 at the inner side of the rotor,
the peripheral direction edge section 44a of the

er manent  magn 44 at. the .outer.side of the rotor .
vt et dbe. it ide pEithB it tob apBdietyge poles is
' oi nt. of ipflection 4G6a, 46b a bet wee oles are .
xIBPRRe Baih G0 ROG AP1arigla befw e LheBols rder 896 edge pgetign of

11 and O are defermned to be 0 <0 9 < 1800 - Pn
theamr?ngml }ﬁmﬁm ey spotionsi4pee thegprmangnt magnet 4 )@t the

11 <. 180/ (7 - Pn) _.and 1800 - Pn) : 5 0Q 12 180 X 20 -
oulpgsideplthsintonard bepween polesis eRpEcssad JHEREND. t he

pole pair nunmber Pn is 2, so that the angles are B
Fugides; henwirdthoolidheorotoreare sectionhepeigrattergrajesged togs “first

11=6.4' The sound reduction operatjon and effect in
‘bridige ¢2b kb adtidhaerond beidge|42b2t bohas heinds of infhection 4€n and 46b,
- enbodi nent, therefore description is omtted. 29
thep@tiod R296 49e00i088lFeinigesanmiched by tthe | pextiplenad alirdrsion edge
characteristic effect such that odd nunmber order
sechiannd3a of the Iperodohentimhegnéted gt ddeainneo side of ¢he eptor, the
than 3, of the magnetic flux distribution waveform ‘
periplhehad tdivecticol bdge seetieh otda) of dhe hernreadmtedlagnelt 44 at the
unnecessary radial force and thrust force can be

outer esiéatofctler eotor and the rotor surface. Angles between respective
point of inflection 46a, 46b and between poles are expressed with 6 11 and
612. Theangles 69, 610, 811 and 012 are determined to be

0< §9<180/(5 - Pn)

and

180/(5 - Pn) = 610 = 180X2/(5 * Pn)

and

0< 611<180/(7 * Pn)

and

180/(7 + Pn) = 612 < 180X2/(7 - Pn)

and

611< 89< 612< @10.

In this embodiment, the pole pair number Pn is 2, so that the angles are
determined tobe 610=18" , 012=12.9° , 09=9" , 011=6.4" .

The sound reduction operation and effect in this embodiment is similar to

‘those of the third embodiment, therefore description is omitted.
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occurrence, while sufficient magnetic flux can be

mai nt ai ned. The invention of second aspect has
characteristic effect such that odd nunber

har noni cs, the odd nunber being equal to orPGﬁﬂEﬁ%%ﬂNﬂBS?
than 3 other than nultiples of 3, can be reduced, and
that effect simlar to those of first aspect can be
reali zed. The invention of third aspect has
characteristic effect such that odd nunber order

har noni cs, the odd nunber bei ng equal to or greater

than 13 ot t han | es of an be.r
Thg {gveRtien @? first agpert Bptistif e qts%ucha@ag&ﬁ%c%mber
e realized. The_inven of fourih aspect
Or‘%ﬁah%‘@%%c%t the edd aym % e%%@qsaf o 6F c%?ateﬁ'afj’r?éh?'cgf the

or 7- th order _harnoni cs can &e reduced, and that
magpetict flux ipibytion rayedorgn dndustion ypltage uaveferm) can be
real.ized. The inventjon of fifth aspect has

redyegd aadevnedegsant wdiakiozer anétthn@%trfamed@ln bespreviegited from

can be inproved, and that effect simlar to those of
occugtande, whilectufficient peagnesia fuy canthe maidainesh of sixth
aspect has characteristic effect such that effects
Thei mvieationo of teesendf aspeat thasshecacteristict effects pach that odd
be realized by taking symetry into consideration.
nuiftheriordenhiaomonicss ¢hiewdd member Heasg ehuahtd er igzeater than 3
effect such that silencing can be realized, and that
othet fthansmsitplearof 30 chh deeredfucé duand thapetfectarinfilart o 3dge of
PCT/ JP2004/ 009887 aspect can be realized. The

firstraspeti e@m bé redlggedn aspect has characteristic effect
such that effects simlar to those of fourth aspect

Theinténitidn of fleied adpactiead cedriazeskiftyc bfkdtngichsihaeiddynumber
into consideration. The invention of ninth aspect has
ordeR HAGhGNMicS! tHe 68d animbete Beidtfbqthl €Mk MBeater than 13 other
than multiples of 3, can be reduced, and that effect similar to those of first
~ aspect can be realized. |
The invention of fourth aspect has characteristic effect such that 5-th order
harmoniecs or 7-th order harmonics can be reduced, and that effect similar to
those of second aspect can be realized.
The invention of fifth aspect has characteristic effect such that mechanical
streng‘th can be improved, and that éffect similar to those of fourth aspect
can be realized.
The invention of sixth aspect has characteristic effect such that effects
similar to those of fourth aspect or fifth aspect can be realized by taking .
symmetry into consideration.

