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EP 0 531 718 A1

Swash plate type compressor.

@ A swash plate type compressor includes a
cylinder blooks (101,102) having a crank case
(104) which communicates with a suction port
(103) and a plurality of bores (101a) formed
therein. The ends of each bore (101a) are cov-
ered with a pair of housings (107,108). The
bores communicate with discharge chambers
(111,112). A drive shaft (118) is rotatably placed
within the cylinder blocks (101,102). A swash
plate (123) is rotatable in the crank case (104),
and is mounted on the drive shaft (118). A
plurality of pistons (125) are drivably coupled to
the swash plate (123), and are reciprocatable in
their respective bores (101a). As the pistons
(125) reciprocate, a refrigerant in the crank case
(104) is sucked into each bore (101a) and is

compressed therein. The compressed refrige-
rant is discharged into the discharge chambers
(111,112) from the bores. A passage (140) for
transporting the refrigerant between the dis-
charge chambers (111,112) is formed along the
axis of the drive shaft (118). Seals (141) are
provided between the cylinder blocks (101,102)
and the drive shaft (118) for sealing the gap
between the discharge chambers (111,112) and
the crank case (104).

Jouve, 18, rue Saint-Denis, 75001 PARIS
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The present invention relates to an improved
swash plate type compressor suitable for use in a ve-
hicle air conditioning system.

Japanese Unexamined Patent Publication No. 3-
92587 discloses a swash plate type compressor
which includes a front and rear cylinder blocks. A
crank case is connected to a refrigerant suction port,
and is located at an interface section between the
front and rear cylinder blocks. Each cylinder block has
a distal end which is covered by a corresponding
housing section. A front valve plate is disposed inter-
mediate the front cylinder block and the front housing
section. Similarly, a rear valve plate is disposed inter-
mediate the rear cylinder block and the rear housing
section. each housing sections includes a suction
chamber and a discharge chamber. The discharge
chamber leads to a refrigerant discharge port.

A drive shaft rotatably enters through an axial
opening in the front and rear cylinder blocks. A swash
plate is fixedly mounted on the drive shaft and is ro-
tatably disposed within the crank case. The valve
plates include suction ports which connect the suc-
tion chambers to a plurality of cylinders, via corre-
sponding suction valves. each valve plate also has a
discharge port which connects each discharge cham-
ber with each cylinder via a discharge valve. Each cy-
linder block has a plurality of suction passages which
connect the crank case to the front and rear suction
chambers, and a discharge passage which intercon-
nects the front and rear discharge chambers.

The discharge passage is located such that the
discharge passage does not interfere with the suction
passage and the crank case. Due to design restric-
tions, such as the limited outer dimensions, the dis-
charge passage has to be positioned close to the suc-
tion passage. In this arrangement, however, the re-
frigerant flows from the refrigerating circuit to the
crank case and the suction passage, through the suc-
tion ports. The refrigerant absorbs heat from the hot
and compressed refrigerant flowing through the dis-
charge passage. The refrigerant is compressed to a
higher temperature and is then discharged. As a re-
sult, the circulation of the discharged heated refriger-
ant increases the load on the refrigerating circuit,
thus lowering its cooling ability and the overall effi-
ciency of the compressor.

It is therefore an object of the present invention
to minimize the overheating of a refrigerant, while se-
curing an airtight sealing of the discharge chamber.

To achieve the foregoing objects, the swash plate
type compressor of the present invention includes cy-
linder blocks having a crank case which communi-
cates with a plurality of suction ports and a plurality
of bores. Both ends of each bore are sealed with a
pair of housings. The bores communicate with the
discharge chambers. A drive shaft is rotatably placed
in the cylinder blooks. A swash plate is mounted on
the drive shaft within the crank case.
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A plurality of pistons are drivably coupled to the
swash plate, and reciprocate in their respective
bores. As the pistons reciprocate, the refrigerant in
the crank case is sucked into each bore to be com-
pressed therein, and the compressed refrigerant is
discharged into the discharge chambers from the
bores. A passage for feeding the refrigerant between
the discharge chambers is formed along the axis of
the drive shaft. Seals are provided between the cylin-
der blocks and the drive shaft, to intercept the com-
munications between the discharge chambers and
the crank case.

The invention, together with objects and advan-
tages thereof, may best be understood by reference
to the following description of the presently preferred
embodiments together with the accompanying draw-
ings in which:

Fig. 1 is a cross-sectional view of a swash plate

type compressor according to a first embodiment

of the present invention;

Fig. 2 is a cross sectional view of the compressor

in Fig. 1 taken along line 2-2;

Fig. 3 is an enlarged cross-sectional view illus-

trating part of a seal for use in the compressor of

Fig. 1;

Fig. 4 is an enlarged cross-sectional view show-

ing a maodification of the seal of Fig. 3;

Fig. 5 is an enlarged cross-sectional view illus-

trating another modification of the seal of Figs. 3

and 4;

Fig. 6 is a cross-sectional view of a swash plate

type compressor according to a second embodi-

ment of the present invention;

Fig. 7 is a cross sectional view of the compressor

of Fig. 6, taken along line 7-7;

