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(57) A suction valve device (30) for a refrigerant
compressor, which is capable of varying an open area
of an opening of a suction passage (20,22) communi-
cating a suction port (6a) with a suction chamber (11),
according to changes in a flow rate of refrigerant gas
flowing into the compressor, to thereby reduce or curb
the capacity of the compressor only when the compres-
sor is in high-speed operation. A valving element (31) is
arranged in the suction passage (20,22), for being
moved according to changes in a flow rate of refrigerant
gas flowing from the suction port (6a) into the suction
passage (20,22), to thereby vary an open area of open-
ing of the suction passage (20,22). An urging member
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Suction valve device for refrigerant compressors

(82) urges the valving element (31) in a predetermined
direction toward a valve-closing position thereof. The
urging member is caused to contact by pressure of the
refrigerant gas when the flow rate of the refrigerant gas
reaches a first predetermined value to thereby shift the
valving element (31) to a first position in which the open
area of the opening in the suction passage (20,22) is
large, and is caused to further contract by increased
pressure of refrigerant gas when the flow rate of the re-
frigerant gas reaches a second predetermined value
larger than the first predetermined value to thereby shift
the valving element (31) to a second position in which
the open area of the opening of the suction passage
(20,22) is reduced.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to a suction valve device for
refrigerant compressors, and more particularly to a suc-
tion valve device of this kind, which is capable of pre-
venting reverse rotation of a rotor of a vane compressor
when the compressor is not in operation, as well as re-
ducing the flow rate of refrigerant gas flowing through
the compressor when the compressor is in high-speed
operation.

Description of the Prior Art

In a swash plate compressor, a wobble plate com-
pressor and the like, refrigerant gas is drawn into a suc-
tion chamber via a suction port opening in a compressor
housing and then flows into a compression chamber
when a suction valve mounted on a refrigerant inlet port
opens.

On the other hand, in a vane compressor, a com-
pression chamber and a suction chamber are permitted
to communicate with each other via a refrigerant inlet
port only during each suction stroke, more specifically
during atime period from the start of each suction stroke
tothe completion of the same, whereas these chambers
are inhibited from communicating with each other during
each compression stroke. Therefore, the vane com-
pressor dispenses with a suction valve, without the in-
convenience of refrigerant gas in the suction chamber
mixing with refrigerant gas to be delivered from the com-
pression chamber.

The vane compressor has no suction valve as de-
scribed above, so that refrigerant gas can be drawn into
the compression chamber with less resistance than in
any other type of compressor, which ensures enhanced
volumetric efficiency of the vane compressor in high-
speed operation. However, when the compressor is in
high-speed operation, the refrigerant gas flowing into
the compressor becomes so large that the compressor
operates at superfluous cooling capacity (i.e. at cooling
capacity in excess of heat-exchanging capability of an
evaporator), resulting in significant power losses of the
whole system.

To overcome this problem, in a fixed capacity vane
compressor, a suction port or a refrigerant inlet passage
which communicates the suction port with a suction
chamber is formed with a restriction for reducing or curb-
ing the cooling capacity of the compressor in high-speed
operation.

However, the restriction provided as above not only
curbs the cooling capacity of the compressor when the
compressor is operating in a high-speed operating re-
gion, but also reduces the same over the whole operat-
ing speed region.
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On the other hand, a variable capacity compressor
is free from such a problem, but it requires a complicated
mechanism for varying capacity thereof, which results
in an increase in manufacturing costs of the compressor.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a suction
valve device for a refrigerant compressor, which is ca-
pable of varying an open area of an opening of a refrig-
erant inlet passage according to changes in flow rate of
refrigerant gas flowing into the compressor, to thereby
reduce the cooling capacity of the compressor only
when the compressor is in high-speed operation.

To attain the above object, the invention provides a
suction valve device for a refrigerant compressor having
a housing, a suction port formed in the housing, a suc-
tion chamber defined within the housing, and a suction
passage for communicating the suction port with the
suction chamber.