The invention of seventh aspect has characteristic effect such that silencing.

can. be realized, and that effects similar to those of fourth aspect or fifth

30




can be realized, and that effects simlar to those of
fourth aspect or fifth aspect can be realized. The
i nvention of tenth aspect has characteristi
such that effects simlar to those of one Ig(;fﬁ’f@4/009887
aspect to fourth aspect can be realized even when the
per manent magnet ‘is divided into nultiple parts, sone
parts corresponding to inner side of the rotor and
ot her parts..corresponding to outer side of the rotor.
aSPﬁ‘F@"F‘ﬂ@’@ﬁPF‘Hﬁe%f el eventh aspect has characteristic
ef fect suc t effect simlar toth e of fenth
Thgdpaeptienn? Ehih) fsnedt thas, aharRgtayshif etipcy fugh That effects
. consideration. The invention of twel fth aspect has
singifar; ko theses of dowtheaspestion fifhrasperksanike re%zedoby taking
realized, and that effects simlar to those of'tenth
symmesey iIndqipopsideratiphzed. The invention of thirteenth
aspect has characteristic effect such that effects .
Theiinvention ftninte aspecehan chepacteristis ¢féeot saichzEhntpsilencing
taking symmetry into consideration. The invention of
caxf bar readized, avgediatheffecth simdaertosthiose edff oartls wehecthar fifth
silencing can be realized, and that effects simlar to
aspecbsan bk reehdd.aspect can be realized.. 31
PCT/ JP2004/ 009887 What Is Clained Is: 1. A notor
The ampentivbngofa temtho nsperte haR ) dhib2u¢t32)std2pffect whelethat effects
mul tiple permanent nmagnets (3)(13)(14)(33)(43)(44)
simaisr entlegdeast, ondhef @irst aspqgeertopbaril ashaot ddainobe edgikized even
section of each pernmanent magnet
wheg) thie3 peihh68n} (Magndttlis alivided- ragnahiltiplayirtd, 49dmdd)parts
©continuous or adjacent to the peripheral direction

corfsHRnAeed t6Mnabr &3dd cPeheBieet afdbHer parts corresponding to
outer side of the rotor.

The invention of eleventh aspect has characteristic effect such that effects

similar to those of tenth aspect can be realized by taking symmetry into

 consideration.

The invention of twelfth aspect has characteristic effect such that silencing
can be realized, and that effects similar to those of tenth aspect can be
realized.

The invention of thirteenth aspect has characteristic effect such that effects
similar to those of tenth aspect can be realized by taking symmetry into
consideration.

The invention of fourteenth aspect has characteristic effect such that
silencing can be realized, and that effects similar to those of tenth aspect can

be realized.
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(3)(13)(14)(33)(43)(44) elongates in the vicinity of
bet ween the poles to the vicinity of the rotor

surface, and a second non-magnetic |ayer (5 i
provided in the vicinity of the surface of %ﬁiﬁ}g@@(owsm

at the pole center side position with respect to the
peri pheral direction edge section of each pernmanent
magnet (3)(13)(14)(33)(43)(44) or non-magnetic |ayer

continuous . .or adjacent to the peripheral direction
W}&fglté @@&?’Pgr}sbf each permanent nagnet
(3)(13)(14)(33)(43)(44), and wherein the non-nmagnetic

| ayer (4)(34) continuous or adjacent to the
peri pheral direction edge sectj ch . per ent _ .
1. rreén@?t% GOTREIBE oA drq’faﬁ-man@ﬁ@?{@@rz)( By (vsga%ﬂapéulﬂple
positioned to can n-th.order harnmonics (nh.is an
PeHBANATHEAZAGES | &)@3)@4){&?’)&3?@4&@@9 epphfideyl, ovherein a

