WO 01/12992 PCT/JPOO'05387 1 DESCRI PT1 ON CCNPRESSCR 5
Techni cal Field The present invention generally relates to a ressor,
a@d nore pMAGEWPAr to a conpressor having a gas passag@c§¥$ﬁ@?ﬁ e capabl e
EQ preventing a lubricating oil for lubricating a conpression nechanism 10
unit, which mxes into a high-pressure gas conpressed by the conpression
mechani smunit, frombeing discharged Yo the outside of a seal ed case.
Background Art A conpressor for use in, for exanple, a 15 refrigerator or
an air conditioner, has a sealed case to which a suction pipe and a
di scharge pipe are connected? ¥hé Sebled dadeCalicommpdates a conpression
mechani smunit for conpressing a refrigerant, and a notor unit with a
stator and a rotor for driving the 20 conpression nechanismunit. A
pressurized gas conpressed by the GoR&egg§hHRN mMechanismunit is
tenporarily discharged to the sealed case froma discharge port and then
guided to gas passages provided in the notor unit. At last, the gas 25 is
di scharged to an external device froma discharge pipe connected to the
seal ed gase. On the other hand, &acbpicaleddeddir for receiving WO 01/12992
PCT/ 3P00/ 05387 .
The present invention generally relates to a
compressor, and more particular to a compressor having
a gas passage structure capable of preventing a
lubricating oil for lubricating a compression mechanism
10 unit, which mixes into a high-pressure gas compressed
by the compression mechanism unit, from being
discharged to the outside of a sealed case.
Background Art
A compressor for use in, for example, a
15 refrigerator or an air conditioner, has a sealed case
to which a suction pipe and a discharge pipe are
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 oil reservoir for receiving



2 alubricating oil for lubricating the conpression nechanismunit is
formed at an inner bottomportion of the sealed case. The |ubricating oil

i s sucked up¥PAl128¥cordance with an operation of the conpresgsrmnsiy

mechani smunit. Then, the lubricating oil lubricates the respective
slidable elenents within the conpression mnechanismunit and returns to the
oil reservoir ina circulating manner. There is a possibility, however,
that part of the 10 lubricating oil in the state of mst (fine particles),
whi ch has lubricated the conpression nmechanismunit, may mx in the
pressuri zed gas2 awbrigatimg Bélbfoudhbricating Yes qapsagesonn the notor
unit and di scharge& fromthe. di charcge pipe.to the external device. 15 The
gas passages i n"ER&NGTbMHi ¢ B @tgagsm’bee? &HOR PREFHAT Wiout si de

portion of the t r adpal 11y,h,-nsl (o] @& | ed case,
t hrough- hol es ?%ang%ﬁllaér%pgggteét gir’]?écc})rﬁgfggllag?mga%lpggt ?gﬁgggb%e\?\ié”en sl ots of

the stator coreagbsrdideS wilA &@h lo@aRtdBnbet Waah dmpadialbdy outside portion
of the rotor and a radially inside portion of the stator, and gas hol es

penetratirdg a roeoharigme unlifi.t HBhgyy,i dheal bhriveeningheidabulpabsages
conprising such gaps are designed, no_consideration has given to 25 the
nut ual rel ati onshf pr%ﬁ”ﬁﬂ?élf’ﬁesg’é%abd&s§é§@§?t¢dﬁ%§%§nﬁ‘%,c‘?‘FRarerszfthB of the

al itpgﬁéirorls to tche enti.re_area of t.heagas passages

total area of tlt(’}g(:hg.g. of eturns 0 the oil reservoir in

(i.e. s
circulating manner.
There is a possibility, however, that part of the

10 lubricating oil in the state of mist (fine particles),
which has lubricated the compression mechanism unit,
may mix in the pressurized gas, and it may be brought
to the gas passages in the motor unit and discharged
from the discharge pipe to the external device.

15 The gas passages in the motor unit comprise gaps
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 mutuval relationship among the gas passages. For
example, the ratioc of the total area of the slot gap

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



WO 01 /12992 PCT/JP00105387 3 the total area of slot gap portions/the
entire arga,pf0as passages) is about 0.1. In addition,pddigedlssd of the

sl ot gap portion associated with each slot is very small, conpared to 5
the area of the discharge port for tenporarily discharging the conpressed
hi gh-pressure gas into the sealed caseg and the ratio of the slot gap
portion (i.e. the area of slot gap portion per slot/the area of discharge
port) is about 0.1. 10 In the above structure, the anmount of lubricating

oi | di schar gec hteott,leﬁl oS 4 el LhS SOMIRETRhe bRE{LASH%RDRFaUSE the
lubricating oil 1nthe state of m St mxes into the gas passing through

the sl ot gap qeerpasssgespniseaghent! g,1a sufficient amount of 15 [ubricating
oil in the oil reservoir cannot be nmaintained, and the respective slidable
elenents in the cdnpadditionmadi®adirsm 0hi thBlote 988sPPEYE! To solve this

probl em Japanese Patent No. 1,468,483, for_ exanple, discloses that a high-
20 pressure g@SSOGARREE UBthRTHh AR T Y i° gﬁ&dec?%Paf%%ﬁﬁbe upon an

upper cof | end,and, a,cspt éid UaalenasgRAEALL OfbATkh@B:hs  BPSI Li vel y Ut | zed

to separate m's romthe high-pressure gas and to return the oil to
the oi | reservfigendigihe R &fonpaeentr RYjIpissaTet hassemtedhease t hr ough

a gap existing at the outer periphery of the stator.
sealed case, and the ratio of the slot gap portion (i.e.
the area of slot gap portion per slot/the area of
discharge port) is about 0.1.

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
0il 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



In nodern air conditioners, in order to save WO 01/12992 PCT/JPOQ 05387 4
ener gy and enhance confortabl eness, an inverter drive system capable of
varyi ng the WE®H&¥9%f rotations of conpressors is doni nardTywreadsisred. | n
this type of apparatuses, the nunber of rotations for the main 5 driving
is kept | ow once the roomtenperature is stabilized, but it is increased
when the anobunt of circulating gas incredses at the tinme 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 fromthe diRaFEYgéNBopRhayica FEMIEBRPPESEn ABchAYRSYRATUSFEV8oes up not

only through the ir ga tween the rotor and stator, but alsqg through

t he gap between iiﬁgcef“agFg?%e ochfteé’iaﬁglﬁgr?}?%ﬁl eFhBE 150/ HO0F Sgd t he
radially inside ' I cg@% hus ;. e [ whi ch may
fall through the&&{ﬂstetgg’?%aip%eﬁ%ggﬁg%yup ntf-ﬁdi sgﬂa%/lg{e]sdac?g%t %g out si de of
the seal ed case.afiesia@i@ses| i @uabeyedt i ialtiBAEOFotNiRe rale 20 nunber of
slots of the stator is set at a nultiple of 3, which is greater than 20
(e.g. 24 shkots) .dtifrimgeispeert Hoacboreoftheoidos itAspetadiden itshe slots is
increased to enhance efficiency, little space is |left for gas passages in
the slots. It isSTANGIEPRS|RYA t1T dS25NF RIS @heRetBe ranpitth@€ause t he

performnce of tgg%culating 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 alsc 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). If 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.