The suction valve device according to the invention
is characterized by comprising:

a valving element arranged in the suction passage,
for being moved according to changes in a flow rate
of refrigerant gas flowing from the suction port into
the suction passage, to thereby vary an open area
of opening of the suction passage; and

an urging member for urging the valving element in
a predetermined direction toward a valve-closing
position thereof, the urging member being caused
to contract by pressure of the refrigerant gas flowing
from the suction port into the suction passage when
the flow rate of the refrigerant gas reaches a first
predetermined value to thereby shift the valving el-
ement to a first position in which the open area of
the opening of the suction passage is large, and be-
ing caused to further contract by increased pres-
sure of the refrigerant gas when the flow rate of the
refrigerant gas reaches a second predetermined
value larger than the first predetermined value to
thereby shift the valving element to a second posi-
tion in which the open area of the opening of the
suction passage is reduced.

According to the suction valve device, when the
compressor is not in operation, the valving element is
pressedinthe predetermineddirection to the valve-clos-
ing position, whereby the suction passage is closed to
prevent the suction port and the suction chamber from
communicating with each other by way of the suction
passage. When the compressor is started and the flow
rate of refrigerant gas flowing into the compressor
reaches the first predetermined value, the valving ele-
ment is urged by the pressure of the refrigerant gas flow-
ing into the suction passage, in a direction opposite 1o
the predetermined direction toward the valve closing po-
sition, whereby the urging member is caused to contract
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to shift the valving element to the first predetermined
position in which the open area of the opening of the
suction passage is increased, thereby permitting the
suction port and the suction chamber to communicate
with each other by way of the suction passage. Further,
when the flow rate of refrigerant gas flowing into the
compressor further increases during high-speed opera-
tion of the compressor to reach the second predeter-
mined value larger than the first predetermined value,
the valving element is further urged by an increased
pressure of the refrigerant gas flowing into the suction
passage, in the direction opposite to the predetermined
direction, whereby the urging member is caused to fur-
ther contract to shift the valving element to the second
predetermined position to decrease the open area of the
opening of the refrigerant inlet passage, which reduces
the flow rate of refrigerant gas flowing into the suction
chamber. That is, the open area of the opening of the
suction passage becomes the maximum during low/me-
dium-speed operation of the compressor, while during
high-speed operation of the compressor, it becomes
smaller to reduce the flow rate of refrigerant gas flowing
into the suction chamber. Therefore, the cooling capac-
ity of the compressor is reduced or curbed to thereby
reduce the power consumed by the compressor only
when the compressor is in high-speed operation, while
the cooling capacity is not reduced or curbed when the
compressor is in low/medium-speed operation. This
makes it possible to obtain excellent cooling effects in
all the operating regions of the compressor ranging from
the low/medium-speed operating region to the high-
speed operating region. Further, the suction valve de-
vice has a simple construction, which contributes to re-
duction of manufacturing costs of the compressor.

Preferably, the urging member comprises at least
two springs having respective spring constants different
from each other.

According to this preferred embodiment, the urging
member comprises at least two springs having respec-
tive spring constants different from each other. There-
fore, it is possible to stepwise move the valving element
in a manner dependent on the first and second values
of the flow rate of the refrigerant gas flowing into the
suction passage.

More specifically, it is preferred that the at least two
springs include a first spring having a first spring con-
stant according to which the first spring is caused to con-
tract by the pressure of the refrigerant gas flowing into
the suction passage at the first predetermined flow rate,
and a second spring having a second spring constant
according to which the second spring is caused to con-
tract by the increased pressure of the refrigerant gas
flowing into the suction passage at the second prede-
termined flow rate.

According to this preferred embodiment, when the
flow rate of refrigerant gas flowing into the compressor
reaches the first predetermined value, the first spring
alone is caused to contract to shift the valving element,
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whereby the suction port and the suction chamber are
permitted to communicate with each other by way of the
suction passage. Further, when the flow rate of refriger-
ant gas flowing into the compressor exceeds the first
predetermined value and then reaches the second pre-
determined value, the second spring is also caused to
contract to further shift the valving element, whereby the
open area of the opening of the suction passage is de-
creasedto reduce the flow rate of refrigerant gas flowing
into the suction chamber.

For example, the at least two springs are arranged
in series.

Alternatively, the at least two springs are arranged
in parallel, one of the at least two springs which has a
smaller spring constant being longer than another of the
at least two springs which has a larger spring constant.

Preferably, the suction passage comprises a suc-
tion valve-receiving chamber communicating with the
suction port and receiving the valving element therein,
and a passage formed thorough a wall separating the
suction valve-receiving chamber and the suction cham-
ber from each other, the valving element increasing an
open area of opening of the passage formed through
the wall to the maximum when the valving element is
the first position, and decreasing the open area of the
opening of the passage formed through the wall when
the valving element is in the second position.