el
i.nduction voltage. 2. A notor as set forth in claim]l,
pexipbersln dinectionh edger Eegtimmi cef | saghd pruMBEEnbr dBIAgNet
harnoni cs, the odd nunber being equal to or greater
(DRI BERHE) dehor nammammetiogzer 60 (3) Gmtrwstopr adjacent
set forth in claim?2, wherein the n-th order harnonics
to i theogweripherbbr direciden hedgensartiont nd eddhnpebmanbkst nppagnet
equal to or greater than 13 and other than nultiples
(EDADES) ASHetd elamgates thdbbhvicmity af beeyembéheimuleheo the
n-th order harnonics is 5-th 32 PCT/JP2004/ 009887
viciithe rof hirempobor sswrfade, t smdrad eecdrat mom-magnbtic Aayetr dF)(85) is
set forth in claim4, wherein the peripheral direction
proxd@el isabei ity efiche pairfivecst thmgoilt {t3}HSPplotenter side
non- magnetic layer (4)(34) continuous or adjacent to

poditienp@itlphekspbctdith ethid Qrersigaab edive@ibrdfed@@cBection of each
per manent magnet and the second non-nagnetic | ayer

perfm@a A mAReNESNE1 $)01PE€33)(48) D nNHendn - M ARElag8ehbffinuous
and rotor core (2a)(32a) are interpose bet ween t hem

or adjacent to the peripheral direction edge section of each permanent
magnet (3)(13)(14)(33)(43)(44), and wherein the non-magnetic layer (4)(34)
continuous or adjacent to the peripheral direction edge section of each
permanent magnet and the second non-magnetic layer (5)(35) are positioned
to cancel n-th order harmonics (n is an odd number and is equal to or greater
than 3) of the induction voltage.

2. A motor as set forth in claim 1, wherein the n-th order harmonics is odd
number order harmonics, the odd number being equal to or greater than 3
and other than multiples of 3,

3. A motor as set forth in claim 2, wherein the n-th order harmonics is odd
number order harmonics, the odd number being equal to or greater than 13

and other than multiples of 3.

4. A motor as set forth in claim 2, wherein the n-th order harmonics is 5-th

32




6. A notor as set forth in claim4 or claim5, wherein
an angle 0 1 between the peripheral direction edge

section of each pernmanent magnet (3) or the :
center side edge section of rotor surface a]é?ﬁ@gﬁQOMOO%S?

section of non-magnetic layer (4) continuous or
adj acent to the peripheral direction edge section of
each permanent magnet (3) and between poles, and an
(fmgle 0.2 be%gglen gobe center side edge section of
TG A YHCL o rd8F RBLMONISect i on of the second
nqQn- netic, layer, (5) .and the hetween poles, are ..
5. o8 B as b fhoe ity W@pﬁsmﬁﬁe Pigﬁk‘?%ﬂl ectiqn sdge
. 180 X 25(5 Pn) or O< 01<:é?01)(7 Pn) and 1800 Pne
seqiion of epgh Rermanentoamagngte (G50 gEEmagaghiselayes (4(34)
Pn. 7. A notor as set forth_in claim4 or _claimJb5,
CORfHENQS of hadlaaele to the pepipkepal dizectign]edge peytion of each
0 1 <180/(7 Pn), the angle 0 2 is the g%?l nmum val ue
perigapeny DPEDOLADd he Feesmai BUT pERgIMi)C layer 6)(3Xgemad¢ & be
~ Pn) or the mninum val ue of 180/ (7 Pn% ¢ 02 c 180 X
indppendemi)from. ope naneihess andt retort poren (20)432n)4are interpesed
5, wherein an angle 0 5 between the peripheral
betaveeacthiesm edge section of each permanent nmagnet (33)
or the pole center side edge section of the rotor .
6. sAnfiator sedjetderth inedainod wfclaive 5, mdrerepaeaingld & thetween
(34) continuous or adjacent to the peripheral
thedpedpheral dieegiors edge aactibn edcacheperanamntnmggatt (P3Pr the
and the between poles, and an
pole center side edge section of rotor surface adjacent section of

non-magnetic layer (4) continuous or adjacent to the peripheral direction
edge section of each permanent magnet (8) and between poles, and an angle
6 2 between pole center side edge section of the rotor surface adjacent
section of the second non-magnetic layer (5) and the between poles, are
determined to be |

0< 01<180/(5 - Pn)

and

180/(5+ Pn) < 62 = 180X2/(5 + Pn)

or

0< 01<180/7 *+ Pn)

and

180/(7 «+Pn) = 02 = 180%2/(7 - Pn)

where a pole pair number is Pn.

