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(57) Abstract: A highly efficient electric compressor, comprising a compression mechanism part stored in an enclosed container

and an electric motor part connected to and driving the compression mechanism part, the electric motor part further comprising a

wei bore part at an end part on the side opposed to the compression mechanism part and also having an electric motor with two-pole rotor

& containing a rotor core in which permanent magnets are buried, and the compression mechanism part further comprising a bearing

o part made of non-magnetic material extending to the inside of the bore part, whereby a torque loss caused by a magnetic attraction
force between a bore part inner wall and a bearing part and an eddy eurrent loss inside the bearing part can be eliminated.
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18 DEC 2003 1 DESCRI PTION 5 Electric Conpressor Techni cal Fielq 0 EQE
present invention relates to an electric conpressor used in a If eg 32003
refrigerator, or air-conditioner. Mire particularly it relates to a highly
efficient electric conpressor in which |oss torque and iron |loss due to
magnetic attraction are reduced. The magnetic attraction is produced at a
bearing in a conpressing section jointed to a notor section of the 15
conpressor. Background Art A prior art is described with reference to Fig.
5 where a reciprocal electric conpressor is shown. 20 In Fig. 5, the
conpressor conprises hernetic container 1, conpressing section 2 disposed
at lower part of the container, andDBSCRIPFEONi on 3 di sposed above the
conpressi ng section. Shaft 4 nmounted to rotor 14 of notor section 3 has
crank 4Z§on its tip. Cylinder block 5 fornmed of a casting nade of iron

systemmaterial 25 conprises beﬁl&@@riﬁ%&ﬂl isggrshaft 4 is inserted, and
cylinder 7 formed at right angles wt earing o.

Technical Field

10 The present invention relates to an electric compressor used in a
freezer, refrigerator, or air-conditioner. More particularly it relates to a
highly efficient electric compressor in which loss torque and iron loss due
to magnetic attraction are reduced. The magnetic attraction is produced
at a bearing in a compressing section jointed to a motor section of the

15 compressor.

Background Art

A prior art is described with reference to Fig. 5 where a reciprocal
electric compressor is shown.

20 In Fig. 5, the compressor comprises hermetic container 1,
compressing section 2 disposed at lower part of the container, and motor
section 3 disposed above the compressing section. Shaft 4 mounted to
rotor 14 of motor section 3 has crank 4a on its tip.

Cylinder block 5 formed of a casting made of iron system material

25 comprises bearing 6, in which shaft 4 is inserted, and cylinder 7 formed
at right angles with bearing 6.

Piston 9 is linked to crank 4a via connecting rod 8 When motor
section 3 is driven, rotating movement of shaft 4 is converted to
reciprocal movement by crank 4a, and delivered to piston 9 via rod 8, so

30  that piston 9 slides with respect to inner wall of cylinder 7. Compressing
chamber 10 is formed by cylinder 7 and piston 9. Oil pipe 11 is mounted

to a tip of crank 4a,



Piston 9 is linked to crank 4a via connecting rod 8. Wen Cyf 3
I's driven, rotating novenent of shaft Is converted to rggtgpge 2063
novenent by crank 4a, and delivered to“piston 9 via rod 8, so 30 that

piston 9 slides with respect to inner wall of cylinder 7. Conpressing
chanber 10 is fornmed by cylinder 7 and piston 9. Ol pipe 11 is nmounted to

atip of cr 4 DEG 20 2.and lubricant. 12 pool ed at, the bottom of
ner ot § ¢ Finir@rets BSdAeing il SLhhiRRlic RateRet LR bt tehae, 4
through oil pipe 11, so that re ti sl.i di,ng. secti ons _mve snoat hly.
Votor 3 remPteRgngoretiimdoerd et o (et Singimanale 3P| GiAbnEPoPEcarement s-
(a) stat %1@13 fortr.red of w ndi ng-wound-iron-core nmade of |am nated nagnetic
sheet s, 1§ Peetay mPNe SHRYof rotor iron core 15 with a secondary
conduct or, theMrgtor i.ron core ?ei‘n made of | am nated magnetic¢. sheets.
Bored secti on 48%9%s $orisviabEodole nadisioss mefosr comprLing ethe igHowRREs de
of conpressi ng gection 2 nd bearing 6 extends, i nside bored section_16. 10
An oper at§lemedts:abstasay dadramad of sandingHMovpsrispasese madenf laminatedct ur e
i s discussed ahove is described hereinafter. Wen rotor 14 spins, piston 9
per f or ns Pa&NResheetsoartd rofemn 14 fommed of Frjor drenscare ifcwithoa eecomdars of
shaft 4, so that E}ilston 9 conpresses cool ant gas in conpressi ng chanber
10. The comgretaretheyraior sroa earp hetpgimesle oflaminatedimaegmetiyishgeps.pe (not
shown) to -a systemsuch as a freezer, refrigerator, or air-conditioner.
Regar di ng t he Beted; sestionnlt 1 provisdast at thesendiof gotowdromeers 1 lonathensidei ng
6, cylinder 7, connecting rod 8 and piston 9 of (_:orrgr'essi ng section 2, oil
pi pe’ 11 GFFOMRIEssing) seakipn & andfbeghiig 6 £xtends wsidmboyedngrstiop 16ibri cant 12
for ‘
10 An operation of the conventional reciprocal compressor of which
structure is discussed above is described hereinafter.