More preferably, the valving element is in the form
of a hollow cylinder having a peripheral wall, the periph-
eral wall being formed with a plurality of through holes
along a circumference of the hollow cylinder, whereby
when the valving element is in the first position, an area
of direct communication between any of the through
holes and the passage formed through the wall be-
comes the maximum, and when the valving element is
in the second position, the area of direct communication
between the any of the through holes and the passage
formed through the wall is reduced.

Further preferably, the suction valve device in-
cludes a stopper rigidly fitted in the suction port for re-
stricting movement of the valving element toward the
suction port, the stopper being formed with at least one
through hole, the valving element having a suction port-
side end formed with at least one through hole, the valv-
ing element being caused to abut the stopper when the
compressor is not in operation, by the urging means in
a manner such that the at least one hole formed through
the stopper and the at least one through hole formed
through the suction port-side end of the valving element
do not communicate with each other.

Still further preferably, the urging member is ar-
ranged within the valving element.

Even more preferably, the valving element has a
partition wall integrally formed with the peripheral wall,
for separating the valving element into a suction-port
side potion and a bottom-side portion, the through holes
being formed in the suction-port side portion.

For example, the at least two springs are arranged
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in the bottom-side portion.

In this case, it is preferred that the at least two
springs are arranged in series with an intermediate
member interposed therebetween.

Alternatively, it is preferred that the at least two
springs are arranged in parallel, one of the at least two
springs which has a smaller spring constant being long-
er than another of the at least two springs which has a
larger spring constant.

In an alternative example, the at least two springs
are arranged in the suction-side portion and the bottom-
side portion.

The above and other objects, features and advan-
tages of the present invention will become more appar-
ent from the following description taken in conjunction
with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal cross-sectional view show-
ing the whole arrangement of a refrigerant com-
pressor vane compressor incorporating a suction
valve device according to a first embodiment of the
invention;

FIGS. 2 Ato 2C are enlarged sectional views of the
suction valve device which are useful in explaining
operation of the suction valve device, in which:
FIG. 2A shows the suction valve device in a state
in which the compressor is not in operation;

FIG. 2B shows the suction valve device in a state
in which the compressor is in low/medium-speed
operation; and

FIG. 2C shows the suction valve device in a state
in which the compressor is in high-speed operation;
FIG. 3 is a sectional view of the FIG. 1 vane com-
pressor taken on line llI-lll of FIG. 1;

FIG. 4 is an enlarged sectional view of a suction
valve device according to a second embodiment of
the invention; and

FIGS. 5A and 5B are views showing a suction valve
device according to a third embodiment of the in-
vention, in which:

FIG. 5Ais an enlarged sectional view of the suction
valve device according to the third embodiment;
and

FIG. 5Bis a plan view of a stopperappearing in FIG.
5A.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Next, the invention will now be described in detail
with reference to drawings showing preferred embodi-
ments thereof.

FIG. 1 shows the whole arrangement of a vane com-
pressor incorporating a suction valve device according
o a first embodiment of the invention. FIG. 3 is a sec-
tional view taken on line llI-lll of FIG. 1.
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The vane compressor is comprised of a camring 1,
a front side block 3 and a rear side block 4 closing open
opposite ends of the cam ring 1, respectively, a rotor 2
rotatably received within the cam ring 1, a front head 5
secured to a front-side end face of the front side block
3, a rear head 6 (housing of the compressor) secured
to a rear-side end face of the rear side block 4, and a
drive shaft 7 on which is rigidly fitted the rotor 2. The
drive shaft 7 is rotatably supported by a pair of radial
bearings 8 and 9 arranged in the front and rear side
blocks 3 and 4, respectively.

The front head 5 is formed with a discharge port 5a
via which refrigerant gas is discharged, while the rear
head 6 is formed with a suction port 6a via which refrig-
erant gas is drawn into the compressor. The discharge
port 5a communicates with a discharge chamber 10
which is defined by an inner wall surface of the front
head 5 and the front-side end face of the front side block
3. On the other hand, the suction port 6a can communi-
cate with a suction chamber 11 which is defined by an
inner wall surface of the rear head 6 and the rear-side
end face of the rear side block 4 via a suction valve-
receivingchamber 20 and a refrigerant inlet passage 22.