notor unit needs to be maintained at a sufficient |evel. WO 01/12992

PCT/ JPOQO' 05387 _ 5 Disclosure of Invention The object of the]present

i nvention YWHB*Brovide a conpressor with high reliabi | F¢5POUPEh can
reduce as mnuch as possible a | eakage of lubricating oil to the 5 outside
of the conpressor and can always nmaintain a predeterm ned anount of

| ubricating oil in an oil reservoir formed at an inner bottom region of a
seal ed case, thereby realizing stable oil supply. The present invention

provi des a conpressor 10 “herBLchbéﬁﬁng GAS&€nkPoihi ch a suction pipe and
a discharge pipe are connect €d° acconnodat 8s - a conpressi on rmnmechani sm unit

and a motor unit hagNgpdestabpremprasehe! ShvéXidl i k8 bhevLadpr essi on
mechani smunit, gas pasSages for passing a gas discharged fromthe 15

conpr essi on e hsowips@seort watie Higghnee liiabi hetyptvdrichnican reduce asati o of a
total area of slot gap portions defined between slots of a stator core and
coils in a steudy asf pPREIRDE 7 AAfkAgLoCANI Wit iMgeg1df tPHePyas passages

i t at 0.3 . .20 According to_t t ion, a leak f
| ubr §cat P of TS BERIE) GEVRH SRS BDRT GRS e PEE R P iR ed ac much as

possi bl e, and 4 pradetenuh e APWH 108k LDIAFUING Ok 68D Al vYs be

mai ntai ned in e ol reservoir formed at the inner bottomregion of the
25 seal ed caseregervoir formed at an inner bottom region of a sealed

case, thereby realizing stable oil supply.
The present invention provides a compressor

10 wherein a sealed case to which a suction pipe and a
discharge pipe are connected accommodates a compression
mechanism unit and a motor unit having a stator and a
rotor for driving the 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



Brief Description of Drawings FIG 1 is a vertical cross-sectional view
showi ng WO 01/ 12992 PCT/ JP0O0/ 05387 6 a conpressor according to a first
enbodi ment oWOtOH&9Dr esent invention and an accunul ator; FICHIPENSESS a

hori zontal cross-sectional view showing a notor unit built in the
conpressor; 5 FIG 2B is a horizontal cross-sectional view show ng a notor
unit built in a conventional conpressor, 6as conpared to the conpressor
according to the first enbodinent; FIG 3 is a perspective view showi ng a
main part 10 of the nmotor unit built in the conpressor according to the
first enbodi mentd FAEressPy L ARHLIAGH é@i%tﬁic-”sg—r gphodhmikthepfa theari ation in
the rel ationshi p betwen the nunber rotations of the conpressor and the

oi | discharge & SRS VR o ang ancﬁ%‘?‘é{‘li’tlé‘rtf’ﬁl c graph showi ng a
variation in the rel gtjonshi ps baeth\ggggphg 1 r@ltds%__gfecwgn?fr‘p% of slot gap

portions, on the one hand, and I scharge oi | ‘anmoun I%ative to the

refrigerant 20 @H@uln@t ho;agafmuml,t enilbei il coﬁb@ssﬁ,,}s a characteristic
graph showing a variation in the relationship between the ratio of the

area of slbt gap portHiGnsZBois théogrieohaal, crarsd-shetiomtorviekf i ci ency, on
t he ot her;
showing a motor unit built in a conventional compressor,
as compared to the compressor according to the first
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 amount, 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



25 FIG 7 is a characteristic graph showng a variation in the

rel ati onshj en the ratio of the area of a slot ga ortion

associ at egbﬂgf)v?‘?ﬁh\éﬁch slot 1o WO 01/ 12992 PCT/ JP00 05387 PR ea of the
di scharge port, on the one hand, and the oil discharge anount, on the
other; FIG 8 is a characteristic graph_showing variations in the

rel ati onshi p between the nunber of 5 rdtations and the oil di schar ge
anount in the conpressor according to the first enbodi nent of the

| nvention and ﬁth%eaEQQvﬁPtéh%”%ﬂiSEﬁgP{;&z%?{#, Pd thhCond hsnd, WGl ! cal
cross-sectional view showng a horrz al-type conpressor’ according to a
second 10 enbqgienBRl Qfsdhfrger ametht| nvendieoBthBest Mde for Carrying Qut
the Invention Enbodi nents of the present invention will now be described
with reference to Fhe.aécompamhargcteaisnygs.gdapB showsna verti cal
cross-sectional view showing 15 a conpressor 1 according to a first

enbodi ment ofVPﬁéatﬁ?%§th‘3ﬁwéﬁ@?Bho%ﬁRFEu?%£H§ﬁﬁuFE?oﬁu erTid conpr essor
has a sggled case 3. Aco resngn nechanisn1uni% ﬁniéheacconnndated in a

| ower reyion oF tHE°ERaTY BEs 813 RSN APt P s MR ovided in an upper
region of the 20,5gakesl £A%alngThS CAUPEESY GeRREHEA Sk Uld 4 and  motor

unit 5 are coup y neans of rotary shaft 6. The notor unit 5

conpri ses a stiaveht8oANshd vhet eonPentlhénst aicaipr8sksrfiawdl on an inner
surface of the

