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(54) Reciprocating type compressor comprising a suction chamber and partition walls in a

cylinder head

(57) To provide a reciprocating type compressor
including a cylinder head capable of preventing the
mutual interference of sucked gases and avoiding the
pulsation of suction pressure generated, thereby pre-
venting the noise in the interior of a car, suction cham-
bers are formed in the vicinity of the refrigerant
introduction hole of a cylinder head and partition walls
are disposed to the cylinder head around the outer
peripheries of the suction chambers for introducing a
fluid into respective bores.
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Description

[0001] The present invention relates to the improve-
ment of the refrigerant gas suction passage of a recipro-
cating type compressor.

[0002] Conventionally, a reciprocating type com-
pressor is arranged such that a cylinder head has a
series of partition walls for separating the internal space
thereof to a suction chamber and a discharge chamber.
The suction chamber is arranged as a common suction
space without any partition and the refrigerant gas intro-
duced from the introduction hole of the cylinder head is
sequentially sucked from the suction ports of a valve
plate coupled with a cylinder block according to the suc-
tion stroke of pistons (hereinafter, referred to as conven-
tional art 1).

[0003] In the conventional art 1, the refrigerant
gases are sucked from the refrigerant introduction holes
of the cylinder head to respective bores and the lengths
of passages of the refrigerant gases are different
depending upon respective bores. Further, since the
refrigerant gases are sucked in the common suction
space, pulsation is caused in the pressure of the sucked
gas by the dynamic interference among the gases
sucked into the respective bores. The pressure pulsa-
tion is transmitted to an evaporator in the inside of a car
through piping. Thus, unpleasant noise due to reso-
nance becomes a problem.

[0004] Japanese Unexamined Patent Publication
No. 7-35039 (hereinafter, referred to as conventional art
2) discloses a technology for preventing the occurrence
of noise.

[0005] The reciprocating type compressor dis-
closed in the conventional art 2 includes a cylinder block
having a plurality of bores formed in parallel with a cen-
tral axis, a drive shaft having an end fitted in and sup-
ported by the shaft hole of the cylinder block and the
other end supported by a front housing, pistons coupled
with a swash plate, which is moved together with the
drive shaft, and moving linearly in the bores, a housing
jointed to the outside end of the cylinder block through a
valve plate and a suction unit formed on the housing
and communicating with the bores through suction
ports formed passing through the valve plate. The suc-
tion unit is composed of a refrigerant introduction hole
and pipe-shaped branch passages radially branched
from the refrigerant introduction hole in six directions
and independently communicating with the respective
suction ports, respectively. The cross sections of a
series of all the refrigerant passages including the suc-
tion unit and the suctions ports are formed to have the
same shape and the same size.

[0006] In the conventional art 2, however, each of
the branch passages communicating with the respec-
tive cylinders is formed in the pipe-shape having a rela-
tively small diameter and has a long distance. Thus, a
problem arises in that pressure losses in the branch
passages are increased following the decrease in refrig-
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erating capability. Further, since one ends of respective
branch ports are formed to join at the positions just
below the refrigerant introduction port, the amount of
refrigerant sucked into the cylinders is liable to be
affected by the change of the flow rate of the refrigerant.
As a result, the reciprocating type compressor is also
disadvantageous in that the components of a drive
mechanism are undesirably vibrated to result in genera-
tion of unpleasant noise.

[0007] It is an object of the present invention to pro-
vide a reciprocating type compressor including a cylin-
der head capable of suppressing the pulsation of
suction pressure and preventing the reduction of a
refrigerating capability thereby at a less expensive cost.
[0008] It is another object of the present invention to
provide a reciprocating type compressor including a cyl-
inder head which makes it difficult for the amount of
refrigerant sucked into cylinders to be affected by the
change of the flow rate of refrigerant and which can pre-
vent the unpleasant noise generated from the compo-
nents constituting a drive mechanism thereby at a less
expensive cost.

[0009] According to the present invention, there is
provided a reciprocating type compressor which com-
prises a cylinder block with a plurality of cylinder bores
formed therein; a plurality of pistons received in the cyl-
inder bores, respectively; a cylinder head connected to
the cylinder block and having a refrigerant introduction
hole; a suction chamber provided in the cylinder head
and connecting the refrigerant introduction hole to the
cylinder bores and which compresses a fluid introduced
into the cylinder bores by the reciprocating motion of the
pistons in the cylinder bores. In the present invention,
the cylinder head comprises partition walls dividing the
suction chamber into fluid paths for introducing the fluid
into respective cylinder bores.

