3 APR 2005 TI TLE OF THE | NVENTI ON STATOR OF ROTATI NG ELECTRI C MACHI NE
AND ROTATI NG ELECTRI C MACHI NE USI NG THE SAMVE . BACKGROUND OF THE | NVENTI ON
5 The present invention relates to a stator of a rotating el ec§ripr pgshi ne
such as an electric notor, generator, a synchronous machi ne or the |1 ke,

whi ch is capable of decreasing vibration and noise. Conventi
exanpl e, an induction notor is 10 known_ as; one rotating eIecﬂWﬂﬂMﬂwwmﬂ@ML
FI GS. 39A and 39B, and FIGS. 40A and 40B are views show ng two f
a conventional induction notor of this type. FIGS. 39A and 40A ajlé!es*

partially broken side views the 40B are sectional
15 views taken al ong one dot chaﬁﬁﬁﬁﬁ gﬂggEEGiNﬁﬁﬂE conprises a frame 2
and a stator cor S
constituted by pssrovildcﬁg%;@ﬁ%ﬁ]%ore 'fl;é)loénr}&é% %%D A%(Sf% at‘?on shaft 6

pivoted via a begl rﬁcfnlg;{ti] %ﬂmngyﬁﬁr%wch I nduction notor is

controlled in spee an 1nverter 1n nmany cases. However, since the

speed is changed in a speed cCOopAcREROGPS' 6F | Plir tHEERTROKSES a problemin
that a frequency of an el ectromagnetic force and the nunber of natural 25

vi brationsf a constitThéimresast elawéntion NEeTiteOn tOD40staBdErbere with
each other to provide a resonance
a rotating electric machine such as an electric motor,
generator, a synchronous machine or the like, which
is capable of decreasing vibration and noise.

Conventionally, for example, an induction motor is

10 known as one rotating electric machine.

FIGS. 39A and 39B, and FIGS. 40A and 40B are views
showing two examples of a conventional induction motor
of this type. FIGS. 39A and 40A are partially broken
side views thereof, and FIGS. 39B and 40B are sectional

15 views taken along one dot chain line A-B.

A stator 1 comprises a frame 2 and a stator core
(iron core) 3 fixed to the frame 2. A rotor 4 is
constituted by providing a rotor core (iron core) 7 on
a rotation shaft 6 pivoted via a bearing 5.

20 In recent years, such induction motor is
controlled in speed with an inverter in many cases.
However, since the speed is changed in a speed control
operation, there arises a problem in that a frequency
of an electromagnetic force and the number of natural

25 vibration of a constitution system of an induction
motor interfere with each other to pfovide a resonance

phenomenon and a large noise occurs. Then, since the
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ghenonenon and a |l arge noise occurs. Then, since the 9 1 3 APR 2005 2
speed changes, the resonance point cannot be avoided. As neans for
decreasi ng such noise resulting fromsuch resonance phenonenoha {08
exanpl e, there is known one disclosed in Jpn. UM Publication (KC&&?) 5
No. 55-109353. FIG 41 is a sectional view showing a constitution exanple
of a conventional induction motor of this type. An el astic beam 13 is
provided via an elastic body 12, and the Stdtor core 3 and the frane 2 are
el astically 10 supported on the elastic beam 13. However, in the induction

not or having the above «constitution, the riqgidity of the elast.
nust be reducepeed shRagESs Jithe FFSCNERS é‘%&lﬂt{ >é"taﬂ’élm'\/i 51 a%iso&lr?%o 'e'flhme13
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FIG. 41 is a sectional view showing a constitution
example of a conventional induction motor of this type.
An elastic beam 13 is provided via an elastic body 12,
and the stator core 3 and the frame 2 are elastically
10 supported on the elastic beam 13.
However, in the induction motor having the above
constitution, the rigidity of the elastic beam 13 must
be reduced to make it difficult to transmit the
vibration of the stator core 3 to the frame 2.
15 The stator core 3 receives a torque in a
| ciréumferential direction as a reaction force of a
drive torque of the rotor 7. Accordingly, the elastic
beam 13 must support the weight of the stator core 3
and the force in the circumferential direction which
20 makes it difficult to reduce the rigidity of the
elastic beam 13.
Consequently, since the vibration transmission
from the stator 1 to the outside cannot be sufficiently
reduced, noise cannot be sufficiently reduced.
25 BRIEF SUMMARY OF THE INVENTION

An object of the present invention is to provide

a stator of a rotating electric machine capable of



rfched, noi se cannot be sufficiently reduced. BRI EF SUMVARY OF THE
FNVENTI ON An obj ect of the present invention is to provide a stator of a

rotating electric machine capable of 1 3 APR 2005 3 sufficien hy asi ng
vibration and noise and a rotating electric nmachine using th s@ﬂf8¢S
According to one aspect of the present invention, there is provided a
stator of a rotating electric 5 machine. conprising a core, and a frane
connected to the core, wherein the frame s configured such that an

el ectromagnetic force vibration of the frame differs froma natural

vi bration node of the frame. Accordjng t anoiheuﬂgfpeci of _the present 10

i nvention, thersaffsiqiantlge deCraatidid FLIRIFFHAR | B 13 nachine of a

frame-1ess type, conprising a core confijgured. suc el ectromagnetic
force vibratiéh XtGHAT FEFFFe G auﬁfeﬁ%rfg?é \r/?%ar%'on node gf t he

?S; b ovi ded a st 2§o?19%<?5%é$%€2€$ ohe CRERE0 T ol TRFEER: LIVERLLOR, TN
a frame conne . ' |
SectTon 10 arviees ot PSRN SIS G LRAPEFRERE I f o
trapezoi d, sugg‘-i\e%lﬁlll%léé{g%%%ig*gaaﬁ%fghg%?gﬁ??fafﬁgaﬁg?g%ﬁe{isﬁbsgant '@l
central point ofyd NeFOr %ﬁér@fﬁe@ﬁ@rﬁﬂaﬂ%éthsr@é@ﬁﬁ@ured such that

an electromagnetic force vibration of the frame differs

from a natural vibration modé of the frame.

According to another aspect of the present

10 invention, there is provided a stator of a rotating
electric machine of a frame-less type, comprising
a core configured such that an electromagnetic force
vibration of the core differs from a natural vibration
mode of the core.

15 According to still another aspect of the present
invention, there is provided a stator of a rotating
electric machine comprising a core, and a frame
connected to the core and having a circumference shape
of a section in a direction perpendicularly to an axial

20 direction which is selected from one of a substantial
circle, substantial square, substantial trapezoid,
substantial rectangle, and substantial square, wherein
a central point of the core is decentered with respect
to one of a central point of the frame and a cross

25 point of a diagonal of the frame.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated



to one of a central point of the franme and a cross 25 point of a di agonal

of the frane. BRI EF DESCRI PTION OF THE SEVERAL VI EWs OF THE DRAWNG The
acconpanyi ng draw ngs, which are incorporated 1 3 APR 2005 4 in and
constitute a part of the specification, illustrate embodi ment  80APR 1365
present invention and, together with the general description given above
and the detailed description of the enbodinents given 5 bel ow, serve to
explain the principles of the present Tnv8ntion in which: FIG 1 is a view
for explaining a mechanismof noise generation; FIG 2A to 2F are views
for explaining a circular 10 node; FIG 3_is a viewfor £X | aining a
conventional nbR AN HEPREEEFRES| 2 PEYE OfF tRE SRPEHF 1P égﬂraining a

i brati f | Lc f : '
igirifogLﬁin?aﬁlﬁ%%ﬁ%%$€ﬁ$£fééﬁ@e8€%?3f?ﬁﬂggéﬁé%éﬁ?o§§¥?§ﬁ?aﬁf%ﬁ§?iXhe“s

et ween e electro net i i bEati Qe .
6B are vi ews fd?°%§€ﬁ§fﬁ?%gh ggggggﬁgFg?}gégéﬁgég%?éLQEY?g?gé? E!Q@g ?é ?gg

are vievs for cxplaUBL00108 ALRERLHORORNBEEE! bibbInERES: gBheho BC are

views for explarni
5 below, serve to explain the principles of the present

invention in which:
FIG. 1 is a view for explaining a mechanism of
noise generation;
FIG. 2A to 2F are views for explaining a circular
10 mode;
FIG. 3 is a view for explaining a conventional
noise characteristic;
FIG. 4 is a view for explaining a vibration of
an electromagnetic force;
15 FIGS. 5A, 5B,'and 5C are views for explaining
a mechanism of the vibration generation from a relation
between the electromagnetic force and natural vibration
mode;
FIGS. 6A and 6B are views for explaining
20 a vibration characteristic;
FIGS. 7A to 7C are views for explaining
a vibration characteristic;
FIGS. 8A to 8C are views for explaining
a vibration characteristic;
25 FIGS. 9A and 9B are a partially broken side view
and a transverse sectional view showing a stator of

a rotating electric machine according to a first




a vibration characteristic; 25 FIGS. 9A and 9B are a partially broken side
view and a transverse sectional view showng a stator of a rot %inp

el ectric machine according to a first 1 3 APR 2005 embodi nent o? tﬁéRZWS
present invention; FIG 10 is a characteristic view showing a relation

bet ween noi se and operation frequency of the rotating electric nachine in
an experinment according to 5 the first_enpodinent; FIG 11 is a ‘
characteristic view showing a rel ati on between an order n and a noi se

| evel ; FIGS. 12A and 12B are a partially broken side view and a transverse

sectional view show, hg one ex |l e _of 0. a ,of arotating electric

ggzhing accordi?é%%%ﬁé%%%c%ﬁdgg HFRER b?véﬁgigﬁésent inventign; FI GS
and 13B are a paptjal broke ' ' .ang. a.,t se sectional

vi ew show ng anothergééan%ﬁelgog Pﬂékg§5¥g$$%%étgégyo g?ﬁ%gaelectric :

machi ne 15 aCCOédw@#foahﬁeéagggdnsmdm&naﬁgffgwg?pffé&aénc&“wg%h@“i

FIG 14 is a perspecirve view show ng one exa a stator” of

rotating electrig, gpehing; a6eL5di AdchOnedihhhhdefpbodinarEt agbotlenpr esent
i nvention; 20 F*éig?S ?s a perspect?venSiéM/shoadgg anothe? gxangFe of the

stator ofgthe rghat engsel emsbbiem8RERi ne according to the. third enbodi nent
of the present invention; FIG 16 is a perspective view show ng a stator

FIG. 11 is a characteristic view showing
a relation between an order n and a noise level;

FIGS. 12A and 12B are a partially broken side view
and a transverse sectional view showing one example of

10 a stator of a rotating electric machine according to
a second embodiment of the present invention;

FIGS. 13A and 13B are a partially broken side view
and a transverse sectional view showing another example
of the stator of the rotating electric machine

15 according to the second embodiment of the present
invention;

FIG. 14 is a perspective view showing one example
of a stator of a rotating electric machine according to
a third embodiment of the present invention;

20 FIG. 15 is a perspective view showing another
example of the stator of the rotating electric machine
according td the third embodimgnt of the present
inventién;

FIG. 16 is a perspective view showing a stator

25 of a rotating electric machine according to a fourth

| embodiment of the present invention;

FIG. 17 is a sectional view showing a stator of



25 of a rotating electric machine according to a fourth

enbodi ment of the

present invention; FIG 17 is a sectional view showng a stator of 1 3 APR

2005 6 a rotating electric nachine according to a fifth

enbodi nt of the

present invention; FIG 18 is a sectional view showing a stator? ®fAPRa2005
rotating electric machine according to a sixth 5 enbodi ment of the present
invention; FIG 19A and 19B are a sectionafk view and a side view show ng a
stator of a rotating electric machine according to a seventh embodi ment of
the present invention; 10 FIG 20A and 20B are a sectional view and a side

vi ew showi ng o l f t at . ' I € '
according to a2§e$€ﬁ? lgﬂgﬁﬁg ﬁfcgéagﬂhﬁeL%é@é%@gpﬁﬁéﬁf%g%?f Eg{nglA and

21B are a sectiona

cin ave o sl el WBoRd .3 terdi | gsbaukgp ot e arml e i Lhe

I ne accor

enmbodi ment of the prgsent eNLi QB EbfFa129ik

I'ng"to the eighth
ahBRhiaReat ktatyrewsshow ng

n
a stator of a rotating e}gcgrlc nmachi ne accorging to a ninth 20 enbodi nent
of the present hnysphioy Eiet2dci fadnBResaesbiuenyl ew sheukey a stator of

a rotating electric nmac

fne according to a tenth enbodiment of the present

i nventiong Fl G egoli$m@nt’ 88S¥RESBresehtonavertevnshowi ng one

FIG. 19A and 19B are a sectional view and a side

view showing a stator of a rotating electric machine

according to a seventh embodiment of the present

invention;

10 FIG. 20A and 20B are a sectional view and a side

view showing one example of a stator of a rotating

electric machine according to an eighth embodiment of

the present invention;

FIGS. 21A and 21B are a sectional view and a side

15 view showing another example of the stator of the

rotating electric machine according to the eighth

embodiment of the present invention;

FIG. 22 is a perspective view showing a stator of

a rotating electric machine according to a ninth

20 embodiment of the present invention;

FIG. 23 is a perspective view showing a stator of

a rotating electric machine according to a tenth

embodiment of the present invention;

FIG. 24 is a transverse sectional view showing one

25 example of a stator of a rotating electric machine

according to an eleventh embodiment of the present

invention;



25 exanple of a stator of a rotating electric machine according to an

el event h enbodi nent of the present invention; 1 3 APR 2005 7 FIG 25 is a
transverse sectional view showi ng another exanple of the stator of the
rotating electric machine according to the el eventh embodi mgg Apk 30
present invention; 5 : FIG 26 is a transverse sectional view show n

anot her exanple of the stator of the rotat%ng el ectric machine according
to the el eventh enbodi ment of the present ‘invention.; FIGS. 27A and 27B
are a partially broken side 10 view and a transverse sectional view

howi th I h ' I.C . '
ZSBdegStC The ol obBficho8nbBaPnERE arerRE BPESSRRaty xisf: shef LS "
an are_a [ I [ Is
views showing SEP %ﬁggﬁéﬁééﬁléiéﬁ{)?ﬁ@oft%ﬁgi"s?%”t §hd OPRELAEPEIBEERIATY, |
nbNE-ELEYSH

machi ne accordi h [ t : t oleN tion;
FIG 29 is a ch@ggégerls€lc V|ea Eﬁgaﬁ%gggeggﬁgg Eggog%géggtgfigggc; FI GS

30A, 30B, and Sggéggﬁtv&gw@ngggﬁkng a cross section of different h2/hl;
FIG 31 is a transverse sectional view showing a stator of a rotating

electric gachine accend,n26t@s a transverse sectional view showing
another example of the stator of the rotating electric
machine according to the eleventh embodiment of the
present invention;
FIGS. 27A and 27B are a partially broken side
10 view and a transverse sectional view showing another
example of the stator of the rotating electric machine
according to the eleventh embodiment of the present
invention;
FIGS. 28A, 28B and 28C are a transverse sectional
15 view and transverse sectional views showing still
another example of the stator of the rotating electric
machine according to the eleventh embodiment of the
present invention;
FIG. 29 is a characteristic view showing a noise
20 characteriétic;
FIGS. 30A, 30B, and 30C are views showing a cross
section of different h2/hl;
FIG. 31 is a transverse sectional view showing
a stator of a rotating electric machine according to
25 a twelfth embodiment of the present invention;
| FIG. 32 is a characteristic view showing a noise

characteristic;



25 a twel fth enbodi ment of the present invention; FIG 32 is a
characteristic view showing a noise characteristic; 1 3 APR 2005 8 FIG 33
is a transverse sectional view showing a stator of a rotatiyng he iC
machi ne according to a fourteenth enbodi ment of the present iInven b%n;
FIG 34 is a transverse sectional view showing 5 a stator of a rotating
electric machine according to a fifteenth enbodi ment of the present
invention; FIG 35 is a perspective vieﬁ/sﬁomfng the stator of the
rotating electric nachine according to the fifteenth enbodiment of the
present invention; IS a transverse sectional .vie how_n a
EROUAHT ©

10 FIG _3
stato[ of ﬁ rﬁ%aéingF€$9c33igsnﬁcHFﬁﬁsgﬁfﬁ?d§ﬁ§ t@nasi Yt &¥n
seventeenth e ' t h | ion.
Cranver se secth HERENT eib & 1EobREaRRGe e QY ETS MpniheTacdtuntid 847 O
machi ne accord'n@@%fgggngﬁg@&ﬁ@@iﬂeﬁgbBﬁ'Eﬁ@tpPéséHQ Phé&RBionk nvention;

