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5 Technical Field The present invention generally relates to a conpressor,
and nore particular to a conpressor having a gas passage 8$0rEEB ai¢ capabl e
of preventiyigyA.dohibricating oil for lubricating a conpression nechani sm 10
unit, which mxes into a high-pressure gas conpressed byPEHERBRBT essi on
mechani smunit, from being discharged to the outside of a seal ed case. ,
Background Art A conpressor for use in, for exanple, a Z5 refrigerator or

an air conditioner, has a seal ed case td which a suction pip

di scharge pi pe are connected. The seal ed case accommobdat es ajmmWM@Hmmmm
mechani smunit for conpressing, g rsegrkgf,r@nlt T %ng a notor unit V\A'*;[ a
stator and a rotor for driving the 20 conpression mechani smunit. SN
pressuri zed gas conpressed by the conpression nmechanismunit i ily
di scharged to the seal ed case froma discharge part and then JWMQM)BMI%»
passages provided in the notor uni tCOMRRESEOR, the gas 25 is discha

an external device froma discharge pipe connected to the seal ed ¢%8€* On

t he other hand, an oil reservoir for receiving 0 9 F~ 200g WD 011 12992
PCTI JPOGQ/ 05387 2 a lubricating ol fRf-dulriqating the conpression

mechani smunit is fornmed at an inner bottomportion of the seal ed case. The
lubricating oi | isrhelqkatdit iAveResHIAREBULIP A1 HBRAS @i gn of the
conpression 5 mechanismunit. Then, the lubricating oil lubricates the
respective sl foaptessimmandsmere hpartilvaleonpo es dotpreeebanhsmngi t and

returns to the oil reservoir in a circul ating manner. There is a

possi bility, Ro¥RYH25%A98: SHEREERFE dapabde| abrpranamidngi B in the state of
m st (fine paftj . i;6h S ri.cated_the conpressi on nmechani smunit,
may nmix in the %)fiecgi%lrr}%&ggggs %%kggﬁclta%?rﬁ? Be” BIRF T CPo™ERRAYHN passages

in the 1ot or unit, andali sehasgeskd rOMighepdi sehar ¢RsPBRptOsddle external
device. 15 The gas passages in the notor unit conprise gaps between a

radi al | y out sb¥ethpradmpressioheneglmrdismandit, rfadimalbleyngnsi de portion of the
seal ed case, throughholes forned in a stator core, slot gap portions

bet ween sl ot sdb¥charged foothe Putsifle o psseatpdiicasgap 20 bet ween a
radially outside portion of the HLQr anddg%{adi ally inside portion of the
stator, and gas hol es penetrating & PotePecdre. In the prior art, when the

gas passages CONPri ddMpredsPrIfds L i%sifgpegxm@ﬁecogsi deration has given
to 25 the nutual relationship anong the gas passages. For exanple, the
rati o b t he tefmigearatarobrtaw simicopdptponét Piiast @ EBg1&Atdd area of the
gas passages (i.e. 0 9 FEB 200 WO 01/12992 PCT/ JPb0/ 05387 3 the total
area of slot BRAPIHEGH ifoRyFERen dtRS @ngdr aadbIchprgepaisagesy i s about 0. 1.

connected. The sealed case accommodates a compression

mechanism unit for compressing a refrigerant, and a

motor unit with a stator and a rotor for driving the
20 compression mechanism unit.

A pressurized gas compressed by the compression
mechanism unit is temporarily discharged to the sealed
case from a discharge port and then guided to gas
passages provided in the motor unit. At last, the gas

25 is discharged to an external device from a discharge
pipe connected to the sealed case.

On the other hand, an o0il reservoir for receiving



In“addition, the area of the slot gap portion associated with each slot is
very small, conpared to 5 the area of the discharge port for tenporarily

di schargi ng the conpressed high-pressure gas into the sed ®FEBa2084 and the
ratio of t gap portion (i.e. the area of slot gap i er
slot/the atrgﬁﬁ)&’%zdi scharge port) is about 0.1. 10 In thepgﬁ%ﬁ\?@%s}?fuctur e,

t he anobunt of lubricating oil discharged to the outside fromthe conpressor

i ncreases because the lubricating oil iQ the state of m st mxes into the
gas passing through the slot gap portions. Consequently, a sufficient
anount of 15 lubricating oil in the oil reservoir cannot be naintained, and

the respectiv i : n i i ﬁg&g@{g,§m unit may be
dest royed. Toeaséllu\ll?g%{;)lalgjéﬁ%%% Eef?'r)lr ?g%)gﬁcegéei at%e;%t 9%3. 1, 468, 483, for

exanmpl e, di sclRs®snt Batudi thiigh28rpeasstr£n gameeOBbBgoppdiiauiglofan air gap
is made to inpinge upon an upper coil end and a centrifugal separation

action is positheveeyledi¢assed tTheséphricatigid oilsisf pepkethaithiigh- pressure
gas and to return the oil to the oil reserﬁ\goir at the inpner bottomregion

of 25 the seal3FFIBCRhY by °§ap2EXPRtPhd NS CPRBRTBEE £  peri phery of the
stator. Ln no L C iti S, i I i 2004 WO
01/1 2992'% PCT/ ?‘g(fg]fg%\%%?&ﬂg%ne%%%énghgn%ﬂ%&%&ﬁ%?éb}%\%{ﬁan i nverter
drive system cgpallespettive ydIglable slehentofwitdtiat thascafprasgioassors is
dom nantly adopted. In this type of apparatuses, the nunber of rotations
for the main Snahhianiey sikepid rewuonsete hehe @ik reapeyeinrin s stabili zed,
but it is increased when the anmount of circulating gas increases at the
time of, e.g. SHEALAGANGI™MNKK ng. As a result, the above-described oil
recovery cycle is t ensured, 10 ifigcal t i gh-pr

di scharged into thg%éaggl &4 %a%oes%lrbc?%it%hé %?‘é‘%: earr’ggiggrggﬁg (t?ﬁzﬁ{:egrrpr essi on
mechani ig‘ uni tl%%ateﬁnﬁ%iprﬂrv tHer Qeghet b€ naidt q@BRnbepyeercidg ,rotor and
stator, but also through the gap between the radially outside portion of
the 15 st ator winictht hasr adbaldatedishdecpopressicol mekbasesthethidase. Thus,
even an oil, which may fall through the latter gap, is_blown and

di scharged to B3#% Mk ndEhYIPESREUEIZPE 9IRS ANBdd BEE P PIHE  onvent i onal
notor unit, the nunber t, t f. i_S4S | tiple of 3,
which is gr eat &1 Zﬁqﬁaﬁafop?%;a%‘%sozlil gFlgt @?t&} ﬁnﬁﬁe azlgaggs?%%]iago%wof coils
inserted in the sl e WIstREFEASAGE RotBhanSaaifdichepeye. littl e space is

| eft for gas passages in the slots. It is also difficult to 25 increase the
ai r gapibecause t herheegher passegexf ittheéheotmotoxinintitneedprise bgaprmi nt ai ned at
a sufficient |evel. 0 9 FB 2U04 WO 011 12992

between a radially outside portion of the stator and a

radially inside portion of the sealed case, through-
holes formed in a stator core, slot gap portions
between slots of the stator core and coils, an air gap
20 between a radially outside portion of the rotor and a
radially inside portion of the stator, and gas holes
penetrating a rotor core.
In the prior art, when the gas passages comprising
such gaps are designed, no consideration has given to
25 the mutual relationship among the gas passages. For
example, the ratio of the total area of the slot gap

portions to the entire area of the gas passages (i.e.