The suction valve-receiving chamber 20 is formed
between the suction port 6a and the suction chamber
11 such that it continues from the suction port 6a. The
suction chamber 11 and the suction valve-receiving
chamber 20 are separated from each other by a partition
wall 21. The suction chamber 11 and the suction valve-
receivingchamber 20 communicates with each other via
a refrigerant inlet passage 22 and a passage 23 formed
through the partition wall 21. A suction valve device 30,
referred to hereinafter, is received in the suction valve-
receiving chamber 20. The suction valve-receiving
chamber 20 and the refrigerant inlet passage 22 forms
a suction passage for communicating the suction port
with the suction chamber.

As best shown in FIG. 3, a pair of compression
spaces 12 are defined at diametrically opposite loca-
tions between an inner peripheral surface of the cam
ring 1 and an outer peripheral surface of the rotor 2 (one
of the compression spaces is shown in FIG. 1). The rotor
2 has its outer peripheral surface formed therein with a
plurality of axial vane slits 13 at circumferentially equal
intervals, in each of which a vane 14 is radially slidably
fitted. Each compression space 12 is divided by vanes
14 into compression chambers, the volume of each of
which is varied with rotation of the rotor 2.

Two pairs of refrigerant outlet ports 16 are formed
through opposite lateral side walls of the cam ring 1 at
diametrically opposite locations (only one pair of them
is shown in FIG. 1) in a manner corresponding to the
two compression spaces 12. The opposite lateral side
walls of the cam ring 1 are provided with two discharge
valve covers 17, each formed integrally with a valve
stopper 17a, and fixed to the cam ring 1 by bolts 18.
Discharge valves 19 are mounted respectively between
the lateral side walls of the cam ring 1 and the valve
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stoppers 17a in a manner held by the valve covers 17.
When the refrigerant outlet ports 16 are open, high-pres-
sure refrigerant gas compressed within the compres-
sion chambers is delivered via the ports 16, communi-
cation passages 1b, 3a, the discharge chamber 10 and
the discharge port 5a.

A pair of refrigerant inlet ports (not shown) are
formed in the rear side block 4 at upper and lower loca-
tions corresponding to the two compression spaces 12
at upper and lower locations, as viewed in FIG.1, re-
spectively. The suction chamber 11 is communicated via
the refrigerant inlet ports with the compression spaces
12.

FIGS. 2A to 2C are enlarged sectional views of the
suction valve device 30, which are useful in explaining
the construction and operation of the suction valve de-
vice 30. FIG. 2A shows the suction valve device 30 in a
state in which the compressor is not in operation. FIG.
2B shows the device 30 in a state in which the compres-
sor is in low/medium-speed operation, and FIG. 3shows
the same in a state in which the compressor is in high-
speed operation.

The suction valve device 30 includes a valving ele-
ment 31 slidably received in the suction valve-receiving
chamber 20, an urging member 32 for urging the valving
element 31 upward (in a predetermined direction) as
viewed in FIGS. 2A to 2C, and an annular stopper 33
rigidly fitted in the suction port 6a for restricting the up-
ward movement of the valving element 31.

The valving element 31 is formed by an upper hol-
low cylindrical portion 31a, a lower hollow cylindrical
portion 31¢, and a partition plate portion 31b separating
the two hollow cylindrical portions 31a and 31¢ from
each other. The upper hollow cylindrical portion 31a has
a plurality of openings 34 formed through its wall at in-
tervals along the circumference thereof. The partition
plate portion 31b divides the suction valve-receiving
chamber 20 into two i.e. upper and lower spaces. The
upper space communicates with the suction port 6a,
while the lower space communicates with the passage
23.

The urging member 32 is received within the lower
hollow cylindrical portion 31c. The urging member 32 is
comprised of a coiled spring 35 (first spring) and a coiled
spring 36 (second spring) , which are connected in se-
ries via an intermediate member 37. The coiled springs
35 and 36 have respective spring constants peculiar
thereto. The spring constant of the coiled spring 36 is
larger than that of the coiled spring 35.

Next, the operation of the vane compressor con-
structed as above will be described.

