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Speci ficati on Brushl ess DC Mot or and Brushl ess DC
InteptatenatéypphioitionNo. TREBAPEHISH3el d The present
Infernationdl dinlling Datee Novembert#8u003ess DC not or and

brushl ess DC notor control apparatus. Mre

particularly, the present invention relates to a

novel brushl ess DC notor and brushl ess DC notor

C r.ol _apparatus which can cope wth both nmaking of
Spr?gﬁ%:lagﬁnghly effective and decreasing of the notor

acoustic noise. Related Art Fromthe past, it was
Brushhes diiCtMatoradi Beishless DT PRitbpTehadoléirr ection of a

flux barrier is determned to be equal to or greater

tﬂan ?gt i.ckness of a nmagnet so as to inprove
Teghnicay (refer to Japanese Patent Lai d-open

Gazette No. Tokukai 2002-44888). It is also proposed
Tﬂeh??eé@%ﬁﬁ%hﬂgnoﬁelzﬁﬂ%@ bgt’%q{ruéﬁfé‘égﬂ)e 1?1‘3'!;&9 iaha brushless DC
in d e a flux

ended to e realiz y an angle o

m&Rk cbtrol hBpasatRkUs MBS HaPRcREY, the prbidiit inPER BN 8&thtes to

magnets are enbedded in an interior of a rotor

a plaeskebradhless DCeiRt6e@ndobassHIENM DCem@tod @odBBRMPPAratus
Pat ent Lai d-open Gazette No. Tokukai hei 11-98731, and

whiishaaas®pBar#htbothirtla b iGaseirt i by offedtikedhnd decreasing of
2000-217287). It is also proposed that applying skew
thé matopiakcedstit nesei on of a rotor for |PM (Japanese
Pat ent No. 3028669). For a notor having a pole pair
Regu@e of Pn, and for a frequency which is Pn tines
# or revolution (rps) (hereinafter, referred to
as a fundanental 1 International Application No.:

Frofal {WPPR4t1 32935 proposed that a dimension in peripheral direction of a
flux barrier is determined to be equal to or greater than a thickness of a
magnet so as to improve efficiency (refer to Japanese Patent Laid-open

Gazette No. Tokukai 2002-44888).

It is also proposed that decreasing of the motor acoustic noise is intended to
be realized by an angle of a flux barrier, for a brushless DC motor in which
permanent magnets are embedded in an interior of a rotor (hereinafter,
referred to as IPM) (refer to Japanese Patent Laid-open Gazette No.
Tokukaihei 11-98731, and Japanese Patent Laid-open Gazette No. Tokukai
2000'2-17287).

It 1s also proposed that applying skew in a piled direction of a rotor for IPM
(Japanese Patent No. 3028669).

For a motor having a pole pair number of Pn, and for a frequency which is Pn

times of a motor revolution (rps) (hereinafter, referred to as a fundamental
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frequency), an electro-nagnetic suction force
(hereinafter, also referred to as an el ectromagnetic
Intesnational dpbbeation Ns: RENVEPCY/ E20Bet ween a rotor and teeth
Intefnatienad Féting Date: Nokerbgte@8c2008hi ch is an integer tines
of the fundanental frequency (hereinafter, the
mul tiplying factor is referred to as an order),
therefore vibration/noise of a frequency correspondi ng
frequieniop), emdeleciro-mgemetiasectionfame (hereinafter, adso xefferrhd to as
frequency corresponding to the order is coincident
angleptre rohgnetic exitingdoreed du gansrabed Hetiween a roter and teeth of
for supporting a notor and the like, the
a ptajost doy Amaency Whitheds ean didegas tiaes «fovhen fendamental
may begone a subject of.di scussion.. Wen an
frequeacy dhggrisafiersthe mpnltidyme fr Ay wfarwed foaas gngprder),
and, a stator during.revplution is deconposed into a
theyetage 3@ poisg §f (& rfgennenay cgrrespending to the order is
gcirc nferential direction) and a second conponent in
geeHYPAnl direction (radial direction), the tangentia
conmponent is effectively utilized as a revolution

Whéeh ¢Be v%ktatidileoﬂﬂfer@é% : Rsponduse S E8e order is coincident
el ectro-magnetic suction force which generate only

I
withe shidtRedristhc Seymiensy OF o flot¥h b &ldRE/fePEEFportMa motor
the normal conponent is greater than the tangentia

andothieolika !t theyvibadiaoh/nbdisdi igiiherdalsed Awef foetd Mohahcd, thd may
use which is required snoothness in generates torque

beedma amilgectt dfadiseogiimg torque or torque ripple during
driving is reduced by a conventional manner or skew.

ut, it is required for he de d for reducin
Whin g SlesiFocR SPIC SHAROROTggHTo IERIENSLY So¥otghand a stator

R AR N R -
SR SR AARISD bR ERR ke GheR, porna
dir%)égiiogli ng{acir(ﬁ%eét{]oﬁ ,h thd %Hgént‘i'éf gé:rt.lipgrrfénié %s tiaﬁ'ectgvely utilized
as a revolution force, but the normal component is useless electro-magnetic
suction force which generate only the subject of discussion for vibration/noise.
And, the normal component is greater than the tangential component by
about 1 digit., It is effective for the use which is required smoothness in
generates torque of a motor that cogging torgque or torque ripple during
driving is reduced by a conventional manner or skew. But, it is required for
the demand for reducing vibration/noise of a motor and an entirety of an
apparatus in which a motor is incorporated that an electro-magnetic exciting

force in the normal direction is reduced which is useless and is a great

electro-magnetic force.

To reduce the electro-magnetic exciting force in the normal direction, it is
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preferabl e that the di nension of the exciting force
Intetrebifial iApplieadiondh.: BUT/JPOI15208ny cases, such coping is
Intgidfatibral [Fillihg Dae: Biopéraya@8b2003aki ng di sadvantages into
consideration that lowering in notor efficiency and
the like. Therefore, it is desired to cope with notor
driving apparatus for reducing vibration/noise of a
prefeeeble thadrthe rdifensicevuitheyexsiting dente bseflistiedugedg Bnt, in
integer with a revolution) which is a_subject of
maiy ¢ases, shch Thping isxdifficulh so be cadplered hysaking disadvantages
~follow ng points for the above prior arts. 1n the
intrgnansederatwndiiat loweringan eiosefcirncy Tod fhalike. Therefore,
. 2002-44888, inprovenent in efficiency is realized by .
it gis eflpfinethg tan copRyl Witk Moy ndriEngpEPPaEHius t®rpaegucing
Sui tabl e val ue. But, when,a potor w th hi efficiency
viBFRHON BYISA s specifie e @ drenvgnes Pbtaviedl bprmultiplying an

. specifigc order .is.to be .reduced fqr,. decreasing of the
IRHEH W @u‘%etVPL‘tHB})@mF‘tlsiass ?Ctd’glﬂé%‘“'\ﬁ?’tol?-bot h the

maki ng of notor highly effective and decreasi ng of

THe?8 ARt the WLHRaNEa S $66hef iBﬂ_oﬁrYﬁg ?Dil_ﬁ@ Greched A8YvB For arts.
extent where the inmprovenment in efficiency is

realized. Therefore, the nost proper angle should be
Insdhectenaneee déatentii headwpeni frazette de.enokukatn2002-44888,

. determ nation cannot easjlg be realized for even a .
impapeernenh iy eHiciencyoisresdized I determining an anglyel s apagnetic

ffectiqon due to variatign in_a length of rib width is
I Tghp%f?

PoifpeoredRee 3 giisablecyaluger Buitowhen a ROtoLY reificincy and
Lo QhRHLIS esiFad e PRAR HBEWCIHE SREGHGOTRT ibite boreghegd for
oG DT BT ERUER Bleon SPD R i e mtine
oS B T PS8 5o o B 5 o v
o SRl 3, B e bl o BB o e
THerBEoM b GAYF $Roper angle should be selected and determined within
the extent. Such determination cannot easily be realized for even a person

having an ordinary skill in the art.

Further, affection due to variation in a length of rib width is not taken into
consideration in the Japanese Patent Laid-open Gazette No. Tokukai
2002-44888, it is further difficult that both the making of motor highly
effective and the decreasing of the motor acoustic noise are coped with.

Description is made further.