FIG. 9 is a vertical cross-sectional view showing
a horizontal-type compressor according to a second
10 embodiment of the present invention.
Best Mode for Carrying Out the Invention
Embodiments of the present invention will now be
described with reference to the accompanying drawings.
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
has 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 B and a rotor
9. The stator 8 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



seal ed case 3. The rotor 9 is disposed inside the 25 stator 8 wwth a

predeterm ned ga rovi ded therebetween. The rotary shaft 6 is inserted in
Qs

the rotor 9% ssages 25 defined by a plurality of gaffSRPYSHED 01/ 12992

PCT/ 3P00/ 05387 8 fornmed to penetrate from an upper surface to a | ower
surface of the notor unit 5. The gas passages 25 guide a high-pressure
gas, which is conpressed by the conpres8ion mechanismunit 4 and

di scharged into the 5 seal ed case 3. The gas passages 25 will be described

| ater in greater detail. The conpression nmechani sm unit 4 tclonglri ses an
upper cyl i nder e §C PTHREA Wy e PRBSRhFERT TR T & £PESFI y arranged,

wth a partiti e.20 j r T p il a . kS provided
at a |ower pa(rjsrfhxglfaetghggr% ardfryg%agﬁggs“rhg%ﬁpgé% %/ H??Sr tzgl%‘%ﬁs an
upper surface poHiighnplexad-d Qad , Pihi®H Vis Reapk8gsd® byl h@el over cylinder
11B has a lower surface portion fixed to a secondary bearing 13. 15 The
upper and | owercosyirkas ésn afeddam ieyl unters abBAdiackikddds amecbobeded by t he
partition plate 10, primar bearing 12 and secondary bearing 13, and

cyl i nder 5chantf@adedsgaggad® 155 h8r g8 ebisfaden 2hi withdc@esagebed 11A and
11B, respecti vgllaly So-cal | ed rgt %r}q 20 conpressi on nechani sns 16A and 16B
are constitutedd®T tReITSATHAEF Bhdnbers 15a and 15b, respectively. In

each rotary conpresghan.gheNal S0 rch &l vnit 4 comprises an
npper cylinder 11A and a lower cylinder 11B which are
vertically arranged, with a partition plate 10

10 interposed. The partition plate 10 is provided at a
lower part of the rotary shaft 6. The upper cylinder
11A has an upper surface portion fixed to a primary
bearing 12. The lower cylinder 118 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 186A and 16B are constituted in
the cylinder chambers 15a and 15b, respectively. In
each rotary compression mechanism, a reller 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



eccentrically driven in accordance with the rotation of the rotary shaft

6, and the cylinder chanmber is divided 25 by vanes into h- pressure
portion andV B ARA pressure portion. The primry bearlngpff”gﬁﬂﬁgﬁcondary
bearing 13 WD 01/12992 PCT/JPQ0/ 05387 9 have di scharge ports 12a and 13a,
respectively. The discharge ports 12a and 13a are covered wth val ve
covers 18A and 18B. Hi gh-pressure gas di’scharged into the valve covers 18A
and 18B is guided into a valve 5 cover 18C. The valve cover 18C is provided

with discharngé orts agﬁgggkipqa gggg igg §?T%F9vgg§11 £d case. The

cylinder cha 5°an yl Inder’s are made to

conmuni cat e W&l@cth*aes qBCHYPES afzfy add 19ava§ece3merdswl{{ﬁ #atyd 7b. An oil

reservoir 22 for recéiving a lubricating oil 0 is formed at an inner

bot t om r egi on @fvelrse 18aahrd 18mse HighTheebssird calsi A3sohbred Sirtiy one of
ether oil, ester oil and al kyl.-benzene oil. 15 On the other hand, a
refrigerant ditdehaedveprpeend 185 angnhBBt &3 qwided dpperasveiere portion of
the sealed case 3. The sealed case 3 is nmade to communicate with a
condense? 100 W¥&F t8E-pipe 19. A refrigerant suction pipe 21 i s connected

to an upper surface sl vg%é'&?v of 1%%@‘3%%8%&‘&&’ 1%11 HRgcAgeypul ator 2 s

made to comruni cat e V\A an evapor at or
ports 20 for discharging the gas into the sealed case.

The cylinder chambers 15a and 15b in both cylinders 11A
and 11B are made to communicate with the accumulator 2

10 via conduits 17a and 17b.

An o0il reservoir 22 for receiving a lubricating
oil O is formed at an inner bottom region of the sealed
case 3. The lubricating oil O is any one of ether o0il,
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 1%. 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



pi pe 21. An expansi on nmechanism 102 is connected between the condenser 100

and evapora Thus, a refrigerating cycle conprising the conpressor
1, 25 condeh@gﬁa%éb, expansi on nechani sm 102, evapor at or %%%WN%H¥7

accurul ator 2, which are successively connected in the named order, is
constituted. The refrigerant is WD 01112992 PCT/ 3P00/ 05387 10 any one of
HCFC refrigerant, HFC refrigerant and HGO refrigerant. The operation of the
conpressor 1 will now be described. 5 Arrows in FIG | indicate the flow

of gas. A low pre r j [Nt h i hani sm unit
4 of conpressofg?r%?gngf%gﬁgtgﬁzgﬁgfékﬂgg %@grg?ﬁgfgééﬁﬁiu% gngga and 17b.
The | ow pressurgfd3geksnt cONPressed in the cylinder chambers |Sa and 15b,
and 10 the resultant high-pressure gas flows through the discharge ports
12a and 13a and val Taecopers ibdAodnthd 8Bnpriessbhel viad Me noevbe 18C. From t he
val ve cover 18C, the high-pressure gas is discharged into the seal ed case
3 via the di sciH®sgaipedts 20. 15 The high-pressure gas flows fromthe upper
part of the conpression nechanismunit 4 to the notor unit 5 The

hi gh- presure gas i STFAER GUiTd&d Lhibibirthdh§adlopslsagss 28 19Fed in the
o 4 bt PS40 L I, P0E Bl e SRR Sl faif sbove the

unit 4 of compressor 1 from the accumulator 2 over the
conduits 17a and 17b. The low-pressure gas is
compressad in the cylinder chambers 15a and 15b, and

16 the resultant high-pressure gas flows through the
discharge ports 12a and 13a and valve covers 18A and
188 into the wvalve cover 18C. From the valve cover 18(C,
the high-pressure gas 15 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

oil reservoir 22 at the inner bottom portion of the

sealed case 3 is sucked up into the compression



conpressor 1 to the outside through the di scharge pipe 19 connected to the

upper end Reydihfe of the sealed case 3, and thus guided ndenser
100 in the refrigerating cycle. 25 On the other hand, tﬁ%ﬂ?ﬂ%§$ﬁgting oi

Ointhe oil reservoir 22 at the inner bottom portion of the sealed case
3 is sucked up into the conpression W0,Q1/ 12992 PCT/JPOQ 05387 11

mechani smunit 4 in accordance with the conpression action of the
refrigerant gas, thereby lubricating the respective slidable elenents.

