SPECI FI CATI ON MULTI - STAGE CAPACI TY- CONTROLLED SCROLL

‘COVPRESSOR 5 TECHNI CAL FI ELD The present invention
relates to a nulti-stage capacity-controlled scroll. conpressor which
enabl es parti al | oad operation in | ower capacity regions. 10
BACKGROUND ART Conventionally, as a scroll conpressor
whi ch enabl es partial |oad operation with a bypass hole fornmed in a
scrol |, . t here has been avail able one as shown in Fig. 8 and Fig. 9,
whi ch is a sectional view taken along the line X - X of Fig. 8
(Japanese 15 Pat ent Lai d-Open Publication HEI 9-170573). Thi s
scrol | conpressor is an asymetrical-spiral-type scroll conpressor.
in which a scrolling end of a first scroll 1 is [err] (rad) |onger
in i nvolute angle than a scrolling end of a second scroll 2. A first
fluid working chanber A defined by an inner surface of the first
SPECIFICATION

MULTI-STAGE CAPACITY-CONTROLLED SCROLL COMPRESSOR

5 TECHNICAL FIELD
The present invention relates to a multi-stage
capacity—éontrolled scroll compressor which enables partial

load operation in lower capacity regions.

_ 10 BACKGROUND ART
Conventiénally, as a scroil c'oinpresso'r which enables
partial load operation with a bypass hole formed in a scroll,
there has been available one as shown in Fig. 8 and Fig. 9, which
is a sectional view taken along the line X - X of Fig. 8 (Japanese
15 Patent Laid-Open Publication HEI 9-170573). This scroll
compressor is an asymmetrical spiral-type scroll compressor in
which a scrolling end of a first scroll 1 is ® (rad) longer in
involute angle than a _scrolling end of a second scroll 2. A first
fluid working chamber A defined by an inner surface of the first
20 scroll 1 and an outer surface of the second scroll 2, and a second
. £fluid working chamber B defined by an outer surfac_e of the first
scroll 1 and an inner surface of the second scroll 2 are
alternately opened and closed to a single low-pressure port 3.
A common bypass hole 4 common to the first fluid working chambei

25 A and the second fluid working chamber B is provided at a point
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1 and an outer surface of the second scroll 2, and a second
g chanber B defined by an outer surface of the first

an inner surface of the second scroll 2 are alternately-
| osed to a single |owpressure port 3. A common bypass

nto the first fluid working chanber 25 A and the second
g chanber B is provided at a point

j which is a point about one-scroll inwardly unwound from an
de contact point E of the.second scroll 2 with the first

Then, a valve hole 5 conmmunicating with the

bypass hole 4 is fornmed in+the first scroll 1, and a bypass
6 communicating with the | owpressure port 3 is forned in a

portion of the valve hole 5. In the valve hole 5, a stepped

bypass valve 7 for opening and cl osing the common bypass
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Then, a valve hole 5 communicating with the common
bypass hole 4 is formed in the first scroll 1, and a bypass passage
6 communicating with the low-pressure port 3 is formed in a side
portion of the valve hole 5. In the valve hole 5, a stepped
cylindrical bypass valve 7 for opening and closing the common
bypass hole 4 is internally fitted so as to be slidable. Also,
a coil spring 8 is engaged with the stepped portion of the bypass
valve 7; and an upper portion of the bypass valve 7 is ciosed
by a 1id member 9 and thereby partitioned from a discharge dome
10 to define an operating-pressure chamber 11. In addition, an
operating-pressure line 15 communicated selectively with .a

low-pressure line 13 or a high-pressure line 14 by a solenoid

valve 12 is connected to the operating-pressure chamber 11 via

a joint tube 16. Reference numeral 17 denotes a capillary tube
for pr.eventing'shortcircuit between the high-pressure line 14
and the low-pressure linel13, numeral 18 denotes a casing, and
_numeral 19 denotes a higthreSSure port.

As described above, the common bypass hole 4 is formed
at the point j, which is a point about one-round inwardly unwound
from the outermost side contact point E of the second scroll 2
with the first scroll 1. Therefore, when high-pressure gas is

‘supplied to the operating-pressure chamber 11 of the bypass valve



A0 to.define an operating-pressure chanber 11. In addition, an
opqratlng pressurée line 15 communi cated selectively with a 15

| ow-pressure line 13 or a high-pressure line 14 by a sol enoid val ve
42 is-connected to the operating-pressure chanber 11 via a joint
tube 16. Reference nuneral 17 denotes a capillary tube for
preventing shortcircuit between the high-pressure line 14 and the

| ow- pressure line 13, nuneral 18 denotes a casing, and 20 nuneral 19
denotes a hi gh-pressure port. ) . -As described above, the
common bypass hole 4 is forned at the point j, which is a point
about one-round i nwardly unwound © Eromthe outernost side contact
point E of the second scroll 2 with the first scroll 1. Therefore,
when hi gh-pressure gas is 25 supplled to the operating- pressure chanber
11 of the bypass val ve - 3-
7 by cl osi ng~t | n n Wiass |5
cl osed, dlscﬁaggeég%%ac L g%gﬁéél?hga?gﬁ 1%§§§£.ty (fé%A§§pZSS valve ﬁ
ot her hand, ‘ﬂ’@e@légéﬂ,prcﬁ%%%%&ggaé bSc StP N RrhelsOth8Full capacity (100%)
oper ating-pressure chanmber 11 of the bypass valve 7 by opening 5 he

sol enoi d val o tReandhelehande Wheasdowdpreséure @peNdsd dSupplied to the
operating-pressure chamber 11 of the bypass valve 7 by opening
5 the solenoid valve 12 and then the bypass valve 7 is opened, the
discharge capacity becomes about 60% of the full capacity because
the position of the common bypass hole 4 serves as a compression
start point. In this way, the discharge capacity of the scroll
compressor is switched between 100% and 60%.
10 | In addition, it is also possible to provide two common
bypass holes at a position which is about 3/4-round inwardly
-unwound from the outermost side contact point E of the second
scroll 2 with the first scroll 1, and another position which is
a one-round inwardly unwound therefrom, so that three discharge
15 capacities, 100%, 70% and 60%, can be obtained.

However, the above multi-stage capacity-controlled
scroll compressor of the prior art has the following problems.
First, because its volume ratio Vr considerably lowers during
a 50% or lower partial load operation, there is a problem that

20 the operational range is limited.

For example, in the case where the intrinsic volume
ratio Vr of the first and second scrolls 1, 2 is Vr = 2.3, sinbe
the volume ratio Vr needs to be not less than "1" even with a
partial load as a compressor, the criticai partial load ratio

25 is 1/2.3 = 0.44, that is, a 44% operation is a limit. Indeed



di scharge capacity beconmes about 60% of the full capacity because

the posi.tion of the comon bypass hole 4 serves as a conpression

start point. In this way, the discharge capacity of the scroll :
gonpressor is switched between 100% and 60% 10 I n addition,
it is also possible to provide two conmon bypass holes at a position
whi ch is about 3/4-round inwardly unwound from the outernost side
contact point E of the second scroll 2 with the first scroll 1, and
anot her position which is a one-round i nwardly unwound therefrom so
that three discharge 15 capacities, 100% 70% and 60% can be obtai ned.
However, the above multi-stage capacity-eantrolled scroll conpressor
of the prior art has the follow ng problens. First, because its
volune ratio Vr considerably | owers during a 50% or | ower parti al

| oad operation, there is a problemthat 20 the operational range is
limted. : : F €yn h | ot L1ns]
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partial load as a conpressor, the critical partial load ratio 25 S
1/2.3 = 0. 44ppklhatibf,is etvblepgr Butothe s ffildidncy atngleedull load would
be lowered in that case, conversely, so that increasing the
5 intrinsic volume ratio Vr could not be adopted. However, in a
multi-type air conditioner in which one outdoor unit serves for
a plurality of indoor units, a 20% to 30% load operation is
necessarily required so that when the conventional multi-stage
capacity-controlled scroll compressor 1is applied to this
10 multi-type air conditioner, there would.arisejproblems that the
compressor runs and stops frequently, or‘thaifoptimhnlconditions
for air-conditioning cannot be set.
Also, as a load-controlled scroll compressor, there
has been available a method using inverter control of motors
15 besides thé above scroll compressor. In this case,
unfortunately, an inverter circuit is required, leadin_g to a
great cost increase. Particularly in large-size inverters,
there is a further problem that harmonics would be generated.
There is still anothei-problenlof lubrication failure during'the
20 inverter operation, which causes a reliability'deterioratién.of
the compressor as yet another problem.
Furthermore, when a multiplicity of common bypass
holes are formed with an aim of a low partial load operation of
50% or lower as described above, machinability or assemblability

25 deterioration may be incurred or rigidity may deteriorate because
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5 i ncreasing the intrinsic volunme ratio Vr causes the critical
artial .load ratio to |lower so that a 50% or |ower partial |oad

operation is enabled, but the efficiency at the full |oad would be
towered in that case, conversely, so that increasing the 5 intrinsic
volume ratio Vr could not be adopted. However, in a multi-type air
condi ti oner in which one outdoor unit serves for a plurality of

i ndoor units, a 20%to 30% | oad operation is necessarily required so
t hat when the conventional multi-stage capacity-controll ed scrol
conpressor is applied to this 10 mul ti-type air conditioner, there would
arise problens that the conpr essor ¥uns and stops frequently, or

t hat optimum conditions . for air-conditioning cannot be set.

Al so, as a load-controlled scroll conpressor, there has been

avai l abl e a nethod using inverter control of notors 15 besi des the

above scrol lof tReRLEESAbypasd RolbBiformeasst central pifidrsatalhe fafst
inverter circuit is required, leading to a great cost increase.
Particul arly ami |secgedsszeollhser tBesides, becaliser ¢hies gasf Llvhewiphbbl the

t hat harnoni cs woul d be gener at ed. There is still another probl em of
| ubri cation fsgirioJde efithadimsd and secondserodd soharradsento ahiatgeceytent a
reliability deterioration of t he conpressor as yet another problem
Furt her mor ¢, WHIRcHRE TRA ABFI B1e FeRtrddnaen IRAReT the movaResisdecs popRed
wth an aimof a_l.ow part. | oad operation of . 50% or | ower as,
descri bed ab&FFOltaeh h%%?;i%@ﬂ%ét @EBFaB?*f??Ctlon such as lubrication

failures at a pin bearing (not shown) -or the like may occur, or

that the second scroll may be turned over, as further problems.

DISCLOSURE OF THE INVENTION

10 Therefore, an object of the present invention is to
provide a multi-stage capacity-controlled scroll compressor
which is capable of changing 50% or lower partial load operation
in multiple stages and which is low in price and high in
reliability.

15 In order to achieve the aforementioned object, there
is provided a multi-stage capacity-controlled scroll compressor
comprising:

a first bypass passage formed at a specified position
in a compression chémber and serving for returning compréssed

20 gas present in a fluid Working chamber to a suction port:;
| first opening/closing means for opening and closing
the first bypass passagef

a second bypass passage for communicating discharge

side and suction side with each other;



25 .deterioration maybe incurredor rigiditynmaydeterioratebecause

'?5} - of the common bypass holes fornmed at central portions of the
first and second scrolls. Besides, because the gas |load within the
scrolls of the first and second scrolls decrease to a | arge extent,

the gas |load and the centrifugal |oad of the novabl e-side second 5

scroll are unbal anced, so that mal function such as |ubrication

failures at a pin bearing (not .shown) or the |Iike nay occur, or t hat
t he second scroll may be turned over, as further problens.

