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 particularyy theppresenis7
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

SPE HERANIE NN s cogging torgue, mainly. For example, Japanese Patent

Laid Open Gazette Nos. tokukaihei 10-201147, tokukaihei 11-98731, and

Moﬁ‘?ﬁukai 2000.69695 each intends to reduce cogging torque. Japanese

Tod at%ni ﬁ%dOpen Gazette No. tokukaihei 10-201147 realizes a motor
With fow vibration and low noise by reducing togging torque by
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In‘two layers to be a specific relationshi to a speciiic
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as illustrated in Fig. 1. Japanese Patent Laid Open Gazette No.
inviaktikainelat0sA914 diopay suatteridotaiageing veraue «fe thatiforapidred.

differs depending upon the cycle of togging torque. Especially, the value
Badfg@raukibAttbecomes 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 torgue, mainly.
For example, Japanese Patent Laid Open Gazette Nos. tokukaihei 10-201147,
tokukaihei 11-98731, and tokukai 2000-69695 each intends to reduce cogging
torgue. |
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
Hlustrated in Fig. 1.
Japanese Patent Laid Open Gazette No. tokukaihei 10-201147 pays
attention to cogging torque, so that formula differs depending ﬁpoh the eycle
of cogging' torque. KEspecially, the value of 6 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, gagmet@® /009887

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
mafe greade® to other cause. Japanese Patent Laid Open Gazette No.

tokukaihei 11-98731 intends to reduce togging torgue by varying the
Fuziise srapeelsralompet Hegietidiiractis e&ywﬁgﬁﬁ.&nmmaalm FRgthat

. But, an angle of rture of a magnetic pole differs for every pale, so
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Gazette No. tokukai 2000-69695 determines the “punching holes for

an@Rhetdind pernanent Rraagret which are equal to one another, and
varies the shape of elongate hole section each provided to contact to the

J ajeaigestadeaod tivelpdinanent rGagprete TNiS. coslaspohds to1 IRIRAteNGids to
pseudo skew, and intends to reduction effect in cogging torque. Piling

reddifferayggiote tooyes inaxiatdinectbe sagbesCapwticated! 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
waveform 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 2000-69685 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 magpetierpote /59387
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 technigues pay attention to cogging
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extremely narrow angle of aperture in magnetic pole among the above

paRieRlany; SueciiGrlynanalengaighalesaation sproxiead 05 eastactidgce is
the edge face of the permanent magnet is divided in peripheral direction,

empholedtatel insFigrd, anxthatdagridigrytreinfoncemead dibhig plovidedgnet is
Japanese Patent Laid Open Gazette No. tokukai 2002-44888 intends to

greptéyerffedtsl hadogliantharoionithefmadnetiof o kksgeflows through the
"auxilia%einforcement rib". Therefore, sound may be increased

Japngprsediiepbhand Pasmdaagetive No. tokukai 2002-44888 can resolve the

problem of the existence of extremely narrow angle of aperture in magnetic
poleramong the above probléms. Specifically, an elongate hole section
provided for cbntacting the edge face of the permanent magnet is divided in
peripheral direction, asg illustrated in Fig. 4, so that “auxiliary reinforcement
rib” is provided. Japanese Patent Laid Open Gazette Nlo.. 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 Gaiette Nos.
tokukaihei 10-201147, tokukaihei 11-98731, tokukai 2000-69695, and
tokukai 2002-44888 do not éuccessfullj reduce cogging torque while
sufficient permanent magnet magnetic flux 1s maintained and gbuse 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 abov'e, Japanese
Patent Laid Open Gazette Nos. tokukaihei 10-201147, tokukaihei
11.98731, tokukai 2000-69695, and tokukai 2002-44888 do not

seventiuocésshatyreigseRopesinliorthey wielaosticaransimamdar sif§issently
magnetic flux is maintained and abuse in_sound due to unbalance
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prevent generation of unnecessary radial force and thrust force while

Sumﬁg@%ﬁ@gﬁ@}ﬁiﬂﬁx IS maintained. Summary Of The Invention In an
aspect of the present invention, there is provided a motor comprising a

In an EiREccoretie whishrinilvelgioarnianenisnpagnistsdaseneritvesientjsifie peintor
a peripheral direction edge section of each permanent magnet or

core imahiohgneltiplayercantinuoasets adiaveheddethevberdphe rardbsctohisggen
section of each permanent magnet elongates in the vicinity of between
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layer is provided in the vicinity of the surface of the rotfr at the %g .
the periphestl< e ST RSB WIIS RSSHEEA45 RRETHE BB S\ EA IR LSt

of each permanent magneégr non- magé}f%léc I%yder continuous or adjacent
ac
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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 ea‘_:h permanent magnet or non-
magnetic layer continuous or adjacent to the peripheral direction edge section of each
permanent magnet, and wherein the non—m:ignetic layer continuous or adjacent to the
peripheral direction edge section of each permanent magnet and the secqnd non-
magnétic 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 embodiments, a motor may employ an odd number order harmonics,
the odd number being equal to or greater than 3 and other than multiples 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 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
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to the perip edge section of each permanent magnet an

thelherfesRnd pePsmagnetic layer are made to be independent from one
another, and rotor core are interposed between them. In example

In &mbatineiisdaiator mayempley ampis Miunbaderderharmentssy-theorder
odd number being equal to or greater than 3 and other than multiples of 3,

harasrthe msttherdeh baduomicmdniexample embodiments, a motor may
employ an odd number order harmonics, the odd 4 number being equal
In exaomdpeatdrohiancissandmtarianmRieshe Dby dhdiggHargdee section
harmonics. In example embodiments, a mator may employ 5-th grder
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example embodiments, a motor.may make the peripheral direction ed% non

periphiehish IBPEHER FERTiANEHPMAGITEF BrATBHANEGhAHETATE BB AE S
ma g B o PRI E fUS SRS ReE A AR TR0 Yore 1ying

non- magnetic layer indepe rom one

n r,.and provides rotor core lying between them. In example
be@r%%%@%%%ms, a motor may determine 0 1 and a 0 2 to be

In example embodiments, a motor may determine Olanda62tobe

0< 61<180/(5 * Pn)

ﬁnd

180/(5 - Pn) = 62 £ 180X2/(5 * Pu)

'lor

0< 61<180/7 - Pn)

and |

180/(7-Pn) £ 62 = 180X2/(7 Po)

where f 1represents an angle between the peripheral dﬁection edge section
of each permanent magn;et or the pole center side edge section of rotor
surface adjacent section of the non-magnetic layer continuous or adjacent to
lthe- peripheral direction edge section of each permanent magne.t and the
between poles, and 6 2 repreéex;ts an angle between pole center side edge
section of the rotor surface adjacent section of the second non-magnetic laﬁer
and the between poles, and Pn represents a pole pair number,

In example embodiments, a motor may determine the angle 6 1tobe 0 <0 1 <

180/(5



0<01<180/(5 Pn)and 180/0-Pn)<02<180X2/(5 Pn) or0<01<
180/(7 Pn) and 180/(7 - Pn) 0 2 <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 edge section of each permanent magnet and the
Pr)bnwben foles, ARBDI2 Rprethite B & HoiosH bOE CEMtEP st ve of