[0010] In the Drawings;

Fig. 1 is a sectional view showing a reciprocating
type compressor according to the conventional art
2

Fig. 2 is a sectional view taken along the line Il - I
of the reciprocating type compressor of Fig. 1;

Fig. 3 is a sectional view showing a reciprocating
type compressor according to a first embodiment of
the present invention;

Fig. 4 is a partial sectional view showing the cylin-
der block of the reciprocating type compressor of
Fig. 3;

Fig. 5 is a view of a first cylinder head unit of Fig. 4
looked from the section taken along the line V - V of
Fig. 4;

Fig. 6 is a view of a second cylinder head unit of
Fig. 4 looked from the section taken along the line
VI - VI of Fig. 4;

Fig. 7 is a graph showing a pressure pulsation sup-
pressing effect of the reciprocating type compres-
sor according to the first embodiment of the present
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invention;

Fig. 8A is a sectional view showing a portion of the
cylinder head of a reciprocating type compressor
according to a second embodiment of the present
invention;

Fig. 8B is a view of the cylinder head of Fig. 8A
looked from below it; and

Fig. 9 is a view showing a portion of the cylinder
head of a reciprocating type compressor according
to a third embodiment of the present invention.

[0011] Before the description of embodiments of
the present invention, a reciprocating type compressor
according to a conventional art will be described for the
easy understanding of the present invention.

[0012] Referring to Fig. 1, the reciprocating type
compressor 11 shown in the conventional art 2 includes
a cylinder block 15 formed into one body with a main
housing 12 and having a plurality of bores 13 disposed
in parallel with a central axis, a drive shaft 21 having one
end fitted into and supported by a shaft hole 17 of the
cylinder block 15 and the other end supported by a front
housing 19, pistons 25 coupled with a swash plate 23,
which is moved together with the drive shaft 21, and
moving linearly in the bores 13, a housing 29 jointed to
the outside end of the cylinder block 15 through a valve
plate 27, and a suction unit 33 communicating with the
bores 13 through suction ports 31 formed to pass
through the valve plate 27 formed on the housing 29.
[0013] The reciprocating type compressor accord-
ing to the conventional art 2 employs the rotary swash
plate 23 and converts a rotating motion thereof into the
reciprocating motions of the pistons 25 through shoes
41.

[0014] Referring to Fig. 2 in addition to Fig. 1, the
suction unit 33 is composed of a refrigerant introduction
port 35 and pipe-shaped branch passages 37 which are
radially branched from the refrigerant introduction port
35 in six directions and independently communicate
with respective suction ports 31. The suction unit 33
and a series of the refrigerant passages 37 including
the suction ports 31 have the same shape and the same
size. Note that numeral 39 denotes a refrigerant dis-
charge port.

[0015] Then, embodiments of the present invention
will be described with reference to the drawings.

[0016] Referring to Fig. 3, a reciprocating type com-
pressor 43 of a first embodiment of the present inven-
tion includes a cylinder block 49 formed integrally with a
casing or housing 47 including a plurality cylinder bores
45, and a front housing 51 disposed at an end of the
housing 47. Further, the reciprocating type compressor
43 includes a rotatable shaft 55 which is inserted up to
the insertion hole 53 of the cylinder block 49 in the cas-
ing 47 through the front housing 51. The rotatable shaft
55 is rotatably supported by the front housing 51 and
the cylinder block 49 through bearings 57 and 59,
respectively. A rotor 61 is disposed to the rotatable shaft
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55 at a position near to the front housing 51 and fixed to
the rotation shaft 55 by a bolt 63. An end of the rotor 61
is supported by the inner wall of the front housing 51
through a thrust bearing 65 and the other thereof is cou-
pled with an end of a slant plate 67 disposed around the
rotatable shaft 55 through a hinged joint mechanism 69.
A wobble plate 71 is disposed around the cylindrical
portion of the slant plate 67 at the central portion thereof
so as to swing in accordance with a rotation of the slant
plate 67 through a thrust bearing 73. A groove is formed
at a portion 75a of the periphery of the wobble plate 71
and engaged with a rail plate 75b disposed in the casing
47 so that it can be moved along an axial direction with
preventing from rotating. The wobble plate 71 and the
rail plate 75b constitute a rotation preventing mecha-
nism 77. The rotation preventing mechanism 77 is
arranged such that it can move the wobble plate 71 in
the direction along the rotatable shaft 55 but it prevents
the wobble plate 71 from rotating around the rotatable
shaft 55.

