~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
BachkiBomridgisl becomes greater when concentrated winding is employed,
so that disadvantage arises in that
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



permanent magnets disposed in outer peripheral side of the rotor cannot
be 1 PCT/JP2004/009887 made greater. Further, an angle of aperture of
a magnetic pole differs for every pole, so that unbalance iﬁ@?ﬁ?ﬁ%@gdﬁ%m
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. tokukaihei
mada ®87ddrintends to reduce cogging torque by varying the angle of
aperture of the magnetic pole for every pole, as illustrated in Fig. 2. But,
Furég%thgl% shelserfrrestuin afacnepartiginels fiffeve dpperesonple; so that
unbalance is generated.in rotational force. And, an jnduction voltage
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embedding permanent magnet which are equal to one another, an

andvekie s ek elongaie hole section each provided to contact to the
edge face of the permanent magnet. This corresponds to application of
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different rotor cores in axial direction causes complicated arrangement of
reddie. Fege is tpegermbadvnmpiiag dibectinglsmthap tirtust vibthtiamignetic pole

possibly induced. Abuse cannot be ignored due to existence of

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



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 magpetigsBay4/009887
cannot 2 PCT/JP2004/009887 reach edge section of permanent magnet
during magnetization. All of those techniques pay attention to cogging
torque. When a motor is driven, more particularly when load is great,
affection of cogging torque is small, and rather, affection of higher
reagh ggnisscsiaRdiRDIMNeHe Ibacaeed Ugtag B aBBGHTiIRE Brque is
syppressed below a certain value. More particularly, when permanent .
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the edge face of the permanent magnet is divided in peripheral direction,
par@siligstratehisnigerin 88 4Rat naaixiisgyHeiriiRrcemenkdid nis previdetbree is
Japanese Patent Laid Open Gazette No. tokukai 2002-44888 intends to
empdmwehisdelormatiareirdnehratnighbt iagnetindduxtatsd tloats theoughethet is
"auxiliary reinforcement rib". Therefore, sound may be increased
greaidperitintedgonhighpodisomoniice oindiaticainfdtegment rib". As is
described in the above, Japanese Patent Laid Open Gazette Nos.
d apﬁﬂ&ﬁ@a?ﬁ%ﬁ@iﬁ@ﬁp%kééﬂﬁéﬁelN%WEWLg%?zéé@f’@G%,rﬁﬁﬁive 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



tokukai 2002-44888 do not successfully reduce cogging torque while
sufficient permanent magnet magnetic flux is maintained and abuse in
~sound due to unbalance vibration and in sound due to thrust force is not
seventbendetiaiosdc $hEymue aibt temeasnce thiichr pagenatriiorstdlspesiiy
harmonics of the induction voltage, for example fifth order harmonics and
reduceSssendntthonddeantusies armpetisng. thsgmpdaonprlinanger@aimsde
sufficientléﬁreduce sound when the motor has a great load. Example
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comprising a rotor core in w tiple permanent magnets are

Summ%‘i‘}béqdﬁge whetgina peripheral direction edge section of each
pefmanent magnet or nonmagnetic layer continuous or adjacent to the

In an ReiRheRIKEBeiRMEHaRsa6HTHetedchRANMadennmagpeipitsigatesdor
the vicinity of between the poles to the vicinity of the rotor surface, and a

core inSEERAGNNpIaggnetadayendsgsavidedbndhelyieinityinfathermhdad alut thion
rotor at the pole center side position with respect to the peripheral
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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



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 gr greater than 3 and other
RS Bt 26, AT STt N LT CUATM AR TEIon 1, e

th q(rglzlog]@%% a,mofor may employ an odd number order harmonic;, the
eod 4 numbe%%e?r% equal to or greater than 13 and other than multiples
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employ 5-th order harmonics or 7-th order  harmonics as the n-th order

harih@iiGNiesHe examplizembodinients, a motor may make the peripheral
direction edge section of each permanent magnet or non-magnetic layer

In crenmtjieesnboddjacetst wotmsopenighanakditbetipripligeabditioh of edgh section
permanent magnet and the second. non- magnetic layer independent from

of aash APBTRRRCEh MBI rO-BRBIING IBBENcEmEHBIS IPreadisfaat to the
embodiments, a motor may determine0landaO2tobe 0<01<

1
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mag?lrcgic layer independent from one another, and provides rotor core lying
between them.

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



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 between poles, and 0 2

represents an angle between pole center side edge section of the rotor
Pn) surféce afljhcent 8&€GonfoptheheeemnsdiendB-rimaditetibsapsinigparme alue of

between poles, and Pn represents a pole pair number._In examletfz Pn) <
rn) =
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180/(5 5 Pg} or Q<01 <180/(7 Pn), the angle 0 2 to be the minimum
0 2vEudd T E(SEP’)n) S 02 <180 X 21(5 Pn) or the minimum value of

In g,g%g- R R 0 Pn). In,example embodiments, a motor
may deeteermine O%S%ilr% %ﬁ%’é@& (51 %%(%?(én @nf"ﬁﬁ &éﬂé’q?n) <
0,6.< (5, Rn) where 0 5 represents an angle between the .

0 <p§|5pﬁ1e§r%%§e§}8$ﬁ edge section of each permanent magnet or the pole

andcenter side edge section of the rotor surface adjacent section of the
non-magnetic layer continuous or adjacent to the peripheral direction

180pd0esErtian gfieach prrmangnt magnet and the between poles, and 0 6
represents an angle between pole center side edge section of the rotor
wherifars asiacestsestiomeidhesecendnoperadnatd Hyection 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,



and the between poles, and Pn represents a pole pair number, and
determines 0 7 and 0 8 to be 0< 0 7 <180/(7 - Pn) and 180/(7 Pn) <08
< 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 each permanent magnet or non-magnetic layer
~_continuous or adjacent to the peripheral direction edge section of each
- and felnmiant Mhgndedinndidneédhe mealedyhetil fayet drnarthedr8tr be B
surface, 0 7 and 0 8 represent angles between.: the respective point of
7 < iffiettifPanddfe between poles, and Pn represents a pole pair number,
6 and determines the relationship of the angles 0 5,6 6, 6 7 and 0 8 to be
In expmplestindgBeisetampieTeMBYHFERIRINE thitomaky Yadmbeehied 5 <
180 519?1 5tobe 0<05< 180/(5 Pn), the angle 0 7 to be 0 <0 7 < 180/(7
n) A “angle 0 6 to be the minimum value of 180/(5 Pn) <06 <180 X

the BT, e angle 0815 e e i volue o1 R01(E ) 508,
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of the permanent magnets. In example embodiments, a motor may
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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