_edge section of the rotar syrface adjacent section of the se ) <
18%&3@9#‘&@ %y”e‘r ]ﬁrﬁﬁﬁégf&%\ﬁg@ﬁ& e%,”é%%‘ﬁ% }réiplrlees%%n rsé(éa){(golle)rf))aif“
nu r.In mple embodiments, a motor may determine the angle 0 1
g zto%]ﬁgoﬁ%fn%péglﬁ 5Pn)or0<01<180/(7 Pn), the angle 0 2 to be
Tn Hamininimbyalieels 18046t EnaP dtctB0: 43 - R gréhe,minimum
value of 180/(7 Pn) < 02 < 180X2/(7 - eI33n). In egrgpleefﬁg)mgbédﬁ%ebn%s, a

MPtor.may, tepﬂjne 0O5and06tobe 0<05<180/(5-Pn)and -180/(5
0 Pn)t§< 06 8%?180 X 2/(5 - Pn) :

and
180/(5 + Pn) = 06 = 180%2/(5 * Pn)

whers 0 5 represents an angle between the peripheral direction edge section
of each pe.rmanent 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 0 8tobe

0< 67<180/7 - Pn)

and

1807 - Pn) = 08 = 180%2/(7 Pn)

‘where the rotor core section width has points of inflection, the rotor core
section vﬁdth being sandwiched by the peripheral direction edge section of
cach permanent magnet or nonmagnetic layer continuous or adjacent to the
peripﬁeral direction edge section of each permanent magnet and the second
non-magnetic layer and the rotor surface, 67 and 68 represent angles
between: the respective point 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

andgbieraines-hagndae madrmad the pagleef poldsSanll PardpleSeinda O

pole pair number, and determines 0 7 and 0 8 to be 0< 07<180/(7Pn) and
7 <188/f7 Bhy< 6B < 180 X 21(7 Pn) where the rotor core section width has
points of inflection, the rotor core section width being sandwiched by the

In eyaiMersMhretimbu e SRS THY SEAPERRIREMNERyReP do be'0 <6 5 <

P netic layer continuous or adjacent to the peripheral direction
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edge settion of each permanent magnet and the second non-magnetic
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In example em a motor

- i IBEAYEINNE ORNOIERD  be 8 <B 350 (P R the angle 0 7 to
be 0 <07 <180/(7 Pn), the angle 0 6 to be the minimum

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

multiple

layers m radial direction as each of the permanent magnets.

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

two layers

-layeré inradial direction as each of the permanent magneté, and determines
0 3and 84£obe

0< 63<180/(5 - Pn)

and

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

ox

0< §3<180/(7 - Pn)

and

180/7-Pn) £ 64 = 180X 2/7 * Pn)

where # 8 represents an angle between the peripheral direction edge section

of permanent magnet in inner side of the rotor or the pole center side edge
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value of 180((5 Pn) <0 6 <- 180 X 2/(5 Pn), and the angle 0 8 to be the
minimum value of 180/(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 03 and 04 to be 0 <0 3 < 180/(5 Pn) and
180((5 Pin) <04 S 180 X 2/(5 Pn) or 0< 03<180/(7Pn) and 180/(7 Pn)

sectiof 6f<dtB0 ¥l Pl adeeres8Birepréshataom arigie deoerer ttantinuous
peripheral direction edge section of permanent magnet in inner side of

or tidéamstol drtidpate vemerdidbizigoy sdesoretiiooradudace ayEasment
section of the non-magnetic layer continuous or adjacent to the peripheral

maghricasn ddige beiotiopropelith peindhéricPragRBEasPHRe BWEEN (dlekbe
and B 4 represents an angle between the peripheral direction edge, ‘
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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

- rep ts a pol [ ber. | | bodiments, tor |
the RHRARECNE KSTe 6T U HEUSE 200765 ) b DBEAA] TRTIEs oG dEe
t.the le 8 4 to be the minimum %Jg oft180/ 5- P%%< 8 § 180 x 21{3'
et o T R VAT aDI o) L6 2 oy PRy o 2

pOle%?alpR!%?%nélrpo¢menﬁs, a_motpr may employ a permanent magnet divided
into” two layers in radial direction as each of the permanent magnets, and

In e&%ﬁgg%‘ %@goﬁiﬂl@ﬁ‘&%%?o%% GRrt R0 h Ok naNd d- 8065 PR)=8 /(5
) < 180'x 2/(5 - Pn) where 8 9 représents an angle between the pole center
. pnyﬁide edge section of rotor surface adjacent section of the permanent
magnet in inner side of the rotor and the between poles, and 8 10

or O'EPIESENtSAN ANGle Datmesn pole £eRter SiHe edansecion0hthef roaoy(s -

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

Pn) retorgapdthe fetnpén PRIEs oanth & 1epesents:bupalé pad/mimBel, and6 4
determines 8 11 and 8 12to be 0 <011 <180/(7 Pn)

= 180X 2/(7 + Pn).

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

two -

layersin radial direction as eag:h of the permanent magnets, and determines
89 and 81010 be |

0< 69<180/(5- Pn)

and

180/(5+ Pn) < 810 < 180X 2/(5 - Pn)

where 6 9 represen‘és an angle between fhe pole center side edge section of
rotbr surface adjacent section of the permanent magnet in inner side of the
rotor aﬁd the between poles, and 810 represents an angle befween pole
cénter 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
repf‘ése.nts a pole pai;: number,

aﬁcl determines # 11 and 612 to be

0< 811<180/(7 - Pn)

and

180/(7 - Pn) £ 812 = 180X 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



and 180/(7 - Pn) <8 12 < 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
permazdfzcemaertic peripharal dirdetion clife settidn ©F PermaReaPFIaghRY o
_and the peripheral direction edge section of permanent magnet on outer
contingpRs SRS IRABHIONBH: AATROGE SayerephmuelEcor o djase Al R TFeaneDt |

e A RSB EREE O TEEI A o
oo o RS T 16 100 RV Bl e
. 612 010, In | iment termine. th |
L R R

repregé}%aﬂ%?eg 4010.be the minimum, yalue of 18Q/H Pal< 0 105 180K con
2/(5 Pn), 0

and the angle 0 12 to be the minimum value of 180/(7 - Pn) <6

- poles, 108 PROK2666nE0% JBIISSPECIE8HEN "pole” is used to represent

N-poles or'S-poles which are disposed at every approximately constant

and ditevahes censtantangleip tnabeeiiedeled B useio tepresgat anexieni
from which magnetic flux of the permanent magnet mainly flows. Example

f 11 eneodimebisanéyl@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 6 9tobe0<89<
180/5 + Pn), the angle 8 11 to be 0 < § 11 < 180/(7 « Pn), the angle § 10 £o be
the minimum value of 180/(5- Pn) = 910 = 180X2/(5 - Pn), and the angle
§ 12 to be the minimum value of 180/(7 - Pn) = 612 = 180X 2/(7 - Pn).
In this specification “pole” is used to represent N-poles or 5-poles which are

disposed at every approximately constant interval or comstant angle.

