~PCT/JP2004/009887 SPECIFICATION Motor Technical Field The
present invention relates to a motor comprising a rotor core in which
multiple permanent magnets are embedded. More particuizFly i presRRk 7
invention relates to a motor suitable for usage in which silence is required.
Background Art From the past, Silence in a motor is considered. There
exist many techniques which intend to achieve silence by paying attention
to the variation in attraction force in rotational direction due to rotational
SP%@EEW’EQ@IN% cogging torgue, mainly. For example, Japanese Patent
Laid Open Gazette Nos. tokukaihei 10-201147, tokukaihei 11-98731, and
Motk ukai 2000-69695 each intends to reduce cogging torque. Japanese
Tec@%;%erlt\#a' Open Gazette No. tokukaihei 10-201147 realizes a motor
FowNibration and low noise by reducing cogging torque by

determini irgumferential direction target position of permanent magnets
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as illustrated in Fig. 1. Japanese Patent Laid Open Gazette No.
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differs depending upon the cycle of cogging torque. Especially, the value

BachkgBoarfdghirt becomes greater

From the past, Silence in a motor is considered. There exist many

techniques which intend to achieve silence by paying attention to the

variation in attraction force in rotational direction due to rotational position

such as cogging torque, mainly.

For example, Japanese Patent Laid Open Gazétte 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 1in 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. HEspecially, the value of 8 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



when concentrated winding is employed, so that disadvantage arises in

that permanent magnets disposed in outer peripheral side of the rotor

cannot be 1 PCT/JP2004/009887 made greater. Further,ml@og%oggg?

aperture of a magnetic pole differs for every pole, so that unbalance is

generated in rotational force. And, an induction voltage waveform

becomes asymmetrical shape. Therefore, various abuse are expected

such that increase in noise, affection in position detection accuracy and
madggeglile@de to other cause. Japanese Patent Laid Open Gazette No.

tokukaihei 11-98731 intends to reduce cogging torque by varying the
Furthere or aseerd apmburaghatimperetismelerdifors By mvemardansighat

ut, an angle of aperture of a magpetic pole (&ﬁers for every pole, so
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Gazette No. tokukal 2000-69695 determines the™ punching

andetRbadeing Raumanghtapganet which are equal to one another, and
varies the shape of elongate hole section each provided to contact to the

JapadgedaPeiehthd.painOpent Gagnet TS eolrakaohels 13 -9@piicatvmalis to
pseudo skew, and intends to reduction effect in togging torque. Piling

red differeptiogororgnes lry aday e chenacarlsesf epaplicated the magnetic pole
for every pole, as illustrated in Fig. 2.

But, an angle of aperture of a magnetic pole differs for every pole, so that
unbalance is generated in rotational force. And, an induction voltage
Wavéfbrm becomes asymmetrical shape. Therefore, various abuse are
expected such that increase in noise, affection in position detection accuracy
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 cogging torque.
Piling different rotor cores in axial direction 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



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 magnetig pet@qr@ogs7

example, problems are exemplified such that increase in iron losses due

to excessive concentration of magnetic flux, sufficient magnetic flux

cannot 2 PCT/JP2004/009887 reach edge section of permanent magnet

during magnetization. All of those techniques pay attention to cogging
reaghrgdae \aaedipa Mderisaaens m atsrel shritummp areiizetgns great,

affection of cogging torque is small, and rather, affection of higher
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extremely narrow angle of aperture in magnetic pole among the above
parficiiems. wheeifigalhinh Afcalpngaiebeleseetignstiavided it GIRCHIe is

the edge face of the permanent magnet is divided in peripheral direction,
emasyibdstsatdd a3 Fgred eaatihanagndiant reinfoxdersesddrithiss phavigedmet is

Japanese Patent Laid Open Gazette No. tokukai 2002-44888 intends to
greafiavaffedesdhyatitghier themowricchef imedyrdtiorfluglédsss flows through the

"auxiliagr}y reinforcement rib". Therefore, sound may be increased
|

JapgpgendiagemidraadePosnibspthe No. tokukai 2002-44888 can resolve the

problem of the existence of extremely narrow angle of aperture in magnetic
pole among the above probléms. Specifically, an elongate hole section
provided for cbntacting the edge face of the permanent magnet is divided in
peripheral direction, as illustrated in Fig. 4, so that “auxiliary reinforcement
rib” 1is provided. Japanese Patent Laid Open 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 Gazétte Nos.
tokukaihei 10-201147, tokukaihei 11-98731, tokukai 2000-69695, and
tokukai 2002-44888 do not éuccessfully reduce cogging torque while
sufficient permanent magnét magnetic flux is maintained and abuse 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



"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

seventBuneesiatiyoedeicdspgginidytaingieanhitet shiffisrem gemeninkmtswtigrently

magnetic flux is maintained and abuse in sound due to unbalance
reducevoratibwhenl thesmatordes togrralsioeicExannlqenbedinenisoveripads
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prévent generation of unnecessaryradial force and thrust force while

Summ%%gi@i?’ﬁ[@%ﬁ{?éﬂﬁéh’x is maintained. Summary Of The Invention In an
aspect of the present invention, there is provided a motor comprising a

In an 4506t GO EHA plaich Mulipie permanent magriatl arenembedaepdisimgereistor
a peripheral direction edge section of each permanent magnet or

core inReKiBlagREtic tayeneastintausas adjacdrtittedhelpecipirepstigirectichrediyn
section of each permanent magnet elongates in the vicinity of between

edge s¢higopodésachtipervicinity ofagetooneuagestEntes60BRENNBR-FhagHsae! o
I_ayer is 'proyided in the vicinity of the surface of the rotor at the pole . . |

the perilrinat Sidrechioniedersgioe ghcerlorsiapRaTpHERENaHEloRSA T Re TR
of each permanent magnet or non- magnetic Iager conti&nuous or ad,!la(l:c‘lent

of betwgeththpenfsdralairatEN e SERSHT G EagR" 2 second non-magnetic fayer

' 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-
magneﬁc layer arc positioned to cancel n-th order harmonics (n is an odd number and is
equal to or greater than 3) of the induction voltage; and wherein the peripheral direction
edge section of each permanent magnet or nonmagnetic layer continuous or adjacent to
the peripheral direction edge section of each permanent magnet and the second non-
magnetic layer are made to be independent from one another, and rotor core are
interposed between them.

In example embodimerits, a motor may employ an odd number order harmonics,
the odd number being equal to or greater than 3 and other than multipies of 3, as
the n-th order harmonics.

In example embodiments, a motor may employ an odd number order harmonics,

the odd



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 arc positioned to cancel n-th
order harmonics (n is an odd number and is equal to or greater than 3) of
the induction voltage; and wherein the peripheral direction edge section

b SESILESITR0EN macnes 0 pofmanets e comfious g adiacent
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pe n eage secton or eacnh permanent magn

thetﬂet %(%(a@g gg&mgetic layer are made to be independent from one
another, and rotor core are interposed between them. In example
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odd number being equal to or greater than 3 and other than multiples of 3,
har@onibe i therden badgardniesioniexample embodiments, a motor may
employ an odd number order harmonics, the odd 4 number being equal
In ciamplyeandottianchs androteertanmmaic phes phri s athdingaticorgdge section
harmonics. In example embodiments, a motor may employ 5-th order
of arsimperieepeTT-thsanst PRriTnBSRCe HYFoERBghoMcadiReent to the
ample embodiments, a motor. may make the peripheral direction edge

ex

peripbeindispeieh BERARERPAGSAEBrFSHARSShARRIRFEAROASS BRd non-
adjacent to the ,peripheral direction edge section of each.permanent .
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anotthg:,1 ﬁmd provides rotor core lying between them. In example

bet\g?n odiménts, a motor may determine 0 1 and a 0 2 to be

In example embodiments, a motor may determine 6 1 and a 6 2 to be

0< 61<180/(5 - Pn)

and

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

_'or

0< 61<180/T7 - Pn)

and

1807+ Pn) = 02 = 180%2/(7 - Pn)

where 0 1represents an angle between the peripheral direction edge section
of each permanent magnét or the pole center side edge section of rotor
surface adjacent section of the non-magnetic layer continuous or adiacent 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 lafer
and the between poles, and Pn represents a pole pair number.