A rib is a portion extending in a radial direction for connecting a core and a
bridge, the core being an interior of a rotor, the interior being on inner side

with respect to a magnet. Increasing the length of the rib width causes
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increasing in a g-axis inductance Lqg. Torque Trq is
Intenationad Apphication Na. NRCTEAROUHI S of Trgq = Pn*(4 a*iq +
Intetrationdl &llitig Dateq NoWhaberi 28, 2008 r epresents a pole pair

nunber, id and iq represent d-axis current and g-axis

current, respectively, Ld and Lg represent d-axis

i nduct ance and g-axi s inductance, respectively, and (A
inereagireeveat ¢ axis inducthnek dge. Tohewe (Iyqcianrepeesrnded with the

greater, an absolute value of (Ld - Lg) can be nmde
eqyasigned, consequently rel uctance torque can be

increased. The rib wdth dinmension and the shape of

hepf kpx Barrieh .sestsd djacent to the rib are

q&gregplg$?e {égatgﬁ?ﬁggggﬁeration mechani sm of the

el ectro-magnetic exciting force. But, the Japanese
WRatein; HmirdprgsentGar gole piir ninkbdegiid20ad- #188present d-axis

cannot take affection into consideration, the
cuafdrdgc taindn goaxisg cdmentp reapyetingely,n Ld hendv Tt hrehmesesi odraxis

of the rib. In the Japanese Patent Lai d-open Gazette
inflactaniok kel eixis ind8zRmce, despachivalit 2o of a arepaerpings a flux
_between | eadi ng edges of barriers each including a
linkage. or determination of an angle fromthe center of

the rib as the standard to the |eading edge of the

WHEA Tyf ban 12l pld0E BHUBPAS SpotndoMB LG fF G 85 NS made

oGRS, S50 D Ay

diﬁeﬁéioﬁaﬁﬁ& %hﬁ%ql% leOsF @R AGEYar fér?é&@tif)#lbacﬁﬁgerﬁrt%aﬂﬂé’ rib are
related to the generation nechanismof the

gr€h 8¢ tréf&té@%fﬁé %eﬁléﬁit%tiﬁ{]e&eftzﬁéﬁfsm 8Bt eﬁ%%ﬁ'(riﬁgﬁetic exciting

above. Therefore, Japanese Pat ent Lai d-open

fole@Z B, fiR JagatddeaPdieht Lhi $8BS GdZetieSNBOTOIRRSS 20244888
that both the making of notor” highly
cannot take affection into consideration, the affection being due to varying in

the width dimension of the rib.

In the Japanese Patent Laid-open Gazette No. Tokukaihei 11-98731,
determination of an angle between leading edges of barriers each including a
rib, or determination of an angle from the center of the rib as the standard to
the leading edge of the barrier, for the purpose of lowering in torque ripple, is
disclosed. But, the determined angle is kept as it is despite of varying in
the length of the rib width. That is, the rib width dimension and the shape
of the flux barrier section adjacent to the rib are greatly related to the
generation mechanism of the electro-magnetic exciting force, as is described
above.  Therefore, in the Japanese Patent Laid-open Gazette No.
Tokukaihei 11-98731, it is not possible that both the making of motor highly

effective and the decreasing of the motor acoustic noise are coped with.



effective and the decreasing of the notor acoustic
noi se are coped with. 4 International Application No.:
PCT/ JP03/ 15203 International Filling Date: Novenber
In2dhatiddd 2 pplicdtiva NapPGEJROFPHI203t Lai d- open Gazette No.
InfEmatibozdl FAGAY Dafe! RBTembercdyP@I3 on of an extent of an
angl e of a magnetic pole for the purpose of |owering
in torque ripple. Simlarly to the above, varying in a
length of a rib width is not recited at all. That is,
Int libe | dapptessf Ratent i bavdrojien dhakzatbe Nehdlukukfait B@0G-2A%X287,
barrier section adjacent to the rib are greatly
reguladiond of ant extengefermtanghe wé chardgnetisf poleefor the purpose of
el ectro-magnetic eXC|t|ng force, as is described
lowpying. inTiesaae gipplei n Simdaglyponthee abave aryimglin pelength of a
Gazette No. Tokukai _2000.217287, it is not possible
rih Fedthp bt Rot kecitrtkphgllor Thatds, ’fheglﬁrygthf@éb@ﬂvlé Wldh}el ‘and the
t he decreasing of the notor acoustic, _noise are cap
shape 9f the, arrmsr ﬁepmnmdaw@ts?@@iw aH aé@agwa#bwﬂateal to the
thin sectlcl%| thlc Flss are provided fqQr the purp a
CYPT AP IFRARISTA &Y & e &dpgito” F‘Fﬁ%‘ﬁ’@%@%“&ﬁé‘)%k?ﬁgs escribed

B kbt AR AR EIRE e No. T
23 5 ffx?p%hf” Seb by SRS nce%fornﬁﬁoerefagﬁ s
osnblean? ort ci,rcuit in %d; c flux is

and i dering OF fae TrogEReouss Boibh 866 FOTHE i dge
section is requi red to have a thickness greater than

Farther tial IPNDibgkdpes SediitiRdedthORavirie angaAassctivnothickness are
centrifugal strength. Therefore, it is not possible

protigied foi the tthepoe iofi gn Aiht Aimiwg rbicghdoree i el nglyamad taking
t he decreasing of the notor acoustic noise are coped

produdtiviGy iy goref dédatiobn vaniurposd b€ shostsantuit in enagmetic flux.
was made in view of the above problens. It is an

Thobjdeet mft ¢dmsiduresfettiamdenttioorhet exigtendedsf thebbridigk esestion,
DC notor and brushless DC notor control apparatus

althoiugh tenbirdge kycttopes wiade asaliingsopossible and the short-circuit

in magnetic flux is suppressed to the utmost, and although the bridge section
18 required to have a thickness greater than a certain thickness based upon
the necessity of centrifugal strength. Therefore, it is not possible that both
the making of motor highly effective and the decreasing of the motor acoustic

noise are coped with.
Summary of the Invention
The present invention was made in view of the above problems.

It is an object of the present invention to provide a brushless DC motor and
brushless DC motor control apparatus which can easily cope with making of

motor highly effective and the decreasing of the motor acoustic noise.

A brushless DC motor of a first aspect according to the present invention



notor highly effective and the decreasing of the notor
acoustic noise. A brushless DC notor of a first aspect
according to the present invention 5 International
Intéppatipea tApphicaion: NICIPBEI/LSA03 | nternational Filling
IntPatadondldviding Eate? BlovemMba 280PPr3 ses a rotor, the rotor
conprises plural permanent magnets each having a
predet erm ned thi ckness and being nounted in the
interior of the rotor, flux barrier nade of
compriseagnetétor;s ebe i xotior wegipminesg pluredn perneaigent seagrieta each
in circunferential direction of each pernmanent nagnet,
hayxng adpregleterminedvibichmasg ami beingsmoiuated dh thhdntariar of the
and having a length in circunferential direction
rotgi dhix bagrienimeade leAmorhmagheticrrestionf beginpagnfpenan edge
magnet, _and a rib which is di sposed between nmagneti ¢
Se%%én czmerﬁpm@ﬁrmmfcﬁaw@mm@nag@dn iegtending up
an angl e o betweepn an sectjion of the flux
to B’é‘FlFlF‘éfrl ?Oh%}gii@%q of the @t% r@tnélr hayigg s inneth Bggecumierential

section on a side f n co ct wwth the rib
d”c“ﬁcné’d] ‘Hbgﬁ’( 15 guppt ﬁ?%?h H%FJFHe?Se @@pqr@l@wq@@gpet and
nt.er deter ned to satisfy.the relation of 0 o =
a 5BV Eichip SHSHaE B PP BN PMeB PR o 1 = 6g)
(equation 1) Werein, a frequency of vibration which

thb Srt@hRsr BOUERAo} S5 CRRFRTEALED iWl fHat dn angho! 8 PRtween an
nunber is represented with Pn, an electrical frequency

edgs settbhesetheduy barric on'?ﬁa@\heﬁc PAO e ARY0didE | Y bR edge
represented with N, m= 1, .., an angle of the

settibn Wint 4 sids fircdoniid gt ﬂﬁcdrﬁh@tr w@ﬂﬂtl@é ritsof 8@jaesentiad barrier,
with O r. A brushless DC notor of a second aspect

with cosgidt go tthe rbvrpeasanis déteemtihed to satipfy tdesredatia of
the rotor corrprises pl ural permanent rmgnets each

havi ap ed t hi.ckpnes unt ed i
0y Rlg0n, SR PREHE iy dFhas & s 58, 5 dedustion 1
non- magnetic section, beginning froman edge section
Wherdih! § YRS RIeRRY 0T 'm@!ﬂaftﬁﬁ{ Whikfs A rdRIERSRep RGN with

ext endi ng” up
f, a pole pair number is represented with Pn, an electrical frequency is
represented with fo= Pn*N, a motor revolution is represented with N, m =1,

3, 5, .., an angle of the rib with respect to the rotor center is represented with