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

63and 64tobe

0< 63<180/(5* Pn)

and

180/(5 - Pn) < 064 = 180X2/(5 + Pn) .

or

0< §3<180/7 - Pn)

and

180/(7+Pn) £ 64 = 180X2/(7 * Pn)

where 83 represents an angle between the peripheral direction edge section

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



layers in radial direction as each of the permanent magnets, and
determines 03and 04tobe 0< 03<180/(5 Pn) and 180/(5 Pn) <0 4 < 180
X 2/(5 Pn) or 0<03<180/(7Pn) and 180/(7 Pn) <04 <180 X 2/(7 Pn)
where 0 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 7 section of rotor surface adjacent section of the non-magnetic
layer continuous or adjacent to the peripheral direction edge section of
each permanent magnet and the between poles, and 8 4 represents an

sectamgid teweenthee pdiipherasaitinion dhgasectenvt pelmmiaomtinuous
magnet in outer side of the rotor or pole center side edge section of the

or adierastirisecthajareripdeandniorerid ARe FFERMREGHSR: BN EREBNRREBLRERE
adjacent to peripheral direction edge. section of the per ﬁ%%n ma ggg the
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180 X 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 09 and 010 {o be 0< 09 <

the DORGRREBAICART TREBILBRY L0 AEHSE™ NP B Wk Ggotion edge
y t le bet the, pole center side ed jon of rot
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rotor and the between poles, and 0 10 represents an angle between pole
pole RaLL sumbe

enter side 5‘dge section of the rotor surface adjacent section of the
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n represents a pole pair numbeér, and determines 12 to be
« Pn)< 011 <180/(7 Pn)and 180/(7 - Pn) <012 <180 X 2/(7 Pn) where the
rotor core section width has points of inflection, the rotor core section

or 0 Widisbeingrsandwighed, by, the peripheral ditection edossestion af180/(5 -

permanent magnet on inner side of the rotor or non-magnetic layer

Pn) SONtinUogs pi@djagent ahemeripheraldirectiofn edas 38¢itn-ofn) = 6 4
permanent magnet and the peripheral direction edge section of

= 1pemieRtImagnet on outer side of the rotor or non-magnetic layer
continuous or adjacent to the

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< 89<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



peripheral direction edge section of permanent magnet, 8 11 and 6 12
represent angles between the respective point of inflection and the
between poles, and Pn represents a pole pair number, and determines
the relationship of the angles 6 9, 8 10, 6 11 and 8 12 to be 611< 89<
Dermaggpk g1ognslexdmpleiembydinearis thematdemayr dateniineshelingyso
. tobe0<09< 1S0/(5 Pn), the angle B 11 to be 0 <8 11 < 180/(7 ' Pn),
coniingas AgRBALHYo et 1 FRRIANVAITR B TeeiEe PRYIEM 1d ReTBrRe R

2/(5 , and the angle. 8 12 to be the minimum,value of 180/(7 Pn) <8
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_ embodiments may’comprise a rotor core, plural permanent magnets

repres@?’cbgﬂgﬁ‘é R:ihe Loencoresyierein g, paripheral diteeanedas, seelin

of each permanent magnet O0r non-magnetic layer continuous or adjacent

~ poles, ihi@Redpharal dirgsling gdaenestion-of each permanent magnet
elongates in the vicinity of between the poles to the vicinity of the rotor

and dskiadesantdearskadodhop-oiapeetie dyeb is proviideddrt thencinity2ofdhe:
surface of the rotor at the pole center side position with respect to the
§ 11 <péripherél directionledge section of each permanent magnet or

non-magnetic 9 layer continuous or adjacent to the peripheral direction
In exarspi@ecaeniitimefsashinpaimanenianagiiot andanher € thebrob-radnetic

layer continuous or adjacent to the peripheral direction edge section of
180/(56aBRPEHPARGH MaPRethe 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

eripheral direction edee section of each permanent macnet or non-magnetic
Perip




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. Therefore, n-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. In

layereXRplesRbedimants, agmetor mayamplaydaimenics of anQdsr, of %%%h

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

permi grderdermeonies. Hieselore, dd RURbAREHIRE haupeRics1be.adds or

number being equal to or greater than 3 other than multiples of 3, of the
adjaceagnetit dwe dishibulicirvaveiowt gindustion visltagehwavaiorancamben -t
reduced and unnecessary radial force and thrust force can be prevented
and fiben sscoudence; whife Suffidientmageaetioditxocad beomainiained:dn order
example embodiments, a motor may employ harmonics of an order of odd
harmiriselmAl aquet orgrester tthasl 8wthér tharr rulities oh8nad)thé the
) n-th order harmonics. Therefore, odd number order harmonics, the odd
mAuciam SFLEaRE- eqUAME S re deFhh 8 4T olher R vAuBpRBGIE fofohethe

magngggéfﬁ distribution wav form((inducti_on voltage waveform) can be
magRERc SHE B HHORe SEAYS 1o forea e hraltasrov@aisoam) can be

revented from occurrence, while sufficient magnetic flux can be
T D e b AP BT Ik Sl ARAVBRiSA from
nics: th ,order harmanics as the n-th order harmonics.
.occu:t_}%g:égfoﬁﬁ’xg\{tﬁsg%‘ég%ta%a | (e:sicogflnuxl can ge Daintamet,
In example embodiments, a motor may employ harmonics 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 bharmonics, 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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1Q~ 7-th order harmonics 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
make 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
unneday@irndependentframdorieraspiieccanthpievides satierichrenlyingirrence,
, between them. In example embodiments, a motor may determine 8 1 and
 while &2ffahet Ora Sk sid 80X RPnhantk 188k ®ry) < 0 2 < 180 x 2/(5 --Pn)
or 0<01<180/(7-Pn) and 1801(7 Pn) <02 < 180 x 2/(7 - Pn) where 0 1
In exdeplesentsodinangie hetaen theypeniptiesafditectiderchigiersestiorwrafeventh
each permanent magnet or the pole center side edge section of rotor. )
order durfacerddjarethsactibrrod endaomardgneticlbgreiooptifidueroeadjasamnics
to the peripheral direction edge section of each permanent magnet and
the between poles, and 0 2 represents an angle between pole center side
edge section of the rotor surface adjacent section of the second
non-magnetic layer

or

18



and the between poles, and Pn represents a pole pair number. 11 In

example embodiments, a motor may determine the angle 0 1tobe 0<01

< 180/(5 Pn)or0<01<180/(7 Pn), the angle 0 2 to be the minimum

value of 18f06(5 Pn) 502 < 180 X 20 Pn) or the minimum value of

180/(7 - Pn) <_ 02 s 180X2/(7 Pn). In example embodiments, a. motor
T-th AEed tEHMABLOSCAE D B eEPel0<Lh s dEgoiisitipn)vamde 080y (nlrcEion