In example embodiments, a motor may determine the angle 8 Ttobe 0 <B 1 <

180/(5



0<01<1801(5 Pn)and 180/(5-Pn)<02<180X2/(5-Pn) or0<01
<180((7 Pn) and 180/(7 'Pn) 0 2 <180 X 2/(7 Pn) where 01 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

Pn) between pdles, 3800 2 Riprethntsagiafole ehve shepsririamvar sigdue of
edge section of the rotor syrface adjacent section of the second <

180enEndgreti: fayer 130 Stmeh HARIBHBR YabreintsY o R mair
number. In example embodiments, a motor may determine the angle 0 1

0 zté—bel%w/i@' FD§§/(5 5Pn) or0<01<180/(7 Pn), the angle 0 2 to be

n ini _ - Pn).S 02.< 180 h
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embaodi otor may determine 0 5and 0 6 to be 0 <05 < 180/(5
0 <P%])Ean§g§85? E}n) <06<180 X 2/(5 Pn)
and

180/(5 - Pn) = 06 = 180%2/(5 * Pn)

where 85 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 8 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 6 7and 08 tobe

0< 67<180/7 - Pn)

and

180/(7 + Pn) = 08 = 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 ox adjacént to the
peripheral direction edge section of each permanent magnet and the second
non-magnetic layer and the rotor surface, 67 and 08 represent angles
between: the respective peint of inflection and the between poles, and Pn

represents a pole pair number,



where 0 5 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
- and defameinon hagplaideapbiaidthrearslrsch ol arftiPandpledéntaea
pole pair number, and determines 0 7 and 0 8 to be 0< 0 7 < 180/(7 - Pn)
7 < 4iu<1804F Brf-< 0 8 < 180 X 2/(7 - Pn) where the rotor core section
width_has points of inflection, the rotor core  section width being .
In exammGcrBles mEberh FRPHTRE SiF Capine thoribele 4R derkmfentd 5 <
180/729pgL or non-magnetic layer continuous or adjacent to the peripheral
irectiohh edge section of each permanent magnet and the second
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minfPRIMERS %Bﬁq@“ pay detepnecthesangle @S p,he 0 <05 <
180/(5 Pn), the angle 0 7 to be 0 <0 7 <180/(7 Pn), the angle 0 6 to be

In ethenplivigmbodiments, a motor may employ a permanent magnet divided into

multiple

layers in radial direction as each of the permanent magnets.

In example embodiments, a motor may employ a permanent magnet divided into

two layers

—1ayeré in radial direction as each of the permanent magneté, and determines

63and 64tobe

0< 63<180/(5* Pn)

and

180/(5 *Pn) = 64 = 180X2/5*Pn)

or

0< §3<180/7 - Pn)

and

180/(7+Pn) £ 64 = 180X2/(7 * Pn)

where -8 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



value of 180/(5 Pn) <06 <180 X 2/(5 Pn), and the angle 0 8 to be the
minimum value of 1801(7 Pn) <0 8 < 180 X 2/(7 - Pn). In example
embodiments, a motor may employ a permanent magnet divided into
multiple layers in radial direction as each of the permanent magnets. In
example embodiments, a motor may employ a permanent magnet divided
into two layers layers in radial direction as each of the permanent
magnets, and determines 03and 04tobe 0< 03<180/(5 Pn) and 180/(5
Pn) <04 <180 X 2/(5 Pn) or 0<03<180/(7Pn) and 180/(7 Pn) <04 <

sectitBO0K 4@ Rmiwiterdid @ répredamsadimylenbetasest heageripharapuous
direction edge section of permanent magnet in inner side of the rotor or

or afmpriK dentdresinerdnberal sEiunsH onr6RT TSR ERCEe BREHBReNt
the non-magnetic layer continuous qr adjacent to the peripheral %irectio ]
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represents an angle between the, peripheral direction edge section,of .. .
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7a the non-magnetic layer continuous or adjacent to peripheral direction

edge section of the permanent magnet and the between poles, and Pn

~ represents a E)ole pair number. In example embodiments, a motor, may
the nflaRiARe e angle GBHGBRYE L ABEE PID R BOR7IPR e

.the angle 0 4 to be the minimum value of 180/(5 Bn) <0 180 X 2/(5
sectieih b R AETHH 0 RS 6 a0 B R AL BAJ recents a

example %mbodiments, a motor may employ a permanent magnet divided
pole pair dumber, AT
0 two layers in radial direction as each of the permanent magnets, and

L T R e

« Pp)center side edge section of rotor surface adjacent section of the
permanent magnet in inner side of the rotor and the between poles, and O

or 0 10 fepresenisan ppyleetyvesn pale osniglside adgsmestinnaitheo/(s -

rotor surface adjacent section of the permanent magnet in outer side of

pn) the pojoransthe betveen paleshandiRimiepressnts afpoie/fair Buinier, o 4
and determines 0 11 and 0 12 to be 0<0 11 <180/(7 Pn)

= 180X 2/7 - Pn).

In example embodiments, a motor may employ a permanent magnet divided into
tWo

layers in radial direction as each of the permanent magnets, and determines
69 and 610tobe

0< 69<180/5 Pn)

J

and.

180/(5+ Pn) £ 010 = 180X2/(5 * Pn)

where G 9 represents an angle between *;:he 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 610 represents an angle between pole
center side edge section of the rotor surface adj_acent section of the
permanent magnet in outer side of the rotor and the between poles, and Pn
represents a pole pair number,

and determines 0 11 and 9 12 to be

0< 011<180/7 - Pn)

and

180/7 Pn) £ 012 = 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

8



and 180/(7 - Pn) <012 < 180 X 2/(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 8 permanent

magnet on inner side of the rotor or non-magnetic layer continuous or
permapgiacaRes fe Periphersl ¢ietion ddye settibnWT permaneaRaRagheYer

and the peripheral direction edge section of permanent magnet on outer

contingims G iR GRS G- RRIGREAEFdyEF eERtRUIES O oSd A8 pt Re TR et
e LSS o Epdi RO B LI B o
orcter O BRIk PR A RSBt & 8 B FUBHEFTS 13 b BEsL ge the
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represg}{(ac ange 81440 b dhe f@%@?ﬂme\! Aue, 0f 8B B <S A 5180 K een

/(5 Pn), and the angle 8 12 to be the minimum value of 180/(7 Pn) <8
. poles, dad T80r¥X2H% 2R PalbISSPesificafion "pole” is used to represent

N-poles or S-poles which are disposed at every approximately constant
and ddoiervaley tonstbntiangldy ghegneticopaldl’ &5 usddifo fepresedt an exiemnt

from which magnetic flux of the permanent magnet mainly flows. Example
§ 11 <erfilfodinfelitsimay @omprise a rotor core, plural permanent magnets

embedded in the rotor core, wherein a peripheral direction edge

In example embodiments, a motor may determine the angle 8 9 tobe 0 <6 9 <
180/(5 « Pn), the angle § 11 to be 0 < § 11 < 180/(7 « Pn), the angle 6 10 to be
the minimum value of 180/(5+ Pn) = 610 £ 180X 2/(5 - Pn), and the angle

6 12 to be the minimum value of 180/(7 * P} = 612 = 180X 247+ Pn).

In this specification “pole” is used to represent N-poles or S-poles which are
disposed at every approximately constant interval or comstant angle.

“magnetic pole” 15 used to représent an extent from which magnetic flux of

the permanent magnet mainly flows.

Example embodiments may comprise a rotor core, plural permanent

magnets embeaded 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 rotoer
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




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

laye%ﬁ@%i%rga@fbé%ﬁﬁ’@HW?QI@H@P&”B}%@&O%QEE@ ral dysction. , on

edge section of each permanent magnet, and wherein the non-magnetic

permayeneontintaits amadidkeniie thecpelinheral digstionedge SpEEARARL: or -
each permanent magnet and the second non-magnetic layer are

adjaqositionge tpecancet«l-thorddorhanpeniest(Bis ceadt pembenand isq aonet
equal to or greater than 3) of the induction voltage. Therefore, n-th order

and Whemeetos Conponsnhoftiie layagnetie fivxadistrifadion wavedefm-th order
(induction voltage waveform) can be reduced and unnecessary radial

harnfepdesafl {hrast fstdecaniive pravemeddroh focouremedewtibesuficienthe

) magnetic flux can be maintained. In example embodiments, a motor may

mdugigfioy trgonicd B GiRlesEbdar AamierEnasre qoamp sragrbaér the

than 3. other.than multiples of 3, as the _n-th order harmonics. Therefore,
mag%ﬁd%%é%?ﬁ@ﬂ%%&fﬁ&f%%%%ﬁm Beia & e IS F groates be

than 3 gther than multipl .3, of th agnetjc flux distribution
re e R\ EHEAg JULCB oM A Bt e £ B TR iedsgm
ial.f ryust force can.be.prevented from occurrence, while
-occm?l%%llaé%@%l%é r?glgccﬁ%é c%%%%e%%%%%ﬁn%a& %eelf(a"fr%% &8bodiments, a