[0017] Pistons 81 are disposed in the cylinder bores
45 of the cylinder block 49 and connected to the periph-
eral portion of the wobble plate 71 on the other end
thereof through piston rods 83.

[0018] A cylinder head 87 is disposed to the other
end of the cylinder block 49 of the casing 47 through a
valve plate device 85.

[0019] The valve plate device 85 includes a valve
plate main body 85a, which has a not shown suction
valve and a discharge valve 89, and a retainer 91. The
suction valve and the discharge valve are formed on
both of surfaces of the valve plate and stacked under
seal members (not shown), respectively. The retainer
91 is disposed so as to cover the discharge valve 89.
These components are assembled by a bolt 93 so that
they are integrated with the valve plate main body 85a.
[0020] Referring to Fig. 4, the cylinder head 87
includes a first cylinder head unit 95 disposed to the out-
side of the compressor and a second cylinder head unit
97 interposed between the first cylinder head unit 95
and the valve plate device 85.

[0021] The first cylinder head unit 95 includes a bot-
tom wall 101 and a cylindrical side wall 103 standing
vertically from the periphery of the bottom wall 101. A
refrigerant introduction hole 105 is formed at the center
of the bottom wall 101.

[0022] Referring to Fig. 5, a plurality of, seven
pieces in the embodiment, partition walls 107 substan-
tially extend radially inwardly from the positions of the
cylindrical side wall 103 in a peripheral direction at
approximately similar intervals and the extended end
portions of the partition walls 107 are located radially
outwardly of the refrigerant introduction hole 105. With
this structure, a plurality of, seven pieces in the embod-
iment, voids 109 which will be hereinafter referred to as
first suction chambers 109, are partitioned by adjacent
partition walls 107 and portions of the side wall 103 in
correspondence to the cylinder bores 45. In addition, a
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void 111 is formed by being surrounded by the extended
end portions of the partition walls 107. Note that, as can
be seen from Fig. 5, the inner ends in the radial direction
of the first suction chambers 109 are open to the void
111, respectively. The extended end portion of one of
the partition walls 107 has an elliptic cross section and
a blind screw hole 115 is drilled thereto in an axial direc-
tion. The extended end portion of another one of the
partition walls 107 also has a circular cross section and
a through-hole 113 for a discharge port 127 is drilled
therethrough in the axial direction. Further, boss por-
tions 117 are formed at the portions of the side wall 103
corresponding to the base portions of the respective the
partition walls 107 and screw inserting holes 119 are
drilled to the boss portions 117 in the axial direction.
Note that the side wall 103, the partition walls 107 and
the boss portions 117 are designed to have the same
height, respectively.

[0023] Referring to Fig. 6 in addition to Fig. 4, the
second cylinder head unit 97 includes a bottom wall 121
and a cylindrical thick side wall 117 standing vertically
from the peripheral edge of the bottom wall 121. The
side wall 117 has a plurality of through-holes 123 drilled
thereto in correspondence to the voids 109 of the first
cylinder head unit 95. The lateral cross section of each
through-hole 123 is formed in an elliptic shape having a
large area. Hereinafter, the through-holes 123 are
referred to as second suction chambers 123. When the
first and second cylinder head units 95 and 97 are
assembled as shown in Fig. 4, the first suction cham-
bers 109 of the first cylinder head unit 95 communicate
with the second suction chambers 123 of the second
cylinder head unit 97 which correspond thereto. Further,
the bottom wall 121 has through-holes 125 drilled
thereto at the positions thereof corresponding to the
above through-holes 113 and a discharge hole 127 is
formed by the through-holes 113 and 125. Note that the
inside surface 129 of the side wall 117 is waved radially.
[0024] As reviewing in Fig. 4, a discharge chamber
131 is partitioned by the side wall 117, the bottom wall
121 and the valve plate device 85. Referring to Fig. 6
again, a plurality of screw inserting holes 133 are drilled
to the side wall 117 in correspondence to the screw
inserting holes 119 of the first cylinder head unit 95. As
shown in Fig. 3, shaft portions of bolts 135 pass through
a plurality of screw inserting holes 133 and the screw
inserting holes 85b drilled to the valve plate device 85 in
correspondence to the screw inserting holes 119 and
are screwed into screw holes 49a drilled to the cylinder
block 49, whereby the first and second cylinder head
units 95 and 97, the valve plate device 85 and the cylin-
der block 49 are fixed to each other. Note that while the
side wall 117 is formed integrally with the bottom wall
121 in the present invention, the side wall 117 may be
formed separately from the bottom wall 121 and there-
after the two members may be fixed to each other.
[0025] When the rotatable shaft 55 is rotated by a
not shown drive source in the reciprocating type com-
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pressor according to the first embodiment arranged as
described above, the rotor 61 is rotated thereby so that
the slant plate 67 coupled with the rotor 61 is rotated.
The rotation of the slant plate 67 is converted into the
axial reciprocating motions in the axial direction of the
pistons 81 in the cylinder bores 45.