“magnetic pole” is 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 embedded in the rotor core, wherein a peripheral dirsction edge
section of each permanent magnet or non-magnetic layer continuous or
adjacent to the perinheral direction edge section of each permanent magnet
elongates in thervicinity of between the poles to the vicinity of the rotor
surface, and a second nonm-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

layeNefnmagnei e 9dayReeninious or adiacenitodbe aedaherak dirgglione sch
edge section of each permanent magnet, and wherein the non-magnetic

permay@neontingois arnddjatentia thedeiipheroh giregioneege saction®is or
each permanent magnet and the second non-magnetic layer are .

adjapasitionttbto capbetrat thiosdaiohadneriesifnis ahaaddth munbemand %z onet
equal to or greater than 3) of the induction voltage. Therefore, n-th order

and Haeneaiosdompomeagnéiibelapaynetic fhnsdistrbdticn wavefdrmm-th order
(induction voltage waveform) can be reduced and unnecessary radial

harpesang firadt fofdenumberpravbitee om Brcurrereateniliesuficidnthe

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

IndugHNio " ARARBNICS GrARTBFEer BESd@TRGMbBREREBIEqPAFRY PR eRsant, the

than 3 other than multiples of 3, as the n-th order harmonics. Therefore,
mag&a&%&ﬁ%ﬁe%%ﬁ?mﬁm‘é?%?&lﬁﬁmw DEIG BEUBPI G gRdater be
than 3 qther than multiples of 3, of the, magnetic flux distribution
red A LB Ta0 WRIVErSH Lo b PGER 64D SR SR RERLEL g™
occuBdialdotee And iruatipros can berevented i, geguirence, while
sufficient magnetic flux can be maintainéd. In example embodiments, a

In ﬂ%l@%@ﬂ%ﬁ%ﬁ”ﬁo%&f AL ERIREarmonics of an order of odd

number and of equal to or greater than 3 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 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 egual 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 §, of the

magnetic flux distribution waveform (induct_ion' voltage waveform) can be

reduced and

10



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

unneQAIReNIGRIOISRMRRtA rardBFhay TeBICSas theprdhartet hanmaniosrence,

Therefore, 5-th order harmonics or 103 7-th order harmonics of the

* whildnaghats fledistibution wandfermaintaintioh voltage waveform) can be

reduced and unnecessary radial force and thrust force can be prevented

In exiemocammisaudile suiclembmagnsiy fiikicande Mamntainsdotrseventh

example embodiments, a motor may make the peripheral direction edge

ordershetiatib easttipenmnenterdymenorisn-nibheraiotay 6r doatAgpdeBRonics

or

“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)

10a



and 180/(0-Pn)<02c 180 X 2/(5 Pn) or 0<.01<180/(7-Pn) and
1801(7 - Pn) <0 2 <180 X 21(7 - Pn) where 6 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-ma%\etic layer continuous or adjacent to the peripheral

7-thowseionasagense it bt caeETpERm Ahenthiigiutiand wevbiwedmdoiesion

' and 6 2 %pré%;)gnts an angle between pole center side edge section of the
voliage meivpieEratide MesERHBASST AdsatomrABTRTAbREIRL I53Rse and tarust

. between poles, agﬁ%%n represents a pole pair number. 11 In example

for o8 AL AL A ST Re THE-AnitF e Y Breg el Lux can be
‘ .1§O/ 5Pn)or0<61<180/(7 - Pn), the angle 0 2 to be the minimum

1Ilal\}/laf’l[}l or 1801(5-Pn)<02<180 X 2/(5 Pn) or the minimum value of

o 0L ORI L B SR O

of e£:480 X 2/(5 Pn) 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 perﬁaanent magnet and the second
non-ﬁagnetic layer independent from one énother,' and provides rotor core
lying between them.

In éxamp_le erﬁbodiménts,l a motor may determine 6 1 and 6 2 to be

0< 61<180/5 - Pn) |

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

or

0< 61<180/7* Pn)

and

180/7-Pn) S 82 £ 180X(7 - Pn)

where 0 1represents an angle between the peripheral direction edge section
of -each permanent magnet or the pcle 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
betﬁveen poles, and 62 represents an angle between pole center side edge
section of the rotor sufface adjacent section of the sécond non-magnetic layer

" and the between poles, and Pn- répresents a pole pair number.

11



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 6 6 represents an angle between
pole center side edge section of the rotor surface adjacent section of the
In exapophdensimotiagneticdayeroanddfeibeinaae m!eém%ade"@ EBPEESEUSH | «
pole pair number, and determines 0 7 and 0 8 to be 0 <0 7 <1800 - Pn)
180/(&d 1801(7 - Pn) < 0 8 < 180X21(7 Pa) where the rotor core section
width has points of inflection, the rotor core section width being
Pn) san@wiched by the/ferigheratbiseetigledtfetsebtiothef manimpermantnt of
magnet or non-magnetic layer continuous or adjacent to the 12 peripheral
180/dfirdendnede sectididof 2ABh Patvmbknrrimynarandkhe s2E8A4T7 - Prn) =
non-magnetic layer and the rotor surface, 0 7 and 0 8 represent angles
62 b%ﬂ&é@r?ﬁ?'/ériré d@ctive point of inflection and the between poles, and Pn
represents a pole pair number, and determines the relationship of the
In eXARBE G BPOG IS B BHD BEDH ATt EENE 0>2pd Arbeedinple
embodiments, otor may determine the angle 0 5tobe 0<05<
0 < 1@@1?51%%(}519@ 07tobe0<67<1801(7 Pn), the angle 0 6 to be

the minimum value of 180/(5 Pn) <0 6 <- 180X2/(5 - Pn), and the angle
8 to be the

180/(5 - Pn) < 86 = 180X 2/(5 - Pn)

an

where 6 5 represents an angle between the peripheralrdirection edge section
of each permanent magnet or the pole center side ecige 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 polés, and 6 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 68 to be

0< §7<180/7 -+ Pn)

and

1807+ Pn) £ 68 = 180%2/7 * Pn)

where the rotor core section width has points of inflection, the rotor core
section width being sandwiched by the peripheifa-l direction edge section of

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

12



minimum value of 180/(7 Pn) <0 8 180 X 20 - 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

pe rigﬁ%r%}%ﬁr:e&e]c?cg n? ri]g?%%fﬁbgtri%%t. U %%egbqjﬁﬁy & Peimanerunagaeticividedad

irection as each o t%e permanent magnets, and

determine and 6.4t < [(B-Prapand 18 :8045R0) Q1
non ZgHRIL alg(%P% (%f%%%eg% %%%@%m and 1801(7 Pr[?)@i 04 180 >% >

bem?%% PR whers 9 3sepiasents amandlebemeerhthaperipaeraldisectionl Po
edg

e section of permanent magnet in inner side of the rotor or the pole
reprECBiek sideRdes  sackmef rotor surface adjacent section of the
non-magnetic layer continuous or adjacent to the peripheral direction
and elge-seslionief eabitpershipedttmagneteant e béwden poaksfdhtods ©
represents an angle between pole center side edge section of the rotor
7 <sdrfaee ddjasefittsection of the peripheral direction edge section

of.permanent magnet in outer side of the rotor or non-magnetic layer
In eSERMIRHOHRAIREENk terdroiPhesal diectionedge angti¢h biithbe 0 <0 5 <
permanent magnet and the between poles, and Pn represents a pole pair
180/08APEY. '
the angle87tobe 0 < 67 < 180/(7 * Pn), the angle 8 6 to be the minimum
value of 180/(5 - Pn) £ 06 = 180%2/(5 - Pn), and the angle 6 8 to be the
minimum value of 18047 - Pn) £ 08 = 180X 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 layersin ra&ial direction as each of the permanent magnets, and determines
8 3 and 6.4 tobe

0 < 63<180/(5Pn)

‘and

13



In example embodiments, a motor may determine the angle 03tobe0<
03 < 180/(5Pn)or0<03<180/(7 Pn), the angle 0 4 to be the minimum
value of 180/(5 Pn) <04 <180 X 20 - Pn) or the minimum value of

