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Description

TECHNICAL FIELD

[0001] The present invention relates to a multi-stage
capacity-controlled scroll compressor.

BACKGROUND ART

[0002] Conventionally, as a scroll compressor 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 WO 98/57066. This scroll compressor
is an asymmetrical spiral-type scroll compressor in which
a scrolling end of a first scroll 1 is π (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 scroll 1 and an outer surface of the second scroll
2, and a second fluid working chamber B defined by an
outer surface 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 chamber A and the sec-
ond fluid working chamber B is provided at a point j which
is a point about one-scroll inwardly unwound from an
outermost side contact point E of the second scroll 2 with
the first scroll 1.
[0003] 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-pres-
sure 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 closed
by a lid member 9 and thereby partitioned from a dis-
charge dome 10 to define an operating-pressure cham-
ber 11. In addition, an operating-pressure line 15 com-
municated 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 pre-
venting shortcircuit between the high-pressure line 14
and the low-pressure line 13, numeral 18 denotes a cas-
ing, and numeral 19 denotes a high-pressure port.
[0004] 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 7 by closing
the solenoid valve 12 and then the bypass valve 7 is
closed, discharge capacity becomes the full capacity
(100%). On the other hand, when low-pressure gas is
supplied to the operating-pressure chamber 11 of the
bypass valve 7 by opening the solenoid valve 12 and

then the bypass valve 7 is opened, the discharge capacity
becomes about 60% of the full capacity because the po-
sition of the common bypass hole 4 serves as a com-
pression start point. In this way, the discharge capacity
of the scroll compressor is switched between 100% and
60%.
[0005] 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 capacities, 100%, 70%
and 60%, can be obtained.
[0006] However, the above multi-stage capacity-con-
trolled 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 the operational range is limited.
[0007] For example, in the case where the intrinsic vol-
ume ratio Vr of the first and second scrolls 1, 2 is Vr =
2.3, since the volume ratio Vr needs to be not less than
"1" even with a partial load as a compressor, the critical
partial load ratio is 1/2.3 = 0.44, that is, a 44% operation
is a limit. Indeed increasing the intrinsic volume ratio Vr
causes the critical partial load ratio to lower so that a 50%
or lower partial load operation is enabled, but the effi-
ciency at the full load would be lowered in that case,
conversely, so that increasing the 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 neces-
sarily required so that when the conventional multi-stage
capacity-controlled scroll compressor is applied to this
multi-type air conditioner, there would arise problems that
the compressor runs and stops frequently, or that opti-
mum conditions for air-conditioning cannot be set.
[0008] Also, as a load-controlled scroll compressor,
there has been available a method using inverter control
of motors besides the above scroll compressor. In this
case, unfortunately, an inverter circuit is required, leading
to a great cost increase. Particularly in large-size invert-
ers, there is a further problem that harmonics would be
generated. There is still another problem of lubrication
failure during the inverter operation, which causes a re-
liability deterioration of the compressor as yet another
problem.
[0009] Furthermore, when a multiplicity of common by-
pass holes are formed with an aim of a low partial load
operation of 50% or lower as described above, machina-
bility or assemblability deterioration may be incurred or
rigidity may deteriorate because of the common bypass
holes formed 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 large extent,
the gas load and the centrifugal load of the movable-side
second scroll are unbalanced, so that malfunction such
as lubrication failures at a pin bearing (not shown) or the
like may occur, or that the second scroll may be turned
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over, as further problems.
[0010] US 5577897 discloses a scroll compressor hav-
ing a combination of features that falls within the scope
of the preamble of claim 1.

SUMMARY OF THE INVENTION

[0011] According to a first aspect of the present inven-
tion, there is provided a multi-stage capacity-controlled
scroll compressor including: a casing; a compression
portion having a first scroll and a second scroll and ar-
ranged in the casing such that a fluid working chamber
(A, B) is defined between the first and second scrolls; a
discharge chamber formed between the compression
portion and an inner surface of the casing; a first bypass
passage for communicating a port that is formed in the
fluid working chamber (A, B) between a low-pressure port
at one end of the fluid working chamber (A, B) and a high-
pressure port at the other end of the fluid working cham-
ber (A, B) with the low-pressure port; and a first opening/
closing means for opening and closing the first bypass
passage characterized in that the multi-stage capacity-
controlled scroll compressor further includes a second
bypass passage provided within said casing for commu-
nicating the discharge chamber with a suction-side
chamber communicating with the low-pressure port; and
a second opening/closing means is provided in the sec-
ond bypass passage and is configured to operate on a
differential pressure between a pilot pressure selectively
conducted from the discharge chamber or the suction-
side chamber and a pressure in the suction-side chamber
to open and close the second bypass passage, whereby
a high-pressure gas in the discharge chamber can be
allowed to escape to the suction-side chamber by a spec-
ified quantity through the opened second bypass pas-
sage.
[0012] With this constitution, the second opening/clos-
ing means opens and closes the second bypass pas-
sage, by which the load of the compressor can be
switched between 100% and a first specified %. On the
other hand, the first opening/closing means opens and
closes the first bypass passage, by which the discharge
capacity of the compressor can be switched between
100% and a second specified %. Accordingly, in combi-
nations of the opening and closing operations of the first
opening/closing means and the opening and closing op-
erations of the second opening/closing means, effective
load of the compressor can be changed over in four stag-
es. In this case, the discharge capacity 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 at which the discharge
capacity of the compressor becomes the second speci-
fied % 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.