In eﬂé%%‘lé“@%ﬁﬂ@ﬁf%ﬁ@,"ﬁqﬁ@ﬁﬁ)fﬁgfrgﬁﬁa?(g}(?di%rmonics of an order of odd

number and of equal to or greater than 3 other than multiples of 8, as the

n-th order harmonics. Therefore, odd number order hkarmonics, the odd

number being equal to or greater than 3 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.
In example embodiments, a motor may employ harmonics of an order of odd

number and .equa‘l 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:"gfeater than 13 other than multiples of 3, of the

magnetic flux distribution waveform (induction voltage waveform) can be

reduced and
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number and 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 10 unnecessary radial force and thrust force can be
prevented from occurrence, while sufficient magnetic flux can be
maintained. In example embodiments, a motor may employ fifth order
unnediaERenies ol Sevesthnarderharfopice:as beeprdheartiel hrarmoninsrence,
, Therefore, 5-th order harmonics or 1Q~ 7-th order harmonics of the
* while maifivétict fiux gisttioufion wavelmedinthictich voltage waveform) can be
reduced and unnecessary radial force and thrust force can be prevented
In exdropicossibsanoenwhite saficient magndty flifticandee maintaivedoscventh
example embodiments, a motor may make the peripheral direction edge .
order éﬁﬂﬁﬂnnﬁf&@&b@@ﬁi@h@fﬁ&hé@i@@@m@@n-ﬂé@f@ﬁ%ﬂ%é FidopEfIohggRonICS
adjacent to the peripheral direction edge section of each permanent
magnet and the second non-magnetic layer independent from one
another, and provides rotor core lying between them. In example
embodiments, a motor may determine 8 1 and 8 2tobe 0<0 1 < 180/(5
Pn)

or

18



and 180/(5 Pry) <02<180x 2/(5-Pn) or 0<01<180/(7-Pn) and 1801(7
Pn) <02 <180 x 2/(7 - Pn) where 0 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

T theidetseeadost Sath e e sabiet dirteubenean gols, Gndwction
representg?aggangle betvgg%en pole center side edge section of the rotor

voltags Ay SHEBENt TR A A STURt sBEchrRaTRatHeticagyer fare ted thrust

between poles, and.Pn represents a pole . pair number. 11 In example
for g R R A HERER et BrE 010 B §etio i oan be
. 180/ n) or0<01<180/(7 Pn), the angle 0 2 to be the minimum value
ma%?a{fgé:éﬁ Pn)502<180 X 20 Pn) or the minimum value of 180/(7 -

In exBRiTe DR dB0%ALT, Bikdn.axsmRle emhod pegeg ~
detgrmine 05and 06 tobe 01< 5<180/(5 Sgﬂ?g%a Fl%%? 0,9“3 g%sbec;mon

of eabB0 X 2/(5 Pry) where 0 5 represents an angle between the peripheral
direction edge section

permanent magnet or non-magnetic layer continuous or adjacent to the
- peripheral direction edge section of each permanent magnet and the second
non'niagnetic layer independent from one :—inother,‘ and provides rotor core
lying between them.

In éxample embodiménts, a motor may determine 6 1 and 6 2 to be

0< 61<180/(5* Pn) |

and
180/5-Pn) = 82 = 180X2/(5 - Pr)

or | _ |

0< 61<180/(7* Pn)

and

180/7+Pr) £ 62 € 180X2/(7 - Pr)

where 6 1represents 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 62 represents an angle between pole center side edge
section of the rotor surface adjacent section of the sécond non-magnetic layer

~and the between poles, and Pn represents a pole pair number.
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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
In exsegdbncntn-dia@nedicdaneto bgiwe e d sen
p?;IIedpair number, and deterrﬁ?r?ea?gi7 and g%%%bgem%% ({)j;zfggt%%@rfeal =
180/(and 180/(7 - Pn) < 6 8 < 180 X 2/(7 Pn) where the rotor core section
width has points of inflection, the rotor core section width being
Pn) endtiwiclied sytRe/perifheratbivectighddgetsebtiothel wasihpesmentns of -
~ymagnet or non-magnetic layer continuous or adjacent to the 12 peripheral
180/ Gitéatibredye sactidi 5t ¥Aehiermatentrimgnerandlhe sbtedl7  Pn) =
6o n n-magn_e&c l? r and the rotor surface, 8 7 and 8 8 represent angles
= b’et@gf%% #Here ﬁ@ctive point of inflection and the between poles, and Pn

I }%pr}%sents a pole pair number, and determines the relationship of the
N EXAiPRIS BBPABIEH YD BaYIT < msne fband O drdmple

0 e odi'rg (‘s., @atrﬁotor may determine the angle 05tobe 0<05<
< 1 /ﬁs ﬁ{%he gle 0 7to be 0 <87 <180/(7 Pn), the angle 0 6 to be
the minimum value of 1800 Pn) <06 <180 X 2/(5 Pn), and the angle O

8 to be the
180/(5-Pn) £ 86 = 180%x2/(5 + Pn)

and

where 0 5 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"magﬁetic 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 pﬁle 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 87 and 68 to be

0< 07<180/(7 + Pn)

and

180/(7 - Pn) £ 68 = 180%2/A7 Pn)

where the rotor core section width has points of inflection, the rotor core
section width being sandwiched by the peripheral direction edge section df

each permanent magnet or non-magnetic layer continuous or adjacent to the

12



mi'nimum value of 180/(7 Pn) <6 8 <180 X 2/(7 Pn). In example
embodiments, a motor may employ a permanent magnet divided into
multiple layers in radial direction as each of the permanent magnets. In

pexifRSTple embodiments, & melef may, Smploy. A AFFvANEALmagRCk AMded

ayersinr Irection as e e permanent magnets, and

determi be 05,0 3,57180/(%5- Pand R
om0 64 13015 P anc 180/ PR 204~ 180X

betwild TRM-AHRIE;0:3 FORRESENt:ARARNGIE batvera the pegphesalalifestianPn

edge section of permanent magnet in inner side of the rotor or the pole

reprESNeS sigsiedaer seatipr0f rotor surface adjacent section of the ‘
non-magnetic layer continuous or adjacent to the peripheral direction

and adgesestiontef edehipeshanehthmagrseatdthetb6iwéén potes? &t dba o
represents an angle between pole center side edge section of the rotor

7 < stiface tabdjacehtisection of the peripheral direction edge section of

permanent magnet in outer side of the rotor or non-magnetic layer

In ex¢RRtRUGHSQTiakiAceN W oriiphasatidiestioratigeasgletiOnsofdtiss 0 <6 5 <
permanent magnet and the between poles, and Pn represents a pole pair

180/ (unigr.

the angle § 7to be 0 < 67 < 180/(7 - Pn), the angle 6 6 to be the minimum
value of 180/(5 - Pn) = 66 = 180x2/(5 * Pn), and the angle 9 8 to be the
minimum value of 180/(7 - Pn) £ H 8 = 180 % 2/7 - Pn).

In example embodiments, a motor may employ a permanent magnet divided into

multiple layers in radial direction as each of the permanent magnets. .

In example embodiments, a motor may employ a permanent magnet divided into

two layers in radial direction as each of the permanent magnets, and determines
83 and 64 tobe
0< 63<180/5Pn)

‘and

13



In example embodiments, a motor may determine the angle 0 3 to be 0 <
03 < 180/(5Pn) or0<03<180/(7 Pn), the angle e4 to be the minimum
value of 180/(5 Pn) <04 <180 X 2/(5 - Pn) or the minimum value of

180/(15?{10#@ Pn) 8 i <ﬁ1%6>%/é7(§ P@,)é,dn example embodiments, a motor may

a permanent magnet divided into two layers in radial direction as
each of the permanent magnets, and determines 09 and 8lotobe 0<
09<180/(5Pn) 14 and 180((5 - Pn) <e 10 <180 x 20 - Pn) where 0 9

0< r@@rgsi%gﬁﬁn ppyle between the pole center side edge section of rotor
surface adjacent section of the permanent magnet in inner side of the

and rotor and the between poles, and 0 10 represents an angle between pole
center side edge section of the rotor surface adjacent section of the
180/pEFPaned nfagnst insgutet/Eide Bfithe rotor and the between poles, and
Pn represents a pole pair number, and determines 0 11 and 0 12 to be
whefx 813 sdBOKTeRPn ) armh diedirwray0the ragpberay dipegtisiepd gasection
rotor core section width has points of inflection, the rotor core section
of pwvidtrbsingisaneivich sy Hidpefighurade ok RRgkecssiarside edge
section of rotor surface adjacent section of the non-magnetic layer continuous
or adjacent to the peripheral direction edge section of each permament
magnet and the between poles, and 6 4 represents an angle between pole
center side edge section of the rotor surface adjacent section of the peripheral
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.
In example embodiments, a motor may determine the angle 9 3 tobe 0 <8 3 <
180/(5 »
Pn) or 0 < 63 < 1807 - Pn), the angle 6 4 to be the minimum value of
180/(5'Pn) = 84 = 180X 2/(5+Pn) or the minimum value of 180/(7+Pn) =
84 < 180X 2/(7 - Pn).
In example embodiments, a motor may employ a permanent magnet divided into
two layers in radial direction as each of the permanent magnets, and determines

