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(54) REFRIGERANT COMPRESSOR

(57) A valve plate includes a plurality of suction
holes and a plurality of suction reed valves for opening
and closing them. At least two of theses suction reed
valves have different natural frequencies. In this config-
uration, a natural frequency of one reed valve is larger.

Therefore, even when an operation frequency is
changed to a higher frequency, the compressor can
suck a refrigerant gas into a cylinder efficiently without
occurring delayed closing and reduction of a lift amount.
Thus, refrigerating capacity and compression efficiency
can be increased.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an improve-
ment in efficiency of a hermetic compressor used in
freezer-refrigerators, and the like.

BACKGROUND ART

[0002] Recently, an improvement in efficiency of a
hermetic compressor used in freezer-refrigerators, and
the like, has been strongly demanded. In a conventional
hermetic compressor, the suction efficiency is increased
by, for example, providing a valve device of a compres-
sion part with two holes, and the compression efficiency
is improved. Such a compressor is disclosed in, for ex-
ample, Japanese Patent Unexamined Publication No.
H3-175174. Hereinafter, an example of a conventional
hermetic compressor is described with reference to
drawings.
[0003] FIG. 6 is a sectional view showing a conven-
tional refrigerant compressor; and FIG. 7 is an exploded
perspective view showing a valve of a conventional re-
frigerant compressor. To a hermetic container 51, an
outlet port 52A that is one end of a suction tube 52 is
connected. Another end of the suction tube 52 is con-
nected to a piping at the low-pressure side of a refriger-
ating cycle (not shown). A motor 53 includes a stator 54
and a rotor 55, so as to drive a compression part 56.
Furthermore, refrigerating machine oil 57 is preserved
in a bottom portion of the hermetic container 51. A coil
spring 58 elastically supports the motor 53 and the com-
pression part 56.
[0004] The compression part 56 includes a cylinder
head 61, a cylinder block 62, a valve plate 64, a suction
reed valve 67, a piston 68, a connecting rod 70 and a
suction muffler 30. The cylinder head 61 forms a suction
space 61A and a discharge space 61B. The cylinder
block 62 contains a cylinder 63. The valve plate 64 has
two suction holes 65 and two discharge holes 66. The
suction reed valve (hereinafter, referred to as "valve")
67 has a deformation part 67A. The connecting rod 70
is linked to an eccentric part 69A of a crank shaft 69.
The suction muffler 30 communicates to a suction space
61A via a communicating tube 30A and to the suction
hole 65 of the valve plate 64, and sucks a refrigerant
gas from an inlet port 30B.
[0005] Hereinafter, an operation of the refrigerant
compressor configured as mentioned above is de-
scribed. Firstly, the motor 53 drives the compression
part 56, so that the piston 68 reciprocates in the cylinder
63. A low temperature and low pressure refrigerant gas
returning from an external refrigerating cycle (not
shown) is firstly sucked into the hermetic container 51
from the suction tube 52. The refrigerant gas is further
sucked from the inlet port 30B of the suction muffler 30
and passes through the suction hole 65 via the commu-

nicating tube 30A. During the suction stroke, by flexing
the deformation part 67A of the valve 67, the refrigerant
gas opens the valve 67 and is led to the cylinder 63.
During the compression stroke, the valve 67 is closed.
Thus, the refrigerant gas is compressed to high temper-
ature and high pressure, passes from the discharge hole
66 through a discharge tube (not shown) and is led to
the external refrigerating cycle (not shown) so as to be
used for a refrigerating operation.
[0006] At this time, the valve 67 is so designed as to
have a natural frequency for carrying out an opening and
closing operation with good timing in accordance with a
low-speed operation frequency. Therefore, the com-
pressor is capable of operation with a reduced suction
loss and a high volumetric efficiency.
[0007] However, when a low-speed operation fre-
quency is changed to a high-speed operation frequency
due to the change in cooling load conditions, the timing
of opening and closing operation determined by the nat-
ural frequency of the valve 67 is off. At this time, even
when the pressure in the cylinder 63 exceeds the pres-
sure in the suction space 61A of the cylinder head 61,
the valve 67 does not complete a closing operation.
Consequently, delayed closing occurs, causing a back-
flow of a refrigerant gas, so that the volumetric efficiency
is lowered and the refrigerating capacity and the refrig-
erating efficiency are lowered.
[0008] As a solution to reduce the backflow of a re-
frigerant gas due to delayed closing of the valve 67, de-
signing the valve 67 to have a high natural frequency in
accordance with the high-speed operation is consid-
ered. In this case, since the spring constant of the de-
formation part 67A is increased, an amount of flexure is
reduced, so that the suction loss is increased and ac-
cordingly the refrigerating capacity and the refrigerating
efficiency are lowered.