5 Di sclosure of Invention PCTIJPO0/ 05387 The object of the present
invention is to provide a conpressor with high reliability, which can
reduce as much as possible a | eakage of lubricating oil 08 T&B204out si de of

the conpreggQinand can always maintain a predetern ned ag@yphosihsr
| ubricating 0|f In an oil reservoir forned at an inner bottomregion of a

seal ed case, thereby realizing stable oil supply. The present invention
provi des a conpressor 10 wherein a seal gd case to which a suction pipe and
a di scharge pipe are connected accommbdat es a conpressi on nechani sm unit
and a notor unit having a stator and a rotor for driving the conpression

mechani sm uni t 4 L, HaHHAAS 8268 So f WA drAFAPNPo Bt Pirss /dhecbacged dfeundthe 15
conpressi on nechanismunit are forned in the notor unit, and a ratio of a

total area of gdontpagmpgpel)tivnmbadf indd bet ween slots of a stator core and

coils in a stator of the nmotor unit to an entire area of the gas passages
is set at 0.3 or note.adddtieRorthihifHes PhetR? 8t 93V BATFOM "a | eakage of

ubricating ol 1o (Neoul 2 de. Al bt GRTPLES ia1GNBRpheducRH as much as

H SS0C
possi bl e, and E pre er m ned anount o cating o can always be

mai ntai ngd in the Hida LESERYOUIsdiryRd pattt her idumploreiltem regi on of the 25
seal ed case. Brief Description of Drawmngs FIG 1 is a vertical

cross-secti onatliscleargimgwichg comfpr®esEEd ROOU-WRsFLUrE2988 PCTI® JHED 05387 6 a

conpressor accor diqn[g\ to a first_ enbodjnent of the present invention and an
accunul ator; FPeRleq Gasey R BRt ERLEY RS -HecFil8halfaRi BHF $HYW iy ®a not or

unit built in et%é)er%:?%tsssgéi__l %aﬂp%rt%%ni ﬁ?i %ﬁ%t}ﬁ%%t g[regr&@s- secti onal

vi ew showi ng a I a conv conpressor, as conpared
to the conmpres§oscRELY $opd)t 95 tiodd st . embodi ment ;

10 In the above structure, the amount of lubricating
0il discharged to the outside from the compressor
increases because the lubricating oil in the state of
mist mixes into the gas passing through the slot gap
portions. Consequently, a sufficient amount of

15 lubricating oil in the oil reservoir cannot be
maintained, and the respective slidable elements in the
compression mechanism unit may be destroyed.

To solve this problem, Japanese Patent
No. 1,468,483, for example, discloses that a high-

20 pressure gas coming up through an air gap is made to
impinge upon an upper coil end and a centrifugal
separation action is positively utilized to separate
o0il mist from the high-pressure gas and to return the
0il to the oil reservoir at the inner bottom region of

25 the sealed case through a gap existing at the outer
periphery of the stator.

In modern air conditioners, in order to save



FIG 3 is a perspective view showing a main part 10 of the nmotor unit built
in the conpressor according to the first enbodinent; FIG 4 is a
characteristic graph showing a variation in the rel ati onk8ifEB@0heen t he

nunber of tations of the conpressor and the oil discha unt; FIG
5is a cha ac‘?é%gggti c graph show ng a variation in the r&g@#@ﬂ%g?p bet ween

the ratio of the area of slot gap portions, on the one hand, and the

di scharge oil amount relative to the refyigerant 20 circul ati on anobunt, on
the other; FIG 6 is a characteristic graph showing a variation in the

rel ationship between the ratio of the area of slot gap portions, on the one

hand, and the Qpépéy effd ehfBfi¥e Hhid1®aBiBREss 20%diGveltbs arfv@racteristic
graph showing a variation in the relationship between the ratio of the area

of a slot gap ppstémrcaamdael af edaryiny ehehnshbér taf rotatibhB @004 WO
01/ 12992 PCT/ JP0O0/ 05387 7 the area of the discharge port, on the one hand,
and the oil di sehprepscmrodnt dophnamelyotaldepted| G I tiksisy tyRaraéteristic

graph showi ng variations in the rel ationship.between the nunber of 5
rotations and BRBAGRTURRSycTHPGRUERGME irﬁtf“ﬁém&% stéhc?r M3¢Bording to the

0 15 averticalty o P e R e P e TR, P Compr ossor
according to asegbONtked) ®uROdLNEHtimfrdasedpwRERNEhd RRINOD £

circulating gas increases at the time of, e.g. start-up
of driving. As a result, the above-described oil
recovery cycle is not ensured.

10 Specifically, the high-pressure discharged into
the sealed case from the discharge port of the
compression mechanism unit goes up not only through the
air gap between the rotor and stator, but also through
the gap between the radially outside portion of the

15 stator and the radially inside portion of the sealed
case. Thus, even an oil, which may fall through the
latter gap, is blown up and discharged to the outside
of the sealed case.

Besides, in the conventional motor unit, the

20 number of slots of the stator is set at a multiple of 3,
which is greater than 20 (e.g. 24 slots). 1If the space
factor of coils inserted in the slots is increased to
enhance efficiency, little space is left for gas
passages in the slots. It is also difficult to

25 increase the air gap because the performance of the

motor unit needs to be maintained at a sufficient level.



Best Mbde for Carrying Qut the Invention Enbodi nents of the present
invention will now be described with reference to the accon‘Eanyi ng
drawings. FIG 1 is a vertical cross-sectional view showBSgFi8 4conpressor
1 accordi ngv(%a/l?}r?gi rst enbodi nent of the present inventi 981‘/3’1;}1‘3/0?3@7

accumul ator 2. e conpressor has a seal ed case 3. A conpression nmechani sm
unit 4 is accombdated in a | ower region of the sealed case 3. A notor unit
5 is provided in an upper region of the 20 seal ed case 3. The conpression
mechani smunit 4 and notor unit 5 are coupled by neans of a rotary shaft 6.
The notor unit 5 conprises a stator 8 and a rotor 9. The stator 8 is fixed
on an i nner surface of the seafa’ti16@88ee3of T dridi®nh 9 IS di sposed inside
the 25 stator 8 with a predeterm ned gap provi ded therebetween. The rotary
shaft 6 is insertedTha ¢hieatotadr the Gassgassagyest26nded i tegrdoyidepl ural ity
of gaps are 0 9 FEB 2004 WO 01112992 PCT/ JP00/ 05387 8 forned to penetrate
from an upper SUCPERECEFPR Widkehighrrebeatiflithe WBieh AR reslucehds gas
passages 25 gui de.a_hi gh- pr.essur igh,is ¢ ressed b he
conpressi on medW5Ri 8 ’8?1?%113 eaﬁd‘ialgg%%%\r,\%e uibrlftlgalgggg SD%e%oeéh%ase 3. The
gas passages 23%Wslihebsr dasedRedeldberadd Gncat fhyslabidtaihh@ conmpression
mechani smunit 4 conprises an upper cylinder 11A and a |l ower cylinder 11B
whi ch are vert ippaideyesantwed)ethounitt bf alyaridatiiong phiatien 1&h XG1 nt er posed. The
partition plate 10 is provided at a |ower part of the rotary shaft 6. The
upper cylinder TEBRINAAT afPINSeALs AR ARReH QLR FeRden tf & FeedRfy beari ng

12. The |l ower cylind 11B has .a _|.ower rfag ortion fixed to a secondary

bearing 13. 15 %@'uﬁb@?%fq%fngu??% od“ﬁ ?’HEP%}{/I i nders 11A and 11B

are bounded by the gg t?L.éﬁé]}ftﬁli%%nl:@onpﬁi‘é%{)désb%a[:&?;grégs&nd secondary
chamers

bearing 13, and cylinde 15a and 15b are defined wthin the
cylindersol1A an@rklB, aresqgral icagkyto SehicH ledueatianyp e corpressi on
mechani snms 16A and 16B are constituted in the cylinder chanbers 15a and
15b, respecti velischapgeapipe cirer yonoapted sianemmedaheni & rgonpressiien i s
eccentrically driven.in accordance with the rotation of thealr&%tary shaft 6,

and the cylindé¥S BABBUPLE .Ge{5‘°§%rb‘§/”<}:aﬁ‘(?§’lflﬁt8 2 Yh- A edsur e
portion and a'lfB%er@8§u&fﬁJ¥H&'€ﬂ@'compression mechanism unit, gas

passages for passing a gas discharged from the

15 compression mechanism unit are formed in the motor unit,
and a ratio of a total area of slot gap portions
defined between slots of a stator core and coils in a
stator of the motor unit to an entire area of the gas
passages is set at 0.3 or more.

20 According to the present invention, a leakage of
lubricating oil to the outside of the compressor can be
reduced as much as possible, and a predetermined amount
of lubricating oil can always be maintained in the oil
reservoir formed at the inner bottom region of the

25 sealed case.