[0026] With the above arrangement, refrigerant
gases flow from an external refrigerant circuit into the
void 111 through refrigerant introduction hole 105 and
further flows into first suction chambers 109. The refrig-
erant gases having flowed into the first suction cham-
bers 109 further flow into the second suction chambers
123 and then sucked into the cylinder bores 45 through
suction ports 139. Thereafter, the refrigerant gases hav-
ing been compressed by the pistons 81 are discharged
into a discharge chamber 131 from the cylinder bores
45 through a discharge port 141 and flow to the external
refrigerant circuit through the discharge port 127.
[0027] As described above, the refrigerant passage
from the refrigerant introduction hole 105 to the cylinder
bores 45 is formed of the void 111, the first suction
chambers 109 and the second suction chambers 123.
Therefore, the refrigerant gases having flowed from the
external refrigerant circuit into the void 111 through the
refrigerant introduction hole 105 flow into the first suc-
tion chambers 109 which correspond to the respective
cylinder bores 45 and further are substantially isolated
from each other. With this arrangement, when the refrig-
erant gases are sucked into the respective cylinder
bores 45, the mutual dynamic interference of the refrig-
erant gases is reduced and thus the pulsation of the
suction pressure of the refrigerant gases can be sup-
pressed. As a result, it is possible to lower the noise
level in the inside of a car.

[0028] Further, according to the present invention, a
large pressure loss is not caused in the refrigerant pas-
sage from refrigerant introduction hole 105 to the cylin-
der bores 45 because any of the void 111, first suction
chambers 109 and second suction chambers 123 has a
large volume.

[0029] Further, according to the present invention,
since the refrigerant gases having flown from the exter-
nal refrigerant circuit into the void through the refriger-
ant introduction hole 105 is received once by the first
suction chambers 109 which are isolated from each
other, it is difficult for the amount of the refrigerant
sucked by the cylinders to be affected by the change of
the flow rate of the refrigerant supplied to the compres-
sor, whereby the unpleasant noise generated from the
parts such as a wobble plate 71 which constitute a driv-
ing mechanism can be prevented.

[0030] Fig. 7 is a graph showing that the pulsation
of suction pressure is suppressed by the present inven-
tion described above. In the graph, the ordinate shows
the magnitude of suction gas pulsation (unit: dBEU,
wherein EU is the abbreviation of engineering unit) and
the abscissa shows the flow rate (unit: kg/hour) of liquid
refrigerant in the liquid line of a refrigerating circuit (por-
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tion from a condensation vessel to an expanding func-
tion element). Note that the magnitude of suction gas
pulsation of the ordinate is measured in the frequency
range of 440 - 500 Hz, and curves 139 and 141, in
which 0 dBEU is defined as 1 g/lcm? (0 dBEU = 1g/cm?),
show the characteristics of the above conventional art 1
and the present invention, respectively. As apparent
from the curve 139 and the curve 141, it can be found
that the value of suction pressure pulsation of the
present invention is always lower than that of the con-
ventional art 1 regardless of the compensation of the
flow rate of the liquid refrigerant.