FIG 38 is a tran e séctronal "view showmng  a stator of a rotating

el ectric machi ne accprdingt s 20.2aR50BERENEBCETBALLRAEOG HoEnRT esent
a

i nvention; FIGS. 39A and B are a partially broken side view an
sectionalg vi ew showi pgr09e §0PsthtvhyoR18%8FREEMalhifeCabEORELABALO

I nduction notor; FIGS. 40A and 40B arfe a partially broken side view
a fifteenth embodiment of the present invention;

FIG. 35 is a pérspective view showing the stator
of the rotating electric machine according to the
fifteenth embodiment of the present invention;

10 FIG. 36 is a transverse sectional view showing
a stator of a rotating electric machine according to
sixteenth and seventeenth embodiments of the present
invention;

FIGS. 37A and 37B are transverse sectional views

15 showing a stator of a rotating electric machine
according to an eighteenth embodiment of the present
invention;

FIG. 38 is a transverse sectional view showing
a stator of a rotating electric machine according to

20 a nineteenth embodiment of the present invention;

FIGS. 39A and 39B are a partially broken side view
and a sectional view showing one constitution example
of a conventional induction motor;

FIGS. 40A and 40B are a partially broken side view

25 and a sectional view showing another constitution
example of a conventional induction motor; and

FIG. 41 is a partially broken side view showing



25 and a sectional view show ng another constitution exanple of a
conventional induction notor; and FIG 41 is a partially broken side view
showi ng 13 APR 2005 9 anot her constitution exanple of the conyvgnti onal

i nduction notor. DETAILED DESCRI PTI ON OF THE | NVENTION  An enbgd‘rPr?ems of a
rotating electric machine 5 including a rotor according to the present

I nvention w Il now be described with refﬁ;ence to the acconpanying

drawi ngs. In the beginning, there will be "expl ained a nechani sm of noise
generation which fornms a 10 pre-suppositional idea of the present

invention. FIG 1 is a viewfor, explaining chani_sm_qf., I se
generation. WhaROiherc GOSSdtotion Sxampls O%BEE‘& icgnfv&ng:élo\;\}% ch acts on an
air gap between rot.or core 102 and a stator core 104 is resonated with
the 15 nunber YA A MKW rati on of the stator core 104, a frame 106 is

oy kably vibrated so iatti WG ol S el aberige At 0
Cireul ar i brati on e Yo o e L “motie 1
'n FG8 A to K o e ey ohr| hkage node (or der n
= 0), will now be described with reference to the
accompanying drawings.
In the beginning, there will be explained
a mechanism of noise generation which forms a
10 pre-suppositional idea of the present invention.
FIG. 1 is a view for explaining a mechanism of
noise generation. When a frequency of an electro-
magnetic force which acts on an air gap between a rotor
core 102 and a stator core 104 is resonaﬁed with the
15 number of natural vibration of the stator core 104, a
 frame 106 is remarkably vibrated so that the vibration
is radiated to the air to generated as a noise.
A mode of deformation of the frame 106 caused by
the electromagnetic force is generally an ellipse mode
20 (order n = 2) in a circular vibration mode.
The circular vibration mode refers to a mode in
which an external configuration is changed in a radial
direction as shown in FIGS. 2A to 2F. The mode
includes an expansion-shrinkage mode (order n = 0),
25 a translation mode (order n = 1), an ellipse mode

(order n = 2), a triangle mode (order n = 3), a square

mode (order n = 4), a pentagon mode (order n = 5), and



25 a translation node (order n = 1), an ellipse node (order n=2, a
triangle node .(order n = 3), a square node (order n = a pentagon node
(order n =5), and 1 3 APR 2005 10 the I|ike. COnventlonaII a transversal
cross section (perpendicularly to a rotation axis) of the'é%d%@rﬂmmre 3
and the frame 2 is circular or square as shown in 5 FIGS. 39B and 40B in
many cases. The nmeasurement result of thggynoise is shown in FIG 3. A
horizontal axis shows an operation frequéncy (Ft) while a vertical axis
shows a noise |evel (dB). There can be seen a | arge peak between 40 Hz to

60 Hz of the Ogﬁ{atiﬁQE 10 frequency of the induction motor. This is the
noi se gener at ‘t he |nfluence of the resonance. Now, the principle

of noi se generation c',!lebt f al | ¥n S¥0- 84 osk NgEc8¥on
el ectromagnetic forc TEELE1D 5 magneti c |ef t here can be
generated a erd(a%ﬁrQ V}‘mf&lau‘f%ell.c?dﬁ ¥: A Cad 04 Feof Sthot 8t &opNEogdanged

with the |apse Tt as rce ration toward an i nner dianeter of

the stator cor e priqmril vel @y eldi @8RS Nequate SaeNshoom engi ven

point in the stator core ration by the above el ectronagnetic force
is reprasentedpids eog@ﬁlgﬁld(,ﬂ,og iMmady Sased cOtThe Madasheermenit denotes a

vi bration caused by the
result of the noise is shown in FIG. 3. A horizontal
axis shows an operation frequency (Hz) while a vertical
axis shows a noise level (dB). There can be seen
a large peak between 40 Hz to 60 Hz of the operation
10 frequency of the induction motor. This is the noise
generated under the influence of the resonance.
Now, the principle of noise generation will be
specifically explained.
Since an electromagnetic force is a rotating
15 magnetic field, there can be generated a mode in which
the electromagnetic force is rotated and changed with
the lapse of time as a forced vibration toward an inner
diameter of the stator core primarily in an ellipse
mode (n = 2) seen from a given point in the stator
20 core.
Vibration by the above electromagnetic force is
represented in equation (1):
fy = A sin(ot - MO) (1)
where fy denotes a vibration caused by the
25 electromagnetic force, A denotes an amplitude of the
electromagnetic force, ® denotes a number of aﬁgular

vibrations of the electromagnetic force, M denotes



25 el ectromagnetic force, A denotes an anplitude of the electromagnetic
force, w denotes a nunber of angular vibrations of the el ectronmagnetic
force, Mdenotes 13 APR 2005 - 11 an order of electronagnetic force

vi bration, 0 denotes a mechanical angle, and t denotes tine. t
vibration 4N is represented in equation (2) when only a surf’igﬂﬁ itlon
of acircle is 5 considered as shown in Fl 2Ato 2F: ~N = 4N " sin NO
(2) where 4N denotes a natural vibration % acircle, ~N denotes an
anplitude of the natural V|brat|on, and N denotes an order of the natural

bration. 10 Si h d '
{'heril ;g[‘r?mgn'@{ff& ﬂ%&a | She aﬁﬁo%‘%grvléﬁéé‘h §Fot piAFRERORY QRabforaaRre
, a Vvibration a t ude d b '
on an'| nduct | on®BPGReHFEf cBRELEN: BHADY SHISEPINCIRE 3y according to the.
present invention. z ng%%ﬁl(%ﬁbr&%ﬁ bic1¥! PegtbpanaEm! ihudguation

represents a V|brat|on at” a Cer Itude Z of © a whole

circle can be o b fln f equ 4 I REeqr t anmpl i tude z
over the whole ? ?cgngeréﬁc i ghk?gg%eﬁ%g¥gt§enF?gngegag??gnm?4)nplt S

found thag the upREaHeBd agplshbwﬁelﬁ pche2mhebezei:rcl e can be deter nined
from the product of the el ectronagnetic force and the
¢y = ¢y sin NO (2)
where ¢y denotes a natural vibration of a circle,
¢y denotes an amplitude of the natural vibration, and
N denotes an order of the natural vibration.
10 Since the noise due to vibration is caused by
a resonance of the electromagnetic vibration and the
natural vibration as shown in FIG. 1, a vibration
amplitude z caused by an electromagnetic force which
acts on an induction motor are represented by equation
15 (3) according to the present invention.
z = fy* ¢y - (3)
Since the vibration amplitude z represents
a vibration at a certain angle 6, an amplitude Z of
a whole circle can be obtained from equation (4) by
20 integrating the amélitude z over the whole
circumference with respect to ¢.
From equation (4), it is found that the vibration
amplitude Z of the whole circle can be determined from

the product of the electromagnetic force and the

25 natural vibration.
27 27
z =[] zde_jo £ - Ondd (4)

Next, detailed explanation is made by substituting



25 natural vibration. Z = JJ~zdO = fo"fM ~NdO (4) Next, detailed

expl anation is made by substituting 13 APR 2045 12 specific values. The
vibration anplitude Z generated by the electromagnetic force node (order M
= 2) and the natural vibration node (order N = 2) can be defgrgrReg@s5 from
a vector product as shown in FIG 5A An outward direct-ion of the radius.
direction represents a plus while an inward direction thereof represents
a mnus. Points to be calculated are eight ~“points on 10 a circunference as
representative points in an approximte calculation. In FIG 5A in the
case of the electromgnetic force node (order M= 2) and the natural

vi bration node SQQﬁ%ﬁ&CPWQJ%§§'the cal cul ation of the vector product is 15

Ceprosented i n a veols? KHBRAEIGH EReLsEaBHcE: JenbrEred BLTERE" S0,
ot Pomgnel iy Rotadit 1 e g BBt 8 TR phept L0
(order N = 2), g ViPLtyP0r2PbhiHd8e! Fo8888TALLA2YWNESH be determined

5 from a vector product as shown in FIG. 5A.

An outward direction of the radius direction
represents a plus while an inward direction thereof
represents a minus.

Points to be calculated are eight points on

10 a circumference as representative points in an
approximate calculation.

In FIG. 5A, in the case of the electromagnetic
force mode (order M = 2) and the natural vibration mode
(order N = 2), the calculation of the vector product is

15 expressed as-equaﬁion (5).

The numeric values of the determinant are
represented in a vector amount Qf the respective eight
points shown in FIG. 5A.

h
0]

-1

20 [10—1010—10]?:4 (5)

0
-1

L 0]

Thus, in a combination of the electromagnetic

force mode (order M = 2) and the natural vibration mode
(order N = 2), a vibration amplitude is generated which

has a magnitude such that the value of the vector

25 product becomes Z = 4.



has a magni tude such that the value of the vector 25 product becones Z = 4.
13 APR 2005 13 Next, the vibration anplitude Z generated in a conbination
of the electronmagnetic force node (order M= 2) and the natural vibration
mode (order N = 3) can be determined in a calculation of a gector Eroduct
ds 5 shown in FIG 5B. r 1 i [i0-1010-10] In the combi nati oh®APR A8

el ectromagnetic force node. (order M= 2) _.and the natural vibration node
10 (order N =3), Z =0 and no vibratidn il génerated. Next, the vibration
anplitude Z generated in a conbination of the el ectromagnetic force node
(order M= 2) and the natural vibration node égrder N = 5€ﬁgan be
determned in a cal g%k crhefvibxabionr ¥RbEIdes? 98"€R3WA%i i"FIG 5C 1
110 -1 01 0-20] =0 ..,(7) In the conbination of I o] iC
force node (or%ié;mi\;?l—m?‘ﬁl%&% H ' 8 LG R T o En%"g%gzrg&%%r gg?&%: 5),
Z = 0.and no vibratjon i ener at e +0], =1 §ycagpbe
seen that settrng he? $d el\?%‘?u{j?'n]é {%@%%f&/ﬁﬁé’%@ gﬁk%de to 3)13 APR
2006 14 be determined in a calculation of a vector product as

5 shown in FIG. 5B.

1
~0.71
0
L o-1010-10] o;zl =0 (6)
0.71
0
-0.71

In the combination of the electromagnetic force
mode (order M = 2) and the natural vibration mode
10 (order N = 3), 2 =0 and no vibration is generated.
Next, the vibration amplitude Z generated in

a combination of the electromagnetic force mode (order

M = 2) and the natural vibration mode (order N = 5) can

be determined in a calculation of a vector product as

15 shown in FIG. 5C.

1
-0.71

0 : |

.71

Lo-1010-10] 0_1 =0 o (7)
0.71

0
~0.71

In the combination of the electromagnetic force
mode (order M = 2) and the natural vibration mode
20 (order N = 5), Z = 0 and no vibration is generated.
From the above relation, it can be seen that

setting the order N of the natural vibration mode to 3



and 5 with respect to the electromagnetic force node (order M= 2) is a
condition for preventing the vibration. Simlarly, the order N= 7, (odd
nunber) of the natural vibration node with respect to the 5

el ectromagnetic force node (order M= 2) can preventing thd ARRopgi on.
This means that even when the stator core is resonated due to the induced
el ectromagnetic force, the vibration can f securely decreased. 10 The
natural vibration node is mainly based ©on ﬁe “cross section of the
structure so that it is desirable to set the order n of the circular

vi bration node to. an odd nunbe he order, M of the

r. e.g., 3,.5 7, . Sipce
el ect romagnet | c2R%r2eWith rRgpecH £ the §EEFBF°@898eE§Cu%ﬁﬁFFymgggn
nber, f le two, iL.i i bl.e, t | s ' d to th
ot ommgnet | ol obieE Bra EhelRnRuraRasyHBrationbrsVEBEiRRGLhRD shape of
th ti dj A t t{ haf. 20
frame i n accor dORRERREPR® T hEEH Rk Yy} Orhr oFaER KOR 7T LS MenseRL Of

7, (odd nunber%}iﬁhg ﬂégﬁfaiovﬁﬁfhigoggﬁo?%iQEEH'?est@teEB?Eﬁé|

configuration o e frame 1s change e verification'is conducted

during the expegigegkomdgnblidneaetuahotadyeiiigp MOLOR) bhni prévbhiauy! o
grasp an order M of an electromagnetic force. Then, a vibrator is attached
on an inner di agretegiBtathenstator 1 8 APR 2005 15

This means that even when the stator core is
resonated due to the induced electromagnetic force,
the vibration can be securely decreased.

10 The natural vibration mode is mainly based on the
cross section of the structure so that it is desirable
to set the order n of the circular vibration mode to
an odd number, e.g., 3, 5, 7, .

Since the order M of the electromagnetic force

15 induced to the stator core is usually even number,
for example two, it is possible to cancel the vibration
due to the electromagnetic force and the natural
vibration by setting the shape of the cross section
(perpendicularly to the rotation shaft) of the stator

20 frame in accordance with the circular vibration mode
(the order n = 3, 5, 7, '+ (odd number)).

In order to verify the principle, the external
configuration of the frame is changed and the
verification is conducted during the experiment.

25 In an actual induction motor, it is difficult to
grasp an order M of an electromagnetic force. Then, a

vibrator is attached on an inner diameter of the stator



core, and the verification is conducted in a nultiple point excitation
experinent nethod. Twelve vibrators for generating the sane vibration

force are arranged with equal intervals and a phase of 5 adjacent
vibrators is shifted by 45 degrees so that . it is pOSS|bI¢3tpP rate the
‘vibration node of order M= 2 at the circunferential surface ? @ﬁe I nner
di aneter of the stator core. A frequency o; the vibrator is changed to O to
10 2500 Hz to be evaluated at a vibration %ceTeration. FIG 6Ais a view
showi ng an accel erati on when the cross section (perpendicularly to the
rotation shaft) of the s

f
partlcularly | af§Eer oA EgtO%?ﬁé%égééﬁgﬁgﬁggﬁ%ﬁguFﬁgdaégggggh tﬁgigest for
n 4 and 6. The ac eL%E§¥§%E2hZﬁé%g%lbFé?rE%t % and 5 as conpared with

the accel erat i oR°f |s a view showi ng an

accel eration when { NG, GLasS iSEEliAR (REr REMIEM 3] HeP ddife WPl On

shaft) 20 of the stator frame is square. acce eratlon I's particularly

large for n = 2capded ar@h%rﬁﬁﬁﬁbﬁr%ﬁkﬁne %lt@%ﬁ@¥V@T§|$Mﬂ%§bﬂaﬁé'bf:6
The acceleration 1s = 3 and as conpared with the

accel eratson f@giBcend vAb*akols 33 Bh@ftéd by a5vidyreenisty that
accel erati on when the outer circunference of a cross section

gpilr:)pRegglogul_ arll6y_t ie thesitlat iten gehalria)teoft Heh& ittrattdion marde lwefs ca:ch#xape 1
M = 2 at the circumferential surface of the inner
diameter of the stator core.
A frequency of the vibrator is changed to 0 to
10 2500 Hz to be evaluated at a vibration acceleration.
FIG. 6A is a view showing an acceleration when the
cross section (perpendicularly to the rotation shaft)
of the stator frame is circular. The acceleration is
particularly large for n = 2. The acceleration is_the
15 second largest for n = 4 and 6. The acceleration is

small for n = 3 and 5 as compared with the acceleration

2, 4 and 6.

for n
FIG. 6B is a view showing an acceleration when the

cross section (perpendicularly to the rotation shaft)

20 of the stator frame is square. The acceleration is
particularly large for n = 2 and 4. The acceleration
is the second largest for n = 6. The acceleration is
small for n = 3 and 5 as compared with the acceleration
for n = 2, 4 and 6.