‘When rotor 14 spins, piston 9 performs reciprocal movement via
connecting rod 8 linked to crank 4a of shaft 4, so that piston 9 compresses
coclant gas in compressing chamber 10. The compressed gas is discharged

15 through a discharging pipe (not shown) to a system such as a freezer,

refrigerator, or air-conditioner.

Regarding the lubrication to respective sliding sections such as bearing
6, cylindef 7, connecting rod 8 and piston 9 of compressing section 2, bﬂ pipe
11 mounted to lower end of shaft 4 rotates and pumps up lubricant 12 for

20  lubrication.

Recently, reducing the power consumption of freezers, refrigerators,
and air-conditioners has drawn attention because of energy saving tendency,
and lower profiles of those apparatuses havs_a been studied because of
downsizing requirement. The rotor is disposed as close as possible to the

25 compressing section, and a part of bearing extends inside the bored section,
thereby regulating undesirable rotating deflection of the rotor and lowering

the total height of the compressor. Thus the downsizing requirement is



20 lubrication. Recently, reducing the power consunption of 4 @e ,
refrigerators, and air-conditioners has drawn attention becgj@eﬂgﬁezmay

savi ng tendency, and |lower profiles of those apparatuses have been studi ed
because of downsizing requirenent. The rdtor is disposed as close as
possible to the 25 conpressing section, and a part of bearing extends
I nsi de the bor.e ec§%$n, t her eby requl ating undesirabl e rotating

r otttV

def | ection BFHEHS 2> | BREPT fVIREeok sbsi IEPEhWIBIch kenstmee dher .
Thus the dopfshdl BowcPH! {iRIERL,I:S JAPRE 1%9%%0% Al HOMENSGh e pger

savi ng of the notor, I ch consu e ’l'argest “power reezing:
system haslewel. yet arrived at a satisfactory level. 5 In the conventional

t wo- pol e i nduction notor used jn conpressors, nmagnetic steel sheets of
| ower i ron Iosi'“ B‘é’éﬁe%t}‘r‘b]ﬂ%i/é\ﬁ'?'ﬁo@hﬁ}ﬁ@%fon trRBtQo sCHal FOEPINFSPRS.zed,

or vol unme d@{?@ ubs,?g - h.nc S | n.or rai he
effici encyo%}c e{drr?)%%rl. hégﬁﬁdlﬁgﬁ}oﬁbﬂn{%%%rﬁgﬁoﬂ\)/\?reé\}’lefe?f? lg (si’ {%‘hgﬁgégi?q ng
power for fdraricogeahaaghetincoptitmined, otOvohiraddbf imatéalsheiseaweiasf Geen

roduci ng torque as well as rotating |oad. Accordingly, efficiency
!Orrproverrgntm&?e%‘ it &rdF’ér?S’sr@JéebgleséflfgﬁlﬁP@H,Of thl hetars dilig iednetion
expect a fupidfigr anthalad ThE QLR for Yy ircui
self-starti ng-gjnléﬁ?%ﬁodsf}%pe té\%ﬁé%(%é r%q‘%(lr"pu%ﬁ ﬁ%ﬁ%lergﬁénér?lg%é%ég%&glt
draws dx enir additoratothepaveasiorgsrodercing tosfsd ng wéle asablaghgnexdof the
not or. Because the permanent magnets are buried in the rotor, thereby
elimnating the exciting power. An exanple of this

sel f-starti Aeecris B0 HSIRY Imbiowiescht BEInY Mdtor tends to be saturated,
and it is difficult to expect a further substantial improvement of the
efficiency.

15 A self-starting-synchronous-type two-pole motor using permanent
magnets draws attention as another measures for increasing the
efficiency of the motor. Because the permanent magnets are buried in
the rotor, thereby eliminating the exciting power.

An example of this self-starting-synchronous-motor is described with

20  reference to Figs. 6 and 7. Regarding the entire compressor, only the
motor is changed, and the changed points are detailed hereinafter.

Rotor 17 of the synchronous motor comprises iron core 18 made of
laminated magnetic steel sheets and shaft hole 19 for receiving shaft 4 to
fit into core 18. Bored section 20 is provided at the end of core 18 in an

25  axial direction. It is not shown in the drawings, but a part of bearing 6 of
a cylinder block 5 extends inside bored section 20.

Two pieces of plate-type permanent magnet 21 butt each other and
form anglea to shape in a hill. Two pairs of these magnets 21 are
inserted into rotor 17. A first pair of two magnets are placed such that S

30 pole faces outside the rotor and N pole faces inside the rotor. A second
pair of two magnets are placed such that N pole faces outside the rotor

and S pole faces inside the



20 reference to Fi gs. 6 and 7. Regarding the entire conpressor
notor is changed, and the changed points are detailed herei nafgegT)Eg %Qa

of the synchronous notor conprises iron core 18 made of |am nated magnetic
steel sheets and shaft hole 19 for receiving shaft 4 to fit into core 18.
Bored section 20 is provided at the end of core 18 in an 25 axi al

di tion. It is t sho in the_draw ngs, but a part of bearing 6 of a
cylinder bl BTS Aihsr i Brat wath S Sosoiosnpols arpothisi EeRANGPHF deEmiS) pe
per manent  MagReler’oliso EAFNLAIRCE@RT 7 Rl Potds. | 9SG By ?h%ﬂét