Brief Description of Drawings

FIG. 1 is a vertical cross-sectional view showing



The primary bearing 12 and secondary bearing 13 0 9 FEB 2004 WO 01112992
PCT/ JP0O0/ 05387 9 have di scharge ports 12a and 13a, respectiveléj The
di scharge ports 12a and 13a are covered with val ve cover s0 98¢ 44188

Hi gh- pr essyio®19#%, di scharged into the valve covers 18A a i.S, gui ded
into a valve 5 cover 18C. The val ve cover 18C is provideggﬁﬁﬁﬁm%?gcharge

ports 20 for discharging the gas into the seal ed case. The cylinder
chanbers 15a and 15b in both cylinders A and 11B are nmade to comruni cate
with the accunulator 2 10 via conduits 17a and 17b. An oil reservoir 22 for
receiving a lubricating oil O is fornmed at an inner bottomregion of the

seal ed case 3. Th@ndAd¥sbeabifGrPidg Rd & 2N¥s O éhBYaifehe o@ithe €Ster oil and
al kyl -benzene oil. 15 On the other” hand, a refrigerant discharge pipe 19 is

connected to apresyer iswehadcen pord ison actumhkasesl ed case 3. The seal ed case
3 is made to communicate with a condenser 100 over the pipe 19. A
refrigerant suctionf}ipe®isia bRaRtéd £5°8F-IffFdOnadr VAE¥ 20 portion of
t he accunul ator, 2.. The accunul afor, 2.i S nagg%to conmuni cate with an

|

evaporator 1015B0%q e MSERE YAt AN ARsFBR TREFSRSSRY 102 i's connect ed

bet ween he condensgyg 103 3daeNGPOIARN L04ss ThtSo: AnelhLgerating cycle
conprising the conpressor 1, 25 condenser 100, expansion nmechani sm 102,

evapor at or 101shtwhif i mdtdiotun2t BWALiTH hf ea AiBRI%iVARY conprendsed,in t he
nanmed order, is constituted. The refrigerant is 0 9 f EB 200 WO 01/12992
PCT/ JP00/ 0538723 0cemparsele tof thMEronnyesisger aptorHPG tef thgefwat and HC

refrigerant.
9 embodiment;

FIG. 3 is a perspective view showing a main part
10 of the motor unit built in the compressor according to
the first embodiment;

FIG. 4 is a characteristic graph showing a
variation in the relationship between the number of
rotations of the compressor and the oil discharge

15 amount;

FIG. 5 is a characteristic graph showing a
variation in the relationship between the ratio of the
area of slot gap portions, on the one hand, and the
discharge oil amount relative to the refrigerant

20 circulation amognt, on the other;

FIG. 6 is a characteristic graph showing a
variation in the relationship between the ratio of the
area of slot gap portions, on the one hand, and the
motor efficiency, on the other;

25 FIG., 7 is a characteristic graph showing a
variation in the relationship between the ratio of the

area of a slot gap portion associated with each slot to



The operation of the conpressor 1 will now be described. 5 Arrows in FIG 1
indicate the flow of gas. A low pressure gas is sucked into the conpression
mechani smunit 4 of conpressor 1 fromthe accunul ator 2 & FEBn®0k ondui t s

17a and 17 OW prsa sure gas is conpressed in the i hanber s
15a and 15&0%;239950 the resul tant hi gh-pressure gas flowgwtr)ﬁl?rhg@%ﬁgt he

di scharge ports 12a and 13a and val ve covers 18A and 18B into the val ve
cover 18C. Fromthe val ve cover 18C, the,high-pressure gas is discharged
into the sealed case 3 via the discharge ports 20. 15 The hi gh-pressure gas
flows fromthe upper part of the conpression nechanismunit 4 to the notor

unit 5. The hi gh=PLess W 13RS ak Schiede PordedohhERKhd handas aRassages 25
formed in the notor unit 5, thus filTing the inner space of the seal ed case

3 above the notae 2901 uhidchargéhemgast, ordithehathed; from wi t hin the
conpressor 1 to the_outside through the discharge pipe 19 connected to the
upper end portion oFI€hed sialdeghagaeteristi¢ oFaghgeiee’% o t he condenser

100 in the refrigerating .c e. 25 On the other han the.lubricating oil O
in the oil resé’?vé??l??ga’t’yt%k‘g fﬁgae?l %s[}}l mgﬁgw??%ng}ﬁ TP eLelfed case 3 is

sucked upy i Nt 0 4Gt EORPTERE BB 011 0a Sk TR AR 0fd %3292 PCT/ JPOO/ 05387
11 mechanismunit 4 in accordance with the conpression action of the

refrigerant gasompbessdy daderdiati g thwe fiespeembodimdritdalfl ehel enent s.
Then, the lubricating oil O flows down and returns to the oil reservoir 22.
5 Most of the ligyentaen mpditheocenyentinnal ceapyesseybeitbove, but part of

th il 0is bl f th [ hani jt 4. al ith th
hi ghpr essur e gas. TRACbI D dp VBEF 65F rET#RF SPALAOBRE Y 51 (P Bar t i ol es)

mxes in the hia%b?&@éﬁt’éle-t%%%l ?Bﬂg%@sééfxo"éﬁ:cio%gnéh@o %ﬁsse%%%ages 25

provided in the notor unit e oIl mst passSes rough the gas

passagesigo h t hepiotighetidf Thel br&B¥nPOSHIdHtY e di scharged out of the
conpressor 1 along with the high-pressure gas. In 15 order to solve this
probl em the structureBegft iMpdenfiporCarrying Out the Invention

Embodiments of the present invention will now be
described with reference to the accompanying drawihgs.
FIG. 1 is a vertical cross-sectional view showing
15 a compressor 1 according to a first embodiment of the
present invention and an accumulator 2. The compressor
hés a sealed case 3. A compression mechanism unit 4 is
accommodated in a lower region of the sealed case 3. A
motor unit 5 is provided in an upper region of the
20 sealed case 3. The compression mechanism unit 4 and
motor unit 5 are coupled by means of a rotary shaft 6.
The motor unit 5 comprises a stator 8 and a rotor
9. The stator B8 is fixed on an inner surface of the
sealed case 3. The rotor 9 is disposed inside the
25 stator 8 with a predetermined gap provided therebetween.
The rotary shaft 6 is inserted in the rotor 9.

Gas passages 25 defined by a plurality of gaps are



unit 5, in particular, of the stator 8, as well as the gas passages 25, are
inproved in the present invention. Thereby, the high-pressure Bqas alone is
snoothly let to flow, while the passage of particles (m's@ﬂ BB 2004

| ubri cati ng} o[)'/ll ig prevented as much as possible. FIG 5 is a

char act eri Q%1% Aph showi ng experinental results rel ati W F8%Y vari ati on
in the relationship between the ratio of the total area of slot gap
portions to the entire area of gas passgges, 25 on the one hand, and the

di scharge oil anmount relative to the refrigerant circul ation anmount, on the
ot her, under specified conditions of driving of the conpressor Q9 FEB
2004 WO 01112992 R P Q?% N f e

experi ment al resu'etgl[céh%%{l t%hée%%g%i %Ao#ﬂ%%hrgggg%g gggceaa[g%ﬁot gap
portions is 0.shr@acBD6E, thdendtior dh$€has gernengeBt pesdadiss nadyagde If it s
| ess than 0.3, the oil discharge anmount 5 increases and the supply of

| ubricating oid hightheessums eg@sionhielhthicompyrssedehy edwes. As a result,
the possibility of mechani cal damage increases, and the |ubricating oil

di schar ged t o 9PrERELPRAMTARIER FRYT cHAL GLERNAFERE IREP ddfere there.