06 <180 X 2/(5 Pry) where 0 5 represents an angle between the

Vol Bt iRt fBh LagRPSuEHon BreRaPpers RS AMINE6? tABhblarust
fOrc@(}:%ngigside %d% ére tion of the rotor surface a\{?@cent section. of the
D SRR Ty SO RGO 6P SRiE S e eriRe R eire digh can be
ma-lﬁgaqe s&ction of each permanent magnet and the between poles, and 0 6
ned. . .
represents an angle between pole center side edge section of the rotor

B ek cor & able b AL Koee ssion
of eaafd O 8 to be 0< 07<1801(7Pn) and 180/(7 - Pn) <6 8 <180 X 2/(7 Pn)
where the rotor core section width has points of inflection, the rotor core
permectod \wick BriEding sandwichemkbie the peripherdhdisection edjeseatian afhe
each permanent magnet or non-magnetic layer continuous or adjacent to

- perigyperal 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/ Pn) = 62 = 180X 2/(5 - Pn)

or _ |

0< 61<180/7* Pn)

and

1807+ Px) = 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 second non-magnetic layer

~and the between poles, and Pn represents a pole pair number.

11



12 peripheral direction edge section of each permanent magnet and the
second non-magnetic layer and the rotor surface, 8 7 and 8 8 represent
angles between the respective point of inflection and the between poles,
and Pn represents a pole pair number, and determines the relationship of
theangles05,06,87and08tobe 6 7<05<08<66.Inexample
In exempldimenidiadneLos may ' RGO 0
i?(%’}(S Pn) the angle 0 7 tocggggjg g{g@ ?g%’%%ﬁep%é?i@a?&% 8566<QO<bg I<
180/(the minimum value of 1800 Pn) <0 6 < 180 X 2/(5 Pn), and the angle 0
8 to be the minimum value of 180/(7 Pn) <6 8 <180 X 2/(7 Pn). In
Pn) exdinple &inbodBfits, Brmhotbemay=atpibita berntenentmagnet ¢ividedof
~jnto multiple layers in radial direction as each of the permanent magnets.
180/ Smpte ©Mbadilents)/Smbmranaempiopaperaiaert IBadetPn) <
= Qvided into twggl?é/ers in radial direction as each of the permanent
62 FHabAB 2Hd defrmines 03 and O4tobe 0< 0 3 < 180/(5 - Pn) and 13

180/(5 - Pn) <.04 <180 X 20 -Pn) or0<83<180/(7 Pn) and 180/(7
In S ‘b%@‘i@@lﬁlﬁ%ﬁ-@ﬁ?r may determine 6 5 and 9 6 to be

0< 65< 1805+ Pn)

and

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

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 6 8 to be

0< 07<180/7 - Pn)

and

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

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

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

12



where 0 3 represents an angle between the peripheral direction edge
section of permanent magnet in inner side of the rotor or the pole center
side edge section of rotor surface adjacent section of the non-magnetic

. layer.continuous or adjacent tqg.the peri ral directi Cii
perlpegééﬁlpel r%%%%rhte ngggsnéect%laor% ‘%8 8Eg:eBtvPeé()—:'Itr%%po é%ﬁaf%%%%%?e%ggg %ncond
non- ’%‘Sé@%“’!g?& p&k—‘ﬂ %@Z{é&&’f edog, sectigmobihg rai® swHiaes.adiaceples

se pheral di

lon of the peri rection edge section of permanent magnet in

petwHiEL Ride L e talor A NeR-MagRelinlayer contindeus esadjatant ed Pn

peripheral direction édge section of the permanent magnet and the

repr@@ﬁ@%@ggﬁa@giﬁﬂﬂ@@resenm a pole pair number. In example
embodiments, a motor may determine the angle 0 3tobe 0 <03 <

and ASEPREHE =0:3isHA0i HRh), theckemle B4 t Be thd minim@® ake ©
of 180/(5 Pn) <04 <180 X 2/(5 - Pn) or the minimum value of 180/(7

7 < Rh) &4 &880 X&/(7 - Pn). In example embodiments, a motor may employ
a permanent magnet divided into two layers in radial direction as each of

In exthepermapeainagneismuicrdeieydiaesrifade:SloigletDs to be 0 <6 5 <
09<180/(5Pn) 14 and 180((5 - Pn) <e 10 <180 x 20 - Pn) where 0 9

180/r&pm@sents an angle between the pole center side edge section of rotor
surface adjacent section of the permanent magnet in inner side of the

the rowgleahd thetisebveef Fofed 84T 0 Fovefhesansintfidie Benisemppianum
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



center side edge section of the rotor surface adjacent section of the
permanent magnet in outer side of the rotor and the between poles, and
Pn represents a pole pair number, and determines 0 11 and 0 12 to be

180/&:{0%18 <180/(7-Pn) ?(ﬁﬁ S L8PUT 1y 0 12 < 180 X 2/(7 - Pn) where the

ré 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

0 < eontinueysor adiacent to the peripheral direction edge section of
permanent magnet and the peripheral direction edge section of

and Permanent magnet on outer side of the rotor or non-magnetic layer .
continuous or adjacent to the peripheral direction edge section of
180/frFPane niagnst, (B0 Bhepresent angles between the
respective point of inflection and the between poles,. and Pn represents a
whepold patepresiieis ancdeferbvitesthetislaqionsiisof teresgies odgesseotion
011l and012tobe 011<09<012.< 010. In example embodiments, a
of penmtonendyriEgoRhiTe hacingiéeood thperoten o L neky/(Gemptsy, fite edge
angle 0 11to be 0 <011 < 1801(7 Pnf), the angle 0 10 tg be the )
sectigimphitphovanid 19 sdinsephyechop of 1he REHF BET i?}%eaﬁarénﬁu‘m