DI SCLOSURE OF THE | NVENTION 10 Therefore, an object of the
present invention is to provi de a-rfutti-stage capacity-controlled
scrol |l conpressor whi ch is capabl e of changing 50% or | ower parti al

| oad operation in nmultiple stages and which is low in price and high
in reliability. 15 In order to achieve the

af orenmenti oned obj ect, skBeh@ opening/Eld¥ing @edna At tdpeitia@fand closing
capacity-controlled scroll conpressor conpri si ng:
the second bypass passage and for, with the second bypass passage
opened, letting high-pressure gas on the discharge side escape
to the suction side by a specified quantity.

5 With this constitution, the second opening/closing
means opens and closés the second bypass passage, by which the
load of the compressor can be switched between 100% and a first
specified $. On the other hand, the first openihg/ closing means
opens and closes the first bypass passage, by which the discharge

10 capacity of the compressor can be switched between 100% and a
second specified %$. Accordingly, in combinations of the obening
and closing operations of the first opening/closing means and
the opening and closing operations of the second opening/closing
means, effective load of the compressor can be changed over in

15 four stages. In this case, the discharge bapacity of the
compressor can be changed over only to the second specified %
by the first opening/closing means. Therefore, if the fixed
volume ratio for the compressor and the second specified % are
so set that the volume ratio ét which the discharge capacity of

20 the compressor becomes the second specified % becomes 1 or'more,
then the volume ratio can be maintained 1 or more even when the
effective load of the compressor becomes a minimum, so that
high-reliability multi—stage load control can.be achieved.

In an embodiment of the present invention, a first

25 scroll and a second scroll of which the compression chamber is



a first bypass passage forned at a specified position in a
qupression chanber and serving for returning conpressed 20 gas present
in a fluid working chanber to a suction port; first
openi ng/ cl osi ng neans for opening and cl osing the first bypass
passage; a second bypass passage for conmmuni cati ng

di scharge side and suction side wth each other; _

- 6- second openi ng/ cl osi ng means for opening and cl osing
t he second bypass passage and for, with the second bypass passage .
opened, letting high-pressure gas on the discharge side escape to
the suction side by a specified quantity-7-5 Wth this
constitution, the second opening/cl osing nmeans opens and cl oses the
second bypass passage, by which the | oad of the conpressor can be
swi t ched between 100% and a first specified % On the other hand,

the first opefyr¥L! NGB BREtrical spR8NS shBPes! 0s88pbBLivELS] BMRASE
passage, by which the discharge 10 capacity of the conpressor can be

swi t ched bet wgeErali0@kuadfl dhe scrollse§orgh TG ednler At drdidldite ahfle
conbi nations of the opening
than a spiral end of the other scroll.
With this constitution, the first fluid working
5 chamber defined by the inner surface of the first scroll and the
outer surfaée of the second scroll and the second fluid working
chamber defined by the outer surface of the first scroll and the
inner surface qf the second scroll are formed alternately at
positions on the same first bypass passage. Accordingly, the
10 high-pressure gas in the fluid working chambers is returned from
the only one first bypass passage to the.suction port.
In an embodiment of the present invention, the second
bypass passage is provided outside a'body of the compressor.
With this constitution, the second b_ypass passage and
15 the second opening/closing means do not lneed to be formed within
the compressor body, and may be formed between discharge line
and suction 1line. Accordingly, the multi-stage capacity-
controlled scroll compressor is produced with low price.
In an embodiment of the_presént invention, the second
20 bypass passage and the second opening/ closing means are provided
each in a plural number.
With this constitution, the second bypass passage and
the second opening/closing means are provided in pluralities.
Accordingly, in. combinations of the opening -and closing

25 operations of the second opening/closing means and the opening'



and cl.osing operations of the first opening/closing neans and t he
openi ng_and cl osi ng operations of the second opening/cl osing means,
effective | oad of the conpressor can be changed over in 15 four stages.
In this case, the discharge capacity of the conpressor can be '
changed over only to the second specified % by the first
openi ng/ cl osi ng neans. Therefore, if the fixed volunme ratio for the
conpressor and the second specified %are so set that the volune
ratio at which the discharge capacity of 20 t he conpressor becones the
second specified % becones 1 or nore, then the volune ratio can be
mai ntained 1 or nore even when the -8ffective l-oad of the conpressor
beconmes a m ninmum so that high-reliability multi-stage | oad control
can be achi eved. I n an enbodi nent of the present
invention, a first 25 scroll and a second scroll of which the

conpressi on gRaN®Essig operations of the first opening/closing means, 8 or /-
formed show asymretrical spiral shapes, respectively, that a spi ral

end of one sabekl stagé8loflegubei +otwps Ioad mepltitiod dBgkehieved. than a
spiral end of the other scroll. Wth this constitution,
the first fluid worki ngn an embodiment of the present invention, the second
opehing/closing means for opening and closing the second bypass
5 passage is a motor-operated valve which is controllable to any
arbitrary degree of openness.

With this constitution, since the opening of the second
bypass passage is set to an arbitrary degree of openness, load
of the compressor can be switched between 100% and any arbitrary %.

10 Accordingly, in combinations of the opening and closing

| operations of_the first Qpening/closing means and the opening
and closing operations of thg second opening/closing means,
effective load of the compressor can be changed over in an
arbitrary muitiplicity of stages.

15 In an embodiment of the present invention,_the second
opening/closing means operates on a differential pressure
between a pilot pressure and a pressure on the suction side or
a pressure on the discharge side.

With this constitution, the control system for the

20 second opening/closing means can be implemented with simplicity,
so that the multi-stage capacity-controlled scroll compressor
is produced with low price.

In an embodiment of the present invention, the.

multi-stage capacity-controlled scroll compressor, further



) chanmber defined by the inner surface of the first scroll and the

6uger surface of the second scroll and the second fluid working

chanber defined by the outer surface of the first scroll and the

1 nner.surface of the second scroll are fornmed alternately at

positions on the sane first bypass passage. Accordingly, the 10

hi gh-pressure gas in the fluid working chanbers is returned from the
only one first bypass passage to the suction port. In an
enbodi nent of the present invention, the second bypass passage is
provi ded outside a body of the conpressor. Wth this
constitution, the second bypass passage an®- 15 t he second
openi ng/ cl osi ng neans do not need to be fornmed within t he conpressor
body, and may be fornmed between di scharge |ine and suction |ine.
Accordingly, the nulti-stage capacity- controlled scroll conpressor

i's produced Wdnpri@¥sPial A8.quid injection tubel FoaN coBReHAGMBNI oRtptESsure
present. i nvention, the second 20 bypass passage and the second

openi ng/ cl osigigniRansoamanpratifdgdwith the esgdtion goqttr al nunber.
Wth this constitution, the second bypass passage and t he second
openi ng/ cl osi ng neans &tehpthisdeshsnifpliuiad, theslow-pressue ahdimbgiryandi n
conbi nations of the opening and closing 25 operations of the second
openi ng/ cl osithg Avivingmptareasperroped by cooling liquid injected from the
5 liquid injection tube. Thus, temperature increase of the
low-pressure chamber due to the return of the high-pressure gas
in the compression chaﬁber to the suction port is prevented,
making it possible to lower the temperéture of the discharged
gas and the motor.

10 In an embodiment of the present invention, the first
opening/closing means " and the second opening/closing means
operate on a pilot pressure, and

a pilot port of the first opening/closing means and

a pilot port of the second opening/closing means are connected

15 to their corresponding pilot lines, respectively, via one joint
| fitting provided at an upper center of the compressor body.

With this constitution, the joint fitting that

connects the pilot ports of the first and second opening/closing

means and theif respective pilot lines to each other need to be

20 provided only one in number at an upper center of the combressor,
so that the port and line connection can be taken out from one
place, the casing top center. Therefore, as compared with the

- case where the port and line connection is taken out from two

decentered places of the casing top, in which case elliptical

25 welding with the operating tube needs to be provided at two places,



=8- and cl osing operations of the first opening/closing neans, 8
or . . nore stages of multi-stage | oad control is achieved.

I n an enbodi ment of the present invention, the second

openi ng/ cl osi ng nmeans for opening and cl osing the second bypass 5
passage is a notor-operated valve which is controllable to any

arbitrary degree of openness. Wth this constitution,
since the opening of the second bypass passage is set to an.
arbitrary degree of openness, |oad of the conpressor can be switched
bet ween 100% and any arbitrary % 10 Accordingly, 1in conbinations of
the opening and closing operat+bbs of the first opening/closing
means and the opening and cl osing operations of the second
openi ng/ cl osi ng neans, effective | oad of the conpressor can be
changed over in an ~arbitrary nultiplicity of stages. 15

I'n an embodi fRBt weldike WiBe DRt weRNERhEOBasiNg 56} @M the operating. tube
openi ng/ cl osi ng neans operates on a differential pressure - bet ween a

pi | ot pressuctenabeé adghieved evitth t Smslibditoy, ssdethat the mam-hoeasurfomn
t he di scharge side. Wth this constitution, the contro
system for these@bly isereducapenihy dldsivigorearfaircherbeostpredeationwi t h
sinmplicity, so that the nulti-stage capacity-controlled scroll
conpr essor i s pEBdueed spkedinsntpriafe. the present invenfpiom a

enbodi mrent of the present invention, the .
5 multi-stage capacity-controlled scroll compressor comprises:

the multi-stage capacity-controlled scroll
compressor as defined in Claim 1, and
a standard scroll compressor of a specified discharge
capacity, wherein
10 the multi-stage capacity~controlled scroll
cbmpreSsor and the standard scroéll compressor are éonnected to
each other in parallel.
With this. constitution, a twin multi-stage
capacity-controlled scroll compressor is made up of a multi-
15 stage capacity—controlled scroll compressor  and a standard
scroll compressor. Accordingly, in a combination of switching
to two load states of unload and full load with the standard scroll
compressor and n-stage load switching with the multi—stége
" capacity-controlled scroll compressor, load can be changed over
20 in 2 xn stages. Thus, load control canbe achieved in even further
multiple stages.
In an embodiment of the present invention, the first

opening/closing means operates on a pilot pressure, and



Jrul ti-stage capacity-controlled scroll conpressor, further

-9 - . conprises a liquid injection tube for cooling a | ow pressure
chanber communicating with the suction port. Wth this
consti tution, the | ow pressure chanber and the driving notor are
cooled by cooling liquid injected fromthe 5 liquid injection tube.
Thus, tenperature increase of the | ow pressure chanber due to the
return of the high-pressure gas : in the conpression chanber to the
suction port is prevented, : making it possible to | ower the ,
tenperature of the discharged gas and the notor. 10 In
an enbodi nent of the present invention, 4l first openi ng/ cl osi ng
means and the second opening/cl osi ng neans operate on a pil ot
pressure, and a pilot port of the first opening/closing
means and a pilot port of the second opening/closing neans are
connected 15 1O thelps Lo RSRORHE RAPiciobt! bpERing ASRSELNY Heang/lhPne

j oi nt fitting provided at an upper center e conpressor body.