7.- A motor as set forth in claim 4 or claim 5, wherein the angle81is0< 0

1<180/(5 - Pn) or 0 < 9 1< 180/(7 * Pn), the angle 6 2 is the minimum value
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angle 0 6 between pole center side edge section of the
rotor surface adjacent section of the second

non- magnetic layer (35) and the between pol

determ ned to be 0< 05<180/(5Pn) and 1801(§6T@§§&%”%xm87
6 ¢ 180 X 2/(5 Pn) where a pole pair nunber is Pn,

and the rotor core section width has points of
inflection, the rotor core section w dth being

' d_by,th ' al, direction .edge secti fim
of JEUB" Fo0raneht e Bhe S Pal crhermENE valye.ottely
opt i huous jacent to the peripheral direction
Pngd%eéggégiyﬁsézﬁgd Dpher manent magnet (33) and the
second non-nmggnetic |layer (35) and . the rotor surface,

8. afighatorgsses arff? ig ek desr Cﬁﬁ@r%gﬁz@@tam@nﬁ@ig éaﬁetween
i nflection _and the_  between Poles are determ ned to be
theyperjphewd/ direstion edge sewiqof pagh pepmanenp magnetA33bay the

where a pole pair nunber is Pn, 34 PCT/JP2004/ 009887
polgneenthe side edge rsestionoef the ratey surfocs adja@ntosertigndod the
8 is determned to be 07< 05< 08< 06. 9. A nmptor
- nomysagndtyy layer(3d) sbntinuons oraadineantviveths petipbenalytiirection

5is 0<0 5<1800 - Pn), the angle 0 7.is 0 <0 7 <

edge8dction ofpch péaemanghterghet 38hand theibetween ipodespfand an
1800 - Pn) : S~ 06 180 X 20 - Pn), and the angle 0 8

‘angle tebeiwsemipole zbnterafidd 8dge sedtiin 6f the rdiof 8GrfYc@@djacent - |

Pn). 10. A notor as set forth in one of claiml
sectivnoufy bhe Isatondt nowhesghetiedahen35) and the between poles, are

determined to be

0< 05<180/(5 * Pn)

and

180/(5+ Pn) = 06 = 180X 2/(5 - Pn)

where a pole pair number is Pn,

and the rotor core section width has points of inflection, the rotor core section
width being sandwiched by the peripheral direction edge section of each
permanent magnet (33) or non-magnetic layer (34) continuous or adjacent to
the peripheral direction edge section of each permanent magnet (33) and the
~ second non-magnétic layer (35) and the rotor surface,

angles 6 7 and 6 8 between the respective point of inflection and the
between poles are determined to be

- 0< 67<180/(7 * Pn)

and

180/(7 « Pn) = 68 = 180X 2/(7 - Pn)

where a pole pair number is Pn,

34




the permanent magnet (13)(14)(43)(44) is divided into

multiple layers in radial direction. 11. A notor as

set forth in claim10, wherein each of the t
magnet (13)(14) is divided into two |ayersp¢w?§‘gﬂé‘?°9887

direction, and an angle 0 3 between the periphera

di rection edge section of permanent magnet (13) in

inner side of the rotor or the pole center si de edge

wfFfe 3 :eqqs %r O o BB A SIS N S5 gpgnine 1o b

,Per gr ti on edge section of each per manent
the bet ween pol es, and an angle 0 4
btweenthe | pher al |ret|onege section of
PSS S64 1(11’4‘)‘1“11% Rk 5 %Plf’t Poalgp Bis 0< 0

<gole cengsr si de e section of thr or surface .
5 adP¥lend eE]?ﬁ" anglﬁﬂ dﬁ heghét Fcl% othe auglgd Gis the
_ adjacent to ripher di rectjon segbron of the
mink paneue ok & (H %n@r 6t Fe I@é‘t cand ke angle 08
determned to be < 3 < 1800 - Pn) and 1800 - Pn)
is theigirgmpum vglugof 1<80/éb Pons 8 & 180>/ 18w 7 -
Pn) 35 PCT/JP20041009887 and 1800 Pn) c 0 4 180 X 20
10.Pnik metiozras setforth pubne ofickeml gubnghidaind 4yothareds each of
set forth in claiml1ll, wherein the angle 0 3is 0 <0
the3permageny snag@mt 613) (1 4(43) GL4x ﬁsSdihmdfed Pndq nawddiipiédayers in
angle 0 4 is the mninmumvalue of 1801(5 Pn) ¢ 0 4 c
radi8Ddidée@iqrth Pn) or the m ni mum val ue of 1801(7 Pn) c
0 4 c. 180 X 21(7 Pn).
11. A motor as set forth in claim 10, wherein each of the permanent magnet
(13)(14) is divided into two layers in radial direction, and an angle 6 3
between the peripheral direction edge section of permanent magnet (13) in
inner side of the rotor or the pole center side edge section of rotor surface
adjacent section of non-magnetic layer continuous or adjacent to the
peripheral direction edge section of each permanent magnet (13) and the
between poles, and an angle 8 4 between the peripheral direction edge
section of permanent magnet (14) in outer side of the rotor or pole center side
edge section of the rotor surface adjacent section of non-magnetic layer
continuous or adjacent to peripheral direction edge section of the permanent
magnet (14) and the between poles are determined to be
- 0< 03<180/(5 - Pn)
and
180/(5 - Pn) < 64 =< 180X2/(5 * Pn)