89 an.d. 6 10 to be

0< 69<180/(5 - Pn)
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permanent magnet on inner side of the rotor or non-magnetic layer

continuous or adjacent to the peripheral direction edge section of

permanent magnet and the peripheral direction edge section of

permanent magnet on outer side of the rotor or non-magnetic layer
~continuous or adjacent to the peripheral direction edge section of

permanent magnet, 0 11 and 0 12 represent angles between the .
d respective point of inflection and the between poles,. and Pn represents a

18()_/ lﬁna)irwgurgbﬁf, gnéﬁé@oﬂg@esﬁg}a relationship of the angles 0 9, 6 10,

1T°and 0 12 to be <012.< 010. In example embodiments, a

0 : ing the-angleQ 819 Brlre Lend 1894(adRe)sdbgion of
Whel[agngﬁécr)y 1 1%@%%{{(%1 gﬁo 11< 1%%63(%985%), tg% angle 3 10 to be t%e PO ®

rotorTNRITHE Yaluesk] SAUBRRIT the 36:5b8R%X 12Kk die}, andrherasidle oF the
12 to be the minimum value of 180/(7 Pn) <0 12 <180 X 2/(7 Pn). Brief

rotoPes@iptientfwhenDralvingsidgura @ iseasekemationd @yeden itdstestingole
an example of a prior motor; Figure 2 is a schematic diagram illustrating
centanothée exdnplecotmpriof matondtigure 8 faceschbinrsticdisgpan of the

illustrating a further example of a prior motor; Fi%g[e 4 is a schematic
perndiagrabnrilheteting cutentsidesiterotarpibl Fsideimgar Boiey and Pn

diagram illustrating magnetic flux density distribution in peripheral
repréfeetion @ﬁlﬁar@ﬁ%mﬁﬁéﬁ, I,

and determines 611 and 6 12to 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 peripberal direction edge section of
permanent magnet on inner side of the rotor or non-magnetic layer
continuous or adj acent to the peripheral direction edge section of permanent
magnet and the peripheral direction edge section of permanent magnet on
outer side of the rotor or non-magnetic layer continuous or adjacent to the
peripheral direction edge section of permanent magnet, 611 and 812
relpresent angles between the reépective point of inflection and the between
poles, and Pn represents a pole pair number,

and determines the relationship of the angles 89, 0 10’. 511 and 6 12 to be
G11< 88< §12< 610,

In example embodiments, a motor may determine the angle 8 9tobe 0 <6 9 <
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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

180MAth ﬁ%)?%%tﬁxg%ie‘@fﬁ”tg B 73 : Frigyre 9dg @diagramillusitaiing 10 to be

characteristics of 5-th order harmonics, 7-th order harmonics with respect

the R 3wherQdenbrdogyrerty isa sghematicidiagranrilustiating 3 1statole
having distributed winding; 16 PCT/JP2004/009887 Figure 11 is a

6 13chematibiagreim illusirating afstatoriaving)cahcentrated vincimg(7 « Pn).
Figure 12 is a schematic diagram illustrating a modified example of the
rotor of first embodiment; Figure 13 is a schematic diagram illustrating
another modified example of the rotor of first embodiment; Figure 14 is a
schematic diagram illustrating a rotor of the motor of second embodiment
_according to the present invention; Figure 15 is a schematic diagram
Brl‘?ﬁl}%ﬁ%{%@tﬁ)ﬁq ifed SJEAHPREST the rotor of second embodiment; Figure
16 is a schematic diagram illustrating a.rotor of the motor of third

Fl e ibodimeiPABEOR I8 fHE preSEhRbE R §xample of a prior motor;

Figure 2 1s a schematic diagram illustrating another example of a prior

motor;

Figure 3 1s a schematic diagram ilustrating a further example of a prior
motor:

Figure 4 15 a schematic diagram 1llustrating a further example of a prior
motor;

Figure 5 1s a diagram illustrating magnetic flux density distribution in
peripheral direction on rotor surface;

Figure 6 is a crosg-sectional view illustrating a rotor of a motor of first
embodiment according fo the present invention;

Figure 7 18 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 1when6 2 =23 ;

Figure 9 1s a diagram illustrating characteristics of 5-th order harmonics,
7-th order harmonics with respect to 8 2whenf 1=6" ;

Figure 10 is a schematic diagr‘am. Hlustrating a stator having distributed

winding:
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Figure 17 is a diagram illustrating magnetic flux density distribution on
rotor surface; Figure 18 is a diagram illustrating comparison of the
induction vqltage Wavefprm fqr a case where second nonp@m@%\%ﬁg?
does not exist, and the induction voltage waveform for a case where thir
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
Figeganplesot thcheamortisf dimerambdbisteatingdritarer Masiascoarmticated
. diagram, illustrating a rotor of the motor of fourth embodiment according
WInGHe present invention. Best Mode For Carrying Out The Invention
. _Hereipafter, referring tq the attaghed drawings, we explain a mptor of an
igysep Ty S00ABOYSE) ER BB TS HCEEr R IR PSRRI AOtoT
' tail. In.the following embodiment, we explain a case which cancels
© f{s[]st %I% eor@%n%l?r%%nlcs and/or 7-th order harmonics of an induction voltage.

FigBt: {19900 couss passipleHaat qib&&?da{m%nﬁo%g&b%&a@ﬁsﬂxﬁbﬁfégg of

general example of a motor is described. Magnetic flux density distri
thelfops¥iphgrak drgsHaneddhe rotor surface of the motor is symmetric for .

every pole. When each pole has approximately same shape to one
Figanothe¢isnaagtiatio ditix deénaibnbellonies tizeroslebhatweenddaesor of second
embodiment according to the present invention;
Figure 151s a schematic diagram illustrating a modified example of the rotor
of second embodiment;
Figure 16 is a schematic diagram 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 éccording 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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Therefore, the magnetic flux density distribution in peripheral direction of
the rotor surface becomes a distribution which makes 1 pole pair to be
fundamer_ltal wave, and includes pdd nu'mber orgler thereq{cl%%,ggam&l}%m
when a simple rectangular wave is applied Fourier expansion, 0
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:
embodip®ng acyeubimpatdahihe prieeahdS<hodeirhdetzahics vibration
addition forces are in synchronism to one another so that a mode of
In Yhedivklore naverghedimentr whickndaine sapasaorhichiaengdr humbeder

such that hexagon mode of resonance for the stator having 6 poles. The

harmggics prdonatith srdsiharBrmrics & aaipduction il tainiciahgé is of
reatly so.that the mode of resqnance..hardly becomes noise. Further,
coufh g FET o R B FERD DN SRR GO GHGH s groator i
Fir%mft%fé‘r?&raﬁae%ésr '”1‘8%"1%"%5‘&8?‘%@898&?1{88? e difficult to be cut-off
écause of low f?&uency, IN comparison to eleventh or more orders.

Ma%ﬂﬁﬁ%fﬂrtﬁx &’&Aﬁrﬁ&ﬂﬂ%&%ﬂ%ﬁ%M@M%ﬁé&%ﬂﬂ? B A hrface

armonics and 7-th order harmonics. The following two points may be

of BhRdeniRRe PieMisas WBandheR-th-esder heTaonio¥REE 7dhcardable has

harmonics are taken measure to meet with. 1) Every order component
appbexiomesizera ticedhdpe synometnpnotimeagnesigndtic dhnsigenamgf@sacies

the rotor surface. 2) Higher harmonics component can be zero-cross at
zeraHer bedtimewheles.

Therefore, the magnetic flux density distribution in peripheral direction of
the rotor surface becomes a distribution which makes 1 pole pair to be

fundamental wave, and includes odd number order thereof. For example,
when a simple rectangular wave is applied Fourier expansion, 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 ié 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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varying in magnetic flux begins suddenly such as beginning of magnetic
pole and the like. (First Embodiment) Hereinafter, the first embodiment is

described with reference to the drawings. Fig. 6 is a scheigagli' F=Telg
illustrating an arrangement of a rotor of a motor of the first er%%)g m@r?tb 7

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
willthey et adier?t -ortheyr danimagoetics| ayel & 4 theréinafiermefdrred to as

"first non-magnetic layer"), each being continuous to the peripheral
Thedipdlstivingdgeo switdn ofasabie perdatedipimei®sewdten|thgdicdiorder

vicinity of the between poles to the vicinity of the rotor surface. And, a
harganiag angh [ Bgirene ByEmendcsratrkakananeasivn ithmerat Witble

nter side location of the first non-magnetic layer 4 and which is,in \

D BRIRE FOIP QLR oM A R o o SHEN RS o ragtie
ﬂuthel% gran aivr,éf%%. Lhﬁlgrlst fon-ma netic layer 4 and second

non-ma?énéjtlc ayerg are in(c)iepen entfrom one another. An auxiliary

2) BIRLCemath HRied BadsRkd &b THP2AUHIBIBES IHONERLRiE where

interposed between both non-magnetic layers. An angle 0 1 between the

varfelg GPMaEaieeaar pestion Ridgtonswiare, fdiasentiseciemapddhie pole
between poles of the first non-magnetic layer 4, and

and the like.