Consequent |y, 0 for mgnce E%{’g)r S id lqdlelanjgrate. FIG 6
is a cha?actersllersliﬁ'le(%:i afgg%)h?'show%nagg ég%é; |or:12%i ?{9%\3’% ecf at olril)éa ip between
the ratio of thadotial gRéSae0idetla@ll.gap portions to the entire area of gas
passages, on the one hand, and the notor efficiency, 15 on the other. As
the ratio of the tdhel campresdicl oechapipordnidng caspedsss,an he oi l

di scharge anmount decreases but the notor efficiency deteriorates. If this
ratio is 0.6 OIPREEsSYLlandegn HordA af 1PesRe fil iRIRT belBrafthicli #€8. However,

if the ratio exceeds.0.6, the 20 ratjo_of_ -area occupjed by the coils in the
motor unt dect IeeE Ly AEttt . MEbhoa i R REEECH ef ' ci ency
decreasgg and ir’[’@er?&%%é&[_”ﬂﬂ?@ grtiRoROPIUES QY 1dehpby i &t aFromthe
experinmental result, it is desirable that the ratio should be in a range of

25 0.3 to 0. 6.1dwe® paAti of atHwmoramyabhaftoSs- S@hki oppér \dyevinsleawi ng t he

notor unit 5 according to the first p 9 FEB 2004 wo oi na99a
11A has an upper surface portion fixed to a primary

bearing 12. The lower cylinder 11B has a lower surface
portion fixed to a secondary bearing 13.

15 The upper and lower surfaces of the cylinders 11A
and 11B are bounded by the partition plate 10, primary
bearing 12 and secondary bearing 13, and cylinder
chambers 15a and 15b are defined within the cylinders
11A and 11B, respectively. So-called rotary

20 compression mechanisms 16A and 16B are constituted in
the cylinder chambers 1l5a and 15b, respectively. 1In
each rotary compression mechanism, a roller is
eccentrically driven in accordance with the rotation of
the rotary shaft 6, and the cylinder chamber is divided

25 by vanes into a high-pressure portion and a low-
pressure portion.

The primary bearing 12 and secondary bearing 13



13" PCTI JP00/ 05387 enbodi mrent of the invention, and FIG 2B is a horizontal
cross-sectional view showng a notor unit 5Z as a conparativ? Eymmrle. To
begin with, the structure of the notor unit 5 of this invé]rﬁig' Wil be
descri bed. v? @1%%9 3 is a perspective view showing a main Eart of the stator
8 built inth for unit 5. The stator 8 has a stator cOFEVHYBf ned of

| am nated steel plates. The stator core 30 conprises an annul ar yoke
section 32 and a plurality (six) of 10 geeth portions 33. The teeth
portions 33 are fornmed integral to the i"'nside of the yoke section 32 and

di sposed in a radial fashion at predeterm ned intervals from one anot her.

Each teeth por A@ﬁgchgrgg% Myl Qil?diI‘ﬂ,JJ @nfés%gc@vg?ﬂ.be“rh%‘l- Wth the

i nsul ati ng nmenber I ntefposed, a coil 31 is wound on the teeth portion
33. The respecdischaglgenpotss arz desli gBadase cdovidiald aiphedelwar mined gap is
provided in this state between the coils 31 of adjacent teeth portions 33
and the st atorcexars 36A 20d THE. gdiighspreseyre@asodaschasgest igd® portion c.
The insul ating nenbers 34 for the coils 31 are cirgunferentjally disposed
at positions bEASWETVEREOYREF dbAhEng; 6§Bi e IHidsd tREC s of2¥45h portions c
of stat 0[”i 8 angl ‘%rbclté?dary of the outer periphery of the 25 stator 8 and
the i nner peri pchery of "the seal ed case 3. The gas passages 25 in the notor

unit 5 for passing qfae Jahgh- PsEssUee 4aspdbetdad 34N testhiege 0 9 FEB 2004
WO 01112992 PCT/ JP00105387 14 conpression nmechanismunit 4 conprise gaps a

provi ded bet wepsrtrot20héEsratisdieaxmyingr ther ggheintcoftheheealed arase.and t he
i nner periphery of the sealed case 3, an _air gap bltBr ovi ded between the

i nner peri pherfhofeliadsrsehinhess 4@ fAe Ib%‘? e RethpRELYNGIT] HdAr ot or 9,
and the above-gigéclrlsb%gesk%? gl?pnec%ggnhggg§tg'valsélplct%esla\écsrﬁlg%ﬁcpzo&tI ons 33

are provided, Six slotsS are accordingly six s gap portions c

are forgpd. | nyparddremlias, 199 ddd auah-hole is formed 10 in the stator core
30, nor is a gas hole forned in the

An o0il reservoir 22 for receiving a lubricating
0il 0 is formed at an inner bottom region of the sealed
case 3. The lubricating oil O is any one of ether oil,
ester oil and alkyl-benzene oil.

15 On the other hand, a refrigerant discharge pipe 19
is connected to an upper surface portion of the sealed
case 3. The sealed case 3 is made to communicate with
a condenser 100 over the pipe 19. A refrigerant
suction pipe 21 is connected to an upper surface

20 portion of the accumulator 2. The accumulator 2 is
made to communicate with an evaporator 101 over the
pipe 21. An expansion mechanism 102 is connected
between the condenser 100 and evaporator 101. Thus, a
refrigerating cycle comprising the compressor 1,

25 condenser 100, expansion mechanism 102, evaporator 101

and accumulator 2, which are successively connected in

the named order, is constituted. The refrigerant is



rotor 9. Actual design specifications are as follows, The total area of the
notches a at the outer periphery of the stator 8 is 232 mmR2. Since no hol e
is formed in 15 the stator core 30, the area of such a hol @9 BE® 282, The
area of theoifizegap b between the rotor 9 and stator 8 ipcasrbot@dg Since no
gas hole is fornmed in the rotor 9, the area of such a hole is O m®2. The
total area of the slot gap portions c is 196 MmR2 at the 20 m ni num
Accordingly, the entire area of gas paggages 25 in the notor unit is 579
m2, and the total area of the slot gap portions c is 196 mMmR2. Thus, the
ratio of the total area of the slot gap portions c to the entire 25 area of
t he gas passagey 2he(of eHCRCheeffoligéramtea HIC sledtigaparporandoBs/the entire
area of gas passages) is about O0.34. 0 9 FEB 2004 WO 01112992
PCT/ JP00/ 05387ef51gATrank: ot her hand, the conventional notor unit 5Z shown
in FIG 2B as a conparative exanpl e _has such gas,pas Z as descri bed
bel ow. The total a&gﬁ 89e¥ﬁﬁ%:negga%3? The %ﬁj%é; 6e?f%ﬁg§§v ébf the stator
is 334 mR. Theiigkgarea of throughholes 5forned in a stator core 30Z is
101 mmR2. The area of an air gap (3 is 151 nmR. The total area of gas holes
Fpenetraging the rair@bwssSidFIGmA. ihlecsos alhearfdawodf 2das!| OotA dawg-portions y
is 111 nm®2. 10 Accordingly, the entire area of gas passages 25Z in the
conventi onal reessuga| gasAy sughedmito THs compeepate® BIChaRd sfot al area of
the slot gap portions .y to the entire area of the S_passages.25Z is only
about 0.14. 13WEF GoREr GLIETESFOrhe £HTB etﬂﬁ?“@??%ﬁ?ﬁr%‘3?gi%3enntor uni t
5 of this inv i t rat i f t t | :1g f e; sl ot gap portions c
to the entirqu%EQESF ?ﬁ% %@%qﬁgésaggi %%gﬁgéﬁﬁgﬁg 8%%4}§Specifically,
since the ratidorpresBaedaigacy ciyhenabst clgibeaaar tiisanandersmesand) such
greater than in the conventional structure, the flowrate V of the
hi gh- pr @8sur e s neavdtant trdugresavre| gas gdpwsothrewsh cthfr eat | vy
decreases, conpared to the conventi.onal stéucture. As a result, the amount
qﬁb }3?0

of oi | bl own UpF3GHIPHEOE D! 3780 TS cyiﬁxﬁrsagﬁgﬁ _Iﬁ?%lﬂ s case,
the |ubricati inddl eya _Ugleéé OB 1HRLOT FiBh! ¢ Re YL RARIv:! 8Bk, L0 the

| ower side of the nbtor unit because of the above-descri bed structure.
the high-pressure gas is discharged into the sealed

case 3 via the discharge ports 20.