Then, the | ubpbeRinitgh Wik @ LhoyscslammcanditRt thdcdpAdagieh! reservoir
22. 5 Most of the lubricating oil O circulates, as described above, but

part of the oattfon dhlthenreprigerant @ascorpeesisy chubrachadngnthai t 4 al ong
with the high- pressure gas. The blown-up oil 0 in the state of mst (fine
particl es) mi ¥e8PeFtivee SHilGRLHE e NNt Fas FRENA0LHS MPrifesinfe gas
passages 25 provided in the notor_ unit 5. Ib the oil m st passes through
the gas passages 9r£1QWﬁeéﬁ8Po?n%nf?t%§nsi?°nﬁ eﬁ%%%i?ﬁﬁ?qﬁglaiggharged out of
the compressor 1 3and ¥ the! RERELGRE LI 6 BRFculdid Qpder to solve
this problem the structure of the notor unit 5, In particular, of the
stator 8, as webtirased RBovedSHRESSHHED2Thedbel | PN RGWNNupherdh esent

I nvention. Thereby, the high-pressure gas alone is snoothly let to flow,
whi | e the passhgecaipresstiool seciiamisin) upfit 4 along with the high-
pressure gas. The blown-up o0il O in the state of mist
(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. 1In

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 o0il amount relative

to the refrigerant circulation amount, on the other,

under specified conditions of driving of the compressor



20 lubricating oil is prevented as nmuch as possible. FIG 5 is a
characteristic graph show ng experinental results relating to the

vari ation i rW@pEI29%2el ati onshi p between the ratio of the tacriroan®asr of sl ot
gap portions to the entire area of gas passages, 25 on the one hand, and
the discharge oil anount relative to the refrigerant circul ati on anount,
on the other, under specified conditions of driving of the conpressor WO
01/ 12992 PCT/JPOO 05387 12 1. It is understood fromthe experinmental
results that if the ratio of the total area of slot gap portions is 0.3
or nore, the oil. dilgchargedermigod Sapmbehe edpeadnent4l inesudtbet®at han 0. 3,
the oil discharge anount 5 increases and the sugply of lubricating oil to

the conpressiolf H¥EhaRFsM Unithedéerahszee RS §1PEsIAR PATEO PosSibility of
mechani cal damage, :?r}c;nggg'es nfd .tg'fscilxé&?,dé %ﬁ%bﬂg cﬁéﬂ Al %%'&%ES&P' to the
e pes nuy adhere t here.

external device an connection |5L| nsequently, the
10 performance of itthgsCooPs agner owsl | taetanl AiakRargd ldaoubiti S @
characteristic graph showing a variation in the relationship between the
ratio of $he titcaleaareaand Heobugppy pof tliubrdchoitdeignttior eharea of gas
passages, on the one hand, and the notor efficiency, 15 on the other. As
the rati o of tROMPFEEPiaR cedfandspt unifarigseepEens | Meriedesyltt hehai |

di scharge anmount decreases_but .t he tor efficiency deteriorates. If this
fatiois 0.6 oPISELBILLEN, o MEGAPIGH} | (AARS, 1AGFeaTes, and ths

lubricating oil discharged to the external device and
connection pipes may adhere there. (Conseqguently, the
10 performance of the compressor will deteriorate.

FIG. 6 is a characteristic graph showing a
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 moteor 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. If
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 cccupied 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



be mai ntai ned. However, if the ratio exceeds 0.6, the 20 ratio of area

occupied b iIls in the notor unit decreases excessive
b 01a?

Consequent

conpressor deteriorates.
the ratio should be in a range of

hori zont al

ly.
motor efficiency decreases and the peFFEPW§N5§7of t he
Fromthe experinmental result, it is desirable that
25 0.3 to 0.6. FIG 2A is a horizontal
cross-sectional view show ng the mot oridinit 5 according to the first WO
01/ 12992 PCT/ JP0O0/ 05387 13 enbodi nent of the invention,
Craos

e’structure ¢ mot8r URiT 5 of this

_ _ _ _ and FIG 2B is a
BRASRLAENGE MeWRSARADG B PG Udht 27, as a conparative

exanpl e. To begin w

nventi on Wi | Inch dReat | Daths BebkFond) | #id RTORARG! b oML rghOGENG 2 Mai N

part of the

stator 8 built in the notor unit

he stator 8 has a stator
core 30 fornedsoh cbhparnatack dxamblpl atss.belien stiahortloora 3 ta@apri ses

an

annul ar yoke section 32 and a plurality (six) of 10 teeth portions 33. The
teeth porti on®f33hgr ofornenit i htefyridlist dnveatiori delbfbe [Hesgalibedecti on 32

and di%Posed in a_radial fashion at predetermned intervals from one

Each Ff&et A pord iRFF PGS VEORITE KMPH "Gn 2i A_HT RF Ty O L1 5 fermber 34.

anot her .

Wth the insulse&td'k:gg gg{;g?ﬂtéﬁl it%elrnggggqglﬁ 5(:_oil 31 is wound on the teeth

portion 33. The respe

10

i5

20

25

ve enents are
The stator 8 has a stator core 30 formed of

laminated steel plates. The stator core 30 comprises
an annular yoke section 32 and a plurality (six) of
teeth portions 33. The teeth portions 33 are formed
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
member 34. With the insulating member 34 interposed, 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.

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 c of

stator 8 and a boundary of the outer periphery of the

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

e€si gned such that a predeter-



m ned 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 sl ot
gap portionWOMMRB2 | nsul ati ng nenbers 34 for the coils 3BCEIRE0O5387
circunferentially disposed at positions between the inside portion
including the slot gap portions ¢ of stator 8 and a boundary of the outer
peri phery of the 25 stator 8 and the i nn¥ periphery of the seal ed case 3.
The gas passages 25 in the notor unit 5 for passing the high-pressure gas
di scharged fromthe WO 01112992 PCT/JPOQ 05387 14 conpression mechani sm
unit 4 conpri sSeCeeREessiproveeianispetipbnt AMFAdSeagaphed RUOFEdperi phery of

the stator 8 nd t he inne{1 geri ﬁgxerg of the sealed ga%_gen& an a'hr gap b
provi ded bet wee?®tHRET AREF PErd D8Py BFST REBPEEAY of L & ¥h§ *BHB  otit er
peri phery of th r. ; b - r.-hed t, g tions c.
Since six teet hgrb%?%h%oﬁgnﬁgn%reﬁpg%ggi ggg?}gegi%%algﬁo%%é;ﬁe’ %r?rg and
accordingly siXxgs @ p3aRifed tidai@enCtRé eiddribRePardd gukar, no
t hrough-hole is forned 10 in the stator core 30, nor is a gas hole forned
in the rb&tor 9taActrudl addstiygn speci pecihpheys odr ehasrdwid Gdwsandhe tot al
area of the notches a at the outer _periphery of the stator 8 is 232 m®.
Since no hol e | Gherg-PRsAniRede 30kt P R1IEIZ0S €he area of such a hole
is O m2. The areasof t he, ai r..9ap b lc)etvvee:p_,’the rotor.9. and

por

ince six t ions aré provided, six
slots are formed and accordingly six slot gap portions
¢ are formed. In particular, no through-hole is formed
i0 in the stator core 30, nor is a gas hole formed in the
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 mm?. Since no hole is formed in

i5 the stator core 30, the area of such a hole is 0 om? .
The area of the air gap b between the rotor 9 and
stator 8 is 151 mm?. Since no gas hole is formed in
the rotor 9, the area of such a hole is 0 mmZ. The
total area of the slot gap portions c is 196 mm? at the

20 minimum.