25 FIG. 7A is a view showing an acceleration when the
outer circumference of a cross section (perpendicularly

to the rotation shaft) of the stator frame has a shape



defined by the circular vibration node of order n =2 (ellipse node). The
acceleration is particularly large for n = 2. The acceleration is the
second |argest for n =4 and 6. The acceleration is small for n =3 and 5
5 as conpared with the acceleration for n = 2, 4 and 6. FIQ378R 2005 vi ew
showi ng an accel eration when the outer circunference of a cross section
(perpendicularly to the rotation shaft) ofgthe stator frame has a shape
defined by the circular vibration node of order n = 4 10 (square node). The
acceleration is particularly large for n = 4. The acceleration is the

second | argest for., = d 6..T1h . ' =

aﬁ conpar ed mﬁtﬁe%ﬁgggceglgﬂgtF&ﬁchPéﬁgibS?%ibgggbéesEﬁgkrgg&ig a 3i23ﬂ °
showi ng an acce G th 5 L& eunt i i
(perpend cul ar §o 28 PBRHEERY: o RnE, aPbTerskAEHTS) BReRiShIqea o tarper . O

defined by the %EECH!érFYib@ﬁhiQEc@Q@%aQ&oQVQQVtﬂezs@cohae&&Q@@SmDﬁﬁt- The
acceleration is particularly large for n = 6. The acceleration is the

second | argest Hoe 40aRd=62. Fhendcéelbiatdemclier amadl iforsmalH 3f andn 5= 5.
FIG 8A is a view showi ng an accel erati on when the outer circunference of

a Cross secti onagpeoppagiedudrthy thieo acke Leataationn foirafnt F &f tdhe@nsk #t-or
frame has a shape defined by the circular vibration node of order 25 n =3
(triangl e node). It iFIG.ecognized witat showing el aeadlerdtsiamahenithae
whole. FIG 8B is a view showi ng an accel erati on when the 13 APR 2005 17
outer circumference of a cross section (perpendiculaéay
to the rotation shaft) of the stator frame has a shape
defined by the circular vibration mode of order n = 4
10 (square mode). The acceleration is particularly large
for n = 4. The acceleration is the second largest for
n =2 and 6. The acceleration is small for n = 3 and 5
as compared with the acceleration for n = 2, 4 and 6.
FIG. 7C is a view showing an acceleration when the
15 outer circumference of a cross section (perpendicularly
to the rotation shaft) of the stator frame has a shape
defined by the circular vibration mode of order n = 6
(hexagon mode). The acceleration is particularly large
for n = 6. The acceleration is the second largest for
20 n =2, 3 and 4. The acceleration is small for n = 5.
FIG. 8A is a view showing an acceleration when the
outer circumference of a cross section (perpendicularly
to the rotation shaft) of the stator frame has a
shape defined by the circular vibration mode of order
25 n = 3 (triangle mode). It is recognized that the

_acceleration is small on the whole.

FIG. 8B is a view showing an acceleration when the




auter circunference of a cross section (perpendicularly to the rotation
shaft) of the stator franme has a shape defined by the circular vibration
node of order n =5 (pentagon node). it is recognized that the 5
acceleration is small on the whole. FIG 8Cis a vieM/shomlagmanzms

"accel eration when the outer circunference of a cross section
(perpendicularly to the rotation shaft) af, the stator frame has a shape
defined by the circular vibration mode "of ‘order n = 7 10 (heptagon node).

It is recognized that the accelera- tion is small on the whole though it is
rather large as conpared with FIGS. 8A and 8B. This i? becauge the_ .shape
of the outer ciQPWERH FEFREEEPreREe cPHs? SEREF oFPCEHNRS B?Bg%nabcPﬂar%Yrcle

it h . g - g
of the. of reul dfoy SarPbACionesharE) coby Hhe, EatBlGEnahd had o, dRaBlle” 1
recogni ze romt [ t i ' ' '
the order n(ﬁr%?éfheéfﬁiigggv?%féy#%ﬁ %%§§a§£$§ﬁ%ﬁggt?£ gﬁgsgeg$L? 2doLIer
20 cwcunferenc&aée)lfr!t % c%ﬁééhsecikogsoggéggnﬁgéaoghggrgheis odd nunber -

such that the o atural = vi I on node of the outer

circunfergnce of t8fefhOSSn $6§CEhAN10bnt BReSkAbDE . COre is not equal to the
order M2) of the electromagnetic force. 25 Even if the shape of the outer

circunference of thereroge sechi oiedf shbringahar aceederatdoyp whapethet here -
is generated a natural vibration node. 1 3 APR 2005 18
outer circumference of a cross section (perpendicularly
to the rotation shaft) of the stator frame has a shape
defined by the circular vibration mode of order n = 7
10 (heptagon mode). It is recognized that the accelera-
tion is small on the whole though it is rather large as
compared with FIGS. 8A and 8B. This is because the
shape of the outer circumference of the cross section
comes close to the circle with an increase in an order.
15 Therefore, the upper limit of the order n of the
circular vibration mode is preferably set to 7.

As can be recognized from the experiment result,
the vibration is not generated if the order n of the
circular vibration mode defining the shape of the outer

20 circumference of the cross section of the stator core
is odd number such that the order N of the natural
vibration mode of the outer circumference of the cross
section of the stator core is not equal to the order M
(= 2) of the electromagnetic force.

25 Even if the shape of the outer circumference of
the cross section bf the stator core is any shabe,

there is generated a natural vibration mode.



However, the vibration anplitude of the natural vibration node (order N =
2) is suppressed and ceased to be generated by setting the order n of the
circular vibration node defining the shape of the outer 5 circunference of
the cross section of the stator core to 3. On the contraf§, ARghgyyi bration
anplitude of the natural vibration node (order N = 3) is enlarged by

setting the order n of the circular vibLat#gn gnde 10 defining the shape of
the outer circunference of the cross section of the stator core to 3. That
is, the magnitude of the vibration is determned by the relation between

the order Mof the electromagnetic, force nmode_.and fhe order N,of t.he 15
natural vibration m&l@.""el"ﬁrorg@re VI PFAEIAN AR} cé’fottﬁ’? AR N, it

Decores 22ent s Rig i B, 05 3¢’ SOBGHARRT Y Fh e

other. From sucK+REd Sireunterence of the

cross section | 83yl Lekiaeq 29 BELANY eHl Ltk AR cditdon o

the stator frange sét 10 a sha y sine curve of an o nunber

order (excludi ng;braRGSHERBAY de?ThiAge thd shape id cheakpianiately

sel ected in accordance w t he nunbér of polées in the rotating electric

nmachi ne). 525 A gybstateirancead® ehkeerdss @klcdivad Fvehd sthtershane is
nmerely a pol ygon havi ng odd- nunber (excluding 1) sides (preferably, any

one of substantig 3triangle, 1 3 APR 2005 19

On the contrary, the vibration amplitude of the
natural vibratién mode (order N = 3) is enlarged by
setting the order n of the circular vibration mode

10 defining the shape of the outer circumference of the
cross section of the stator core to 3.

That is,.the magnitude of the vibration is
determined by the relation between the order M of the
electromagnetic force mode and the order N of the

15 natural vibration mode. 1In order to effectively reduce
the  vibration, it becomes esséntial to prevent the both
orders from agreeing with each other.

From such a viewpoint, the shape of the outer
circumference of the cross section in a direction.

20 .perpendicularly to an axial direction of the stator
frame is set to a shape defined by a sine curve of
an odd number order (excluding 1, preferably, any one
of 3, 5 and 7 appropriately selected in accordance with
the number of poles in the rotating electric machine).
25 A substantial same effect is obtained even if the shape
ié merely a polygon having odd-number (excluding 1)

sides (preferably, any one of substantial triangle,



substantial pentagon, and substantial heptagon). Further, if the stator
frame is not provided, i.e., in the case of frane-less type stator, the
shape gf tre Iouter circunTerence of the cross section in a direction 5
perpendicularly to an axial direction of the stator corqJ to a shape
"defined by a sine curve of an odd nunber order (excludi ng al?Pg?ggserabl Y, P
any one of 3, 5 and 7 appropriately selected in accordance wwth the
nunber of poles in the rotating electric chine), 10 order or a
substanti al pol ygon havi ng odd- nunber (excluding 1) sides (preferably, any

ﬁQS} Sgoﬁg??ﬁg%ﬁéﬁ%&f‘%&aﬁ%&%?‘S%ﬂﬁgﬁé‘éé‘ﬂﬁ?ﬂﬁﬁ%ﬁ?%“%ﬁﬁ?%i Wil be
expl ai ned in ' | ' :
Structure of i HESFERSEr nbf Ehecorrbobntrrfie th fie BLBEERET, TVELELER:  ona
o omm w455 P EhepioFesblEvaR"BCROEL) e SRpbaves Phel e

conventi onal e I ndica In the sane reféerence nuneral s

and their detallggo, gseEhRELEONSL! bePEn@TEELEY. sELESbETRO! BRRbCE G 94

is a partially | en side view showng a constitution exanple of a stator
core of rOtatgag?eﬁéiéhﬁﬁkintaaahlaﬁiagcaaééaaibﬁ bliether staesodi ment,

and FIG 9B is ansverse sectional view thereof (a cross sectionin a
direction perpeggdigukark¥tt €oan sxhpk de8iABR BYOA 8@ne curve of
an odd number order (excluding 1, preferably, any one
of 3, 5 and 7 appropriately selected in accordance with
the number of poles in the rotating electric machine),
10 order or a substantial polygon having odd-number
(excluding 1) sides (preferably, any one of substantial
triangle, substantial pentagon, and substantial
heptagon).
Hereinafter, embodiments of the present invention
15 will be explained in detail by referring to the
drawings. Since the overall structure of the rotating
electric machine is the same as the conventional
examples shown in FIGS. 39A to 40B, the same portions
as those of the conventioﬁal examples will be indicated
20 in the same reference numerals and their detailed
description will be omitted.
First Embodiment
FIG. 9A is a partially broken side view showing
a constitution example of a stator core of a rotating
25 electric machine according to the first embodiment, and
FIG. 9B is a transverse sectional view thereof (a cross

section in a direction perpendicularly to an axial



direction of the frane). The stator 1 conprises the frane 2 and the stator
core 3 fit into and fixed to the frane 2. Assunming that a ratio of an
average radius r of an outer 5 circunference of the frame 2 and a
deformation anmount A fromthe average radius r is in the ngngerojyd. 05 S
"Alr S 0.5, and a nechanical angle is denoted by O, an outer circunference
D of a cross section of the frane 2 in a géregtion perpendicularly to an
axial direction is 10 set to a substantial “Sine waveform as expressed as
follows: D A- sin nO where an order n of the substantial sine waveform is
set to an odd nunber excluding 1...15 As the odd nunber order n excluding 1,
preferably, an§l5ﬁ§t&PnoP eF§e3fr§n§Hd 7 appropriately selected in °

accordance with the I in..t r td [ gn%ﬁg is
set as the order. An%&r!é%&ta?%rfgf %ﬁﬁsﬁ%esortqﬂéoff %heeeiro a‘%i% _ei ectric
machine will beexpl ai p6d. WA -3y SR 1ty t¥e LAl | NG KIMBGS 1 C
machine is started, the rotation shaft 6 Iis rotated. At this ting, wth an

el ectromagneti c th@hCQ r@@NY ¥re@AnD ARy Y3 Re VRN d@utdedt or core 3
and 25 the rotor core 7, the stator core 3 is deforned and vibrated in a

radi al di secti opiranchfieiendddioR itk ifSand 2nHHd £ Udforintet forar@nchin8Nzen
they are resonated, 1 3 APR 2005 21
from the average radius r is in the range of 0.05 =
A/r £ 0.5, and a mechanical angle is denoted by 6, an
outer circumference D of a cross section of the frame 2
in a direction perpendicularly to an axial direction is

10 set to a substantial sine waveform as expressed as

follows: |
D= A-+sin nb
where an order n of the substantial sine waveform
is set to an odd number excluding 1.

15 As the odd number order n excluding 1, preferably,
any one of orders 3, 5 and 7 appropriately selected in
accordance with the number of poles in the rotating
electric machine is set as the order.

An operation of the stator 1 of the rotating

20 . electric machine will be explained.

When an operation of the rotating electric machine
is started, the rotation shaft 6 is rotated.

At this time, with an electromagnetic force
generated between a gap between the stator core 3 and

25 the rotor core 7, the stator core 3 is deformed and
vibrated in a radial direction, and the vibration is

transmitted to the frame 2. When they are resonated,




l.arge vibration and noi se are generated which causes a problem 1In the
enbodi nent, an order M of an electro- nmagnetic force vibration and an order
N of a natural 5 vibration are different fromeach other (M# N), the

vi bration generated on an external configuration of the frh3eAPR 2085
"cancel l ed even in a resonance state, so that the vibration and the noise
generated in the stator 1 can be effectivgiy reduced. 10 The val ues of
0.05 and 0.5 in 0.05 < A/r < 0.5 show The“m ninum and the maxi mumlimt of
the cross section defining a sine waveform An order of a sine wave
defining the shape of the stator frane of the rotatigg %Le tric machine is
15 denot ed by nlexgg, vibzagien gad:i RYLSEhATEr genepatedoy 18% fryses

el ectromagnetic forc% vibration and the order N (= 3, 5 and 7) of the
natural vibrati 8nPd8PAEM-agree with each other. Consequently, the

deformation of a «circular vibration node (an elljp der n = 20
2) is hardly generaté&d T K& nE /R SEsSy) ,osfeta}rﬁ}g%\eil'l %{tgﬁ' on

generated on th?g?u%%&%akﬁ&%%fv@ﬂ£§éf%% 3%%h%E¢o&%%&O@ becanegleygaah ot her

whi ch enabl es ducing t'he vi bration an e noi'se of the stator 1. FIG
10 is a charact ghii3hirq ofi GWeSRAHAAG o t2F Aof dalchn Jiieieq 3 NgReRdld on
frequency and a noise of the rotating electric machine in an experinent
for n =3 and {ibka?itRgEPETa4ed on an external configuration of the
frame 2 is cancelled even in a resonance state, so that

the vibration and the noise generated in the stator 1

can be effectively reduced.

A

10 The values of 0.05 and 0.5 in 0.05 = A/r 0.5
show the minimum and the maximum limit of the cross
section defining a sine wavéform;

An order of a sine wave defining the shape of the
stator frame of the rotating electric machine is

15 denoted by n (= 3, 5 and 7) so that the order M (= 2)
of the electromagnetic force vibration and the order N
(= 3, 5 and 7) of the natural vibration do not agree
with each other. Consequently, the deformation of a
circular vibration mode (an ellipse mode of order n =

20 2) is hardly generated in the frame 2. Accordingly,
the vibration generated on the external configuration
of the stator 1 cancel each other which enables
reducing the vibration and the noise of the stator 1.

FIG. 10 is a characteristic view showing a
25 relation between an operation frequency and a noise

of the rotating electric machine in an experiment for

n =3 and 5.



When a cross section in a direction perpendicu- larly to an axial direction
of a conventional frame 1 is circular, as shown in FIG 3, two peaks are
generated at a resonance point. However, as shown in 5 FIG 10, a peak

di sappears. Wth such constitution, the el ectromagnetic force APRI mptlon
"order and the natural vibration order are different from each ot%

that the two orders cancel each other whi g.enables sufficiently redUC|ng
10 the vibration and the noise. FIG 117 |§? characteristic view showing a
rel ati on between the order n and a noise level. In FIG 11, the orders n
are shown fromthe third to the twenty-fifth qQqn a horlzontal %xls whil e 15
the maxi num val ues oWheRean6roas| §9EkiqPe 18n8uALIERCtIOPPEFPERYASYS. FI G

11 how

t Ee' oper tF |Vc:s fgsﬂﬁgngigﬁ‘ffﬁafrsfsmgoa 881 71 BoRueheRkRaic LPARe  rol co
shown I n . .and, 1

maxi mum peak vaiuég S%rfﬁgarho?ge %8V§IgngﬁegbpapgﬁgngQthlé?étrat:nglthe
found that the gR%?gtba L?W/upgggagggecggghglon 8&e§@? oggeghgunnln 3 25

5 and 7. Cpnseqﬂ n hé & I ment e or n wiich i's effective
for the ngise VEQEchBD hSpegk h9sdppearand 7. 13- APR 2005 23

With such constitution, the electromagnetic force
vibration order and thé natural vibration order are
different from each other, so that the two orders
cancel each other which enables sufficiently reducing

10 the vibration and the noise.