15 The high-pressure gas flows from the upper part of
the compression mechanism unit 4 to the motor unit 5.
The high-pressure gas is then guided through the gas
passages 25 formed in the motor unit 5, thus filling
the inner space of the sealed case 3 above the motor

20 unit 5. The gas is discharged from within the
compressor 1 to the outside through the discharge pipe
19 connected to the upper end portion of the sealed
case 3, and thus guided to the condenser 100 in the
refrigerating cycle.

25 On the other hand, the lubricating oil O in the
0il reservoir 22 at the inner bottom portion of the

sealed case 3 is sucked up into the compression



0 9 FEB 200g WO 01112992 PCT/JP00/ 05387 16 As a result, the anount of oi
di scharged out of the conpressor 1 decreases, and the a t of oil in the

oil reservoir 22 is always sufficiently naintained. Sinc FEBfapICi ent

anount of ahiisding oil is always 5 supplied to the rashaepbiosssrs! i dabl e
el ements in the conpression nmechanismunit 4, snooth operations of these

el ements are ensured with high reliability. Experinental results bel ow were
obtained with the driving of the conpregsors having the notor units 5 and
10 5Z shown in FIGS. 2A and 2B. FIG 4 shows conparative data on the

rel ati onshi p between the nunber of rotations and the anmount of |ubricating
oi | di schar gefletwariizn antisi dein vaiddordaspecvitlo tthee conppesssox 1 having t he
motor unit 5 according 15 to the present invention and the conpressor

havi ng t he copveirn faltheprefrigrrantzgasy thrrebysdubricabiedidi®ssor with

t he conventional nptor unit 5 the oil dischar a nt _increases
subst anti al | y*FRPPT op6r tsiri&ﬂaP%é S er 'g?er?’o%ﬁloet g}talgﬁﬁgégglyg contrast, in

the case of tje;COMPIRISAbwh HAY I ALIAE ¥D Ofe WYLl res8bvbiESainvention, the
oi | discharge anmobunt remains small even if the nunmber of rotations

i ncreasgs. Theref omgst tdfe thenpakessdtihghaiing ¢ he-uleites ,uast 5 of this
invention is very 25 efficient. As has been descri bed above, in the case of
t he struct ur edescrikedmbeveynbet art offi §henRehtQ dif, PRRER up LXPER 2pp~ WO
011 12992 PCTI JP00105387 17 ratiﬁ) of the.;zo al area .%trb;cge ﬁl t gap portions
c to the enti FBSaf¥PTSEHRE PAS Phehyld ™2 ?Js_’é%a{h ~39. " T he ot her
hand, in the ggégsﬁget&H%.CO@H§n$16WHﬂupnBHQrOUfHttﬁgzsthgbsofa&iék' s 0.14. No
probl em ari se
(fine particles) mixes in the high-pressure gas and
10 flows into the gas passages 25 provided in the motor
unit 5.
If the oil mist passes through the gas passages in
the motor unit 5, it may possibly be discharged out of
the compressor 1 along with the high-pressure gas. In
15 order to solve this problem, the structure of the motor
unit 5, in particular, of the stator 8, as well as the
gas passages 25, are improved in the present invention.
Thereby, the high-pressure gas alone is smoothly let to
flow, while the passage of particles (mist) of
20 lubricating oil is prevented as much as possible.
FIG. 5 is a characteristic graph showing
experimental results relating to the variation in the
relationship between the ratio of the total area of
slot gap portions to the entire area of gas passages,
25 on the one hand, and the discharge oil amount relative

to the refrigerant circulation amount, on the other,

under specified conditions of driving of the compressor



5 wth the structure of the present invention, but the above-described
drawback becones conspicuous in the conventional structure. In the case of
the structure of the conventional notor unit 5Z, the totglq gEgapmf 24 slot
gap portions 10 is 111 mm®2 and the 24 slots are provi deds. Accor di ngly,
the area oquq\i@”g? ot gap portion associated with one sl oPCTAPRORS D~ (On
the other hand, the area of the discharge port 12a, 13a forned in the
conpressi on nechanismunit 4 is 56 M2 (equal between the structure 15 of
the present invention and the structuré®f the prior art), and the ratio of
the area of the discharge port, i.e. 56 M2, to the area of the slot gap
portion associated with one slot, .i.e...4 5 mR. is 0 08 _1ln_t ase of the
motor unit 5 of thrs®T n‘%/ne&neﬁ%r??dzf)r?%et%ﬁ fxgﬁgggé%ael plgeosﬁl&gdggﬁ the ratio
of the area of;st hgediSENATAE thQ! Lot th& ARt §ifp YSHLi@AR ROrtion
associated with one slot is 0.58. FIG 7 is a characteristic graph show ng
a variation im.Bherrebed¢,) ciishioplbdisemardechamoantocah bdhee@ucgdea of the

sl ot gap portion c associated with each slot to the area of the discharge
port, on the difeifahdl, 1eftl 9@ Amdunthdo3luGiFEREFPY WU scharged to the

0 9 FEB 200 V0 01112992 FCV,IPAQLOSIS: 1.10ULSL TR 01 { Slatingn to the amount

of circulating rerrigerant I'sunder'st oo romFIG 7 that
the oil di schaige -8ERYGH rﬁe%rla%ﬁgﬁ i&ﬁfﬁ Caddtasatl 0 R 4 he183 @het he sl ot

gap portion c asSociated 5 with each slot to the area of the discharge port
is in a range goatsaeebify a0l ridchanidhe ddnagh dabaegeesmand theowever,

remar kably decreases in the range exceeding 0.25, and a conplex oil
separation furabrégaténg.oils digchpeged riedl. thrhiextaepak 4916Cs A 8onsi derati on

of the 10 surface t§1rilsi on, of the | griga‘%‘}jéer}%ooi I c.O i@ergrlder t&%‘% prevent the
| ubri cating oi9°¥¥FEi BRI PP SR ﬁg oot 5t oF CHRPEUST Y 's ¥iSr e effective
to incregse the GLosssestdOnHe dbRprobsSAGH 1928 cRassa86Ld han to provide
many smal | -area passages. 15 It is generally thought that the oil discharge
anount shoul d pref @ighl § be d.draractbesstic yxaphssdewdhy can of mai nt enance
of oil level in the oil reservoir 22 and adhesion of lubricating oil film
on variation in the relationship between the ratio of the
total area of slot gap portions to the entire area of
gas passages, on the one hand, and the motor efficiency,
15 on the other. As the ratio of the total area of slot
gap portions increases, the oil discharge amount
decreases but the motor efficiency deteriorates. 1If
this ratio is 0.6 or less, a high motor efficiency can
be maintained. However, if the ratio exceeds 0.6, the
20 ratio of area occupied by the coils in the motor unit
decreases excessively. Consequently, the motor
efficiency decreases and the performance of the
compressor deteriorates. From the experimental result,
it is desirable that the ratio should be in a range of
25 0.3 to 0.6.

FIG. 2A is a horizontal cross-sectional view

showing the motor unit 5 according to the first



t he external device and connection pipes. Accordingly, 20 it is desirable
that the ratio of the area of the slot gap portion associﬁ{)?ga It,h each
slot to the area of the discharge port be set at 0.25 or V@ setting

this ratiogaf or nore, the blowing up of lubricatin il n
effectively Oégf)grggvent ed. 25 FIG 8 is a characteristic gﬁﬁ’d’ﬂ"@‘ﬁﬁm ng

variations in the relationship between the nunber of rotations of the
rotary shaft 6 and the oil discharge ;4 9 FEB 200 WO 01112992

PCTI JP00105387 19 anount (relative to the amount of circul ating
refrigerant) in the conpressor according to the first enbodi nent of the

I nvention and e}nﬁsdgﬂaxﬁw QRal i APORE &S 0hndPeE e dhed alio of the

cross-sectional 5 area of the discharge port 12a, 13a to the area of the
sl ot gap port inesigoAt8DRisedsett hodle vilett showifg adodoruahitS5of the
present invention is 0.58, the ratio of the oil discharge anmount of the
present inventison Fempayglbivedekamphe. r dio begfint Wkthi Ithgl sthuegera 0 anount
of the conventional notor unjt 5Z. .the nunber of _rotati,ons jncreases,
the differenc®fi Fh8i FOEPE Ay é’rfoéﬁ‘llsi AEY RN W&nLtheﬁﬁﬁb%‘? of

rotations is %%Q;.rBigsﬁ;ogx%%ggt%e%ievﬂis%%u%geamqptpairre bRecpptor unit 5

decreases to about ess, conpared t0 the conventional notor unit
5Z. It is underateoedsthaild e ®RAEORotdr tunitob.this invention is very
efficient. As nentioned above, the coil 31 is wound around each teeth
portion 33 constit ®hengtater & desracorat@0,coze WPt foxmed iafsul ati ng nenber