Fig. 8 is a graph showing the relationship be-

tween the cross-sectional area of a discharge

passage and the volume efficiency;

Fig. 9 is a cross sectional view illustrating the dis-

position of the discharge ports and a discharge

passage in a conventional compressor;

Fig. 10 is a cross-sectional side view of a swash

plate type compressor according to a third em-

bodiment of the present invention;

Fig. 11 is a cross sectional view of the compres-

sor of Fig. 10, taken along line 11-11;

Fig. 12 is a cross sectional view of the compres-

sor of Fig. 10, taken along line 12-12;

Fig. 13 is a cross sectional view of the compres-

sor of Fig. 10, taken along line 13-13;

Fig. 14 is a cross sectional view of the compres-

sor of Fig. 10, taken along line 14-14;

Fig. 15 is a cross sectional view of the compres-

sor of Fig. 10, taken along line 15-15;

Fig. 16 is a cross sectional view of the compres-

sor of Fig. 10, taken along line 16-16;

Fig. 17 is an enlarged cross-sectional side view

of a discharge valve and a float valve for use in
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the compressor of Fig. 11;

Fig. 18 is a cross sectional view of the compres-

sor of Fig. 17, taken along line 18-18;

Fig. 19 is an exploded perspective view of a

swash plate, a two-headed piston and a suction

valve for use in the compressor of Fig. 11; and

Fig. 20 is a cross-sectional side view of the entire

compressor according to yet another embodi-

ment according to the present invention.

A first embodiment of the present invention will
now be described with reference to the accompany-
ing drawings.

Fig. 1 illustrates a front cylinder block 101 and a
rear cylinder block 102 which are combined with each
other in axial alignment to form a unitary cylinder
block. A crank case 104 is formed intermediate the
front and rear cylinder blocks 101 and 102, and com-
municates with a refrigerant inlet port 103. The ends
of the unitary cylinder block are closed with a front
housing 107 and a rear housing 108, via valve plates
105 and 106 respectively. As shown in Fig. 2, a ring-
shaped front suction chambers 109 is formed in the
inner peripheral portion of the front housing 107, and
a concentric front discharge chamber 111 is formed in
the inner central section. The front discharge cham-
ber 111 encloses the outer surface of a drive shaft
118. similarly, a rear suction chamber 110 is formed
in the inner peripheral portion of the rear housing 108,
and a concentric rear discharge chamber 112 is
formed in the central section.

The drive shaft 118 is fitted rotatably within two
axial bores 101A and 102A of the cylinder blocks 101
and 102, via radial bearings 114 and 115. This drive
shaft 118 penetrates through an opening 105¢ in the
front valve plate 105, and extends outwardly through
the outer end of the front housing 107 via a seal 119.

A swash plate 123 is rotatably disposed in the
crank case 104, and is securely mounted on the drive
shaft 118. This swash plate 123 is connected to both
cylinder blocks 101 and 102 by means of thrust bear-
ings 121 and 122. The front cylinder block 101 in-
cludes a plurality of axially extending bores 101a
which are arranged equidistantly around the drive
shaft 118. Similarly, the rear cylinder block 102 has
a plurality of axially extending bores 102a which are
arranged equidistantly around the drive shaft 118. A
two-head piston 125 reciprocates in each pair of the
bores 101a and 102a. Each piston 125 is engaged
with the swash plate 123, via a pair of shoes 124.

The suction port 105a is formed in the front valve
plate 105, and connects the front suction chamber
109, via a suction valve 126, to the bores 101a. Sim-
ilarly, the rear valve plate 106 has a rear suction port
106a formed therein, to connect the rear suction
chamber 110, via a suction valve 127, to the bores
102a. The valve plate 105 also includes a discharge
port 105b which connects the front discharge cham-
ber 111, via a discharge valve 130, to the bores 101a.
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Similarly, the rear valve plate 106 includes a dis-
charge port 106b which connects the rear discharge
chamber 112, via a discharge valve 131, to the bores
102a. A plurality of suction passages 132 are formed
along the outer peripheral portions of the cylinder
blocks 101 and 102, in order to connect the crank
case 104 to both suction chambers 109 and 110. A
plurality of bolts 133 are fitted into the respective suc-
tion passages 132 to connect the front and rear hous-
ings 107 and. 108.

A discharge port 128 is formed in the rear hous-
ing 108, and is generally aligned with discharge pas-
sage 140. The discharge port 128 communicates with
the rear discharge chamber 112. The discharge
chamber 112 also communicates with the axial bore
102A of the rear cylinder block 102, via an opening
106¢ in the valve plate 106.

The discharge passage 140 in the present em-
bodiment is axially formed within the drive shaft 118.
The discharge passage 140 has one of its ends com-
municating with the axis bore 102A. At the other end
of the discharge passage 140, a plurality of through
holes 140a are formed in the drive shaft 118, and ex-
tend in the radial direction. The through holes 140a
communicate with the discharge passage 140 and
the discharge chamber 111.