Two pairs of these magnets 21 are 1nserted into rotor . ITs I T~ of

two magnet s2arie rpfaced tewch*R’hat S 30 pol e faces outside the rotor and N

ole faces inside the rotor. A second, pair, of two magnets_are placed such
that N Ev‘a e 1 aleStRIEE hE FRAPER drondiTos ﬁopélwad”élé(sgqrﬁ%ﬁ:@eby rlupsinyre

2003 4 rot Oﬂiec-'a;.gﬁiﬁg &ﬁ'ni)!r{]s%g RRIhLERS BF c@nl’ilgltcﬁ%% ﬁ'%é‘épl%.ﬁhﬁgfo&@%qﬁlg[

forms anot her po so that“entire rotor as two pol .
magnet 21 asdrshertieg gronamet$ 23 Scovesirgy thrthcegds stfapete ciiduc ber aixéal
unitarily f(gr nmed by al um num di ecasting conprising nunbers of conductive
bars 22 pro%8&d°Po core 18 and shorting gromets 23 covering both ends of

core 18 in an sl endlfeel! 8N cJiat Reery- Eﬁé\eéw?%ﬁ 813@8ti€5§ kD r&%&icﬁve
direction have protective 10 term nal plates nmade of non-magnetic
mat er i dl0 f oterseical iplgtemBAetmde2df hoormegnioty: aidterBarfor eesu?ing htdgnets

reventin etic flux bgtween . the permanent nmagnets from shorting, are
Brovi ded '? ogigf?'@mié:.ongéﬁgr? r\é\%afg‘e&? éyfgnfqrapﬁ‘??nftﬁ?&ré@lagﬁl@thc fhix hedween

cage- shapediopdnehlen?mbBiets from shorting, are provided to core 18. Barriers
25 are unitarily formed with the starter cage-shaped conductor by the
aluminum diecasting,
15
The flow of magnetic flux from magnet 21 is schematically described
with reference to Fig. 7 using the arrow marked lines. The magnetic flux
from N poles of two magnets 21 placed at upper side of Fig. 7 travels
mainly through the center section of core 18 and is attracted to S poles of
20  two magnets 21 placed at lower side of Fig. 7. Thus the magnetic density
through core section 18a around the outer rim 20a of bored section
becomes substantially high.
As such, self-starting-synchronous type motor using permanent
magnets can be used instead of the conventional induction motor.
25 However, since bearing 6 made of iron-system material exists inside
bored section 20, magnetic attraction works between the inner wall of
bored section excited and the outer wall of bearing 6. The magnetic
attraction produces loss torque which lowers the torque produced by the
motor, and yet, magnetic flux of magnet 21 travels to bearing 6 and
30 produces eddy-current-loss. The motor needs another power to
compensate the loss torque and eddy-current-loss in order to continue

operating, and this prevents the efficiency from increasing.



al um num di ecasting. 15 The fl ow of magnetic flux from magnet 1]8 |[}Eq<g(903
schematically described wth referenc% to Fig. 7 using the arrow nar

| ines. The nmagnetic flux from N poles*of two nagnets 21 placed at upper
side of Fig. 7 travels mainly through the center section of core 18 and is
attracted to S poles of 20 two magnets 21 placed at |ower side of Fig. 7.
Thus the magnetic density through core section 18a around the outer rim
20a of bored section becomes substantially high. As such,

sel f-starl?lsra -S%g%?m??ﬂ%lw&ﬁ not or usi ng pernmanent rnagnets can be used
t I'nd

I nstead o e conventiona uction notor. 25 However, since bearing 6
ttracti on wor L DRCHERR PRer o et CErresofhe JOPBl ot BF ekePPet BAd t he
Whi oh 1 ovtPE tHERaRe adhigPbsEhaem, S Er™ fsRBresSant Fetch leiorat fR of
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order to .continue operating, and this prevents the efficiency from

i ncr easi NRPATIRE BERT %5 Di scl osure of the Invention The present invention
addr esses the ﬂ;lobl em di scussied above, and aips to prqvide a highly

ef ficient el ectPcCUBRERSSEE P! ithewRressnt oBayendiagy cogrrrises tthe g
attracti oaeglr(l}%#i ron loss (particularly eddy-current-loss) in the bearing

are reduc & conpressor of the present invention conprises the
fol |l ow ng . . . . .
a compressing section accommodated in a hermetic container; and
10 a motor section for driving the compressing section and coupled to

the compressing section.
- The motor section includes a motor of two rotor poles, and the motor
has a bofe‘d section at an end on the compressing section side and a rotor core
in which permanent magnets are buried. The compressing section includes a
15 bearing, made of non-magnetic material, extending inside the bored section.
This structure allows magnetic attraction not to work between an inner
wall of the bored section and an outer wall of the bearing, so that no loss
torque is produced. Since the bearing is made of non-magnetic n:t.aterial,
magnetic flux from the permanent magnets are not attracted to the bearing
20 and almost all the magnetic flux travels through the rotor core. Thus iron
loss (particularly, eddy-current-loss) is rarely produced within the bearing.
As a result, high efficiency of the motor is directly reflected to the compressor.
" Another compressor comprises the following elements:
a motor section including two rotor-poles, a rotor core in which‘
25 permanent magnets are buried, and a bored section at an end on a
compressing section side;