34 interposed.. An outgrm)st portion of the. insul atgloq nmenber 34 is forned
at hi gher | evelP™iRahef netefin&lagsfti oe SEFPReCBThet” FOH®T 1885 shown i n

FIG 1, heads ag; aﬁhﬁ?gfﬁr’%_ﬁ‘g Xipg $dest ragﬁgg%giiﬁg%qc%ﬁn%%epr oj ect at 25

the upper end n-addition, e posi di scharge
ports. 2gpin thaetdl pereoymy 388C irheSdetid do@tibak des the FukaegaDSt portion

of the integral to the inside of the yoke section 32 and
disposed in a radial fashion at predetermined intervals
from one another.
Each teeth portion 33 is coated with an insulating

15 member 34. With the insulating member 34 interpcsed, a
coil 31 is wound on the teeth portion 33. The
respective elements are designed such that a predeter-
mined gap is provided in this state between the coils
31 of adjacent teeth portions 33 and the stator core 30.

20 This gap is referred to as a slot gap portion c. The
insulating members 34 for the coils 31 are
circumferentially disposed at positions between the
inside portion including the slot gap portions ¢ of
stator 8 and a boundary of the outer periphery of the

25 stator 8 and the inner periphery of the sealed case 3.

The gas passages 25 in the motor unit 5 for

passing the high-pressure gas discharged from the



0 s FES 2~~ WD 01/12992 20 insul ati ng menber 34. PCT/JP00/ 05387 Besi des, a
total area A of gas passages in the notor unit 5 is a sumof_an _inside area
Al including a total area of slot gap portions c, and an &9

i ncludi ng g @heR,of notches a at the outer periphery of r and,
where a hole portlzon is formed near the outer periphery 8{:{-}%’2}0%%& or, the

area of this hole portion (A=Al + A2), and AL > A2. The hi gh-pressure gas
di scharged fromthe 10 conpression mechgpi smunit 4 passes through the
motor unit 5. In this case, with the above-described structure, the

hi gh- pressure gas passes mainly through the slot gap portions c of the

stator 8, whi cduipr@sls@ss médiealideh nithe daiptilsen g8bst HpFtidedd. 15
Specifically, since the main stream of high pressure gas does not flow

t hrough t he aibetgesgenbnbetheemtt kber otber Spamniphsirgt of 8Bhe tdimtorwBl | occur
neither variation in flowrate nor reduction in size of flow ng lubricating
oi | particles %k the dRBeF RWIRHFFY0CEf thheSqadesr 952 Ghi i tadXdi st ur bance

(centrifugal forc of s.accurring, near the heads of pins 40 projecting
bt “the upper 5P B PRETRE GRRD InE i PRI of, Meom vl ot ty 1<

affectedsby a §10fics igNafar ekl %daérppgwgﬁegﬁ_&b k86l LOPor tPO.arfi 1 particles
with heavy weight returns to the oil reservoir 22 at the inner bottom
portion of thetlsealbetecdsecilict glgh ghp puttsios c¢.0 9 FEB 200 WO 01/ 12992
PCT/ JPO0/ 05387 21 passage area A2 i ncl udi n? the area of notches a at the
outer periphery of Sifeesgikoreatit POFkéPBS a3 hA%e prYiidAdi sS¥%orned near the
outer peri pher%]ﬁf t he gt at o the area pof t.his I orti.an.

8 hol e
Accordingly, p cIP&§ ?rxgeci Haéidl 35?%%%??1 ait* §‘rJfBgt By R St 0 the oil
reservoir 22. Wgre 3,48 (AN RideicQMRENEY SRRAGRLEOTe Pl AtR)rred ProVvi ded

at the upper end of the rotor 9, a greater effect "can be brought about. As
has beenodescribatheatdeortdwreadognhagess 04 dd¥ hole formed in the
rotor 9.

Actual design spécifications are as follows. The
total area of the notches a at the outer periphery of
the stator 8 is 232 mm2. Since no hole is formed in

15 the stator core 30, the area of such a hole is 0 mm2 .
The area of the air gap b between the rotor 9 and
stator 8 is 151 mm2. Since no gas hole is formed in
the rotor 9, the area of such a hcole is 0 mmZ2. The
total area of the slot gap portions c is 196 mm2 at the

20 minimum.

Accordingly, the entire area of gas passages 25 in
the motor unit is 579 mm2, and the total area of the
slot gap portions ¢ is 196 mm2. Thus, the ratio of the
total area of the slot gap portions ¢ to the entire

25 area of the gas passages 25 (i.e. the total area of

slot gap portions/the entire area of gas passages) is

about 0.34.



10 conpressor of the present invention reside in the enhancenent of
| ubrication and reliability of the conpressor due to redugti in oil

di scharge amount. Even in the refrigerating cycle, the he {9 gE@ﬁ@%ge

perfor mancey§gke i ncreased by virtue of the reduction 15 in |ubricating
oi | adhering to the inner walls of the heat exchangers (CGNIBYEES?
evaporator). The above-described structure of the conpressor can be applied
to a horizontal -type conpressor | A as zgown in FIG 9. The position of a
di scharge port 20A 20 formed in a conpré&ssion nechanismunit 4 is |ocated

i nside an outernost portion' of an insulating nmenber 34 fitted in the teeth
portion of a statorgBAneTlYsert Aendll SHRALORVERS HRAS nﬁ,%rdhﬁiyr?zthe ol |

| evel and passes through the slot gap portions l(not shown). 25 Since the
conpressor | A sBowat iheIlor 2Bomd ad dopparat bee oeptaipleehaphetyh afasa not or
unit 5A is |located at the bottomof a seal ed case 3A where an oil reservoir
WO 011 12992 22P&FSAFER 23@0aPCi?9r0iegsb8ow2A is forned. Accordingly, the

t it BA I I the lubricati il O, . M , Si th t
"mersed i n the | ubTISEOR) 8PS (Pl heliehs s (ASeRBLe: Astimhegy | o
| ubricatisng Of bel E8ls daolNEs 0444 Smi2eSCial Lol G2 BE ehafhdgzed. |n

particular, in the case of the horizontal -type conpressor, I's nore
difficult to nabnési b farmed firciertcadbst esee Izt weenol hem? ot ahedA and t he
oil level in the oil reservoir 22A, than in the case of the above-descri bed
vertical -type atezonpradsadr. gTheBefier 851 tire? usghef tohal ateaicifugesi s very
effective. As has been described above, according Lo t he conpressor of the

present i nvent NBHSS af PEARYLRC YT (ther FBS‘PFn’gS HA7 Pt heTRRIt'AT @ of the
conpressor cangpg, 15 radugsd 8§? %Mh%%sp%siié?!ﬁa aRed a predeterm ned
al ways

anount of lubricating oil can e maintained 1n an oil reservoir
formed afp an inner AeidrdTngeg, Obhdfer isRakedaCeseyad hRls@lyesenbs zi ng stable
oi |l supply and enhancing reliability. 0 9 FEB Zpp~ 23 CLAI MS1. A
conpr essor conpni theigonyepbadral geort aunihi &h & AMdt mod . pi Peusnd a

di scharge pipe are connected; 5 a conpression nechani smunit provided

within the seaFBd kaide oinfhe Rt arset opr bi® dHPtwideRi ROFhEPR%al ed case,
t he notor uni ttgotgpéie\?\)iﬁqgeamgégtoq t%%d gsrgggé%osr 2@l’rzi \{isngni he conpression
10 erei or ssing

mechani sm uni t, i N gas ‘passages a gas ¥i schar ged from
t he conpressi ogpsehAnissm unit are formed in the notor unit, and a ratio of
a total area of slot gap portions defined between slots of a stator core
and 15 By contrast, in the case of the structure of the

motor unit 5 of this invention, the ratio of the total
area of the slot gap portions ¢ to the entire area of
the gas passages 25 is about 0.34. Specifically, since
the ratio of the area of the slot gap portions becomes

20 such greater than in the conventional structure, the
flow rate V of the high-pressure gas passing through
the slot gap portions ¢ greatly decreases, compared to
the conventional structure. As a result, the amount of
0il blown up from the slot gap portions ¢ decreases.