0 ¢

A brushless DC motor of a second aspect according to the present invention
comprises a rotor, the rotor comprises plural permanent magnets each
having a predetermined thickness and being mounted in the interior of the
rotor, flux barrier made of non-magnetic section, beginning from an edge
section in circumferential direction of each permanent magnet, extending up
to vicinity in the surface of the rotor, and having a length in circumferential
direction which is greater than the thickness of the permanent magnet, and

a rib. which is disposed between magnetic poles,



to vicinity in the surface of the rotor, and having a

length in circunferential direction which is greater

than the thickness of the permanent nmagnet, and a rib
Inteimiatibnal ¢\ pplispimaddh. RETWEROB/b32P3et i ¢ pol es, 6
Intbriatdoimd Filting Dafsp Ploveabér@s, 2oz  PCT/ JP03/ 15203
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brushl ess DC notor is characterized in that an angle 0

o between an edge section of the flux barrier on
thedgmehless poCemmbot & chadietandedinn dligé ars angleor? obetween an

side for comng in contact with the rib of adjacent
edge wechanrdfethe flwixt banriegper tmagnethe pole centeerside andsan edge

determ ned to be greater than the angle satisfying ]
se¢tien oal ausidenioni genoihgtinecaadaeit Wath the nibcel adispenttd@us darrier,

wth the thickness of the_ bridge._ A brushless DC
wilrgppest ta thei rodomspiet, scdasetmaged do bregrprisyethan the angle

inyentiQn deternjnes _the freqguency f so that f/fo is
safishapgntheu selationahy of Hheseawtivmt bringgorzespondence with the

aspect corydi.ng to the present invention determ nes
th”t‘%@‘%?@ﬁ&?ﬂ%’?d@so that f/fo corresponds to
mul tiplication of an integer and (stator sl ot

A BREOARAPDIC ibtek WM el d Xep¥Rt %_Ecdifdilgge feh fthB ReR&SE invention

according to the present 1nvention termnes mso

detéﬁﬁiﬂe@%h@'fﬂé@e%c? fisd tBEHF, 1:01PEvE 8akfert han ( 30/ Pn)
and equal to or Tess than (60/Pn) in equation 1. A

brushl ess DC notor of a _sixth aspect according to the
A preshlass Dy aratpp af adetsinhspscttacovdisgodhetpresenpinvention

be equal to_or greater than twi ce of the thickness of
deteranifiesdde. fraapeaesh i sesthot Hotwrremonds dpamuitipligntden of an

. according to the prese (nvention further conprises
m@gieéia#ﬁo@g’éﬁﬁﬁ Otmqraé%r%a- reinforcing the bridge. In

a brushless DC notor of an eighth aspect according to

A bPESIEES T mbIOFESH 4 HEth (dipel g&o@agﬂg ¢ thaHRsShPSvention
on its magnetic pole centelr side, the
determines m so that the angle 8¢ is equal to or greater than (30/Pn)° and

equal to or less than (60/Pn)° in equation 1.

A brushless DC motor of a sixth aspect according to the present invention
determines the width of the rib to be equal to or greater than twice of the

thickness of the bridge.

A brushless DC motor of a seventh aspect according to the present invention

further comprises a reinforcement bridge for reinforcing the bridge.

In a brushless DC motor of an eighth aspect according to the present
invention, the flux barrier has a shape on its magnetic pole center side, the
shape being decreasing gradually in a radial direction, and an angle 6 of
the radial direction gradually decreasing shaped section is determined to be

equal to or greater than 18° and equal to or less than 25°



shape bei ng decreasing gradually in a radia

direction, and an angle O b of the radial direction

gradual | y decreasi ng shaped section is determned to
Intomatienpl Apptication Nyr. RECEAPOH 852088 and equal to or |ess
Intehadozd FilihgDatenNovanbdr 28ppdocat i on No.

PCT/ JP03/ 15203 International Filling Date Novenber

28, 2003 A brushless DC notor of a ninth aspect

according to the present invention determnes the
A bragldess Ddt nminbef at nirth 8fect mecquling paithe mrebert Prvention

to be 2, f/fo to be 36, in in the equation 1 to be 7,
detempinesithe|spaton shytushinkes toberd, she pblepaizntumbepBotto be 2

according to the present invention enploys a rotor
ffappbe 86, skiswthesequadiorod ¢p bed, respdatizely. DC not or of an

el event h aspect according to the present invention

A BPRURSSS PE ST PR Rkt S0 98 B8 Frvention

ess con aratus o

elﬁcg{ﬁn%gmo 11e?1°§]¥H gghg%w}e present invention

I'ses arr 1 nver evice which is controlled to
advance a current phase with respect to an induction
A lohushlpss oD (G heotior ush laas elevd@thotispedtf acooednfg tthetld rpresent
. to eleventh aspect. A brushless DC nmotor control
inwgpacmemyploys a statior apphet dstrdntted crindiing gs the stater.
present invention determ nes a notor termnminal voltage
t the i mum_ revol.ution to_or, greater
A BrogEs B SpBrichtrel bidiet € OF a Tl o8t to the
oo SheBRIAT 2itpled 0S5 650 RagRRE hpRGESpUhibed o

ad%h?@ a&ﬁ%féf{tﬁ)t}ﬁl%e %vﬁ:ﬁtrgg%cg 5 laly! 191'augtt%ﬂ go%aég o l?igéabrl.tlshless

or curre

D@‘M&ttog%gﬁmg £ ERe AL e1gg§hgﬂf3%}5§ pls the Inyerter

devi c ase upon t rotor position for
controlling a notor driving current or a voltage

A hppililess D& muvgomoowirel Apparstiuseds drteenth aspett atcording to
apparatus of a fifteenth aspect according to the

the present invention determines a motor terminal voltage at the maximum

revolution to be equal to or greater than a voltage of the inverter.

A brushless DC motor control apparatus of a fourteenth aspect according to
the present invention comprises a control section which calculates a rotor
position using a voltage applied to the motor, a motor current, and
equipment constants of the motor, and controls the inverter device based
upon the calculated rotor position for controlling a motor driving current or a

voltage applied to the motor.

A brushless DC motor control apparatus of a fifteenth aspect according to the
present invention employs a brushless DC motor driving a compressor as the

brushless DC motor.

The brushless DC motor of a first aspect according to the present invention



present invention enploys a brushless DC notor driving

a conpressor as the brushless DC notor. The brushl ess

DC notor of a first aspect according to the present
Infernaéintdl dypplidationtMe. NBETARI/ 133 i cati on No. :
Infeibtidi) Fillibg Date: Novembertd80@03 Fi | | i ng Date: Novenber

28, 2003 conprises the rotor, the rotor conprises

pl ural permanent magnets each having the

predet ermi ned thickness and being nmounted in the
coimpirageisothenfrotore the owter, coinpxisbarylueal pacmaovként magnets each

non-magnetic section, beginning fromthe edge section
hgving the prddatermingd tillr:]emss(ﬁmbgeleadnomtamiihe imgejriex of the

extending up to_vicinity in the surface of the rotor,
ropayel fhes bavyiemh maden gf monmmaghetde seefiemt beginging drgmathe edge

which is greater than the thickness of the pernmanent
seghign i cirgHemierantialflippgtion pleaghramanaimaghe inggkatdiag up

pol.es, and the bryshless DC notor dqeji e{]m' ,neerilhe ' ,
toaVafBIty dnpdtfesyriace Ofgthe crqtopn a AEing phe length in

.barrjer o netic |l e center side and.the_ edge

cinegamierentipl (iectaryovhigh dg mBFRRtER athe v&heﬂgrt%é of the
rib of adjacent flux barrier, . w,th respect to the,.

PerpRASEnt dRpanet, Ak Ry B, Which s, lispessh DECYReS aupgiqtispoles,
1, Therefore the brushless DC notor realizes making

ncﬁ‘ notor highly effective, and realizes decreasing of
the notor acoustic noi se by decreasing vibration at

thegushleeg Ud0aofor ddteriinstlesangle H0f bétvdent tiee SdEDBELtion

aspect according to the present invention conprises
oftthe flwt barriéhenmhgheti®ppld st bldcahnfdehorwdgstsection on the
magnets each having the predetermn ned thickness and
sidefargomingtin@dontadt keth nhe ribosf adjacdtdluobarrier mith respect to
barrier made of non-magnetic section, beginning from
the wtore dgetexe ¢o i smtisifyn thier mlatien exft thel eguatoni bn Dheréfmie the
per manent magnet, extending up to vicinity in the
brughless D Ofmoter readizes raakinigaofi mgtthig‘lﬂm@ff);zctirwa, and realizes

decreasing of the motor acoustic noise by decreasing vibration at the

frequency f.