(First Embodiment)

Hereinafter, the first embodiment is described with reference to the

drawings.

Fig. 6 is a schematic diagram illustrating an arrangement of a rotor 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

nori-magnetic, layer”), each being continuous to the periphefal direction edge

section of each permanent magnet 3, each elongates in vicinity of the

" between poles to the vicinity 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 ﬁrsﬁ non-magnetic layer 4 and which is in vicinity of the rotor

surface. Wherein, the non-magnetic layer is a thfough 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 between poles of the second non-magnetic layer

5 are determined to be 0 <01 < 180/(5 Pn) and 180/(5 ng)ﬁz%&méé@7
X20 Pn) or0<01<180/(7 Pn) and 180/(7 Pn) <02 180 X 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
rotap corayie anderhaned) ety penchatbhontmeigretiplbyeetinstead 5 and 7.
Similar gperation should be carried out for following formulae, In this

An gnglyifhdnbahessaethairpimsentar sile-edgasediompel tatptowaface
. d for reducing the 5-th order h ics. Specifically, itis. bett
AAIHE bR 92 400 RS TAREIIE it AR SR BB A ng

the aboye,ayrangement is described in the following. For example, sinc
an gl%ﬁ?c%jrdeerzﬁgﬁn‘f?ﬁgs %Fntgﬂ%ecf %558 r&dGcé en(fg?ﬁiémpr)lol% praﬁ#%rur% er

adjeiée%lﬁ"gé%@ignliﬁd apd %gt%v]&ent%%lgg%@r%ﬂgﬁ%@-magnetic layer 5
PCT/JP2004/009887

are determined 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) = 62 = 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 gré-at:er- than 3) is to be carried out, n is employed instead 5 and 7.

lSi:milar 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" , §2=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 8 1=0° , and 6 2=18" , the phases are shifted
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by 180 so as to cancel from one another. But, 0 1=0 is difficult for the
arrangement where the permanent magnets are embedded in the interior
of the rotor core. Consequently, it is sufficient that 8 1<18&H819004/009887
symmetry. When 7-th order harmonics is to be reduced, formulae of lower
two rows are used, and it is better that 8 1 <12.9,12.9<0 2 25.7 For
maximizing the torque, 0 2 is increased as great as possible so as to
increase the magnetic flux interlinking to the permanent magnet. Fig. 7

by lififtrate e tekareadhitone e anesherng s, ik adhsitys ditfiutiofonhe
the rotor surface and the non-magnetic layers 4 and 5, of this

ATTANREHRAMH DA S RtehSEIRGR Bn e AeeiadT et hedied anths, interior of
magnetic flux degsity increases Qr decreases, and in remaining portion of
the OV RIS e ORISR 8 e FIGReRR L Bl B due to

a imatel nstant, Therefore, changing in magnetic flux becom
sy R e AR P B Fower

twoRQRUER AL (RIRECHVE i N MAGPeHG faYeISAaNG S, poasequeptly, < o5 7o

zero-cross points of higher harmonics components appear for respective

ForpeinignhieiihetBeceiidrongngaaticlanss b, 45 Coreaspen g iRibWae as to
length of the 5/7-th order harmonics from the between poles, and it is
incrdunegthidhat thezer Gaxoss pdinik hecomds therbeinwesn palesdue to
symmetry. For the first non-magnetic layer 4, it corresponds to half wave
FigleAgthtbftha /7 -th ordéxthansioifichirbrecthe Detweengnelds, dhakxit idensity
thought that the zero-cross point becomes the between poles due to _
distgihwiienporie i, sariarcotsst the meniseatinetis lasprctvend 5, of this
non-magnetic layers 4 and 5 are shifted. by half wave length from one

emhgERtso PRy HETAMRRld ive BpibtkIgnetic layers 4 and 5, the

magnetic flux density increases or decreases, and in remaining portion of the
non-magnetic layers 4 and 5, the magnetic flux density is approximately
constant. Therefore, changing in magnetic flux becomes steep from pole
center side edge section of the rotor surface adjacent portion of respective
non-magnetic layers 4 and 5. Consequently, zero-cross points of higher
“harmonics components appear for respective poihts. For the second
non-magnetic layer 5, it corresponds to 1 wave length of the 5/7-th order
harmonies 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 eorresponds 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.

- Tig: 8 illustrates characteristics: of 5-th order harmonics and 7-th order
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Fig. 8 illustrates characteristics of 5-th order harmonies and 7-th order 21
PCT/JP2004/009887 harmonics with respectto 0 1 when 0 2 = 23, while

Fig. 9 illustrates characteristics of 5-th order harmonics ag?jf,ﬁ?@ﬁ%@o%gm

harmonics with respectto 0 2when 0 1 =6. Itis underst

and 9, greater reduction effect of 5-th order harmonics and 7-th order

harmonics can be realized by determining the angle 0 1, and 0 2 to

satisfy the above formulae. Wherein, the width of the rotor core
harsaodivichettlbyrtspdirst morfriagrieatic fl@yer £35ecorthiteniiagaeiltlayertes

5 and the rotor surface (hereinafter, referred to as "first bridge 2b1" and
charsstenis e gf 2b2h) andeonbrmmdniesdesidhbletthantherwitthiomadewith

smaller for preventing magnetic flux leakage. Further, there also exist a
respseirito fadxhey Pelfofcement rib) 2a serving as the magnetic path

.between the first non-magnetic layer 4 and second non-magnetic layer 5.
It ‘%d%ﬁgrﬁﬁ?té?ﬁé ehioie BRRCH R pakgintpteetinagRdactiok Sithcorder

b R oA e B HeTC e ProkeR REE B EBHRDEg the

permanent magnet.and no

ang?89 QPQM“GT@%/ égg%%%ﬁ%eggég@%&qﬁ%gr by a short distance. The

stator of the motor according to the present invention may have

Wheligslfipuied winding asHiustaEddReFig n iy REDNAY PAYR WORGERNAIEH onetic
winding as illustrated in Fig. 11. Especially, 5-th order harmonics and 7-th
layer 4, second non-magnetic layer 5 and the rotor surface (hereinafter,
referred to as “first bridge 2b1” and “second bridge 2b2”) are constant. I{is
desirable that the width is made smaller for preventing magnetic flux

leakage.

Further, there also exist a rotor rib (auxiliary reinforcement rib) 2a serving
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 Z2a.

Thé permanent magnet and non-magnetic layer need not Be in continuous to
one another. They may adjacent to one another by a short distance.

The stator of the motor according to 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
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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 example é)i. igz 4
PCT/JP2004/009887 Fig. 12 is a modified example in which rotor core
exist in vicinity of both side of the permanent magnet of the rotor of Fig. 6.
When the first and second non-magnetic layers 6 and 7 are disposed for
canceling the higher harmonics wave of the magnetic flux flowing out
Figfrath the snddife; delfmieple aéfieettdah betobtesre 2dégidt3its aichoitified both
example in which the permanent magnet layer exist to a region adjacent
sideoahéhotpesurfasatyvhegntie ¢btbadmbrenoddhieticaydV Beis thepbset! and
for canceling the higher harmonics wave of the magnetic flux flowing out
seceiah p8 IFERatis MRSt Brsed carpammiisRosedobraisancringidhadaigher

iS necessary to magnetize the permagnent magnet so that the magnet flux
bR RSOV AER A B LB AT bk e RS thoent
e-ffedi{%%trilo- o&ghgir%tgr. (Second Embodiment) Fig. 14 is a schematic

cci'"lagram ﬁlus%raﬁlng ‘a rotor of a motor of a second embodiment according

Flgml@%%{?ﬁsﬁfﬁ@ﬂe&mpl@ Iﬁ%m%%e%%%ﬁ%ﬁ@h%%%ﬁ&% er exist toa

embedded in the interiof of the rotor core. ermanent magnets for
regRAF B dRlgeIst Ay ided ipier & IaaKs In mdiah PRRCQ 43 PEMAPRBEIC layer 8
magnet at inner side of the rotor, and 14:
is disposed for canceling the higher harmonics wave of the magnetic flux

887
C

flowing out from the surface, sufficient effect can similarly be obtained. In
this case, it is necessary to magnetize the permanent magnet so that the
magnet flux at the permanent magnet edge section does not flow out in
normal direction of the rotor.