25 In this case, the lubricating oil blown up from the
motor unit 5 may easily fall to the lower side of the

motor unit 5 because of the above-described structure.



coils in a stator of the notor unit to an entire area 15 of the gas
passages is set at 0.3 or nore. 2. A conpressor conprising, .a_sealed case
to which a suction pipe and a di scharge pi pe are connect ed‘,] gaFé%ﬁm*essi'on
mechani sm %51/1%9 vided within the 20 seal ed case; and a_nptor unit

provi ded within e seal ed case, the notor unit conprisi ﬁﬁT’ng’toﬁ?%r and a
rotor for driving the conpression nechanismunit, wherein an area of each
of slot gap portions 25 defined between glots of a stator core and coils in
a stator of the notor unit, said each of®sl ot gap portions being associ ated
with one slot, is set to be 0 9 FEB 2004 24 nore than 0.25 tinmes greater
than an area o i rg o) d_i essto ani smunit
and di schar gi nés Zangé%&lqgi’nghg ﬁ%%%r%gsgage&g%s&%g ?ﬁ% J'J;fea ed case. 3. A
conpr essor accesfbrebdod ¢l abdrdasadie@dnthdcamdgt ©ff bRE shofhegap portion
associated with one slot is set to be nore than 0.25 tines greater than an
area of a. di schhrxpseuyotixf 82 nbtl dlkvaylse sgbhpe edilon magohabmeda unit and

di schargi ng and guiding a_high-pressure gas into the sealed case. 4. A
conpressor accdiRfhd tSHELESEANY  anNRtte Pl LubbicAtingeiA &% 3B YFas passages

s a sumgol an.| 05] 6 3008, A L0clidiago] DEL £ Al ARRLOLn LB ST O 08P
portions~in the at or, and an area Inclhuding ‘an area’ of passages

bet ween an out gsmpedd 3N Mebhatk i Sindton , agfbsth idpeeatpehs phery of the

seal ed case and, where a hole portion is fornmed near the outer periphery of
t he stator, theheseselenenbssabhalenpmed gnth hig\retidR)lignd A1 > A2. 5. A
conpressor.according to claim?2, wherein_an area of each of slot gap
portions defined bef¥Rayimegtat srefultsselgy veFe Riqivsd With B&tator of

the notor unit, said each,of s|ot portions, .being assocjated with
one~slot, is sgfl‘f’on%@afcnﬁps f%%%r%%%ﬁ'st gﬁ%’én%r%}’aﬁ g}og:f’ aHnéjﬁs a?eaél\gof a

di schar gg port gfofdmd, 11 FR8sCoPPrARSio@n NMechani smunit and di scharging and
gui ding a high-pressure gas into the seal ed case, and D~9 FEB 200 25 a
total area A of therpas {pahoagesomparative dhtanon ntdedeeaneasodhimc! udi ng
the total area of the slot gap portions in the stator, and.an area A2

i ncl udi ng an abetwesAn fdes ayekepd higdrtazaopat @pd g gRerytoPfthe stator and
an inner peri pT&lg:inOf .t he fslgal ed .case and, where a hol e.Qﬁrti on i.n fornmed

near the outer PeriPHERY SFLt AESHARTSY PhE Ar BT G hfE TRt 555t i on (A =

Al + A2), and Ad ehd\LomprefsSPMPIESSYNy tAECREELNDHiQ 6l ab8bAdinerein a
total area A of the gas passages is a sumof an inside area. Al 1ncluding

the totals areatoftidgradsentgapvantidroRndi hhé heopiraisebr Radimg tdreca A2
including an area of passages between an outer periphery of the stator and
an inner peripaeryensiionad BetpedridsdZand, where a hole portion is forned

near the outer periphery of the_stator, the area, qQf this hole portion (A =
Al + A2), and Al > .t}}% cﬂsgo%r%%%&omgfgﬁfafnﬁlﬁb tEhe’ai ml, wherein ratio

of the total apga,@ftidia15h8toSapn RO, 0Rfet 9if NbiMalrhe ah&EOf the gas
passages in the notor unit is 0.6 or |ess.
increases substantially in proportion to the number of
20 rotations. By contrast, in the case of the compressor
1 having the motor unit 5 of this invention, the o0il
discharge amount remains small even if the number of
rotations increases. Therefore, the compressor 1
having the motor unit 5 of this invention is very
25 efficient.

As has been described above, in the case of the

structure of the motor unit 5 of this invention, the



- 0~"9 FEB 2004 26 8. A conpressor according to claim1 or claim2, wherein
" the notor unit is of a so-called concentrated-w nding type, in which the

coils are directly wound around teeth portions constituti tk8 204t or
core, W thywoguhsabi Ng menbers interposed, and the nunber pet/pdoRksgy of the
stator is set at 6 or 12. 9. A refrigerating apparatus conprising a
conpressor, a condenser, an expansion nechani sm and an evaporator, wherein
t he. conpressor is~of a type in which thegsmunber of rotations is variable,
and the conpressor has the structure recited in claiml, and the

conpressi on nechani smunit conpresses any one of HCFC refrigerant, HFC
refrigerant andaldfor efrtigeraita)l asas @hytlenelot ghbepomiignsest €p oil and
al kyl -benzene oil is used as a lubricating oil. 10. A refrigerating
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25 area of the slot gap portion ¢ associated with each

slot to the area of the discharge port, on the one hand,

and the amount of lubricating oil discharged to the
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FIG. 7 that the oil discharge amount is large where the
ratio of the area of the slot gap portion ¢ associated
5 with each slot to the area of the discharge port is in

a range between 0 and 0.25. The oil discharge amount,
however, remarkably decreases in the range exceeding
0.25, and a complex o0il separation function, etc. is
not required. This means that in consideration of the

10 surface tension of the lubricating oil O, in order to
prevent the lubricating o0il from being blown up to the
motor unit, it is more éffective to increase the cross-
sectional area of each gas passage than to provide many
small-area passages.

15 It is generally thought that the o0il discharge
amount should preferably be 1.5% or less, in
consideration of maintenance of oil level in the oil
reservoir 22 and adhesion of lubricating oil film on
the external device and connection pipes. Accordingly,

20 it is desirable that the ratio of the area of the slot
gap portion associated with each slot to the area of
the discharge port be set at 0.25 or more. By setting
this ratio at 0.25 or more, the blowing up of
lubricating oil can effectively be prevented.

25 FIG. 8 is a charactexristic graph showing
variations in the relationship between the number of

rotations of the rotary shaft 6 and the oil discharge
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&0&&& }"?b@ compressorﬂ Where the ratio of the cross-sectional

5 area of the discharge port 12a, 13a to the area of the
slot gap portion ¢ associated with one slot in the
motor unit 5 of the present invention is 0.58, the
ratio of the oil discharge amount of the present
invention is compared to the ratio of the oil discharge

10 amount of the conventional motor unit 52.

As the number of rotations increases, the
difference in oil discharge amount increases. When the
number of rotations is 120 rps, the ratio of oil
discharge amount in the motor unit 5 decreases to about

15 1/20 or less, compared to the conventional motor unit
5%Z. It is understood that the motor unit 5 of this
invention is very efficient.

As mentioned above, the coil 31 is wound around
éach teeth portion 33 constituting the stator core 30,

20 with the insulating member 34 interposed. An outermost
portion of the insulating member 34 is formed at higher
level than the other portions.

On the other hand, as shown in FIG. 1, heads of
pins 40 for fixing the structural components project at

25 the upper end of the rotor 9. 1In addition, the

position of the discharge ports 20 in the valve cover

18C is set to be inside the outermost portion of the
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of the stator and, where a hole portion is formed near
the outer periphery of the stator, the area of this
hole portion (A = Al + A2), and Al > A2.