12 to be the minimum yalue of 180/(7 Pn). <0 12 <.180 X.2/(7 ,Pn). Brief
o AFEREHiIA é@%ﬁ@ﬁ?fwﬁ& %iﬁqﬁéqqseaé%ngﬁ%%g 1?:1iac>)g<1frae ?ﬁlus%%ﬁ%%mm
mag%%teé%@ptlﬁeof)gt&'ré%g%%ﬁ%ré, and 0 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)

14



Figure 2 is a schematic diagram illustrating another example of a prior
motor; Figure 3 is a schematic diagram 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
cross-sectional view illustrating a rotor of a motor of first embodiment
according to the present invention; Figure 7 is a diagram illustrating a

180/ glgig)nqsmz'p yyeen {he, g}gﬂgeii@ﬂyx density distribution on the rotor

" surface and the hon-magnetic layer; Figure 8 is a diagram illustrating

whefNAACEISICS Af =10 Order hmeRiaS hA-Hodrdeniarmenics dytheaspestof

to 0 1'whén 0 2 = 23; Figure 9 is a diagram illustrating characteristics of
rotoP dihPsder NBHRONIGE Tt SrdREhasmanicswith sespactid Sk wwhiek 04 the
6 ; Figure 10 is a schematic diagram illustrating a stator having distributed
rotoNHEINgha 6RETHIR 30044000887 SRigure ik iz atschamatigldidgrameen pole
illustrating. a stator having concentrated winding; Figure 12 is a schematic
centeiagraie ikdsteatingtiomoolifiéhexarhpte sfttfa sotardifdrat ersisb@imenit; the
Figure 13 is a schematic diagram illustrating another modified example of
permanent magnet in outer side of the rotor and the between poles, and Pn

and

represents a pole pair number,

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 <

15



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 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

180108 -PESSERLINYERTion; Tigyine. 1y Is @ diagram diustrating Magnelic Wy 1o be

density distributidn on rotor surface; Figure 18 is a diagram illustrating

the cOmBAsRR-Ohibsfindutionivetade gvayetormdgnapasem)ers gatndnele
non-magnetic layer does not exist, and the induction voltage waveform

6 1for@ basehwhereithisehembadimenisie gmplyeds Figure 19 issa diagiamPn).
illustrating higher harmonics component of noise for a case the motor is
driven as the motor for compressor; Figure 20 is a schematic diagram
illustrating a modified example of the rotor of third embodiment; and
Figure 21 is a schematic diagram, illustrating a rotor of the motor of fourth

_embodiment according to the present invention. Best Mode For Carrying

Brigh Repsaintienidniiber Frafierereferring to the attached drawings, we

. explain a motor of an, 17 PCT/JP2004/009887 embadiment according to
Fignre arb%@ﬁp%ﬁfeﬁﬁmwa@&a}ﬁhwﬁmm% SFABRAIR, IFREGHATA

. _case.,which cancels 5-th,order harmonics and/or 7-th order harmonics of .
Flg%%eiﬁ% Jetidns ﬁglgaetl% lﬂiﬁaiglrsag% ﬁﬂs%a%mg anot{ler example &l 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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course possible that other harmonics can be canceled. First, a general

example of a motor is described. Magnetic flux density distribution in

peripheral direction of the rotor surface of the motor is Sy@@ﬁﬁ‘f%@ﬁ/oogsw

every pole. When each pole has approximately same shape to one

another, magnetic flux density becomes zero for between poles.

Therefore, the magnetic flux density distribution in peripheral direction of

the rotor surface becomes a distribution which makes 1 pole pair to be
Figtneddinentalspkemadinl diefrdos dbastrmibeg ordéathefentiForenamypsted

. when a simple rectangular wave is applied Fourier expansion, odd

Winihiber order components such as third order, 5-th order, 7-th order, and

. 9-th order, are overlapped to the fundamental waye, as is illustrated.in -
Fighrs B 15 &f R AR R THOAER VR 10 iorrromals &Eﬁéﬁerﬁ?or
4....) such as third order and 9-th order harmonics vibration
of fiz]ﬁgﬁ%r??gl}(%é%n%re in synchronism to one another so that a mode of

Figiﬁ%oﬂé"lﬁeahﬂ%%twEHQ%HYH@MMP& EEBtW%Sﬁ&%E@%%WG of

such that hexagon mode of resonance for thie stator having

the 761de of eoRFMEeRMbBigher order generally exceed the audible range .
greatly so that the mode of resonance. hardly becomes noise. Further,

Fighsth Didersanchéstaoidei hanvenchtiagieristigsavkiebris Othateidbor of second
amplitude, easier in becoming sound, and more difficult to be cut-off

embpsbauset attondireg tetby, pnccempansamntiomleventh or more orders.
Therefore, we 18 PCT/JP2004/009887 will pay attention to 5-th order

Fignsemonarcs seleratisrditfammdlsgrating 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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The following two points may be made to be premises when the 5-th order

harmonics and 7-th order harmonics are taken measure to meet with. 1)

Every oro_ler component becomes zero due to th'e Symmeﬂﬁﬂﬁ%&%@gggf/

flux density waveform on the rotor surface. 2) Higher harmonics

component can be zero-cross at the location where varying in magnetic

flux begins suddenly such as beginning of magnetic pole and the like.

(First Embodiment) Hereinafter, the first embodiment is described with
embeféreact dodelidgpivings. Higsénisiasehimatio dizgidm illustrating an

arrangement of a rotor of a motor of the first embodiment according to the
In iheg‘é%ﬁolwmﬁtimbvﬁﬁsn@tm WeohNMBES mwapte whislasenceiagnéls arder

(in this embodiment, the rotor has 4 poles, therefore 4 permanent
harpapisie st pnitHh @ dasdarieanissiog idneustier volbresre But, it isof

Further, .non-magnetic layers 4 (hereinafter, referred to as "first
Couﬁs&gﬁﬁfé%%tiﬁﬂggﬁ}%i&fﬁgﬂ %8%31?0%’18 ‘peripheral direction
. &adge_sectign of h permanent magnet.3, gach elongates in vicinity of
Flrsfeheg gg%tlﬁ%%qneg&%}?g ﬁfeav?%?n %1; ot ?ggcr%é)%ﬁs'u rface. And, a second