Accordingly, the entire area of gas passages 25 in
the motor unit is 579 mmz, 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.



stator 8 is 151 mmR2. Since no gas hole is forned in the rotor 9, the area
of such a %@niz@zo mP. The total area of the slot gap portions c is 196
m at the m™ni mum Accordingly, the entire area of ’Jﬁﬁ%oasépé'es 25 1in
the motor unit is 579 mmR, and the total area of the slot gap portions c
Is 196 m®. Thus, the ratio of the totgé area of the slot gap portions c
to the entire 25 area of the gas passag 25 (i.e. the total area of slot
gap portions/the entire area of gas passages) is about 0.34. WO 01/12992

PCT/ JPOQO 05387 ~ 15 {n Lhe 0 ery, ,d1thteh€oﬁﬁQP{€P$Aa01”%lot%‘}t af -E”'éi 5Z shown
ha gas p 25

in FIG 2B as a conparative exanple S suc assages as descri bed

bel ow. The totghow a& eicNOEhes A RimphRat Q¥ e&xAHUPRBEY sudh Ofad he stat or
is 334 nmR. The total area of through- holes 6formed in a stator core 30Z

is 101 mMmR. Theassags GbZaas adesqapeti3bedod51 mMmR. The total area of gas
hol es Fpenetrating the rotor is 107 mmR. The total area of 24 slot gap
portions y is 111 rkhe teGaicesedityINPtchRe entdt &hgr erteF RREIRIYages 257

A Y R L R R N A R R
I's only abouty Oy 4. 5 i5rdd¥a GG’ @8heok edlf F35Gs0hol NiB! M Ugfeure of the
area of an air gap B is 151 mm2. The total area of gas
holes r penetrating the rotor is 107 mm2. The total
area of 24 slot gap portions y is 111 mm?2 .

10 Accordingly, the entire area of gas passages 25%
in the conventional motor unit 52 is 804 mm2. Thus,
the ratio of the total area of the slot gap portions vy
to the entire area of the gas passages 25Z is only
about 0.14.

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 c 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.



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.
Specifical | YWO8VRRE the ratio of the area of the slot gapCpomoessss becones
20 such greater than in the conventional structure, the flowrate V of the
hi gh- pressure gas passing through the slot gap portions c greatly
decreases, conpared to the conventional i&tructure. As a result, the anpunt
of oil blown up fromthe slot gap portions c decreases. 25 In this case,
the lubricating oil blown up fromthe notor unit 5 may easily fall to the
| oner side of the afRsedtunFie PHIEEUSE ol tHiecavasgeddeserabhddest ruct ure.

WO 01/ 12992 PCT/ JPOO 0538 16 As a resglt t he anount oi oi |_._di scharged
out of the conPPREEFHOF delPRraRes A% Wi ANAIRE 8f ot ih Hfe ol

reservoir 22 is wWalss  Suh b shent | LNL aj : i,hece. yf fi ci ent anount
of lubricating %?Jf I'S 5?\%5555% %%ﬁr‘%ﬁ %%f%h%ernéggejgfgf@teﬁs eifdldabl e elenments
in the conpressigie LENEHEEMRMidnodnt SEPOIUbORGEAWL08S] Ofs likage el enents
are ensured with high reliability. Experinmental results bel ow were

obt ai ned Wi t h téeppldied g bhetirmsneoipressbidatiay edgmehes nigt aheunits 5 and
10 5Z shown in FIGS. 2A and 2B. FIG 4 shows conparative data on the

rel ati onship bePTRESF SRS REFPEH G Undtat i oFReHRd oPRER Bt fof

ubricating of | flachaLded, Lo the it ahdss il S2RE8ss g the compressor

Experimental results below were obtained with the

driving of the compressors having the motor units 5 and
10 5% shown in FIGS. 2A and 2B.

FIG. 4 shows comparative data on the relationship
between the number of rotations and the amount of
lubricating oil discharged to the outside, with respect
to the compressor 1 having the motor unit 5 according

15 to the present invention and the compressor having the
conventional motor unit 52Z.

In the case of the compressor with the
conventional motor unit 5Z, the oil discharge amount
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 oil
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



15 to the present invention and the conpressor having the conventional

ot or unit wafpinkdzt he case of the conpressor with the coiygpfgead! notor
unit 5Z, the oil discharge anmount increases substantially I n proportion to
t he nunber of 20 rotations. By contrast, in the case of the conmpressor 1
having the nmotor unit 5 of this invention the oil discharge anount
remains small even if the nunber of rotations increases. Therefore, the
conpressor 1 having the notor unit 5 of this invention is very 25

efficient. As hasibeen €IrRsaita@danbaves the shetCgsp pdriivhs &t kycture of
the notor unit 5 of this invention, the WO 01/12992 PCT/ JPOQ 05387 17
rati o of the tohel entiee cirethefstbe grp paeskhigess2t in abdwe dnBidre area of

t he gas passages 25 is about 0.34. On the other hand, in the case of the
conventional RBt bRepihesrandy &n,the £ase @f1 khe\gopremMticadri ses 5 with

the structure %Ltgpe gregsptthnven%{ﬂg,ipq}lhhe NabovqsfescrLbed dr awback

. uni r 1S T . . o) pfo M arises
becones conspi cuous 1n the '’ conventronal structure. n e case of the

structure of tRetROPNSNMURRAureNBE Ofne!PdesRdt 1hechOich, ARALRE 24 sl ot gap
portions y 10 is 111 mm®? and the 24 slots are provided. Accordingly, the

area of the sl abogapdexydibed dsavbBachk dibatiniels ebaspstwdus Sind themm?. On t he
ot her hand, the area of the discharge port 12a, 13a forned in the
conpr essi on conventional structure.
In the case of the structure of the conventional
motor unit 5Z, the total area of 24 slot gap portions vy
10 is 111 mm? and the 24 slots are provided. Accordingly,
the area of the slot gap portion associated with one
slot is 4.5 mmZ2. On the other hand, the area of the
discharge port 12a, 13a formed in the compression
mechanism unit 4 is 56 mm? (equal between the structure
15 of the present invention and the structure of the prior
art), and the ratio of the area of the discharge port,
i.e. 56 mm2, to the area of the slot gap portion
associated with one slot, i.e. 4.5 mm2, is 0.08.
In the case of the motor unit 5 of this invention,
20 the six slots are provided and the ratio of the area of
the discharge port to the area of the slot gap portion
associated with one slot is 0.58.
FIG. 7 is a characteristic graph showing a
variation in the relationship between the ratio of the
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