The high-pressure gas discharged from the

10 compression mechanism unit 4 passes through the motor
unit 5. In this case, with the above-described
structure, the high-pressure gas passes mainly through
the slot gap portions ¢ of the stator B8, which are less
affected by the rotation of the rotor 9.

15 Specifically, since the main stream of high-
pressure gas does not flow through the air gap b
between the rotor 9 and stator 8, there will occur
neither variation in flow rate nor reduction in size of
flowing lubricating oil particles due to the rotation

20 of the rotor 9.

Owing to disturbance (centrifugal force) of gas
occurring near the heads of pins 40 projecting at the
upper end of the rotor 9, a rising.gas with a low flow
velocity is affected by a force in a radially outward

25 direction, too. O0il particles with heavy weight
returns to the oil reservoir 22 at the inner bottom

portion of the sealed case 3 through the outside
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area of this hole portion. Accordingly, particles of

5 the lubricating oil smoothly return to the oil
reservoir 22. Where a disc (an oil component
separation plate) is provided at the upper end of the
rotor 9, a greater effect can be brought about.

As has been described above, the advantages of the

10 compressor of the present invention reside in the
enhancement of lubrication and reliability of the
compressor due to reduction in oil discharge amount.
Even in the refrigerating cycle, the heat exchange
performance can be increased by virtue of the reduction

15 in lubricating oil adhering to the inner walls of the
heat exchangers (condenser, evaporator).

The above-described structure of the compressor
can be applied to a horizontal-type compressor 1A, as
shown in FIG. 9. The position of a discharge port 20A

20 formed in a compression mechanism unit 4 is located
inside an outermost portion of an insulating member 34
fitted in the teeth portion of a stator 8A. Thus, the
discharge gas does not disturb the oil level and passes
through the slot gap portions (not shown).

25 Since the compressor 1A is of the horizontal type,
the outer periphery of a motor unit 5A is located at

the bottom of a sealed case 3A where an oil reservoir
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passages 25A, the lubricating oil level in the o0il
5 reservoir 22A can be stabilized. In particular, in the
case of the horizontal-type compressor, it is more
difficult to maintain a sufficient distance between the
rotor 9A and the oil level in the oil reservoir 22A,
than in the case of the above-described vertical-type
10 compressor. Therefore, the use of this structure is
very effective.
As has been described above, according to the
compressor of the present invention, a leakage of
lubricating oil to the outside of the compressor can be
15 reduced as much as possible, and a predetermined amount
of lubricating oil can always be maintained in an oil
reservoir formed at an inner bottom region of a sealed

case, thereby realizing stable oil supply and enhancing

reliability.
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5 : a compression mechanlsm unit provided within the

sealed case; and

a motor unit provided withinlthe sealed case, the
motor unit comprising a stator and a rotor for driving
the compression mechanism unit,

10 . . wherein gas passages for passing a gas discharged
from the compression mechanism unit are formed in the
motor unit, and a ratio of a total area of slot gap
portions defined between slots of a stator core and
coils in a stator of the motor unit to an entire area

15 of the gas passages is set at 0.3 or more.

2. A compressor comprising:

a sealed case to which a suction pipe and a
discharge pipe are connected;

a compression mechanism unit provided within the

20 sealed case; and

a motor unit provided within the sealed case, the
motor unit comprising a stator and a rotor for driving
the compression mechanism unit,

wherein an area of each of slot gap portions

25 defined between slots of a stator core and coils in a
stator of the motor unit, said each of slot gap

portions being associated with one slot, is set to be



10' o0 10' o0 10'0s710% 0&' ()-s6 10% o0& ()-!'y2 10% o' 0& () - pcc8dgd@neeaB~_=
111 &10% o0& ()- 10% 0& ()-s10% & ()-L10% o0& ()-s 10% & ()-!I B
10%++& () - @ee7fpfffdE~_= 1!11% 10% Z& ()-9%$10% o0& () -| " 1@A ok 2004

10% o0& ()-310% o0& ()- @0% o0& ()-ff'gagggga?~ =

111 MO0%o0& ()-. MLO% ?& ()-,10% o0& ()- +

10% o0& ()-f)310% o0& ()-!% 10%00& () - gShhhhhhhh~_ @

L1Tyl0% & ()-310% & ()-#10% & ()- 10'o0 10'o0 10' 0510% o0& ()-!2

10% 0' 0& ()-hhiQigiiidE~ @1!!'!'Ly 10% & ()- 10% & ()-°

| 10% & () -9910%08 (Yhah @ 0% &t {nes gidsh&r (Jhan<ar) prkdEsf@

LITI0%N & ()-:,10%0 & ()-&10% & ()-S10% & ()-s10% & () -sFnl0% & () - kkl Il
MTdE~_ @ discharge port formed in the compression mechanism unit
111101 10% & ()-/ 100 & ()- L-10% & ()-+f10% & ()-$10% & ()-"z10% & () - Amvmmm
nnnnnxmbC 1!! !#d oddveelidrginy apd guiding a high-pressure gas into
10\7310@6&f()-610@&&!£)-F410@&&f()-y210@6&f()-n<noopqxqu6an 1],

109& ()-T!'X,  16PRkELIICFsTA00MR ()-19 109%41& ()-!+ 10%x& ()-!17

10%& () - xqr Krsssssszl ~P1 1Y310%W&' ()- 10 10 10!\L-g 10% ()-@L-g

HONGETE AL s P e LR
area of the slot gap portion associated with one slot
is set to be more than 0.25 times greater than an area
of a discharge port formed in the compression mechanism
unit and discharging and guiding a high-pressure gas
into the sealed case.

4. A compressor according to claim 1, wherein a
total area A of the gas passages is a sum of an inside
area Al including the total area of the slot gap
portions in the stator, and an area A2 including an
area of passages between an outer periphery of the
stator and an inner periphery of the sealed case and,
where a hole portion is formed near the outer periphery
of the stator, the area of this hole portion (A = Al +
A2), and Al > A2,

5. A compressor according to claim 2, wherein an
area of each of slot'gap portions defined between slots
of a stator core and coils in a stator of the motor
unit, said each of slot gap portions being associated
with one-slot, is set to be more than 0.25 times
greater than an area of a discharge port formed in the
compression mechanism unit and discharging and guiding

~a high-pressure gas into the sealed case, and
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a total area A of the gas passages is a sum of an
inside area Al including the total area of the slot gap
portions in the stator, and an area A2 including an
area of passages between an outer periphery of the
stator and an inner periphery of the sealed case and,
where a hole portion is formed near the outer periphery
of the stator, the area of this hole portion (A = Al +

A2), and Al > A2,

6. A compressor according to claim 3, wherein a.
total area A of the gas passages is a sum of an inside
area -Al including the total area of the slot gap
portions in the stator, and an area A2 including an
area of passages between an outer periphery of the
stator and an inner periphery of the sealed case and,
where a hole portion is formed near the outer periphery
of the stator, the area of this hole portion (A = Al +
A2), and Al > A2,

7. A compressor according to claim 1, wherein a
ratio of the total area of the slot gap portions to the
entire area of the gas passages in the motor unit is

0.6 or less.
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directly wound around teeth portions constituting
the stator core, with insulating members interposed,

and the number of slots of the stator is set at 6

or 12,

9, A refrigerating apparatus comprising a
compressor, a condenser, an expansion mechanism and an
evaporator,

wherein the .compressor is of a type in whlch the
number of rotations is variable, and the compressor has
the structure recited in claim 1, and

the compression mechanism unit compresses any one
of HCFC'refrigerant, HFC refrigerant and HC refrigerant,
and any one of ether 0il, ester oil ahd alkyl-benzene
oil is.used as a lubricating oil.

10, A refrigerating apparatus comprising a
compressor, a condenser, an expansion mechanism and an
evaporator,

wherein-the compressor is of a type in which the
number of rotations is variable, and the compressor has
the structure recited in claim 2, and

the compression mechanism unit compresses any one .
of HCFC refrigerant, HFC refrigerant and HC refrigerant,
and any one of ethe; 0il, ester oil and alkyl-benzene

oil is used as a lubricating oil.