[0013] Further with this constitution, the control system
for the second opening/closing means can be implement-
ed with simplicity, so that the multi-stage capacity-con-
trolled scroll compressor is produced with low price.
[0014] In an embodiment of the present invention, the
first scroll and the second scroll of which the compression
chamber is formed show asymmetrical spiral shapes, re-
spectively, whereby a spiral end of one scroll is 180 de-
gree longer in involute angle than a spiral end of the other
scroll.
[0015] With this constitution, the first fluid working
chamber defined by the inner surface of the first scroll
and the outer surface of the second scroll and the second
fluid working chamber defined by the outer surface of the
first scroll and the inner surface of the second scroll are
formed alternately at positions on the same first bypass
passage. Accordingly, the high-pressure gas in the fluid
working chambers is returned from the only one first by-
pass passage to the suction port.
[0016] In an embodiment of the present invention, the
first opening/closing means operates on a pilot pressure,
and a pilot port of the first opening/closing means and
joint fittings for connecting a pilot line to the pilot port are
connected to each other by screws.
[0017] With this constitution, the pilot port of the first
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 variations of
the joint fitting and high in leakage resistance and thermal
resistance can be realized.
[0018] According to a second aspect of the present
invention, there is provided a multi-stage capacity-con-
trolled scroll compressor including: a casing; a compres-
sion portion having a first scroll and a second scroll and
arranged in the casing such that a fluid working chamber
(A, B) is defined between the first and second scrolls; a
discharge chamber formed between the compression
portion and an inner surface of the casing; a first bypass
passage for communicating a port that is formed in the
fluid working chamber (A, B) between a low-pressure port
at one end of the fluid working chamber (A, B) and a high-
pressure port at the other end of the fluid working cham-
ber (A, B) with the low-pressure port; and a first opening/
closing means for opening and closing the first bypass
passage characterized in that a second bypass passage
is provided outside of the casing for communicating the
discharge chamber with a suction-side chamber that is
in communication with the low-pressure port; and a sec-
ond opening/closing means for opening and closing the
second bypass passage, whereby a high-pressure gas
in the discharge chamber can be allowed to escape to
the suction-side chamber by a specified quantity through
the opened second bypass passage.
[0019] With this constitution, the second bypass pas-
sage and the second opening/closing means do not need
to be formed within the compressor body, and may be
formed between discharge line and suction line. Accord-
ingly, the multi-stage capacity-controlled scroll compres-
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sor is produced with low price.
[0020] In an embodiment of the present invention, the
second bypass passage and the second opening/closing
means are provided each in a plural number.
[0021] With this constitution, the second bypass pas-
sage and the second opening/closing means are provid-
ed in plural number. Accordingly, in combinations of the
opening and closing operations of the second opening/
closing means and the opening and closing operations
of the first opening/closing means, 8 or more stages of
multi-stage load control is achieved.
[0022] In an embodiment of the present invention, the
second opening/closing means for opening and closing
the second bypass passage is a motor-operated valve
which is controllable to any arbitrary degree of openness.
[0023] 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 be-
tween 100% and any arbitrary %. Accordingly, in combi-
nations of the opening and closing operations of the first
opening/closing means and the opening and closing op-
erations of the second opening/closing means, effective
load of the compressor can be changed over in an arbi-
trary multiplicity of stages.
[0024] In an embodiment of the present invention, the
multi-stage capacity-controlled scroll compressor further
comprises a liquid injection tube for cooling a low-pres-
sure chamber communicating with the suction port.
[0025] With this constitution, the low-pressure cham-
ber and the driving motor are cooled by cooling liquid
injected from the liquid injection tube. Thus, temperature
increase of the low-pressure chamber due to the return
of the high-pressure gas in the compression chamber to
the suction port is prevented, making it possible to lower
the temperature of the discharged gas and the motor.
[0026] 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 to their
corresponding pilot lines, respectively, via one joint fitting
provided at an upper center of the compressor body.
[0027] With this constitution, the joint fitting that con-
nects the pilot ports of the first and second opening/clos-
ing means and their respective pilot lines to each other
need to be provided only one in number at an upper cent-
er of the compressor, 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 welding with the
operating tube needs to be provided at two places, the
welding work between the casing top and the operating
tube can be achieved with simplicity, so that the man-
hours for assembly is reduced, thus allowing a further
cost reduction.
[0028] The present invention, also provides a multi-
stage scroll compressor arrangement comprising: the

multi-stage capacity-controlled scroll compressor of the
first aspect, and a standard scroll compressor of a spec-
ified discharge capacity, wherein the multi-stage capac-
ity-controlled scroll compressor and the standard scroll
compressor are connected to each other in parallel.
[0029] With this constitution, a twin multi-stage capac-
ity-controlled scroll compressor is made up of a multi-
stage capacity-controlled scroll compressor and a stand-
ard 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 switch-
ing with the multi-stage capacity-controlled scroll com-
pressor, load can be changed over in 2 � n stages. Thus,
load control can be achieved in even further multiple stag-
es.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] To enable a better understanding of the present
invention, and to show how the same may be carried into
effect, reference will now be made, by way of example
only, to the accompanying drawings, in which:-

Fig. 1 is a partial sectional view of a first embodiment
of the multi-stage capacity-controlled scroll com-
pressor according to the present invention;
Fig. 2 is a partial sectional view in which the dis-
charge capacity of the multi-stage capacity-control-
led scroll compressor shown in Fig. 1 is 30%;
Fig. 3 is a partial sectional view of a multi-stage ca-
pacity-controlled scroll compressor other than that
of Fig. 1;
Fig. 4 is a sectional view of a multi-stage capacity-
controlled scroll compressor according to a second
embodiment;
Fig. 5 is a partial sectional view of a multi-stage ca-
pacity-controlled scroll compressor other than that
of Fig. 4;
Fig. 6 is an arrangement view of a multi-stage ca-
pacity-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. 1 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 Fig. 8.
DETAILED DESCRIPTION