The brushless DC motor of the second aspect according to the present
invention comprises the rotor, the rotor comprises plural permanent magnets
each having the predetermined thickness and being mounted in the interior
of _the rotor, flux barrier made of non-magnetic section, beginning from the
edge section in circumferential direction of each permanent magnet,
extending up to vicinity in the surface of the rotor, and having the length in
circumferential direction which is greater than the thickness of the

permanent magnet, and the rib which is disposed between magnetic poles,

the brushless DC motor determines the angle 0 ¢ between the edge section

of the flux barrier on magnetic pole center side and the edge section on the



circunferential direction which is greater than the
t hi ckness of the permanent magnet, and the rib which
i s di sposed between nagnetic poles, the brushless DC
Inteutational pplivativesNe. NBCEAGOF 1 5203 bet ween t he edge
Inteactiomad Filbihg Date: Nowembara®, 2002on nmagneti c pol e center
side and the edge section on the 9 International
Application No.: PCT/JP03/15203 International Filling
Dat e: Novenber 28, 2003 side for com ng in contact
sige fdr comengiib cohtandjveitk the fibuof dshiacangflux\batrign sprrespect to
the rotor center, to be greater than the angle ) .
theatoterf genigri trebe @reatesriainpthsf angleesattpfatieothel r¢lationship of
correspondence with the_thickness of the bridge. .
thehepunbipr thdnpromesperdaycensyish thel thisknessiaigthe bridge.
nmotQr highly effective by taking the thickness of tge i
gctive

Tharetige thet iy vsbiess daP anpn, reahges makipgot metordughlyge
t he. not ot acoustic nqi se Qy.decreasing vjbration at )
by fakigg eﬁlevifleswg @%&W@&% into ORSHSBRUPRe A tgalizes

aspect ac ding,to the present . inyentian determ nes
deCFRATRE Dty FIOber (ARAESHS (ROPS B SoRaRaRpafbration at the
g Theref(r)fre, operations and effects simlar to those of
T¢HPYY st aspect or the second aspect are realized.

The brushl ess DC notor of the fourth aspect according

The® Br@hRs8SBT mbiveeodf ithe @Rirar Bkpet hb®riigauente fpresent
so that f/fo corresponds to nultiplication of an

invehiager deidn(igeatithe $heRfuenoyberdoPrhat Tier &f e .even number.
operations and effects simlar to those of the first

Tlespént, opeiditorseand dffespesimilar €o thosd af dhe Tiret aspect or the
brushl ess DC notor of the fifth aspect according to

settmed pspstnireireuipéd.on determ nes mso that the angle
O ois equal to or greater than (30/Pn) and equal to

i deSehiane Dt Meer Lok Ehei P Asgeeh deEoRIg e Ghe dppgsent
inznierrl 1})nasd)e%g1t'm}n|jersouﬂl% tﬂ'gq‘]iclgllilé); hf assgecttha%r Pf/fo corresponds to
multiplication of an integer and (stator slot number/Pn). Therefore,
operations and effects similar to those of the first aspect or the second aspect

are realized.

The brushless DC motor of the fifth aspect according to the present invention
determines m so that the angle 0 ¢ is equal to or greater than (30/Pn)° and
equal to or less than (60/Pn)° in equation 1. Therefore, operations and
effects similar to those of one of the first aspect through the fourth aspect are

realized.

The brushless DC motor of the sixth aspect according to the present
invention determines the width of the rib to be equal to or greater than twice
of the thickness of the bridge. Therefore, operations and effects similar to

those of one of the first aspect through the fifth aspect are realized.
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reali zed. The brushless DC notor of the sixth aspect
according to the present invention determ nes the
width of the rib to be equal to or greater than tw ce
Intefnatibueal tApptikateaNof PEHEPOI/i 3298. Ther ef ore, operati ons
Intefitktiehdl @elliag Pats: Nakerhber 2802808 of one of the first
aspect through the fifth aspect are realized. 10
I nternational Application No.: PCT/JP03/15203
International Filling Date: Novenber 28, 2003 The
Ther behéleless MCmmotor of thhessewntht dspeshectomibngrii the tpresent
the present invention further conprises a
inventién fexien cobpiridge afreinfortemieontchridge fu teinfdgeng the bridge.
Therefore, mechanical strength is inproved, and
Theyefaaei onechavdcalf stwength ssnithproved, tarsk epefatienrs emd Ieélects
first aspect through the sixth aspect are_ realized.
simylag ho rs?ﬁwh oémepaf ¥he ohirsdf aspret ethyetighahisesixth aspect are
according to the present invention, the flux barrier
replged-ne shape on its magnetic pole center side, the
shape bei ng decreasing gradually in a radia
i : t n : ¢ adiabsdi .
Tn HEBENAlesS 1O B6LA"GH B0 el pbper AoRlint (P The Present

inp&lti&%@ﬂe APk BAr3ECRALIhd Bl BRAnEaHEYC b@le%nltésﬁlde, the

t han Therefore, exciting force and torque ripple

shapB HegngadercaRBld Sfadwilly AP @ldiANGiréftson, fdE e anﬁle 0 b of
simlar to those of one of the first aspect throug

the R dsgVd@ERsdtiotS PR@ual B dedrBadingathapbbeselfibg it dsferined to be
notor of the ninth aspect according to the present

equaV &otaropretabetihness™ hedsbahal t¢lodtleBsithen 255 be Tierefore,
the pole pair nunber Pn to be 2, f/fo to be 36, inin

extittnedoiati ond tofquebeipple ceapes madd ymalleer ahdraperations and
operations and effects simlar to those of one of the

effectsssinadqpetd thdseeofsaeoniitheafipsicd spech ¢hsivghhtlespaeinth aspect
the seventh aspect, and the eighth aspect are

areaahlizadl.

The brushless DC motor of the ninth aspect according to the present
invention determines the stator slot number to be 36, the pole pair number
Pn to be 2, f/fo to be 36, m in the equation 1 to be 7, respectively. Therefore,
operations and effects similar to those of one of the first aspect, the second
aspect, the sixth aspect, the seventh aspect, and the eighth aspect are

realized.

The brushless DC motor of the tenth aspect according to the present
invention employs the rotor applied skew as the rotor. Therefore, torque
ripple is reduced, and operations and effects similar to those of one of the

first aspect through the ninth aspect are realized.

The brushless DC motor of the eleventh aspect according to the present

invention employs the stator applied distributed winding as the stator.
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The brushl ess DC notor of the tenth aspect according
to the present invention enploys the rotor applied
skew as the rotor. Therefore, torque ripple is
Intepuitiornal Apphchtiopé¥at PORIPARHUSAIf ects similar to those
Intefnatingal dillihg) Batef Nosemba8c20@hr ough t he ni nth aspect
are realized. The brushless DC notor of the el eventh
aspect according to the present invention enploys the
stator a%plled distributed winding as the stator. 11
Theyeforaaviboadon dpprduscatli and Nperathgl gmbaffesaedmilar to those of
International Filling Date: Novenber 28, 2003
orprdrthe dirst aspast shroreh the tantbeaspeanareotpalizeiions and
effects simlar to those of one of the first aspect

T}E%B%ﬁegshﬁctﬁﬂf(ﬂ c%iefoﬁtal?}%??flfq?&f t?ﬁ%d(]WetTﬁ: '53%3{' Ligcﬁdmg to

tor control apparat

th?ﬁ%l%rsglll{] Shyidhtidd 8 ﬁ@ﬁ%@@tthenlt He?gﬂe%%g) wéﬁan ER ik I}:%Htrolled to

rter deV|ce I'S con cet
advdht€ theP nW ﬂhsree%gﬂ?treg 'tﬁg U@td'tﬁﬁoﬁo%ﬁgge Qf the
the brus nmot or of rst to

brﬁbﬁlé%@tboaﬁﬁ%k of TBRE eémﬁe ﬁf@ktd‘%l@xfeﬂmt Qgpéetghlvherefore
fective is realized, and decreasing of the not

m@kﬁfgsbf endiet S‘:ﬁ$h15y BFallive s R¥aliaslCAitD kbRt 'bf%e motor
the frequency The brushl ess DC notor contro

acaPaE abiss i9redlnRd by Fédedihs vasReh ACGR Bbfdendyof.t he
present invention determ nes the notor term nal

AR T LS -
o 5 LS RIS efSelae F e R o i
oS P B e v
THEP Ao e SHR R GROES R FOIRERing in bt ot and effocts
s 08r SFahb BTN bRl i e control s the
i nverter device based wupon the calcul ated rotor

Thedsiishtess DC meeok lehtrol 8phAfatieicd the fdutteenthiddpRit afdording
to the present invention comprises the control section which calculates the
rotor position using the voltage applied to the motor, the motor current, and
equipment constants of the motor, and controls the inverter device based
upon the calculated rotor position for controlling the motor driving current or
the voltage applied to the motor. Therefore, the brushless DC Ihotor 18

controlled without a position sensor, and operations and effects similar to

those of the twelfth aspect or the thirteenth aspect are realized.