a compressing section including a bearing, a part of which extends



el ements: a conpressing section acconmpdated in a hernetic Coﬂpﬁéﬂmm
10 a notor section for driving the conpressing section and co

conpressing section. The notor section includes a notor of two rotor poles,
and the notor has a bored section at ap end on the conpressing section
side and a rotor core in which permanent magnets are buried. The _
conpressing section includes a 15 bearing, nmade of non-magnetic material,
extending il anbNBoRtef SAARPIARN at EHLE 134 i U SmaBl! HHORRRAEHLA
attraction not to work between an inner t he ored sect1on and an
out er wal | nedtetile bearing, so that no loss torque is produced. Since the

b ' ' d { na teri netic flux fr th rrranent
magnets are not 1003 POUCURE eRovR AP B Bpaftic.aMErtion: Hrick WprK BRbiaay

flux travelmndriwspeh tﬁdﬁ@ofeﬁi @écﬂ‘d?f Qnd Thé%dtéroﬂaiﬂd?stﬁe (Ué%rnhbc%alhéy the

eddy- current-loss S rare@%/ produced within the bearing. As a result,

hi gh ef®ic %ﬁ%&ﬁrwe i Sohprefugesl. dFuéber,ytheelfc»redsma tltlejetdde'm.mrqﬂté?@om
t I section
Fnel udi ng_ PARfEERet, SRR he Yedr 0k BeBlmiEgRERe i RaPhuft sBFknRBt s are

buri ed, anm&grtam ésl pFevdnted f&bmabelﬁgdp:@lﬂiu@ed ColpagdrionRd ikd§idneivesirdss 2
conpr essi ngHsectlo i.ncl udi.ng a bearing E)a rt of which extends 18 DEC

2003 6 i nsrédehadgralicards b'ﬁearfaréhel FUQW@W saeept ortige estending

- t not
fo work beluniirotticbeartt hojie ¥ Bfoiiedith, . Tfie TR GufbBURERHi Ior
the be®®i nigrrg twith aheyhr’:ﬁdrobﬂndkortl]m ias highlypreﬂ@m&d.anﬂunhébﬁjensw@e i ron

t he eddy-current-| oss
| oss, com¥)ressor can be prov:d%d

In the above, and elsewhere in this application, the term “iron-system
material” refers to a material whose main constituent is iron. It is an iron-
based material.

15 Still another compressor comprises the following elements:

a compressing section accommodated in a hermetic container; and

a motor section, coupled to said compressing section, for driving said
compressing section, said motor section including:

a motor having a two-pole rotor and a rotor core in which at least one

20 permanent magnet is buried,;

said compressing section including a bearing made of iron-system (iron-
based material, with an end face of the rotor core confronting an end face of
the bearing via axial space, and the rotor core existing in a distinct region from
the bearing in the axial direction.

25 The annular space allows magnetic flux on the rotor side to rarely flow
to the bearing. Thus even the bearing is made of iron-system material, neither
loss torque nor iron loss, eddy-current-loss in particular, in the bearing is
produced. Therefore, efficiency of the motor is directly reflected to the
compressor. Further, since the bearing can be made of iron casting, and

30 formed unitarily with other sections, an inexpensive compressor can be
provided.



particular, within the bearing due to the nagnetic flux fromt

magnets is prevented from being produced. In addition, i nexpenamgﬁlﬁ&ﬁﬁa
system material can be used for the construction except for the extending
portion of the bearing inside the bored section. The bearing can be

unitarily 10 fornmed with a cylinder block, thus a highly efficient and
i nexpensive_ ¢ ressor, can bfi&grovi ded. In the above, and el sewhere in

this appli cBtiedDeseriptionofithe \DIgwings nmterial" refers to a materi al

whose main congtd t 1.S-pil L Sp: ier ON- rial 15 Stil|
anot her conpr egﬁs%ryg%%p‘?e?gg%‘? te ﬁ%é% 8%%5@\#% aeP%%@%t% g:glog;ﬁ?:%ﬁﬁ&e% icneg§’§%%9i on
accomuodat efirdtrex@nhplargtambodithantef thamstesemdirpiergad.i on, coupled to said
conpressi ng section, for driving said caonpressing section, said notor
sectiond ncl udFig:2 & AdabrahSTPFYSeCHNR 0p 8l otepshovanin Figolor core in

whi ch | . ; i ; . . . ‘ ti
el uding & bearny tade Sh Fretyarae o doncieadit h BRR AR aRE e

face of thesewmirat exanplagnémboidingnanfehd frrsenoinvémgoearing via axi al
space, and the_rotor core existing in_a distinct region from the bearing
in the axi al dftect iDA. Verticaherasmarehion piGecampsassSohacrerdanse with ae

rotor side &ﬁr(ﬂ%Ei@lgﬁ)lg.bg}é/m]g&iihjlf@gls@&f{ﬂéqgresgfﬂ%n%ﬁﬂphhe bearing i s made of

i ron-system mat er| er orqgue nor iron Toss, eddy-current-|oss
in partliocul ar, Figh § fea bveaticaljciass geovitucefla chmeeiviml chipedssaey of the
motor is direcf|ly reflected to the _conpressor. Further, since the bearing
can be made of Mg & 1% 8s¢508g, Seshpsof povaten takenalppg am @xiak digectientinoas,

an i nexpensiye, B ASSA-pofd sQﬁ-sthﬂf{égs?rQIchjrgngﬁg A having permanent

magnets.