Ma@&a@ﬁm&g}?ﬁnﬁé&%@ﬁ@ﬁqmé o0 WHERHS R RUREENEF Sliface

ocation of the first non-magnetic layer 4 and which is in vicinity of the

of IO BdHACeiIVREIaIMNIENARIMATRSYIC YRS IS aWkeudhehele a5h akas

layer. The first non-magnetic layer 4 and second non-magnetic layer 5
appaseimngeienaantiidn pne @oolhemdévhear xiliayrneiifdlcsménidiby?Becomes

made of 19
zero for between poles.
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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PCT/JP2004/009887 rotor core is interposed between both non-magnetic
layers. An angle 0 1 between the pole center side edge section of rotor
surface adjacent section and the between poles of the fir. s i
layer 4, and an angle 0 2 between the pole center side eggﬁ%c%@%@%m
rotor surface adjacent section and the between poles of the second
non-magnetic layer 5 are determined to be 0 <0 1 < 180/(5 Pn) and
180/(5-Pn)<02<180X 20 Pn) or0<01<180/(7 Pn) and 180/(7

willRray<abt2rit@tnX @ £t hPodehéa thespole pad fAchledis Parfimabove
formulae correspond to reduction in 5-th order harmonics and reduction in

The7iollovdagHarmonicss Wiagnhh anede diobeop rethisedewiramtinc§ -(h isrder
odd number and is equal to or greater than 3) is to be carried out, n is

hargopiey aathdith @rishharmnitaspdaim BRasasdeansed withor

mulae. In this embodiment, t(?e pole pair number Pn =

fallowing for 2 .
D B RISEdS RPN AR R PR HRPRE BRI bR magnetic

A PIMONCESRRaieall s Pelier ol 0 1260 0 2=18 . The principle for
reducimg sound of thé motor having the above arrangement is described

2) iPI(IjEﬁe“P'ﬁ?éMHﬂnﬁ@é CEAPBIEe HNERP B PRS- AYERONCEUS IHENAEH R RGe
reduced and the

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 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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pole pair number is 2, when 0 1=0, and 0 2=18 , the phases are shifted

20 PCT/JP2004/009887 by 180 so as to cancel from one another. But, 0

1=0 is difficult for the arrangement where the permanent DM R09887

embedded in the interior of the rotor core. Consequently, it is sufficient

that 8 1<18 due to 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
rotqyreancais pobeiblesed hstwerrieetdenha -magneticflaxdénterlinking to the

permanent magnet. Fig. 7 illustrates a relationship between the magnetic

An gpglenlid, hatranidhenieie reestenside #9gtheesbimagretetasarice
.4 and 5, of this odiment. In sgme portiopn of the non-magnetic layers
adjdpEph e ﬁ%@?ﬁﬁgmfa%ﬂg? ?ﬁaga{g% B R RN aiﬁy’_er 4 and
an feﬁ“f‘é”'ﬁgzpﬁé%%&fﬁ@ﬁenoo a3 H%%C layers g.and ..1he magnetic I e
geﬁsny IS apprOX|mate Yy nstant. ererore, c%anglng In magnetic 1iux

adj RRHRAME S GeR P M RAE L HRRIC LIRS %@Qﬁé%@%ﬂ&%ﬁ-gﬁ%&&ﬁf@?&ym 5

adjacent portion of respective non-magnetic layers 4 an
are GenRsealiRIdlYs BRro-cross points of higher harmonics components appear
for respective points. For the second non-magnetic layer 5, it corresponds
0 < td) 1 wab8DI€hgtRwf the 5/7-th order harmonics from the between poles,
and it is thought that the zero-cross point becomes the between poles
anddue 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

180{6xh Rishtnal heeldRro24BoimtiBecomes the between poles due to

symmetry. Therefore, 517-th order harmonics due to
r

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

20



respective non-magnetic layers 4 and 5 are shifted. by half wave length
from one another, so that they are canceled one another. Fig. 8 illustrates
characteristics of 5-th order harmonies and 7-th order 21p~r/1p2004/009887
PCT/JP2004/009887 harmonics with respectto 0 1 when 0 2 =23, while
Fig. 9 illustrates characteristics of 5-th order harmonics and 7-th order
harmonics with respectto 0 2 when 01 =6 . Itis understood from Figs. 8
and 9, greater reduction effect of 5-th order harmonics and 7-th order

by HPmasnies darchaadafian bpecmethaing Brutafgle0’1, #ndiffizwdt for the
satisfy the above formulae. Wherein, the width of the rotor core )

AT ARGRRRRINCY B thER R SRAREhBRET S areserdied o M dgadmt vajer of

5 and the rot f hereinafter,. referred.to as first bridge 2b1" apd
the o305 Biige ML A, o dLuT Ao AR At & e

s fopRIaNe N AT Ele i eajage, Futher Ners AR XS e

rotor fib (auxiliary reinforcemen a serving as thé magnetic pat

twoleWeaRRe dIShRANTIABREHS IRYEE 4620d Second 1198"MagNEUC layelSye

Sufficient effect cannot be obtained by passing the magnetic flux of the

For Pernanennpagiretéhirigh 62 aliiay i aeement I asThIe so as to
permanent magnet and non-magnetic layer need not be in continuous to

increneeatinthengifeticfiay adjactinilimere ahotherdytahagdisence. The
stator of the motor according to the present invention may have

Fig distriblhedtnakeding asdlativasdin bietw®;ror thay havercgncefivatedensity
distribution on the rotor surface and the non-magnetic layers 4 and 5, of this
embodiment. In some portion of the non-magnetic 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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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. ?%?/é@@%#%gm

illustrate schematic diagram illustrating modified example
PCT/JP2004/009887 Fig. 12 is a modified example in which rotor core 2c
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
harcaocetiingvith higherctharménicsviiavedo? the a3agnekid floxitiwingidiustrates
from the surface, sufficient effect can be obtained. Fig. 13 is a modified
chagaatapletinavhich e pedemneatmagicst kaydr 8xibt trderediamanidcentith
to the rotor surface. When the second non-magnetic layer 8 is disposed
res?&“&&ﬁc@li%@vﬁ*@lrﬁghérﬁarmonics wave of the magnetic flux flowing out
Sfrom the surf&gf%hsuf icient effect can similarly be obtained. In this case, it