Ring-shaped seals 141 are fitted in the axial
bores 101A and 102A of the cylinder blocks 101 and
102. Each of the seals 141 has a generally U-shaped
cross section, as shown in Fig. 3, and has its opening
face the discharge chambers 111 and 112. Due to the
high pressure in the discharge chambers 111 and 112,
the seals 141 are forced against the inner ends of the
respective axial bores 101A and 102A. The seals 141
are in close contact with the outer surface of the drive
shaft 118 and the inner walls of the axial bores 101A
and 102A. This sealing arrangement seals the dis-
charge chambers 111 and 112 crank case 104, pre-
vents leakage therebetween.

The refrigerant that circulates back to the com-
pressor via the inlet port 103 from an external refrig-
erating circuit, flows into the crank case 104. Then,
the refrigerant is guided, via the individual suction
passages 132, to the front and rear suction chambers
109 and 110. Meanwhile, the individual pistons 125
reciprocate in the respective bores 101a and 102a,
via the swash plate 123 which rotates together with
the drive shaft 118.

Accordingly, the refrigerant in the suction cham-
bers 109 and 110 are drawn, via the suction ports
105a and 106a of the valve plates 105 and 106, into
those bores 101a and 102a whose volumes are in-
creasing. The compressed refrigerant is discharged,
via the discharge ports 105b and 106b of the valve
plates 105 and 1086, to the front and rear discharge
chambers 111 and 112, from those bores 101a and
102a whose volumes are decreasing.

The compressed refrigerant discharged into the



5 EP 0531718 A1 6

front discharge chamber 111, is drown via the through
holes 140a into the discharge passage 140. The re-
frigerant further flows, via the opening 106¢, and
joins the compressed refrigerant in the rear discharge
chamber 112. The combined refrigerant is discharged
through the discharge port 128 to an outer refrigerant
circuit including a condenser (not shown).

Particularly, the discharge passage 140 is
formed in the drive shaft 118, so that the refrigerant
flowing through the crank case 104 and the suction
passages 132 is sufficiently insulated and remotely
disposed from the heat from the discharge passage
140 (hot refrigerant). Experiments have shown that,
when the temperature of the discharged refrigerant
with respect to the number of rotations of the com-
pressor of the present invention is compared to the
temperature of the refrigerant in a conventional com-
pressor, the temperature of the present compressor
is about 5 ° C lower at a speed ranging from 1000 to
3000 rpm.

Further, since the discharge passage 140 is
formed in the drive shaft 118 in this embodiment, the
outer ends of the axis bores 101A and 102A commu-
nicate with the discharge chambers under high pres-
sure, and the inner ends thereof communicate with
the crank case 104 under low pressure. The crank
case 104 and the discharge chambers 111 and 112
are separated in a fluid tight manner, by the seals
141. The refrigerant is thus prevented from leaking
into the crank case 104 from each discharge cham-
ber.

In particular, each of the seals 141 has a U-shap-
ed cross section with two substantially parallel edges
which are forced in close contact with the inner walls
of the axial bores 101A and 102A and the outer sur-
face of the drive shaft 118 under the pressure in the
discharge chambers. The applied pressure to the seal
141 for causing it tightly to contact the associated ax-
ial bore and the drive shaft 118 increases proportion-
ally to the pressure in the corresponding discharge
chamber. Therefore, the seals 141 provide an effec-
tive seal.

The compressor of the present embodiment uses
the interior of the drive shaft as the discharge pas-
sage, so that the discharge passage can be formed
at a position where it does not interfere with the
bores, without increasing the outer diameter of the
compressor. This feature renders the compressor
lighter and more compact, while maintaining a prede-
termined compressing capacity.

Fig. 4 illustrates a modification to the seal. The
modified seal 142 has a generally rectangular or
square cross section, and is fitted over the drive shaft
118. The pressure in the discharge chambers 111 and
112 acts on the outer surfaces and outer end faces of
the seals 142, for causing the seals 142 to be forced
against the inner ends of the axial bores 101A and
102A.
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Fig. 5 illustrates another modification to the seal.
The modified seal 143 has a generally triangular
cross section, and is fitted over the drive shaft 118.
The pressures in the discharge chambers 111 and
112 act on the inclined surfaces of the seals 143, for
pressing the inner surfaces and inner end faces of the
seals 143, respectively, against the outer surface of
the drive shaft 118 and the inner ends of the axial
bores 101Aand 102A. Both modifications preventthe
refrigerants from leaking from the discharge cham-
bers 111 and 112 to the crank case 104.

Referring now to Figs. 6 to 9, the second embodi-
ment of the present invention will now be described.
As shown in Fig. 7, the discharge ports 105b and
106b are equidistantly arranged around the dis-
charge passage 140, within imaginary circles passing
the centers of the bores 101a and 102a (only the rear
side is shown). The rear discharge ports 106b are
therefore arranged at equal distances from the dis-
charge port 128.

Passages 160 supply a misty lubricant in the
crank case 104 to the radial bearings 111 and 115,
and are formed in the cylinder blocks 101 and 102. Lip
type seals 161 are disposed between the drive shaft
118 and the valve plates 105 and 1086, in order to pre-
vent the refrigerant from leaking to the discharge
chamber from the gaps between the drive shaft 118
and the valve plates 105 and 106. Each of the lip type
seals 161 has a generally conical or skirt-like shape,
with their small diameter portions held between the
drive shaft 118 and the valve plates 105 and 106, and
the larger diameter portions abutting against the out-
er surface of the radial bearings 114 and 115.