FIG. 11 is a characteristic view showing
a relation between the order n and a noise level.

In FIG. 11, the orders n are shown from the
third to the twenty-fifth on a horizontal axis while

15 the maximum values of the noise level are shown on
a vertical axis.

FIG. 11 is a view showing a summary of what is
obtained from a relation between the operation
frequency of the rotating electric machine and the

20 noise shown in FIGS. 10 and 3 and FIG. 11 is a graph
 formed by illustrating the maximum peak values of the
noise level.

As apparent from FIG. 11, it is found that the
noise is low under the condition of the order of n = 3,

25 5 and 7. Consequently, in the embodiment, the order n
which is effective for the noise reduction is set to 3,

5 and 7.



As described above, in the first enbodi ment, the outer circunference of .
the cross section in a direction perpendicularly to the axial direction of
the frame 2 is a shape defined by a sine waveformw th the odd 5 nunber
order of n =3, 5 and 7, so that the el ectro- magnetic forck3VvARR gi§on
"order and the natural vibration order are different fromeach other to
cancel each other which enabl es effectiveh reduci ng the vibration and

t he noi se generated in the stator 1. 100Q ér enbodi ments of the rotating
el ectric machine according to the present invention will be described.

The sane portions as _those of, the first enbodi ment mnll |nd|cated I n
the sane reference n&?etdz%?rmdt I?que'détrhlth'\fd %ﬁ' G

omtted. 15 Secon Enbod t FIG F%A |s a artlaII bro en g %
Show ng & cons DGR 81 ENREFERge SPS5T SREIPOL APty CLERER
machi ne accor di %%r@%nh'l% %%‘1 t%”'%‘i’x%' tal Qﬂ.@e’ét@onl%% 't%eaft:f %S‘éerse

sectional view ross tion I rection perpendlcularly to an

axial directio sofa %hfab%gg)effllm %?ataorsa.%eCWéf%ﬁ‘:%\ WigH e cand the

stator core 3 into the frame 2. A cross sectionin a
di rectiongper peﬂﬁh\%@ra'b'r)detxo AN ndd &, 25 Gid ect is thatl e ARt d-S

substantially odd-nunber (excluding 1) si ded polygonal As the substanti al
odd- nunber (exchiadnegit) forded vibd AR MR ed4 and the natural
vibration order are different from each other to cancel
each other which enables effectively reducing the
vibration and the noise generated in the stator 1.
10 Other embodiments of the rotating electric machine
according to the present invention will be described.
The same portions as those of the first embodiment will
be indicated in the same reference numerals and their
detailed description will be omitted.
15 Second Embodiment:

FIG. 12A is a partially broken side view showing
a constitution example of the stator of the rotating
electric machine according to the second embodiment
and FIG. 12B is a transverse sectional view (a cross

20 section in a direction perpendicularly to an axial
direction of a frame).

The stator 1 comprises the frame 2 and the stator
core 3 fit into and fixed to the frame 2. A cross
section in a direction perpendicularly to an axial

25 direction of the frame 2 is substantially odd-number
(excluding 1) sided poiygonal.

As the substantial odd-number (excluding 1) sided



pol ygon, preferably, any one of a substantial triangle, a substantial

pent agon and a substantial heptagon is appropriately selected in

accordance with the nunber of poles in the rotating electric nmachine. 5

The term "substantial" here nmeans that the angle may be ropgdgd, the side

‘may be curved or as shown in FIGS. 13A and 13B, a star config aflln may

be adopted. In the stator 1 according to t? second enbodi nent, the cross

section of the frane 2 is 10 odd- nunber ged pol ygonal such as

substantially triangular, substantially pentagonal and substantially

hept agonal . Cbnse ently e BQ a resonance state,an order. N af a.natural
PREFEEAL LY

V|brat|025beCﬁgB§ ﬁf&dd I nd3PY §7Fr 8feft SPAPSHART 8#d§FHﬁW%ﬁ%<:h is
an even t di.ngl y,
vibrarion ﬁQ‘n‘eé{é& 89‘?%?%3 ¢ RRBTBYRR, gl 3L ERRE A T nep R i 1 )
reduci ng t

mheﬁ angelegtrghgggék le%?é??o%%ngg%%?gﬁggg gafifﬁﬁgég%ﬁg )Egasa

¢l rounterence ig 1@%p&%swee<}oltatq&a Bledicdill haddind.t i s expressed by
two si ne waves. 8onsequent l'y, in order to cancel the electronmagnetic force

vibrationg the cross mgRCtHeRMm ofsugstantiane hdre Meafmy ailat dafd nathly three
sine waves 25 of the circular vibration node as shown in the first
embodi ment . Howawg' bel froun@edgf thiee sfidiel malyy bien cllteredi toralasl shoR i2005 25
FIGS. 13A and 13B, a star configuration may be adopted.
In the stator 1 according to the second
embodiment, the cross section of the frame 2 is
10 odd-number sided polygonal such as substantially
triangular, substantiallylpentagonal and substantially
heptagonal. Consequently, eveh in a resonance state
an order N of a natural vibration becomes an odd number
and is different from an order M (which is an even
15 number) of an electromagnetic force vibration.
"~ Accordingly, the vibration generated on the frame 2
is cancelled which enables effectively'reducing the
vibration and the noise generated in the stator 1.
That is, when an electromagnetic force vibration
20 of mode 2 (ellipse mode) on a circumference is
represented in one straight-line, it is expressed by
two sine waves. Consequently, in order to cancel the
electromagnetic force vibration, the cross section of
the frame 2 is preferably defined by three sine waves
25 of the circular vibration mode as shown in the first
embodiment.

However, in view of the facility in the actual



manuf acture, a straight-line polygon is nore favorable than a curved
surface (sine wave). Furthernore, the stability at the tine of '
installation is inproved. In order to conpare with the first enbodinent, it
5 can be confirned in the experinment that the vibration ifgi g §ed by 5%
“i'n the second enbodi nent as conpared wth the first enbodlnent ﬁﬂ
vibration in a radial direction of the_fr 2 while the noise IeveI
increased by only 2dB (A). 10 In such constitution, in the polygon as well,
"the sane manner as the first enbodi nent, an operation and an effect of

I th I ic f [
cancel g the cectsomanat s (orss ot gl nd g mau 3 V'l%fb“mf)’”w

nodes whi ch enabl es uffl |_en u I\bra As
has been descri%b fabo 3r% ? %héfgggtg Q%hé rotgi%ﬁb ctrlc nachlne
according (0t hg. 595080 TR RNl Lt qlrscz%a 38001 d RrprdeRet | on 20
per pendi cul arly ‘to the |rect|on o the frane

%

substantially tri angtflrﬁrord%ibsct@@dr@éﬁé s a\gfgladnag}_d eﬁﬁﬂbﬁﬁ(&d@l
agly

hept agonal . Accordin the el ectromagnetic force vibration order and t he
~natural vibrati @anomdeicontd réicdl ameRihe leXPedaaientt a2 T Hed vidIealidno

vi brations each ot her which enables effectively reducing the vibration and
the noi se generat ddcireased] diyatar ih the3 séidnD@EmiGliment as compared
with the first embodiment in the vibration in a radial
direction of the frame 2 while the noise level
increased by only 2dB (A).

10 In such constitution, in the polygon as well, in
the same manner as the first embodiment, an operation
and an effect of canceling the electromagnetic force
vibration and the natural vibration each other can be
obtained because of a difference in the order of two

15 modes which enables sufficiently reducing the vibration
and the noise.

As has been described above, in the stator of
the rotating electric machine according to the
second embodimeht, the cross section in a direction

20 perpendicularly to the axial direction of the frame 2
is set to substantially triangular, substantially
pentagonal and substantially heptagonal. Accordingly,
the electromagnetic force vibration order and the
natural vibration order are different from each other

25 to cancel two vibrations each other which enables
effectively reducing the vibration and the noise

generated in the stator 1.



Third Enbodi ment FIGS. 14 and 15 are perspective views show ng
eonstitution exanples of the stator of the rotating electric machine
according to the third embodinment. 5 The frame 2 is divided two parts
whi ch are attached on both end portions in an axial direction of the
“stator core 3. As in the first or second enbodi ment, the frdnk AR 308 not
entirely fit into and fixed to the whole s# tor 10 core 3, so that the
force nmagnitude of the electro magnetic fofte Ts uniformin an axial
direction. Therefore, it is possible to effectively reduce the vibration
and the noise generated in,the stator 1. Wen only both end portions have
rigidity in a 15hizdi BMPEALBERton with two frames 2, the el ectromagnetic

f be suffici : . .
end por Ui ons. S0 hERGShe 10V ERa (2@t i PGE FERS At JOEHG SHCHATH ¢ machine

Vi brati on mode GPRoBiaEiSh BRARBLES BaoPnes SARER, SheklR, fosRein sl
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I's “hardly “genera on the
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generated on the external ‘configuration the stator 1 is cancelled which
enabl es rgducing 25 ifg Wryhat 1200 2R ViR N AhRe I dehGrisitcH Girel. As

descri bed above, in the stator 1 according to the third enbodi nent, since
the frane 2 is dittiadaddans bo3hABRA2@QTtdéns in an axial direction of
the stator core 3.
As in the first or second embodiment, the frame 2
is not entirely fit into and fixed to the whole stator
10 core 3, so that the force magnitude of the electro-
magnetic force is uniform in an axial direction.
Therefore, it is possible to effectively reduce the
vibration and the noise generated in the stator 1.
When only both end poftions have rigidity in a
15 radial direction with two frames 2, the electromagnetic
force can be sufficiently cancelled.

Two frames 2 are attached only on both end
portions, so that the overall weight of the rotating
electric machine can be reduced in weight by about 10%.

20 The deformation of a circular vibration mode of
order 2 (ellipse mode) is hardly generated on the
external configuration of the frame 2. Accordingly,
the vibration generated on the external configuration

" of the stator 1 is cancelled which enables reducing

25 the vibration and the noise of the stator 1.

As described above, in the stator 1 according to

the third embodiment, since the frame 2 is divided and



attached on both end portions in an axial direction of the stator core 3,
the vibration and the noise generated in the stator 1 can be effectively
reduced. Though FIGS. 14 and 15 indicate the frane 2 having 5 a polygon
cross section, the third enbodi mrent can be applied to the L a % Eaving a
"shape defined by a sine wave of odd nunber order as descri'édﬂﬁk Whe first
enbodi nent. Fourth Enbodiment 10 FIG 16 ig4a perspective view showing a
constitution exanple of the stator of the rotating electric machine
according to the fourth enbodinent. The frane 2 is divided into three parts

whi ch ttached bot h [ .and [ . \

bortion in an aBEERCREALON Bth SR POLRLORS. db 28 SRLAIs ALEERYIRY | anes o

on both end portE0@§ a%%a%%r %Qgep%ntrgb @gd@ldd"éﬂafyﬁéﬂndy Iection of
3 5% ﬁhengﬁh

the stator cor€ mes ef fecti ve € stator core 3 |sﬁﬁnm] in an

axial directi on gplh o 2oPae ¢ His el nd 20 YOUHARALLdIY reiEde, when

an external dinmgnsion o stator core 3 1s denoted by 4D and a

thickness length of i 3fs CAE it A Wtiflcalid agid Hrdnfe denniwthdy
L, it is effective when dpplied under the condition of 25 ~D < L.

Dependi ngson t he HH1§idond cilonet ldeetingl)i the oMidd tdabddingint &ar he st at or
core 3 is long, the 3- APR 2005+ 28
applied to the frame 2 having a shape defined by a sine
wave of odd number order as described in the first
embodiment.
Fourth Embodiment
10 FIG. 16 is a perspective view showing a
constitution example of the stator of the rotating
electric machine according to the fourth embodiment.
The frame 2 is divided into three parts which are
attached on both end portions and a substantial central
15 portion iﬂ aﬁ axial direction of the stator core 3.
Attaching the frames 2 on both end portions and on
the central portion in an axial direction of £he stator
core 3 becomes effective when the stator core 3 is long
in an axial direction with respect to the third
20 embodiment; |
For example, when aA external dimension of the
stator core 3 is denoted by ¢D and a thickness length
of the stator core in an axial direction is denoted by
L, it is effective when applied under the condition of
25 éD < L.
Depending on the rotating eléctric machine,

when the length of the stator core 3 is long, the



deformation of the stator core 3 cannot be cancelled only wth the franes
2 on both end portions. In the enbodinent, three franes 2 are attached on

. both end portions and the central portion of the long 5 stator core 3 which
has a force in capable of canceling by only two frames 2 d8 eRhygpd
‘portions. Therefore, the rigidity thereof can be bal anced. Consequently,
the deformation of a circular vibration oé order 2 (ellipse node) is
hardly generated 10 on the external confi Eration of the franme 2.
Accordingly, the vibration generated on the external configuration of the
stator 1 cancel ach ot her I ch nabl es redycing the vibrati d the
noi se of the SEQEBmeFl?§ Rgh&§§cﬁﬁﬁgara88€§,giﬁ tsP&t&aneggfgfding to
the fourth enbodi pent...three franes are,attached _an, .both end portions
and a substantigpqgveFgltggrﬁfgweﬁn & EQ%EI%§%T§EFE£$%%'the stator core
3 franme which enabl ffect] Y edu ig’H:% . | [ and. EQoi se
generated in the sta{%or etf‘.e %‘{?\@#}ﬁfn&' % ir?f:lir}%gt\ﬁleegt eaq%r ane atZgl.ﬁeavi ng a

pol ygon cross Sg%tt!h%gdyb%rmwsh B +6AN RRrea igrd dre tikmd rame 2

havi ng a shape defined by a sine wave of odd nunber order as described in

the firsts25 empedic@@ncorerist WhiBKDOdisTRNEITE ih7 dapableedsl @alcealiian
showi ng a constitution 1 3 APR 2005 29

by only two frames 2 on both end portions. Therefore,

the rigidity thereof can be balanced.
Consequently, the deformation of a circular
vibration of order 2 (ellipse mode) is hardly generated

10 on the external configuration of the frame 2.
Accordingly, the vibration generated on the external
configuration of the stator 1 cancels each other which
enables reducing the vibration and the noise of the
stator 1.

15 As described above, in the stator 1 according to
the fourth embodiment, three frames 2 are attached on-
both end portions and a substantial central portion in
an axial direction of the stator core 3 frame which
enables effectively reducing the vibration and the

20 noise generated in the stator 1.

Though FIG. 16 indicates the frame 2 having
a polygon éross section, the fourth embodiment can be
applied to the frame 2 having a shape defined by a sine
wave of odd number order as described in the first

25 embodiment.

Fifth Embodiment

FIG. 17 is a sectional view showing a constitution



exanple of the stator of the rotating electric nmachine according to the
fifth enbodi ment. The fifth enbodinent is a nodification of the third
enbodi mrent. Two franmes are not aligned in a 5 circunferential direction and
one frame is rotated wwth respect to the other frame by degrfgaqph 00
/2n). If n =25, one frane is rotated with respect to the other fra by 36
The frames are attached such that the corpers of 10 the polygon or the
vertexes of the sine wave defining the'ci%gulér node do not agree with
each other as seen fromthe axial direction. Therefore, the distribution
of the electromagnetic faorce is a unifarmellipse.n ﬁﬂ-thiqkness di rection

o pot ) s 3 chan the v ol iy | m et ol o
circunfergnpiala&FP@SﬁPSﬂtPh%%&bflgéiuﬁFﬁﬁglﬁﬁnt e scgtteryng of the
Veduce the 20 vi br at 108 aiF el (i noitficdeidf RS0 (0
oxternal confi gurarch erdediinehl ol S RS e MR 3D o0 on
the extergal COEfii&%ﬁﬁg&%t%ilohi%%ﬁ%t QAndl dn® GanGER! |ied ’réﬂ%"ad'é/?s))(«lith

enabling reducing the vibration and the noise of the stator

descri bed abovereispelche tof @@ okhEC EFr@ined by degt PR 206030 /2n) .

If n

5, one frame is rotated with respect to the
other frame by 36°

The frames are attached such that the corners of

10 the polygon or the vertexes of the sine wave defining
the circular mode do not agree with each other as seen
from the axial direction. Therefore, the distribution
of the electromagnetic force is a uniform ellipse in
a thickness direction (axial direction) of the stator

15 core 3. Accordingly, the frames 2 on both end portions
of the stator core 3 changes the rigidity in a twist
circumferential direction thereby resulting in the
scattering of the vibration with further electro-
magnetic force. Thus, it is possible to reduce the

20 vibration and the noise.