SUMMARY OF THE INVENTION

[0009] The refrigerant compressor of the present in-
vention includes a piston, a cylinder and a valve plate.
The valve plate is provided at an opening end of the cyl-
inder and includes a plurality of suction holes. The re-
frigerant compressor of the present invention further in-
cludes a plurality of suction reed valves, which is pro-
vided between the opening end of the cylinder and the
valve plate, for opening and closing the plurality of suc-
tion holes, respectively. At least one of the suction reed
valves has a natural frequency different from that of the
other reed valves. With this configuration, even when
an operation frequency is changed, delayed closing of
the suction reed valve and reduction in an amount of
flexure are prevented.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

FIG. 1 is a sectional view showing a refrigerant com-
pressor in an embodiment of the preset invention.
FIG. 2 is a front view showing a suction reed valve
of the refrigerant compressor shown in FIG. 1.
FIG. 3 is a sectional view showing a cylinder head
part of the refrigerant compressor shown in FIG. 1.
FIG. 4 is a graph showing a pressure in a cylinder
and an amount of flexure of a reed valve in one
stroke in a low-speed operation of a refrigerant
compressor in an embodiment of the present inven-
tion.
FIG. 5 is a graph showing a pressure in a cylinder
and an amount of flexure of a reed valve in one
stroke in a high-speed operation of a refrigerant
compressor in an embodiment of the present inven-
tion.
FIG. 6 is a sectional view showing a conventional
refrigerant compressor.
FIG. 7 is an exploded perspective view showing a
valve of the refrigerant compressor of FIG. 6.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0011] FIG. 1 is a sectional view showing a refrigerant
compressor in an embodiment of the preset invention.
FIG. 2 is a front view showing a suction reed valve. FIG.
3 is a sectional view showing a cylinder head part.
[0012] To a hermetic container 1, an outlet port 2A that
is one end of a suction tube 2 is connected. Another end
of the suction tube 2 is connected to a piping at the low-
pressure side of a refrigerating cycle (not shown). A mo-
tor 3 includes a stator 4 and a rotor 5, and drives a com-
pression part 6. Furthermore, refrigerating machine oil
7 is preserved in a bottom portion of the hermetic con-
tainer 1. A coil spring 8 elastically supports the motor 3
and the compression part 6.
[0013] The compression part 6 includes a cylinder
head 101, a cylinder block 12, a valve plate 110, suction
reed valves (hereinafter, referred to as "valve") 120A
and 120B, a piston 18, a connecting rod 20 and a suction
muffler 130. The cylinder head 101 forms a suction
space 101A and a discharge space 101B. The cylinder
block 12 contains a cylinder 13. The connecting rod 20
is linked to an eccentric part 19A of a crank shaft 19.
The suction muffler 130 communicates to a suction
space 101A via a communicating tube 130A and to suc-
tion holes 112A and 112B of the valve plate 110, and
sucks a refrigerant gas from an inlet port 130B.
[0014] The valve plate 110 has the suction holes 112A
and 112B and discharge holes (not shown). The suction
holes 112A and 112B are respectively inclined from
opening portions 114A and 114B of the valve plate 110
at the side of the cylinder 13 to opening portions 114C