Wth this cofsint Witdindsheor Wdtnddtiignd piEdt 1ine to the pilot port are
connected to each other by screws. _

With this.constitution,.the pilot port of the first

5 opening/closing means and the joint fitting are securely

connected to each other by a taper screw. Accordingly, a fitting

structure which is highly resistant to ﬁariations of the joint

fitting and high in leakage resistance and thermal resistance

can be realized.

10

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial sectional view of a first
embodiment of the multi-stage capacity—cohtrolled scroll
compressor according to the present invention;

15 ' Fig. 2 is a partial sectional view in which the
discharge capacity of themulti-stage capacity-controlled scroll
compressor shown in Fig. 1 is 30%;

Fig. 3 is a partial sectional view of a multi-stage
capacity-controlled scroll compressor other than thét of Fig.

20 1;

Fig. 4 1is a sectional view of a multi-stage
capacity-controlled scroll compressor according to a second

embodiment;



connects the pilot ports of the first and second openi ng/cl osing
“means and their respective pilot lines to each other need to be 20

provi ded onl

y one in nunber at an upper center of the conpressor,

that the port and |ine connection can be taken out from one pl ace,
‘the casing top center. Therefore, as conpared with the case where

the port and line connection is taken out fromtwo

of the casing top, in which case elliptical 25 wel ding with the
operating tube needs to be provided at two pl aces,

-10-
t ube

assenbly is
In an enbodi

capacity-controlled scroll conpressor conprises:
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25

t he wel di ng work between the casing top and the operating

- can be achieved with sinpliciLyy, so that the nman-hours for

reduced, thus allowing a further cost reduction.
ment of the present invention, a 5 mul ti-stage
: t he

%%nggggrfgpggﬁgggﬁf%ﬁ olf{ﬁ%éﬁﬁbs§g¥ other than thE@eof Fig.
4;

Fig. 6 1is an arrangement view of a multi-stage
capacity-controlled scroll compressor according to a third
embodiment ; |

Fig. 7 is a view showing a fitting structure other than
the fitting structure of the joint tube to the lid member in Fig.
1l and Figs. 3 to 5;

Fig. 8 is a partial sectional view of a load-controlled

scroll compressor according to the prior art; and

Fig. 9 is a view taken along the line X - X of Figqg.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention is described in

more detail by embodiments thereof illustrated in the .

accompanying drawings. Fig. 1 is a partial sectional view of
a multi-stage capacitj—controlled scroll compressor of a firsf
embodiment. A first scroll 21, a second scroll 22, a low-pressure
port 23, a common bypass hole 24, a valve hole 25, a bypass passage
26, a bypass valve 27, a coil spring 28, a lid member 29, a
discharge dome 30, an operating-pressure chamber 31, a solenoid
valve 32, a low-pressure line 33, a high-pressure line 34, an

operating-pressure line 35, a joint tube 36, a capillary tube

SO

decent ered pl aces



conpressor and the standard scroll conpressor are connected to each

other in parallel. Wth this constitution, a twn
mul ti - stage capacity-controlled scroll conpressor is made up of a
multi- 15 stage capacity-controlled scroll conpressor and a standard
scroll conmpressor. Accordingly, in a conbination of swtching to two
| oad states of unload and full load with the standard scrol
conpressor and n-stage |load switching with the nulti-stage
capacity-controlled scroll conpressor, |oad can be changed over 20 in 2
X n stages. Thus, |oad control can be achieved in even further
mul tipl e stages. In an eb®odi nent of the present
~invention, the first openi ng/ cl osi ng neans operates on a pil ot
pressure, and a pilot port of the first
openi ng/ cl osi ng means and joint fittings for connecting a pilot line

to the pilot 3901ty afsing 38 SARNRCUSGH-HRAGH Y NSSrbY3SChEYE: the same

Wth this consfitytlon,_the pilot port” of the first 5 openi ng/ cl osi ng
means and t kenseibhtidhtdhdoPEEatseGl @lh¢ same manner, respectively, as

the first scroll 1, the second scroll 2, the low-pressure port
3, the common bypass hole 4, the valve hole 5, the bypass passage -
5 6, the bypass valve 7, the coil spring 8, the lid member 9, the
discharge dome 10, the operating-pressure chamber 11, the
solenoid valve 12, the low—préssure line 13, the high-pressure
line 14, the operating-pressure line 15, the joint tube 16, the
capillary tube 17, the casing 18 and the high-pressure port 19
10 of the conventional asymmetrical spiral-type multi—stagg
capacity-controlled scréll compressor shown in Figs. 8 and 9.
In this embodiment, the end plate of the first scroll
21 is provided a second bypass valve 40 which makes a through
hole 45 selectively communicate with a suction side communicating
15 with the low-pressure port 23 or a discharge side in the discharge
dome 30. Hereinafter, the bypass valve 27 is referred to as a
first bypass valve and the bypass valve 40 is refefred té as a
second bypass valve. The second bypass valve 40 roughly
comprises a cylindriéal-shaped cylinder part 42 provided éo as
20 to be protrusive on the surface on the high pressure side of an
end plate 41 of the first scroll 21, a valve body 43 which haé
a ball at its end and slides within the cylinder 42, aﬁd a spring
44 fitted and shrunk between the valve body 43 and the cylinder
42.



connected to each other by a taper screw. Accordingly, a fitting
“structure which is highly resistant to variations of the joint

fitting and high in | eakage resi stance and thermal resistance can be
realized. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS - Fig.
"l is'a partial sectional view of a first enbodi nent of the

mul ti-stage capacity-controlled scroll conpressor according to the
present invention; 15 Fig. 2 is a partial sectional viewin
whi ch t he di scharge capacity of the nulti-stage capacity-controlled
scrol |- conpressor shown in Fig. 1 is 30% Fig. 3is
a partial sectional view of a nulti-stagejs- capacity-control |l ed scrol
conpressor other than that of Fig. 20 1; Fig. 4is a
sectional view of a multi-stage capacity-control |l ed scrol
conpressor . according to a second - enbodi nent ;

-12-

At a low-pressure side end portion of the cylinder 42
is provided a fitting portion 42a which has a shaft hole
communicating with inside of the cylinder 42 and has a fitting
screw provided on its outer circumferentiallface. Also, in the

5 end plate 41, the through hole 45 is bored through this end plate
41, and a fitting hole 45a into which the fitting portion 42a
of the cylinder 42 is screwed is formed at an upper end portion
pf the through hole 45. Then, by screwing the fitting portion
42a of the cylinder 42 into the fitting hole 45a of the end plate

iO 41, the cylinder 42 is fixed protrusively on the high-pressure
| side surface of the end plate 41, so that the suction side'and
the inside of the cylinder 42 are communicated with each other

via the through hole 45 and the shaft hole of the fitting portion

42a. Also, an upper portion of the cylinder 42 is partitioned

15 from the diséharge dome 30 td define an operating-pressure
chamber 46. Besides, an operating-pressure line 48 which is
communicated selectively with the low-pressure line 33 or the
high—pressuré 1iﬁ_e 34 by a second solenoid valve 47 is connected

to the operating-pressure chamber 46 via a Jjoint tube 49.

20 Hereinafter, the solenoid valve 32 is referred to as a first
solenoid valve, and the solenoid valve 47 is referred to as a
second solenoid valve. Inaddition, reference numeral 50 denotes

a capillary tube for preventing -shortcircuit between the

high-pressure line 34 and the low-pressure line 33.



Fig. 5is a partial sectional view of a nulti-stage

“capacity-control l ed scroll conpressor other than that of Fig. 4,

Fig. 6 is an arrangenent view of a nulti-stage 5 capacity-controll ed

.scroll conpressor according to a third enbodi nment ;

‘Fig. 7 is a viewshowing a fitting structure other than the fitting

structure of the joint tube to the |id nenber in Fig. 1 and Figs. 3

to 5; 10 : Fig. 8 is a partial sectional view of a

| oad-control.l ed scroll conmpressor according to the prior art; and

Fig. 9is a viewtaken along the line X - X of Fig. 8. 15 BEST

MODE FOR CARRYI NG OQUT THE | NVENTI ON -15- Her ei nbel ow, the

present invention is described in nore detail by enbodi nents thereof

illustrated in the acconpanying drawings. Fig. 1 is a partial

sectional view of a nulti-stage capacity-controlled scroll

conpressor of a first ,2 | . ghr I a.se ol |-

22, a | ow pressure B gt%%??%ghgﬂc}gdnﬁ@% be%%s’?‘?%gé“ aéi,eral\?}a(?]\?%g%g%%

25, a bypass JBapeadRw-pressute s ALY RISEoMRbd G n?fhe DI cEPEIRBeREnt Pal 1 d

menber 29, a di gcharge done 30, an operating-pressure chanber 31, a

sol enoi d surf¥éekVef 3he &d10 Bbﬁgsl}lﬁﬁ_a{dd‘% §§riﬁgh4tgf‘té3rf§?c$:éaetblmis°’4,

an 25 operating-pressure line 35, a joint tube 36, a capillary tube
smaller-diameter portion. At an axially intermediate portion of

5 the cylinder 42 is formed a through hole 51 which radially
communicates inside and outside of the cylinder 42 with each
other. When the valve body 43 has slid to its lowermost position,
the through hole 51 of the cylinder 42 is closed by a
larger—-diameter portion of the valve body 43. It is noted that

10 the size of the through hole 51 is so set that load of the_
compressor bécomeé 50% as an example.

Therefore, in the case where high-pressure gés is
supplied to the operating-pressure chamber 46 of the. second
bypass valve 40 by closing the second solenoid valve 47 and the

15 valve body 43 is slid downward, the larger-diameter portion of
the valve' body 43 closes the through hole 51 so that the load
of the compressor is set to 100% (hereinafter, the load set in
this way wiJ_.l be referred to as set load). Meanwhile, in the case
where low-pressure gas is supplied to the operating-pressure

20 chamber 46 of the second bypass valve 40 by opening the second
solenoid valve 477 and the valve body 43 is slid upward, the through
hole 51 of the valve body 43 is openéd so that the set load of
thé compressor becomes 50%. That is, in this embodiment, the

second bypass passage is implemented by the through hole 45, while



-13- 37, a casing 38 and a hi gh-pressure port 39 have the sane

constitution and operate in the same nmanner, respectively, as t he
first scroll 1, the second scroll 2, the | ow pressure port 3, the
common bypass hole 4, the valve hole 5, the bypass passage 5 6, the
bypass valve 7, the coil spring 8, the lid nmenber 9, the di schar ge
done 10, the operating-pressure chanber 11, the sol enoi d val ve 12,
the | ow pressure line 13, the high-pressure line 14,. the

operating-pressure line 15, the-joint tube 16, the capillary tube

17, the casing 18 and the high-pressure port 19 10 of the

conventional asymmetrical spiral-type ~hftti-stage

capacity-controlled scroll conpressor shown in Figs. 8 and 9.

