Title: ELECTRIC COMPRESSOR [err] [err] [err] Abstragt, Qfﬂ:gfbﬁ
efficient electric conpressor, conprising a conpression nechanisB1 3
stored in an encl osed container and an electric notor part connected to and
driving the conpression nechani smpart, the electric notor part further
conprising a bore part at an end part on the side opposed to the
conpressi on nechani smpart and also having an electric motor with two-pole
rotor containing a rotor core in which permanent magnets are buried, and

t he conpressi on mechani sm part further conprising a bearing part nmade of
non- magnetic material extending to the inside of the bore part, whereby a
torque | oss caused by a magnetic atDESCRIPTIONrce between a bore part

i nner | and a bearing part and an eddy current | oss inside the bearing

part car’ be elim nated.
Electric Compressor

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,



18 DEC 2003 1 DESCRI PTION 5 Electric Conpressor Techni cal thfppﬂggTZﬂoa
present invention relates to an electrbc conpressor used in VA<l 4
refrigerator, or air-conditioner. Mre“particularly it relates to a highly
efficient electric conpressor in which loss torque and iron | oss due to
magnetic attraction are reduced. The magnetic attraction is produced at a

bearing in QNI I ng+sectipon.jointed,to a notor sectyo f.the, 15
‘conpres_soarn. ]élgjg‘%rngﬁ@dp%’ll? ,Qttﬁﬁ?yrog%? O??ea%aci“ﬁ&ﬁaweﬂi ’rsrell_f“g)rrgﬁ%%d t8 Fig.
compr eas GP BB TEetGiBrngr 1T SRR AR En olnBiEs dingoodA BiFPectiPSposed
at | ower .t of the container.. and notor section 3 disposed above the
conpressisﬁgrlgﬁé??tb‘?ﬂs BO¥e S100tBlWnt ed to rotor 14 of notor section 3 has
crank 4a on it I p. l'i nder block 5 formed of -a casti.ng made of iron
system nat eri 0%02"5 % dRphi g@?'ﬂ? rIRGLCBIon; FQlor c RORRAINDE Fl%eifs?ﬁéﬁ’ﬁ’éa, and
' f d t right I ‘W th bearing 6. Piston 9 is linked to
g?/!aInE 45 %&?l&%ég% r{élegﬁaﬁrellf 13 dormediel winging wosmdtiren-care nale oelaminatadi ng
novenment of shaft 4 is converted tg reciprocal novenent by crank 4a, and

del i ver ed2ggnghie sheets, and (bxpter 14 dorzmed phrotpr itogncayeds with apedondegpect to

i nner wall of cylinder 7. Conpressing ) .
conductor, the rotor iron core being made of laminated magnetic sheets.

Bored section 16 is provided at the end of rotor-iron-core 15 on the side

of compressing section 2, and bearing 6 extends inside bo.fed section 16.
10 An operaﬁon of the co_nventional 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



chanber 10 is fornmed by cylinder 7 and piston 9. QI pipe 11 t to
a tip of crank 4a, 18 DEC 2003 2 and lubricant 12 pooled at th Bmm3

hermetic container 1 is lubricated to conpressing section 2 and shaft 4
t hrough oil pipe 11, so that respective 3liding sections nove snoothly.
Motor 3 is a two-pole induction notor conprising the following 5 elenents:

(a) stator 13 ffo (gfd f w ndi n(gwwound i ron-core made of |amnated ma netic
sheets, andS{B§i¢ YYDy nRAVEY FHBE Pf dhecBators winich gossvsnemr

conduct or H%@eé@f)%ve'r i RORRARlNG AP 0L LATNALES ROnEL! G slistt sy

Bor ed sectlon 16 Ts provided at I ron-core

of conpressiengl.secti on 2, and beari ng 6 extends I nsi de bored section 16. 10
An oper%i on OL‘BJS‘ conventi onal reci procal conpressor of which structure
i s discossed a S COREERTPPRY tWereelsaindBiction dROkeR Hised4ins sompresiseran 9

perforns regj Al iRy s \Wrow REAa 10%% h84 Sedd @:ﬁ?n%l ggdc gfé‘ﬁéﬁﬁg{

shaft 4, so that piston conpresses coolant gas in co §S1 Al

10. The conflreessed has beeuli sptiatiged, by tbhaughoa Iﬂas&h@rsguwdph@@ beeh
shown) to a Xste such as a freezer frigerator, or air-conditioner.
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refrigerators, and air-conditioners has drawn attenti on because of energy
savi ng tendency and | ower profiles of those apparatuses have been studied