It ig Hodezsipgdd ity hdse thadharrattrtagrdretanastinst rRAdHER mider
t the permangnt magnet edge section does not f tin normal .
b g W B0 NP LR AR mine. the
an @@@r’gﬂ&:sygt%gsgﬁggrt%%aa@(g&gr ;ﬁﬁ?&gnd embodiment according
t

to the present invention.’In the rotor 11, permanent magnets are

Wherehgdere withe iptarier phthe Eofe sGRGw i deHPaneNE MRANSISH pnetic
each pole is divided into 2 layers in radial direction (13: permanent
layéepagnekabinhelosice Oftbeicolakand 1dad the rotor surface (hereinafier,
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 2a.
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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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 _
surface. The peripheral direction edge sections 13a and 1§§?§%%685/009887

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
Figoflidter zone difiete ppeaad lbatvedn therotdduenie e existdnceiciitg of both
g-axis magnetic flux path 12a, g-axis inductance Lg. can be made to be
sidegrefifdrespenatahentlomgnesd Widbe candreafiified fr gidacer plaet faustl and

that the magnetic flux of the permanent magnet can be increased without

secondeRMERENS, Iavaze Santglears Biamewd ther pacading: Bigehigher
edge.section of the peripheral directjon edge section 13a of the .
har 3?%&%%?}4%@&@%1&%%? e SRR ot AaTh emé]@ﬁepaaéﬁcmt

and an gng et0i4et()ietween the pole center side edge section of the

eﬁeﬁér‘?ﬁﬁegl wgcﬂon'edge section 14a of the permanent magnet 14 in

T R A AR BTG ot 50
region adjacent to the rotor surface. When the second non‘magnetic layer 8
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 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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and 180/(7 Pn) <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 5-th order harmonics. Spegjficaliyy iy
better that 0 1=9, 0 2=18 . Of course, formulae of lower tv?/jggrlzb\/lyszggg/ooggm
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. 24
flupEth R 200 400038 iy, dFdsa isteepuatd diatwammilibstnating a
modified example of this embodiment. This modified example employs
Dugy g exirianae phthrea axtamenetivflog pathadienamgadrductance
. Thetefore, oun%can be reduced when this modified example is i
Lq ‘é%ﬁ%ﬁ‘y@%ﬁ HraEmpatimihiieh the relnctanes deeaiagiambaustitisag in

sre a1 BBEIE e b b ORI e AP (8 Do
inoRBUREIERLS IS LA PPIRS: 58 gpermanent magnets) are

embedded in the interior e rotor core 32. A non-magnetic layer 34

An Biegeinafter Hefeder Khasdistaien AUSTicd ;Y SERIANgRIER YIS Al
of between poles to the vicinity of the rotor surface, the non-magnetic

dirdepleh3dipeing qeninsus toHBeRSARNRIAL 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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direction edge section of each permanent 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. ¥¢heseindheoogs7
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 O
5, while an angle between the pole center side edge section of adjacent
Figsd@tids 1o thehemridartieswsinna Bustintingh-manadifiadyexammadohdhis
between poles is expressed with 0 6. The first non-magnetic layer 34 and
em on-magnetic layer 35 are independent from one another. An

) ili inf trib 32 de of 25 PCT/JP2004/009887 rotor
Thig o R BRI b IRR P SR AR CFIAERGLG, Liead the

'%Q ' er rred. to as "first bridge 32b1", and "second bridge
cun%g)g%") T

as points of inflection 36a and 36b, the rotor core section being
ThefalHI e A% HEdU HoRAN NG IR ¢h 5di S RCANENPR TRARG e d.
layer 35 and the rotor surface. Angles between respective point 0
(Thirdl &tidndiaan) 36b and between poles are expressed with 8 7 and 8
8. The angles 05,8 6, 0 7 and 8 8 are determined to be 0< 85<180/(5
Fig.PI§ amch 4800mRANc<diafaiBoldabtitg) saand A4 0gémdB00f BRnotor of a

1l

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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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 to be 8 6=18 , 0 8=12.9, 0 5=9 , 8 7=6.4 . WhetejnibsoRajntkg7
of inflection 36a 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

gradua!ly_increasj%rg The change in magnetic flux density distribution on
rotQR&GHRdP dntrinesrt befeeesdhemihese points. The magnetic flux

ey T e CE T
. f the first embodi bt d ics is. cangeled _
b SO TR R P2 S B R A RARDI o and 36b,
1 | [ ti h tion.adjacent to.the,
the FGE EROXBARABLThE LEAORAES 1 B SERRNAUAREHL 8 2,

secéfdNesaton SpHE68 FalerSBEONGACTHRAENENC [AYgL3D. FihdBs between

illustrates a comparison in induction voltage waveforms, one for a case
respecieeteistcof infiiriivagpeticlales St sadshatkaxsat ghi Oher pissed
embodiment. Table 1 illustrates a comparison in amplitude of higher

withafhoaits dbfhpohbetanalethed, Highé; hérnanits 8rapenient nhiwiskto be
0 <\1vélgr]< tgg%gt(?rpii) driven as a motor for compressor is illustrated in Fig.

and

180/(5 - Pn) £ 66 = 180X2/(5 * Pn)

and

0< 67<180/7 * Pn)

and

180/7-Pn) = 68 = 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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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 Furt
of the non-magnetic layer 34 and 35 are not limited to the%gg%sagg&?sagm
embodiment. It may be good that, for example, as is illustrated in Fig. 20,
the widths of the bridges 37b1 and 37b2 are separated into small width
sections 37b11, 37b21 and large width sections 37b12, 37b22,. and that
As isaayipgrpoinfsoeh tFégsrhdlbwib th s ektionip Siomldf SrdAtsandntheliatgat, 7-th
width sections 37b12, 37b22 are considered to be points of inflection 38a,
ordggirarmpoTiIE20anmdeddy (heunbimimisddinfienyipiy 35k isadStbmutlile
diagram illustrating an arrangement of a rotor of a motor of fourth
5-thy el eR IRy (5 Bselsrk dunminlre seare tideredre sepinnapt the

magnets are embedded in the jnterior of the rqtor core 42, Th .

sectium AHATTH A0 EE ARVHhTHBEPR RO RIS SRR S afige fepction of
_every pole(43: nermanent magnei at inper side of the rotor, and, 44:

the B e O b e o R d BB Faver 35,

Fig.di{SCHﬂEbt‘EQ&%S&%&Bﬂéﬁs&é%ﬁ%ﬂ%ﬂ&ﬂ%@&%@W@f&%&f‘o e for a
elongates in the vicinity between poles to the vicinity of the rotor surface.