Consequently, the deformation of a circular
vibration of order 2 (ellipse mode) is hardly generated
on the external configuration of the frame 2, so that
the vibration generated on the external.configuration

25 of the stator 1 is cancelled, thereby enabling reducing
the vibration and the noise of the statof 1.

As described above, in the stator 1 according to



the fifth enbodiment, the vibration of an outer circunference of the cross
gsection in a direction perpendicularly to the axial direction of the frane
2 is set to a substantial n sided polygon and by 5 referencing to one
frame 2, the other frame 2 is rotated an order of (360 /2n) g4 npp
‘circunferential direction which enables effectively reducing tﬁe 2005
vibration and the noise generated in the s# tor 1. Sixth Enbodi nent 10
FIG 18 is a sectional view showing a cons ffd?ion exanpl e of the stator
of the rotating electric nmachine according to the sixth enbodi nent. The

frame 2 is constjtuted as a pqlygon in whic .porti.o th th I
comes on an extEhgiShthnﬁmb?gl%gPtcoﬁh@cY?HﬁagﬁganakeQB?OH%%Fos2nsgggiga

of the franme 2 and a center 0O qof  the stator core_3._Ther . the frame 2
i s constituted Sérﬁuﬂgﬁyﬁaﬁ?IS?erF FbP§GoReC Sghlga% Fg géglf e vibration

and the noise as _a result .of ' L | i

?L tgefelec%ronﬁarg?P§}FB}?5l?2t§c%h§28%$é92§?%é?E&§gré???gh.E%%ﬁgggggntﬁs,
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vi bfat'Onsgenef%%graacgggt et sheakranal RgULAki BRhek firimestatier 1 which

enabl es reduci ng the vi ion and the noise of the stator 1. 1 3 APR 2005
31 rotated an order of (360° /2n) in a circumferential
direction which enables effectively reducing the
vibration and the noise generated in the stator 1.
Sixth Embodiment
10 FIG. 18 is a sectional view showing a constitution
example of the stator of the rqtating electric machine
according to the sixth embodiment.

The frame 2 is constituted as a polygon in which
a portion other than angles comes on an extension line

15 for connecting an angle of a cross section of the frame
2 and a center O of the stator core 3. Therefore, the
frame 2 is constituted as a non-equilateral polygon
which can reduce the vibration and the noise as
a result of an action for scattering the ellipse mode

20 of the electromagnetic force in a circumferential

| direction.

Consequently, the deformation of a circular
vibration of order 2 (ellipse mode) is hardly generated
on the external configuration of the frame 2 and the

25 vibration generated on the external configuration of
the stator 1 which enables reducing the vibration and

the noise of the stator 1.



As descri bed above, in the stator 1 according to the sixth enbodinent, the
€ross section-of the stator is a non-equilateral polygon in which a
portion other than the angle conmes on an extension line for 5 connecting
the angle of the frame and the central point O of the statogacC ﬁ Thus,
it is possible to effectively reduce the vibration and the'tgigﬁﬁz 5
generated in the stator 1. As in the third io fifth enbodi nents, the sixth
10 enbodi ment can al so be applied to the ca e Tn which the shape of the
cross section of the frane is defined by a sine wave of odd nunber order.

Sevent h Enbodi nent FIL.GS., 19A, 19B } ti | Vi d ' 15
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machi ne according to.the seyent.h nbodi t. in .t tAi f th
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rigidity which 13 APR 20 |
O of the stator core 3. Thus, it is possible to
effectively reduce the vibration and the noise
generated in the stator 1.
As in the third to fifth embodiments, the sixth
10 embodiment can also be applied to the case in which
the shape of the cross section of the frame is defined
by a sine wave of odd number order.
Seventh Embodiment
FIGS. 1924 and 19B are a sectional view and a side
15 view showing a constitution example of the stator of
the rotating electric machine according to the seventh
embodiment. |
As in the third and fourth embodiments, the frames
2 are attached either only on both end portions or on
20 both end portions and the central portion of the core 3
and are connected with each other by ribs 8 in axial
direction.
In the stator 1 according to the seventh
embodiment, the mechanical rigidity of the frame 2
25 at both end portions is increased and strengthened.
Accordingly, even when the thickness of the coré 3 in

the axial direction is lengthened, rigidity which



surpasses the el ectromagnetic force can be secured. Therefore, the
vibration generated on the external configuration of the stator 1 is
cancel I ed which enables effectively reducing the vibration and the 5 noise
generated in the stator 1. Since the rigidity of the frames,2 on both ends
‘i's increased and strengthened with the connection wth th 3r4ﬁﬁ3Z@5for
connecting the respective franes 2 as co red with the third enbodi nent
or fourth 10 enbodinent, the rigidity whi surpasses the el ectro- magnetic
force can be secured even when the thickness of the stator core 3 in an

axial direction in |I|engthened, Co tly, the def ' [
15 ¥!bratipn of?%f??ﬁ??g(%m¢i%%%Zﬁ%%gggggtL%rﬁ?ﬁgﬁeﬁﬁggggééggﬁgéﬂg SL{SELZ{
configuration o e_frane 2 t L b |
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rib 8 connects °TH l9espec?|ve f rames n an axial direction, the
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reduced. Eightl i ment _ 20A and 20B are a sectional view and é
side viey showggsa §Qﬁé£é£éa'9ﬂ exanptetet the stator of the rotating

el ectric machine accofding to the eighth 1 3 APR 2005 33
Since the rigidity of the frames 2 on both ends
is increased and strengthened with the connection
with the ribs 8 for connecting the respective frames
2 as compared with the third embodiment or fourth

10 embodiment, the rigidity which surpasses the electro-
magnetic force can be secured even when the thickness
of the stator core 3 in an axial direction in
lengthened.

- Consequently, the deformation of a circular

15 vibration of order 2 (ellipse mode) is hardly generated
on ‘the external configuratioﬁ of the frame 2, and the
vibration generated on the external configuration of
the stator 1 is cancelled which enables reducing the
vibration and the noise of the stator 1.

20 As described above, since the rib 8 connects .
the respective frames 2 in an axial direction, the
vibration and the noise generated in the stator 1 can
be effectively reduced.

Eighth Embodiment

25 FIGS. 20A and 20B are a sectional view and a side

view showing a constitution example of the stator of

the rotating electric machine according to the eighth



enbodi ment. The eighth Enbodiment is a nodification of the seventh

enbodi mrent and in which the ribs 8 are connected to an outer circunference
of the stator core 5 3 with nmechanical connection neans such as wel di ng,
bondi ng, bolts or the like. Accordingly, the vibration of tReARR aMbr core
"3 is transmtted to the frame 2 via the ribs 8 and the rigidity of the
structure system which surpasses the elecﬁéonagnetic force can be 10
secured even when the thickness of the Statdr core 3 in the axial
direction is |lengthened. Furthernore, as shown in FIGS. 21A and 21B, if
positions of the ribs 8 are located at the angles of the frame 2 and the
centers of the SFY9Lif&&teof, 15 the deformation of the stator core 3 is

transmtted to the frame .2 .vi.a _the ribs B.. Accordingl the rigidity of
the structure systemnii &) % &O%%h%{tr%&f oéfcgt}g%n be
secured even wh t t hj of_ t {s ' xi al
direction is 20%&’%3%%%%%“5’@3%%5%%&&% I%'ﬁskﬁlg{hdgt?{)e?n%q%né robfe‘:eg circul ar

vi bration of Org%{nﬁl%c(tpeldl 5 e er il 26 8RN FLAnO B xdsFdal

configuration o e frame 2, and the vibration generated on the external
confi guraki on of3 43 thhéhediriirdlcall 'c%rﬁ%&e.ddrﬁdné/&}is:fhtﬁﬂﬂtbl@&vémtﬁﬁg the

vi bration and the noise of the stator 1. As descri bed above, in the stator
1 according to bohdAMy,Z®%13% or the like. Accordingly, the vibration

of the stator core 3 is transmitted to the frame 2 via

the ribs 8 and the rigidity of the structure system

which surpasses the electromagnetié force can be

10 secured even when the thickness of the stator core 3 in
the axial direction is lengthened.

Furthermore, as shown in FIGS. 21A and 21B, if
positions of the ribs 8 are located at the angles of
the frame 2 and the centers of the sides thereof,

15 the deformation of the stator core 3 is transmitted to
the frame 2 via the ribs 8. Accordingly, the_rigidity
of the structure system which surpasses the electro-
magnetic force can be secured even when the thickness
of the stator core 3 in the axial direction is

20 lengthened.

Consequently, the deformation of a circular
vibration of order 2 (ellipse mode) is hardly generated
on the external configuration of the frame 2, and the
vibration generated on the external configuration of

25 the stator 1 is cancelled which enables reducing the
vibration and the noise of the stator 1.

As described above, in the stator 1 according to



the eighth enbodinent, the ribs 8 and the stator core 3 are connected with
rechani cal connection nmeans such as welding, bonding, bolts or the |ike.
Accordingly, the vibration and the noise generated in the stator 1 can - 5
be effectively reduced. Ninth Enbodinent FIG 22 is a perspective view
"showing a constitution exanple of the stator of the rotatin§3 APegps c
machi ne according to the ninth enbodi nent.,10 The above enbodi nents
conprise a frane of the stator, however, ? e ninth enbodi nent does not and
S caIIed frame-1| ess type stator Assun1ng that a ratio of an average

ot orrat | on amoiE. BLERSH FRECHIARESe Fh GLbR P o %P%e%[%%ﬁg’élof’rﬁ ds s
B/t < 0.5, andsgggeggﬁﬂgg% £ gﬁkﬁome%hgﬁqggﬁdc Qe +33nOHe@n sC &%U%%rence

E of a cross rcore 'n-a rectlon perpen lcu- larly

toan axial dirgehiadRd, S pdtling,ApRiis! bl e &@u%' ne ApRKHALE13S R essed

as foll ows: Si N n ere a n of e substantial sine waveform

is set to an Od@le%t&%neé%u%eg nbis®s grem@re%dmm%eorseertd} ax@adi.ng 1,
preferably, 25 any one of orders 3, 5 and 7 appropriately selected in

accordance W t hphe rreEkakeQfy RRlg@Tdd) the rotating electric machine.is
set as the order. I S APR 2005 35 '
Ninth Embodiment
FIG. 22 is e perspective view showing a
constitution example of the stator of the rotating
electric machine according to the ninth embodiment.

10 The above embodiments comprise a frame of the
stator, however, the ninth embodiment does not and is
called frame-less type stator.

Assuming that a ratio of an average radius r of
an outer circumferenqe of the stator core 3 and a

15 deformation amount B from the averaée radius r is in
the range of 0.05 = B/r < 0.5, and a mechanical angle
is denoted by 6, an outer circumference E of a cross
section of the stator core 3 in a direction perpendicu-
larly to an axial direction is set to a substantial

20 sine waveform as expressed as follows:

E =B-sin nb

where an order n of the substantiel sine waveform
is set to an odd number excluding 1.

As the odd number order n excluding 1, preferably,

25 any one of orders 3, 5 and 7 appropriately selected in
.accordance with the number of poles in the rotating

electric machine is set as the order.



An operation of the stator 1 of the rotating electric machine wll be
expl ai ned. When an operation of the rotating electric machine 1is started,
the rotation shaft 6 is rotated. 5 At this tine, with an el ectromagnetic
f-orce generated between a gap between the stator core 3 ang %pe r ot or
‘core 7, the stator core 3 is defornmed and vibrated in a rag' RiiZg0act i on,
and the vibration is transmitted to the fganme_2. Wien they are resonated,
10 large vibration and noi se are generated which causes a problem In t he
enbodi ment, an order M of an electro- nagnetic force vibration and an order

i br at Sﬁt;;ﬁlaratviaé” R BRetafitn, ot 30 SiPtoEod oF e ety | 1
cancel | ed even i 0 t t vi bration and the noi se
generated in th8T§?5%§§ @ggggnz g&ﬁgfggt%vgﬂ?lbg tuced. The val ues of 0.05

and 0.5 11005 S B fpsrlan of 300 i Wl PURANNS ' JEeH 18I Rd dride Of

the cross section defining a“sine waveform An order” of a sine wave

defining the shagesehriba, $hd!l dbraliiens sharkhe el abraged cctric mchine
is denoted by n (=3, so that the order M (= 2) 25 of the

el ectromagnetic for C(AtV'tlhrJ.%t |tQ.'ﬁle"3}ndJltﬂlﬁ A dledirdmaghetiarfbrde of the
natural vibration do not agree wth each other. Consequently, the
deformati on of §3nAPRt2d0bedween a gap between the stator core 3 and
the rotor core 7, the stator core 3 is deformed and
vibrated in a radial direction, and the vibration is
transmitted to the frame 2. When they are resonated,
10 large vibration and noise are generated which causes
a problem.

In the embodiment, an order M of an electro-
magnetic force vibration and an order N of a natural
vibration are different from each other (M # N), the

15 vibration generated on an'éxternal configuration of the
frame 2 is cancelled even in a resonance state, so that

the vibration and the noise generated in the stator 1

can be effectively reduced.

A

The values of 0.05 and 0.5 in 0.05 = B/r 0.5
20 show the minimum and the maximum limit of the cross
section defining a sine waveform.

An order of a sine wave defining the shape of the
stator core 3 of the rotating electric machine is
denoted by n (= 3, 5 and 7) so that the order M (= 2)

25 of the electromagnetic force vibration and the order N

(= 3, 5 and 7) of the natural vibration do not agree

with each other. Consequently, the deformation of



a circular vibration node (an ellipse node of order n = 2) is hardly
generated in the franme 2. Accordingly, the vibration generated on the
external configuration of the stator 1 cancel each other which enables 5
r-educi ng the vibration and the noise of the stator 1. As dqqpmkﬁgg above,
i'n the ninth enbodi nent, the outer circunference of the cross se Phon i n a
direction perpendicularly to the axial_diE%ctLon of the stator core 3 is
a shape defined by a sine waveformw th 10"the odd nunber order of n =3, 5
and 7, so that the electromagnetic force vibration order and the natural

vi bration order _are different fram each other t.q.cancel .e whi ch
enabl es effecti \?elcﬁ'rlﬁélc}l?(ﬁ rYd' R+<A 15‘}95’1% ér?nar?&qﬁ?%%ngqogee gﬁé’%{%ﬂ n the
stator 1. 15 Tenth, ' t Fl I er. five W ] a
constitution exgr?pllgm(g)%qjt@_ eerllteorato%% tlﬁleacrh%t aft?t!%%% _2e'l e\étc%:g(ﬁr}g@n]iqﬂe
according 1o thedeerlih Ao Whlorabed G5 L lehterilad dBieddd:dt ion
perpendicularly to f an axi Irection of the stator core I'S

substant i al |y g RHED &t RxCI U AEel) by aian Auble substanti al

odd- nunber (excluding 1) sided polygon, preferably, any one of a
substanti gl triargl@ing e stividtdlonatiaae divdse vHhHmntswltdrem.agon is.

25 appropriately selected in accordance with the nunber of poles in the
rotating electric nadis rdesdmidd adate; in adoormdimch tembddbinemt h the
enbodi nent, ,1 3 APR 2005 37
outer circumference of the cross section in a direction
perpendicularly to the axial direction of the stator
core 3 is a shape defined by a sine waveform with
10 the odd number order of n = 3, 5 and 7, so that the
electromagnetic force vibration order and the natural
vibration order are different from each other to cancel
each other which enables effectively reducing the
vibratiqn and the noise generated in the stator 1.
15 Tenth Embodiment
FIG. 23 is a perspective view showing a
constitution example of the stator of the rotating
electric machine according to the tenth embodiment.
A cross section in a direction perpendicularly to
20 an axial direction of the stator core 3 is
substantially odd-number (excluding 1) sided polygonal.
As the substantial odd-number (excluding 1) sided
polygon, preferably, any one of a substantial triangle,
a substantial pentagon and a substantial heptagon is
25 appropriately selected in accordance with the number of

poles in the rotating electric machine.