Fig. 7 is a lateral cross section of a conventional rotor.

15
Detailed Description of Preferred Embodiments
The exemplary embodiments of the present invention are
demonstrated with reference to the accompanying drawings.
First Exemplary Embodiment
20 Fig. 1 is a vertical cross section of a compressor in accordance with

the first exemplary embodiment of the present invention, and Fig. 2 is a
lateral cross section of a rotor shown in Fig. 1.
In Fig. 1, the compressor comprises the following elements:
a compressing section 52 disposed at the lower section of hermetic

25 container 51; and

30



7 Brief Description of the Drawings Fig. 1 is a vertical cross‘]sﬁcﬁE@ Zﬂqg
conpressor in accordance with a first gxerrpl ary enbodi nent of 'the presen
invention. 5 Fig. 2 is a lateral cross Section of a rotor shown in Fig. 1.
Fig. 3 is a vertical cross section of a conpressor in accordance with a.
second exenpl ary enbodi nent of the present invention. Fig. 4 is a vertical

ti f [essor in.accordance w ~a. third exeml ar
obodi ment of  the thFGEBIE Iy SKEFRI0RE TRtpT 5 Meving, BPTmanrmh AEatsct | on
f a con tional - essor. Fig. 6. js a cro ection_of a rotor taken
gl ong anvgg?lﬂ&af F@@{Eﬁﬁ sﬁ‘ﬂoéed:?g’ﬁ\"/%ﬁb?sSﬂﬁ'lpr?%s\%péé?g‘lmn 52,

sel f-startjng-synchronqus nmotor_having rmanent. nagnets. Fig. 7 is a
| at er al cg;?gt 5%@??%6 ft0§0&%5éﬁ?rrﬁﬁa¥ gg&a&c‘ra}g Yt ai | ed Description of

Preferred Enbodjnments The exenplary enbodi rents of the present invention
are denonst r at CHDRFESAINEFSEORCR2 @%mpﬁ@ea&b%ﬁimwﬁsdo&iww ngs. First

Exenpl ary Enbodiment 20 Fig. 1 is a vertical cross section of a conpressor
in acc®rdance wit rbeatrnégfﬁ%,stm@sl@ngﬂ #lymipyeyi fepastine t ard prerwnagnetic
invention, and Fig. 2.is a |ateral cross section of a rotor shown in Fig.

1. In Fi gmaterigdeicwhpelosbait fbiginseded: aedf ol | owi ng el enents: a

conpressing section 52 disposed at the |ower section of hernetic 25
cont ai ner 51: and g@lqbrﬂgqplg@@gmade of iron-system casting, having cylinder 59

1n which piston 58 slides. 7
Piston 58 is mounted to crank 56 via cylinder i'od 61, so that compressing
10 chamber 62 is formed in cylinder 59.

Bearing 57 is mounted to cylinder block 60 with bolt B. On the tip of
cylinder 59, valve chamber 63 inclﬁding a discharging valve and a sucking
valve (both are not shown) is attached. Suction muffler 64 is mounted on the
sucking valve side in valve.chamber 63. On the tip of crank 56, oil pipe 65 is

15 attachéd for guiding lubricant 66 pooled in tﬁe bottoﬁl of container 51 to the
sliding parts of compressing section 52, so that smooth lubrication is expected.

Motor 53 comprises the following elements:

stator 67 including stator core made of laminated magnetic steel
sheets having thickness L1, where a winding is wound on the core ; and
20 rotor 55 including rotor core 68 made of laminated maghefic steel
sheets.
On the compress_ing section side of rotor 55, bored section 69 is formed, and a
paﬂ: of bearing 57 extends insi(ie bored section 69.
Rotor 55 1s detgiled with reference to Fig. 2. In rotor core 68, two pairs
25  of permanent magnets 70a and 70b are buried as follows: Magnets 70a and
70b are plate-shaped rare earth magnet made of neodymium-iron-boron

system ferro-magnet. Two pieces of the magnets are butted each other to



8 a self-starting-synchronous notor 53 having pernmanent magn6158 DEEEZIBﬂ&r
53 bei ng di sposed above the conpressing section 52. Shaft 54 nounted to
rotor 55 of motor 53 has crank 56. Cohpressing section 52 conprises the
el ements below 5 bearing 57, nmade of al um num diecasting and non-nmagnetic
material, in which shaft 54 is inserted; and cylinder block 60, nmade of

| ION- SYSte#h CRRIE REth Hﬁélencg’ Cyhd @Hﬁ% g?g bu d{%él%&ﬁy %ﬁ-bﬂi} e B! d%‘irstpl ston