casi g%@%m@haﬁaﬂeﬁ-ﬁﬁ@é%ﬁti%ﬂ%@ &6 fdheRerMARRLRAR % his
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 thig 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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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 betywgpRNERhose7

Due to the existence of the g-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. Further, the
(FowethoRerhpdirsendh edge section 43a of the permanent magnet 43 at the

inner side of the rotor elongates.in the vicinity between poles to the

Figichnify dregherpaiic siageamniinet raipead areansnmags eaisntansf a
ft t t 44 at the outey side of the. rotor also elongates
ot T BRI BOAR S HERAGNS SRERETOBIEHITE. wherein
ir.l d.the lik ist at th i I.dirgction, edge sections
o B S B PR e S0 SRS R

coreCOBLET rpigle ﬁg%éﬁemnxﬁag}?eegrme@wéi@&tiﬁ&sda%é%%?s_%%a P dial
the 28 PCT/JP2004/009887 permanent magnet 43 at the infier side of

direbieoro ok aReREPVREM BOIRS 15 v e 8SRENWIR Dif rdnd A1k 3PiecheNBeind

the pole center side edge section of the peripheral direction edge section
44: ddenod tlmpenmanentmagoet 4élatdfieheutetaille dfuheh@totiangeripheral

between poles is expressed with 0 10. Further, the width of the rotor core
diregtiotived@re seirtadierd Jafetdedobeastifpsthatge Ytk nend3 sédaldrpidge in

4_2b2;€ has points of inflection 46a and 46b, the rotor core section being
the wiginilichetReth e Penidhe reaitn ddde seferomaieces the

ermanent. magnet 43 at the inner side of the rotor, the
The%exr'?p eralrﬁngectzon 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

28



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 eXpresw&)%Of) 37
and 012. Theangles 09, 010,011 and 0 12 are determined to be 0"< (§

9<180/(5 Pn) and 180/(5 Pn)<010<180x 2/(5 Pn) and 0<
011<180/(7Pn) and 180/(7 Pn) <012 <180 X 2/(7 Pn) and 011< 09<
-012< 010. In this embodiment, the pole pair number Pn is 2, so that the
peramrwgiesam agaiarhed tthbei 0iO=181p00f FHE2 19t @ 28], Belboé pohs is
sound reduction. operation and effect in this embodiment is similar to
explitssedMite thidesrdisorrmale besretere espalricpnitespideedas section of
PCT/3P2004/009887 The invention of first aspect has characteristic effect
the genipherddirastisere drgerashirmofia ofbs RermrBeRhanpeat dtigbihe

ot ety SR Rt g LR HESESSely VARl Bloe anc
briditeebpiendhatQdthnd bridge 42b2”) has points of inflection 46a and 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 with 6 11 and
a8 12. The angles 69, 610, 811 and 6 12 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

#11< 89< 6812< 610.

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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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 asp sz ‘
characteristic effect such that odd number order harmon?é%, @%%%4/009887

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
Thehaw ehératefiftisteffiept subhshdiamechanitat sfferigtacharhbe odgravedber

and that effect similar to those of fourth aspect can be realized. The
ordspvhammenicsixihagpituias banrbeingstaenbte ucEnpateffthan Jmifithe

to those of fqurth aspect or fifth aspect can be realized by takin

ma gnRetia KN dstEhation i8A Ve g Ty HrBevekitesspeniaiagm) can be
.characteristic effect such th ilencin n be realized, gnd that effecjs

red G e o AL O A R 753 Sk SR Sdrom
reali .Invention of eighth aspeact has. characteristic effect
occ@ﬁ%ﬁ%ﬁ%ﬂ%&ssﬁg%%}; {0 trose of élli(rt(ﬁlgs%%c %ﬁ?ﬁﬁngégect can be

The' SRS B% [N BIMEpe R cansiferatien- The irepfion i odd
aspect has characteristic effect such that silencing

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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can be realized, and that effects similar to those of fourth aspect or fifth
aspect can be realized. The invention of tenth aspect has characteristic
effect such that effects similar to those of one of first aspeattorfawsh/009887
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
aSp%??tgﬁﬁ %58%?155 ‘be realized by taking symmetry into consideration.

The R e O R RS ahr LR ks

can be realized, ects simi

simifAlI20e e iByBion.Chiyiaepin ARReGLpas ChAARIeIRUS; Sled Ul king
t y takin

that effects similar to those of tenth aspect'can be realize

syn¥evReivsinte nepsideration. The inyention of fourtgenth aspect has
characteristic effect such that silencing can be realized, and that effects

Thesimientiothefenchidnits pspe tlacashhedealizede FedoaidelCidimesilsnding
A motor comprising a rotor core in which multiple permanent magnets are
candmbeeidectdyrerdinlap exfiitraltindione dhose ofidivwftdaelpect or fifth
permanent magnet or non- magnetic layer continuous or adjacent to the

asp'%iiﬁibkbﬂ Bredatenh edge section of each permanent magnet elongates in

the vicinity of between the poles to the vicinity of the
The hmventic};l of tenth aspe%t has Ch_aractex)'/istic effect such that effects

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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rotor surface, and a second non-magnetic layer is provided in the vicinity

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

the peripheral direction edge section of each permanent magnet or

non-magnetic 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
Whﬁaﬁmﬂﬁ ghent 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
1. PErighgRl %ﬁﬁﬂ‘?ﬁxﬁ‘g% §§6E¥%0@&Eeﬂ§hvﬂﬁ@ﬂaﬁﬁnkﬁl@9ﬁ€;tn%ﬂéﬁﬂ “magnets are

magnetic layer continuous or adjacent to the peripheral direction edge
em%fé’e%én%‘ﬁeé%ew@feﬁaﬁ@hdfﬁ%m% fif6 iR ShEHRATEGHERC TRpBEt or non-

ma@@iagderiednindepandanhctiamone JnQIPREANDiFIAHARAEBERection of each
interposed between them. 32 2. A motor as set ford; in claim 1, wherein
PErTAERG B8] Bet fﬁ@%ﬁ%&b PRSI RichBvSsilg caclpnigrhggicmity of the
rot@ermndnant magneiivine polecenierisideyedge saotadeds otolie suifadey of the
Sur% CJac n sect|t%£| g{ on ma ne}ll% ;!ra?'%r coonstgnH)c?]u%v or adéacent
periph eral HifeLidn'ea esec ion of ach permanen mag%e‘f
dirbetweenl goles¢iand af aa@ielﬁrﬂlmnwﬁexgmlelcemensgﬁete:dgeesemm:muous or
tor sur cent ion;of the . secon tic layer
S e B el SO S e P e, ane
thlm)lglg PoK- mp@;gjam)cmtm&@g{s @ij(éch:nh)toam peripheral direction edge

section of each permanent magnet and the second non-magnetic layer are positioned to

i}le peripheral

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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180/(7 Pn) 50 2 < 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 (ii) below: (i) 0<0 1<180/(5 Pn)and e 2=1801(5 Pn) (ii) O<e