mechanismunit 4 is 56 MmR2 (equal between the structure 15 of the present
invention and the structure of the prior art), and the ratio of the area
of the disch¥%f&1$8t, i.e. 56 MR, to the area of the s|RaT.GegosEorti on
associated with one slot, i.e. 4.5 m2, is 0.08. In the case of the notor
unit 5 of this invention, 20 the six slots are provided and the ratio of
the area of the discharge port to the arda of the slot gap portion
associated with one slot is 0.58. FIG 7 is a characteristic graph show ng
a variation in the relationship between the ratio of the 25 area of the
sl ot gap porti oP'¢S388otR AV FLHPPNER AN FMepnt oo Helzpudaténgt he di schar ge

port, on the one nd nd the.amount of | ubricating oil _discharged to the
VO 01/ 12992 PCTFJEE%GJF‘B’%%?' P S0t SR 1 n el at FOTFTPHe S5Bunt  of

cireulating 1 efircdes aphat hd BE108MEnadde bRoURITSLAT LANE! G 7 that
the oil discharge ambunt is |large where the ratio of the area of the slot

gap portion c asm@dbabedthd adekhoeache Hiek Gapt perdirea cohstbeidicarchar ge
port is in a range between 0 and 0.25. The oil discharge anount, however,
r emar kabl y5 decr #atbhseagh thioty gagthe xarsadiofgthe. @5clardeapoonpleximoi |
separation function, etc. is not required. This nmeans that in

consi deration of FABITPILUEEECE #BAST 4P -of TEReCHLISHISCRBERY #MIUTT-s i n or der

(2 o€ B R  AAEAD DhoML Wkl ADEee BT VL 1
0.25, and a complex oil separation function, etc. is
not required. This means that in consideration of the

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

15 It is generally thought that the oil discharge
amount should preferably be 1.5% or less, in
consideration of maintenance of oil level in the oil
reservolx 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 toc 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 characteristic graph showing

variations in the relationship between the number of

rotations of the rotary shaft 6 and the oil discharge



sectional area of each gas passage than to provide many snuall-area
passages. widoihibegrs general |y thought that the oil di schag@gpomsggsnt shoul d
preferably be 1.5%or |ess, in consideration of maintenance of oil |evel
in the oil reservoir 22 and adhesion of lubricating oil filmon the
external device and connection pipes. fgcordingly, 20 it is desirable that
the ratio of the area of the slot gap portion associated wth each slot to
the area of the discharge port be set at 0.25 or nore. By setting this
ratio at 0. 2%munOfeelibibvdltenithe apoeht dfibrircatiaegngi| can effectively
be prevented. 25 FIG 8 is a characteristic graph showng variations in

t he rel ati onstefiriigetrasth imetheurbapressor aerdmskigadotot hkerbizgly shaft 6 and
the oil discharge WO 01/12992 PCT/JP00/ 05387 19 amount é elative to the
amount of ci rtHoAArREt PRIThGSMYRPFIPR R CUmsRYEBH gk {Jr ding to the

first  embodiient Lok Ne wiallnan apdot o &ﬁa;vcgwggoea&tlsggfressor Vher e

CT 0SS sec I"ona area o charge port 12a, 13a to

the area of the. $0tngaR; fHdrgen porasses) aind v ktheOBpes! ©f tHe the notor
unit 5 of the present inventionis 0.58, the ratio of the oil discharge

amount of theslytegyapt porbiemntd @ssios ievepawech tanet k@otainotivd t he oil
di scharge 10 anount of the conventional notor unit 5Z. As the nunber of
rotations i nosBageynithd 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 52Z.

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
52. It is understood that the motor unit 5 of this
invention is very efficient.

As mentioned above, the coil 31 is wound around
each 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.

Oon 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



difference in oil discharge anobunt increases. Wen the nunber of rotations
is 120 rps, the ratio of oil discharge amount in the notor unit 5
decreases t oWSBH9945 1/ 20 or |ess, conpared to the converRGTomad/osBAIt or unit
5Z. It is understood that the notor unit 5 of this invention is very
efficient. As nmentioned above, the coil 31 is wound around each teeth
portion 33 constituting the stator core 20, 20 with the insulating nenber
34 interposed. An outernost portion of the insulating nenber 34 is forned
at higher level than the other portions. On the other hand, as shown in
FIG 1, heads oﬂnsB?ﬁ§lﬂﬂ)mﬁmbeFlgﬁng the structural conponents project at

25 the upper end of ot or ln additio t he 03|t|on og t he di scharge
ports 20 in the val v&° é&ﬁ EF?S %%iifb %eg?%s? e 60t ?%Dst portion
of the WO 01/ 12%%%GPQIA£€@O/1Q5§8ZW?& a4k b NG-JIPEREL n3tag BRPi1HES, a

total area A of gas passages in the notor unit 51s a sumof an |n5|de
area Al includi ngtai idaalofakeatofas|girtdanspoyf taminancarapdazn area A2 5

i ncluding an area of notches a at the outer periphery of the stator and,
where a hd e pohincbdudimsg feor medanefirnotidhesoat er per ioplterypefiphmryst at or, the
area of this hole portion (A=A _ + A2), and Al > A2. The hi gh-pressure
gas di scharged Pfo ?fﬁ?%ﬁ?rcéﬁﬁre%%ﬁ4ﬁ1ané@ﬁﬁn?%ﬁﬁ%ﬂﬂ 54 fpEBRD P93 ough t he

ot or 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 8, 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. 0il particles with heavy weight
returns to the oil reservoir 22 at the inner bottom

portion of the sealed case 3 through the outside



unit 5. In this case, with the above-descri bed structure, the

hi gh- pres passes mainly through the slot gap portions c of the
st at or 8,%ﬁ@gﬂgre less affected by the rotation of tRETIBHEBI. 15

Specifically, since the main stream of high- pressure gas does not flow
through the air gap b between the rotqor 9 and stator 8, there will occur
neither variation in flowrate nor reddction in size of flowi ng

| ubricating oil particles due to the rotation 20 of the rotor 9. OsMng to

di sturbance {cenf 1l fudal 5ot ee) of 9350 QEEUr LENG,NGAL, Lhg heads of pins 40
??le é (0] }1 rotor , a

projecting a upper “én rising gas w a low flow

velocity is ghfert gt tPhetyf BECERE NstthdAdiadll, YwRt A hAR PFor-eEbhoN, toO.
Q| particles with heavy weight returns to the oil reservoir 22 at the
i nner bott omisposinmed mfart haeseated maiephdriyhe oudic tdmtout i, dehs\O 01/ 12992
PCT/ JPOQO/ 05387 21 passage area A2 including the area of notches a at the
out er peri phargaof ttHussthgiler partiomheAscarddnglporrdmricles ©6rned near the
outer peri pherél of the stator th area of this hole portion.