e o ARG Rt B2 SRR 1 ARG
I nside the doded sechiffolt 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



t hereby regul ating undesirable rotating deflection of the roto
| ower i %g '?he t ot gl hei ght of the conpressor. Thus the downsi zﬂr@rﬁEC 2003
requirenent is 18 DEC 2003 3 satisfied. However, power saving of the notor,
whi ch consunmes the |largest power in the 4reezing system has not yet
arrived at a satisfactory level. 5 In the conventional two-pole induction
not or used in cor@hess ic steel sheets of |ower iron |oss has

a
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notor. The induction "notor, however, needs tﬁg (?)%Cltl ng power
a magnetic Bilrisuieferrdd tomsatifiti on to the power for producing torque as

well as rotating load. Accordingly, efficiency inprovenent of the notor
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t wo- pol e notor usi hg permane magnets draws attention‘as ano nmeasur es
for increasand shertief fgromnemeys i3 tdwemigpbotBeendseot korperSanean amgglet s
are buried in %.he rotor, thereby elininating the exciting power. An
exanpl e of PHFSUEB f-starting- synchronous-motor is described with 20
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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.



formanglea to shape in a hill. Two pairs of these magnets 21 iraa[!g@gqgsj
into rotor 17. A first pair of two naggjets are placed such that S p
S

faces outside the rotor and N pole fac inside the rotor. A second pair
of two magnets are placed such that N pole faces outside the rotor and S
pol e faces inside the 18 DEC 2003 4 rotor. Thus the first pair forns a
rotor pole and the seecond pair forns another pole, so that entire rotor 17
has two poles. The width of magnet 21 is referred to as "P'. 5 A starter

cage- Sha%%cfo%ﬂgé'%%e E[ﬁv#t}i(iéﬁri |y formed by al um num diecasting

conpri si ng nunbers of con ve bars 22 provided to core 18 and shorting
gromets 23 c i bot h. ends of re 18 in an.axial. directjon. Both
end- f aces of %ﬁ% I%%S?Iﬁ% tlﬁ‘ée%é?%l acﬁcfr[egﬁ%sfl Eff‘ue Q?%}Pofheg&l?% abgve.eARdnal
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di ecasti(r}g;. 15 The flow of magnetic flux from magnet 21 is schematically
descri bed®®&iRHaFeFed¥fde to Fig. 7 using the arrow marked |ines. The
magnetic fl ux Lrom N poles o gwo magnets 21 placed at, uppﬁr fi de of Fig.
7 travel s mai hP§ SHBBIRSOTF et ¢BAt Bresedt: INiISIon: ommusesn dhe sfollowiag ed t o
S poles of 20 two magnets 21 placed at |ower side of Fig. 7. Thus the
magneti c ‘%18%”@- t hrough core section 18a around the outer rim 20a of

bored section becones substantially high. As such, ) .
sel f - starti ng- synchiCSRRIES$pgserboBacoenmpdase dan énermetic 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



magnets can be used instead of the conventional induction mtq;au&&uﬂa
However, since bearing 6 made of iron-systemnmaterial exists i

section 20, nagnetic attraction works between the inner wall of bored
section excited and the outer wall of bgaring 6. The magnetic attraction
produces | oss torque which | owers the torque produced by the notor, and
yet, magnetic flux of magnet 21 travels to bearing 6 and 30 produces
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torque is produced. Since the bearing is made of non-nagnetic material,
magnet i ¢ fBBSE‘PF?%WFﬁB magnets are not attracted to the bearing

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.



20 and alnpost all the magnetic flux travels through the rotor E:
iron loss (particul arly,g eddy-current-loss) is rarely produceﬁog\n'eBE ﬁ]ﬂﬂ
bearing. As a result, high efficiency of the notor is directly reflected
to the conpressor. Another conpressor coéhprises the follow ng el enents: a
notor section including two rotor-poles, a rotor core in which 25

per manent nﬁgg_&ts are buried, and a bored section at an end on a
conpr essi ng tPescEpon 9 E3WilRgSsecti on i ncluding a bearing, a part