[0031] Referring to Figs. 8A and 8B, the cylinder
head of a reciprocating type compressor according to a
second embodiment of the present invention is
arranged similarly to the cylinder head shown in Fig. 3
to Fig. 6 except the structure of a void 111 is different.
[0032] That is, the void 111 is formed in a taper
shape so that the diameter of the inner wall or partition
wall 107 thereof is gradually increased inwardly as well
as a plurality of projecting folds 107a are formed on the
inner wall surface thereof. Each of the projecting folds
107a has a size and shape of such a degree as not to
cause a pressure loss.

[0033] In the reciprocating type compressor accord-
ing to the second embodiment of the present invention
arranged as described above, since the suction cham-
ber of the cylinder head is formed in the taper shape,
the pressure loss of suction gases is not clearly pro-
duced but the attenuation of pressure pulsation is more
accelerated by the projecting folds 107a.

[0034] Referring to Fig. 9, a first cylinder head unit
95 according to a third embodiment of the present
invention is arranged such that a plurality of straighten-
ing plates 107b, each of which is composed of a plate
member projecting in a direction perpendicular to the
direction in which each partition wall 107 extends, are
disposed to the partition walls 107 on both the sides in
the lengthwise direction thereof. Each straightening
plate 107b has a size and shape of such a degree as
not to cause a pressure loss.

[0035] In the third embodiment of the present inven-
tion arranged as described above, pressure pulsation is
more attenuated than that of the reciprocating type
compressor of the first embodiment by the straightening
plates 107b provided with the partition walls 107.
[0036] While the embodiments of the present inven-
tion have been described as to the reciprocating type
compressor using the wobble plate, it is needless to say
that the present invention is also applicable to a recipro-
cating type compressor which converts a rotating
motion to the reciprocating motions of pistons by means
of the rotary slant plate of conventional arts through
shoes.

[0037] As described above, according to the
present invention, when refrigerant gases are sucked
into the cylinder bores, it is possible to lower the noise
level in the inside of a car because the mutual dynamic
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interference among the suction refrigerant gases can be
reduced as well as the pulsation of the suction pressure
of the refrigerant gases can be also suppressed.

[0038] Further, since a large pressure loss is not
produced in the refrigerant passage from the refrigerant
introduction hole to the cylinder bores, it is possible to
prevent the reduction of the refrigerating capability of
the compressor.

[0039] Furthermore, it is difficult for the amount of
the refrigerant sucked into the cylinder to be affected by
the change of the flow rate of the refrigerant supplied to
the compressor, whereby the unpleasant noise gener-
ated from the parts constituting the driving mechanism
can be prevented.

Claims
1. Areciprocating type compressor comprising:

a cylinder block with a plurality of cylinder bores
formed therein;

a plurality of pistons received in said cylinder
bores, respectively;

a cylinder head connected to said cylinder
block and having a refrigerant introduction
hole;

a suction chamber provided in said cylinder
head and connecting said refrigerant introduc-
tion hole to said cylinder bores;

said compressor compressing a fluid intro-
duced into said cylinder bores by the recipro-
cating motion of said pistons in said cylinder
bores;.

wherein said cylinder head comprises partition
walls dividing said suction chamber into fluid
paths for introducing the fluid into respective
cylinder bores.

2. Areciprocating type compressor according to claim
1, wherein said partition walls are extended from
portions of a side wall of the cylinder head towards
said refrigerant introduction hole.

3. Avreciprocating type compressor according to claim
2, wherein said partition walls are extended from
the portions of the side wall, the portions being
spaced at an equiangular interval from each other.

4. A reciprocating type compressor according to claim
1, wherein each of the suction chambers is formed
in a taper shape having projecting folds on the outer
periphery thereof.

5. Areciprocating type compressor according to claim
1, wherein each of the partition walls has a straight-
ening plate projecting in a direction perpendicular
to the lengthwise direction thereof.
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A reciprocating type compressor according to claim
1, further comprising a rotation conversion mecha-
nism for converting the rotating motion of a rotata-
ble shaft into the reciprocating motion of said
pistons in the direction of said rotatable shaft, said
rotation conversion mechanism being one selected
from a rotating swash plate mechanism and a wob-
ble plate mechanism.

A reciprocating type compressor according to claim
1, wherein said cylinder head is made of two divi-
sional portions in an axial direction, one of said divi-
sional portions being provided with a discharge
chamber and a through hole, another one being
provided with voids divided by partition walls to
each other.
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