[0031] Hereinbelow, the present invention is described
with reference to the exemplary embodiments shown in
the accompanying drawings. Fig. 1 is a partial sectional
view of a multi-stage capacity-controlled scroll compres-
sor of a first 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
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32, a low-pressure line 33, a high-pressure line 34, an
operating-pressure line 35, a joint tube 36, a capillary
tube 37, a casing 38 and a high-pressure port 39 have
the same constitution and operate in the 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 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-pressure line 13, the high-pressure line 14,
the operating-pressure line 15, the joint tube 16, the cap-
illary tube 17, the casing 18 and the high-pressure port
19 of the conventional asymmetrical spiral-type multi-
stage capacity-controlled scroll compressor shown in
Figs. 8 and 9.
[0032] 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 with the low-pressure port
23 or a discharge side in the discharge dome 30. Here-
inafter, the bypass valve 27 is referred to as a first bypass
valve and the bypass valve 40 is referred to as a second
bypass valve. The second bypass valve 40 roughly com-
prises a cylindrical-shaped cylinder part 42 provided so
as 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 has a ball at its end and slides within the cylinder
42, and a spring 44 fitted and compressed between the
valve body 43 and the cylinder 42.
[0033] At a low-pressure side end portion of the cylin-
der 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 circumferential
face. Also, in the 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 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 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 cyl-
inder 42 is partitioned from the discharge dome 30 to
define an operating-pressure chamber 46. Besides, an
operating-pressure line 48 which is communicated se-
lectively with the low-pressure line 33 or the high-pres-
sure line 34 by a second solenoid valve 47 is connected
to the operating-pressure chamber 46 via a joint tube 49.
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. In addition, reference nu-
meral 50 denotes a capillary tube for preventing short-
circuit between the high-pressure line 34 and the low-
pressure line 33.
[0034] A stepped portion, which is made smaller in di-
ameter on its low-pressure side, is formed in the outer