of Ahrch extens 19, DEC. 0 Brd e LB Lo tpes aecti o andeslahasplut e,
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attracti on firdt exemplacyrhbedimehe of tha@revend irpferitivm.bored section and the
out er | of the bearing, so that the 5 loss torque is not produced.
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beari ng due to i : e {S. prevented
from bei ng pr ogﬁg@%ﬁggﬁ }:g?i»(]ssf %gé(gl(é)rg%sf Pav{é‘gﬁlﬁgﬁgs%ﬁggﬁﬁﬁ%ﬁ%awﬁéﬁ be
used for thsecorbexeplay entepinfent dfftteexutcsadt figverdshi on of the bearing
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cylinder bl ockM&Hus & ‘Fﬁr&ﬁﬁfcmﬁ EEEIAN Mh@ FABIERSOT/E acepgstancowidng be
provi ded. |#4.: : | I ] ion, the term
"iron-syst e%ﬁ'ér:%%{g{r}ﬁ%%y rg{élﬁjec?dslﬁo a&en%ié;ﬁ%e%vﬁggéhﬁglhh constituent is

iron. IO is anFig dhis hasetcabtwssadectith &f kldormakaltiieial cOMPHRSSOF. CONpri ses
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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



20 permanent nmagnet is buried; said conpressing section incl ud'r]rq BEt[{éan@@
made of iron-system (iron- based material, with an end face of 't rot or

core confronting an end face of the befring via axial space, and the rotor
core existing in a distinct region from the bearing in the axial _
direction. 25 The annul ar space allows magnetic flux on the rotor side to

rarely flow- to the aring. Thus, even the bearing.is nade of iron-system
nat er iyal , neither 2f 'sst?%?ﬂ%'éyﬂ%r’mﬂoziﬁ IPB%,%E‘@%%PPWQPBE??W“&

particular, in th eari is .produced. Therefore, efficiency of the notor
i s direct WePéfr%?’?g}f%%?wseé@#ﬁwéiﬁ%mm@aﬁ%g,Se%til% §t he bearing can be
made of irgn_,.casting, and 30 fornmed unitarily wifh other sections, an

i nexpensi \ﬂ“a& P%%’g‘btreact&ﬁoﬁ‘é" 5%%9@‘3&%5%@&% @3 7 Brief Description of
the Drawings Fig. 1 is a vertical cross section of a conpressor in

accor dance wi t (FOIPYSSEIE $8cEinn B¢ (OBRBEAs faaelasrentsdelpWsent i nvention. 5
Fig. 2 is a lateral cross_sectign of a rqotor shown in Fig. 1. Fig. 3is a
verticll cross secl48HSHfOh dBAPe eelk luminyet obigaatieng, and anorweagnetic
exenpl ary enbodi nent of the present invention. Fig. 4 is a vertical cross

section ofmaterypiewdach shalidrdbisdasetedi amda third exenpl ary enbodi nent of
the present invention. 10 Fig. 5 is a vertical cross section of a

conventi onal conpr&dBuier lpek 66, made of bon-systam sastihgabaving cylindenr &9 ong
an axial direction in a conventional two-pole self-starting-synchronous
mot or havilngvivehmistom 58 glidests. Fig. 7 is a lateral cross section of a
conventional rotor. 15 Detailed Description of Preferred Enbodi nents
Piston 58 is mounted to crank 56 via cylinder rod 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



The exenpl ary enbodi nents of the present invention are dermnltB EBEE \ﬁﬂﬂﬂ
reference to the acconmpanying drawi ngsq First Exenplary Enbodi ment 20 Fig.
1 is a vertical cross section of a conpressor in accordance with the first
exenpl ary enbodi rent of the present invention, and Fig. 2 is a |lateral
cross section of a rotor shown in Fig. 1. In Fig. 1, the conpressor

conpri segot e hol kavh 988 @R Sty GOUBLER eﬁg gg%%é&%ig@posfﬁgs @t the

| ower section of hernmetic 25 contal ner

bei ng- d; Joeed ApouEeFRdEh THeP S e @%é&qlt%%@? o B AR Tot or
el ow |5 BarcE PBe AR, 58 OHQCEQBH@ RO S“Qﬁﬁ BB ey T S
ron- sysihiie 8 C&h%l,?& SRR g ipRaEH ofhe Fﬁt%a%ﬁ B B ot et %%p?fst on
chanbly 43 t?ropﬁfgié‘l?ﬁ% F?W@@p@éq‘a%aé%%ﬁgh%r7rq‘%gr ot Qigvpesﬁue I
| el udi ng SR, %PHSO%W&RPAG%%"%I&@L& TogHd CBIRGIO AT shown) | s
oadhed, Setygnenlilen St muee s e, ki alie o ge [l
oy o 8 8 L0 Tt ST e Bt e 2
conpri ses 5Q§eg1g sugvgan%e %o %geanf)esrmanent magnet after the substance is 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.