In this enbodinment, the end plate of the first scroll 21 is provided
a second bypass val ve 40 whi ch nmakes a through hol e 45 selectively

comuni cat e WhehsacsHat b9&n shélec TOSTRN inteRinsds ihplemehtBdl Bg LRYF HECSHAT €
port 23 or a discharge side in the discharge dorme 30. Hereinafter
t he bypass valypasa7vaiveelderred to as a first bypass valve and the
bypass valve 40 is referred to as a second bypass val ve. The
second bypass val ve 40Theughlyulti-stagenpr icepacd tyylcondirotdkdshapeciroll
cylinder part 42 provided so as
compressor having the above constitution is enabled to perform
5 multi-stage load control, as shown below, by controlling the
first bypass valve 27 and the second bypass valve 40. First, as
described above, closing'thé second solenoid valve 47 causes the
second bypass valve 40 to be closed, so that the set load of the
compressor becomgs 100%. 1In this state, closing the first
10 solenoid valve 32 to supply high-pressure gas to the
operating-pressure chamber 31 of the  first bypass valve 27 causes
the first bypass valve 27 to be closed so that discharge capaéity
becomes 100%. Accordingly, effective load of the compressor in
this case is 100% (= 100% x 100%) (state of Fig. 1). Also, opening
15 the first solenoid valve 32 to supply low-pressure gas to the
operating-pressure chamber 31 of the first bypass valve 27 causes
the first bypass valve 27 to be opened so that the diécharge
capacity becomes 60%. Accordingly, the effective load of the
comﬁressor in this case is 60% (= 100% x 60%). Next, by opening
20 the second solenoid valve 47, the second bypass valve 40 is opened
so that the set load of the compressor becomes 50%. In this state,
opening the first solenoid valve 32 and thereby opening the firét
bypass valve 27 causes the discharge capacity to be 60%.

Accordingly, the effective load of the compressor in this case

25 is 30% (= 50% x 60%) (state of Fig. 2). .



20 to be protrusive on the surface on the high pressure side of an

énd plate 41 of the first scroll 21, a valve body 43 which has _ a
ball at its end and slides within the cylinder 42, and a spri.ng 44
titted and shrunk between the val ve body 43 and the cylinder 42.
-14- At a | ow pressure side end portion of the cylinder
42 is provided a fitting portion 42a which has a shaft hole

comuni cating with inside of the cylinder 42 and has a fitting SCcrew
provided on its outer circunferential face. Also, in the 5 end plate
41, the through hole 45 is bored through this end plate 41, and a
fitting hole 45a into which the fitting g0ition 42a of the cylinder
42 is screwed is formed at an upper end portion of the through hole
45. Then, by screwing the fitting portion 42a of the cylinder 42

into the fitting hole 45a of the end plate 10 41, the cylinder 42 is

fixed protrusively on i:'@%ﬂl'éJEaBéesfrP'i:ﬁe first s%'r%‘ilsﬂif%@x% eirkbo s
plate 41, so that the suction si de ‘and he insi de of the cylinder 42

are conmuni caiBele V21 HLpebvadear by boringithd f&xltyhbﬁégboiﬂﬂbﬁ Boasel Hdle
shaft hole of the fitting portion

24 only at a point J (see Fig. 9) which is about one-round inwardly

unwound from an outermost side contact point E of the second scroll

5 22 with the first scroll 21. Therefore, the discharge capacity

during minimum capacity operation is 60%. For this reason, when

the intrinsic volume ratio Vr of the first and second scrolls

21, 22 is 2.3, the volume ratio Vr during the minimum capacity

operation becomes 1.38 (=2.3 x 0.6), showing a value of not less

10  than "1". That is, according to this embodiment, 50% or lower
partial load operation with high reliability is-enabied.

As shown above, in this embodizﬁent, in the first scroll

21 of the above asymmetrical spiral-type scroll compressor, the

first bypass valve 27 that communicates with the low-pressure

15 port 23 to yield a discharge capacity of 60% is provided at the

point J (see Fig. 9) which is about one-round inwardly unwound

from the outermost side contact point E of the second scroll 22

with the first scroll 21. Further, the secondfbypass valve 40.

that makes the suction side and tﬁe discharge side selectively

20 communicated with each other to yield a 50% set load of the

compressor is provided outside the scroll of the first scroll

21. Then, by opening and closing the first solenoid valve 32 and

the second solenoid valve 47, the first bypass valve 27 and the

second bypass valve 40 are opened and closed depending on a

25 differential pressure between the pressure of the low—pressure



42a. Also, an upper portion of the cylinder 42 is partitioned 15 from

t he discharge done 30 to define an operating-pressure chanber 46.
Besi des, an operating-pressure line 48 which is comuni cat ed
selectively with the | owpressure line 33 or the hi gh- pressure |ine
34 by a second sol enoid valve 47 is connected to the
operating-pressure chanber 46 via a joint tube 49. 20 Hereinafter, the
solenoid valve 32 is referred'to as a first sol enoid val ve, and the-
solenoid valve 47 is referred to as a second sol enoi dval ve. In
addition, referencenuneral 50denotes a capillary tube for preventing
shortcircuit between the hi gh- presdére line 34 and the | ow pressure
i ne 33. : -15-

A stepped portion, which is nmade smaller in dianeter on its

| ow- pressure side, is fornmed in the outer circunferenti al surface of

the val ve bodyné333204 &nePHikkh-4essubket 1 ¢Het 84t Bh8 the pressure on the
smal | er-di anmeter portion. At an axially internedi ate portion of 5 t he

cylinder 42 isactaonedidet hrThgfe il Tloshihghbo Bl the Vsecond bypagButtalaées
I nside and outside of the cylinder 42 with each ot her. Wen the
val ve body 430handskhe forstsbypassmoslveddi tdldmws the effective load of
the compressor to be 100%. Also, closing the second bypass valve
5 40 and concurrently opening the first bypass valve 27 allows the
effective load of the éompressor to be 60%. Also, opening both
the second bypass valve 40 and the first bypass valve 27 allows
the effective load of the compressor to be 30%.
Consequently, according to this embodiment, 50% or
10 lower partial load operation with high reliability can be
.achieved by setting-the volume ratio Vr during the minimum
capacity operation to a value of "1" or more.
In this case, the multi-stage capacity-controlled
scroll compressor having the above constitution can be
15 implemented simply by boring the through hole 45 through the end
plate 41 outside the scroll of the first scroll 21 in the
conventional asymmetrical spiral-type multi-stage capacity-
controlled scroll compressor having the first bypass valve 27,
| and bylscrewing the fitting portion 42a of the cylinder 42 to
20 an upper end portion of the through hole 45. Also, the second
bypass valve 40 to be provided outside the scroll does not require
such precision as demanded for the first bypass valve 27 provided
within the scroll. Accordingly, the multi-stage capacity—
controlled scroll compressor can be provided with a smaller

25 number of parts and at low price.



the through hole 51 of the cylinder 42 is closed by a

Iarger-dlaneter portion of the valve body 43. It is noted that 10 t he
size of the through hole 51 is so set that | oad of the conpr essor
becomes 50% as an exanpl e. Therefore, in the case where
hi gh-pressure gas is supplied to the operating-pressure chanber 46
of the second bypass val ve 40 by closing the second sol enoid val ve
47 and the 15 val ve body 43 is slid downward, the |arger-dianeter
portion of the valve body 43 closes the through hole 51 so that the
| oad of the conpressor is set to 100% (hereinafter, the load set in
this way will be referred to as set |oadyl®meanwhile, in the case

where | ow pressure gas is supplied to the operating-pressure 20 chanber
46 of the second bypass val ve 40 by opening the second sol enoi d

val ve 47 and the valve body 43 is slid upward, the through hol e 51
of the valve body 43 . w¥ignengd $9 tdhabpairiigaset séebodl view bhewing a

conpressor beconmes 50% That is, in this enbodi nent, the second
bypass passagedifiicalienerbeshplye tde the omghthebktad®, capebéty-controlled
t he second openi ng/closing neans is inplenmented by the second
~scroll compressor shown 1n Fig. 1. A first scroll 61, a second
scroll 62, a first bypass valve 63, a first solenoid valve 64,
5 a low-pressure line 65,. a high-pressure line 66, an
operating-pressure line 67, a high-pressure port 68, a second
bypass valve 69, a through.hole 70, a second solenoid valwve 71
and an operating-pressure 1line 72 of the multi-stage
capacity-controlled scroll compressor shown in Fig. 3 have the
10 same constitution and operate in the same manner, respectively,
as the first scroll 21, the second scroll 22, the first bypass
valve 27, the first solenoid valve 32, the low-pressure line 33,
the hiéh—pressure line 34, the operating-pressure line 35, the
high-pressure port 39, the second bypass valve 40, the through
15 hole 45, the second solenoid valve 47 and the operating-pressure
line 48 of the multi~stage c_apacity—controlled scroll compressor
Shown in Fig. 1.
In this embodiment, the operating-pressure lines 67,
72areconnectadtbthefirstbypassvalve63andthesecondbypass
20 valve 69 via one joint tube 74 fitted to a top center of a casing
73. With two holes 74a, 74b formed alternately in the joint tube
74, the operating-pressure line 67 is connected to the first hole
74a by a first bolt joint 75, while the operating-pressure line

72 is connected to the second hole 74b by a second bolt joint

25 76. Further, an operating-pressure chamber 78 of the first



bypass val ve 40. The mul ti-stage capacity-controll ed
scrol |l . conpressor having the above constitution is enabled to
pefform 5 nmul ti-stage |oad control, as shown below, by controlling the
First. bypass valve 27 and the second bypass val ve 40. First, as

descri bed above, closing the second sol enoid val ve 47 causes the

second bypass valve 40 to be closed, so that the set |oad of the
conpressor beconmes 100% In this state, closing the first 10 sol enoi d
valve 32 to supply high-pressure gas to the

operating-pressure chanber 31 of the first bypass val ve 27 causes

the first bypass valve 27 to be cl osed se2@hat di scharge capacity

becomes 100% Accordingly, effective | oad of the conpressor in this
case is 100% (= 100% x 100% (state of Fig. 1) . Also, opening 15 t he
first solenoid valve 32 to supply | owpressure gas to the

oper ating- pregsas€ ¢ABFDE3 3L Qortee theldr $b B1RaESr¥al N1 T74RUSES] first
the first bypass valve 27 to be opened so that the discharge

capacity becpiptn®0rn, whdbedn@psrdtiagebiressure thhanbef ahef the second
conpressor in this case is 60% (= 100% x 60% . Next, by opening 20 t he
second sol enbypasslwel v’ 69t he commeckdy) fas Sheat ecord haleojdbeddy a secorsb
that the set |oad of the conpressor beconmes 50% In this state,
openi ng the PiPtrgst?enoid val ve 32 and thereby opening the first
bypass val ve 27 causes_the di scharge capacity to be 60% _ )
Accordi Agly, the effeckfvehereRdaBeveneb¥ofppdngr ouh e toigsoperatingg
30% (= 50% ngg;/gulgeStlaitt:x%sO%7 FI'PZ c%)l'lectively by the one joint tube 74 from
the top center of the casing 73, the assembly man-hours can be
reduced so that a further cost reduction can be achieved.
Fig. 4 is a partial sectional view showing a
10 multi-stage capaéity-controlled scroll compressor according to
a second embodiment. A first scroll 81,-a second scroll.82,'a
low-pressure port 83, a bypass valve 84, a first solenoid valve
85, a low-pressure 1line 86, a high—pressure line 87, an
operating-pressure line 88, a joint tube 89 and a high-pressure
15 port 90 have the same constitution and operate in the same manner,
respectivély, as the first scroll 21, the second scroll 22, the
low-pressure port 23, the first bypass valve 27, the first
solenoid valve 32, the low-pressure line 33, the high-pressure
line 34, the operating-pressure line 35, the joint tube 36 and
20 the high—pressuie port 39 of the multi~stage capacity-controlled
scroll compressor shown in Fig. 1.
In the multi-stage capacity-controlled scroll
compressor shown in Fig. 1, the second bypass valve 40, which

is provided in an upper portion of the through hole 45 bored in

25 the end plate 41 of the first scroll 21, is opened and closed



s17- In this case, in the first scroll 21, the first

bypass - val ve 27 is provided by boring the only one common bypass’

hol e 24 only at a point J (see Fig. 9) which is about one-round
knwardl y unwound from an outernost side contact point E of the
second scrol | 5 22 with the first scroll 21. Therefore, the discharge
capacity during mninum capacity operation is 60% For this reason,
when the intrinsic volume ratio Vr of the first and second scrolls

21, 22 is 2.3, the volunme ratio Vr during the m ni num capacity

operation becones 1.38 (= 2.3 x 0.6), showing a value of not less 10
than "1". That is, according to this enbedlsent, 50% or | ower

partial |oad operation with high reliability is enabled.