180 §Q/gnj Pa) 540 éﬁ%%g%/%é(? IZPrD) In example embodiments, a motor

ayemploy a permanent magnet divided into two layers in radial
direction as each of the permanent magnets, and determines 0 9 and 0
10 to be 0< 09<1807(5Pn) 14 and 1801(5 * Pn) <6 10 <180 X 2/(5 - Pn)
0 < Whete £:8 fepresgnts an angle between the pole center side edge section
of rotor surface adjacent section of the permanent magnet in inner side of
andthe rotor and the between poles, and 8 10 represents an angle between
pole center side edge section of the rotor surface adjacent section of the
180p@rARENEMagnet ingirerAitle Biithe rotor and the between poles, and

Pn represents a pole pair number, and determines B 11 .and 8 12 to be O,
whet® B13<dB0KFnRHmAd gkebitmRaNBel p e iFBTHTa AP A RR S thection
rotor core section width has points of inflection, the rotor core section
of pwitth heigsaERRlith 8RRt pafphsal RIS BAgRNE M Bt Side edes
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 betweeﬁ poles, and 6 4 represents an angle between pole
center side edge section of the rotor surface adjacent sebtion 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 83tobe0<B3 <,
180/(5 =
Pn) or 0 < 63 < 180/7 * Pn), the angle 04 to be the minimum value of

180/(5-Pn) = 64 <= 180X2/(5-Pn) or the minimum value of 180/(7-Pn)

fIA

54 = 180X2/7 - Pnl.

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 and 6 10 tobe

0< 89<180/(5 - Pn)

14



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, 8 11 and 8 12 represent angles between the

a1 respective point of inflection and the between poles,. and Pn represents a

lepair ou . @d}l term eslig relationship of the angles 8 9, 8 10,
180/ 1112%% g1 t?)%é’ 6 g18< 6%Eg812<§810. In example embodiments, a

wheMOargnay, determing, the Angle 8,349 ke O 5c89csnlsr 1804 % dR8)sdagion of
angle 0 11to be 0<0 11<180/(7 Pn), the angle 0 10 to be the minimum

rotoyagﬂ_?faf:&%ﬁéaeﬁ@sﬁcﬁgﬁ%ﬁ%Q%ﬁé&@aﬁ@hﬁﬁﬂa@@a&ﬁ@Qnﬁéergﬁd@Q;ﬂiéle
minimum value of 180/(7 Pn) <0 12 180X21(7 - Pn). Brief Description Of

rotof henRrawings frigere doleg seiemalic diagraseillustzating gre exaiplienofiele
prior motor; Figure 2 is a schematic diagram illustrating another example

cen@fra priy mintor;sEigive i shschevhaticsiabreen Ailistrating sefbitmer of the
example of a prior motor; Figure 4 is a schematic diagram illustrating a

perfusthenexangletchaptior sidetof, Higuretsieadisbeds iNrarBaes. and P

magnetic flux density distribution in peripheral direction on rotor surface;
represents a pole pair number, :

and determines 811 and 812 to be
0< 611<180/7 " Pn)

and

180/(7 - Pn) = 612 = 180X2/(7 - Pn)
where ;;he rotor core section width has points of inflection, the rotor core |
section width being sandwiched by the peripheral direction edge section of
p'erm&nent magnet on inner side of the rotor or non-magnetic layer
continuous or adjaceﬁt to the peripheral directibn 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 fo the
peripheral direction edge section of permanent magneﬁ, 611 and 612
re.present 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 6 9, § 10,' 811 and 012 tobe

B1l< 68< 012< 810.

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

15



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

180Y('§h 1eSPesta Ol vihen@ 25 @3 ; Figyre 948 ardiagramilligtialing 10 to be

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

the 2 WhER Sile6 1 Htigare) issa sghematicidiagrantsilstiatngl alstaionle
having distributed winding; 16 PCT/JP2004/009887 Figure 11 is a

A 18chematithdiagnaim itustraling afstaorfiavidg)cahcéntiatsd 1@aciag(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

_ Brigf Rgaeiigtaom r%be&ﬁ?ﬁ’ﬁi’é%f the rotor of second embodiment; Figure

16 is a schematic diagram illustr, atlng a. rotor of the m?tor of third
Figgza L dfideift %qr%l%r[ﬁglﬁ %Bﬁaxamp e of a prior motor;

Figure 2 is a schematic diagram illustrating another example of a prior

motor;

Figure 38 1s a schematic diagi‘am illustrating a further example of a 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 crogs-sectional view illustrating a rotor of a motor of first
embodiment a.ccording to the present invention:

- Figure 7 is a diagram illustrating a relationship between the magnetic ﬂuﬁ
demnsity distribution on the rotor surface and the non-magnetic layer:

Figure 8 ig a diagram illustrating characteristics of 5-th order harmonics,
7-th order harmonics with respectto 8 1when82= 23" ;

Figure 9 is a diagram illustrating characteristics of 5-th order harmonics,

b

7-th order harmonics with respectto 8 2when81 =6

Figure 10 is a schematic diagram illustrating 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 voltage waveform for a case where second nonpR@gRete AR g7
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
Figwaniplésof thehenmrtist hirgrembidlistenating dRitaier Maviaschematicated
_diagram, illustrating a. rotor of the motor of fourth embodiment according
WiRgimg present invention. Best Mode For Carrying Out The Invention
. Herejnatfter, referring to the attached drawings we explain a, motor, of an
Figirpbi p 20BARBBbS g8 HEaies it ing sredBntsRiditorotor

Of%%_ etgz('}ie(%rﬁ'the f@!lowmg embodiment; we explain a case which cancels

th oF HafMGnics and/or 7-th order harmonics of an induction voltage.

Fidhl '&ésigfac%j{eé&faa%séﬁ@rg%%%%ﬁg}%ggmng&o%gglb%lsa?ﬁshegxsb& 18 of

general example of a moto Magnetic flux density distributi
thdRPerphealditsstion e the rotor surface of the motor is symmetric for

every pole. When each pole has approximately same shape to one :
Figanetherigmageiesio e densityhaliimes tzesofenhatweendalesor of second
embodiment according to the present invention;
Figure 15 is 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, an& the
induction voltage waveform for a case where third embodiment is employed;
Figure 19 is a diagram illustrafting higher harmonics component of noise for
a case the metor 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 there%ﬁf%ﬁ‘ﬂ‘/ﬂ[ﬁ‘ggy
when a simple rectangular wave is applied Fourier expansion, o
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:
embo@iBent, adesudmgs thitehgrtescandB-tmardeihdenaiics vibration
addition forces are in synchronism to one another so that a mode of
In tdsofedhreingvinglediomipdr wisichkidae sanmetowhadtatempele Authberder
such that hexagon mode of resonance for the stator having 6 poles. The

haymsmdcsrapdinranicd erdnglasrasigerarniipdistmnivel bagrple Bakgtt is of
greatly S%L?na the r%)cr)de of resonpance hardly becomes noise. Further,
COUS S RSefE AR PRETRPBCH SR RE ith-is greater in
i apglitud_e asier in Pec min%ésound and are difficult to be cut-off
11?8 : genei' exafm £ 01 a moTor 18 deSC}Tlﬁg
écagse of low reauency, in comparison to eleventh or more orders.