As torque is transmitted from an engine, not shown,
to the drive shaft 7, the rotor 2 is driven for rotation.
When the flow rate of refrigerant gas flowing into the
compressor from an evaporator, not shown, viaan outlet
port thereof exceeds a predetermined value, the valving
element 31 is pushed downward as viewed in FIGS. 2B
and 2C to thereby cause the urging member 32 to con-
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tract. When the valving element 31 is shifted to positions
shown in FIGS. 2B and 2C, the suction port 6a commu-
nicates with the suction chamber 11 via the suction
valve-receiving chamber 20 and the refrigerant inlet
passage 22. As a result, refrigerant gas flows into the
suction chamber 11 via the suction port 6a and then
drawn into the compression spaces 12 via the refriger-
ant inlet ports. The compression spaces 12 are divided
by the vanes 14 into the compression chambers, each
of which is varied in capacity with rotation of the rotor 2,
as described above, whereby refrigerant gas trapped in
each compression chamber is compressed, and the
compressed refrigerant gas opens the discharge valve
19to flow via the refrigerant outlet ports 16 and the com-
munication passages 1b, 3a into the discharge chamber
10, followed by being discharged via the discharge port
Sa.

Next, the operation of the suction valve device 30
will be described.

When the compressor is not in operation, the valv-
ing element 31 stays urged upward by the urging force
of the urging member 32 as shown in FIG. 2A, with its
upper hollow cylindrical portion 31a pressed against the
bottom of the stopper 33. At this time, the refrigerant
inlet passage 22 is closed by the lower hollow cylindrical
portion 31c of the valving element 31, and hence the
suction valve-receiving chamber 20 (communicating
with the suction port 6a) and the suction chamber 11 are
not permitted to communicate with each other. Thus, the
suction valve device functions as a check valve as well
and thereby prevents reverse rotation of the rotor 2.

When the flow rate of refrigerant gas flowing into
the compressor exceeds a first predetermined value af-
ter the start of the compressor, the valving element 31
is pushed downward, whereby only the coiled spring 35
of the urging member 32 is cased to contract to shift the
valving element 31 to the position shown in FIG. 2B. The
first predetermined value is a value corresponding to a
very small flow rate of refrigerant gas (i.e. a value close
to zero) . Therefore, actually, the valving element 31
opens immediately after the start of operation of the
compressor. When the valving element 31 is moved
downward to the position where the refrigerant inlet pas-
sage 22 and the whole opening 34 of the valving ele-
ment 31 are opposed to each other, the suction valve-
receiving chamber 20(communicating with the suction
port 6a) and the suction chamber 11 fully communicate
with each other with an open area of the opening of the
refrigerant inlet passage 22 at its maximum, to permit
refrigerant gas to flow into the suction chamber 11.

When the compressor is in low/medium-speed op-
eration, since the flow rate of refrigerant gas flowing into
the compressor is not very large, the coiled spring 35
alone is caused to contract, whereas the coiled spring
36 is scarcely caused to contract. Therefore, the state
shown in FIG. 2B (in which the open area of the opening
of the refrigerant inlet passage 22 is at the maximum) is
maintained, and hence the capability of the vane com-
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pressor is not reduced or curbed.

When the compressor is in high-speed operation,
the flow rate of refrigerant gas flowing into the compres-
sor is increased. When the flow rate exceeds the first
predetermined value and then reaches a second prede-
termined value, the valving element 31 is further pushed
downward from the position shown in FIG. 2B, whereby
the coiled spring 36 of the urging member 32 is caused
to contract to shift the valving element 31 to the position
shown in FIG. 2C. When the valving element 31 is
moved to this position, since the opening 34 of the valv-
ing element 31 also moved downward from the location
where the whole opening 34 was opposed to the open-
ing of the refrigerant inlet passage 22, the open area of
the opening of the refrigerant inlet passage 22 is re-
duced by half, whereby refrigerant gas flowing into the
suction chamber 11 is decreased. Therefore, when the
vane compressor is in high-speed operation, the capac-
ity of the compressor is reduced or curbed, thereby re-
ducing the power wastefully consumed thereby.

As the operation of the compressor shifts from the
high-speed operating region to the low/medium-speed
region and further from the low/medium-speed region to
the inoperative region, the suction valve device oper-
ates following the above process in reverse. That is, the
state of operation of the suction valve device shifts from
the FIG. 2C state to the FIG. 2B state and further from
the FIG. 2B state to the FIG. 2A state.

According to the suction valve device of the first em-
bodiment for a vane compressor, since the open area
of the opening of the refrigerant inlet passage 22 is var-
iable, the cooling capacity of the compressor is reduced
or curbed for reduction of the power consumed thereby
only when the compressor is in high-speed operation,
whereas the cooling capacity of the compressor is not
reduced when the compressor is in low/medium-speed
operation. This makes it possible to obtain excellent
cooling effects in all the operating regions of the com-
pressor ranging from the low/medium-speed operating
region to the high-speed operating region.