stator 67 including stator core nade of |am nated magnetic st

havi ng thi ckness L1, where a w ndi ng |§‘m0und on the core ; and 2 rotor 55
including rotor core 68 nade of Ian1natgd magnetic steel sheets. On the
conpressing section side of rotor 55, bored section 69 is forned, and a
part of bearing 57 extends inside bored section 69. Rotor 55.is detailed
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better op |s expected. , One |r of magnets_are d to shape in a
hill, the?‘@ @ﬁeﬁ“%died%ﬁl%P %Gom%i/\éﬁg%sswék’ apg sh V§Fe SHiGce of
magnet ca be us bec use.it, | so. formone rotor pole. in this

enbodi man?’ n%f gxign 1%@%9? 055? seftion Rl mady of alyminamcdiegastimg £ or m

one rg{)lor poI e; howevaﬁ one g#ece of .an arc-

Sha&zpd per manent magnet nmay
form e A&t SODsEEENeiGrImeteriak RagRelie iafrastipr doesanet Froski briavaes esx or
core 68, and .

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



shorting gromets 72 cover both ends in an axial direction of ro1<BDECe20[]3
68. Bars 71 and gromrets 72 are unita j’tly formed by al um num di ecast1 ng,

so 20 that a starter cage-shaped conducCtor is forned. Term nal plates 73
made of non-nmagnetic material are disposed at both the ends of buried

magnets 70a and 70b in the axial direction in order to secure the magnets

from com ng, s om?&%?ﬁ?"i’lﬁr {?Zﬁgﬂée fYtPeﬂ&?&le %%livraitggfa@%ﬁe%%d iASHEN

in
Fig. 2, barriers 74 nting e magnetic uxes Tromshorting

bet ween tEﬁxb'EBﬂﬂS’#lts are 25 provided in slot-shaped holes fornmed in the
axial direction of rotor core 68. Wuen the starter cage-shaped conductor
Is fornmed, the alum numdiecasting is filled into these holes to form
barriers 74. 18 DEC 2003 10 The flows of magnetic 'fluxes of magnets 70a

The ragnotridd PreadtPo RElEMEE: Yo  monet s 70a shown in the  upper
Secti oh 69 1 n K chse Fput ekl i o O e iR 8 ory danf PeitB R
pachs. ar OB CRamm) R Eo ARGl BEER ebbeht @yenhate magneti c 11 ux doneity
Cocti on 66 1s Hhdutob B AISREN G edtnE g, (EoHTE WAL ASrgaR L URRRERS ol |
59 and anEAHOBGE] RBGT B Fihol SPar o e AelotBate TReRki s 13 ecbbted.
caly- cut r SREORBRERHATH PRGN RGEOLGF LBHP A ragnet 1 ¢ f1 tes i nto
e ngne por nERERDARHELE 1S 1aad6 AL DPRITAETENC FEAEHE CORp s abPm ey

[ t, hi ghl.y effjcient _co] essor, .i s obtajinable. .
resu ‘ adlBIC%Stl g an s&:ta?t 54 1rsrp1rnserted therein. é)%?néer 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 clements can be made of inexpensive iron-
system material. As a result, a highly efficient and inexpensive compressor

1s obtainable.



Second Exenpl ary Enmbodi ment 20 Fig. 3 is a vertical cross se |33;DEC ?003
conpressor in accordance with the second exenplary enbodi nent © he
present invention. This second enbodimentlZdiffers fromthe first one in
the followng points: In the first enbodi nent, as shown in Fig. 1, bearing
57 is fixed to cylinder block 60 with bolt B; however, in the second
enbodi nent shown in 25 Fig. 3, bearing 57 ban be press-fit or

hri nkage-fit i lei ; . el t ' |
e those i n the Tiret Parnod repOHimPhiC &, 2 Bl Hikh MnbBoligo? HTone

first enbodi thind, onandheheetfestartipgi syachhenent ﬂrfbt_DECuaﬂf% the &e@ntaweént
.omtted. Th%%%duce teg"f same advant ag_t{a as they did in the first _
enbodi neft . X8 TGS ¢S b SehemeRie. 3lewgrey g glcabpashiless mewshewing on
of a conpresgps 4 I HANRGeM ' i ment_of th
pr esent inventigrgre%%a%ig. 40%1295}921%”%?3}“%?%%%38&%{%@}?%@ e\ﬁaeﬁ.rré%n‘?]ﬂgse

in the firstmagmsosiareniseshimihernsding. waybaatl phsitoae rebieses IR HBEKSHRS
in the first %?odi ment ’a&?ind t he descriptions thereof are thus omtted. 10
First beari ng®ts iSECHRBe25d {B6- heafiagi arensedr in theyshme meowersuss those