MaFREEI91 B Wendfty e P ERRH ORI MUY ALEINIPBA P 1 il fce

armonics and /-th order harmonics. wing two points may be

of 'PREIE MubsrPraMispmeR thergrthader bataonicgach 7-83 dgfole has

harmonics are taken measure to meet with. 1) Every order component

apiiecOme Eesndue 0 e symeaetryefiagiatienibie dRasity syRYBfonatLOes
the rotor surface. 2) Higher harmonics component can be zero-cross at

zerthvdoatoeewheles.

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 i1s 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, 8n-th order harmonics vibration addition forces (where n: 1, 2, 3,
4, ..y 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 resonance 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
amphlitude, easier in becoming sound, and more difficult to be cut-off because

of low frequency, in comparison to eleventh or more orders. Therefore, we

&



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 SChel?&afV%ﬂdﬁgﬁ 9887
illustrating an arrangement of a rotor of a motor of the first embodimen

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
willheasotat et 2 tb dritie nden-magneticdayeds Attherdimaliatmeleired to as
"first non-magnetic. layer"), each being continuous to the peripheral
Thelifeltor g g@ospetivrs oh exdieparmianienbenpgeriS:; e adhealdhgaleshirorder
vicinity of the between poles to the vicinity of the rotor surface. And, a
haxaepies avh- My ALdien mﬁlﬁi&naéag&mm%&m\ﬁqhm@ Fpdle
center side, location of the first non-magnetic layer 4 and which is _in )
1) VIR I ERBIPSIGRL L SAATRRSI el ish IR ABAHMYEITE QlimRaeRtic
f ‘h?epr.tan air layer. Th%ﬂ‘irst non-ma@[netic layer 4 and second
T ﬁf}ﬁhgn‘gﬁg‘? /& 8 8re ?n%%ﬁ%ﬁb‘@ “tom one another. An auxiliary
5 Il f PCT/ [ 87, ratar core. i
2 e e rars Adanals 01 Ataan rpere

v I 0 A e g S OPLAREIS o
and the like.

(Eirst Embodiment)

Hereinafter, the first embodiment 1s 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 pérmanent 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 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
ﬁon'ma.gnetic layer 5 is provided at a location which is a pole center side
location of the ﬁrst; 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 between poles of the second non-magnetic layer

5 are determined to be 0< 01<1801(5-Pn) and 1800 - Pnp<© 125038035387

20 Pn) or0<01<1801(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
rotgy esrgredeicanass) kelovserhedumut mageetisidgperinstead 5 and 7.

Similar r(:é)eratlon should be carried out for foIIowmg formulae, In this

Ancanglginfehtbateaete Hifr RAMLEFBR=9de oPHEREBH B EF tiRbOFowaTface
df the 5-th ord ifically, it js, bett
G SEGR08 SER IR T FENRO1GS e T S0 B HRE AR Tt
_antg?h %"Vﬁffﬂ%@% G%'Sd cribedn tsh f°' Wing, For.example, sincee e

TG
order harmonics is mtéJn edtobere uce ndt e pole pair number

adjScenRER R4 agldaﬁfjaGogf&%ﬁrfoﬁ’&aﬁf’%ﬁéesé@éﬁﬁdnag -magnetic layer 5
PCT/JP2004/009887

are determined to be

0< 61<180/(5 « Pn)

and

180/(5 * Pn) S 62 = 180X 2/(5 - Pn)

or

0< 61<180/(7 - Pn)

and

180/7 «Pn) = 62 = 180X2/(7 - Pn)

when the pole pair number is Pn. The above formulae correspon'd 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 greater than 3) is to be carried dut, 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 twb
-r-éws are used for reducing the 5-th order harmonics. Specifically, it is
better that 61=9° , 02=18°

The principle for reducing sound of the motor having the above arrangement
is described in the foliowing.

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

pole pair number is 2, when 6 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 0 1<18pdg&19004/009887
symmetry. When 7-th order harmonics is to be reduced, formulae of lower
two rows are used, and it is better that 01 <12.9,12.9<02 < 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 18Qtrates F@I&ﬁ@ﬁ@hi%%@tﬁ)é%r@ﬂﬁ%ﬁﬁgngﬂ&ﬂﬁ( Hehsitysdistfisutiofoorthe

the rotor surface and the non-magnetic layers 4 and 5, of this _ )
At IR T ARTS R POHGRS elﬁsr-’f%%aﬁ%ﬁ@@%m Hhihs ingerior of

" 1..magnetic flux density increases ar decreases, and in remainin rtion of
the o A e IS N 5 e MAGRGRE AU Blndy Lo due. to
sy ARG s RIBIRIE 0PSO PIAAREHC A RRRR TR Towor
steep from pole center side edge section of the rotor surface adjacer
twPRSUANQErESPECHNE 1290 HBALRRIG VeSS4 pndS. Gonpequenily, < o5 7¢
zero-cross points of higher harmonics components appear for respective
Fopenasimni the Secaptyion-tnadeeticiayee 8, dcorasrandsotibWaye as to
length of the 5/7-th order harmonics from the between poles, and it is
incteasglththai dhe aecdlorofstpeini kiegamesdhe habmesn polgadie to
~ symmetry. For the first non-magnetic layer 4, it corresponds to half wave
Figlengthidnttead s trrortdatiamabircsliedmeene bheveeagpetes, dhdk itdsnsity
. thought that the zero-cross point becomes the between. poles due to
distgikptian onrbrerster svrigvoried fhrmenics agretdc lasgsetvand 5, of this
on-magnetic layers. 4 and.5 are shjfted. by half wave Jength from one
emigp]

ko that BREYFaRPEHRBeIeE bRfe BABERRAEetic layers 4 and b, 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 ,app.ear for respective poihts. For the second
- nen-magnetic layer 5, it corresponds to 1 wave length of the 5/7-th order
ﬁarmonics 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 peint becomes the
between poles due to symmetry. Therefore, 5/7-th order harmonics due to
respective noﬁ-m-agnetie .Iayers. 4 and b are shifted by half wave.length from
one -another, so that they are canceled one another.

Fig: 8 illustrates characteristics: of 5-th order harmonies 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 harmonj -

order harmonics with respectto02when01=6.1tis u%ﬁjﬁggg@%@g%m

Figs. 8 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
hawandiichedthy ke ficst tiondmagiietic dl&yer £FecomhilenHigagheilbdayertes

5 and the rotor surface (hereinafter, referred to as "first bridge 2b1" and
chavpdentsbridgef2b2h aredesndrarmonicsdesichbletthaterwldthimmadewith

smaller for preventing magnetic flux leakage. Further, there also exist a
resp&er tib @agpiﬁllé‘?? fehfkement rib) 2a serving as the magnetic path

between the fjrst non-magnetic layer 4 and second non-magnetic layer 5.
It 18 HRAER A R 5 BbBiiosh b5 BALSEFIC oAy R ek Brtherier