r

| -8,
Accor diPngl y, EPar PR satdnds ot ST Hda PRy Bi FO sthfotHily return to the oil

e e gl 2 e yh80eh A SAYERy SEBRALST Pl ) [ provde
has been desggpesh alP¥Aatkhei adytiaees a@f thieupper 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



10 conpressor of the present invention reside in the enhancenent of

| ubrication and reliability of the conpressor due to reduction in oil

di scharge anB8AV!2**%Even in the refrigerating cycle, the h&&FTBYLREAge
performance can be increased by virtue of the reduction 15 in |ubricating
oil adhering to the inner walls of the heat exchangers (condenser,
evaporator). The above-described struct uf of the conpressor can be
applied to a horizontal -type conpressor 1A, as shown in FIG 9. The

iti f di.sch t 20A 20,.f d | ion, hani it
4 s located | AAhde Wi BERer MSCTRNEIEn BE AIvCORSUNat 7y Honber 34
fitted in the tgeblpasl 98 9l ShALr o8 o TUpxcblEr, dRhARGE gas does

not disturb the oI I passes “through the slot gap portions (not

shown) . 25 Sincﬁaﬁbehﬁ@ﬁﬁées§9rtﬂd\ﬂdbr@ﬁatfﬁ@fﬁﬂﬂ DoRbahtd e, gast he outer
peri phery of a notor unit 5A is located at the bottomof a seal ed case 3A

where an oil resesyvajes BBOAQ1LHEL IDRECALIFPY0P U5IBTe22in2PMe il or med.
Accordingly, the notor unit 5Ais cooled by the lubricating oil O

Mor eover, 5si nceT®FRIVPr R2Anfl R StaLEhdzedibr iTaPPRELOH 2D & 1P'Si ns gas
passages 25A, the |ub itglr%thnﬁi o] |~a|1?-\€6| ei o hree %iolr 5i£elser vocijer 22A can be
stabilized. In PAFTiTUITEP, PRI HE 2 CadB® of “THE 1SFir zont aT -1y pe conpr essor,
it Is more dif iffq[éulttotga}ng'_{@ﬂﬂrﬁasgtl_iflfgé%ﬁt diskance hatwrenchhe rotor
9A and the oil level 1n the oil reservoir 22
rotor SA 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.



than in the case of the above-described vertical-type 10 conpressor.
Theref oreyddifad¢se Of this structure is very effectivepcfspdipsssheen
descri bed above according to the conpressor of the present invention, a
| eakage of lubricating oil to the outside of the conpressor can be 15

reduced as nuch as possible, and a preggterm ned arrm’Ml’ g oi |
can always be maintained in an oil reservoir formned !ﬂm’, umu
region of a sealed case, thereby realizing stable oil” sdppty ®&nds e anC|ng
reliability. WO 01/12992 PCTIJPOO/®33&712% & 1!11111111211212121221111

'l MS CLAI MS 1. A conpressor conprising: a sealed case to mhlch a
suction pipe and a. daschapxpsgurpecapeisinmect ed; 5 a conpressi on nechani sm
unit provided within the sealed case; and a notor unit provided within the
seal ed case, the anﬁ?éieﬁmqs%dﬁplwmmgaas%@é‘t%? PiR8 &"fotor for driving

the conpression mechani sm unit rein gas passages for passing a gas
di scharged fHARPERESCBIRT 85 Sﬁnﬂﬁm% SRismunit are formed in the notor

uni t, a:?d a ratio of.p E‘QéQior@rlﬁh(afnl§1noﬁn9@Fbr&ﬂrd§a'dOQ§tﬂ§xfx'ﬂf‘ed bet ween
slots of a stator core Pand  coi In a stator of the notor unit to an
entire area 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,

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



15 of the gas passages is set at l A conpressor conpri sing:
a seal ed case to which a suction m,ﬂm&l Wﬁlilnglharge pi pe are connect ed,;
a conpressi oWMHEERAI smunit provided wthin 20 seal eBCTUHOEH538INd a
nmotor unit provided within the sealed case, the notor unit conprising a
stator and a rotor for driving the conpression nechanismunit, wherein an
area of each of slot gap portions 25 defi2fed between slots of a stator core
and coils in a stator of the notor unit, said each of slot gap portions
bei ng associated with one slot, is set to be 1111111121111111211112112111111/
W01/ 12992 L M SRETIERROCP 0EBIANSS40TARter tihan en2&red s igreater than an
area of a di schargce port for t he_conpressi on nech nlsm unlt and

di schar gi ng and aﬁgeap?ﬁtg[?"ﬁf‘ggsb?eﬂb% REESS T He WA TERR 5 3. A
conpr essor conprisy %Qscﬁafcgglge%n%aggﬁ?nm qxfl”g%hgi’&ééﬂé R%a%e ifpd a

di scharge pi pe are connec a comnpress nitsmunit provided within
the sealed casejheaR@alBaac4@d.or unit provided within the sealed case, the
notor unit conprising a stator and a rotor for driving the conpression
mechani sm &ni t, 3. A compressor comprising:

a sealed case to which a suction pipe and a2
discharge pipe are connected;
a compression mechanism unit provided within the
sealed case; and
10 a motor unit provided within the sealed case, the
motor unit comprising a stator and a rotor for driving
the compression mechanism unit,
wherein gas passages for passing a gas discharged
from the compression mechanism unit are formed in the
15 motor unit, and a total area A of the gas passages is a
sum of an inside area Al including a total area of slot
gap portions defined between slots of a stator core and
coils in a stator of the motor unit, and an axrea AZ
including an area of passages between an outer
20 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 + AZ}, and Al > AZ.
4. A compressor according to claim 1, wherein the
25 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



wherei n gas passages for pa55|n ged fromthe conpression
mechani SW:Bz@Ee formed in H @mﬂ E[\ , and a total area A of the
gas passages IS a sum of an | | uding a FETAP0L5E2 of sl ot
gap portions defined between slots of a stator core and coils in a stator
of the nmotor unit, and an area A2 inc%ydlng an area of passages between an

outer 20 periphery of the stator and an™i nner periphery of the sealed case
and, where a hole portion is forned near the outer periphery of the