circumferential surface of the valve body 43, and a spring
44 is fitted to this smaller-diameter portion. At an axially
intermediate portion of 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 the size of the through
hole 51 is so set that load of the compressor becomes
50% as an example.
[0035] Therefore, in the case where high-pressure gas
is supplied to the operating-pressure chamber 46 of the
second bypass valve 40 by closing the second solenoid
valve 47 and the 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 will be re-
ferred to as set load). Meanwhile, in the case where low-
pressure gas is supplied to the operating-pressure cham-
ber 46 of the second bypass valve 40 by opening the
second solenoid valve 47 and the valve body 43 is slid
upward, the through hole 51 of the valve body 43 is
opened so that the set load of the compressor becomes
50%. That is, in this embodiment, the second bypass
passage is implemented by the through hole 45, while
the second opening/closing means is implemented by
the second bypass valve 40.
[0036] The multi-stage capacity-controlled scroll com-
pressor having the above constitution is enabled to per-
form multi-stage load control, as shown below, by con-
trolling the first bypass valve 27 and the second bypass
valve 40. First, as described above, closing the second
solenoid valve 47 causes the second bypass valve 40 to
be closed, so that the set load of the compressor be-
comes 100%. In this state, closing the first 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 capacity
becomes 100%. Accordingly, effective load of the com-
pressor in this case is 100% (= 100% � 100%) (state of
Fig. 1) . Also, opening 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 discharge capacity becomes
60%. Accordingly, the effective load of the compressor
in this case is 60% (= 100% � 60%). Next, by opening
the second solenoid valve 47, the second bypass valve
40 is opened so that the set load of the compressor be-
comes 50%. In this state, opening the first solenoid valve
32 and thereby opening the first bypass valve 27 causes
the discharge capacity to be 60%. Accordingly, the ef-
fective load of the compressor in this case is 30% (= 50%
� 60%) (state of Fig. 2).
[0037] In this case, in the first scroll 21, the first bypass
valve 27 is provided by boring the only one common by-
pass hole 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 22 with the first scroll
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21. Therefore, the discharge capacity during minimum
capacity operation is 60%. For this reason, when the in-
trinsic 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 � 0.6), showing a value
of not less than "1". That is, according to this embodiment,
50% or lower partial load operation with high reliability is
enabled.
[0038] As shown above, in this embodiment, in the first
scroll 21 of the above asymmetrical spiral-type scroll
compressor, the first bypass valve 27 that communicates
with the low-pressure 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 second bypass valve 40 that makes
the suction side and the discharge side selectively com-
municated 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 differential pressure between
the pressure of the low-pressure line 33 or the high-pres-
sure line 34 and the pressure on the suction side. There-
fore, closing both the second bypass valve 40 and the
first bypass valve 27 allows the effective load of the com-
pressor to be 100%. Also, closing the second bypass
valve 40 and concurrently opening the first bypass valve
27 allows the effective load of the compressor to be 60%.
Also, opening both the second bypass valve 40 and the
first bypass valve 27 allows the effective load of the com-
pressor to be 30%.
[0039] Consequently, according to this embodiment,
50% or 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.
[0040] In this case, the multi-stage capacity-controlled
scroll compressor having the above constitution can be
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 by screwing the fitting por-
tion 42a of the cylinder 42 to 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 preci-
sion 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 number of parts and at low price.
[0041] Fig. 3 is a partial sectional view showing a mod-
ification example of the multi-stage capacity-controlled
scroll compressor shown in Fig. 1. A first scroll 61, a
second scroll 62, a first bypass valve 63, a first solenoid
valve 64, 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 valve 71 and an operating-pressure line 72 of
the multi-stage capacity-controlled scroll compressor
shown in Fig. 3 have the 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 high-
pressure line 34, the operating-pressure line 35, the high-
pressure port 39, the second bypass valve 40, the
through hole 45, the second solenoid valve 47 and the
operating-pressure line 48 of the multi-stage capacity-
controlled scroll compressor shown in Fig. 1.
[0042] In this embodiment, the operating-pressure
lines 67, 72 are connected to the first bypass valve 63
and the second bypass 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
76. Further, an operating-pressure chamber 78 of the
first bypass valve 63 is connected to the first hole 74a by
a first piping 77, while an operating-pressure chamber
80 of the second bypass valve 69 is connected to the
second hole 74b by a second piping 79.
[0043] As shown above, by drawing out the two oper-
ating-pressure lines 67, 72 collectively 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 reduc-
tion can be achieved.
[0044] Fig. 4 is a partial sectional view showing a multi-
stage capacity-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 line 86, a high-pres-
sure line 87, an operating-pressure line 88, a joint tube
89 and a high-pressure port 90 have the same constitu-
tion 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-pressure line 33, the high-pressure line 34,
the operating-pressure line 35, the joint tube 36 and the
high-pressure port 39 of the multi-stage capacity-control-
led scroll compressor shown in Fig. 1.
[0045] 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 the end plate 41 of the first scroll 21, is
opened and closed so that the second bypass valve 40
makes the low-pressure inner side of the end plate 41
selectively communicate with the suction side or the dis-
charge side, by which the set load of the compressor is
switched between 100% and 50%. In addition, the selec-
tive communication between the suction side and the dis-
charge side can be achieved in another way.
[0046] In Fig. 4, the low-pressure line 86 and the high-
pressure line 87 are connected to each other by a bypass
passage 93 on which a second solenoid valve 91 and a
capillary tube 92 are provided interveniently, by which
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the selective communication between the suction side
and the discharge side is enabled. In addition, the cap-
illary tube 92 prevents shortcircuit between the high-pres-
sure line 87 and the low-pressure line 86. Taking as an
example a case in which the second solenoid valve 91
is so designed that the set load of the compressor with
the second solenoid valve 91 opened becomes 50%, op-
eration of the multi-stage capacity-controlled scroll com-
pressor in this embodiment is described below.
[0047] In this multi-stage capacity-controlled scroll
compressor, by controlling the opening and closing op-
erations 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 so-
lenoid valve 91, the set load of the compressor becomes
100%. In this state, closing the first solenoid valve 85
causes the first bypass valve 84 to be closed so that the
discharge capacity becomes 100%. Accordingly, the ef-
fective load of the compressor in this case is 100%. Also,
opening the first solenoid valve 85 causes the first bypass
valve 84 to be opened so that the discharge capacity
becomes 60%. Accordingly, the effective load of the com-
pressor in this case is 60%. Next, by opening the second
solenoid valve 91, the set load of the compressor be-
comes 50%. In this state, opening the first solenoid valve
85 causes the discharge capacity to be 60%. According-
ly, the effective load of the compressor in this case 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 volume ratio Vr during the
minimum capacity operation to "1" or more.
[0048] In this embodiment, the selective communica-
tion 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 second bypass
valve 40 within the compressor body, unlike the first em-
bodiment, so that a further cost reduction can be
achieved.
[0049] In addition, when a motor-operated valve con-
trollable in degree of openness by a stepping motor or
the like is used instead of the second solenoid valve 91,
the set load of the compressor can be changed in multiple
stages arbitrarily. Therefore, in that case, in combination
with the opening/closing operations of the first solenoid
valve 85, 50% or lower arbitrary multi-stage load control
with high reliability can be achieved.
[0050] Fig. 5 is a partial sectional view showing a mod-
ification 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, a low-pressure line
106, a high-pressure line 107, an operating-pressure line
108, a joint tube 109 and a high-pressure port 110 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 sec-
ond 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 the high-pressure port 39 of the
multi-stage capacity-controlled scroll compressor shown
in Fig. 1. However, it is assumed that the bypass valve
104 is provided at such a position that the discharge ca-
pacity becomes 50%.
[0051] In Fig. 5, the low-pressure line 106 and the high-
pressure line 107 are connected to each other by a by-
pass 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 solenoid valve 112 that
sets the set load of the compressor in the opened state
to 65% is provided interveniently. Then, by controlling
the opening and closing operations of the first solenoid
valve 105, the second solenoid valve 111 and the third
solenoid valve 112, multi-stage load control is performed
in the following manner.
[0052] 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 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%. Accordingly, the
effective load of the compressor in this case is 50%. Next,
by closing the third solenoid valve 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%. Accordingly, the effective load of the compres-
sor 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% � 65%).
In this state, opening the first solenoid valve 105 causes
the discharge capacity to be 50%. Accordingly, the ef-
fective load of the compressor in this case is 24% (= 75%
� 65% � 50%) . In this way, 50% or lower multi-stage
load control with high reliability can be achieved by setting
the volume ratio Vr during the minimum capacity opera-
tion to "1" or more. In addition, although the above ex-
planation has been made with an example of four-stage
load control, up to 8-stage load control can be implement-
ed.
[0053] 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 capacity-controlled scroll compressor having any
one of the constitutions of the foregoing embodiments
(hereinafter, referred to as capacity-controlled compres-
sor) and a standard-structure (non capacity-controlled)
scroll compressor (hereinafter, referred to as standard
compressor), 50% or lower high-multi-stage load control
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is performed.
[0054] The standard compressor 121 is a non-capac-
ity-controlled type scroll compressor having a maximum
discharge capacity one half the maximum capacity re-
quired by a system to which high-pressure gas is supplied
(hereinafter, the maximum capacity required will be re-
ferred to simply as necessary maximum capacity). The
capacity-controlled compressor 122 is, for example, a
multi-stage capacity-controlled scroll compressor shown
in Fig. 5, which has a maximum discharge capacity one
half the necessary maximum capacity of the system. In
the capacity-controlled compressor 122, discharge ca-
pacity is switched between 100% and 50% by controlling
the opening and closing operations of the bypass valve
(see Fig. 5) with a first solenoid valve 123 opened and
closed, set load of the compressor is switched between
100% and 75% by opening and closing a second 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. In addition, a liquid injection tube 126
having a nozzle is provided, for example, outside the
scroll of the first scroll in the capacity-controlled compres-
sor 122, and a liquid line 127 from the system side is
connected to this liquid injection tube 126.
[0055] The multi-stage capacity-controlled scroll com-
pressor of the above constitution operates in the following
manner. First, the standard compressor 121 is put into
an unload 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% �
0%) of the necessary maximum capacity and the dis-
charge capacity from the capacity-controlled compressor
122 to the system is 12% (= 50% � 24%) of the necessary
maximum capacity, so that the effective discharge ca-
pacity to the system is 12% (= standard compressor 0%
+ capacity-controlled compressor 12%) of the necessary
maximum capacity. Likewise, setting the effective load
of the capacity-controlled compressor 122 to 50% causes
the discharge capacity to the system to be 25% (= 50%
� 50%) of the necessary maximum capacity, so that the
effective discharge capacity to the system is 25% 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 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 capac-
ity.
[0056] Next, the standard compressor 121 is put into
a full-load (100%) state. In this state, the capacity-con-
trolled compressor 122 is set to an effective load of 24%
in the way as described above. Then, the discharge ca-
pacity from the standard compressor 121 to the system
is 50% (= 50% � 100%) of the necessary maximum ca-
pacity, and the discharge capacity from the capacity-con-
trolled compressor 122 to the system is 12% (= 50% �

24%) of the necessary maximum capacity, so that the
effective discharge capacity to the system is 62% (=
standard compressor 50% + capacity-controlled com-
pressor 12%) of the necessary maximum capacity. Like-
wise, setting the effective load of the capacity-controlled
compressor 122 to 50% causes the effective discharge
capacity to the system to be 75% of the necessary max-
imum capacity. Also, setting the effective load of the ca-
pacity-controlled compressor 122 to 75% causes the ef-
fective discharge capacity to the system to be 87.5% 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 100% of the necessary maximum capacity.
[0057] In this case, in the capacity-controlled compres-
sor 122, because high-temperature, high-pressure gas
in the discharge dome is returned to the suction side, the
compressor section comprising the first scroll and the
second scroll or the motor that drives the second scroll
increase in temperature. Therefore, in this embodiment,
a liquid injection tube 126 is provided in the capacity-
controlled compressor 122 so that a liquid coolant is in-
jected from the system side. Accordingly, the injected
liquid coolant flows down from the compressor section
comprising the 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, the discharge gas and the motor are lowered
in temperature, so that the operable range is enlarged.
In addition, the provision of the liquid injection tube in the
capacity-controlled compressor may be applied to the
multi-stage capacity-controlled scroll compressors of the
first and second embodiments.
[0058] As described above, in this embodiment, a twin
multi-stage capacity-controlled scroll compressor is
made up of the standard compressor 121 having a max-
imum discharge capacity which is one half of the maxi-
mum capacity required for the system, and the capacity-
controlled compressor 122 having a maximum discharge
capacity which is one half of the maximum capacity re-
quired for the system. Therefore, by changing over the
effective load of the capacity-controlled compressor 122
to 24%, 50%, 75% and 100% simultaneously when the
standard compressor 121 is switched between the un-
load state and the full load state, 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 load of the capacity-control-
led compressor 122 is changed over in the maximum 8
stages, then the effective discharge capacity from the
twin 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 discharge capacity of the
standard compressor 121 and the capacity-controlled
compressor 122 is one half of the necessary maximum
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capacity of the system for simpler explanation, the max-
imum discharge capacity may be set as appropriate, de-
pending on required effective discharge capacity, without
being limited to the above case.
[0059] The joint tube 36 to be connected to the oper-
ating-pressure chamber 31 of the first bypass valve 27
in the foregoing embodiments (typified by the first em-
bodiment hereinbelow) is fitted with its end being inserted
into a hole bored in the lid member 29, and further sealed
by an O-ring 52. However, such a fitting structure is weak
to vibrations of the joint tube 36, which may lead to oc-
currence of leakage depending on conditions of use. Fur-
ther, there is a problem of thermal resistance. Thus, a
fitting structure as shown in Figs. 7A and 7B are adopted
in the fourth embodiment.
[0060] 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 lid member
133. Then, the taper portion of the end of the joint tube
131 is screwed into the taper hole of the lid member 133,
by which the joint tube 131 is fitted to the lid member 133.
By sealing with a taper screw 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 ob-
tained. Further, in Fig. 7B, a joint tube body 135 and a
tube body 136 are separated from each other, and the
tube body 136 and a lid member 137 are formed inte-
grally. Then, 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 forming
the tube body 136 and the lid member 137 and by cou-
pling 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.
[0061] The multi-stage capacity-controlled scroll com-
pressor of this invention enables partial load operation
in lower capacity regions.
[0062] It is an advantage of the present invention to
provide a multi-stage capacity-controlled scroll compres-
sor which is capable of changing 50% or lower partial
load operation in multiple stages and which is low in price
and high in reliability.
[0063] In addition, the above embodiments have been
described, taking as an example a so-called asymmetri-
cal spiral-type scroll compressor in which, as shown in
Fig. 9, the spiral end of the first scroll 21, 61, 81, 101 is
π (rad) longer 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 of a sym-
metrical pair of scrolls are shifted from each other by π
(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 sec-
ond 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 valve 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 op-
posed to each other.