and 114D of the valve plate 110 at the side of cylinder
head 101 in the direction in which a distance between
the suction holes is reduced. The valves 120A and 120B
have deformation parts 122A and 122B having different
lengths each other, respectively. Since the deformation
part 122A is longer than the deformation part 122B, the
spring constant of the valve 120A is smaller, and the
valve 120A has a lower natural frequency than that of
the valve 120B. Furthermore, the shapes of the valves
120A and 120B are asymmetric with respect to center-
lines 124A and 124B of the deformation parts 122A and
122B. Positions of center points of the suction holes
112A and 112B correspond to points 126A and 126B of
the valves 120A and 120B, respectively.
[0015] Seal parts 128A and 128B seal the suction
holes 112A and 112B provided on the valve plate 110.
[0016] Hereinafter, an operation of the refrigerant
compressor configured as mentioned above is de-
scribed. FIG. 4 is a graph showing a pressure in a cyl-
inder and an amount of flexure of a reed valve in one
stroke in a low-speed operation of a refrigerant com-
pressor in an embodiment of the present invention. FIG.
5 is a graph showing a pressure in a cylinder and an
amount of flexure of a reed valve in one stroke in a high-
speed operation of a refrigerant compressor in an em-
bodiment of the present invention.
[0017] The motor 3 drives the compression part 6, so
that the piston 18 reciprocates in the cylinder 13. A low
temperature and low pressure refrigerant gas returning
from an external refrigerating cycle (not shown) is firstly
sucked into the hermetic container 1 from the suction
tube 2. The refrigerant gas is further sucked from the
inlet port 130B of the suction muffler 130 and passes
through the suction holes 112A and 112B via the com-
municating tube 130A. During the suction stroke, by
flexing the deformation parts 122A and 122B of the
valves 120A and 120B, the refrigerant gas opens the
valve 120A and 120B and is led to the cylinder 13. Dur-
ing the compression stroke, the valves 120A and 120B
are closed, and the refrigerant gas is compressed to
high temperature and high pressure, passes from the
discharge hole through a discharge tube (not shown)
and is led to the external refrigerating cycle to be used
for a refrigerating operation.
[0018] When the piston 18 reciprocates in the cylinder
13, in the suction stroke, the piston 18 shifts to the side
of a bottom dead center. In a low-speed operation, in
this suction stroke, gas pressure load, which is gener-
ated by differential pressure when the pressure 140 in
the cylinder 13 becomes lower than the pressure in the
suction space 101A of the cylinder head 101, acts on
the valves 120A and 120B. At this time, at a point 140A,
the suction reed valves 120A and 120B start to open,
and the refrigerant gas is sucked into the cylinder 13.
The point 140A means a point at which the gas pressure
load generated by differential pressure becomes larger
than a resultant force of flexure load of the valves 120A-
120B and an adhesion force with the viscosity of refrig-
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erating machine oil at the seal parts of the valves 120A-
120B.
[0019] Furthermore, in the compression stroke, the
valves 120A and 120B are closed at a point 140B at
which the pressure in the cylinder 13 exceeds the pres-
sure in the suction space 101A of the cylinder head 101,
and suction of the refrigerant gas from the suction muf-
fler 130 is completed.
[0020] Between the point 140A and the point 140B,
the valve 120A repeats opening and closing operations
150A twice at a natural frequency in primary deforma-
tion mode while flexing the deformation part 122A. Since
the valve 120A is selected to have a natural frequency
corresponding to a low-speed operation frequency, the
valve 120A completes closing substantially with the
same timing as the point 140B. Furthermore, since the
spring constant of the valve 120A is small, even under
conditions that the flow rate of sucked gas is slow during
a low-speed operation, a suction loss due to the short-
age of an amount of flexure is not increased.
[0021] Furthermore, the valve 120B has a natural fre-
quency and a spring constant higher than those of the
valve 120A, and repeats opening and closing operations
150B four times between the point 140A and the point
140B. At this time, the valve 120B opens widely with a
certain amount of flexure according to the circulation
amount of refrigerant at the first to third opening and
closing operations 150B. At the fourth opening and clos-
ing operation, since in the compression stroke, the dif-
ferential pressure between the pressure in the cylinder
13 and the pressure in the suction space 101A of the
cylinder head 101 is extremely small. At this time, the
refrigerant gas flows in the suction hole 112A of the
valve 120A that flexes more largely. Consequently, the
amount of a refrigerant gas flowing in the suction hole
112B of the valve 120B becomes very small and the dy-
namic pressure by the flow of the refrigerant gas is re-
duced. That is to say, the valve 120B hardly flexes and
it completes opening and closing operation near the
point 141B.
[0022] Therefore, backflow of the refrigerant gas due
to delayed closing of the valves 120A and 120B is pre-
vented, and the increase in suction loss due to the short-
age of the amount of flexure in the suction stroke is also
prevented. As a result, the volumetric efficiency is in-
creased.
[0023] Furthermore, in a high-speed operation, be-
tween the point 141A and the point 141B, the valve 120B
repeats opening and closing operations 151B three
times and flexes with a certain amount of flexure accord-
ing to the circulation amount of refrigerant, and then
completes closing with good timing. The point 141A
means a point at which the pressure in the cylinder 13
becomes lower than the pressure in the suction space
101A of the cylinder head 101. Furthermore, the point
141B means a point at which the pressure in the cylinder
13 exceeds the pressure in the suction space 101A of
the cylinder head 101.