As shown above, in this enbodinent, in the first scroll 21 of the
above asymetrical spiral-type scroll conpressor, the first bypass

val ve 27 t halgoCOREY N seTond! BybaSs | vyR @9SHARes ltthe 1oRe tre%%u?c@ yhiedel a |
di scharge capacity of 60%is provided at the poi nt (see Fig. 9)

whi ch i s abogtdensf thenshd plardl 41 sedevtdvely comnfurtidaitikew Dt ehiOsticsise
contact point E of the second scroll 22 with the first scroll 21.
Furt her, thesideondthgptsschaalgeesde, by whidhhilhe sitekoddhof sihe compsésisornd
t he dlscharge side selectively 20 comuni cated with each other to yield
a 50% set | od8 swWitphed between 100% and 50%. In addition, the selective
5 communication between the suction side and the discﬁarge side
can be achieved in another way.
In Fig. 4, the low-pressure line 86 and the high-
‘pressure line 87 are cohnected to each other by a bypass passage
93 on which a second solenoid valve 91 and a capillary tube 92
10 are provided interveniently, by which the selective
communication between the suction side ahd .the discharge side
is enabled. In addition, the capillary tube 92 ‘prevents
shortcircuit between the high-pressure line 87 and the low-
pressure line 86. Taking as an example a case in which the second
15 solenoid valve 91 is so designed that the set load of the
compressor with the second solenoid vélve 91 opened becomes 50%,
operation of the multi-stage capacity-controlled scroll
compréssor in this embodiment is described below.
.In this multi-stage capécity—controlled écroll
20 compressor, by controlling the opening and_ closing operations
of the first solenoid valve 85 and the second solenoid valve 91,
multi-stage load control is performed in the following manner.
First, by closing the second solenoid valve 91, the set load of

the compressor becomes 100%. In this state, closing the first

25 solenoid valve 85 causes the first bypass valve 84 to be closed



conpressdr I's provided outside the scroll of the first scroll 21
Thgn, by opening and closing the first solenoid valve 32 and t he
second sol enoid valve 47, the first bypass valve 27 and the second
bypass val ve 40 are opened and cl osed depending on a 25 differenti al
pressure between the pressure of the | ow pressure
- 18- ' line 33 or the high-pressure line 34 and the pressure on the
suction side. Therefore, closing both the second. bypass val ve 40 and
the first bypass valve 27 allows the effective | oad of t he
conpressor to be 100% Also, closing the second bypass val ve 5 40 and
concurrently opening the first bypass val-#@-27 allows the ef fective
| oad of the conpressor to be 60% Al so, opening both t he second
bypass valve 40 and the first bypass valve 27 allows the effective
| oad of the conpressor to be 30% Consequent |y, according
to this enbodombiat £0% i scHfrge | awacifar beabmegallo0per Mdcrrdiniglyhi ghe
reliability can be achi eved by setting the volunme ratio Vr during
t he m ni num effectivapdoiakly odpthat compressovaimethis "ddseorisdrt0%. Also,
In this case, the nmulti-stage capacity-controlled

opening the first solenoid valve 85 causes the first bypass valve

84 to be opened so that the discharge capacity becomes 60%.

5 Accordingly, the effective load of the compressor in this case
is 60%. Next, by opening the second solenoid valve 91, the set
load of the compressor becomes 50%. In this state, opening the
first solenoid valve 85 causes the dischargé capacity to be 60%.
Accordingly, the effective load of the compressor in this case

10 is 30%. In this way, as in the case of the first embodiment, 50%
or lower partial load operation with high reliability can be
achieved by setting the wvolume ratioc Vr during the minimum
capacity operation to "1" or more.

In this embodiment, the selective communication

15 between the suction side and the discharge side is enabled by
a very simple means of connecting the low-pressure line 86 and
the high-pressure line 87 to each other by the bypass passage
93 on which the second solenoid valve 91 is interveniently
provided. Therefore, it is no longer necessary to provide the.

20 second bypass valve 40 within the compressor body, unlike the
first embodiment, so that a further cost reduction can be
achieved.

In addition, when a motor-operated valve controllable
in degree of openness by a stepping motor or the like is used

25 instead of the second solenoid valve 91, the set load of the



scroll conpressor having the above constitution can be 15 I npl ement ed

S|nply by boring the through hole 45 through the end
of the first scroll 21 in the conventional asynmetri cal

the scroll

pl ate 41 outside

spiral-type nulti-stage capacity- controlled scroll. conpressor having

the first bypass valve 27,

the cylinder 42 to 20 an upper end portion of the through hol e 45.

and by screwing the fitting portion 42a of

Al so, the second bypass val ve 40 to be provi ded outside the scrol
does not require such precision as demanded for the first bypass

val ve 27 provided Wi thin the scroll. Accordingly, the nulti-stage
capacity- controlled scroll conpres®d- can be provided with a smaller

25 nunber of parts and at |ow price.

-19-

Fig. 3 is a partial sectional view show ng a

nodi fication exanple of the multi-stage capacity-controlled scrol

conpressor shpridssord.cdn Bef i dlisdnged Olih G&ultﬁ;ﬂ.%coslﬂages arbietfr@h:h1§2
first bypass valve 63, a first sol enoid val ve 64, a |owpressure

i ne 65,

a THergifayegsinrthat case, 6o, combination v«i_]t(hr’ame opepiag?elesinge

67, a high-pressure port 68, a second

10

15

20

25

operations of the first solenoid valve 85, 50% or lower arbitrary
multi-stage load control with high reliability can be achieved.
Fig. 5 1is a partial sectional view showing a
modification example of the multi-stage capacity-controlled
scroll compressor shown in Fig. 4. A first scroll 101, a second
scroll 102, a low-pressure port 103, a bypass valve 104, a first
solenoid valve 105, é low-pressure line 106, a high-pressure line
107, an operating-pressure line 108, a joint tube 109 and a
high-pressure port lld of the multi-stage capacity-controlled
scroll compressor shown in Fig. 5 have the same constitution and
operate in the same manner, respectively, as the first scroll
21, the second scroll 22, the low-pressure port 23, the first
bypass valve 27, the first solenoid valve 32, the low-pressire
line 33, the high-pressure line 34, the operating-pressure line
35, the joint tube 36 and the high—pressﬁre port 39 of the
multi-stage capacity-controlled scroll compressor shown in Fig.
1. Howefrer, it is assumed that the bypasé valve 104 is provided
at such a position that the discharge capacity becomes 50%.
In Fig. 5, the low—pressure line 106 and the high-
pressure line 107 are connected to each other by a bypass passage
113 on which a Second solenoid valve 111 that sets the set load
of the compressor in the opened state to 75% is provided

interveniently, and by a bypass passage 114 on which a third

a



bypass valve 69, a through hole 70, a second sol enoid valve 71 and
an operating-pressure line 72 of the nulti-stage ~ capacity-controll ed
scroll conpressor shown in Fig. 3 have the 10 same constitution and
pperate in the same manner, respectively, as the first scroll 21

the second scroll 22, the first bypass: val ve 27, the first solenoid
val ve 32, the | owpressure |line 33, the high-pressure line 34, the
operating-pressure line 35, the hi gh- pressure port 39, the second
bypass val ve 40, the through 15 hol e 45, the second sol enoid val ve 47
and the operating-pressure line 48 of the multi-stage
capacity-controlled scroll conpressor -24- shown in Fig. 1.

In this enbodi ment, the operating-pressure |lines 67, 72 are
.connected to the first bypass val ve 63 and the second bypass 20 val ve
69 via one joint tube 74 fitted to a top center of a casing 73. Wth

two hol es 74a0144B1iH0vARYe & 1 2rilnitelbtisnthBeséel Iléadllﬁethe compZésséBeln
operating-pressure line 67 is connected to the first hole 4a by a

first bolt j@&het openedhsteteheoopssais r@rwm@rmﬂemmemlyﬂmgn, by
connected to the second hole 74b by a second bolt joint 25 76.
Further, an epatablidagr ¢beuopeniaghend’ &lafsitme dpersttions of the first
20 solenoid valve 105, the second solenoid valve 111 and the third
5 _ solenoid valve 112, multi~stage load control is performed in the
following manner.
First, by closing both the second solenoid valve 111
 and the third solenoid valve 112, the set load of the compressor
becomes 100%. In this state, closing the first solenoid valve
10 105 causes the first bypass valve 104 to be closed so that the
discharge capacity becomes 100%. Accordingly, the effective
load of the compressor in this case is 100%. .Also,'opening the
first solenoid valve 105 causes the first bypass valve 104 to
be opened so that the discharge .capacity becomes 50%.
15 Accordingly, the effective load of the compressor in this caée
is 50%. ©Next, by closing the third solenoid wvalve 112 and
concurrently opening the second solenoid valve 111, the set load
of the compressor becomes 75%. In this state, closing the first
solenoid valve 105 causes the discharge capacity to be 100%.
20 Accordingly, the effective load of the compressor in this case
-is 75%. Next, by opening'both the second solenoid valve 111 and
the third solenoid valve 112, the set load of the compressor comes
49% (=75% x 65%) . In this state, opening the first solenoidvalve
105 causes the discharge capacity to be 50%. Accordingly, the

25 effective load of the compressor in this case . is 24% (= 75% x



bypass valve 63 is connected to the first hole 74a by a first pi pi ng
77, while an operating-pressure chanber 80 of the second bypass val ve
69 is connected to the second hole 74b by a second pi pi ng 79. 5

As shown above, by draw ng out the two operating- pressure |ines 67,
72 collectively by the one joint tube 74 from the top center of the
casing 73, the assenbly man-hours can be reduced so that a further
cost reduction can be achieved. Fig. 4 is a partial
sectional view showing a 10 nmul ti-stage capacity-controlled scrol
conpressor according to a second enbodinment. A first scroll 81, a
second scroll 82, a | ow pressure §03t 83, a bypass valve 84, a first
sol enoi d val ve 85, a low pressure line 86, a high-pressure line 87,
an operating-pressure line 88, a joint tube 89 and a hi gh-pressure
15 ~ port 90 have the sane constitution and operate in the sanme manner,

respecti vel t fir 21 h QL
p Y6585« 19, fﬁf??{sét)ut?ﬁ 50% Smetﬁﬁ.gqf IErté?e 1884 control .

| ow pressure port 23, the ass val ve 27, so,en0|d_

val ve 32, theithwighesslisblley 3an hdachieledsyseteing the vbloReIbtide
operating-pressure line 35, the joint tube 36 and 20 t he hi gh-pressure
port 39 of tVe duringsthgemtnpmant gapanityldperation tscfD! loxanpressdn
shown in Fig. 1. In the nmulti-stage capacity-controlled
scrol | addbhpors sokthvughn the Bbgve lexplanaiomdasy pesd nafecvifith athi ch
I's provided in an_upper_ portion of the through hole 45 bored in_ 25 t he
end pl aPe 41°%amphe 9f fqursstage 2oadigopy WhdocBoséage load control

can be implemented.