Claims

1. A multi-stage capacity-controlled scroll compressor
including:

a casing (38);
a compression portion having a first scroll (21)
and a second scroll (22) and arranged in the
casing (38) such that a fluid working chamber
(A, B) is defined between the first and second
scrolls (21, 22);
a discharge chamber (30) formed between the
compression portion and an inner surface of the
casing (38);
a first bypass passage (26) for communicating
a port (24) that is formed in the fluid working
chamber (A, B) between a low-pressure port
(23) at one end of the fluid working chamber (A,
B) and a high-pressure port (39) at the other end
of the fluid working chamber (A, B) with the low-
pressure port (23); and
a first opening/closing means (27) for opening
and closing the first bypass passage (26) char-
acterized in that
the multi-stage capacity-controlled scroll com-
pressor further includes a second bypass pas-
sage (45) provided within said casing (38) for
communicating the discharge chamber (30) with
a suction-side chamber communicating with the
low-pressure port (23); and
a second opening/closing means (40) is provid-
ed in the second bypass passage (45) and is
configured to operate on a differential pressure
between a pilot pressure selectively conducted
from the discharge chamber (30) or the suction-
side chamber and a pressure in the suction-side
chamber to open and close the second bypass
passage (45), whereby a high-pressure gas in
the discharge chamber (30) can be allowed to
escape to the suction-side chamber by a spec-
ified quantity through the opened second by-
pass passage (45).

2. The multi-sage capacity-controlled scroll compres-
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sor according to claim 1, wherein
the first scroll (21) and the second scroll (22) of which
the compression chamber is formed show asymmet-
rical spiral shapes, respectively, whereby 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 scroll compres-
sor according to claim 1, wherein
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 connecting a pilot line to
the pilot port are connected to each other by screws.

4. A multi-stage capacity-controlled scroll compressor
including:

a casing (38);
a compression portion having a first scroll (21)
and a second scroll (22) and arranged in the
casing (38) such that a fluid working chamber
(A, B) is defined between the first and second
scrolls (21, 22);
a discharge chamber (30) formed between the
compression portion and an inner surface of the
casing (38);
a first bypass passage (26) for communicating
a port (24) that is formed in the fluid working
chamber (A, B) between a low-pressure port
(23) at one end of the fluid working chamber (A,
B) and a high-pressure port (39) at the other end
of the fluid working chamber (A, B) with the low-
pressure port (23); and
a first opening/closing means (27) for opening
and closing the first bypass passage (26) char-
acterized in that
a second bypass passage (93) is provided out-
side of the casing (38) for communicating the
discharge chamber (30) with a suction-side
chamber that is in communication with the low-
pressure port (23); and
a second opening/closing means (91) for open-
ing and closing the second bypass passage
(93), whereby a high-pressure gas in the dis-
charge chamber (80) can be allowed to escape
to the suction-side chamber by a specified quan-
tity through the opened second bypass passage
(93).

5. The multi-stage capacity-controlled scroll compres-
sor according to claim 3, wherein
the second bypass passage (113, 114) and the sec-
ond opening/closing means (111, 112) are provided
each in a plural number.

6. The multi-stage capacity-controlled scroll compres-
sor according to claim 3, wherein

the second opening/closing means for opening and
closing the second bypass passage (93) is a motor-
operated valve which is controllable to any arbitrary
degree of openness.

7. The multi-stage capacity-controlled scroll compres-
sor according to claim 1, further comprising
a liquid injection tube (126) for cooling a low-pres-
sure chamber communicating with the low-pressure
port (23).

8. The multi-stage capacity-controlled scroll compres-
sor according to claim 1, wherein
the first opening/closing means (63) and the second
opening/closing means (69) operate on a pilot pres-
sure,and
a pilot port of the first opening/closing means (63)
and a pilot port of the second opening/closing means
(69) are connected to their corresponding pilot lines
(67, 72), respectively, via one joint fitting (74) pro-
vided at an upper center of the compressor body.

9. A multi-stage scroll compressor arrangement com-
prising:

the multi-stage capacity-controlled scroll com-
pressor (122) as defined in claim 1, and
a standard scroll compressor (121) of a specified
discharge capacity, wherein
the multi-stage capacity-controlled scroll com-
pressor (122) and the standard scroll compres-
sor (121) are connected to each other in parallel.

Patentansprüche

1. Kapazitätsgesteuerter Mehrstufen-Schneckenver-
dichter, aufweisend:

ein Gehäuse (38),
einen Verdichterabschnitt, der eine erste
Schnecke (21) und eine zweite Schnecke (22)
aufweist und derart im Gehäuse (38) angeord-
net ist, dass eine Fluidarbeitskammer (A, B) zwi-
schen der ersten und zweiten Schnekke (21, 22)
definiert ist,
eine Ausstoßkammer (30), die zwischen dem
Verdichterabschnitt und einer Innenfläche des
Gehäuses (38) ausgebildet ist,
einen ersten Nebendurchgang (26) zum Verbin-
den eines Anschlusses (24), der in der Fluidar-
beitskammer (A, B) zwischen einem Nieder-
druckanschluss (23) an einem Ende der Fluid-
arbeitskammer (A, B) und einem Hochdruckan-
schluss (39) am anderen Ende der Fluidarbeits-
kammer (A, B) ausgebildet ist, mit dem Nieder-
druckanschluss (23), und
ein erstes Öffnungs-/Verschließmittel (27) zum
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Öffnen und Verschließen des Nebendurch-
gangs (26), dadurch gekennzeichnet, dass
der kapazitätsgesteuerte Mehrstufen-Schnek-
kenverdichter weiter einen zweiten Neben-
durchgang (45) aufweist, der innerhalb des Ge-
häuses (38) zum Verbinden der Ausstoßkam-
mer (30) mit einer mit dem Niederdruckan-
schluss (23) verbindenden, ansaugseitigen
Kammer vorgesehen ist, und
ein zweites Öffnungs-/Verschließmittel (40) im
zweiten Nebendurchgang (45) vorgesehen ist,
und auf einem Differenzdruck zwischen einem
wahlweise von der Ausstoßkammer (30) oder
der ansaugseitigen Kammer geleiteten Steuer-
druck und einem Druck in der ansaugseitigen
Kammer arbeiten kann, um den zweiten Neben-
durchgang (45) zu öffnen und zu verschließen,
wodurch ein Hochdruckgas in der Ausstoßkam-
mer (30) um eine spezifische Größe durch den
geöffneten, zweiten Nebendurchgang (45) zur
ansaugseitigen Kammer entweichen kann.