In the stator 1 according to the tenth embodiment,




t.he cross section of the stator core 3 is odd-nunber sided pol ygonal such
as substantially triangular, substantially pentagonal and substanti al

hept agonal . Consequently, even in a resonance state an order N of 5 a.
natural vibration becones an odd nunber and is different f a? frder M
“(which is an even nunber) of an electromagnetic force vi l;réa&r'%n.m
Accordingly, the vibration generated on tB stator core 3 is cancelled

whi ch enabl es effectively reducing the vib gtian and 10 the noi se generated
in the stator 1. As has been described above, in the stator core of the
rotating electric machi ne accaordi enhodj ne Cross

gi&%thetemh éﬁ th

section in anEE@GtFGHsﬁfﬁﬁ%¥ﬁ1ﬁ : %/T??QQRBE?H%M3(ﬁT| d-gm eth |

stator core .S su ant i ri_angul.ar ubst.ant,i a t

gtrjgzﬁ agtnijalt hgegts&&(?ﬁ[lzlp.‘ﬁ_x&?&% r%ﬁt}" 5\%1%“%%&%@“’&“?%@5%8?8?% i oﬁn
r L _rat i r r fro %ﬁ%%!

cancel two vi b%ﬁélﬁs%ﬁagté&%%ﬂ%&rt%va%ﬁ%laéﬁgg:é:aufsbeé(’a etc a|[]€e i &{r%@'lrjci gg

the vibration apddRe ey ISRIAIGH d TddiharidNade dd GGl (Fbedi ment

FIGS. 24, 25 an e transverse sectional views ~respectively show ng
consti tutison exaMplagurefl WMidbrdk iricdiled i Ii@iduibeé¥ &aid | &5 machi ne

according to the eleventh enbodi nent. A thickness of the frame 2 at an
angl e portion 143 fARRedUTr¥h an order M (which is an even number) of
an electromagnetic force vibration. Accordingly, the
vibration generated on the stator core 3 is cancelled
which enables effectively reducing the vibration and
10 the noise generated in the stator 1.

As has been described above, in the stator core of
the rotating electric machine according to the tenth
embodiment, the cross section in a direction perpen-
dicularly to the axial direction of the stator core 3

15 is substantially triangular, substantially pentagonal
and substantial heptagonal. Accordingly, the
electromagnetic force vibration order and the natural
vibration order are different from each other to cancel
two vibrations each other which enables effectively-

20 reducing the vibration and the noise generated in the
stator 1.

Eleventh Embodiment

FIGS. 24, 25 and 26 are transverse sectional views
respectively showing constitution examples of the

25 stator of the rotating electric machine according to
the eleventh embodiment.

A thickness of the frame 2 at an angle portion



of a cross section (a substantial triangle or a substantial pentagon) in a
direction perpendicularly to an axial directionis set to h2 and a
thickness of the frane 2 at an extension line for connecting the 5 angle
portion and a central point of the stator core 3 is set to hl. Aratio of
"h2 and hl is set in arange of h2/hl = 2.5 to 4.5. The ralBoARR 28 and hl
Is preferably set to a range of h2/hl = 36@ to 4.0, and is nore preferably
10 set to h2/hl = 3.5. In the stator 1 ac Qdiﬁg to the el eventh

enbodi ment, the electronagnetic force hardly acts due to a balance of the
rigidity ratio h2/hl. Accordinglg, t he vibratign gener?ted on the frane 2
even in a 15 reREnAnEECSE aFECFLORahRFPRACAAELALHAHPRI-EF PECEI vel y
reduci ng the noi se generated op_the whole rotatin electri hpe.

Her ei naft er, thﬁuﬁégQPF%a fp?ﬂgag?g%eﬁPha 8ﬁ588¥ﬁ§ﬁtpﬁ??%hggcggégp'bed. 20
When the cross gection of.the frame 2.LsS suhst.gntial JtEi t

I nstall ation argg pg Pﬁ%a% ?hr3°§?§8t%éa?gﬁsggehgséégtai%hgﬁﬂggFﬁaP%

product. Vhen Lhe grons 5°RL! AR GhibRg1bhATEpLS s3xSLBARARE AL chept agon

which comes closeto a circ the effect of 25 reducing noisés is slightly
smal | as §°”par§HgT%tPoEE?ogSHHEtQ”Ebﬁggaﬁnbéﬂﬁﬂ-o@DQQQQQQ@Ebr,cb&%fgrab|y,
on-o

the cross secti he 1 APR 2005
is set to hl. A ratio of h2 and hl is set in a range
of h2/hl = 2.5 to 4.5.

The ratio of h2 and hl is preferably set to

a range of h2/hl = 3.0 to 4.0, and is more preferably
10 set to h2/hl = 3.5,

In the stator 1 according to the eleventh
embodiment, the electromagnetic force hardly acts due
to a balance of the rigidity ratio h2/hl. Accordingly,
the vibration generated on the frame 2 even in a

15 resonance state is cancelled which enables effectively
reducing the noise generated on the whole rotating
electric machine.

Hereinafter, the details of the eleventh
embodiment will be described.

20 When the cross section of the frame 2 is
a substantial triangle, the installation area is
large in a practical usage aspect in an actual product.
When the cross section of the frame is a substantial
heptagon which comes close to a circle, the effect of
25 reducing noises is slightly small as compared with the
substantial pentagon.

Consequently, preferably, the cross section of the



frame 2 is set to a substantial pentagon and the angles are rounded. In
order to determine the thickness of the frane 2, the stress which works on
the frame 2 is judged for 5 the stator core 3 and the frame 2 which are
f-ormed as shown in FIGS. 27A and 27B with an interference 263iApR
"pressure-in or shrinkage fit process. Assum ng that a Iongitudina? el astic
coefficient and a Poisson ratio of respective materials of the 10 stator
core 3 and the stator frame 2 are denot®ed ¥ E1, E2 and vl, v2, a surface
pressure Pmof a contact surface is given in the follow ng equation (8).
Pm28/2b (8) 11-ul 1-y2 1 c2 1 a2 El + E2 + 2 E1 b2 - ¢c2 + E2 (a2 - b2 15
Synbol a denot eframeadi i8 setahoexrt sphatansdali BaRsREGR 8Rd: kBef pRAECS,
synbol b denotes a radius_ of an inner diameter of the frame 2, and synbol
c denotes a ra@Ffsrerngedrot bottom of the stator core 3. The stress in a

't orf erences | set IRaOFAPEL 0s So5EEINESY e 4 LERE Eney 18 FERRY i of ¢
e deternined 4t FG PFEAGE: “BFEPnEOEKECPRo San EEPRer 8 48 oBEr et 6"
" the 11§ ow RlcentarREngOEE) 2aRAE Fhe' TrrRS 20MANED, U TR, 88 <"

shown in FIGS. 27A and 27B with an interference 24 in

the pressure-in or shrinkage fit process.

Assuming that a longitudinal elastic coefficient
and a Poisson ratio of respeétive materials of the |
10 stator core 3 and the stator frame 2 are denoted by Ej1,

E, and v;, v, a surface pressure Pp of a contact

surface is given in the following equation (8).

25 / 2b
Ppm = 2 2 (8)
1-vq 1-v2 1 c 1 a
+ + 20— + —
Eq E El‘bz-—cz) E2‘a2-b2)
15 Symbol a denotes a radius of an external

configuration of the frame.z, symbol b denotes a radius
of an inner diameter of the frame 2, and symbol c
denotes a radius of a slot bottom of the stator core 3.
The stress in a direction of a contact line of
20 each circle generated with these interferences is set
a thickness of the frame 3 less than a stress yield
point in the maximum interference 29.
From equation (3), the vibration can be determined
with a product of the electromagnetic force vibration
25 and the natural vibration.
With respect to the natural vibration, as shown in

the following equations (9) and (10), from equation



40 (3), the nunber of natural vibrations is calculated as the stator 1 in
which the frame 2 and the stator core 3 are connected. 5 fn=(9) 1 EI n2
1 - 2Y 2n ApR4 n2 + 1 Synbol R denotes a radius of a C|rcle synmbo
denotes a weight of a unit length, symbol E denotes a el astic
‘coefficient, and synbol | denotes a secondary nonent of a d&ﬁp?ﬁgectlon

10 Synbol n denotes an order of a circul ar glbratlon node (n = 2 in the
case of an ellipse node). Synbol El denot e¥04 Pending rigidity, and is an

i ndex showing a facility of the deformation at the tine when the bent
monment acts. 15 Synbol E denotes a facili of the defornmati

gng[gﬁl Agnghzan ?Ltﬁfggﬁﬁgéi affEEFPFFg gfbﬁﬁ51°8§f6?nﬁﬁﬁ8ﬁq8ggg %Po;s
vi ew and secti oRBf §F8ReToA FPn@g 58 ﬁﬂg §Fﬁ§e0228ﬂ8aF n%§§¥§E ? ?%E%L?ggg

section passes through th enters G and @ of gravity of respective
circles of the §F§tSBnB8F§e§'and the frame 2. The secondary nonent | of the
cross section can be represented in the follow ng equation (10). 25 1 12
$1 (h1)3 + B2(h2)3 J (10) 1 2 2

5 P El n G.— n (9)

2n ApR4 n? +1

Symbol R denotes a radius of a circle, symbol p
denotes a weight of a unit lehgth, symbol E denotes a
longitudinal elastic coefficient, and symbol I denotes
a secondary moment of a cross section.

10 Symbol n denotes an order of a circular vibration
mode (n = 2 in the case of an ellipse mode).

| Symbol E1 denotes a bending rigidity, and is
an index showing a facility of the deformation at the
time when the bent moment acts.

15 Symbol E denotes a facility of the deformation of
a material, and symbol I denotes a facility of the |
deformation of a cross section.

As shown in FIGS. 28A, 28B and 28C showing a
transverse sectional view and sectional views on line

20 A-B, the secondary moment of the cross section passes
through the centers Gl and G2 of gravity of respective
circles of the stator core 3 and the frame 2.

The secondary moment I of the cross section can be

represented in the following equation (10).
25

I = -1}5 {Bl(h1)3 + B'2(h2)3} (10)

Since symbols Bl and B2 denote lengths in an axial



Since synbols Bl and B2 denote lengths in an axial 1 3 APR 2005 41
direction, the lengths are the sane. It is found that the bending rigidity
acts in a cube of the plate thicknesses hi and h2 of the frane 2 from
equation (9). 5 Fromthis fact, it is considered that the deformation of
“the frame 2 and the stator core 3 can be suppressed by setltd AGRt28 ratio
of the h2 and hl to an optimal level wth e bending rigidity, so that the
foll owi ng experiment is attenpted. 10 AS a conSequence, the optimal val ue
of the ratio of h2/hl of the thickness of the frane 2 has been detected

wi th respect to the sybstantial pentagon. FLG 29 is a noise characteristic
vi ew showi ng a SorRERyO%r & e&@%ﬁtéﬁ AFE O EMEasur ement by using 15 as

t ti h2/ . F ...3QA, 30B, ..and 30C | i
2r gg;amsaeg{i gnr ?nl (r)e(;[é;e&sl &Igu&%e@?a& qﬂﬁ %ed:d%%,raﬁﬁtey=v‘4§€%,ﬁg%m Eg/ ﬁl
= 4.5. In FIG 29 i rcyl ' L ong
rotatingnelectr%bcﬁggﬁkﬁg%ghgﬁﬁ5$%§t%ﬁ%éb%%S%%gggeégﬁggﬁ%‘%ﬁg%ggg%ts t he

wei ght same as ot Ef%%%aqu ngqtyhe substantial pentagon. In a zone A
(h2/hl > 4.5), a ifh]plate vﬁbgagion I S generated because the plate

E_nbi cknessgof hl is thifem t3hd Fawone Bd ddyidered)shdthecnd gidity ratio
deformation of the frame 2 and the stator core 3 can be
suppressed by setting the ratio of the h2 and hl to
an optimal level with the bending rigidity, so that the
following experiment is attempted.

10 As a consequence, the optimal value of the ratio
of h2/hl of the thickness of the frame 2 has been
detected with respect to the substantial pentagon.

FIG. 29 is a noise characteristic view showing
a summary of a result of the noise measurement by using

15 - as a parametér a ratio of h2/hl.

FIGS. 30A, 30B, and 30C are views showing a cross
section in respective cases of h2/hl = 2.5, h2/hl =
3.0, and h2/hl = 4.5.

In FIG. 29, a circular cross section denotes

20 a conventional rotating electric machine shown in
FIGS. 39A and 39B and represents the weight same as
the frame having the substantial pentagon.

In a zone A (h2/hl > 4.5), a film plate vibration
is generated because the plate thickness of hl is thin.

25 In a zone B (h2/hl < 2.5), the rigidity ratio of
the h2 and hl is small and comes close to.the frame

having a circular configuration, and it can be said



the h2 and hl is small and conmes close to the frame having a circular
configuration, and it can be said 1 3 APR 2005 1 42 that this is the mass
effect by the plate thickness of the frane. As described above, in the
stator of the rotating electric machine according to the e“ﬁ%?ﬁé@wo
"i'nvention, 5 since the ratio of h2 and hl is in a range of 5, 5 to
4.5, the el ectromagnetic force hardly acts due to a bal ance of the
rigidity ratio of h2/hl by the thickness of the frame 2. Accordingly, the
vi bration generated on the frane 2 is cancelled even in a 10 resonance
state which enabl.es effectively reducing.the . nojse nerated on the ol e

rotating el ectri i dacHite. 15 TolE fI45 EnbbifTeRY FFRE Bhate thickness

sect i onal viem/%g? i m constitution exanple of the stator of the
rotating 15 electri¢ nachi ne according to the twel fth enbodi nent. A

thickness of the frangg Zdé‘écﬁi‘béﬁgéﬁo%”iﬁ”tﬁé S#9§°§L§£Sg§§fﬁ599t%g?

substantial pentagon I1s set to a thicknéss o e stat

core 3 is set toehédtld Rad@ind® &cddatigl 62 Lifei Sl évéRPNCiRfendoh3/ N2
0.8. Preferably, the ratio of h3 and h2 is in a range of 0.2 S h3/h2 <

0.4. In tie stat®inde agih@rehtilo tOf the dn@l K1 his elpogli Fnge dHeh2/h1 =
el ectromagnetic force hardly acts on
2.5 to 4.5, the electromagnetic force hardly acts due
to a balance of the rigidity ratio of h2/hl by the
thickness of the frame 2. Accordingly, the vibration
generated on the frame 2 is cancelled even in a
10 resonance state which enables effectively reducing the
noise generated on the whole rotating electric machine.
Twelfth Embodiment
FIG. 31 is a transverse sectional view showing
a constitution example of the stator of the rotating_
15 electric machine according to the twelfth embodiment.
A thickness of the frame 2 at an angle portion of
the cross section of a substantial pentagon is set to
h2, a thickness of a yoke of the stator core 3 is
set to h3, and a ratio of h3 and h2 is in a range of
20 h3/h2 = 0.8, |
Preferably, the ratio of h3 and h2 is in a range
of 0.2 = h3/h2 = 0.4.
In the stator 1 according to the tﬁelfth
embodiment, the electromagnetic force hardly acts on
25 the frame 2 due to a balance of a rigidity ratio with

respect to h3/h2 for an order M of an electromagnetic

force vibration even in a resonance state.




25 the frame 2 due to a balance of arigidity ratio wth respect to h3/h2
for an order Mof an electromagnetic force vibration even in a resonance
state. 13 APR 2005 - 43 Accordingly, the vibration generated on the
external configuration of the stator 2 is cancelled which enables
-effectively reducing the noise generated on the whol e rotatihd MRS c
machine. 5 The thickness h3 of the yoke of the stator core 3 differs
dependi ng on the nunber of poles. The t i c®less h3 decreases with an
increase in the nunber of poles. The el ectromagnetic force acts on an

i nner 10 dianeter of fhe statqr core 3, so that the vibration is

transmitted to BIFETEHRILY 7 R HPLAGG I1eFated Arethe R IMAhg
rigidity requires the rigidity of the franmg 2 which unt er.s, t he

def or mati on of tor?é‘é%tgé’tr@rq;l%%()fhews’ﬁt@r P 3% cf’}ﬁﬁ%g'eecszﬁg?la‘fﬁ eristic
view i n which ratd 9 of . h3/.h2 i.s sho S ar er en t hi ckness
of the yoke of taeﬁlea%s 3 oerf%é‘lrtelvf lisys %e%%’%g’%rp%@ﬁ%%??%ne%@5£ by

setting h3/h2 = , it [c force hardly acts due
e aflors? $dE¥Gind WG HRAIEHE

to a bal ance of erl ore 3 and the franme 2.

S LTI ot oot PO SRS oy 0 Wk ORI (s cobEEL) D o
3 differs depending on the number of poles.
The thickness h3 decreases with an increase in the
number of poles.
The electromagnetic force acts on an inner

10 diameter of the stator core 3, so that the vibration
is transmitted to the frame 2 from the stator core 3.
Then, the bending rigidity requires the rigidity of the
frame 2 which counters the deformation of the stator
core 3. |

15 FIG. 32 is a noise characteristic view in which
a ratio of h3/h2 is shown as a parameter when the
thickness of the yoke of the stator core 3 is set
to h3.