Fig. 6 is an arrangement view of a multi-stage
capacity-controlled scroll compressor according to a third
embodiment. In this embodiment, by combining a multi-stage

10 capacity-controlled scroll compressor having any one of the
constitutions of the foregoing embodiments (hereinafter,
referred to as capacity-controlled compressor) and a
standard-structure (non capacity-controlled) scroll coxﬁpressor
(hereinafter, referred to as standard compressor), 50% or lower

15 high-multi-stage load control is performed.

The standard compressor 121 is a non-capacity-
controlled type scroll compressor having a maximum discharge
capacity one half the maximum capacity required by a system to
which high-pressure gas is.sﬁpplied (hereinafter, the maxiﬁum

20 capacity required will be referred to simply as necessary maximum
capacity) . The capécity—controlled compressor 122'is, for
example, a multi-stage capacity-controlled scroll compressor
shbwn in Fig. 5, which has a maximum discharge capacity one half
the necessary maximum capacity of the system. In the

25 capacity-controlled compressor 122, discharge capacity 1is



-21- . so that the second bypass val ve 40 nmakes the | ow pressure

inner . side of the end plate 41 selectively communicate with the
suction side or the discharge side, by which the set |oad of the
conpr.essor is switched between 100% and 50% |In addition, the

sel ective 5 comuni cati on between the suction side and the discharge
si de can be achi eved in another way. In Fig. 4, the
| ow- pressure |ine 86 and the high- pressure line 87 are connected to
each other by a bypass passage 93 on which a second sol enoi d val ve
91 and a capillary tube 92 10 are provided I nterveniently, by

whi ch t he sel ective comuni cat42éxr bet ween the suction side and .
t he di scharge side - i s enabl ed. In addition, the capillary tube 92
prevents shortcircuit between the high-pressure line 87 and the | ow

pressure line 86. Taking as an exanple a case in which the second 15
sol enoi d val \&i¥kned HRtdRenINeBs! Bl Boe B! doﬂ%éoqfllhaethe open$AGPRASSOr

with the second sol enoid val ve 91 opened becones 50% operation of
the multi-stesEaRA6bbYatRbhs W1 tﬂessypéés valve (gegmle;psar) witthhi §irst

enbodi nent is descri bed bel ow.

solenoid valve 123 opened and closed, set load of the compressor
is swiltched between 100% and 75% by opening and closing a second
5 solenoid valve 124, and the set load of the compressor is switched
between 100% and 65% by opening and closing a third solenoid valve
125. 1In addition, a liquid injection tube 126 having a nozzle
is provided, for example, outside the scroll of the first scroll
in the capacity-controlled compressor 122, and a liquid line 127
10 from the system side is connected to this liquid injection tube

126. | |
The multi-stage capacity-controlled scroll
compressor of the above consfitution operates in the following
manner. First, the standard compressor 121 is put into an unload
15 state. In this state, the capacity-controlled compressor 122 is
set to an effective load of 24% as described above. Then, the
discharge capacity from the standard compressor 121 to the system
is 0% (= 50% x 0%) of the necessary maximum capacity and the
discharge capacity from the capacity-controlled compressor'122
20 to the system is 12% (= 50% xl24%) of the necessary maximum
capacity, so that the effective discharge capacity to the system
is 12% (= standard compressor 0% + capacity-controlled compressor
12%) of the nécessary maximum capécity.. Likewise, setting the

effective load of the capacity-controlled compressor 122 to 50%

25 causes the discharge capacity to the system to be 25% (= 50% x



In this nulti-stage capacity-controlled scroll 20 conpressor, by
‘controlling the opening and cl osing operations of the first solenoid
val ve 85 and the second sol enoid val ve 91, mul ti-stage | oad control
is perforned in the foll owi ng manner. ‘First, by closing the second
sol enoid valve 91, the set |oad of t he conpressor becones 100% In
this state, closing the first 25 sol enoi d val ve 85 causes the first
bypass valve 84 to be cl osed '

-22- so that the discharge capacity becomes 100@6 Accordi ngly, the
effective |load of the conpressor in this case is 100% Al so, openi ng
the first solenoid valve 85 causes the fr2%+ bypass val ve 84 to be
opened so that the discharge capacity beconmes 60% 5 Accordi ngly, the
effective | oad of the conpressor in this case is 60% Next, by
openi ng the second sol enoid val ve 91, the set | oad of the conpressor

beconmes 50% SbQ)tBEStﬁéaﬁéceé’Q&ﬂ(r}ﬁhﬁﬂﬁm capacift S%oSQhSBOtHeVé‘fféc@ﬁe
causes the discharge capacity to be 60% ccordi ngly, the effective

| oad of the garphaggercapadity toatke sly%tem is ZBWof the Miceswayy msximuhhe
case of the first enbodi nent, 50% or lower partial |oad operation
with high relcapbiclityy cAhsdbge setting the effective load of the capacity-
controlled compressor 122 to 75% causes the effective discharge
5 capacity to the system to be 37.5% of the necessary maximum
capacity. Setting the effective load of the capacity-~controlled
compressor 122 to 100% causes the effective discharge capacity
to the system to be 50% of the necessary maximum capacity.
Next, the standard compressor 121 is put. into a
10 full-load (100%) state. 1In this state, the capacity-controlled
| cOmpréssor 122 is set to an effective load of 24% in the way as
described above. Then, the discharge capacity fr_om the standard
compressor 121 to the system is 50% (= 50% x 100%) of the necessary
maximum capacity, and the discharge .capacity from the
15 capacity-controlled compressor 122 to the system is 12% (= 50%
x 24%) of the necessary maximum capacity, so that the effective
discharge capacity to the system is 62% (= standard compreésor
50% + capacity-controlled compressor 12%) of the necessary
maximum capacity. Likewise, setting the effective load of the
20 capacity-controlied compressor 122 to 50% causes.t'he effective
discharge capacity to the system tobe 75% of the necessary maximum
capacity. Also, setting the effective load of the capacity-
controlled compressor 122 to 75% causes the effective discharge
capacity to the system to be 87.5% of the necessary maximum

25 capacity. Setting the effective load of the capacity-controlled



achi eved by'setting the volunme ratio Vr during the m ninmm capacity

operation to "1" or nore. In this enbodi nent, the

sef ective comunication 15 bet ween the suction side and the discharge
side .is enabl ed by a very sinple neans of connecting the

| ow- pressure line 86 and the high-pressure line 87 to each other by
t he bypass passage 93 on which the second sol enoid valve 91 is

i nterveniently provi ded. Therefore, it is no |longer necessary to
provi de the 20 second bypass valve 40 within the conpressor body,
unl i ke the first enbodi nent, so that a further cost reduction can be
achi eved. In addition, w8&n a notor-operated val ve
controll abl e i n degree of openness by a stepping notor or the |ike
is used 25 i nstead of the second sol enoid valve 91, the set |oad of the
- 23- - conpressor can be changed in nultiple stages arbitrarily.
Therefore, iR S§@3e1 22 NtE MID NAaiu@esWehd éhPeOPEVe TN/ gRd capacity

operations of the first solenoid valve 85, 50%or |lower arbitrary
mul ti-stage [madheosysaemwibhbbi ghogebf abihé¢ i hgcessatye meochirmredtapacity.

In this case, in the capacity-controlled compressor

122, because high-temperature, high-pressure gas in the

5 discharge dome is returned to the suction side, the compressor

section.compfising‘the first scroll and the second scroll or the

motor that drives the_second scfoll increase in temperature.

Therefore, in this embodiment, a liquid injection tube 126 is

_ provided in the capacity-controlled compressor 122 so that a

10 liquid coolant is injected from the system side. Accordingly,

the injected liquid'coolant flows down from the compressor

section comprising fhe first scroll and the second scroll toward

the motor that drives the second scroll into rotation, by which

the compressor section and the motor are cooled. In this way,

15 the discharge gas and the motor are lowered in temperature, so

that the operable range is enlarged. 1In addition, the provision

of the 1liquid injection tube in the capacity-controlled
compreésor may be applied to the multi-stage capacity-controlled .

scroll compressors of the first and second embodiments. |

20 As described above, in this embodiment, a twin

multi-stage capacity—controlled:séroll compressor is made up of

the standard compressor 121 having a maximum discharge capacity

which is one half of the maximum capacity required for the system,

and the capacity—confrolléd compressor 122 having a maximum

25 discharge capacity which is one half of the maximum capacity



5 . "Fig. 5is a partial sectional view showing a

nodi fication exanple of the nulti-stage capacity-controlled scrol
conpressor shown in Fig. 4. Afirst scroll 101, a second scroll 102,
a |l ow pressure port 103, a bypass valve 104, a first sol enoid val ve
105, a lowpressure |line 106, a high-pressure line 10 107, an
operating-pressure line 108, a joint tube 109 and a hi gh- pressure
port 110 of the nulti-stage capacity-controlled scrol |l conpressor
shown in Fig. 5 have the sane constitution and operate in the sane
manner, respectively, as the first scroll 21, the second scroll 22,
the | owpressure port 23, the first 15 -2Bypass valve 27, the first

sol enoid valve 32, the | ow pressure line 33, the high-pressure |line
34, the operating-pressure |ine 35, the joint tube 36 and the

hi gh- pressure port 39 of the mul ti-stage capacity-controlled scrol

conpressor sheWuiredrifbr the sybtelQWeVEierdfore, asgUdB@nghal tdRedyeErRss
valve 104 is provided 20 at such a position that the discharge capacity
becones 50% effective load of thé dapacity-tbatkoti pd eskipressorel DG cands | he
hi gh- pressure line 107 are connected to each other by a bypass.
passage 50%}1358nantdi A0 siwwhtarseadwsilor wheal \thel tanbdardseompréssset

| oad of the conpressor in the opened state to 75%is provided 25

i nt erveni ent 121 dacdwhicheas)batueen fhegenload Giaks apd &henfulll load state,

5 the effective discharge capacity from the twin multi-stage
capacity-controlled scroll compressor to the system can be
changed over to 8 stages of 12%, 25%, 37.5%, 50%, 62%, 75%, 87.5%
and 100% of the necessary maximum capacity of the system. Also,
if the effective léad.of the capacity-controlled compressor 122

10 is changed over in the maximum 8 stageé, then the effective
discharge capacity from the i;win multi-stage capacity-controlled
scroll compressor to the system can be changed over in 16 stages.
In addition, although the above description has been made on the
assumption that the maximum dischafge capacity of the standard-

15 compressor 121 and the capacity-controlled compressor 122 is one

' haif of the necessary maximum capacity of the system for simpler
explanation, the maximum discharge capacity may be set as-
appropriate, depending on required effective discharge capacity,
without being limited to the above case.