2. Kapazitätsgesteuerter Mehrstufen-Schneckenver-
dichter gemäß Anspruch 1, bei dem
die erste Schnecke (21) und die zweite Schnecke
(22), aus der die Verdichterkammer gebildet ist, ent-
sprechend eine asymmetrische Spiralgestalt zei-
gen, wodurch ein Spiralende einer Schnecke im Ab-
wicklungswinkel 180° länger ist als ein Spiralende
der anderen Schnecke.

3. Kapazitätsgesteuerter Mehrstufen-Schneckenver-
dichter gemäß Anspruch 1, bei dem
das erste Öffnungs-/Verschließmittel auf einem
Steuerdruck arbeitet, und
ein Steueranschluss des ersten Öffnungs-/Ver-
schließmittels und Verbindungspassungen (131,
135) zum Verknüpfen einer Steuerleitung mit dem
Steueranschluss mittels Schrauben miteinander
verknüpft sind.

4. Kapazitätsgesteuerter Mehrstufen-Schneckenver-
dichter, aufweisend:

ein Gehäuse (38),
einen Verdichterabschnitt, der eine erste
Schnecke (21) und eine zweite Schnecke (22)
aufweist und derart im Gehäuse (38) angeord-
net ist, dass eine Fluidarbeitskammer (A, B) zwi-
schen der ersten und zweiten Schnekke (21, 22)
definiert ist,
eine Ausstoßkammer (30), die zwischen dem
Verdichterabschnitt und einer Innenfläche des
Gehäuses (38) ausgebildet ist,
einen ersten Nebendurchgang (26) zum Verbin-
den eines Anschlusses (24), der in der Fluidar-
beitskammer (A, B) zwischen einem Nieder-
druckanschluss (23) an einem Ende der Fluid-

arbeitskammer (A, B) und einem Hochdruckan-
schluss (39) am anderen Ende der Fluidarbeits-
kammer (A, B) ausgebildet ist, mit dem Nieder-
druckanschluss (23), und
ein erstes Öffnungs-/Verschließmittel (27) zum
Öffnen und Verschließen des ersten Neben-
durchgangs (26), dadurch gekennzeichnet,
dass
ein zweiter Nebendurchgang (93) außerhalb
des Gehäuses (38) zum Verbinden der Aus-
stoßkammer (30) mit einer sich mit dem Nieder-
druckanschluss (23) in Verbindung befindli-
chen, ansaugseitigen Kammer vorgesehen ist,
und
ein zweites Öffnungs-/Verschließmittel (91)
zum Öffnen und Verschließen des zweiten Ne-
bendurchgangs (93), wodurch ein Hochdruck-
gas in der Ausstoßkammer (80) um eine spezi-
fische Größe durch den geöffneten zweiten Ne-
bendurchgang (93) zur ansaugseitigen Kammer
entweichen kann.

5. Kapazitätsgesteuerter Mehrstufen-Schneckenver-
dichter gemäß Anspruch 3, bei dem
der zweite Nebendurchgang (113, 114) und das
zweite Öffnungs-/Verschließmittel (111, 112) jeweils
in einer mehrfachen Anzahl vorgesehen sind.

6. Kapazitätsgesteuerter Mehrstufen-Schneckenver-
dichter gemäß Anspruch 3, bei dem
das zweite Öffnungs-/Verschließmittel zum Öffnen
und Verschließen des zweiten Nebendurchgangs
(93) ein motorbetriebenes Ventil ist, das auf einen
beliebigen Öffnungsgrad steuerbar ist.

7. Kapazitätsgesteuerter Mehrstufen-Schneckenver-
dichter gemäß Anspruch 1, weiter umfassend:

ein Flüssigkeitseinspritzrohr (126) zum Kühlen
einer mit dem Niederdruckanschluss (23) ver-
bindenden Niederdruckkammer.

8. Kapazitätsgesteuerter Mehrstufen-Schneckenver-
dichter gemäß Anspruch 1, bei dem
das erste Öffnungs-/Verschließmittel (63) und das
zweite Öffnungs-/Verschließmittel (69) auf einem
Steuerdruck arbeiten, und
ein Steueranschluss des ersten Öffnungs-/Ver-
schließmittels (63) und ein Steueranschluss des
zweiten Öffnungs-/Verschließmittels (69) mit ihren
entsprechenden Steuerleitungen (67, 72) entspre-
chend über eine an einer oberen Mitte des Verdich-
terkörper vorgesehenen Verbindungspassung (74)
verknüpft sind.

9. Mehrstufen-Schneckenverdichteranordnung, um-
fassend:
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den kapazitätsgesteuerten Mehrstufen-
Schneckenverdichter (122) gemäß Anspruch 1,
und
einen Standard-Schneckenverdichter (121) mit
einer spezifischen Ausstoßkapazität, wobei
der kapazitätsgesteuerte Mehrstufen-Schnek-
kenverdichter (122) und der Standard-Schnek-
kenverdichter (121) parallel miteinander ver-
bunden sind.