The brushless DC motor control apparatus of the fifteenth aspect according

to the present invention employs the brushless DC motor driving the

compressor as the brushless DC motor. Therefore, the compressor is driven

without a position sensor, and operations and effects similar to those of the

12



the voltage applied to the notor. Therefore, the

brushl ess DC notor is controlled without a position

sensor, and operations and effects simlar to those
Intgfnatibmal thpplitationdSpeBCTIP0Y/ME2030i rt eent h aspect are
Intesmtipad dillind ®abyr: dkvbmber IBC208% or control apparatus of

the fifteenth aspect according to the present

i nvention enpl oys the brushless DC notor driving the

conpressor as the brushless DC notor. Therefore, the
fourrpnssepedt ardreakred.wi t hout a position sensor, and

operations and effects simlar to those of the 12

. rnat i.onal ication No.: PCT/JP03/15203
B‘bﬁ‘i@?%@%ﬁ%‘g‘n%f)fé?‘%obirﬁ‘alﬁsc e: Novenber 28, 2003

fourteenth aspect are realized. Brief Description of
Fighee Driava Restitalaitoss sedtorml Wbl tlalst £ItdSS anepira@painent of a

view illustrating an arrangenent of a conventi onal
cohvemstib eslshrinShbextsdDC ogere 2 is a diagramillustrating

a normal conponent of a stator tooth force wth

SRR T R RO ENTTIRY .
N T

yWhi_C asa w.dth of a barrier greater than a
IHPFﬁr Eéﬁglspstgvfé per manent magnet; Figure 4 is a diagram

illustrating a normal conponent of a stator tooth

Fikafe 8 iswi Whrtiedpaobs boctiornAwabwiil Rzt i€ a0f arahgb®lent of a
Wi thin the brushless DC notor illustrated in Fig. 3;

brikhlese DICimotorveatingad rotarsehidchhonralvidilewf a barrier greater
illustrating only a rotor within the brushless DC
thanteothickhesstofat pekrhandntgmaZnett an enl arged condi ti on;
Figure 6 is a diagramillustrating O o m nim zing
.nor mal. coprponent...of a . stator tooth force pf stato
Figprs, is & sberam 1{Usiating.2 2ol Sermpenant ebe sbaopfooth force

with respect to a revolution angle of a rotor within the brushless DC motor

llustrated in Fig. 3;

Figure 5 is a vertical cross sectional view illustrating only a rotor within the

brushless DC motor illustrated in Fig. 3 in an enlarged condition;

Figure 6 is a diagram illustrating 0 ¢ minimizing normal component of a
stator tooth force of a stator with respect to a thickness in radial direction of

a bridge;

Figure 7 is a diagram illustrating an analysis example of a stator tooth force

with respect to 0o

Figure 8 is a diagram illustrating another example of a stator tooth force

with respect to 8¢5

Figure 9 is a vertical cross sectional view illustrating one flux barrier of the
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a bridge; Figure 7 is a diagramillustrating an
anal ysis exanple of a stator tooth force wth respect
to O o; Figure 8 is a diagramillustrating another
Intexatiph Agblieat®hdior PEDEPOB/1308e W th respect to 0 o;
Inteirg@tioeal Filtisg Dawe Novediber@8pg603sect i onal  vi ew
illustrating one flux barrier of the 13 International
Application No.: PCT/JP03/15203 International Filling
Dat e: Novenber 28, 2003 rotor illustrated in Fig. 5 in
rotoy ituistiraged i dhigli 3 iman eBlapged cbdditsor di agr am
illustrating 36th order conponent of the stator tooth

5 Rt 5 Bl SRR 1R oo
th t t adi
forg guthel e Hnk o dIER el e £ G PirpleF ) 02
sectional view of a rotor of a brushless DC notor |,
Figtife 10195 digkign dliedatns ebrfy sippRivvithr tedgectsecii angle of a
Figure 13 is a vertical cross sectional view of a

leddingredgle of aflusbhessr;DC notor, the rotor being added
a reinforcenment bridge section, and a permanent

S e kR AL TN E S
I N e AL

Invention Hereinafter, referring to the attached

FighpM B ES a VoRtiSaIrBbdIscttidnus S 8f BPot PO bAktless DC motor,
rushl ess DC notor control apparatus of enbodi nents

thacenbdlibigng t Rlddde apreaditeemdyieiidge debtidf] anld. aFpéshanent
it is explained how decreasing in noise and an angle 0O

mag@étcbeing disposed on the inner side; and

Figure 14 is a block diagram illustrating a brushless DC motor control

apparatus of an embodiment according to the present invention.
Best Mode for Carrying Out the Invention

Hereinafter, referring to the attached drawings, we explain a brushless DC
motor and brushless DC motor control apparatus of embodiments according

to the present invention, in detail.

First, it is explained how decreasing in noise and an angle 8 o are

determined.

Fig. I is a vertical cross sectional view illustrating an arrangement of a
conventional brushless DC motor. The brushless DC motor comprises a
stator 1 which is formed a number of teeth 11, and a rotor 2 which houses
permanent magnets 21 in its interior and has barriers for preventing

magnetic flux short circuit, each of the barriers extending from an edge
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determined. Fig. 1 is a vertical cross sectional view
illustrating an arrangenent of a conventi onal
brushl ess DC notor. The brushl ess DC notor conprises a
Intetrational ApphicationiMNo.f PETABE0H 1 5003ber of teeth 11, and a
Inte@iatibnal Fifling DatoWRESMbAAZROENt magnets 21 in its
interior and has barriers for preventing magnetic
flux short circuit, each of the barriers extending
froman edge 14 International Application No.:
seB0h HPOl3¢ peB0anehinmagmat 2artaivaids the guiatserrfadevofithe rotor.
28 2003 section of the permanent magnet 21 towards

Flﬁr ’?e.é,’ %?oﬁ%sf?éﬁf 3%@{81&1&%?% %%%%@'g(faﬁée%%o%@%iﬁé‘w%hﬁﬁnﬁ Spplied
f hl .

| F‘& dtﬁgma%%poeg‘ta blgp q(}u %F‘gﬁﬁg g’\lr/]%tgli hggﬁ'xgzi Yofor which

he&aé GH8Lh ?? a‘ﬁbr?ﬁtr %%g%emt ao&!‘ %o tt}F gféﬂ?ﬁgss {J_.f {}{begermanent

per manen I's"under s rom
mh fltlngforcels rapi dly increased, thenthe
exciting force is gradually reduced, dependi ng upon
the revolution of the rotor 2. Fig. 3 is a vertical
Axisossdestiddofitain Fige®, thé estitiatg fogeenis mpidiygamasedf then the
brushl ess DC notor having a rotor which has a width of
exgitieg fome R2gvadduaiily sedtmedatdepentimg wpent thieckeradution of the
the permanent magnet 21. It is different from the
robrudhl ess DC notor illustrated in Fig. 1 only in a
shape of the barrier 22. Fig. 4isadiagram

Fig i Fod voal dadi it n o8, AP S Fhing % A PR eragus of
bR o P RATREL K v?hacﬁglvasﬁé Rt RIER bR R e e

gr%lé!ferrtﬁﬁﬂrth% th}—(ﬁﬁl b of Elt'u%] g@ﬁﬁaﬁéﬁ? a%rﬂ%ﬁﬁlt he; fs fferent from

crests correspon 45 £0 con ere
th%ecﬁ"il'sﬂfésg%@ or HPuSrRO i qf rfl??n tacé‘?fa?e%f tl’i@ ha@rier 22.
next higher crest corres 0 the condition
wher e a magnetic pole section
Fig. 4 is a diagram illustrating an exciting force (normal component) applied

to a tooth A during operation of a brushless DC motor illustrated in Fig. 3.

As is understood from Fig. 4, two crests appear following the revolution of
the rotor 2. The first lower crest among the two crests corresponds to the
condition where a rib section 23 comes to a position of the tooth A, while the
next higher erest corresponds to the condition where a magnetic pole section

C at a leading edge of a barrier comes to a position of the tooth A.

Because the crests of the exciting force are generated with a phase difference,
exciting force component of a specific frequency can be denied when the
phase difference can be determined to be a desired value. Based upon this
consideration, it is expected that an angle 6 1 (magnetic pole angle regulated

by the barrier 22 corresponding to both edges of the permanent magnet) is
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C at a leading edge of a barrier conmes to a position
of the tooth A Because the crests of the exciting
force are generated with a phase difference, exciting
Inttomatienat dupphceion Nod.: BCEPRQ@3M15203f r equency can be deni ed
Intehretiotd EFilliph Da: Hokéaba8e20@n be determ ned to be a
desired val ue. Based upon this consideration, it is
expected that an angle 0 1 (magnetic pole angle
regul ated by the barrier 22 corresponding to both
prepeEy déterménedr theemglradghetheing repesantednin iBigal 5 which
Application No.: PCT/JP03/15203 International Filling
illpstrete delyeihisarotosillztoedriodbel § inencmiarga canditiangl e
0 1 being represented in Fig. 5 which illustrate only

Prlf aﬁgi DifrdduighT & %%; fedl, %ﬂ@lﬁc‘i?f BF tar apf #RSp wibgption at
RSO PRI
i) il n4 fcbﬂreséoﬁ(% [EPROR ff C Qletaﬁefr&gt.lrl] enc?yf: kBe Bkciting force

reqg uen exciting

coHp%gﬂéﬁf‘ %lf the gqt éi'%ltéd" §t I!;hé $rsCERSE a@f@tﬁ@@xntmg, force

exciting for onent at frequency f generated

cobdfoneReap E‘reﬁ'h%ﬁhy FoBnRitb8 htitheMeEifdcreat Hes d@ﬁfbd from each
causes the lowering in vibration being realized. An

otBeWhRd CRUs ¥ eClHeing ivibreabR Beind ratRaes 360*f of f
when one cycle with ‘electrical angle fundanental wave

frequency fo is su posed to be 360 degrees.. O is half .