___hermanent t through the auxiliary reinforce .ené ib2a. The. .
ha AR AR ORI SO ReEl B Budliining the

an@g%qr’lq}ﬁgr. ghey %XSQQH@QB&Q@&M&V by a short distance. The

stator of the motor according to the present invention may have

Whéistibuies Windingas Hiustaieddnd-ig iy QIO H NG CRAGEANAIGth pheatic

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. It 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
hnon'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 Ee 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 extremeiy 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 ﬁ 195 &47G00887
PCT/JP2004/009887 Fig. 12 is a modified example in which rotor core Zc
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
Figrolf thenamddeie duffiaianiceffeotinah betobtadredd-igi dBiis aichoitified both
example in which the permanent magnet layer exist to a region adjacent
sid ofdhetaresurkmentivhagnke sbdbrdmtermidhieticBaydV Beis thepbizet! and
for canceling the higher harmonics wave of the magnetic flux flowing out
seqpath pROSASEEtKUIRser StedcAriapniisRrsecdbbeaivaacaiingidhadhigher
iS necessary to magnetize the permagpent magnej, so that the magnet flux
halmanes PR %\‘é@ﬂ%ﬁ%ﬂ@% UEiOAHES ot ‘iﬁ‘?r?‘ﬁ ffta sutticient
o ei%eé:agig% o%q%.rl&)é(ar. (Second Embodiment) Fig. 14 is a schematic
d(fagram ﬁlustra]tlng a rotor of a motor of a second embodiment according

Fig? f@:?&éﬁ%ﬁﬁﬁ%‘éf%%%ﬁ&ﬁiﬁ%&%@% : SN éﬂ’éﬁ/er xist to a

embedded in t . 12. Permanent magniets for

re88RMARIEIRIIYIERE 1R 2JaYRISIN radiRl, dIHRCHOR AHBhBRM3RRBEc 1ayer 8
magnet at inner side of the rotor, and 14:
is: disposed for canceling the higher harmonics wave of the magnetic flux
flowing out from the surface, sufficient effect can similarly be obtained. In
this case, it is neceésary 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 Em-bediment). .
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
directiony (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
elengate m 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: ef the permanent magnet 14 at outer side of

the rotor arerindependent from one another. 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 vicinity 9&%%8«5/009887
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 23, PCT/JP2004/009887 flux path 12 a made
flupbrtbrichbrerivitecrpostat berwiemnteennsoddits tenstibtance of the

g-axis magnetic flux path 12a, g-axis inductance Lg can be made to be
Dugiothespristence pditheacisinrerstb&unipathid Zreatarisamdangance
L that the magnetic flux of the permanent magnet can be increased without
9 PRSI e toRS FIEHIET AR W& SpeGlannariesle canee stbized in
edge section of the peripheral direction edge,section 13a of the
e R R I AP SHE O ReOLoEF e e et Bbhepefogan be
incA0LEA Aai Q- A:baieen R plesanerplde edge section of the.
peripheral direction edge section 14a of the permanent magnet 14 in

Aninagiside Oibayeiyr and frdebnesn Halewals dIaBINeE IRePEdin Relal
<180/(5 Pn) and 180/(5 Pn) <84 -<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 = 180%X2/(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 6 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

1s similar to that of the first embodiment. Thus the description is omitted.
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0<03<180/(7 Pn) and 180/(7 Pn)c 04 <180 X 2/(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 54@@%2004/009887

harmonics. Specifically, it is better that 01=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
Figdeb8ription ishenitedis dippamuplosuo0ogs? mipdifidd sesemeplatiof this

diagram illustrating a modified example of this embodiment. This modified
em@ﬁég%ﬁ%ﬂéfemploys planar permanent magnets instead the curved

ermanent magnets, Therefore, sqund can be reduced when this modified
i it A R e e T e
ijugétrat{%; an rrl%r%%%rg Snt of a rotor of a motor of third embodiment
acco?glng%etﬂe present invention. In the rotor 31, multiple permanent

Thé%@ﬂ)'}gt%ﬁn®c@§b%%&%%ﬁ%ﬁgﬁ tﬁ?ﬁ%&%@%&?&n@%@%@ﬁﬁ%@d.

magnets) are embedded in the interior of the rotor core 32.
 (THIsAMARheliadayer 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 pefmanent magnet 33. Further, 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
nen-magnetic layer is a through hole or an ai;r layer.

An an-glre'bei_:ween 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 0 5, while an.angle between the pole center side edge sectién
of adjacent section to the rotor .surface of the second non-magnetic layer 35
and the between poles is expressed with- 0 6.

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

imndependent 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. Furthet; g>36690dogs7
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
mt?ﬁ@??“r%ti’%%tﬁ?ﬁﬁﬁ%%'&’%%ﬁane between poles is expressed with 6

while an angle hetween the pole center sjde edge section of adjacent

Pt TG IO P P AT D BB S rbinet
. pales is expressed, wit =~ hhe first non-magpetic layer 34
bruzg%:on rlndr‘?l-lrlnaagsr(fjé:t(%1 %;églr%% agr%gngn%lgggrpd%lﬁ]t%r(gﬂlg C&W&i‘?eeé‘f‘ﬂﬁ%%b’
liary. rei 3 i f 4/009887 . rqtor

e peead bontaar fam e £y Hhe P i e 0,
secORElIRANRIRIRIRS, Iﬁ#@f?gﬁo #ad Titsle Pridge 3abdacand %%%Ed BEEQGen

32b2") has points of inflection 36a and 36b, the rotor core section being

respacidvwdoheich by fhafisstiven seagnediGlyemit hsesesd Pol-nagnelifressed
layer 35 and the rotor surface. Angles between respective point of

witinflédien®66 8ndBlob anglbetldegn poleSareanaxpréSade WistteOrdiand € be
8. The angles 05,06, 0 7 and O 8 are determined to be 0 <05 < 1801(5

0 <pﬂ)53ﬁd8.81(5 - Pn)

and

180/(5 - Pn) = 66 = 180X 2/(5 - Pn)
" and

0< 67<180/7 - Pn)

and

180/7  Pn) = 68 = 180x2/7 * Pn)

and

07< 85< 88< 66,

In this embodiment, the pole pair nurﬁber Pn is 2, so that the angles are
determined to be 86=18" |, §8=12.9° , 05=9" , §7=6.4" .

Wherein, the points of inflection 86a and 36b 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 change in magneﬁc 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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180/(5 Pn) <06 <180 X 20 Pn) and 0<0 7 < 180/(7 - Pn) and 180((7

Pn) <08 <180 X 20 - Pn) and 07< 05< 08< 06. In this embodiment, the
pole pair number Pn is 2, so that the angles are determin %I% =
,08=12.9,05=9, 0 7=6.4 . Wherein, the points of inflect%g:n&g a ggz?{%ﬁg)gg?
are crossing points of extents where the widths of the first bridge 32b1

and second bridge 32b2 are constant andi extents where the widths of

the first bridge 32b1 and second bridge 32b2 are gradually increasing.