58 is nounted to crank 56 via cyll conmpressi ng " 10
chanber Gt 2043 B‘ﬁglea%%ﬁzi'thagggpoﬁ?fac%%fafdﬁ B8 botite IR At NOnd¥ e 3" |
att ached PEiLR PRRe e PPy el P TopUE bupa %ﬁe&ﬂ?g&s?ﬁé%s”@#taia“ B Val ve
ubr  cant1 4B palsicabd & s %@%ﬁs%%ﬁ'é&h?a&e L P%l%qi‘]st@q“@ PR S of
compr Peed EnRtrb bRtk é’s%%o?eﬁdi%‘%‘awaﬁ‘é%f?t Serdr RIS, wan‘?eau&%‘éé of
 wound on EIESCRHET5S RS tm Hte, WRH ardh %Qﬁétdklre&“r‘éee i A of
55 bored SectiBRES 102 paﬁ?&ﬁot S magas o DEGEF thp 970 SRETHER 1Pimsi de
bored section 69. tor e I § det alrl ed w thlref g{f;a éo%gag@ggmﬂ?%:j&%mt or
core 68, WY 5at% 2)5 8 petiita BRI LRy netts 187 B

Ob. are pl.ate- sh re earth magnet made of
ngg;‘&suﬂ:pw? #‘1%81?1 ance to %e a permagent magneg algcer e substance 1sg inserted

10  and fixed because better operation is expected.

One pair of magnets are placed to shape in a hill, thereby forming one
rotor pole; however, an arc-shaped one piece of magnet can be used because it
can also form one rotor pole.

In this emboajmént, magnets of one pair are disposed in a hill shape to

15  form one rotor pole; however, one piece of an arc-shaped permanent magnet
may form one rotor pole.

Numbers of conductive bars 71 are provided to rotor core 68, and
shorting grommets 72 cover both ends in an axial direction of rotor (-:ore 68.
Bars 71 and grommets 72 are unitarily formed by aluminum diecasting, so

20  that a starter cage-shaped conductor is formed. Tefminal plates 73 made of
non-magnetic material are disposed at both the ends of buried magnets 70a
and 70b in the axial direction in order to secure the magnets from coming off.
Between adjacent magnet pairs 70a and 70b, as shown in Fig. 2, barriers 74
for preventing the magnetic fluxes from shorting between the magnets are

25  provided in slot-shaped holes formed in the axial direction of rotbr core 68.
When the starter cage-shaped conductor is formed, the aluminum djecasting

1s filled into these holes to form barriers 74.



system ferro-magnet. Two pieces of the magnets are butted eacl1 gt[PErCtZ[]ﬂs
DEC 2003 9 forma hill wth' angle a' ,nand they are buried axialTy In
rotor core 68. First pair 70a is buri gsuch that S pole faces outward of
the rotar, and N pole faces inward of the rotor. Second pair 70b is buried
such that N pole faces outward of the rotor, and S pole faces inward of

a1 Torms another Loater Bereeoe, Mnrdh PT e @ids R heRoI G B0 ACRBRRTLC

pair forms another rotor p :\/trae rot e S
les. W +3 ' . " gnets a an can
Bg rGr:tg_net ?gﬁ;edﬁ%g?%lrlg tEe@ggrrogsﬁ\agiéfg@g%%ﬁéﬁﬁgb or core 68 or after the
per manent mmond e aP P EieRutie PR, £ Lo ARG 5 10 ShB P i dhde
b ' I: t gd. ' f . magnets, are ed.to sha in a
i1 nerpst AReSn StaRE Seran R aEn Horduane & el AES Gt P FREce o
embodi fronteCTubnet Rk tobRenraeH et baTt i artrd onSpolbedt tor or m
t Dol e: e pi .of .arc-shaped permanent magnet nmay
192remr gngr %%&étﬁgﬁg%g@%re{egﬂﬂﬁﬁh% %ars ?1 alroe provided to rotor-

e 68, d ortin rommets 72 caver poth ends j.n an axial direction of
(r:g'[ gr cor 2n68. ﬂ%é}g% tglig’a]?ﬁlrrﬁ}”o%flgtl??séﬁ% gﬁ%ﬂ’@i@?ty f?@ﬁédnﬂ‘?zc&l ?rﬁﬁen_um I
di tin 20 that .a starter.cage-shaped condyctar is_formed. Term na
p: 2t o3 '73%%321“8@%%?%@%#9@5% g??‘)&’llesa%c%ﬁsé‘ﬁ dught PYeke SHHES of

buri ed nagnets 7 nd,.70b i, he axial directiqn in_order tg secure the
magnets f 8%@(%%6" g B%‘{Ia%éﬁr%{ﬁf%msw e phialumpmam digcasitngas

in Fig. 2, b iers 74 . for preventing the_magnetic fluxes from
zﬂg\;\?}qg 5.15? \Hé)@ﬁm[a%r@re%ég%@itgngi emagnetlc attragtion does not work between an

inner wall of bored section 69 and an outer wall of bearing 57, so that no loss
torque is produced. Further, bearing 57 does not attract the magnetic fluxes,
ther_éfore, eddy-éurrent—loss within bearing 57—due to flowing of magnetic
fluxes into bearing 57 —does not oceur. |

15 High efficiency of synchronous motor 53 using the permanent magnets

is thus reflected to the compressor. As a result, a highly efficient compressor

15 obtainable.