In this embodiment, as in the first embodiment,
the seals 161 separate the discharge chambers 111
and 112 and the crank case 104. The refrigerant is
therefore prevented from leaking to the crank case
104 from each discharge chamber.

In addition, since the individual front discharge
ports 105b are arranged equidistantly from the dis-
charge passage 140, the refrigerant gas discharged
from the discharge ports 105b smoothly flows into
the through holes 140a. As the opening of the dis-
charge passage 140 faces the discharge port 128,
the refrigerant gas is discharged smoothly from the
discharge port 128 to an external refrigerant gas pipe.

The rear discharge ports 106b are equidistantly
disposed from the discharge port 128, such that the
refrigerant gas discharged from each discharge port
106b also flows smoothly toward the discharge port
128.

Fig. 9 illustrates a conventional compressor hav-
ing a plurality of discharge ports 152 which connect a
discharge chamber 150 to compression chambers
(bores) 151, and which are arranged on the same cir-
cumference around a drive shaft 153. When the dis-
charge chamber 150 is arranged inward of a suction
chamber 154, part of the discharge chamber 150 pro-
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jects near the outer periphery of a housing 155, and
communicates at that projecting portion, with a dis-
charge passage 156 formed in the cylinder blocks.

In the conventional compressor, therefore, the
individual discharge ports 152 are not equidistant
from the discharge passage 156. The refrigerant dis-
charged into the discharge chamber 150 does not
flow smoothly toward the discharge passage 156,
which causes inevitable power loss due to the dis-
charge resistance. Meanwhile, when the discharge
chamber is arranged outward of the suction chamber,
such power loss was likewise inevitable. To reduce
the power loss due to the discharge resistance, it is
considered necessary to enlarge the diameter of the
discharge passage in the conventional swash plate
type compressor; a minimum of 8 mm is secured for
that diameter. This will increase the overall size of the
compressor.

According to the present embodiment, the refrig-
erant discharged to the front and rear discharge
chambers 111 and 112 smoothly flows toward the dis-
charge port 128, as described above. This suppress-
es the discharging resistance, and lowers the power
loss. With the minimum diameter of the discharge
port of the conventional compressor set equal to the
diameter of the discharge passage 140 of the com-
pressor of this embodiment, the conventional com-
pressor and the compressor of this embodiment were
operated under the same operation conditions, such
as the discharging pressure, suction pressure and
the number of rotations. The result is that the com-
pressor of the present embodiment has a lower power
loss than the conventional compressor by about two
percent to 3 percent.

Furthermore, the conventional compressor re-
quires that the cross-sectional area of the discharge
passage be increased to suppress the discharging re-
sistance. Reducing that cross-sectional area increas-
es the discharge resistance, and lowers the volume
efficiency of the compressor, i.e. the theoretical ratio
of the discharge volume of the refrigerant to the ac-
tual volume discharged. With the discharge passage
140 formed in the drive shaft 118 and the discharge
ports 105b and 106b arranged equidistant from the
discharge passage 140 as in this embodiment, how-
ever, it was proven that the volume efficiency does
not drop significantly, even if the diameter of the dis-
charge passage 140 or the cross-sectional area
thereof is reduced.

For instance, under the operation conditions of
the discharging pressure Pd = 15 kg/cm2, the suction
pressure Ps = 2 kg/cm?, and the number of rotations
of 1000 rpm, the volume efficiency was measured for
different cross-sectional areas of the discharge pas-
sage 140. Fig. 8 exemplifies the results. It is apparent
from Fig. 8 that the volume efficiency hardly drops
even if the diameter of the discharge passage 140 is
set to 3 mm (cross-sectional area of 7 mm2), maintain-
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ing the level to about 70%.

With the discharge passage 140 formed in the
drive shaft 118, if the cross-sectional area needs to
be increased, the diameter of the drive shaft 118
should be increased accordingly, to secure the mech-
anical strength of the drive shaft 118. This increases
the size of the compressor. As the volume efficiency
does not decrease substantially, even with a smaller
diameter of the discharge passage in this embodi-
ment, the mechanical strength of the drive shaft 118
can be maintained without making it thicker. The
present embodiment will therefore not increase the
size of the compressor.

In general, a swash plate type compressor caus-
es a discharge pulsation in accordance with the num-
ber of cylinders, and vibration and noise occur ac-
cordingly. Conventionally, a muffler is provided for
the discharged refrigerant gas, in order to reduce the
discharge pulsation. With the discharge passage 140
provided in the drive shaft 118 as in this embodiment,
however, the refrigerant gas discharged to the dis-
charge chamber 111 from the front bores 101a is dis-
charged from the discharge port 128 through the dis-
charge passage 140 and the rear discharge chamber
112. At the time the refrigerant is discharged from the
discharge passage 140 to the discharge chamber
112, that refrigerant is expanded in the discharge
chamber 112, to yield a greater muffler effect, thus re-
ducing the discharge pulsation.