Anpanglecion age eyels withtirenuencyohhespmes ity bvhen ompreycle with

phase, difference 0 is generated within an interval o
elestyical apgled afléamewtakwgve dreaxengn ) i swpreed te he 36Qglogrees.

o chcilbRthoatags Det: Pon N Toke. IR Eh (1

barrier on the si de contacting the rib with respect

THeopﬁﬁfe diPtePEn&E elrs)%en\%%dt \Qﬁ:hﬁ? be 1B§é1rva1 3¢ "p 9 'illh§brated in

posed to be Pn e interval 0 o becones

Fl? P5‘ (a'n 4861 W thw Bt hie ék%g/ deBoh of Bhe (RS UR R o%) makﬁetlc pole

he foregoi ng, equation i s obtained by determn ning
cefitert 1d0&dl f18d £dEY Gb&ion of the neighboring flux barrier on the side

contacting the rib with respect to the rotor center). When the pole pair

number is supposed to be Pn, the interval € o becomes
0 0 = ¢ /Pn = 180*fo/f /Pn = 180/(Pn*fify)  (equation 3).

In the foregoing, equation 3 is obtained by determining ¢ to be a half cycle
(0.5 times) of the frequency f. ¢ is not limited to a half cycle (0.5 times) of
the frequency f, but may be 1.5 times, 2.5 times of the frequency £  After all,

the angle 0 ¢ is sufficient to be determined to satisfy
0 0 =m* ¢ /Pn = 180*m*fo/f /Pn = 180*m/(Pn*f/fo)  (equation 4)
(wherein 209- 8,<90° ),(m=1,3,5,..).

When a way for determining the angle 8¢ as is illustrated in Fig. 5 is
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(0.5 tines) of the frequency f. 4, is not l[imted to a

hal f cycle (0.5 tines) of the frequency f, but naybe

1.5times, 2.5 times of the frequency f. After all,
Intehetiamng Applcion NG UPCTIPE3I15306 be determined to

IntefHatiShal Fﬁlliﬁ% Dafd! NovémBer2818003 fo/ f / Pn =
180*m (Pn*f/fo) (equation 4) (wherein 2 0 o - 0r <

90 ), (m=1, 3, 5, J. Wen a way for determning the
angle 0 o as is illustrated in Fig. 5is 16
enpibeediads abaie, Abe W ayafor detdteninigThd Bdglcl 8@838not change even
International Filling Date: Novenber 28, 2003
wleerptloy kechgthofaho vy widieh oleandesr O8tadrisi thergay lier detgimining
does not change even when the length of the rib wdth
the lrangle takeRrthe lesgthyhef theyrib ovidéle tafondgomisideratios. angl e
takes the lengthy of the rib width into consideration.
en _an_angl e ,of . ri.p 23 with respect tao.the r r
WheH it Sl ph 2 With Fieatfe} Bo BERGOr oyt Ty Fifhented
theafold oW Rgar : | ' . . + O - 20
W%ﬁ(gdUaét?%4%&5?.I%EF%@?Eégéu]gor@%lg%gﬁtﬁn&?sg{lgy noi se
reduction may be an arbitrary frequency, nay be a

0 f =dg8e/fay whi ch2idkes fédumtiom B an even nunber, or
may be a frequency which nmakes f/fo to be an integer

tines (stator. slot, nunmber/Pn).. Wen the bryshl ess. DC
Thﬁ)?rgﬂu%aw A qirpeg fon poise ¥ ) Liopnnayshe A %&agﬁarysﬁequ@m
maki n f notor highly .effegctjve and decreasing of the
mip s 3 ettt mids ey 06 tobfe Fieran MaRber; fomay be a
af fection due to e t,hi ckness of. the, brid and t he
GGk T iR R ks PR A8 TR B R e b o bR Po).
24 having a radial thickness which is equal to or

Whegaherbiudhless DCemodbnhaiiNtHeoAbbve hefiidedthrtols énployed,
rotor of a brushless DC notor. Due to the existence

makirghef hiotsigRighly @ffdeties rindedecrsacibgus the motort twubtistnoise
suited for the reduction of noise at the specific

cahrisgeopedywith.

Next, the affection due to the thickness of the bridge and the correction of the

angle 0o are described.

A bridge 24 having a radial thickness which is equal to or greater than a
certain dimension is required for a rotor of a brushless DC motor. Due to
the existence of the bridge, 0 o determined as above is not the best suited for

the reduction of noise at the specific frequency f.

For example, when the angle 8¢ determined by the equation 1 for reducing
noise at frequency f is 17.5° , and when the bridge is changes its radial
thickness, and when 0o for minimizing the stator tooth force normal
component of the stator is plotted, 6 o increases following increase in radial
thickness of the bridge 24, as is illustrated in Fig. 6. Specifically, it is
understood that 8¢ obtained by equation 1 should be determined to be
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For exanple, when the angle 0 o determ ned by the

equation 1 for reducing noise at frequency f is 17.5

, and when the bridge is changes its radi al
Intbfhatifine pplicdidn WMierPOT/OPA3FL5203ni m zi ng the stator

IntbR@tiOnd| FHIfifg DAfTNoveriRTRBNSEU3 Of the stator is
plotted, O 0 increases fol I ow ng i ncrease in radial

t hi ckness of the bridge 24, as is illustrated in Fig.
6. Specifically, it is wunderstood that O o obtained
gréytee Giyad 36N | foshhebdidpe thetlenossnddiboat 067 miid.  Although, this
I nternational Application No.: PCT/JP03/15203
is hndlynatri gleah ffédtidni isgzrBat evhdibitenfrequiBcy 2302dgetands high.
by 0.35 , for the bridge thickness of about 0.7 nmm .
Fot extequple, fAfthiss36,i an angld firt omngyde offfreptency fiis &r eat0.35
when the frequency for reduction is high. For
coeneanphds t6 /Aofars3&h, oxder dingdeeriayr dVker ytliesupposed that the
frequency f is 5 . 0.35 corresponds to 25 for 36th
expiting fance phamegs wible reppedtstosthspensle ihatsinpevave shape, the
exciting force changes with respect to the angle ip a,
exgitig fproe differsmce cpwresporils thgbput 0 Rereewy ehbat affection is
corresponds to about 10 percent so that affection is
gr®fleat. Therefore, by holding the relationship
illustrated in Fig. 6 as a fornula (or equation), or
a . - .
TH:peforb. B_Jy%om@gkmé mgflsﬁéﬁlpgl%@gsﬁa;bgg gygﬁg 6448 formula (or

equat I on i'ng of notor hi _ ctive an
eqﬁﬁﬁﬁﬁ%sbﬁﬁsq thHR, BROby aoPkstir rm(% §Btaiﬁé&b1féi’ﬂ§%quation 1,
W .

Description'is nade further. In the above

m AR BBtor By W ivdandl decttiilgUTaReahotdrNRol8EE noise
suited angle can be calculated by calculating 0 o

ardebped egtiati on 1 and by correcting the calculated O
o. Specifically, when the slot nunber is 36, the
nunber of notar ﬁol es is 4 poles, the order for

Desgwptionois made fwgher.36, m= 7, the angle obtained by
equation 1 is 17.5 . In actual, the exciting force of

38k BRSO ! e best e
angle can be calculated by calculating 8 ¢ using equation 1 and by correcting
the calculated 8o. Specifically, when the slot number is 36, the number of
motor poles is 4 poles, the order for reduction is fffo= 36, m = 7, the angle
obtained by equation 1is 17.5° . In actual, the exciting force of 36f becomes
minimum for the angle 6 ¢ which is corrected to be greater by some degree.
Further, even when the length of the rib width has changed, the best suited
angle 8¢ is not affected (refer to Fig. 7). Wherein, the bridge thickness is

determined to be 0.7 mm.

When the slot number is 36, the number of motor poles is 4 poles, the order
for reduction is f/fo= 18, m = 8, it is preferable that the angle is made greater
by a small amount than the angle 15° obtained by equation 1 (refer to Fig.