(Second Embodiment)

| Fig. 14 is a schematic diagram illustrating a rotor of a motor of a second
embodiment 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 ancther. A so-called q-axis magnetic
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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 vicinitylg)é -f?%@ﬁ/oogs;s?
surface. The peripheral direction edge sections 13a and 14a11(? 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 23 PCT/JP2004/009887 flux path 12 a made
fluppedior] Eorcnim itrarposied beteveemtieepnsddd e rtistence of the

g-axis magnetic flux path 12a, g-axis inductance Lg. can be made to be
Dugyteqtbe wrintanpe séltheanexis rmpagnatiodusipethid 2geatexisandastance
~that the magnetic flux of the permanent magnet can be increased without
Lq ﬁ?&éﬁ’sfﬁ&%&? GreRedbRE #hthidiths sPuGaBrRarke o tanles sHbized in

edge section of the peripheral direction e section 13a of the
sre g A BRL 18 TR SE RRoo L iF A TG BitEpBgan b
. and apa | nter side edge section of the
mc%%%ﬁe?%ﬁ‘&gﬁ%\%gﬁ%ﬁ?ﬁ %?ﬁ 8f%hzza' permanent magnet 14 in

An igReIsidePhiheiQiar and fog.belyesn &9]&9%3% dRISiNGE {RePFdinRedal
< 180/(5 Pn) and 180/(5 Pn) <04 <180 X 2/(5 Pn) or

direction edge section 13a of the permanent magnet 13 in inner side of the

rotor and the between poles, and an angle 6 4 between the pole center side

edge section of the 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< 63<180/(5 * Pn)

and

180/(5-Pn) = 64 = 180x2/(5 « Pn)

or

0< 03<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 #1=9" , §2=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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0< 03<180/(7Pn) and 180/(7 Pn) <04 <180 X 2/(7 Pn) when the pole
pair number js Pn. In this embodiment, the pole pair number Pn = 2.
Formulae of upper two . rows are used for reducing the S-i@fdeboo4/009887
harmonics. Specifically, it is better that 0 1=9 , 0 2=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

Figgdéchptisnsehamatiy. dagemiBbosamoegsy mgdified xemmbatief this

diagram illustrating a modified example of this embodiment. This modified
embody

MprFemploys planar permanent magnets instead the curved

. ts. Therefore, nd can be reduced when this modifie
Thid T SBOYOA. STIE RN R kot P SEMEHadR AR athe
cur\igﬂsér%qﬂg %r{,ggggg%gnt of a rotor of a motor of third embodiment

according to t i

e present invention. In the rotor 31, multiple permanent

The%ﬂ%@%%ﬁ%ﬁﬂ%%@@&?&@@@}hgﬁﬁ%%@&ﬁécPBiEﬁn;?eA'iPSEH}ﬁG%&.
magnets) are embedded in the interior of the rotor core 32. A
(ThirdrEmagrieticchayer 34 (hereinafter, referred to as "first non-magnetic

Fig. 16 is a schematic diagram illustrating an arrangement of a rotor of a
motor of third embodiment according to the present invention.

In the rotor 31, multiple permanent magnets 33 (in this embodiment, the
rotor is of 4 poles, so 4 permanent magnets) are embedded in the interior of
the rotor core 32.

A non-magnetic layer 34 (hereinafter, referred to as “first non-magnetic
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. Further, a second
non-magnetic layer 35 is provided in pole center side éf 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 between the pole center side edge section of adjacent section to the
rotor surface of the first non-magnetic layer 34 and the between poles is
expressed with 6 5, While an.angle between the pole center side edge section
of adjacent section to the rotor usurface 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 85 are

independent from one another. An auxiliary reinforcement rib 32a made of
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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. Furthef; gpSe6e/bogs7
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 between the
pole center side edge section of adjacent section to the rotor surface. of
rOtQﬁécfﬁ"st‘%B?ﬁ‘?ﬁHﬁﬁ%%cb%%@ﬁaﬂthe between poles is expressed with 0

5. while an angle hetween the pole center sjde edge, section of adjacent
Furihego m@@aﬁ?& ?fafc?é%f‘iﬂ’ées?f&&%‘n%ﬂﬁg&%% Egfer sl fp@andirst

. betwgen,poles is expressed wit . hhe first non-maguetic layer 34 and .
b e F b e R S S AR S6b
the#oBiRpyeIRIREMBRLHD S22iMade. 8y 41099881, 191
ecore is interposed betweé)n them. Furgwgﬁi%%gvﬁgtgﬁzgﬁ egl r% (1)1re glcggr%ay -er 34,
seciettiandharanaiier, Isjeredstanad "fitst hHdge 3abi.and ﬁ%ﬁ@d@%n
32b2") has points of inflection 36a and 36b, the rotor core section being
res)seutive gid by fthafleatioen 3sagneli Ghlyemit bsaeess peltinagneligressed
_ layer 35 and the rotor surface. Angles between respective point of
witinflé Gtiand3 62 Sind Bied amgloetiden pbled dFandpré Seade Witte8riiiand & be
8. The angles 0 51,1)8 6, 0 7 and 8 8 are determined to be 0< 85<180/(5

0 < pihpand80/(5 - P

and

180/(5 - Pn) £ 66 = 180X2/(5 * Pn)

and

0< 67<180/(7 - Pn)

and

180/7 - Pn) = 08 = 180X2/(7 * Pn)

and

67< 65< 68< 66.

In this embodiment, the pole pair number Pn is 2, so that the angles are
‘determined tobe 66=18" , 08=129" , 05=9" , 07=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 lustrated in Fig. 17.
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1800 Pn)<06<180 X 2/(5 Pn) and 0<07 <1800 Pn) and 1800 Pn)
<88<180 X 20-Pn) and 07< 05< 08< 06. In this embodiment, the pole
pair number Pn is 2, so that the angles are determined tolggl% ]
8=12.9,05=9, 8 7=6.4 . Wherein, the points of inflection"36a aﬁ}zﬁtgg%%m
are crossing points 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
As shamgerimmbrgne it guk Henditth didtsbritivioanthg cofosseifdcalbeest)€bth
steep at these points. The magnetic flux density distribution on the rotor
ordeudacenotieis 1emapoeshbis fhstreiadsofitnfiqcten 36a and 36b, while
PCT/JP2004/009887 As is apparent from Fig. 17 and the description of
5-thnerdes bapaamients ¢rnspded ynsircsenbencatal e9anespeiing off the

inflection 36a and.36b, while 5:th ordey harmqnics is canceled by pole,
sectigh AHIAGE b L ABHPOrHE BB R R oG SRR of

by pole center si c?n%e S ction(f the sgction adjacent to the roto
the s%t%mn a E cenéj goet i rotor sur %cFaois t%%sq.glon! é‘xﬂhlj S;ﬁ%%e%lc rlayer 3.

surface or the second non-magnet yer

FigCO9RAUSAL R NJUCHAR Y A3 e WAYRIOMESn N {RE& waveforms, one for a

case where the second non-magnetic layer 35 does not exist, the other for this

embodiment. Table 1 illustrates a comparison in amplitude of higher
harmonics components. Further, higher harmonics component of noise

when the motor is driven as a motor for compressor is illustrated in Fig. 19.

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 shapes 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, ﬁhe widthé of the bridges 37b1 and 37b2 are separated
into small width sections 37b11, 37b21 and Iargé' width sections 37b12,
37b22, and that varying points of the small width sections 37b11, 37b21 and
| the large width sections 87b12, 37b22 are considered to be points of inflection
- 384, 38h.
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case where the second non-magnetic layer 35 does not exist, the other for
this embodiment. Table 1 illustrates a comparison in amplitude of higher-
harmonics components. Further, higher harmonics companelyehngisgoosg7
when the motor is driven as a motor for compressor is illustrated in Fig.
19. 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 shapes
(Fowrtin&rdrdizrpmtiic layer 34 and 35 are not limited to the shapes of this
embodiment. It may he good that, for example, as is illustrated in Fig. 20,

Fig.td diothsGramebsadessrmy s aatingra acpaanesmrsptspial wntrk of a
t] 37b11,37b21 and | width sections 37b12, 37pb22,. and that
mot@i%%& %%W?ﬂé‘%ﬁfqu%%%gﬁét%r?&ﬁ%%ﬁﬁ%%l’)’?‘ieé’#‘iborfhe large
i i 37b12. 37b22 idered,t ints of inflection 38
i A A R S S e
cored29ranTHSHEALRG, A R HARISRRN LRE aFRIQLQf %%OW@H%&Q in radial

embodiment according to the present invention. In the rotor 41, permanent

direBtagn@s 8t 8Nedded:ipdhe HNeremes #he £aDincReside DR8he rotor, and
permanent magnets are divided into two layers in radial

44" permanent magnet at outer side of the rotor). Further, 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 peripheral direction edge sections 43a, 44a of the permanent magnet 43
at the inner side of the rotor and the permanent magnet 44 at the outer side
of the rotor are independent from one another. A so-called g-axis magnetic
flux path 42a made of rotor core is interposed between them.

Due to the existence of the q-axis magnetic flux path 42a, the g-axis
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.