The present embodiment therefore does not
need to have a separate muffler to prevent dis-
charged pulsation of the refrigerant on the front side.
The muffler to be attached to the compressor suffices
to minimize or prevent the discharge pulsation of the
refrigerant on the rear side, thus making it possible to
reduce the size of the compressor. In this case, it
might be desirable to reduce the cross sectional di-
mension of the passage 140. For instance, when the
capacity of the compressor is 150 cc, the diameter of
the passage 140 could be 5 mm or less.

The discharge port 128 of the present embodi-
ment may be replaced with another discharge port
that is shifted sidewards from the central axis of the
discharge passage 140. In this case, the smooth flow
of the refrigerant on the front side can be secured.

A third embodiment of the present invention will
now be described with reference to Figs. 10 through
20.

As shown in Fig. 10, the front and rear cylinder
blocks 1 and 2 are coupled together by bolts 70. A
drive shaft 3 is rotatably fitted in the cylinder blocks
1 and 2, via radial bearings 4 and 5. A swash plate 6
is fixed to the drive shaft 3. The cylinder blocks 1 and
2 define a crank case 7. Thrust bearings 8 and 9 are
disposed between the swash plate 6 and the end
faces of the individual cylinder blocks 1 and 2. The cy-
linder blocks 1 and 2 are respectively provided with
refrigerant inlet ports 10 and 11 to which refrigerant
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gas pipes (not shown) are connected.

As shown in Figs. 11 to 16, a plurality of cylinders
12 are equidistantly formed in the cylinder block 1
around the drive shaft 3, and a plurality of cylinders
13 are similarly formed in the cylinder block 2. As
shown in Fig. 10, a two-head piston 14 is retained in
a reciprocative manner in each pair of front and rear
cylinders 12 and 13. Semispherical shoes 15 and 16
are disposed between the piston 14 and the swash
plate 6. As the swash plate 6 rotates, the piston 14 re-
ciprocates forward and backward in the associated
cylinders 12 and 13.

The shoes 15 and 16 are respectively fitted in the
recesses 59 and 60 of the piston 14. A pair of suction
chambers 25 and 26 are defined in each piston 14.
The recesses 59 and 60 communicate with the suc-
tion chambers 25 and 26 through oil passages 61 and
62. Part of the spherical portion of each shoe 15 and
16 is flat, and the gaps (or oil sumps) defined be-
tween these flat surfaces and the recesses 59 and 60
always communicate with the oil passages 61 and 62,
respectively.

A front cover 17 is securely fastened to the outer
end of the cylinder block 1 by bolts 71. Likewise, a
rear cover 18 is securely fastened to the outer end of
the cylinder block 2 by bolts 72. In both covers 17 and
18 are formed discharge chambers 19 and 20, which
are connected to the cylinders 12 and 13, via dis-
charge ports 21 and 22 on the covers 17 and 18. The
discharge chamber 19 communicates with an exter-
nal refrigerant gas pipe (not shown) via a discharge
passage 23.

A lip type seal 24 is provided on the front outer
surface of the drive shaft 3 to prevent the refrigerant
gas from leaking outside the compressor from the dis-
charge chamber 19. The suction chambers 25 and 26
communicate with the crank case 7 via inlets 27 and
28 formed in each piston 14. The refrigerant gas in the
crank case 7 can therefore flow through the inlets 27
and 28 into the suction chambers 25 and 26, respec-
tively.

As shown in Figs. 10, 15 and 16, the swash plate
6 is provided with a plurality of passages 49 which are
formed horizontally within the swash plate 6. The
passages 49 are arranged at predetermined distanc-
es around the drive shaft 3. The passages 49 facing
the inlet ports 27 and 28 serve to smoothly guide the
refrigerant gas in the crank case 7.

A suction port 10 is formed through a front head
end 29 of each piston 14. A suction valve 31 is attach-
ed to the suction port 30. As shown in Figs. 17 and
19, the suction valve 31 includes a valve seat 32 se-
curely fitted in the front head end 29, a disk-shaped
float valve 33 retained in the valve seat 32, and a re-
tainer 34 (Fig. 19) for retaining and holding the float
valve 33 in the valve seat 32. The valve seat 32 has
a pair of openings formed therein as shown in Fig. 18.
Each opening 35 is opened and closed by the float
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valve 33. A hole 36 is formed in the central portion of
the float valve 33. With the openings 35 closed by the
float valve 33, the hole 36 is closed by a bridging por-
tion 37 located between the openings 35.

A suction port 39 is formed through a rear head
end 38 of each piston 14. A suction valve 40 similar
to the suction valve 31 is attached to the suction port
39. Adischarge valve 41 is attached to the discharge
port 21. As shown in Fig. 17, the discharge valve 41
includes a valve seat 42 securely fitted. in the front
cover 17, a disk-shaped float valve 43 retained in the
valve seat42, and a retainer 44 for retaining and hold-
ing the float valve 43 in the valve seat 42. The valve
seat 42, float valve 43 and retainer 44 have the same
shapes as the valve seat 32, float valve 33 and retain-
er 34 of the suction valve 31.