stator, the g t ggé Lty Qs = '+1A?2 S A2. 4. A
conpr essor accd?ﬂ%%& ?%§%? al faén%ﬁgeggféf??mgu%ig area %? tﬁ% sl ot gap
portion associie@nw EBabs® sddd. is set to be nore than 0.25 tines greater
than an area of a discharge port forned in the conpression mechani sm WO
01/12992 1111111151.1121¢04dptdsslch] dcicotdin@Cio JPEENM0338Whe€reéiM & 25 wunit
and di scharging and guiding a high-pressure gas into the sealed case. 5. A
conpr essor actVidi AFSR0AC? |?ﬁ?193®héﬁéﬁﬁg%§ %ﬁnﬁaﬁuﬁréé anofngigle gas
passage% s a sum an, | |nc n% e total area of the
tgdi

f d
sl ot ga portqrﬁﬁsﬁ lPﬁéuQSI rhe tﬁ%gznaﬁ?%a #3Pan area of

passages bet i3 sO8h eEnd et ST Y aflfl bR Caresd @Izormequﬁn i fiper peri phery
of the seal ed case and, where a hole portion is forned near the out er

peri phery 10 ffed b€ §hﬂ££@estHutw@baaaﬁfoﬁtbf;ﬁuﬁu@hpaytbﬁntﬁd\ +

stator and an inner periphery of the sealed case and,
where a hole portion is formed near the outer periphery

10 of the stator, the area of this hole portion (A = Al +
A2), and Al > A2.

6. 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

15 unit, said each of slot gap portions being associated
with one slot, is set to be more than (.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

20 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,

25 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.



A2), and Al > A2. 6. A conpressor according to claim2, wherein an area of

each of slot gap portions defined a stator core and coils
in a stator ®C&HA®%Dtor 15 unit, ammgm;mmﬂ!&ﬂ!‘ gap pordi/rrosesBei ng
associated wth one slot, is set to be norest «U. 25 times greater than
an area of a discharge port formed in the conpression mechanismunit and
di scharging and guiding a high-pressure a3fas into the sealed case, and 20 a
total area A of the gas passages is a sumof an inside area Al including
the total area of the slot gap portions in the stator, and an area A2
including an area of -padseferdscrnespcerding ép péripher whereihea st at or
and an i nner per.iph ry of the sealed case and, .25 where a hol e ggrtion i's

formed near tglet&}fa r 2pBF i PIfEr 05T k%asg?aé‘teérg,istﬁes‘ﬁ? &f 8P At %ol e
i A = + s > ) 1 1111111111171 1|
portion ( §§§?A§AL1§%%¥d¥ﬁ? %ﬁ@ tiR %&%% 3¢ dfd Ehot %%é

1111 PCT/JPOQ 0 A conpressor accordi ng claim4,

wherein a totalpcatgand 0f dlRe s@atoPpsEaien bed SHMMA1vAlngnshde area A
including the total area of the slot gap portions in the stator, and an
area A2 ingl udi mgeanofbpassgesi bptusayes bettweepenipimryeofpehephery of the
stator and an inner perighery of the sealed case and, where a hole portion
is formed near titét8it 8R4 Bt iigREFyPeHIPhary Sfathe senedaregeoindhis hol e

portion (A = Alw%ere a hole portion is formed near the outer periphery
of the stator, the area of this hole portion (A = Al +
A2), and Al > AZ.

i0 8. 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.

9. A compressor according to claim 3, wherein

15 insulating members for the coils are circumferentially
disposed at such positions as to separate an inside
portion including the slot gap portions in the stator,
the outer periphery of the stator, and the inner
periphery of the sealed case.

20 10. A compressor according to any one of claims 1,
2 and 3, wherein the motor unit is of a so-~called
concentrated-winding type in which the coils are
directly wound around teeth portions constituting
the stator core, with insulating members interposed,

25 and the number of slots of the stator is set at 6§
or 12.

11. A refrigerating apparatus comprising a



A2), and Al > A2. 10 8. A conpressor |[“ to claim1, wherein a ratio
of the total area of the slot m aﬁiﬁﬂﬂ §whe entir e t he gas
passages i“f??lﬂé&\gﬁotor unit is \ X th ! s 9 A conpres})?g?rp%@éﬁﬁdi ng to

claim 3, wherein 15 insulating nmenbers for the coils are circunferentially
di sposed at such positions as to separate an inside portion including the
sl ot gap portions in the stator, the ter periphery of the stator, and
the inner periphery of the sealed case. 20 10. A conpressor according to

any one of clains 1 2 and 3 rei t Qr WL kS O o-cal |l ed
concent r at ed-SH"WESRECF Y p2 (fonnd\/ﬁ!n‘\lgcé%’t hg %%gqrggié)?lemlég?‘rgg%tglry;r\%u%d ar ound
teeth portioq;véay}gkgggting the stator core, with insulating nenbers

i nterposed, 25 and the nunber of slots of the stator is set at 6 or 12.
11. A refrigerati Rgheppar ehelScapyesiseirngs aci\@ OypE2322whidhiiiel 11111111
I 11l PCT/JPOO 05387 L L M 27 conpressor, a condenser, an expansion
nmechani sm anchumberepfpopidbionsiiér ¥ppiahte c st ddeoFOMBT8Fser thAse i n which
the nunber of rotations is vq%%ﬁble land ihe cpnpr essor has 5 the
structube recitedFHCEPEE Facitet 1hEletfpt eM%n mechani sm unit conpresses

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

10 12. 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

15 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 ether oil, ester oil and alkyl-benzene
oil is used as a lubricating oil.

20 13. 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

25 the structure recited in claim 3, and

the compression mechanism unit compresses any one

of HCFC refrigerant, HFC refrigerant and HC refrigerant,



of HCFC refrigerant, HFC refrigerant and HC refrigerant, and any one of
ether oil, egj&fi9sh and al kyl -benzene oil is used as a lubricating oil

10 12. A refrigerating apparatus conprising a conpressor, Pal'¥8iE¥Hser, an
expansi on nechani sm and an evaporator, wherein the conpressor is of a type
in which the nunber of rotations is variﬁple, and the conpressor has 15
the structure recited in claim2, and the conpression nechani smunit
conpresses any one of HCFC refrigerant, HFC refrigerant and HC
refrigerant, = arghdiin,oBgeoke il 8ih, SN&! 9 2aR0, ALkylheagene oil i
used as a lubricating oil. 20 13. A refrigerating apparéfus conprising a
conpressor, a cosidensehsed@naeXPandrebabBehayiiism and an  evaporator, wherein
the conpressor is of a type in which the nunber of rotations is variable,
and the conpressor has 25 the structure recited in claim3, and the

conpressi on nechani smunit conpresses any one of ! HFC
refrigerant and HC refrigerant, WD 01/12992 PCT/JP mﬁ Ilﬁaﬂig ]any one
of ether oil, ester oil and al kyl -benzene oil is usedcas awnl ubri€ating
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