S50 S eadh) RSSO 0 A P P

I ron-system casting, and inc es cyl I nder

whi ch ~ dPaf tcddustive Seartse dr befmdgrg@%ﬁmtnﬁ.&pmrg@sﬁh@ge&f@dmﬁﬁc&% By
sliding piston.58 whi ' nted .to crank 56 of shaft 54 via connecting

h
Jod 61, 15 RPEIBEeRR T othdxhands it ResdeeTsrpant soagortsabusicd bt orrafors
68, d fit 1 i f | | 16 tside b d
and T1tsyahd thﬁ:?gﬁ%taﬁéiﬁ Pgmgoﬁ gJzoctt)f'xel Qéiﬁs}:%tﬁf% ﬁyHSﬁ%?%(')%g '1'128 5

section 69. This structure allows magnetic a tween
an inner wall &lsdbin élesprtvions @nbodiraantytite petmaferieddgttd mage bhat
neither loss tor nor edd -currgnt-l.oss W thin bearing 75 occurs, and
thus a hi ghl§ee -magnet dre 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



20 efficient conpressor is obtainable. The above description ﬁLJHE ?003
bearing 75 is made of alum num systemmaterial; however, the

be other non-magnetic materials such as copper-system ceram ¢ subst-ances.
Only firséubearln 75 can be nmade of non-nmagnetic material, and second

bear i ng 79U54Q I@@gm@@rausrmim&ezﬁemmmﬁ@rwam SomERoho B &ﬂ?Sneeh?”e”t S
can be agzhﬁg pens ron- . stemmaterial. As a result
ef ficient and 1 nex P§§% logss igpthe nbb&annga@E&a&OQB H1 h'ljﬂ t he

previous &ﬁﬁﬁ&hﬁ@ﬂﬁﬁﬂgsséflséB&ﬁ%&ﬂﬁafIrSt enbodi ment to the third one,
the self-starting synchronous notor using the permanent 5 magnets is used

as anvexanpl e. However, a dc¢ brush-less notor having two poles can produce
t he sane advant age provided that the pernmanent nmagnets are used in the
sanme way, and positional relations between the bored section and the
bearing are set in the sane manner as those enbodi nents. Because the dc
brush-1ess notor only does not have 10 conductive bars or shorting gronmet,
i.e., cage-shaped conductor for starting, on the other hand, it has

per manent magnets buried in a rotor, and this structure is conmon to the
self-starting synchronous notor. Also in the previ ous enbodi nents, the

per manent 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 downsized " and |ight weighted. Industrial Applicability
Thi s conpressor conprises a conpressing section accomodated 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 whi1:|8 DECW&BQ&
magnets are buried. The conpressing segfion includes a 25 bearing nade of
non-magneti c nmaterial and extending inside the bored section. This
structure reduces both of [oss torque 30 18 DEC 2003 13 due to nmagnetic
-attraction between an inner wall of the bored section and the bearing,
and eddy-current-loss in the bearindg;LABVIShat a highly efficient
conpressor is obtainable. 18 DEC 2003 14 CLAIM5S 1. A conpressor
conprising: a conpressing section accormpdated in a hernetic 5 container;
and a notor section, coupled to said conpressing section, for driving said
conpressi ng sectioh, Aabthpretsor eegrisimet ncl udi ng: a bored section on an
end of the conpressing section side; 10 a notor having two pole of a rotor

and a rotor core in which empidEeigntscrtignetactembitdaged Yi’fﬂeéehgnﬁ@tl@
conpressi ng section includes a bearing made of non-nagnetic material and

ext endi ngggmmﬁinée h& bored section. 15 2. A conpr essor conprising:. a
conpr essi ng sectlon accomodated in a hernetic container; and 20

a motor section, coupled to said compressmg section, for
driving said compressing section, said motor se_ctlon including:
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 magnet 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.



a notor section, coupled to said conpressing section, for drivi1£ ljﬁld
conpressing section, said notor section including: a bored secti r]2003

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.