20 The joinfl tube 36 to be connected to the
operating-pressure chamber 31 of the first bypass valve 27 in
the foregoing embodiments (typified by the first embodiment
hereinbelow) is fitted with its end being inserted into a hole
bored in the 1lid member 29, and further seéledﬁby an O-ring 52.

25 However, such a fitting structure is weak to. vibrations of the



-24- sol enoid valve 112 that sets the set | oad of the conpressor
in . the opened state to 65%is provided interveniently. Then, by
controlling the opening and closing operations of the first . " sol enoid
val ve. 105, the second sol enoid valve 111 and the third 5 sol enoi d

val ve 112, multi-stage |load control is perforned in the fol |l ow ng
manner . First, by closing both the second sol enoid val ve
111 and the third solenoid valve 112, the set | oad of the conpressor
beconmes 100% In this state, closing the first solenoid valve 10 105
causes the first bypass valve 104 to be closed so that the di schar ge
capacity becones 100% Accordingly, the-gibkective | oad of the
conpressor in this case is 100% Al so, opening the first sol enoid
val ve 105 causes the first bypass valve 104 to be opened so that the
di scharge capacity beconmes 50% 15 Accordingly, the effective | oad of

the conpress ‘Oﬂflfzrtgiﬁg $6S%hich ma il%a%)f_/% J@ﬁrré?%eﬁb@siéﬁcé S(c)i%g.bﬁﬂéng

sol enoi d val ve concurrently opening the secon no

val ve 111, thg $9ndi®3%ns of usel (RGP’ ehde RACARTFHIY%n bF theSmal
state, closing the first . solenoid valve 105 cauSes the discharge

capacity to besiii%nce?0 Thudécceomdithahy, sthectlifecld vhowdadn ofidde 7A and

conpressor in this case is 75% Next, by opening both the second
sol enoi d val vi8 Hire adidbpted in the fburthsehisodimental ve 112, the set | oad of
t he conpressor cones 49% (= 75% x 65% . |In this state, opening the

first sddenoid valve In Fig. 7A, a male screw 132 is provided at a taper

portion of an end of a joint tube 131, while a female screw 134

is provided at a taper hole of a 1id member 133. Then, the taper

portion of the end of the joint tube 131 is screwed into the taper

hole of the 1id member 133, by which the joint tube 131 is fitted

10 to the 1lid member 133. By sealing wi_th a taper sérew in this way,

| a fitting structure of the joint tube 131 which is strong to

vibrations and high in leakage resistance and thermal resistance

can be obtained. Further, in Fig. 7B, a joint tube body 135 and

a tube body 136 are separated from each other, and the tube body

15 136 and a 1id member 137 are formed integrally. Thén, an end of

the tube body 136 is protruded through a hole 139 of a casing

138, and fixed by welding at the place of the hole 139. Then,

the taper hole of the joint tube body 135 is screwed to the taper

portion of the end of the tube body 136. Like this, by integrally

20 forming the tube body 136 and the lid member 137 and by coupling

the integral unit to the joint tube body 135 with a taper screw,

a fitting structure which is strong to vibrations of the tube

body 136 and high in leakage resistance and thermal resistance

can be obtained.



105 causes the discharge capacity to be 50% Accordingly, the 25
effective |l oad of the conpressor in this case is 24% (= 75% X

- 25-
cont rol
rati o

65% x 50%9 . In this way, 50% or |lower nulti-stage | oad

with high reliability can be achi eved by setting the vol une

Vr during the mninmum capacity operation to "1" or nore. In

addi tion, although the above expl anati on has been nade with an 5
‘exanpl e of four-stage | oad control, up to 8-stage | oad control can
be i npl enent ed. Fig. 6 is an arrangenent view of a

mul ti-stage
third

capacity-controlled scroll conpressor according to a
enbodi nent. In this enbodi negt,, by conbining a nulti-stage

capacity-controlled scroll conpressor having any one of the
constitutions of the foregoing enbodi nents (hereinafter, referred
to as capacity-controlled conpressor) and a . standard- structu

(non capacity-control | ad) el BOMPERSSOLpove enbBREAEARL! havi o BELS
b Or " | ower E hirgh-nul Tl oa

to as standard conpressor),

-St age

control is pefls@riBdd, taking as an éggﬁpl%taQd@&ﬁ%ﬁﬂﬂﬂﬁfsag§mmé@}ic£§

non- capaci ty-

10

15

20

spiral-type scroll compressor in which, as shown in Fig. 9, the
spiral end of the first scroll 21, 61;'81, 101 is © (rad) longér
in involute angle than the spiral end of the second scroll 22,
62, 82, 102, and in which the outermost side contact point E of
the second scroll 22, 62, 82, 102 with the first scroll 21, 61,
81, 101 is the aforementioned spiral end. However, the present
invention is not limited to this, and can be applied to so-called
symmetrical spiral-type scroll compressors in which spiral ends
6f a symmetriCal pair of scrolls are shifted from éach other by
nt (rad) in involute angle. In the case of this symmetrical
spiral~type scroll compressor, however, the first fluid working
chamber A defined by the inner surface of the first scroll and
the outer surface of the second scroll, and the second fluid
working chamber B defined by the outer surface of the first scroll
and the inner surface of the second scroll are not formed at the
same position but formed so as to be opposed to each other, in
which case therefore the first bypass valﬁe for changing the
discharge capacity of the compressor needs to be provided two
in number, one for the first fluid working chamber A and the other
for the second fluid working chamber B, at positions opposed to

each other.

10

re

a



controlled type scroll conpressor having a maxi num di scharge

tapacity one half the maxi mum capacity required by a systemto whi ch
hi gh- pressure gas is supplied (hereinafter, the maxi rum 20 capacity
required will be referred to sinply as necessary nmaxi num capacity).
The capacity-controlled conpressor 122 is, for exanple, a

mul ti-stage capacity-controlled scroll conpressor shown in Fig. 5,
whi ch has a maxi mum di scharge capacity one half the necessary

maxi num capacity of the system In the 25 capacity-controll ed
conpressor 122, discharge capacity is

- 26- SMAtChed bet ween 100% and 582 by controlllng t he openi ng and
cl osing operations of the bypass valve (see Fig. 5) mm]luﬂ lmmm”"l

sol enoid val ve 123 opened and cl osed, set |oad of t S

swi t ched between 100% and 75% by openi ng and cl osi ng *a $ecbnd"

sol enoi d val ve 124, and the set | oad OfCLRfM onpressor is SMAtChed

‘bet ween 100% and 65% by opening and closing a third sol enoid val ve

125. |n addition aliauditolgehbe eyl deldittldid c BR2ELE compressdr
provi ded, for exanple out5| € scro the first scrol t he
capaci ty- contdombrgdifghpr essor 122, and a liquid line 127

a first bypass passage (26) formed at a specified

R . . iy
5 position' in a compression chamber and serving for returning

compressed gas present in a fluid working chamber to a suction
port (23); —
first opening/closing means (27) for opening and
closing the first bypass passage (26); -
10 a second bypass passage (45) for communicating
discharge side and suction side with each other; +—
second opening/closing means (40} for opening and
closing the second bypass passage (45) and for, with the second
bypass passage opened, letting high-pressure gas on the discharge
15 side escape to the suction side by a specified quantity. .-
2. | The multi-stage capacity-controlled scroll
compressof according to Claim 1, wherein
a first scroll (21) and a second scroll (22) of, which
the compression chamber is formed show asymmetrical spiral
20 shapes, respectively, that a spiral end of one scroll is 180 degree
longer in involute angle than a spiral end of the other scroll.
3. The multi-stage capacity~controlled Vécroll
compressor according to Claim 1, wherein -

the second bypass passage (93) is provided outside a

25 body of the compressor.



10 _fromthe systemside is connected to this liquid injection tube .
126 . The mul ti-stage capacity-controlled scrol
conpr essor of t he above constitution operates in the fol | ow ng

manner. First, the standard conpressor 121 is put into an unload 15

state. In thi s state, the capacity-controlled conpressor 122 is set
to an effective | oad of 24% as descri bed above. Then, the di schar ge
capacity fromthe . standard conpressor 121 to the system is 0% (= 50%

x 0% of the necessary maxi mum capacity and the __~_—_dLsghaLge_capaC|ty
fromthe capacity-controlled conpressor 122 20 12@6(—
50% x 24% of the necessary naxinmum _33capacity IH ME ctlve

di scharge capacity to the system is 12% (= s r 0% +
capacity-control |l ed conpressor 12% of the necessary HBX|num
capacity. Likew se, setting the effective | oad of the

capaci ty-con 4rr10I | ed CORRIS essoglgi/g% 51263)9% 2c_5apac1ct§}‘%%§1ttx%9.l%'0136ha58§oll

capacity to tHe systemto be

-27- condBes8brt BecBeasH a gﬁg gum PACiiNereiq; that the effective

di scharge capac ty to the syste e necessary maxi mum
the second bypass passage (113, 114) and the second

opening/closing means (111, 112) are provided each in a plural
5 number. | .

5. The multi-stage capacity-controlled scroll

compressor according to Claim 3, wherein

the second opening/closing means for opening and

closing the second bypass passage (93) is a motor-operated valve
10 which is controllable to any arbitrary degreergf openness.

6. The muiti—sfage Capacity—COntrélled scfoll

compressor according to Claim 1, wherein "

the second opening/closing means (40) operates on a

differential pressure between a pilot pressure and a pressure

15 on the suction side or a pressure on the discharge side.
=
7. The multi-stage capacity-controlled scroll

compressor according to-Claim 1, further comprising
a liquid injection tube (126) for cooling a low-
pressure chamber communicating with the suction port (23).
20 8. The multi-stage capacity-controlled scroll
compressor according to Claim 1, wherein 4
the first oﬁening/closing means (63) and the second
opening/closing means (69) operate-on a pilot pressure, and

—

a pilot port of the first opening/closing means (63)

e

25 and a pilot port of the second opening/closi;g means (69) are



capacity. Also, setting the effective |oad of the capacity-

control | ed conpressor 122 to 75% causes the effective discharge 5
capacity to the systemto be 37.5% of the necessary maxi mum

capacity. Setting the effective |oad of the capacity-controlled

conpressor 122 to 100% causes the effective discharge capacity to
the systemto be 50% of the necessary nmaxi mum capacity.

Next, the standard conpressor 121 is put into a 10 full-1oad (100%
state.  In this state, the capacity-controlled : cConpressor 122 is set
to an effective load of 24%in the way as de ' n, the
di scharge capacity fromthe standard -34-corrprésmmnmuI“IT"@IEHE'St emis
50% (= 50% x 100% of the necessary maxi num cdpati ty, mand t he

di scharge capacity fromthe 15 capacity-control |l ed conpressor 122 to
the systemis 12% (= 50% X 24% of the necessary maxi mum capacity,

so that the i ksch t : m i(g762%;6F

st andard con%%%gg%#%%' to E%ggg cgggﬁ? @-coﬁ%¥ol g’ co%%?%%so#%zéwawg "t he
necessary  respd®ivEIR,CINACLHY. jbikEWEBEriv@t (14)d privvriRfcbeati 48 Lipperof
the 20 capacCity-controll ed conpressor 122 to 50% causes the effective
di schar ge capsgiter oF the swmbeeskorbbodp of the necessary maxi mum
capacity. Also, setting the effective | oad of the capacity-

controll ed c@wpressor Bhuldirs¥agausapatibey-etdrittodedlissodilgeompressor
capacity to the systemto be 87.5% of the necessary maxi num 25

capacityp  Setampywysilg:effective | oad of the capacity-controlled

the multi-stage capacity-controlled scroll

—

compressor (122) as defined in Claim 1, and
a standard scroll compressor (121) of a specified
dis¢harge capacity, wherein .
10 the multi-stage capacity-controlled scroll
compressor (122) and the standard scroll compressor (121) are

-

connected to each other in parallel.