As shown in FIG. 32, by setting h3/h2 = 0.8 or

20 more, the electromagnetic force hardly acts due to
a balance of the rigidity ratio of the stator core 3
and the frame 2. Accordingly, the vibration generated
on the frame 2 is cancelled which enables effectively
reducing the noise generated on the whole rotating

25 electric machine.

As described above, in the stator of the rotating

electric machine according to the embodiment, the



25 el ectric machine. As described above, in the stator of the rotating
€lectric machine according to the enbodinent, the 1 APR 200 44 ratio of h3
and h2 is in a range of h3/h2 < 0.8. Accordingly, the electromagnetic
force hardly acts due to a balance of the rigidity rati o 108 APRe20B at or
"core 3 and the franme 2 so that the vibration generated on the 5 frane 2 is
cancel | ed which enabl es effectively reducin the noi se generated on the
whol e rotating electric machine. Thirtéenﬂg Effbodi ment According to the
thirteenth enbodinent, a ratio of 10 E2 and El in any one of the above
enbodi nents, e.g.,  the first or second enbodi ment, is in range of El/E2
= 2.5 to 80 whekatao| gighBudnfabh2efigsinca 6@@9ﬁi@¢eﬁ@/@ﬁié§ Ps8a mechani cal

constant of a material form the frane 2 i s denoted,b 2, and a

| ongi t udi nal eIé§FP€d&8§#WVCF5%te@ﬁ°§ﬁ°@@€8@?ﬁ€ %Pﬁﬁe §P§95y38ﬁ§ﬁi#@ﬁ ng
the stator core, 3 i s,denoted | . _.ln the stat.or or di t e
thirteenth enbo&Pn&nP? e P gtﬁﬁtgﬁﬁéﬁl§# R lPrg#e%% ig%gggﬁﬁ?§%?5P

having a lOngitﬂg?n%hee&Q%hECZrQEL%hgﬁﬁghf%Q%EQ%ﬁy%n P on the

| ongi tudi nal el astic ratio correspon _ I num material, a nold
material gf a p?.'rg\fﬁ%f 2 MRt ehindle130d WS ehat1Re Wkl iQR 19LRYRIGH PN |
the external configuration of the stator core 3 and the frame 2 is
cancelled whi ch teRablogseelyepeirateldy onedne Rhole rotating electric
machine.
Thirteenth Embodiment
According to the thirteenth embodiment, a ratio of

10 E2 and El in any one of the above embodiments, e.g.,

the first or second embodiment, is in a range of

E1/E2 2.5 to 80 where a longitudinal elastic
coefficient which is a mechanical constant of a
material forming the frame 2 is denoted by E2, and

15 a longitudinal elastic coefficient of an electric iron
plate constituting the stator core 3 is denoted by El.

In the stator 1 according to the thirteenth

embodiment, when the material of the frame 2 is a
material having a longitudinal elastic ratio equal to

- 20 or more than a longitudinal elastic ratio correspénding
to an aluminum material, a mold material of a polymer
material ahd the like, the vibration generated on the
external configuration of the stator core 3 and the
frame 2 is cancelled which enables effectively reducing

25 the noise generated on the whole rotating electric
machine.

When the ratio of the longitudinal elastic



25 the noise generated on the whole rotating electric machine. Wen the
ratio of the longitudinal elastic 1 3 APR 2005 45 coefficient E2 which is
a mechani cal characteristic of a material formng the frane é and t he
l-ongi tudi nal elastic coefficient El = 21000 kg/ mMm®2 of the dI&APR &0 i 1 on
‘plate of the stator core 3 is E1/E2 = 2.5 to 80, 5 for exanple, if the
material of the frame 3 is the aluninunlng%grial havi ng a | ongi t udi na

el astic coefficient E2 = 7000 kg/ nm2 (EL1/ =73) and the nold material of
the polyner material having a longitudinal elastic coefficient of E2 = 300
kg/ m®2 (E1/E2 = 80), 10 the vibration generated on the configuratjon of the
stator core 3 afPaffdaiente B2 whicthds I%d‘}e%ﬁwajerﬂkﬂ%cﬁglfje%ﬂ*%e?

duci th ' t t he whol ti | ectri hi he. W
the material of & MEYaEH FIRILLNG Lhe GrrAiech BAY GHIR (AERITIRAL N E2
100 kg/ mm? El/E2 = .210 . f.or .ex I ' b, ial. th
Gotor vt on of ATt EEost it S TR 21(6E eind Y orhg Ri e "
3 : . : ¢ .
stator core V\/r]{r%fe}‘ \%qga\q__gé ra(%)ttezrtl?e tj'e%lpoé&ee rfd’-%tﬂpjkf i e‘c.t5 ngt noi se

20 generated on Ing e ric mnechine. desct1 bed abbve, in

the stators of ther A, & £GHd mdBGH 41t S€ i itk 3 hes epfpodi ment

the ratio of E2 and El is in a range of E1/E2 = 2.5 to 80. Accordingly,

the vibration geneimitrRth aaddrel £Xdvitdg a longitudinal elastic
coefficient E2 = 7000 kg/mm2 (E1/E2 = 3) and the mold
material of the polymer material having a longitudinal
elastic coefficient of E2 = 300 kg/mm2 (E1/E2 = 80),

10 the vibration generated on'the configuration of the
stator core 3 and the frame 2 is cancelled, which
enables effectively reducing the noise generated on
the whole rotating electric machine.

When the material of the frame 2 has

15 a longitudinal elastic coefficient E2 = 100 kg/mm2
(E1/E2 = 210) of, for example, resin or rubber
material, the deformation of the frame 2 cannot surpass
the deformation force of the stator core 3 which
generates a small noise reduction effect of the noise

20 generated on the whole rotating electric machine.

As described above, in the stator of the rotating
electric machine according to the embodiment, the
ratio of E2 and El is in a range of E1/E2 = 2.5 to 80.
Accordingly, the vibration generated on the external

25 configuration of the stator core 3 and the frame 2 is
cancelled which enables effectively reducing the noise

generated on the whole rotating electric machine.



25 configuration of the stator core 3 and the frane 2 is cancelled which
enabl es effectively reducing the noise generated on the whole rotating
electric machine. 1 3 APR 2005 46 Fourteenth Enbodinent FIG 33 is a
transverse sectional view showing a constitution exanple $8 AfRe28®bat or of
"the rotating electric machine according to the fourteenth 5 enbodi nent.
There is provided a cooling fin 9 in additign to the stator 1 of any one
of the above enbodi nents, e.g., the first46r second enbodi nent. The
cooling fin 9 is arranged at an outer circunference of the frane 2 10
excluding an angle portion. The outer configuration of the cooling fin 9

i s a substanti aFpyréeeaghaEmbegamedlir ation with a radius r of j at a vertex

g. According to the fourteenth enbodi ment, the coolin jinsgggqes not
affect. the bendi ng FXQ-diddy i & Hranfyessg cﬁeo}ltﬂﬁa]sgwéé w9

addi ti onal weight. A weight, bal ance bec even . on a circunference b
adj usting the %éi&ﬁpsﬁﬁtgﬁéoPoﬁﬁPWQlFiﬁ%ggiﬁ_éi?ﬁpﬁ OEOFPPOEC%F frgne
2. Wien the wei ght bal.ance ,hecones uni.for Vi ' onent by a
Zi 00! Mot art BlectRugl A niRROTER Y Bo i MLl rPonent Y

decreased. and i;bration generated on the whole frame 2 is cancelled
whi ch enaBIes e%&@gﬁﬁ&gﬁ§'reducing t he noi se generated on the whole

rotating electric mehdi® is provided a cooling £in 9 in addition to
the stator 1 of any one of the above embodiments, e.g.,
the first or second embodiment. The cooling fin 9 is
arranged at an outer circumference of the frame 2
10 excluding ah angle portion. The oﬁter configuration
of the cooling fin 9 is a substantially circular
configuration with a radius r of j at a vertex g.

According to the fourteenth embodiment, the

cooling fin 9 does not affect the bending rigidity of
15 the stator 2 but.serves as an additional weight.

A weight balance becomes even on a circumference
by adjusting the height of the cooling fin 9 at a thin
portion of the frame 2. When the weight balance
becomes uniform, a vibration component by a twist

20 rotation caused by a mechanical imbalance of the rotor
is decreased, and the vibration generated on the whole
frame 2 is cancelled which enables effectively reducing
the noise generated on the whole rotating electric
machine.

25 Furthermore, an installation area can be further
made smali by arranging the outer configuration of the

cooling fin 9 in a circular configuration.



25 Furthernore, an installation area can be further nade small by
darrangi ng the outer configuration of the cooling fin 9 in a circular
configuration. 1 3 APR 2005 - 47 Incidentally, in the enbodinent, the
cooling fin 9 is arranged in perpendicular to the sides oﬁ thﬁﬁﬁﬁﬁlygon'
*However, it is possible to arrange the cooling fin 9 in al né | t he
radi us-direction. 5 As descri bed above, in the stator of the rotating

el ectric machi ne according to the fourtgent enbodi ment, the vibration
generated on the whole frame 2 is cancelled which enables effectively

reducing the whole rotating electrjic machine. 10 Fifteenth Enpodi nent
FIGS. 34 and 35 are érlcrl&?é\%'ér]éé’rsé&i%lem}?%m% FHRer QRN &R v

showi ng a consti,tution examle of the stator of the rotati el ectric
machi ne accor dilﬁgat"'c‘fapl‘-?@%f it EEFPS Afert the 'ﬁjrélo%si ﬁ%gzrﬂen enbodi nent

i di ficati f th d di_ment_ i.n whi.ch d ,of the f 2
3 “rotated by POAIOPIN) HRPRVAordncs EOIHPIN 1 HRETHR TS frane 2.

1 n =5, one famm s igtabed Wiy GRSl AN DB AT DY 36 . 20

Accordingly, the sta on both en stator core 3 changes the

mechani ca rigidity iy 3dddGHECARYYA ] ad | B SG tctpttﬁef‘erd/ti_apifﬁ% on
caused by the electromagnetic force I1s scattered. As a consequence, 1he
deformation of @iecheudlcamadnind ia@tdtfding to the fourteenth

embodiment, the vibration generated on the whole frame

2 is cancelled which enables effectively reducing the

whole rotating electric machine.

10 Eifteenth Embodiment

FIGS. 34 and 35 are a transverse sectional view
and a perspective view showing a constitution example
of the stator of the rotating electric machine
according to the fifteenth embodiment.

15 The fifteenth embodiment is a modification of the
second embodiment in which one end of the frame 2 is
rotated by (360° /2n) with reference to the other end
of the frame 2. If n =5, one frame is rotated with
respect to the other frame by 36°

20 Accordingly, the stator 2 on both ends of the
stator core 3 changes-the mechanical rigidity in
a circumferential direction so that the vibration
caused by the electromagnetic force is scattered. As a
consequence, the deformation of a circular vibration of

25 order 2 (ellipse mode) is hardly generated on the frame
2, and the vibration generated on the frame 2

is cancelled which enables reducing the vibration



25 order 2 (ellipse node) is hardly generated on the frame 2, and the

vi bration generated on the frane 2 is cancell ed which enabl es reducing the
vibration 1 3 APR 2005 48 and the noise of the whole rotating electric
machi ne. The vibration generated on the frane 2 which enalbé PR, fofFluci ng
‘t-he vibration and the noise on the whole rotating electric nacﬁine. 5

Si xteenth Enbodinent FIG 36 is a transverse sectional view (a cross
section in a direction perpendicularly to 4% axial direction of a franme)
showi ng a constitution exanple of the stator of the rotating electric
machi ne according 10 to the sixteenth enbodi nent. The stator 1 conprises
the frame 2 andasdatbe noise Qffthej wholendothkdngt elensricamaching.cross
section in a direction perpendicularly to an axial direction of the frane
2 is substantiaFh¢ ¥ibratrden ggnaratedsonr spez8rale, 2aBiFBCLRARLRE . A
central point of the, frape 2,is decentered wth,respect to % entral point
of the stator cbPEUSing; hhe VABTALLPB ABPhELE! NPHES: RPcERESY Bﬁethe frame 2

changes based on the, decintgang anBunt el, the electromagnetic force 20
hardl'y acts. AcESFAFABPyS PREFVFLIACPSR®generated on the frame 2 is

ol 6. gontr at ed HEPRE ANBRESABRYE ng ol ectric machine. 0 o N
FIG. 36 is a transverse sectional view (a cross
section in a direction perpendicularly to an axial
direction of a frame) showing a constitution example of
the stator of the rotating electric machine according

10 to the sixteenth embodiment.

The stator 1 comprises the frame 2 and stator core
3 fit into and fixed to the frame 2. A cross section
in a direction perpendicularly to an axial direction
of the frame 2 is substantially circular, square,

15 trapezoidal, and rectangular. A central point of the
frame 2 is decentered with respect to a central point
of the stator core 3. Since the ratio h2/hl of
the thickness of the frame 2 changes based on the
decentering émount el, the electromagnetic force

20 hardly acts.

" Accordingly, the vibration generated on the frame
2 is cancelled even in a resonance state which enables
effectively feducing the noise generated on the whole
rotating electric machine.

25 Seventeenth Embodiment

The subject matter of the seventeenth embodiment

is a specific value of the decentering amount el.



25 Seventeent h Enbodi nent The subject matter of the seventeenth enbodi nent
I's a specific value of the decentering amount el. 1 3 APR 2005 49 The
decentering anount el is set to a value between (0.25 to 0.8)(D-d)/2 where
an outer dianeter of the stator core 3 is denoted by d, qn Qﬂﬁgm di amet er
-of the frame 2 having a substantial circular configuration is- genoted by
D. The decentering anmount .el is preferably set to a value between (0.7 to
0.8)(D-d)/2. Mre preferably, the decenrerﬂﬁg anount el is preferably set
to 0.8(D-d)/2. Eighteenth Enbodi nent 10 FIGS. 37A and 37B are transverse
sectional views show ng constitution exanples of the stator of the
rotating el ect rif&end@SeRdexdasr dneynto elhd SeBglkt &6neh Vadiisodpewieen The

cross sectional of the fra 2 of the stator is substantially rectangul ar
or square, an od er251§°di°a:§5t(@r’ddf/t2t hedie 3y WHSF ’iaé“%}'é?’?bt%ﬁjqﬂ}ﬁd and a

Length Of 2395k gt ald e i BRI o SUstall elagsclongpl gt
e Eo"LoO SR 2 SN S gt R ST O SR
Do Lo Cocs SRRaals 1AW BRI PN e
set to a value between (0.7 to 0.8)(D-d)/2. More
preferably, the decentering amount €l is preferably set
to 0.8(D-d)/2.
Eighteenth Embodiment
10 FIGS. 37A and 37B are transverse sectional views
showing constitution examples of the stator of the
rotating electric machine according to the eighteenth
embodiment. The cross sectional of the frame 2 of the
stator is substantially rectangular or square, an outer
15 diameter of the stator core 3 is denoted by d and
a length of a short side of the frame 2 having
a substantial rectangular configuration or a length of
one side of the frame 2 having a substantial square
configuration is denoted by x, and a decentering
20 amount is.denoted by €2, a center of the stator core

3 is decentered from a cross point of a diagonal of

the frame 2 having a substantial rectangular or

square configuration in a range of €2 = (x - d)/2.5 to
(x - d)/8.
25 The whole weight is not increased and the

electromagnetic force hardly acts due to a balance of

the rigidity ratio of h2/hl of the thickness of the



25 The whol e weight is not increased and the electromagnetic force hardly

acts due to a balance of the rigidity ratio of h2/hl of the thickness of

the 1 3 APR 2005 50 frame 2 having a substantial rectangular or square

configuration. Accordingly, the vibration generated on the'ég@ﬁﬁ % S

-cancelled in a resonance state which enables effectively reducinalﬁhe

noi se generated on 5 the whole rotating electric machine. N neteenth

Enbodi nent FIG 38 is a transverse sectiona® view showi ng a constitution

exanple of the stator of the rotating electric machine according to the

ni neteenth 10 enbodi nent. A cross section in a directjon ggrgendicularly to
e?bi

an axial directiorfRR 4 Ravinged Sykstaptiahtreftyngelap @rareén outer

di t f th t 3 is d ted b ight of the f 2

v ng 8 25 SUBSOIASHIT TRy o ARFCTUHILLT athervi S dbtoR caeBer AL ool o

d teri [ d b t f th t f

the hetght of h/2or TS 14 e Aiielfed *In foleanprtes, fhgkecthles | O

confiourati on | Sep ASFEN&f Albd i1y P08 nd Enémo1dd  donetfildl ond)/ 8. 20
rapezoi dal conflguration mey oy use —a°configuration effect rn a

e O L L onhe RSN SOPRASs gttgmatnhe, 0125 L0 (1 o)/e
rigidity rati o h¥ihdtassoei Bhiesd théhe

FIG. 38 is a transverse sectional view showing
a constitution example of the stator of the rotating
electric machine according to the nineteenth

10 embodiment.