A discharge valve 45 similar to the discharge
valve 41 is attached to the discharge port 22. At the
time the head end 29 of each piston 14 makes a back-
ward movement (when the piston 14 moves toward
the rear side), the refrigerantgas in the suction cham-
ber 25 pushes back the float valve 33, to open the
openings 35, so that the gas is drawn into the com-
pression chamber 46, between the head end 29 and
the front cover 17. The movement of the float valve
33 is restricted by its position against the retainer 34.
At the time the head end 29 of the piston 14 makes
a forward movement (when the piston 14 moves to-
ward the front side), the refrigerant gas in the com-
pression chamber 46 pushes back the float valve 43
to open the openings of the valve seat 42, so that the
gas is discharged into the discharge chamber 19. The
movement of the float valve 43 is restricted by its pos-
ition against the retainer 44.

The suction and discharge of the refrigerant are
similarly carried out, via a suction valve 40 and a dis-
charge valve 45, with respect to a compression cham-
ber 48 defined between the other head end 38 of the
piston 14 and the rear cover 18.

The drive shaft 3 has one end protruding outward
from the front cover 17, and the other end protecting
into the discharge chamber 20 on the rear cover side.
Adischarge passage 50 is formed in the axial central
portion of the drive shaft 3, and is open to the dis-
charge chamber 20. A plurality of outlets 51 extend ra-
dially, are formed in part of the drive shaft 3, and are
located in the discharge chamber 19 on the front cov-
er side. The outlets 51 allow the discharge chamber
19 to communicate with the discharge passage 50.

The radial bearings 4 and 5 are retained in annu-
lar recesses 52 and 53 of the respective cylinder
blocks 1 and 2. Oil passages 54 and 55 supply a lu-
bricant to the radial bearings 4 and 5, and are formed
in those portions of the drive shaft 3 which are locat-
ed in the recesses 52 and 53. A plurality of ring-
shaped seals 56 and 57 are retained in the respective
recesses 52 and 53 inwardly of the associated radial
bearings 4 and 5. The seals 56 and 57 sealingly sep-
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arate the crank case 7 from the discharge chambers
19 and 20.

A wing 58 is securely fixed to the discharge pas-
sage 50. As shown in Figs. 10 through 12, when the
drive shaft 3 rotates in the direction of the arrow a,
the wing 58 forces air to flow in the direction of the
arrow f.

The refrigerant gas is led into the crank case 7
from the external refrigerant gas pipe, and the refrig-
erant gas in the crank case 7 enters the suction
chambers 25 and 26 via the inlet ports 27 and 28. The
refrigerant gases in the suction chambers 25 and 26
are drawn into the compression chambers 46 and 48,
via the suction ports 30 and 39, and push back the
float valves 33 and 43, in accordance with the move-
ment of the pistons 14. The refrigerant gases in the
compression chambers 46 and 48 are discharged into
the discharge chambers 19 and 20 via the discharge
ports 21 and 22, and push back the float valve 43, in
accordance with the movement of the pistons 14. The
refrigerant gas in the discharge chamber 20 enters
the discharge passage 50 through an opening 65.

The refrigerant gas having entered the discharge
passage 50 from the discharge chamber 20, flows out
to the discharge chamber 19 from the outlets 51 by
the action of the wing 58. The refrigerant gas in the
discharge chamber 19 is discharged, via the dis-
charge passage 23, to the external refrigerant gas
pipe.

Conventionally, a single suction passage is pro-
vided between each pair of adjoining cylinders in each
cylinder block. Such suction passages could reduce
the strength of the cylinder block. Further, the dis-
charge passage is also provided in the cylinder block.
The distance between the cylinders is therefore in-
creased such that the required strength of the cylin-
der block can be secured. As long as the suction and
discharge passages are present in the cylinder block,
the distance between the cylinders cannot be opti-
mized.

In the present embodiment, the refrigerant gas is
drawn into the crank case 7, and is led into the com-
pression chambers 46 and 48, via the suction cham-
bers 25 and 26 in the piston 14. Unlike conventional
compressors, the present compressor does not re-
quire a plurality of suction passages in the cylinder
block. In the present embodiment, the refrigerant gas
is discharged into the discharge chamber 20, and
flows to the discharge passage 23, via the discharge
passage 50 in the drive shaft 3. It eliminates the need
for the discharge passage in the cylinder block, which
is needed in the conventional swash plate type com-
pressor. The elimination of the suction passages and
discharge passage from the cylinder blocks 1 and 2
permits the cylinders 12 and 13 to be arranged closer
to one another. The closer separation between the
cylinders 12 and 13 results in a overall reduction in
the diameter of each cylinder block 1 or 2. It is now
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possible to make the overall compressor smaller and
lighter.

Unlike conventional compressors where suction
chambers are provided in the front and rear cylinder
blocks, the suction chambers of the present embodi-
ment are provided within each piston 14. This inven-
tive improvement further contributes to the overall
downsizing of the compressor.

The refrigerant gas in the compression chambers
46 and 48 is discharged when the pressure becomes
greater than the pressure of the refrigerant gas in the
discharge chambers 19 and 20. As the discharge
chamber 19 is closed to the discharge passage 23, its
pressure will not rise too high. Since the discharge
chamber 20 is located remotely from the outlets 51,
however, the pressure in the discharge chamber 20
depends on the discharge resistance between the
discharge chamber 20 and the outlets 51.