-~

10. The multi-stage capacity-controlled scroll

compressor according to Claim 1, wherein -~
15 the first opening/closing means operates on a pilot
pressure, and -

a pilot port of the first opening/closing means and
joint fittings (131, 135) for connec_:tinq apilot line to the pilot

port are connected to each other by screws.



:28- . conpressor 122 to 100% causes the effective discharge
capacity to the systemto be 100% of the necessary maxi num capacity.
In"this case, in the capacity-controlled conpressor 122, because

hi gh-tenperature, high-pressure gas in the 5 di scharge done is
returned to the suction side, the conpressor section conprising the
first scroll and the second scroll or the notor that drives the
second scroll increase in tenperature. Therefore, in this

enbodi ment, a liquid injection tube 126 is provided in the
capacity-controlled conpressor 122 so that a 10 liquid coolant is
injected fromthe system side. Accordi nglgs- the injected liquid

cool ant fl ows down fromthe conpressor section conprising the first
scroll and the second scroll toward the notor that drives the second
scroll into rotation, by which t he conpressor section and the notor
are cooled. In this way, 15 t he dhﬁ%?ﬁhﬂ? gas and the notor are

| owered in tenperature, so that the operable range is enlarged. In
addi tion, the provision first bypasshPalvdiod) ShLEKeR8 didndrhd Bopacity
capacity-controll ed conpressor nmay be applied to the milti-stage
capaci ty-contgooldeed is provi€éd®! incamyiesiorserdfllt el fof sénandympeerical
enbodi nrents. 20 As described above, in this enbodinment, a
twn mplitrialstype sepell cympoassorl edilsw,obl sexmyt bgpassivalvad¢40p of

5 that makes suction side and discharge side communicated with each
other. so that set load of the compressor becomes 50% is provided
outside a scroll of the first scroll (21). In thisway, byclosing
the first and second bypass valves (27, 40), effective load of
the compressor is set to 100%. Also, by opening the first bypass

10 valye(27)andcmncurrentlyclosingthesecondbypassvalve(40),
the effective load of the compressor is set to 60%. Further; by
opening both the first and second bypass valves (27, 40), the
effective load of the compressor is set to 30%. That is, 50% or
lower partial load operation with high reliability is performed

15 by setting volume ratio Vr during minimum capacity operation to
a value of "1" or more. As a result of this, 50% or lower partial

load operation can be changed over in multiple stages.



the standard conpressor 121 having a maxi num di scharge capacity
which is one half of the maxi mnum.capacity required for the system
and the capacity-controlled conpressor 122 having a naxi rum 25

di scharge capacity which is one half of the maxi num capacity

- 29- required for the system ‘Therefore, by changi ng over the
effective | oad of the capacity-controlled conpressor 122 to 24% :
50% 75% and 100% si mul t aneously when the standard conpressor 121 is
swi tched between the unload state and the full |oad state, 5 the
effective discharge -capacity fromthe twin nulti-stage

capacity-controll ed sc

ressor to the swsigem can be changed

over to 8 stages of 1 25% B7.5% 5 %862%@@@ 87.5% and 100%
of the necessary maxi fum cap of t ste SO if the
effective | oad of the [capaci tYy-Lontr ol 2 10 I s changed
over in the maxi num 8 [st ages { e}t di scharge capacity
fromthe twin multi-stjage ¢ = s¢roll conpressor to
t he system can be changed ov Lniagdgi tion, although
t he above description fhas be sunpsron that the

maxi mum di scharge cap
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15 - conpressor 121 and the capacity-controlled conpressor 122 is one
hal f of the necessary maxi num capacity of the system for sinpler

expl anati on, the maxi num di scharge capacity may be set as

appropriate, depending on required effective discharge capacity,

w thout being limted to the above case. 20 The joint tube
36 to be connected, to the oper ati ng- pressure chanber 31 of the
first bypass valve 27]in regoi ng enbodi ments (typified by the

first enbodi nent h s fitted with its end being inserted
into a hole bor | ] nmber 29, and further sealed by an
O-ring 52. 25 Ho Ing structure is weak vi brations
of the : - 30t j oi nt
tube 36, which may |eg endi ng{Q on

conditions of use. Furlthepythere is p problem of tHernal
resi stance. Thus, a fiftti structure|l as shown in Filgs. 7A 7B
are adopted in the fo 5 In Fig. 7A, a male
screw 132 is provided portion of gn end of a joint tube
131, while a femal e sg 1S provided at la taper hole of alid

menber 133. Then, the tapef“
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portion of the end of the joint tube 131 is screwed into the taper
“hole of the lid nenber 133, by which the joint tube 131 is fitted 10 to

the lid nenber 133. By sealing with a taper screw in this way,. a
fitting structure of the joint tube 131 which is strong to
vi brations and high in | eakage resistance and thermal resistance can
be obtained. Further, in Fig. 7B, a,joint tube body 135 and a tube
body 136 are separatld from each otfer, and the tube body 15 136 and a
l'id menber 137 are flr integrally. Then, an end of t he tube body
136 is protruded thrpughla,ho of a casing 138, and fixed by
wel ding at the plac . Then, t he taper hol f the
joint tube body 135 ) s qcrevied to the taper portion of th d of
t he tube body 136. Ljke % , tnie forming the t(@p body
136 and the |id nmenber and by céupling the integral umit to the
joint tube body 135 rﬁt t aper sciew, a fifting structL”nyMﬂ chis
strong to vibrations]o t body 136 ang high in | eakage
resi stance and t her npl LXeSdt can be obt pi ned. '
-31- « dddi tion| the above enboli nents have been
./\8)1 o
3 ~3
N
3>
I:
I \R o o
f 8\
TS / | ﬁﬁ:ll \ A
) 2 o L 47 B‘
Q0 ~
7, N 7 Y
S\ 7 12 N
o
~
» o
-

0L
\
€L

69
08



descri.bed, taking as an exanple a so-called asymetrical spiral -type
scrpoll conpressor in which, as shown in Fig. 9, the spiral end of
the first scroll 21, 61, 81, 101 is [err] (rad) | onger 5 in involute
angle than the spiral end of the second scroll 22, 62, 82, 102, and
In which the outernost side contact point E of the second scroll 22,
62, 82, 102 with the first scroll 21, 61, 81, 101 is the

af orenenti oned spiral end. However, the present i nvention i s not
limted to this, and can be applied to so-called 10 symet ri cal

spiral -type scroll conpressors in which spiral ends of a symetri cal
pair of scrolls are shifted fromeach other by [err] (rad) in
i nvolute angle. In the case of this symretri cal ' ' scrol
conpressor, however, the first fluid ' : _ cha ddf i hed by
the inner surface of the first scy, e oufiiEn gel of the
second scroll, and the second flxrd cha ﬁéig d by the
outer surface of the first scr e i[nner he
second scroll are not forned t he pasitio o] d so as
to be opposed to each other, {h- ' vdke Y heref@rg the rst
bypass val ve for changing th 20 dis capfcity gﬁ he ressor
needs to be provided two i n nbér ne forfthe {rg I wor ki ng
chanmber A and the ot her for tde d wor r B, at
positions opposed to ach ot her
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-32-

in a fluid working chanber to a suction

bypass passage (26);
conmuni cat i ng

bypass passage (45) and for,

10

_ R CLAI V5
‘mul ti-stage capacity-controlled scroll conpressor
a first bypass passage (26) fornmed at a specified
conpressi on chanber and serving for returning

with the second

| etting high-pressure gas on the discharge 15

suction side by a specified quantity. 2.
capacity-controlled - scroll acco
wherein afir scrol f as
whi ch t he conpressi on ganber i d g$how 1
shapes, respectively, that aggpiral en e gcrol
| onger in involute angle th a spiral t Re ot
The mul ti-stage capaciffy-control | crof |
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1

conpri si ng:

A

position in a

conpressed gas present
port (23);
first opening/closing neans (27) for opening and

closing the first
(45)
di scharge side and suction side with each other;
second openi ng/ cl osi ng nmeans (40) for opening and

a second bypass passage

f or

cl osing the second

bypass passage opened,

si de escape to the
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conpressor according to Caim1l, wherein t he second bypass
passage.(93) is provided outside a 25 body of  the conpressor.

-33- ) The mul ti - stage capacity-controll ed scrol
conpressor according to Claim1l or 3, wherein t he second
bypass passage (113, 114) and the second openi ng/ cl osi ng neans (111,
112) are provided each in a plural 5 nunber . 5. The

mul ti - stage capacity-controll ed scrol | conpressor according to
Claim 3, wherein t he second opening/cl osi ng neans for
openi ng and cl osing the second bypass passage (93) is a

not or - operated valve 10 which is controllable to any arbitrary degree of
openness. 6. The mul ti - stage capacity-controll ed scrol
conpressor according to Caim1l, wherein : t he second
openi ng/ cl osi ng neans (40) Eierates on a - differential pressure
between a pilot pressure anfja pressure 15 on the suction side or a
~pressure on the discharge sggle.

=
o)
[a'sg
L
o
X~y
—
L N
o ~
D ™~
= N
= B o 5
0 el o 8 =
>= o -
> = NI VAN - :
o — O} =t754
= . = =
oo S
(oo lim () =
= L t_s_
<= G =
"l @ ool A 08
@O < =
- S =
- D ©
o o Tg)
= . Al [V
A =
o
-
(&
o }
w
N o
o = ao
. Wl oLl
Q) =
(s <C O
<t ==
S ?8
192
(]

Fig.6
FROM SYSTEM
L
SUCTION 1



7. . The mul ti - stage capacity-controlled scrol | : conpr essor

according to Claim1l, further conprising aliquid injection
tube (126) for cooling a | ow pressure chanmber comunicating with the
suction port (23). 20 8. The mul ti - stage capacity-controll ed
scrol | conpressor according to Claim1, wherein t he
first opening/closing neans (63) and the second openi ng/ cl osi ng nmeans
(69) operate on a pilot pressure, and a pilot port of the

first opening/closing neans (63) 25 and a pilot port of the second
openi ng/ cl osi ng neans (69) are

- 34- co?ﬁ7§?ed ‘heir corresponding pilot lines (67, 72),
respectively, via’dfie joit fitting ( provi ded at an upper center
of the.conpressor body. 9. nmul ti-stage capacity-controlled
scroll compressor 5 conprising: . - t he mul ti-stage
capacity-controll ed scrol | }30122) as defined in Caiml,
and , a standard scroll ressor (121) of a specified
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wherein 10

scrol |

di scharge capacity,
capacity-controll ed
conpressor (121) are
The mul ti - stage
according to Caim1l, wherein 15

nmeans operates on a pil ot pressure,
of the first opening/closing neans and
connecting a pilot line to the pil ot

capacity-controlled

conpr essor
connected to each ot her

_the mul ti-stage
(122) and the standard scroll
in parallel. 10.
scrol | conpr essor
- the first opening/closing

a pilot port
joint fittings (131, 135) for
port are connected to each other

and

by screws. .F/g,a
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