[0024] The valve 120A opens widely in a certain
amount of flexure according to the circulation amount of
refrigerant at the first opening and closing operation
151A. On the other hand, in the second opening and
closing operation, since in a compression stroke, the dif-
ferential pressure between the pressure in the cylinder
13 and the pressure in the suction space 101A of the
cylinder head 101 is extremely small. Therefore, the re-
frigerant gas passes through the suction hole 112B of
the valve 120B that flexes more largely. Consequently,
the valve 120A hardly flexes and it completes the open-
ing and closing operation near the point 141B.
[0025] Therefore, also in a high-speed operation, de-
layed closing or shortage of the amount of flexure of the
valves 120A and 120B do not occur, so that the refrig-
erant gas is sucked into the cylinder 13 efficiently. Con-
sequently, in a case where the operation frequency is
changed, the refrigerating capacity and the compres-
sion efficiency of the compressor are increased.
[0026] Furthermore, the shapes of the valves 120A
and 120B are asymmetric with respect to the centerlines
124A and 124B of the deformation parts 122A and
122B. Therefore, working points 126A and 126B of the
gas pressure load that act on the valves 120A and 120B
deviate from centerlines 124A and 124B of the flexing
deformation of the valves 120A and 120B. Thus, the
valves 120A and 120B start to open with torsion defor-
mation. That is to say, torsional moment due to gas pres-
sure load acts on the valves 120A and 120B. Conse-
quently, on one side of circular seal parts 128A and
128B of the valves 120A and 120B, force for peeling off
the adhesion portion with a viscosity of the refrigerating
machine oil 7 is concentrated, thus making it easy to
open the valves 120A and 120B. Accordingly, in the suc-
tion stroke, the valves 120A and 120B start to open ear-
lier. Therefore, the refrigerant gas is sucked into the cyl-
inder 13 efficiently, and the refrigerating capacity and
the compression efficiency of the compressor are in-
creased. Note here that in FIG. 2, both of the shapes of
the valves 120A and 120B are asymmetric with respect
to the centerlines 124A and 124B of the deformation
parts 122A and 122B. However, they may be configured
so that only one of the shapes is asymmetric.
[0027] A refrigerant gas inside the hermetic container
1 passes through the suction space 101A in a high-tem-
perature cylinder head 101 via the suction muffler 130
and is sucked into the cylinder 13 from the suction holes
112A and 112B provided on the valve plate 110. Herein,
the refrigerant gas inside the cylinder 13 is in a high tem-
perature state of about 100°C by a compression action
and is discharged to a discharge space 101B of the cyl-
inder head 101. Thus, the cylinder head 101 is heated
to high temperature state of about 80°C.
[0028] In this case, as an interval between the two
suction holes 112A and 112B of the suction space 101A
in the cylinder head 101, at least a distance correspond-
ing to a sum of the widths of the seal part 128A and the
seal part 128B is necessary. Herein, as shown in FIG.
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3, in a case where the suction holes 112A and 112B are
inclined, it is not necessary to consider the widths of the
seal part 128A and the seal part 128B, and it is possible
to greatly reduce the interval between the suction holes
112A and 112B. Thus, the suction space 101A in the
cylinder head 101 can be configured to have a reduced
volume and heat receiving area, so that the thermal
transmission to the flowing refrigerant gas is reduced.
Accordingly, the temperature of the refrigerant can be
kept low, the density of the gas refrigerant increases and
the circulation amount of the refrigerant increases. Con-
sequently, the refrigerating capacity and the compres-
sion efficiency of the compressor increase. Note here
that in FIG. 3, both of the suction holes 112A and 112B
are inclined, but only one of them may be inclined.
[0029] Note here that in the embodiment, the number
of the valves 120A and 120B is two. However, when the
number is three or more, the same effect can be ob-
tained.
[0030] Furthermore, in the embodiment, the natural
frequency is changed by varying the lengths of the
valves 120A and 120B. However, the same effect can
be obtained even when the natural frequency is
changed by varying the widths or shapes of the valves
120A and 120B.
[0031] Furthermore, in the embodiment, the case
where the number of opening and closing operations in
one stroke of the valve 120A and 120B is two to four is
described, however the same effect can be obtained
when the number is one or more.