8). Wherein, the bridge thickness is determined to be 0.7 mm.
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Further, even when the length of the rib w dth has
changed, the best suited angle 0 o is not affected
(refer to Fig. 7). Werein, the bridge thickness is

Intdetatoml Agglitatioh Nd:. FCTIP03ANED3t he sl ot nunber is 36,

IntehationHl Fiin®DaoNovernbdreg, 28034 poles, the order for
reduction is f/fo =18, in =3, it is preferable that
the angle is nmade greater by a small anpbunt than the
angl e 15 obtained by equation 1 (refer to Fig. 8).

Futbewrithe besestitéedihardidn tikriesdsscrileddet ermi ned to be 0.7
mm 18 International Application No.: PCT/JP03/15203
| ntern %

tional. FilLling Date: nber, 28 00 .
The iyeator BAS fpeed 1HAP eotieniler PEIET 10 + 2t JA80P) gk he frading
inven h und_t hat . .an angl reter 0, h..kn FEi
edgf G Th s a2 43 miakderdibth S ek wf st s butinalle Fbe ana
e e ' C i ti ..
oRREHERN K PhaBotSeiifle PRY s BLeE ot g HEinimines
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f/fo) when O b is changed, is the change illustrated
Thenclange df@xciting foroede 36tboddehé: f/fohehemst6 sis dhechged, is the
value exists in the vicinity of 20 (exciting force is
chahge sHubtrased in drigt 16. gdtas emdeasigbhe thiatidheshastratitesh value
trend is represented with respect to a certain val ue.
exfets an the widinity of 1260 g Wekeiting foee isnthegmallpst). afip theggueater
may be enployed, generation torque ripple is )
anglesiflez saturatiomotrenDisarapresdnteit withrwespeeh tya certain value.
following the increase in 0 b, as is illustrated in
Aspgesult, althoughotanaytbe thoyghit hatany emgle may bg employed,
determ ned w thi:n an extent_of 18 ~- Wien the.length .,
gegeratien 5‘?4%‘6@@@%@6@%?@%@%?&@63@% e "ﬁ‘hlﬁlts mgreasmg
me ical .strength.is worried. For this, it is .
tr%t%ﬁﬁ%fq“fms&he ARERHE LR, > Bl sBpsomgef an Figy A egTheedore, i
. a rti.on, 22b,ci.rcunferenti ally extending _towar
is FRtlRERE thaf of * it Grmnad rEhih 7 PXBRALRA 5355 and
that a core section for dividing the both
When the length of the bridge 24 becomes longer, lowering in mechanical

strength is worried. For this, it is exemplified that the flux barrier 22 is
divided into a portion 22b circumferentially extending towards magnetic pole
center and the other portion 224, and that a core section for dividing the both
portions 22a and 22b is made to be a reinforcement bridge section 24a so that
mechanical strength is improved, as is illustrated in Figs. 12 and 13. Fig.
13 has the same arrangement as that of Fig. 12 excepting that each
permanent magnet 21 is disposed at the inner position for making the iron
section outward with respect to the permanent magnet 21 so that q-axis

inductance is not affected by magnetic saturation.

In the above brushless DC motor, it is preferable that a stator applied

distributed winding is employed as the stator. The reason is that the
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portions 22a and 22b is nmade to be a reinforcenent
bri dge section 24a so that nechanical strength is
improved, as is illustrated in Figs. 12 and 13. Fig.
Intéhatiarml Applicion Na. r ROTEPENM15208 t hat of Fig. 12
Intenaemial AglibhDhteeBohembpa28pd@3t magnet 21 i s di sposed
at the inner position for making the iron section
outward with respect to the pernmanent nagnet 21 so
that g-axis inductance is not affected by nmagnetic
distatbmted | winding (tedermbovEigs ukmebs3)DB mot arpangemsnt which
preferable that a stator applied distributed w nding
origsnaliy | lage ¢nedlarhgitgasioor tham d:hna@a@fohhaa sonbentrabel wiading.
I nternational Application No.: PCT/JP03/15203
Themeforsavibsatibn kanl be ge bacest mnemaem&ghe 2@qaber of slots, but
di stributed w ndi n% (refer_to Figs. 1 and 3) is an
urthen mgdneiian whviirationiigiraalized bagtdizang she preseat iayention.
than that of the concentrated winding. Therefore,
| .
ThY @{L%M%Btlﬁé;h&ﬁ r 19 %‘6‘8 gﬂn{%}éd 16 %{1{? g? Qggé%gq“isﬂgrﬁgg PQIZaélg the
he present i nvention. The brushless DC
abg¥e%ﬂ*f§|,ﬂ %tltl mted to the brushless DC notor having
the above arrangenent. Fig. 14 is a bl ock di agram
Figl 1l4stis ot i blgcla dragsainesHuEiatingon bounshleks BPpamatonscontrol
of an enbodi ment according to the present invention.
apparative dfrausémbedindeninatcordingrtortble mppentainysntiont put
froman inverter 31 is supplied to a brushless DC
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sedf 80 bndan HiePbro %Fo‘i's@h‘t‘ibﬂ 3§et erm ned nmotor nodel .

e I nverter ontr section 33 carries out speed
deteqpion processing, speed
The position detection section receives a motor voltage and a motor current,
and estimates a magnetic pole position of a rotor of a brushless DC motor 32

using a previously determined motor model.

The inverter control section 33 carries out speed detection processing, speed
control operation processing, phase control operation processing, current
control operation processing and the like by making the estimated position
signal to be a standard, and supplies switching commands for switching
devices to the inverter 31. An arrangement of the inverter control section

33 is known from the past, therefore detailed arrangement is omitted.

The inverter control section 33 controls the inverter 31 so as to advance the
motor current phase with respect to the motor induction voltage. In this

case, the reluctance torque is effectively utilized.
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control operation processing, phase control operation
processing, current control operation processing and
the like by making the estimated position signal to

Infematiosd] Aygphicationd¥al: BOPAPOF$5208i t chi ng comands f or

Intewiatiohdl Milling ®ates ve@béd 8, podkrter 31. An arrangenent
of the inverter control section 33 is known fromthe
past, therefore detailed arrangenent is omtted. The
inverter control section 33 controls the inverter 31

Theomasor teratinahvelthe at meximuwmnmegotutpirmsan be tdeterasipedtto be
to the notor induction voltage. In this case, the

equal dotemgeeater ghenitheedtpotti wadtageuof the éuverter. In this case,
| nternational plication No.: PCT/JP03/15203

drivingr efatherkiushidssi R Deater aumy bebrealized bpozrmHag out flux
mptor term nal voltage at maxi mnum revol uti on can be

WeplteaHng geatob be equal to or greater than the out put
voltage of the inverter. In this case, driving of the

Tlﬁr %}?(&eeﬁﬁre%rr%hefol %@gﬁi&? .?ﬁ %@lc'. Sds e ﬁ%%‘?étgg%@? gjlosition of

weakeni ng contro apove | nver

the %E&Pﬁiﬁ%u%ﬁts&ﬂ?%ﬁos&ﬁ@n TBALG! khe RS ﬂfésbltth@ﬂeéf%fD(e} motor

the rotor w INng a position sensor, eref or

cahlEdIlUBE i RS 110E GRAGY seve?® BRI MaREe Istiehald £%oHH8Esor s0

severé clrcunstance such as a conpressor so that "the
the 0 fRE 882 PreR alnlderhei K& EANLEArRfcnven. 21
I nternational Application No.: PCT/JP03/15203
International Filling Date: Novenber 28, 2003 What is
Clained is: 1. A brushless DC notor conprising a
rotor, the rotor conprising plural permanent nagnets
each having a predeterm ned thickness and bei ng
nmounted in the interior of the rotor, flux barrier
made of non-nmagnetic section, beginning froman edge
section in circunferential direction of each
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per manent magnet, extending up to vicinity in the
surface of the rotor, and having a length in
circunferential direction which is greater than the

Intetviatkmgd Sppbfatioh NP CBARPR/15203net , and a rib which is

Inidirmfioss Filliag Paen Nonaghat28c 2008 es, the brushl ess DC
nmotor is characterized in that an angle 0 o between an
edge section of the flux barrier on nagnetic pole
center side and an edge section on a side for com ng
{n copntact wth the rib of adjacent flux barrier,

WWFW&L"Q 8to the rotor center, is determned to
satisfy the relation of 0 o = 180 *m (Pn*f/f o)