Second Ex;emplary Embodiment
20 Fig. 3 is a vertical cross section of a compressor in accordance with the
second exemplary embodiment of the present invention. This second
embodiment differs from the first one in the following points:
" In the first embodiment, as shown in Fig. 1, bearing 57 is fixed to
cylinder block 60 with bolt B; however, in the second embodiment shown in
25  Fig. 3, bearing 57 can be press-fit or shrinkage-fit in cylinder block 60. Other
elements working iﬁ the same way as those in the first embodiment bear the

same reference marks as the first embodiment,»and the descriptions thereof



25 provided in slot-shaped holes formed in the axial direction of § §lC 2003
core 68. Wen the starter cage-shaped;gonductor is formed, the alum num
diecasting is filled into these holes"to formbarriers 74. 18 DEC 2003 10
The flows of magnetic 'fluxes of magnets 70a and 70b are descri bed:
schematically using arrow nmarked lines in Fig. 2. The magnetic fluxes from

N pol e of 70 ' f e r I
through r Sror S BTRa ] ThEyRLLS:, W canlBRRtyaEhE: B0 hy ¥ m Apb AT
concentratfq ARARGE, and are attracted to S pole of two nmagnets 70b shown
in lower section of Fig. 2. At this tinme, narrow magnetic paths are
partially forme d in rotor core 68, thus magnetic flux density becones
excessively high. However, since bearing 57 extending inside bored section

attract | on b B M REBERmER ™" e val 1 of bored Section’ 66 and an
outer well, o BEGA % Thuidl bt phghebSoh SRSt LT
cody o opk o5 AL B 00 S s L At of mnetic 1 ues 1 nto
vsing the permnogl Jodtelnls AT SGLe0 Lo Uhe compresson, fe
e e o MENEIR TN A N S N
In the f1 PEDBRBBAMTEH e e SRR THEre 220 tBURORIGS | s fixed to |
10 ~ First bearing 75 is made of non-magnetic material such as aluminum
diecasting and shaft 54 is inserted therein. Cylinder block 76 is made of
iron-system casting, and includes cylinder 59 and second bearing"ﬁ in which
shaft 54 is inserted. Cylinder 59 forms compressing chamber 62 by sliding
piston 58 which is mounted to crank 56 of shafﬁ 54 via connecting rod 61.
15 | First bearing 75 extends inside bored section 69 of rotor core 68, and fits in
second bearing 77 of cylinder block 76 outside bored section 69. |
This structure allows magnetic attraction not to work between an inner
wall of bored section 69 and an outer wall of bearing 75, so that neitiler loss
torque nor eddy-current-loss within bearing 75 occurs, and thus a highly
20 efficient compressor is obtainable.
The above description tells that bearing 75 is made of aluminum-
system material; however, the material may be other non-magnetic materials
such as copper-system, ceramic substances. Only first bearing 75 can be
made of non-magnetic material, and second bearing 77 and cylinder block 76
25 are unitarily formed—both the elements can be made of inexpensive iron-
system material. As a result, a highly efficient and inexpensive compressor

1s obtainable.



cylinder block 60 with bolt B; however, in the second enbodi

25 Fig. 3, bearing 57 ban be press-fit or shrinkage-fit in C;Tﬁuﬁgﬁngg?
60. Ot her elenments working in the same wayl2as those in the first enbodi ment
bear the same reference marks as the first enbodinent,- and the

descriptions thereof 18 DEC 2003 11 are thus .omtted. They produce the
sane advantage as they did in the first enbodinent. Third Exenplary

Enbodi nent 5 Fi gy thel Srévi td secti 0 i
accordance with the ?hﬁ%ﬁéxéelﬁrrglbggggégﬁdo%&ﬁefg o}h%‘ﬁtfei%g%@g’ﬁﬁ{l}lﬁggﬁp i%?‘ﬁ
In Fig. 4, tHurél ementthewsekisigriingt sgnshrensay asotbhoseing e gdrisdnent
enbodi ment shown in.Figgéﬁql bear the sanme reference marks as in the first
enbodi mert , ZHERGE 1§ BB Yn SRR Hawevem & denbrasle-leas maptan hawimg ng

75 is made ti | al ' dj I ng._and shaft
55 15 inser o FRICEOAR! pEadTEthS el DeRRrtald tidlacd SRAE LI et Hndeiat
and i ncl udesmeagrietsiere 59sathih theosunbesay Ngnd7pbsitiohiat telsthehé Rdwksn the

inserted. Cylinder 59 forms, conpyessi ng chanmber 62 by sliding piston 58
which is muh?‘@gletSSCE‘P&nﬁl@es tgfv‘ éﬁ%lfl{l%ar@/i%tcahﬁb@t iS¢ gaagnherl s Fthese

cecond bear | P ety ERRA oo The 10 Bl Mhatd Gig aBE° Aef have

second bearing 77 of cyli S ored secC

struct ul® al¢mvductigndiars att shotting moemiretivrd, keigsesaped | dneductr! fopf
so that neither |oss

bored section 62 and ap outer |1, of bearing 75, the
t or que nor esg:ﬂt‘{‘gr PEnt1G Bgée‘i/\%\‘gﬁﬂﬂ 1HBas; pymanset mragnetsoburied m ki giby,
20 efficientycORRI{ELS S EIME e _r\fglﬁ§ ription tells that
bearing 75 is made oﬁﬁé{lﬂl}n? %8%} sys#gtr?]t-rir:%tséeﬁ?g : oﬁéw??r?ﬂ%umgmrm may
be ot her non-nedlset irc thaterevabiss embodiments, the permanent magnets made of
rare-earth-magnet are used. Since the rare-earth-magnet can produce
15  strong magnetic force, the motor and the compressor can be downsized

and light weighted.