A cross section in a direction perpendicularly to
an axial direction of the frame 2 is substantially
trapezoidal. An outer diameter of the stator core 3
is denoted by d, a height of the frame 2 having a -

15 substahtial trapezoidal configuration is denoted by h,
and a decentering émount is denoted by €3, a centef of
the stator core 3 from the height of h/2 of the frame 2
having a substantial trapezoidal configuration is
decentered in a range of €3 = (h - d)/2.5 to (h - d)/8.
20 A trapezoidal configuration may only use
a configuration effect in a height direction.
Decentering is in a range of (h - d)/2.5 to (h - d)/8,
so that the electromagnetic force hardly acts due to
a balance of the rigidity ratio h2/hl associated with
25 the thickness of the frame 2. Accordingly, the
vibration generated on.the frame 2 is cancelled in a

resonance state which enables effectively reducing the



25 the thickness of the frane 2. Accordingly, the vibration generated on
the frame 2 is cancelled in a resonance state which enables effectively
reduci ng the 13 APR 2005 51 noise generated on the whole rotating electric
machi ne. Twentieth Enmbodi ment According to a twentieth erft®dPRexds, there
“irs provided a rotating electric machine conprising the 5 rotor 4 and the
stator 1 according to any one of the first to nineteenth enbodi nents. As a
consequence, it becomes possible to efFecPﬂvery reduce the vibration and
the noise generated on the whole rotating electric nmachine. 10 Additi onal
advant ages and deformations wi|l readily occur to those skilled in the
art. Therefore, PAfe FeR&hAtqh\RItthsh Whele Faekng ekt ic jmaghine.
limted to the specific details, representative devices, and illustrated
exanpl es shown 5&? M&f%ein. Accordingly, various deformations

b d W t hout d j f th it C f . th I
mventive conoept as MERTHUIDyH e SIRTHRE UTapRERatt { HRFT cbti val ent s.
F l e, . j.ment ; i . i h
s 20 poss! bl o HESGHRE 2 SRGUIRL QAR IE RGN b HIHE O D
obtai ned. sFurt NeidiRie 4 GAaRd e e ATOOUIEN S 90Ty | Serts Age al

various stages, so that various 1nventions can be extrdcted from an
appropriate conyinad &b inireddddtd idnbsfinttsd . t uent

As a consequence, it becomes possible to
effectively reduce the vibration and the noise
generated on the whole rotating electric machine.

10 Additional advantages and deformations will
readily occur to those skilled in the art. Therefore,
the present invention in its broader aspects is not
limited to the specific details, representative
devices, and illustrated examples shown and described

15 herein. Accordingly, various deformations may be made
withéut departing from the spirit or scope of the
general inventive concept as defined by the appended
claims and their equivalents. For example, each of the
embodiments can be appropriately combined as much as

20 possible. 1In such a case, a combined operation and
effect can be obtained. Furthermore, each of the
embodiments includes inventions at various stages,
so that various inventions can be extracted from an
appropriate combination in a plurality of constituent

25 elements which are disclosed.



25 el enents which are disclosed. 13 APR 2005 - 52 WHAT IS CLAIMED IS: 1. A
stator of a'rotating electric machine conprising: a core; and 5 a frane
connected to the core, wherein the frane is configured such that an

el ectromagnetic force vibration of the frane differs f r o3 ARR2Ba
“vibration node of the franme; wherein a circunference shape of a section of
the frame in 10 a direction perpendicularlsg te an axial direction of the
frame is a substantial odd-nunber sided polygon. 15 20 25 2. The stator
according to claim1, wherein a circunference.shape of a section of the
frame in a direction perpendi cul aghyxTtPsadr.axugb €fgkection of the frane
is substantially defined by A sin n0O, where Ais a deformation from an
average radius r of Ihe xrossteecdt a, récdeing Sleécbeioomaehihe a range
of 0.05 S Alr 50:5 0 is a nechanical angle,. and n is an odd nunber
excluding 1. 3. cBwpitsdingr: according to claim2, wherein the n is any one
of 3, 5 and 7 which is selected in accordance with the nunber of poles in
the rotating a core; and

5 ' | a frame connected to the core, wherein the frame
is configured such that an electromagnétic force
vibration of the frame differs from a naﬁural vibration
‘mode of the frame wherein |
améircumference Shape of a section of the frame in

19 "é direction perpendicularly to an axial direction of

the frame is a substantial odd-number sided polygon.

2."The stator according to claim 1, wherein
a-circumfe;ence.shape of a section of the frame in

a direction perpendicularly to an axial direction of-

15 the frame is substantially defined by A+ sin n@,
where A is a deformation from an average radius r
of the cross section, a ratio A/r being set to a range
of 0.05 = A/r = 0.5, |
0 is a mechanical angle, and
20 n is an odd number excluding 1.
3. The stator according to claim 2, wherein the
n is any one of 3, 5 and 7 which is selected in 
accordance with the number of poles in the rotating
, electric machine.
5

4. The stator according to claim l, wherein said

substantial odd-number sided polygon is any one of



el ectric machine. 4. The stator according to claim1, wherein said

subst anti al odd-nunber sided polygon is any one of 1 3 APR 2005 53 a
substantial triangle, a substantial pentagon and a substantial heptagon
which is selected in accordance wth the nunber of poles g Aﬂﬁ @ tating
‘electric machine. 5 5. The stator according to claim1 or 8

h2/hl is set to a range of 2.5 to 4.5, wherg h2 is a.thickness of the frame
at an angle of the polygon, and hl is a thickness of the frane at an
extension 10 line for connecting an angle and a central point of the

section of the st %tu%rsta(}r lgge tﬁ_,tl? éatccaprgll 4, %%%kﬁ%é%g%?n Yerein

h2/hl is set to arange o ere e frame at

an angle 15 of 4 el by ndrF whidi Cidese18bdH8iA T 888 REaRBe

extension |ine for connecting an angle and a central point of the section

of the stator. Githhahd ahulbedc et de'ﬂbé Ol BheéN dodt fng WEBESLAic 20 h2/ hl
Is set to 3.5, where h2 is a thickness of the frame at an angle of the

pol ygon, and hl mazhddehi ckness of the frane at an extension |ine for
connecting an angle and a central point of
5 5. The stator according to claim 1 or 4, wherein

h2/hl is set to a range of 2.5 to 4.5,
where h2 is a thickness of the frame at an angle
of the polygon, and
hl is a thickness of the frame at an extension
10 line for connecting an angle and a central point of
the section of the stator.
6 . The stator according to claim 1. or 4, wherein
h2/hl is set to a range of 3 to 4,
where h2 is a thickness of the frame at an angle
15 of the polygon, and
hl is a thickness of the frame at an extension
line for connecting an angle and a central point of
the section of the stator.
7. The stator according to claim 1 or 4, wherein
20 h2/hl is set to 3.5,
where h2 is a thickness of the frame at an angle
of the polygon, and
hl is a thickness of the frame at an extension
line for connecting an angle and a central point of
25 the section of the stator.
8 . The stator according to claim 1 or 4, wherein

h3/h2 is set to a range of 0.2 to 0.8,



25 the section of the stator. 8 . The stator according to claim1 or 4-,
wherein h3/h2 is set to arange of 0.2 to 0.8, 1 3 APR 2005 54 where h2 is
a thickness of the frane at an angle of the polygon, and h3 is a thickness
of a yoke of the core. 9. The stator according to claim1l of,4, wherein 5
*h3/h2 is set to arange of 0.2 to 0.4, where h2 is a thickﬁtésﬁﬁﬁ2mhe franme
at an angle of the polygon, and h3 is a_ thigkness of a yoke of the core.
10. The stator according to claim1 or 4, erein 10 E2/El is set to a
range of 2.5 to 80, where E2 is a longitudinal elastic coefficient of the

frame, and El is a | opghiddibpak sebagtis f .Gl f e _Gore. 1
The stator according to aﬁyhon%so% ?Pg?#@gﬁgtg 3$% gfg%% $§<§ar%§§§é'
conprises two pastsStMbi §51¢56n, CQRQect ed to said core at end portions in an

axial direction of said cofe. 12. The stator according to claim 11,
wherein said 20 frangr3fust BeeheeRAELSCS A aPFokeMIYC R HeS copiylected to  said

core between said two parts. 13. The stator according to claim1l, wherein
one of said two parts.isThet 8t&tot36063RHifAg0EBEE1AMAl or 4, wherein
5 h3/h2 is set to a range of 0.2 to 0.4,
where h2 is a thickness of the frame at an angie
of the polygon, and
h3 is a thickness of a yoke of the core.
10. The stator according to claim 1l or 4, wherein
10 E2/El1 is set to a range of 2.5 to 80,
where E2 is a longitudinal elastic coefficient of
the frame, and
El is a longitudinai elastic coefficient of the
core.

15 11. The stator according to any one of claims 1 to
3, wherein said frame comprises two parts which are
connected to said core at end portions in an axial
direction of said core. |

12. The stator according to claim 11, wherein said

20 frame further comprises a part which is connected to
said core between said two parts.

13. The stator according to claim 11, wherein one
of said two parts is rotated (360/2n) degrees in a
circumferential direction with reference to the other

25 of said two pairs.

14. The stétor according to claim]l or 4 , wherein

a portion other than an angle is on an extension line



circunferential direction wwth reference to the other 25 of said two
pairs. 14. The stator according to claim1 or 4 , wherein a portion other
than an angle is on an extension line 1 3 APR 2005 55 for connecting the

angle and a central point of the polygon. 15. The stator acfgr gpﬂm%o
‘claim 11, wherein said two parts are connected toeach other . 5

16. The stator according to claim15, wheregj Ssaid rib is connected.to
said two parts by neans of at [|east one of welding neans, bonding neans
and bolt neans. 17 . The stator according to any-of claims 1 to 3, 10

wherein a COOI T fighf idyrrfe GOMMIPAIRS 401810 {4 A% Bl 2 PORLI SR BENER ! han an
angl e portion, an outer <circ er ence of - "fhe ¢o0 rng fin Berng a circul ar
shape. 18. A stydiyqdn.a rotating electric nachine of 15 a frane-|ess

type,. conprising: ‘a core configured such that an el ectromagnetic force

vibration of the cong di fiy ss{41% aad@dtuBhg ¥bDbERLIAN 1MAGhapbihheatar €
wherein a circunference of a secti.on of the Core in a direction 20

per pendi cul arl y two gared alrdlidatiedteditd NagRr&thér apulstanti al _
odd- nunber sided polygon. 25 19. The stator according to claim18, wherein.
a 5 - 16. The stator according to claim 15, wherein
said rib is connecﬁed,to said two parts by means of at
least one of weldiﬁg'meané,'bonding means and bolt
means.
17 . The stator'according to any of claims 1 to 3,
10-. wherein a cooling fin is connected to the frame at
a portion other than an angle portion, an outer
éircumference oﬁ'the cooling fin being a circular
shape.
18. A stator of a rotating electric machine of
15 a frame-less type, comprising:
 a core configured such thét an electromagnetic

force vibration of the core differs from a natural

vibration mode of the core; wherein

a circumference of a section of the core in a direction

20 perpendicularly to an axial direction of the core is
a substantial odd-number sided polygon.
19 . .The stator according to claim 18, wherein a
circumference of a section of the core in a direction
25 perpendicularly to an axial direction of the core is

substantially defined by A sin nf,

where A is a deformation from an average radius r



¢circunference of a section of the core in a direction perpendicularly to
an axial direction of the core is substantially defined by A sin n6, where
Ais a deformation froman average radius r 13 APR 2005 56 of the cross

section, aratio Alr being set to a range of 0.05 5 Alr S q.Tﬁ,ApQ 9085 a
‘mechani cal angle, and n is.an odd nunber excluding 1. 5 20. e stator
according to claim.19, wherein the nis agy one of 3, 5, and 7 which is
sel ected in accordance with the nunber of poles in the rotating electric
machi ne. 21. The stator according-to claim 18, wherein said 10. _
substantial oddQfurld® eiersl petyion,is aayiong/ef baingbsleinticla tramgal e,
a substantial pentagon and a substantial heptagon which is selected in
accordance - wi t R% e GfurBe”/af PoleS.in the rotating electric machine.

15 22. A stator of a yotating electric machine conprising: a core; and a
frame connected to tﬁ%JébﬁbIﬁﬁahﬁ%k¢%b.anngvcanﬂerence shape of a section
in a. direction .20 perpendicularly to-an axial direction which is selected
from one of a substardti%l ¥#r2¢ ,néﬂhgfaﬁﬁF&Pdé&Gaﬂe, subst anti al
~trapezoid, substantial rectangle, and .substantial square, wherein a.

central p@ nt of the?@oreThe stator according to claim .19, wherein
' thg n is any one of 3, 5 and 7 which is selected in
accordance with the number of poles in the rotating
"electric machine. | |
21. Thé stator a¢cdrding.to cléim'ls,'wherein said
10 - 'substantial_odd—number sided polygon is any one éf
a substantial triangle, a substaﬁtial pentagon and
a substantial heptagon which is selected in accordance
‘with thg number of poleé in the rotating electric
machine.
15 22, A stator of a rotating electric macﬁine
comprising: |
a core; and
a frame connected to the core and having a
circumferepce Shape of a section in a direction
_29'- .perpéndicﬁla;ly:tO'an axial difection which islsgleéted
from one of a substantial-circle, substantial square, -
substantial trapezoid, Qubstantial rectangle, and
substantial square, wherein a central pdiﬁt of the éore'
is decentered with respect to one of a central poiht of
25 the frame and a cross pbiﬁt of a diagonal of the frame.
23 .. The-stator according to claim122, wherein

the circumference shape is a substantial circle and



s decentered with respect to one of a central point of 25 the frane and a
cross point of a diagonal of the frame. 23 . The stator according to claim
22, wherein the circunference shape is a substantial circle and 1 3 APR
2005 57 a decentering amount is set to a range of 0.25(D—@§/3P ?@P
-0.8(D-d)/2, where d is a dianeter of the core, and Dis a iad% of the
franme. 5 24 . The stator according to clgjngfz,_mherein t he circunference
shape is a substantial circle and a decentering anount is set to a range of
0.7(D-d)/2 to 0.8(D-d)/2, where d is a dianeter of the core, and 10 Dis

a dianmeter of th h or .aggordin aj 2 erel t he
circunference sﬁgﬁéé?§§%?§§%§t§%§§§% %Fr%%g ggdg %gagge%?;§F%8%258 AP i's
set to 0.8(D-d)/¢o gWgfs-d)yg, a dianmeter of the core, and 15 Dis a

di ameter of the frame. 26 . The stator according to claim22, wherein the

circunference shape ighepe af i8 subshaBtezl oFeehangrdr, aa@d a substanti al
square, and a decentering anount is set to a range of (x-d)/2.5 to

(x-d)/8, 20 where d ip Asdaadeareter biiether €ramed x is a length of a short
side of the substantial rectangle or a length of a side of the substantial
squar e. 5 24 . The stator according to claim 22, wherein

the circumference shape is a substantial circle and

a decentering amount is set to a range of 0.7(D-d)/2 to

0.8(b-d)/2,

where d is a diameter of the core, and
10 D is a diameter of the frame.

25 . The stator according to claim 22, wherein
the circumference shape is a substantial circle and
a decentering amount is set to 0.8(D-d)/2,

where d is a diameter of the core, and
15 D is a diameter of the frame.

26 . The stator according to claim 22, wherein the
circumference shape is one of a substantial rectangular
and a substantial square, and a decentering amount is
set to a range of (x-d)/2.5 to (x-d)/8,

20 where d is a diameter of the core, and
x is a length of a short side of the substantial
rectangle or a length of a side of the substantial
square.
27 . The stator according to claim 22, wherein the
25 circumference shape is a substantial trapezoid, and

a decentering amount is set to a range of (h-d)/2.5 to

(h-d)/8,



27 . The stator according to claim 22, wherein the 25 circunference shape
s a substantial trapezoid, and a decentering anmount is set to a range of
(h-d)/2.5 to (h-d)/8, 13 APR 2005 58 where d is a dianeter of the core,
_a_nd h is a height Qf a substantial trapezoid. 13 APR 2008

- 58 -

where d is a diameter of the core, and

h is a height of a substantial trapezoid.