Further, the suction valve device of the first embod-
iment has a simple construction similarly to a conven-
tional check valve, which makes it possible to manufac-
ture a vane compressor of high performance at a low
cost.

FIG. 4 is a sectional view showing a suction valve
device according to a second embodiment of the inven-
tion. Component parts and elements corresponding to
those of the first embodiment are indicated by identical
reference numerals, and description thereof is omitted.

The present embodiment is distinguished from the
first embodiment in which the coiled springs (first and
second springs) 35 and 36 are connected in series to
each other via the intermediate member 37, in that the
intermediate member 37 is dispensed with, and a coiled
spring 135 (first spring) and a coiled spring 136 (second
spring) alone are used, as shown in FIG. 4. The longi-
tudinal size and outer diameter of the coiled spring 135
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are larger than those of the coiled spring 136, and the
coiled spring 136 is arranged inside the coiled spring
135.

However, the second embodiment is similar to the
first embodiment in that the springs 135 and 136 have
respective spring constants peculiar thereto, and that
the spring constant of the coiled spring 136 (second
spring) is larger than that of the coiled spring 135 (first
spring).

When the compressor is not in operation, the valv-
ing element 31 stays urged upward by the urging force
of the coiled spring 135, with its upper hollow cylindrical
portion 31a pressed against the bottom of the stopper
33. Atthis time, the refrigerant inlet passage 22 is closed
by the lower hollow cylindrical portion 31¢ of the valving
element 31, and hence and the suction valve-receiving
chamber 20 (communicating with the suction port 6a)
and the suction chamber 11 are not permitted to com-
municate with each other.

When the compressor is started, the valving ele-
ment 31 is pushed downward, whereby only the coiled
spring 135 is caused to contract to shift the valving ele-
ment 31 to a position where the refrigerant inlet passage
22 and the whole opening 34 of the valving element 31
are opposed to each other. At this time point, the open
area of the opening of the refrigerant inlet passage 22
becomes the maximum, and the suction valve-receiving
chamber 20 (communicating with the suction port 6a)
and the suction chamber 11 fully communicate with
each other.

When the compressor is in high-speed operation,
the coiled spring 136 is also caused to contract to shift
the valving element 31 further downward. As a result,
since the opening 34 of the valving element 31 also
moves downward from the location where the whole
opening 34 was opposed to the opening of the refriger-
ant inlet passage 22, the open area of the opening of
the refrigerant inlet passage 22 is reduced by half,
whereby the flow rate of refrigerant gas flowing into the
suction chamber 11 is decreased.

The suction valve device according to the second
embodiment provides the same effects as obtained by
the device according to the first embodiment.

FIGS. 5A and 5B shows a suction valve device ac-
cording to a third embodiment of the invention. FIG. 5A
shows the suction valve device in cross section, and
FIG. 5B is a plan view of a stopper incorporated in the
device. Component parts and elements corresponding
to those of the above embodiments are indicated by
identical reference numerals, and description thereof is
omitted.

The suction valve device 230 according to the third
embodiment is compressed of a valving element 231 in
the form of hollow cylinder bottomed or having a suction
port-side end wall and slidably received in the suction
valve-receiving chamber 20, an urging member 232 for
urging the valving element 231 upward (in a predeter-
mined direction) as viewed in FIG. 5A, a stopper 233
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rigidly fitted in the suction port 6a for restricting the up-
ward movement of the valving element 231, and a mov-
able member 50 fitted in the valving element 231 in a
manner slidable along an inner wall surface of the valv-
ing element 231 and dividing the inner space of the valv-
ing element 231 into upper and lower spaces.

The urging member 232 is formed by a coiled
springs 235 (first spring) and a coiled spring 236 (sec-
ond spring) which are connected in series to each other
via the movable member 50.

The coiled springs 235 and 236 have respective
spring constants peculiar thereto, and the spring con-
stant of the coiled spring 236 is larger than that of the
coiled spring 235.

The coiled spring 235 functions similarly to the
coiled spring 35 of the first embodiment and the coiled
spring 135 of the second embodiment, and the coiled
spring 236 functions similarly to the coiled spring 36 of
the first embodiment and the coiled spring 136 of the
second embodiment.