Fﬁrther, the peripheral direction edge section 43& 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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direction for every pole (43: permanent magnet at inner side of the rotor,
and 44: permanent magnet at outer side of the rotor). Further, the

peripheral direction. edge section 43a, 44a of each permett;teiq# _
43, 44 elongates in the vicinity between poles to the vicinity o Jj[ e r(%%;ro%m

surface. The peripheral direction edge sections 43a, 44a of the permanent
magnet 43 at the inner side of the rotor and the permanent magnet 44 at
-the outer side of the rotor are independent from one another. A so-called
permrarmhagagtiet itk patthel2ameadadd et aheoretsrmexpdssgdvbetwpeles is
them. Due to the existence of the g-axis magnetic flux path 42a, the g-axis
expiassethide § Yarndean anslp et cpnciotopslectantencedergdigeotection of

greater part can be used, and the magnetic flux of the permanent magnet
the paripheral dizechigninslas fecaem dfmeltisrmrEnaneainasnrt 44 at the

i I, di i d tion 43a of.th t. t 43 at th
o BETHERSRD S Sion el e pemanea g 3.1 e
Fur\f?é ity;0f henRIQF $HHaGE, And e ped x?%é%r%” echon edge seetion 44a; o
of the permanent magnet 914 at t%e outer side of?he rotor also e ongates

bridgdn@yieinily PelieeR RURGICABE PRI PG ORI BUiRGTE: YEaeiaiR 16b,

air layers and the like may exist at the peripheral direction edge sections

the 4@ ordéarel lagtREIMAARAT SaddeistEd, 49 AR-apeieiatwacRtRRBOIE edge
center side edge section of the peripheral direction edge section. 43a of

sectiiom 28 CITYAR 0040088 mparmansédtatadreiridatdhtk infiehsidef, the
the rotor and between poles is expressed with 0 9, and an angle between

peribkeyale dientiosidedgrgeestéttivndh of the permanent magnet 44 at the

outer side of the rotor and the rotor surface. Angles between respective
point of inflection 46a, 46b and between poles are expressed with 6 11 and
f 12. The angles 69, 610, 811 and 612 are determined to be

0< 69<180/(5 - Pn)

and

180/(5+ Pn) = 610 £ 180X2/(5 - Pn)

and

0< 611 <180/7* Pn)

and

180/(7 + Pn) = 612 = 180X 2/7 * Pn)

and

611< 089< 012< §10.

In this embodiment, the pole pair number Pn is 2, so that the angles are
determined tobe 6 10=18" , 012=12.9° , §9=9" , 6 11=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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the peripheral direction edge section 44a of the permanent magnet 44 at
the outer side of the rotor and between poles is expressed with 0 10.

Further, the width of the rotor core section (hereinafter, re%e‘ét’eﬁp?@ﬁéﬂg&égr;
t

bridge 42b1", and "second bridge 42b2") has points of infl

46b, the rotor core section being sandwiched by the peripheral direction

edge section 43a of the permanent magnet 43 at the inner side of the

rotor, the peripheral direction edge section 44a of the permanent magnet

44 at the outer side of the rotor and the rotor surface. Angles between

respective point of inflection 46a, 46b and between poles are expressed
Thewitv@ntibamd BrsR aShechrdglesch @y 00 tdi 6t edftOsiRarchdéteddinectber

be 0'<09<180/(5 Pn) and 180/(5 Pn) <0 10 < 180 x 2/(5 Pn) and 0<
ordey] hargypirn) thadds ooy < peing<emmk 2/(qr Rryater) Ginx §pef the

012< 010. In this embodiment, the pale pair number Pn is 2, so that the

maghehics Apg ditthihHien oty efeny Singuction goltagegwavefon cppebe

o SRR SR e U SRt S o
occurrence, while sufficient magnetic flux can be maintained.

The invention of second aspect has characteristic effect such that odd
number order harmonics, the odd number being equal to or greater than 3
other than multiples of 3, can be reduced, and that effect similar to those of
first aspect can be realized.

The inventien of third aspect has characteristic effect such that odd number
order harmonics, the odd number being equal to or gréater 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
harmonics 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
strength can be improved, and that effect 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 aspeet or fifth aspect can be realized by taking
symmetry into consideration.

The invention of seventh aspeet has characteristic effect such that silencing

can be realized, and that effects similar te those of fourth aspect or fifth
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PCT/3P2004/009887 The invention of first aspect has characteristic effect
such that odd number order harmonics, the odd number being equal to or
greater than 3, of the magnetic flux distribution waveformg{puetiond/009887
voltage waveform) can be reduced and unnecessary radial force and
thrust force can be prevented from occurrence, while sufficient magnetic
flux can be maintained. The invention of second aspect has characteristic
effect stJch that odd number order harmonics, the odd number being

asPech SR S §EAEE  than 3 other than multiples of 3, can be reduced, and

that effect similar. to those of first aspect can be. realized. The.inyention of
T st AR T e e S

third aspect has charac ec e

sim 1AM G NG P 4GRS REING eAHA] to-pl.grealer than s othey Jhan .
é)ege %hat e%gg)ct sim ir

multiples of 3, can be reduced, and ilar to those o

syn8Best ¢ah Rexerlzegidhe invention of fourth aspect has gharacteristic
effect such that 5-th order harmonics or 7-th order harmonics can be

TherédueaticandfthaheNeosiotilaato chwsa-ahsstensfrRspesidarpet silencing
realized. The invention of fifth aspect has characteristic effect such that

canrhechemivald strerdgtihadaeffieimpinviddr aondithesebé dosinthan tp teoser ofifth
fourth aspect can be realized. The invention of sixth aspect has

aspetfesanibagmadifedt such that effects similar to those of fourth aspect or
fifth aspect can be realized by takingjé%ymmetry into consideration. The

Thej nsamios: Sbvisitbagstechasash shrtanteridfeetooh mubsitbadingffects

similar to those of one of first aspect 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.

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 e-ffect such that
silencing can be realized, and that effects-similar to these of tenth aspect can

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

30, PCT/JP2004/009887 aspect can be realized. The invention of eighth

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 ninth aspect has characteristic effect such

that silencing can be realized, and that effects similar to those of fourth
Whﬁﬁﬁ%\iﬁﬂﬁéﬁtﬁ: aspect can be realized. The invention of tenth aspect has

characteristic effect such that effects similar to those of one of first aspect

to fourth aspect can be realized even when the permanent magnet is
1. diy idﬁ&mt%w}p&%@agsrwezw t$h CQEESRORAING 10 iBE‘;‘?ﬁaﬁi@ﬁt Olfn%%ets are

rotor and other parts corresponding to outer side of the rotor. The
embaddstionnsrdeodisiirispdirsdieh stiasrstieerberdl BRTTHT Wifdeggnet or non-
ma@iBHardRihasgiahsantbraspecican hRrprlizadRY @kiogSyBmetREIRE: of cach

consideration. The invention of twelfth aspect has characteristic effect .
Pef%ﬁ&ﬁ%ﬁ%i@ﬁ&%‘g{%ﬁ BR FeaediEny gi%‘t"é??éc%esﬁﬂ R &%&“b‘?*ty of the
rotdentl aspecinhn be ciaalized-thedsuentipr ofithisieenibdspadichak:inity of the
sur gharagtel%stic ,ef‘fecf‘t %uech 0trlat effects. dseimilar to thos&of tenth %?%t can.

ace o otqr at { e _cenier si 051tiQn with respect ¢ peripheral
€ realized Iby(faklng syanefry iffto” 'CSnidération” P perip
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; and

wherein the peripheral direction edge section of each permanent magnet or non-
magnetlic layer continuous or adjacent to the peripheral direction edge section of
each permanent magnet and the second non-magnetic layer are made to be independent

from one another, and rotor core are interposed between them.
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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. 31 What Is Claimed Is: 1. A motor comprising a rotor

core in which multiple permanent magnets are embedded, 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 ition with respect to the peripheral ,direction edge, section, |
2 S T B SRR By, R E AR P e lpecton
edgeostiod perpherdl dicestionedyegettion dfeepole pemmansdt mdgneatcdnd of rotor
surf&@%ﬁé%éﬂ?@%‘émggrﬂ%&#gx}%%reﬁ%qgn ep %grﬁrinauddag%qt tg'taré%rﬁ%gptggrgel:ripherai

~ direction edge section of ea permgnent magnet and Hhesetond

direpidprnsdgneretiaper araghoptiorednionsanct landrbetderh awhosniesd(aisangle § 2
berPh WUTDRLANY 1560URIJ0 QUAIGRIGE RN NS ARAUENA0SRALSion of e

and wherein the peripheral direction edge section of each permanen
secapd GRBLBREBHIMayretid A bebntipucaiesr agjdesnminedapeeipheral
0 < girectigp/edge,section of each permanent magnet and the second
non-magnetic layer are made to be independent from one another, and
1% yotor core are interposed between them. 32 2; A motor as set forth in
180% gi%,)v@e@eingrh%gﬁ 5’Lb1§rt} een the peripheral d.irection edge_
section of each permanent magnet or the pole center side edge section of
or rotor

0< 61<180/(7 - Pn)

and

&

180/(7-Pn) S 62 £ 180X2/(7 « Pn)

where a pole pair number is Pn.