To prevent the pressure in the discharge cham-
ber 20 from rising too high, it would be advisable to
produce force to draw in the refrigerant gas at the
opening 65 of the discharge passage 50. This force
is caused by causing the refrigerant gas to flow
against the discharge resistance of the discharge
passage lying from the discharge chamber 20 to the
outlets 51. In this embodiment, the wing 58 sends the
refrigerant gas in the discharge passage 50 toward
the outlets 51.

Since the wing 58 is small, it slightly increases
the rotational resistance of the drive shaft 3. The
pressure in the discharge chamber 20 can therefore
be reduced without causing any significant power
loss. The reduction of the pressure in the discharge
chamber 20 allows the refrigerant gas in the compres-
sion chamber 48 to be discharged to the discharge
chamber 20 without being overcompressed. It is
therefore possible to suppress the discharge pulsa-
tion and power loss originating from the overcom-
pression of the refrigerant gas. As the rotational
speed of the compressor increases, the volume of the
circulating refrigerant gas increases so that the over-
compression and discharge pulsation becomes
greater in proportion to the rotational speed. The dis-
charge assisting action of the wing 58 suppressesthe
overcompression in the compression chamber 48,
thus suppressing the power loss and discharge pul-
sation at the time the compressor runs at a high
speed.

When the pressure of the refrigerant gas in the
compression chambers 46 and 48 fall below those in
the suction chambers 25 and 26, the refrigerant gas
in the suction chambers 25 and 26 is sucked into the
compression chambers 46 and 48. The flow resis-
tance in the refrigerant gas passages extending from
the crank case 7 to the compression chambers 46
and 48, i.e., the suction resistance of the refrigerant
gas, affects the pressures in the suction chambers 25
and 26. The higher the suction resistance is, the larg-
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er the suction pulsation and power loss.

The foregoing suction resistance mainly depends
onthe suctionresistances at the suction ports 30 and
39 in the limited regions, namely, on the head ends
29 and 38 of the piston 14. The suction resistances
at the suction ports 30 and 39 can be reduced by in-
creasing the cross-sectional areas of the suction
valves 31 and 40. The float valve 33, which includes
the suction valve 31 or 40, makes almost a parallel
movement between the valve seat 32 and the retainer
34. Given that the parallel displacement of the float
valve 33 is y, as shown in Fig. 17, and the inner cir-
cumferential length thereof is ¢, the refrigerant-pass-
ing cross-sectional area of the suction valve 31 or 40
is expressed by y= .

The suction valve in the conventional compres-
sor is an overhang type valve plate so that deflection
of the valve plate opens the suction port. The cross-
sectional area of such suction valve is approximately
one half that of the suction valve 31 or 40 in the pres-
ent embodiment, if the amount of deflection of the
valve plate is equal to the parallel displacement of the
float valve 33.

An increase in the amount of deformation of the
valve plate increases the suction valve cross-
sectional area. If such valve plate is used on the head
end 29 or 38, it causes the size of the piston 14 to in-
crease. Even if the displacement of the float valve 33
is set less than the amount of deflection of the valve
plate, the cross-sectional area of the suction valve 31
or 40 becomes greater than that of the conventional
suction valve, thus permitting the suction resistance
to be suppressed without increasing the size of the
piston 14.

Each of the discharge valves 41 and 45, which in-
cludes the float valve 43 therein, would increase the
cross-discharge ports 21 and 22, or would reduce the
discharge resistance without increasing the thick-
nesses of the covers 17 and 18. Therefore, the dis-
charge valves 41 and 45, together with the wing 58
contribute to the reduction of the discharge pulsation
and power loss.

As a misty lubricant is mixed to the refrigerant
gas, the lubricant will stick on the wall of the dis-
charge passage 50. Part of the lubricant on the wall
of the discharge passage 50 enters the recesses 52
and 53 from the oil passages 54 and 55 by the cen-
trifugal force created by the rotation of the drive shaft
3, for ensuring a smooth lubrication of the radial bear-
ings 4 and 5.

The misty lubricant in the refrigerant will stick on
the walls of the suction chambers 25 and 26 in the
piston 14. The lubricant enters the gaps 63 and 64
from the oil passages 61 and 62 due to the recipro-
cation of the piston 14. The sliding portions between
the recesses 59 and 60 and the shoes 15 and 16 are
lubricated, for preventing the sliding portions from be-
ing burnt. Although the gaps 63 and 64 serve as oil
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wells, the lubrication between the shoes 15 and 16
and the recesses 59 and 60 could occur without the
gaps 63 and 64.

The recess 52 is connected to the discharge
chamber 19 along the outer surface of the drive shaft
3, and the recess 53 to the discharge chamber 20
along the outer surface of the drive shaft 3. There-
fore, there is some concern that the refrigerant gas
might leak to the crank case 7 along the outer surface
of the drive shaft 3. However, the seals 56 and 57 are
provided between the crank case 7 and the recesses
52 and 53, and come into close contact with the outer
surface of the drive shaft 3 and the inner walls of the
recesses 52 and 53, under pressure from the refrig-
erant gas. This design can thus prevent the dis-
charged refrigerant gas from leaking to the crank case
7 along the outer surface of the drive shaft 3.