1<180/(7 Pn) and 0 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, wherein an angle 0 5 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 m and.the between poles, an ngle O 6 between .. .
= pole ?g?ﬁg? g??jgge%glg e gﬁ r%%%r%ﬁ%a@éaga?gggﬁtt & REERNSFhdirection
edgsescondnoh-snalyEticiayert andgie betweepgelesnaresidtesdyaaddioheof rotor
surf@% gd?aéé%ggé@io?ingf ggﬁ%?a()/&%tig@gy%p %rft.g'n%oxz%é a%nz} c\el}lllg%eﬁﬁlepoé?ipherai

~pair number is Pn, and the rotor core 'section width has points of Inflection,

direghiwrotdeeors betineatttndeineendandgriched b peheeperipherabairectiongle § 2
betRIGE RACUOM L ARl PEIMARERT THAGPSh O BRS) Eﬂ?ﬁﬂ%“&d%%%{ secHon of the

continuous or adjacent to the peripheral direction edge sec eac
secqis pdhBIRERRiHh Bss il ke beiveaBrratesy risdclrigeniaad tere rotor
0< gqriaq:gg;@@glpg?o 7 and 0 8 between the respective point of inflection and

dthe between poles are determined to be
an '

180/(5+Pn) £ 62 = 180X2/(5 « Pn)
or '

0< 6 1<180/(7 - Pn)

and

180/(7-Pn) = #2 = 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<81<180/(5 « Pn) and 0 2=180/(5 * Pn)
(i) 0<81<180/(7 « Pn)and 6 2=180/(7 * Pn).
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0<07<180/(7 Pn) and 180/(7 Pn) 50 8 <180X2/(7 Pn) where a pole
pair number is Pn, 34 and the relationship of the angles 8 5, 0 6, 07 and O
8 is determined to be 07< 0 5< 0 8< 0 6. 5. A motor as set forth in claim 4,
wherein the angle 0 5 is 0< 0 5<1801(5 Pn), the angle 0 7 is 0< 0
7<180/(7 Pn), the angle 6 6 is 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

net is divided into multiple layers in radial directiqn. or s t
of 1 f%)q{g?ln |n%r/ & 3vh§r |ﬁ%%f%f%é%éhﬁ%%?%§ﬁ%’i |§’%’\§[§}§é rfl t\%‘/o‘g)2 =
1 80885 ipfadial direction, and an angle 0 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

4. nommagmetia:sI%yerfs@ntimuemsn@rladdﬂ@eah t@ntmgeri@fﬂanaétdiée@timﬂ peripheral

d ctlon aof ea%h rmanent ma net andt e beltwee 8 % i ¢
e 4 SRR WD PGPS RSt BRLRE Rt s oL SIEe A Serion o
the magnetifizouted jsice ofthe sotof mlnepntmeeamsméagdgeesﬁntmmbt‘rwjjacem to
the g%tor g(&?%recwalg% tses%t‘l: oS fo@%%c@%@ﬂ%&?}g%yﬁ{ E(BQPQHQ% [)elween poles,

ent O peripnera |rect|on edge section o rmanent magne
dndawda!@do%m@éwmleglar@ﬁetemﬁﬂ reddet G @xod @&1 2B80/¢8r fpge) adiggent section

of tﬂlgg%@n%g%ﬁg]n%g%%%%cpfhg%éé@/é&gs?)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 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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35and 180/(7 Pn) <04 <180X2/(7 Pn) where a pole pair number 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 4=180/(7 Pn). 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 0 9 between the pole center side

dge.s ctl n of rotor su adjacent s nofthe tin
and ﬁlnn%zerﬂ%l ch‘lpthé?rho Sran {nd e é?tvgegen 8% eslsadneéeénig ?8 % %L}b %< p8<o
6. 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< 09 < 180/(5 Pn) and 180/(5 Pn)<010<

5. 18OXRI(%sRe)fatherectapolé, peiervimtbemigzRn, tafdsthe fotol 8OIE seRtipnhe angle § 7

is 0<nddthilsag peinty,ahénftegtion, e retorscommyeativthyidtoeingis 180/(7 - Pn).
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 36

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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angles 0 11 and 0 12 between the respective point of inflection and the
between poles are determined to be 0 <0 11 <180/(7 Pn) and 180/(7
Pn) 50 12 <180X2/(7 Pn) where a pole pair number is Pn, and a
relationship of the angles 09, 0 10, 0 11 and 0 12 is determined to be
011 <09<012<010. 10. A motor as set forth in claim 9, wherein the angle 0
9is 0< 6 9<1 801(5 Pn), the angle 0 11 is 0< 6 11<180/(7 Pn), the angle
6 10 is 1.80/(5 Pn) and the angle 0 12 is 180/(7 Pn). 37

and pCT/JP2004/009887 Abstract An angle 0 1 between the peripheral

irection.edge sect] f each. permanent magnet (3) or the pole center
180 |de%é§g_é§gcti6;nq§$ %ﬁgf SL%Pa)lce adjacent section of non-magnetic layer

Whe(éhqm@j@uguﬁl@badjgpgnt 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

8. SeGRRRNANGEARTE layeh () and-the rhehyern palem@re; daianmiBeekiq 1 ) or (i)
e0<01<1800 Pn) and 180/(5 Pn)<02<180X2/(5-Pn) or0<01

oW,
($788%% %015 - pryand 6 4=180/5 - Py
(i) 0<83<180/(7 - Pn)and § 4=180/(7 - Pn).

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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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 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. 38

angles 8 11 and @ 12 between the respective point of inflection and the between poles
are determined to be
0 <@ 11 <180/(7 = Pn)

and
180/(7 < Pn) = 612 = 180X2/(7+ Pn)
where a pole pair number is Pn,

and a relationship of the angles 69, 8 10,6 11 and # 12 is determined to be
811 <09<812<0610.

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).
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