or

0< 03<180/(7 * Pn)
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13. A notor as set forth in claim210, wherein each of
the permanent nmagnets (43)(44) is divided into two

| ayers in radial direction, and an angle O
RCrREediTtboss7

the pol e center side edge section of rotor
adj acent section of the permanent magnet (43) in
i nner side of the rotor and the between poles, and an
angle 0 10 between the pole center side edge section
f the rotor surface adjacent section of the permanent
alfmgnet (44) in outer side of the rotor and the

e I ermned to be 0 < 0 9 < 1801(5
18@% “Balo2ehd %rpﬁ)gfi%%{{fo @180 X 20 Pn) where a
pol e pair nunmber is Pn, and the rotor core section
Whﬁf@ﬁﬂ“ﬁ%§aﬁbmﬂ@@ebfsPﬁfIection, the rotor core section
w dt h bei ng sandw ched by the peripheral direction
12 o gfemoton pomebortheimaleam lhnghereythe gmelafsrissp e 03 <
of the rotor or non-nmagnetic:|ayer continuous_ or
18Q/65 abaor O t h8 DEIG/FhePa), and the aegleddys Beoninmwn value
ermanent nmagnet (43) and the peripheral direction
of &l@{& s&avi &n fgﬂ BedRANHO nBgher theminiommnadne of d80/(7 -
of the rotor or non-magnetic |ayer continuous or
PnhdFadeht= 180 XBE7pePibheral direction edge section. of
per manent magnet (44), and 36 PCT/JP2004/ 009887 angl es
13.0 Alpmndr sl Bebdonthein theim eHhewheveinpeach off the permanent
inflection and the between poles are determ ned to be

ma@netD(48)(4d) 18AvidePrinto tnd 14R08 in Fidial dve@id andad8hgle
X 2/ (7 - Pn) where a pole pair nunber is Pn, and a

6 9 detiveenstiicp pole thgterngldesedkd sebftid®, ofOrdtdr aidfibel ddjaeent
determ ned to be

section of the permanent magnet (43) in inner side of the rotor and the
between poles, and an angle 0 10 between the pole center side edge section
of the rotor surface adjacent section of the permanent magnet (44) in outer
side of the rotor and the between poles are determined to be '

0< 69<180/(5 - Pn)
and

180/(5 - Pn) = 610 = 180X2/(5 - Pn)

where a pole pair number is Pn,

and the rotor core section width has points of inflection, the rotor core section
width being sandwiched by the peripheral direction edge section of
permanent magnet (43) on inner side of the rotor or non-magnetic layer
continuous or adjacent to the peripheral direction edge section of permanent
magnet (43) and the peripheral direction edge section of permanent magnet

- {(44) on outer side of the rotor or non-magnetic layer continuous or adjacent

to the peripheral direction edge section of permanent magnet (44), and
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011< 09< 012< 010. 14. A notor as set forth in claim
13, wherein the angle 0 9is 0 <0 9 < 1800 - Pn),

the angle 0 11 is 0 < 0 11 < 1800 - Pn), t
10 is the mninmmvalue of 1800 - Pn) :-5h€0§g9£60§9009887

180 x 20 - Pn), and the angle 0 12 is the m ni mum
value of 1800 - Pn) :-5 0 12 :-5 180 x 20 - Pn). 37

angles 611 and 0 12 between the respective point of inflection and the
between poles are determined to be

0< 611<180/(7 - Pn)

and

180/(7 - Pn) = 012 = 180X2/(7 * Pn)

where a pole pair number is Pn,

and a relationship of the angles 6 9, 610, 611 and 0 12 is determined to be
611< 69< 012< 610.

14. A motor as set forth in claim 13, wherein the angle#9is 0 < 69 <
180/(5 * Pn), the angle 6 11 is 0 < 0 11 < 180/(7 « Pn), the angle 6 10 is the
minimum value of 180/(5 « Pn) = 010 = 180X 2/(5 *+ Pn), and the angle 0

12 is the minimum value of 180/(7 + Pn) = 012 = 180X 2/7 * Pn).
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