The present invention is not limited to the above-
described embodiments, but the structure may be
modified as shown in Fig. 20.

In this modification, an outlet 66 is formed in the
rear cover 18, facing the opening 65 of the drive shaft
3. An external refrigerant gas pipe (not shown) is con-
nected to the outlet 66. Inlet ports 67 are formed in
that portion of the drive shaft 3 which is located in the
discharge chamber 19. The inlet ports 67 permit the
discharge chamber 19 to communicate with the dis-
charge passage 50. Awing 68 is securely fitted in the
discharge passage 50. As the drive shaft 3 rotates in
the direction of an arrow a, the wing 68 feeds air in
the direction of an arrow ¢, as shown in Fig. 20.

The refrigerant gas in the compression chambers
46 and 48 is discharged to the discharge chambers
19 and 20 from the discharge ports 21 and 22, in ac-
cordance with the movement of the piston 14. The re-
frigerant gas discharged to the discharge chamber 19
enters the discharge passage 50 from the inlet ports
67. The refrigerant gas discharged to the discharge
chamber 20 from the discharge port 22 is discharged
directly from the outlet port 66.

Due to the long distance between the discharge
chamber 19 and the outlet port 66, the discharge re-
sistance therebetween affects the pressure in the
discharge chamber 19. To prevent the pressure in the
discharge chambers 19 and 20 from rising too high, it
would be desirable is to produce a suction action at
the inlet ports 67, with a suction force from the dis-
charge chamber 20 to the outlet port 66. The sucking
force is caused by causing the refrigerant gas to flow
against the discharge resistance of the passage lying
from the discharge chamber 19 to the outlet port 66.
In this embodiment, the wing 58 forces the refrigerant
gas in the discharge passage 50 toward the outlet
port 66.

A swash plate type compressor includes a cylin-
der blooks having a crank case which communicates
with a suction port and a plurality of bores formed
therein. The ends of each bore are covered with a pair
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of housings. The bores communicate with discharge
chambers. A drive shaft is rotatably placed within the
cylinder blocks. A swash plate is rotatable in the crank
case, and is mounted on the drive shaft. A plurality of
pistons are drivably coupled to the swash plate, and
are reciprocatable in their respective bores. As the
pistons reciprocate, a refrigerant in the crank case is
sucked into each bore and is compressed therein.
The compressed refrigerant is discharged into the
discharge chambers from the bores. A passage for
transporting the refrigerant between the discharge
chambers is formed along the axis of the drive shaft.
Seals are provided between the cylinder blocks and
the drive shaft for sealing the gap between the dis-
charge chambers and the crank case.

Claims

1. In aswash plate type compressor having a crank
case, a cylinder block, a plurality of discharge
chambers, a rotatable drive shaft partly disposed
within said cylinder block, a swash plate mounted
on said drive shaft and rotatably disposed within
the orank case, and a plurality of pistons drivably
coupled to the swash plate, and housed within
said cylinder block, for cyclically compressing a
refrigerant and causing it to be discharged, the
swash plate type compressor being character-
ized in that:

said drive shaft having a central geometric
axis, and including a passage formed along said
axis, for causing the refrigerant to communicate
between the discharge chambers; and

seal members, disposed between the cy-
linder blocks and the drive shaft, for sealing a gap
between the discharge chambers and the crank
case.

2. The swash plate type compressor according to
claim 1, further including a plurality of bearings
for supporting said drive shaft, and a plurality of
recesses for retaining said seal members.

3. The swash plate type compressor according to
claim 1 or 2, wherein each of said seal members
has aring-shape and a generally U-shaped cross
section, such that the open ends of said U-shap-
ed seal members face said discharge chambers.

4. The swash plate type compressor according to
any one of claims 1 to 3, further including a plur-
ality of cylinder bores, and a plurality of discharge
ports for connecting said cylinder bores to the
discharge chambers, and wherein said discharge
ports are equidistantly arranged with respect to
said passage.
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The swash plate type compressor according to
any one of claims 1 to 3, further including a pair
of suction chambers provided in each of said pis-
tons and communicating with said crank case;
and

a suction port provided in each of said pis-
tons for connecting each one of said suction
chambers to each one of said bores.

The swash plate type compressor according to
claim 5, wherein each one of said suction ports
has a suction valve for opening and closing said
suction port.

The swash plate type compressor according to
claim 6, wherein said suction valve opens said
suction port when said associated piston sucks
the refrigerant, and closes said suction port when
said associated piston discharges the refrigerant.

The swash plate type compressor according to
any one of claims 1 to 7, further comprising a
wing disposed along a refrigerant passage for for-
cibly feeding said refrigerant when said drive
shaft rotates.

The swash plate type compressor according to
any one of claims 1 to 8, further including a plur-
ality of shoes for coupling each of said pistons to
said swash plate, between said suction chambers
and said swash plate, so as to be elidable in said
each piston.

The swash plate type compressor according to
claim 9, wherein each one of said pistons is pro-
vided with a passage for supplying a lubricant to
said shoes from said suction chambers.
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