As Thempange inonafinetit Tlax dehsigesistpbioioof ahdHersbtembudacent, 7-th
becomes steep at these points. The magnetic flux density distribution on
ordge hatsnenitacts shthislednbpdiie masnitiu st anddert oy, 36a 24d 36b, while

PCT/JP2004/009887_ As is apparent from Fig. 17 and the description of
5-th @fisr hBBHREHL 17 - g nsRler Byt RIS IR BieRessSliea opl the

inflection 36a and 36b, while 5-th order harmopics is canceled by pole .
SecHOME HRACBHGR KRR BT %f%%ect?d}égﬂﬁa88 5t Sior aftscaestign of

by pple center si eéiige section of_the section adjacent to the rator.
e L R L R e P R ¥ ver s
FigGOf@Pﬁﬂ?&%%@%USHBMQKQQ? i’ﬁai’ﬁ&(?{%rf)%lﬁrgﬁ 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 1s 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, the widths of the bridges 37b1 and 37b2 are separated
mto small width sections 37b11, 37b21 and Iargé' width sections 37Th12,
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
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 compopé@hgfzra@%ogggr]
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
(Fourthdhmhadiagpatic layer 34 and 35 are not limited to the shapes of this
. embadiment. It may be good that, for example, as is illustrated in Fig. 20,
Figinehigitsokemabiugeasssm Hieetaing & septianae mastsafaf woden of a

sectipps 37b11, 37h21 and large width sections 37b12, 37b22,. and that
mo%r??ﬁ%ﬂ’éﬁh@%bﬂfg%ﬁ W%‘Eﬁ%&@ti‘&ﬂﬁ@§ﬂﬁ?§f5ﬂ%ﬁo%e large

idth sections 37b12, 37b22 are considered e. points. of inflecti 38a
T R R0 S ER Rt W S e e o

iggramg S@PE}Q rgﬂ%gg t.of a 0 ffourth, . .
Corgr%%rbdm%%t%ccord?ngﬁo the pregs%]eralgt}Lf ?n\jﬁé?gg%ér?{.{ I?wnt e%‘grlff%ar%ﬁlaﬁg%%ai

dirdpaengis-AeeinpsRdem in, hienntrRiar Ah M I1R5 R dde B he 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.

._'D.ue to the existence of the g-axis magnei:ic 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.

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 fo the vicinity of the rotor surface. Wherein, air
layers and the like: may exist at the peripheral direction edge sections 43a,
4da 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 perma
44 elongates in the vicinity between poles to the vicinity OE%ﬁ?@@t%ﬂ&gg’]

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
perqpaxisithagaetiet flX pathiv? ammeadeideraibt kerecivintengobetvbatwaaiies is
them. Due to the existence of the g-axis magnetic flux path 42a, the g-axis
eXPPRESCANCEN 8 Banthk anatiecipcaby cenetbfors lectantenosidergdgeofection of

greater part can be used, and the magnetic flux of the permanent magnet

theerinharatchizedtnpredgarmadase dtthelHie peupeneaimasnrt 44 at the
eripheral direction edge section 43a of the permangnt. magnet 43 at the
ot G D G e S e PO B G AT B BT o
vicinity ©of the retor.surface, and the periphetal direction edge segtion 44
e O e G St el kot A Gy et

| bri&géh@zw,ngx@eg\e!&%{ap&ﬂﬁg%o&szﬂm'&x g)%{ﬁ%sfa%ﬂ&%gi YaelelR 46,

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

theBsbor48:%f RRBSHMBEIeH BAINGISHEN 44 ARANGIIINMEERINRROIE cdge

center side edge section of the peripheral direction edge section 43a of

sectivh 234 G (HR2PM00988Y nipesmeanast a0agneiideat didoiniehside @, the
the rotor and between poles is expressed with 0 9, and an angle between

peripbpuilk danEicide dglgesaaotionidi 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 0 11 and
612. The angles 69, 610, 6 11 and 6 12 are determined to be
0< 69<180/5 * Pn)
and
180/5 - Pn) = 610 = 180X 2/(5 - Pn)
and
0< 611 <180/7 - Pn)
and
180/(7 - Pny = 612 = 180X2/7 - Pn)
and

611< 69< 812< 610.
| In this embodiment, the pole pair number Pn is 2, so that the angles are
determined tobe 6 10=18" , §12=12.9° , 6§9=9° |, #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, r “fir
R

bridge 42b1", and "second bridge 42b2") has points of inflection
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
Thanittventiband Brs? aShechriypescd 95 3:0] il cdffed tOsi@lahdéteddinadioer
be 0< 09 <1800 F;;%iand 180/(5 Pn)<010<180 X 2/(5 Pn) and 0 <
ordgn harrgpriys.Fit)e ati 18oEb PN eing egaBoxoz/@remiey shawBlof the
09< 012< 010. In_this,embodiment, tge pole pair number Pn is 2, sq that
ma ghetin Jle A2 BT o 15 HR T Ouich a8 YPltege wagelgrmlgan be
,.The,sound reduction operatign.and effect, in thjs.embodiment is similar, t
e YN T8 B OAIE N ETE L) HESEH UG FeErat Ggpted from
occurrence, while sufficient magnetic flux can be maintained.
The mvention 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 invention of third aspect has characteristic effect such that odd number
order harmonics, the odd number being equal to or greater 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 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
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PCT/JP2004/009887 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 waveform gingiigtion /009887
voltage waveform) can be reduced and unnecessary radial force ang
thrust force can be prevented from 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
aspeghishib s trakif@dihan 3 other than multiples of 3, can be reduced, and
that effect simgar,t%%gcc)se of first aspect can be realized. The invention of

TheRVEREOR 194 RAPACRTRRRE et R Btaristis fifsbrsatbethat effects
.. harmonics, the number being equal to or greater than 13 other than .
st R B e o R o e Wb ety caing
syn?ﬁx%%%%@o%ﬁ%?ﬂé?&&gﬁg invention of fourth aspect has characteristic

th or

effect’such that 5- er harmonics or 7-th order harmonics can be

Théerhestidatriestsipilarde heseel SRERNIMSRECHLERN RSt silencing
realized. The invention of fifth aspect has characteristic effect such that
canTiechanlialdsteanyttheane fiectw piowadrags thatefacksimilanig,hese ok
fourth aspect can be realized. The invention of sixth aspect has
aspehbractdristieadffed: such that effects similar to those of fourth aspect or
fifth aspect can be realized by taking symmetry into consideration. The
Thanrvrtior wfyvésenthspandiabeharhetedstcistioce foch thatlsildneingffects

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 6f 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 i‘eali,zed, 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 rea]ized, and that effects similar to those 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

Wh‘%ﬁ?@&ﬁa%ﬁ]ﬁgflls:as'pect 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. diyidgd intodmultiple-parts » SAIPEBAIS nCHRFSRORMINH 10 IBBBH iR Ohil@ets are
rotor and other parts corresponding to outer side of the rotor. The

emfiaddselon brele vernisselct s ioRfdatanstion REERSh AR TRAR BttdRagnet or non-

magipilariedhessualiprtbaspestaan besarlizskkby @iingisyreagetseition of each
ponsideration._The inventjon of twelfth a?%ect has hara?eristi(ﬁeﬁecl v of 1
PeIgIE R P RHRHCRAP & 08 FB8 IS B tRETEFRIIE SRR 18 thosdcapity of the

roti@Ntuaspechsanbe: dealizesh -Fesrinmentigarofthptteeritdaspebt hasinity of the
aracﬁgtgstlc effect such ttl‘nat effects. similar. to thos%‘of tggé@tagg%t can.

SRR oAl B RAkThG S MM S D SEne At T ¢ peipheral
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 voitage; and

wherein 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 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
2. cenighsiiaResiinn WleRRCGHaiPRSHRNCI] HIRRIRREIARBRCION reciion
of each permanent magnet or non-magnetiC layer continuous or adjacent
edgeo Wfdi perifharah dreativired geageetion &%mép@mnéiﬁﬁn@égﬁ@@cém of rotor
surfResginothe %ﬂ@%ﬁmﬁae@mw%%%ﬁgw aej%ps’@{eaot}@%leriphmz

. direction edge section of each permanent magnet and thé secon
diregHa R et ise PR Hb STTRE S reashsd| #th eiechamehicadms atle 0 2

betREEhNpMbar-anst isigauat fo Qe areaterrthan 2)@f the ANAUEHPR ¥RIta8&ion of the
and wherein the peripheral direction edge section of each permanent :

SeCORAJHEY BIASBAL MAYRE AR faer REMATIRR B A LA HEPERpheral

0 < ginectimogsigersection of each permanent magnet and the second
at dnon-magnetic layer are made to be independent from one another, and
*rotor core are interposed between them. 32 2. A motor as set forth in

1809@m1;n)wger§'§l gnimpcg bg“/yeen the peripheral direction edge

section 0f each permanent magnet or the pole center side edge section of
or rotor o .