Industrial Applicability
This compressor comprises a compressing section accommodated in
20  a hermetic container and a motor section- coupled to the compressing
section- for driving the compressing section. The motor section has a
bored section on an end of the compressing section side and a motor
having two rotor poles and also including a rotor core in which
permanent magnets are buried. The compressing section includes a
25 bearing made of non-magnetic material and extending inside the bored

section. This structure reduces both of loss torque

30



such as copper-system ceram c substances. Only first beari ngLEID:%p z@u?
made of non-magnetic material, and secqrd bearing 77 and cyli 6
25 are unitarily fornmed-both the el ement’s can be made of i nexpensive - ron-
.systemmgterial. As a result, a highly efficient and inexpensive

conpr es s o uelté’ mﬁgaﬁﬁ@mtérammﬁet@eeﬁ el irlmert %upéteméﬂaéréd"eegﬂlgﬁ U9

i.e., Jﬁﬁ% ﬂ%gent to the third one, the self-starting

synchr onous m)? HEwErailoss daghlbe sbesringe dsastipat ex diphty
However , @ﬂfﬁEﬁH¢@@¥k@§&ﬁqy65unﬁ¥bﬂg two pol es can produce the same
advantage provi ded that the pernanent nmagnets are used in the sanme way,
and pé%ltlonal relati ons between the bored section and the bearing are set
in the same manner as those enbodinents. Because the dc brush-|ess notor
only does not have 10 conductive bars or shorting gronmmet, i.e.,

cage- shaped conductor for starting, on the other hand, it has permanent
magrniets buried in a rotor, and this structure is common to the
self-starting synchronous nmotor. Also in the previous enbodi nents, the

per mmnent magnets nade of rare-earth-nmagnet are used. Since the
rare-earth-magnet can produce 15 strong magnetic force, the notor and the
conpressor can be downsi zed and |light weighted. Industrial Applicability
Thi s Conpressor conprises a conpressing section accommodated in 20 a -
hernetic container and a notor section- coupled to the conpressing

section- for driving the conpressing section. The notor section has a
bored section on an end of the conpressing section side and a notor having
two rotor poles and also including a rotor core in mhlch



per manent ‘magnets are buried. The conpressing section incl ude15 &Dﬁcbzgﬂang
made of non-nmagnetic material and extejyling inside the bored section. This
structure reduces both of |oss torque 30 18 DEC 2003 13 due to mmgnetic
-attraction between an inner wall of the bored section and the bearing,
and eddy-current-loss in the bearing, so that a highly efficient
conpressor is obtainable. 18 DEC 200 AWMSCLAI M5 1. A conpressor
conprising: a conpressing section accommopdated in a hernetic 5 container;
and a notor section, coupled to said conpressing section, for driving said
conpressing section, said notor section including: a bored section on an
end of the conpressi nd coaniressorsiodieprididen notor having two pole of a rotor
and a rotor core in which a pernmanent nagnet is buried, wherein said

conpressing section incl udesorpRRaiigNGarBde setomaibdmencin Ca MibAhbfl and
extendi ng inside the bored section. 15 2. A conpressor conprising: a

conpr &ssidvats@elri @adaccommodated in a herrret_i ¢ container; and

a motor section, coupled to said compressing section, for
driving said compressing section, said motor se_ction iﬁcluding:
a bored section on an end of the compressing section
side;
10 a motor having two pole of a rotor and a rotor core in
which a permanent _inagnet is buried, |
wherein said compressing section includes a bearing made

of non-magnetic material and extending inside the bored section.

15 2. A compressor comprising:-
a compressing section accommodated in a hermetic
container; and
a motor section, coupled to said compressing sectlion, for
driving said compressing section, said motor section including:
20 ~ a bored section on an end of the compressing section
side;
a motor having two pole of a rotor and a rotor core in
which a permanent magnet is buried,
wherein said compressing section includes a bearing of
25 which part extends inside the bored section, and at least the part is made of

non-magnetic material.



20 a notor section, coupled to said conpressing section, for dyiyi ai d
conpressing section, said notor section including: a bored sect ﬂo& ﬂgérﬂﬂfm
end of the conpressing section side; a notor having two pole of a rotor and
a rotor core in which a permanent nmagnet is buried, wherein said
conpressing section includes a bearing of 25 which part extends inside the
bored section, and at |east the part is fde of non-magnetic material. 18
DEC 2003 15 3. The conpressor as defined in Cains | or 2, further
conprising a plurality of cage-shaped starting conductive bars around an
outer rimof the iron core, wherein the rotor has a plurality of pernmanent
magnets buried idsilhe compiressoe aoddfined Ve Clalrss 14 or TheurRSPEEFPAEINSa

defined in i 2 or, 3 rein the er manent magnets are nmade of
rare-earth- %@ﬁ@ . &flﬁaﬁ'shﬂge(xg%ﬁﬁg s‘%ﬂ”dé@{?%%ﬁaﬁ%@r@lﬂﬂ gi oNier righef dhe t he
permanent  eanwirs, @herdi e Ritof RES SRl BOP& manent magnets buried inside

5  of the conductive bars.

4. The compressor as defined in Claims 1, 2 or 3, wherein the
permanent magnets are made of rare-earth-magnet.

10 5. The compressor as defined in Claim 3, wherein the permanent
magnets are made of rare-earth-magnet.