Revendications

1. Compresseur à volute de type à commande de ca-
pacité sur plusieurs étages, comprenant :

un boîtier (38) ;
une partie compression comportant une premiè-
re volute (21) et une seconde volute (22) et dis-
posée dans le boîtier (38) de sorte qu’une cham-
bre de travail hydraulique (A, B) soit délimitée
entre les première et seconde volutes (21, 22) ;
une chambre d’évacuation (30) formée entre la
partie compression et une surface intérieure du
boîtier (38) ;
un premier passage de déviation (26) destiné à
faire communiquer un orifice (24) qui est formé
dans la chambre de travail hydraulique (A, B)
entre un orifice basse-pression (23) au niveau
d’une extrémité de la chambre de travail hydrau-
lique (A, B) et un orifice haute-pression (39) au
niveau de l’autre extrémité de la chambre de
travail hydraulique (A, B) avec le port basse-
pression (23) ; et
un premier moyen d’ouverture/fermeture (27)
destiné à ouvrir et à fermer le premier passage
de déviation (26) caractérisé en ce que
le compresseur à volute de type à commande
de capacité sur plusieurs étages comprend en
outre un second passage de déviation (45) dis-
posé dans ledit boîtier (38) pour faire communi-
quer la chambre d’évacuation (30) avec une
chambre côté aspiration communiquant avec
l’orifice basse-pression (23) ; et
un second moyen d’ouverture/fermeture (40)
est disposé dans le second passage de dévia-
tion (45) et est conçu pour fonctionner sur une
pression différentielle située entre une pression
pilote sélectivement menée depuis la chambre
d’évacuation (30) ou la chambre côté aspiration
et une pression présente dans la chambre côté
aspiration afin d’ouvrir et de fermer le second
passage de déviation (45), moyennant quoi un
gaz haute-pression présent dans la chambre
d’évacuation (30) peut être autorisé à s’échap-
per vers la chambre côté aspiration d’une quan-
tité spécifiée par le second passage de déviation
ouvert (45).

2. Compresseur à volute de type à commande de ca-
pacité sur plusieurs étages selon la revendication 1,
dans lequel :

la première volute (21) et la seconde volute (22)
dont est formée la chambre de compression pré-
sentent respectivement des formes en spirale
asymétriques, moyennant quoi une extrémité en
spirale d’une volute a un angle de développante
supérieur de 180 degrés à celui d’une extrémité
en spirale de l’autre volute.

3. Compresseur à volute de type à commande de ca-
pacité sur plusieurs étages selon la revendication 1,
dans lequel :

le premier moyen d’ouverture/fermeture fonc-
tionne sur une pression pilote, et
un orifice pilote du premier moyen d’ouverture/
fermeture et des accessoires de liaison (131,
135) destinés à relier une ligne pilote à l’orifice
pilote sont mutuellement reliés par des vis.

4. Compresseur à volute de type à commande de ca-
pacité sur plusieurs étages comprenant :

un boîtier (38) ;
une partie compression comportant une premiè-
re volute (21) et une seconde volute (22) et dis-
posée dans le boîtier (38) de sorte qu’une cham-
bre de travail hydraulique (A, B) soit délimitée
entre les première et seconde volutes (21, 22) ;
une chambre d’évacuation (30) formée entre la
partie compression et une surface intérieure du
boîtier (38) ;
un premier passage de déviation (26) destiné à
faire communiquer un orifice (24) qui est formé
dans la chambre de travail hydraulique (A, B)
entre un orifice basse-pression (23) au niveau
d’une extrémité de la chambre de travail hydrau-
lique (A, B) et un orifice haute-pression (39) au
niveau de l’autre extrémité de la chambre de
travail hydraulique (A, B) avec le port basse-
pression (23) ; et
un premier moyen d’ouverture/fermeture (27)
destiné à ouvrir et à fermer le premier passage
de déviation (26) caractérisé en ce que
un second passage de déviation (93) est dispo-
sé à l’extérieur du boîtier (38) pour faire com-
muniquer la chambre d’évacuation (30) avec
une chambre côté aspiration qui est en commu-
nication avec l’orifice basse-pression (23) ; et
un second moyen d’ouverture/fermeture (91)
destiné à ouvrir et à fermer le second passage
de déviation (93), moyennant quoi un gaz haute-
pression présent dans la chambre d’évacuation
(80) peut être autorisé à s’échapper vers la
chambre côté aspiration d’une quantité spéci-
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fiée par le second passage de déviation ouvert
(93).

5. Compresseur à volute de type à commande de ca-
pacité sur plusieurs étages selon la revendication 3,
dans lequel :

sont utilisés plusieurs seconds passages de dé-
viation (113, 114) et plusieurs seconds moyens
d’ouverture/fermeture (111, 112).

6. Compresseur à volute de type à commande de ca-
pacité sur plusieurs étages selon la revendication 3,
dans lequel :

le second moyen d’ouverture/fermeture destiné
à ouvrir et à fermer le second passage de dé-
viation (93) est un clapet motorisé qui peut être
commandé sur n’importe quel degré d’ouverture
arbitraire.

7. Compresseur à volute de type à commande de ca-
pacité sur plusieurs étages selon la revendication 1,
comprenant en outre :

un tube d’injection de liquide (126) destiné à re-
froidir une chambre basse-pression communi-
quant avec l’orifice basse-pression (23).

8. Compresseur à volute de type à commande de ca-
pacité sur plusieurs étages selon la revendication 1,
dans lequel :

le premier moyen d’ouverture/fermeture (63) et
le second moyen d’ouverture/fermeture (69)
fonctionnent sur une pression pilote, et
un orifice pilote du premier moyen d’ouverture/
fermeture (63) et un orifice pilote du second
moyen d’ouverture/fermeture (69) sont respec-
tivement reliés à leurs lignes pilotes correspon-
dantes (67, 72), par l’intermédiaire d’un acces-
soire de liaison (74) disposé au niveau d’un cen-
tre supérieur du corps compresseur.

9. Aménagement compresseur à volute sur plusieurs
étages comprenant :

le compresseur à volute de type à commande
de capacité sur plusieurs étages (122) selon la
revendication 1, et
un compresseur à volute standard (121) d’une
capacité d’évacuation spécifiée, dans lequel
le compresseur à volute de type à commande
de capacité sur plusieurs étages (122) et le com-
presseur à volute standard (121) sont mutuelle-
ment reliés en parallèle.
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