0< 6 1<180/(7 - Pn)
and - '
180/(7-Pn) < 02 £ 180X2/(7 » Pn)

where a pole pair number is Pn.

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

(1) 0<61<IBO/(S - Pn)and 6 2=180/(5 * Pn)

(ii) 0<01<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) <02 < 180X2/(5 Pn) or 0 <0 1<180/(7 Pn) and 180/(7 Pn) <02 <

2/(7 Pn) where num rlsPnSA oto iR <
of ]&?ﬁ g) heQTe thé a@él)}? ﬁ(g ana)(? QE tné!frf/lréll rl; 5 c]):\?\f H|50< b2 =
lgd}ésc@—ﬁ@/ﬁ, Pn) and 6 2=180/(5 Pn) (||) 0<0 1<180/(7 Pn) and 6 '

2=180/(7 - Pn). 33 of 180/(5 e Pn) < 012 < 180X2/(5 - Pn) or the minimum
value of 180/(7 Pn) <0 2 180X2/(7Pn). 4. A motor as set forth in claim 1,

4. wh exeiﬁcammgl@tOfﬁibeﬁweﬂmhel periphgnaladisegtiod cdgetseetiothofperipheral
each rman nt m t or the e Cent T SI €8 I(I:{égr’é%f Eogg&» £
dlreclslr?g e seclio agh rf%n (fay égtg S ion o

BHRCERP SECKGN B6Fthe hon-magnetic ontinuous or adjacent
thetootkinequgherdyladmtamledgef%@tmmfjﬁé&@t@éﬂ?‘ﬁn%ﬂtﬁﬁ@ﬁ‘é?&ﬁ&aceﬂt to

thetsphegp %tt\g 0iPUE S A0S P S HEPEERRAIGCEMET SldeRd88ween poles,

he rotor surface adjacent section
and an angie 0 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 core section width being
sandwiched by tlhe 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 aﬁd fhe second non-magnetic layer and the rotor surface,

angles @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) = 08 = 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

and BETDARGAMAINGE ANE 10D SEEYD RoRUMPYNEHE RSN B 9loh 5< 9 8< ¢
surface, angles 0 7 and O 8 between the respective point of inflection and

6. the between poles are determined to be 0<07<180/(7Pn) and 180/(7 Pn)
<08 <180X2/(7 Pn) where a pole pair number is Pn, 34 and the
relationship of the angles 05, 6 6, 0 7 and O 8 is determined to be 0 7< 0

5. sawgx & stiomliptitassetieninimeand e, Wh&rdRn theaRbie s Sw.oke angle 6 7

is 0<O5k180/(5 -Piy)), thhe anglle 6 B is134/657<Rr80M7 thaprthie ah@les 80iK7 + Pn).
180/(5 Pn), and the angle 0 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 [, 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 or adjaceﬁt to peripheral direction
edge section of the permanent magnet and the between poleé are determined to be

0< 63 < 180/(5 « Pn) .

and

180/(5+Pn) = 64 = 180X2/(5+Pn)
or

0< 63 < 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

nd
direction edge section of the permanent magnet and the between poles

180@%@ 3@4&@9{%&0@@@5@3%0/(5%) and 180/(5Pn) < 04 < 180X2/(5Pn)
or 0< 0 3<180/(7 Pn) 35 and 180/(7 Pn) <04 <180X2/(7 Pn) where a

whepoteppiimpaumbeabis BPmB. A motor as set forth in claim 7, wherein the

angle 6 3 and 6 4 satisfy either (ior (u) below: (i) 0< 6 3<1801(5 Pn)

and 0 4=180/(5 Pn) (ii) 0< 6 3<180/(7 Pn)and 04=180/(7 Pn).9. A
8. motostas setdorthtinialalaib, Ikdreiriredehofdee Héravanerit smafpetsbisr (1) or (i)
helov@ivided into two layers in radial direction, and an angle 0 9 between the

le @Q@tgg§%¢(5ed 96 Segtion Kpilrgtg% supflzfx)ce adjacent section of the
d;% e‘lﬁ

n%lg%%gﬁwg nne Sédf (f rci;of and the between poles, and

poIe cen 1 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 inagnet 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 iaermanent
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
| angf’é%’h'l‘f‘%ﬁﬁ“% '1"‘%%?&@9{?%88%&33996%‘9&6ithtl?P.iB%réehS@LH&f REUAREGILE poles
section of permanent magnet and the peripheral direction edge section of
are griemainehtorp@ignet on outer side of the rotor or nonmagnetic layer
0 <<@miw%@§(@r@qﬁcent to the peripheral direction edge section of
permanent magnét, and 36 angles 0 11 and 0 12 between the respective
andpoint of inflection and the between poles are determined to be 0 <0 11 <
0/(7{ - Pn)_.and /éé Pn) <,0,12 < 180X2/(7 Pn) where a pole pair
lgoﬁﬁrﬁgé‘r) |S£Pl?ﬁgn%1 i@r %(cﬁus;li)f;)of the angles 09, 010, 0 11 and 0 12 is
whedetepalingsiabgo 181pr09<012<010. 10. A motor as set forth in claim 9,

o LRGPP PAHIE & 10 s ABOREL PV ARELEIE BRI P12 s 18017

6 1PR).BI< H12< 4 10.

10. - A motor as set forth in claim 9, wherein the angle 8 9 is 0<8 9<180/(5 - Pn), the angle 6 11
is 0< 0 11<180/(7 * Pn), the angle 6 101is 180/(5 - Pn) and the angle § 12is 180/(7 * Pn).

37



PCT/JP2004/009887 Abstract An angle O 1 between the peripheral
direction edge section of each permanent magnet (3) or themjfgqu{g
iC

97009887
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 (3) and between poles, and an angle 0 2 between
pole center side edge section of the rotor surface adjacent section of the
Abetomd non-magnetic layer (5) and the between poles, are determined to
be 0<01<180/(5-Pn) and 180/(5-Pn)502<180X20-Pn) or0<0
1<180/(7 Pn) and 180/(7 Pn) <02 <180 X 2/(7 - Pn) where a pole

pair number is Pn. Therefore, specific order, for example 5-th order and
AR RpRder, hatmbrite B niisn P i #haghetidingy @datoutrsition of each

waveform (induction yoltage waveform) can be reduced and unpecessary
DA RS 40 1o LR e BB SRR Sartace
a&j‘ggghecnts&%%%e%% f%énq%g]abg%erﬁg irig%igle d('tﬁscontinuous or adjacent to the
peripheral direction edge section of each permanent magnet (3) 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< 81<180/(5 - Pn)
and
180/(5* Pn) = 62 = 180X 2/(5 + Pn)
or
0< 61<180/7 + Pn)
and
1807 - Pn) = 62 = 180X2/(7 - Pn)
where a pole pair number is Pn.
Therefore, specific order, for example 5-th order and 7-th order, harmonies
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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