The valving element 231 has its outer peripheral
wall formed therethrough with a plurality of openings
234 at intervals along the circumference thereof. Fur-
ther, the valving element 231 has its bottom or suction
port-side end wall formed with a round through hole 238
in its center.

The stopper 233 has a plurality of openings 233a
formed therethrough at intervals along the circumfer-
ence thereof.

When the valving element 231 is shifted downward,
refrigerant gas is drawn into the suction chamber 11 via
the openings 233a of the stopper 233, the round through
hole 238 of the valving element 231, and the opening
234 of the valving element 231.

The suction valve device of the third embodiment
provides the same effects as obtained by the device of
the first embodiment. In addition, an area in which the
valving element 231 is seated on the stopper is in-
creased, which improves the sealing characteristics of
the suction valve device.

Although in the above embodiments, each urging
member is formed by two springs (e.g. the coiled springs
35, 36), more than two springs may be used to form the
urgingmember. Alternatively, one spring (such as a non-
linear spring) alone may be used for the same purpose.

Further, when more than two springs are used, the
linear arrangement of the springs exemplified in FIGS.
1 and 5 and the parallel arrangement of the same are
both possible. When the springs are arranged in paral-
lel, it is also possible to arrange one spring inside an-
other as exemplified in FIG. 4. In the parallel arrange-
ment, a spring having a smaller spring constant should
be longer than another spring having a larger spring
constant. Assigning of functions to respective springs or
setting operations of the respective springs is easier
when the springs are arranged in parallel than when
they are arranged in series.

It is further understood by those skilled in the art
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that the foregoing is the preferred embodiments of the
invention, and that various changes and modification
may be made without departing from the spirit and
scope thereof.

Claims

1. A suction valve device (30) for a refrigerant com-
pressor having a housing (6), a suction port (6a)
formed in the housing (6), a suction chamber (11)
defined within the housing (6), and a suction pas-
sage (20,22) for communicating the suction port
(6a) with the suction chamber (11), the suction valve
device (30) comprising:

a valving element (31) arranged in the suction
passage (20,22) and movable according to
changes in a flow rate of refrigerant gas flowing
from the suction port (6a) into the suction pas-
sage (20,22) to thereby vary an open area of
opening of the suction passage (20,22); and
an urging member (32) for urging the valving
element (31) in a predetermined direction to-
ward a valve-closing position thereof, the urg-
ing member (32) being arranged to be caused
to contract by pressure of refrigerant gas flow-
ing from the suction port (6a) into the suction
passage (20,22) when the flow rate of refriger-
ant gas reaches a first predetermined value, to
thereby shift the valving element (31) to a first
position in which the open area of the opening
of the suction passage (20,22) is large, and be-
ing arranged to be caused to further contract
by increased pressure of refrigerant gas when
the flow rate of refrigerant gas reaches a sec-
ond predetermined value larger than the first
predetermined value, to thereby shift the valv-
ing element (31) to a second position in which
the open area of the opening of the suction pas-
sage (20,22) is reduced.

2. A suction valve device (30) according to claim 1,
wherein the urging member (32) comprises at least
two springs (35,36) having respective spring con-
stants different from each other.

3. A suction valve device (30) according to claim 2,
wherein said at least two springs (35,36) include a
first spring (35) having a first spring constant ac-
cording to which the first spring (35) is arranged to
be caused to contract by the pressure of refrigerant
gas flowing into the suction passage (20,22) at the
first predetermined flow rate, and a second spring
(86) having a second spring constant according to
which the second spring (36) is arranged to be
caused to contract by said increased pressure of
refrigerant gas flowing into the suction passage
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(20,22) at the second predetermined flow rate.

A suction valve device (30) according to claim 2 or
3, wherein said at least two springs (35,36) are ar-
ranged in series.

A suction valve device (30) according to claim 2 or
3, wherein said at least two springs (35,36) are ar-
ranged in parallel, one (36) of said at least two
springs (35,36) which has a smaller spring con-
stant, being longer than another (35) of said at least
two springs (35,36) which has a larger spring con-
stant.