1. (X O¥uEEKs2 IHC Omotd? éorfipPlingd QdkbRbE, Otheldot¥h@bRiptisiAg plural
frequency of vibration which is to be reduced is

perBRRIENERENGd kakh havigd & Raedeteuiiinged | thiclassesantieBeing
with Pn, an electrical frequency is represented with
mbentedPii Nheaintetiof ofeshd wbtorn flisx bapries anadsl ofi hidnhagnetic
=1, 3,5 .., an angle of the rib wth respect to
setfien béginntenfiom ian ¢dge estivneth virtimf@ential ddrection of each
brushl ess DC notor conprising a rotor, the rotor
pecorauens imagpét, eatendirg ngnenvicimign éh she asirfavavifridpearotor, and
predeterm ned thickness and being nounted in the
havimgra dength tihecircumferemitial Gieciien whith ¢§ greater than the
non-magnetic section, beginning froman edge section
thickneiss @frither penmamenti magmetnanfl 2ath wipeh iardigposed between
magnet, extending up to vicinity in the surface of the
magnefic Peled: 22 International Application No.:
PCT/ JP03/ 15203 International Filling Date: Novenber
. . R ol i .
th\%ﬁn?r&%%?gsshﬂw Q;g);cc’i&i ksg Eﬂ%lﬁaedtglfl%é(ﬁ. GHRE gléj é?%ﬁe't&taen an

IS grea I ckness of t per manen

ed géé%fionaépg?e luF} Mrf% bii HlheRGEE DR LURRR sig@ge[}ﬁi % edge

ol es, the brushless nmotor-1s characterized in that

seffloR 0 & L IRUNMEDT M corRIGE wifi Hé(g E‘i}:PBdf %{E}ﬁggﬂéﬁé flux barrier,

barrier on magnetic pole center si an
with respect to the rotor center, is determined to satisfy the relation of

0 0= 180" *m/(Pn*fify) (provided260-06:<90° ) (equation 1)

wherein, a frequency of vibration which is to be reduced is represented with f,
a pole pair number is represented with Pn, an electrical frequency is
represented with fy = Pn*N, a motor revolution is represented with N, m =1,

3, 5, .., an angle of the rib with respect to the rotor center is represented with

fr.

2. A brushless DC motor comprising a rotor, the rotor comprising plural
permanent magnets each having a predetermined thickness and being
mounted in the interior of the rotor, flux barrier made of non-magnetic
sectioh, beginning from an edge section in circumferential direction of each

permanent magnet, extending up to vicinity in the surface of the rotor, and
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section on a side for comng in contact wwth the rib

of adjacent flux barrier, wth respect to the rotor

center, is deternmined to be greater than the angle
Intsutatienal iApglicdtien™ed. AR COABO3/PS23 t he equation 1 in
Inteatatiesd) Giitiag DatenviNoRetibe 28, Podkness of the bridge. 0 o

= 180 *nml (Pn*f/fo) (provided 2 0 o - 0 r < 90)

(equation 1) wherein, a frequency of vibration which

is to be reduced is represented with f, a pole pair
havdm@eer lesgtle pnesientmdensint in] Pdirectnore | vehichi ¢algrba’eaque]mmy the

represented with fo = Pn*N, a notor revolution is

tht@qmes ofitthd wémhanentmmagnet, ands rib which aaglispested: between

rib with respect to the rotor center is represented
magrétic peles3. A brushl ess DC notor as set forth in

claiml1l or claim?2, wherein the frequency f is

thg eSSd%go o@@lt lg flgr%c%?ﬁg?cﬁ\{ﬁnchﬁr@'m'?% ﬁé @A\ betwien an.

nDt or as alm OI' c

ed esre%hﬂnt%ethte];ﬂ%%r‘? | caftll ong%%'ié"‘:ﬁ)gf‘edn orNdlle &(ﬂcpan edge

orrespon eger an
h Yg .
Seéﬁ&ﬂ;o%r%ﬁiﬁfogne o?{ gj:}l a(li'onﬂE i ougﬁQ I Al m iﬁ@é%g;ﬁz_barrmn

withi 8 sk &b THREDHSP cb iRk, IsgetPRlifed 10 bbsgx%gkbfij tHeh Phe angle

greater than '(30/Pn) and equal to or |&ss than

saéi@%i’g) thel Belﬁ%ﬁfshﬁﬁ of - thR. equdtisishi (i‘ﬁsco%é%%hﬁbn@é with the

forthin one of claiml through claimb

thidkrek8af tlBtidAepl i cation No.: PCT/JP03/ 15203
International Filling Date: Noverrber 28, 2003 wherein

the w,dth of th r|b|s determ ned tp be equal, to, or
0 o elile }'mﬁi’ﬁl*ﬂf dpervided 2t c%n(egg ® o téauaﬁmag}é 7.

A brushl ess DC rmtor as set forth in one of claim1l
R B e SRR 0o B PSSR wit .
a 'PAODAP BEhbEPT N réﬂce@@ﬁte‘?}f vﬁltﬁ" Phl e uabich] dhdency is

represented with fo = Pn*N, a motor revolution is represented with N, m =1,

3, 5, .., an angle of the rib with respect to the rotor center is represented with

0 r.

3. A brushless DC motor as set forth in claim 1 or claim 2, wherein the

frequency f1is determined so that f/fy is an even number.

4. A brushless DC motor as set forth in claim 1 or claim 2, wherein the
frequency f is determined so that ffo corresponds to multiplication of an

integer and (stator slot number/Pn).

5. A brushless DC motor as set forth in one of claim 1 through claim 4,
wherein m is determined so that the angle 0 is equal to or greater than

(30/Pn) ° and equal to or less than (60/Pn) ° in equation 1.

6. A brushless DC motor as set forth in one of claim 1 through claim 5,
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wherein the flux barrier has a shape on its magnetic

pol e center side, the shape being decreasing

gradually in a radial direction, and an angle 0 b of
InteinatioeadlApplichtiva™Nd. ORPCDIROR/B3A08 decr easi ng shaped

Int8@ationd FilEng Daf Novadbdr@sbgoozequal to or greater than
18 and equal to or less than 25 . 9. A brushless DC

nmotor as set forth in claiml, claim2, claim6, claim
7 or claim8, wherein the stator slot nunber is
wltteter theeddth diethatribtisedgtelminal to beuedpexl nor greater than
deternined to be 2, f/fois determned to be 36, min
twideeof thguthicloress of shelbrielgai ned to be 7, respectively.
10. A brushless DC notor as set forth in one of claim

7 fé%?v%ﬁ%ﬂ%% ﬁ(h?n?@rﬁ%ﬁ@rﬁﬁgﬁﬁé% of Basef 1, ISRk dlgim
fulet St & aruBrRrleh bRt gl tine P TR ,

stator. 12. A brushless DC notor control apparatus
8. canpriushlegs C iMuert & sde¥oreR inwbihe bf ickaieont tlotdugth tlaim 7,
advance a current phase with respect to an induction
whaakimgke dfuxt bertier dlak es shBpe oot 18 magnedc abld bentelr aide, the
1 through claim11l. 13. A brushless DC notor control
shappdemg deawasag gradunliynin laarsdidldirevtiencand amangle 05 of
term nal voltage at the maxi numrevolution is
thd endralidisttionogtael vediyadedreasing gthaped settion is detdrieiged to be
of the inverter. 14, A brushless DC notor control
equpbta e greager tlean 18r tand pawaldiorarilgsptharps .
I nternational Application No.: PCT/JP03/15203

0., SRR FbbL b, IPUGREE, A 2068 i 7o
cla@'ﬁ{ ?%%?{in%h%oétgi} r 188 hhhderYs 'dﬁ%r%i‘ﬁ%httﬁ%ee 36 HeS5ble pair
o the no or, a I'TD({ or currentr, an equl prrent

n@g@%e tgssg b AT B be? ’25/?00% gﬁk&lﬁ%di BY®el 86, m in the

upon t he ca ated rotor position for
| i Vi t or a voltage
oS oL O 6 sk
10. A brushless DC motor as set forth in one of claim 1 through claim 9,

wherein a rotor applied skew is employed as the rotor.

11. A brushless DC motor as set forth in one of claim 1 through claim 10,

wherein a stator applied distributed winding is employed as the stator.

12. A brushless DC motor control apparatus comprising an inverter device
which is controlled to advance a current phase with respect to an induction

voltage of the brushless DC motor of one of the claim 1 through claim 11.

13. A brushless DC motor control apparatus as set forth in claim 12,
wherein a motor terminal voltage at the maximum revolution is determined

to be equal to or greater than a voltage of the inverter.

14. A brushless DC motor control apparatus as set forth in claim 12 or
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15. A brushl ess DC notor control apparatus as set
forth in claim214, wherein a brushless DC notor
driving a conpressor is enployed as the brushless DC
Intentational Application No.: PCT/JP03/15203
International Filling Date: November 28, 2003

claim 13, further comprising a control section which calculates a rotor
position using a voltage applied to the motor, a motor current, and
equipment constants of the motor, and controls the inverter device based
upon the calculated rotor position for controlling a motor driving current or a

voltage applied to the motor.

15. A brushless DC motor control apparatus as set forth in claim 14,
wherein a brushless DC motor driving a compressor is employed as the

brushless DC motor.
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