INDUSTRIAL APPLICABILITY

[0032] A refrigerant compressor of the present inven-
tion includes a piston, a cylinder and a valve plate. The
valve plate is provided at an opening end of the cylinder
and has a plurality of suction holes. The refrigerant com-
pressor of the present invention further includes a plu-
rality of suction reed valves provided between the open-
ing end of the cylinder and the valve plate, and opens
and closes the plurality of suction holes, respectively. At
least one of the suction reed valves has a natural fre-
quency different from that of the other reed valves. With
this configuration, since refrigerating capacity and com-
pression efficiency of the refrigerant compressor can be
increased, the refrigerant compressor can be used for
air conditioners, freezer-refrigerators, and the like.

Claims

1. A refrigerant compressor, comprising:

a piston;
a cylinder housing the piston;
a valve plate, which has a first suction hole and
a second suction hole, provided at an opening
end of the cylinder;

a first suction reed valve, which opens and clos-
es the first suction hole, provided between the
opening end of the cylinder and the valve plate;
and
a second suction reed valve, which opens and
closes the second suction hole and has a nat-
ural frequency different from that of the first
reed valve, provided between the opening end
of the cylinder and the valve plate.

2. The refrigerant compressor according to claim 1,
wherein the first suction reed valve has a first de-
formation part and the second suction reed valve
has a second deformation part, at least one of a
shape of the first suction reed valve being asym-
metric with respect to a centerline of the first defor-
mation part and a shape of the second suction reed
valve being asymmetric with respect to a centerline
of the second deformation part.

3. The refrigerant compressor according to claim 1,
wherein at least one of the first suction hole and the
second suction hole is inclined from an opening end
face of the valve plate at the cylinder to another end
face in the direction in which an interval between
the first suction hole and the second suction hole is
reduced.

7 8



EP 1 541 868 A1

6



EP 1 541 868 A1

7



EP 1 541 868 A1

8



EP 1 541 868 A1

9



EP 1 541 868 A1

10



EP 1 541 868 A1

11



EP 1 541 868 A1

12



EP 1 541 868 A1

13



EP 1 541 868 A1

14



EP 1 541 868 A1

15


	bibliography
	description
	claims
	drawings
	search report