A suction valve device (30) according to any pre-
ceding claim, wherein the suction passage (20,22)
comprises a suction valve-receiving chamber (20)
communicating with the suction port (6a) and re-
ceiving the valving element (31) therein, and a pas-
sage (22) formed through a wall (21) separating the
suction valve-receiving chamber (20) and the suc-
tion chamber (11) from each other, the valving ele-
ment (31) being arranged to increase an open area
of opening of the passage (22) formed through the
wall (21) to the maximum when the valving element
(31) is in its first position, and being arranged to de-
crease the open area of the opening of the passage
(22) formed through the wall (21) when the valving
element (31) is in its second position.

A suction valve device (30) according to any pre-
ceding claim, wherein the valving element (31) is in
the form of a hollow cylinder (31a,31¢) having a pe-
ripheral wall formed with a plurality of through holes
(34) along a circumference of the hollow cylinder
(31a,31c), whereby when the valving element (31)
is in its first position, an area of direct communica-
tion between any of the through holes (34) and the
passage (22) formed through the wall (21) becomes
the maximum, and when the valving element (31)
is in its second position, the area of direct commu-
nication between any of the through holes (34) and
the passage (22) formed through the wall (21) is re-
duced.

A suction valve device (30) according to any pre-
ceding claim, including a stopper (33) fitted rigidly
in the suction port (6a) and arranged to restrict
movement of the valving element (31) toward the
suction port (6a), the stopper (33) being formed with
at least one through hole, the valving element (31)
having a suction port-side end formed with at least
one through hole and being arranged to be caused
to abut the stopper (33) when the device (30) is fit-
ted to a compressor which is not in operation, by
the urging member (32) in a manner such that said
at least one hole formed through the stopper (33)
and said at least one through hole formed through
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10.

11.

12.

13.

14.

15.

the suction port-side end of the valving element 31
do not communicate with each other.

A suction valve device (30) according to any pre-
ceding claim, wherein the urging member (32) is ar-
ranged within the valving element (31).

A suction valve device (30) according to claim 7 or
claim 8 or 9 when dependent upon claim 7, wherein
the valving element (31) has a partition wall (31b)
formed integrally with the peripheral wall, for divid-
ing the valving element (31) into a suction port-side
portion and a bottom-side portion, the through holes
(34) being formed in the suction port-side portion.

A suction valve device (30) according to claim 10,
wherein the urging member (32) is arranged in the
bottom-side portion of the valving element (31).

A suction valve device (30) according to claim 9, 10
or 11, wherein the urging member (32) comprises
at least two springs (35,36) arranged in series with
an intermediate member (37) interposed therebe-
tween.

A suction valve device (30) according to claim 9, 10
or 11, wherein the urging member (32) comprises
at least two springs (35,36) arranged in parallel, one
(86) of said at least two springs (35,36) which has
a smaller spring constant being longer than another
(85) of said at least two springs (35,36) which has
a larger spring constant.

A suction valve device according to claim 12 or 13,
wherein said at least two springs (35,36) are ar-
ranged in the suction-side portion and bottom-side
portion of the valving element (31).

A refrigerant compressor comprising a housing (6),
a suction port (6a) formed in the housing (6), a suc-
tion chamber (11) defined within the housing (6),
and a suction passage (20,22) for communicating
the suction port (6a) with the suction chamber (11),
characterised by a suction valve device (30) com-
prising:

a valving element (31) arranged in the suction
passage (20,22) and movable according to
changes in a flow rate of refrigerant gas flowing
from the suction port (6a) into the suction pas-
sage (20,22) to thereby vary an open area of
opening of the suction passage (20,22); and

an urging member (32) arranged to urge the
valving element (31) in a predetermined direc-
tion toward a valve-closing position thereof, the
urging member (32) being arranged to contract
by pressure of refrigerant gas flowing from the
suction port (6a) into the suction passage
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(20,22) when the flow rate of refrigerant gas
reaches a first predetermined value, to thereby
shift the valving element (31) to a first position

in which the open area of the opening of the
suction passage (20,22) is large, and beingar- 5
ranged to further contract by increased pres-
sure of refrigerant gas when the flow rate of re-
frigerant gas reaches a second predetermined
value larger than the first predetermined value,

to thereby shift the valving element (31) toa 10
second position in which the open area of the
opening of the suction passage (20,22) is re-
duced.

16. A refrigerant compressor comprising a housing (6), 15
a suction port (6a) formed in the housing (6), a suc-
tion chamber (11) defined within the housing (6), a
suction passage (20,22) for communicating the
suction port (6a) with the suction chamber (11) and
a suction valve device (30) according to any of 20
claims 1 to 14.
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