3. A motor as set forth in claim 2, wherein the angle 6 1 and 8 2 satisfy either (i) or (i)
below:

(1) 0<61<180/(5 « Pn)and 6 2=180/(5 * Pn)

(i) 0<61<180/7 + Pn)and 6 2=180/(7 + Pn).
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surface adjacent section of non-magnetic layer continuous or adjacent to
the peripheral direction edge section of each permanent magnet and
between poles, and an angle 0 2 between pole center side edge section
of the rotor surface adjacent section of the second non-magnetic layer
and the between poles, are determined to be 0<01<180/(5Pn) and 180/(5
Pn) S 02 <180X2/(5 Pn) or0<01<180/(7 Pn) and 180/(7 Pn)502 <

180X2/(7 Pn) where a pgle pair numb ris Pn. 3. A motor [
of 180% o Dnarelhttns ARNSEC AREIE GELR BRSO 8r D BLlow 01 ¥ 02 =
180@5@@%3’%9/(5 Pn) and e 2=1801(5 Pn) (ii) O< e 1<180/(7 Pn) and O
2=180/(7 Pn). 33 of 180/(5 Pn) S 0 2 < 180X2/(5 - Pn) or the minimum
value of 180/(7 Pn)5 62 180X2/(7Pn). 4. A motor as set forth in claim 1,

4. whexeincas argte:Ofbrhetwvegnitine pevirharaladiraglion etigetseetiothof peripheral

. tm tor th | t d d
o BSOS TS o O el 0098 S0, LIt o

the tootthespeiipb exibdingctioniedgef sbetiom ofiagokt apdaymnewﬂtmagumbarad j acent to
thetgae D 1tevlva enx%c fon &l % AW d)gl%P cgcl?le ‘é’%gng?{%: éﬁt&r E'I:ﬁqeli?edgglween poles,

on of the rotor surface adjacent section
and an angle # 6 between pole center side edge section of the rotor surface adjacent section

of the second non-magnetic layer and the between poles, are determined to be

0< 85 < 180/(5 » Pn)

and

180/(5+Pn) = 66 = 180X2/(5 » Pn)

where a pole pair number is Pn,

and the rotor core section width has points of inflection, the rotor cote 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 {iie second non-magnetic layer and the rotor surface,

angles 67 and 88 between the respective point of inflection and the between poles
are determined to be |

0< 87 < 180/(7* Pn)

and
180/(7 ¢ Pn) = 68 & 180X2/(7 « Pn)

where a pole pair number-is Pn,
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of the second non-magnetic layer and the between poles, are determined
to be 0<05<180/(5 Pn) and 180/(5 Pn) <0 6 <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 each permanent magnet or non- magnetic layer
continuous or adjacent to the peripheral direction edge section of each

ermanent magpet and the d,non- netic layer and. the rotor
ond B S AR 60 S i LT B bt BONE P Rt 08 0
6. the between poles. are determined to be 0< 0 7 < 180/(7 Pn) and 180/(7
Pn) 5 0.8 <180X2/(7 Pn) where a pole pair number is Pn, 34 and the
relationship of the angles 8 5, 0 6, 07 and 0 8 is determined to be 07< 0
5. BxrfcBer @s SctSonhmotdaias Seviortirinhelaipld, Whesdds the-d8ges0-Pis) Okie angle § 7

is 0<0571IB0L(E - Ph), the anpgle O 7 ids 0G 7HB04T fe)atbr andest 8087 - Pn).
180/(5 Pn), and the angle e 8 is 180/(7 Pn). 6. A motor as set forth in
claim 1, wherein each of the permanent magnet is divided into multiple
layers in radial direction. 7. A motor as set forth in claim 6, wherein each
of the permanent magnet is divided into two layers in radial direction, and
an angle 0 3 between the peripheral direction edge

6. A motor as set forth in claim 1, wherein each of the permanent magnet is divided

into multiple layers in radial direction.

7. A motor as set forth in claim 6, wherein each of the permanent magnet is divided into
two layers in radial direction, and an angle & 3 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 adjacent section of non-magnetic layer continuous or adjacent
to the peripheral direction edge section of each permanent magnet and the between
poles, and an angle & 4 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 non-magnetic layer continuous ér adjacent to peripheral direction
edge section of the permanent magnet and the between poles are determined to be

0< 83 <180/(5+Pn)

and

180/(5Pn) = 84 < 180X2/(5Pn)
or
0< 03 < 180/(7 * Pn)
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section of permanent magnet 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 and the between poles, and an angle 0 4 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 non-magnetic layer continuous or adjacent to peripheral

and girection edge section of the permanent magnet and the between poles

> edgo(lgg 3.< 180/(5 Pn) and 180/(5Pn) <04 <

}80@30%%% oF 0 §9 0/("Pn) 35 and 180/(7 Pn) <0 4 < 180X2/(7

whel¥ pwmqgﬁﬁﬂmgep@mumber is PD. 8. A motor as set forth in claim 7,
wherein the angle 6 3 and 6 4 satisfy either (i) or (ii) below: (i) 0<6

3<1801(5 Pn) and 6 4=180/(5 Pn) (i) 0<6 3<180/(7 Pn) and 6
8. 453U P8k Brth MotosasaalfRithimelainp R, Whekein eachfihsither (1) or (1)

wRermanent magnets is divided into two layers in radial direction, and an
gleO po cent ﬁ@? e section of rotor surface
( %\Sja en@gg i%?fof @ Cfmgneﬁfg i)d‘ﬂw inner side of the rotor and
e%ﬂ s gﬁhaé‘ﬁ aﬂél“éz(g(% be?\ﬁ?een the pole center side edge

9. A motor as set forth in claim 6, wherein each of the permanent magnets is
divided into two layers in radial direction, and an angle 8 9 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 an angle # 10 between the 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 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 on inner side
of the rotor or non-magnetic layer continuous or adjacent to the peripheral direction edge
section of permanent magnet and the peripheral direction edge section of permanent
magnet on outer side of the rotor or nonmagnetic layer continuous or adjacent to the

peripheral direction edge section of permanent magnet, and
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section of the rotor surface adjacent section of the permanent magnet in
outer side of the rotor and the between poles are determined to be 0<0 9
<180/(5 Pn) and 180/(5 Pn) <0 10 < 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 on inner side of the rotor or

ang D9 MAGNLIG 1By SLRODLINOUR.OF Adlacent ia e pAUDRERal A aelon GHaR pores
section of permanent magnet and the peripheral direction edge section o

are deésmmarrshito ffagnet on outer side of the rotor or nonmagnetic layer

0 < gqqtigygyﬁpn @qq'?cent to the peripheral direction edge section of
permanent magnet, and 36 angles 0 11 and 0 12 between the respective

and point of inflection and the between poles are determined to be 0 <0 11

<18 Bn d éé[/ ) 12 < 180X2/(7 Pn) where a pole pair
ISO/ﬁﬁm%g is nia%:rf_dlg%g igﬁslﬁ of the angles 09,010,011 and 0 12 is
wheReig/ENiNRG ke 1d pr)9<012<010. 10. A motor as set forth in claim 9,

s 3 SRR R s AP RIS Py SREHE BB 12 1 16017

6 11PR)IJ&k 6 12< 8 10.

10. - A motor as set forth in claim 9, wherein the angle 6 9 is 0<8 9<180/(5 - Pn), the angle & 11
is 0< § 11<180/(7 * Pn), the angle 6 10 is 180/(5 + Pn) and the angle 0 12 1s 180/(7 - Pn).

37



PCT/JP2004/009887 Abstract An angle O 1 between the peripheral

direction edge section of each permanent magnet (3) or th gj cente
side edge section of rotor surface adjacent section of non-%g ﬁe%?corba‘y@?%”

(4) continuous or adjacent to the peripheral direction edge section of each

permanent magnet (3) and between poles, and an angle 0 2 between

pole center side edge section of the rotor surface adjacent section of the
Alsagantl non-magnetic layer (5) and the between poles, are determined to

be 0<01<1800 Pn) and 180/(5 Pn)<02<180X2/(5-Pn) or0<01

<180/(7 Pn) and 180/(7 - Pn) <02 <180 X 20 - Pn) where a pole pair

number is Pn. Therefore, specific order, for example 5-th order and 7-th
Anyrdaglarfiohicke tBafbridir areripherplettinestiontrivdgionseetieforef each

(induction voltage waveform) can be reduced and unnecessary radial

DOFRASH PR L8 il (B BRiGerBteRorifceder restinnird sufrsenirface
adﬁ%%?}%tigefg:%{ogagfb %org%ixnggiz?eegé elgyer (4) continuous or adjacent to the
peripheral direction edge section of each permanent magnet (3) and between
poles, and an angle & 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< 61<180/(5 - Pn)

and

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

or

0< 61<180/(7 - Pn)

and

180/(7 - Pn) = 62 = 180X2/(7 - Pn)

where a pole pair number is Pn.

Therefore, specific order, for example 5-th order and 7-th order, harmonics
component 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.
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