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Description
BACKGROUND OF THE INVENTION

[0001] The present invention relates to a refrigerant
suction structure in a fixed displacement type piston com-
pressor provided with a rotary valve. The piston defines
acompression chamber within a cylinder bore. The rotary
valve has an introduction passage for introducing refrig-
erant from a suction pressure zone to the compression
chamber. The rotary valve integrally rotates with a rotary
shaft. Further, the present invention relates to an oper-
ation control method in the fixed displacement type piston
COMpressor.

[0002] Japanese Laid-Open Patent Publication Nos.
7-119631 and 2006-83835 each disclose a piston com-
pressor using arotary valve. Japanese Laid-Open Patent
Publication Nos. 64-88064 and 2000-145629 each dis-
close a piston compressor using a reed valve type suction
valve. The piston compressor using the rotary valve has
a less suction resistance at a time of drawing suction gas
into a cylinder bore and is excellent in an energy efficien-
cy in comparison with the piston compressor using the
reed type suction valve.

[0003] Japanese Laid-Open Patent Publication No.
7-119631 discloses a starting impact which may be gen-
erated at a time of starting a compressor. If torque is
rapidly increased in accordance with compression of gas
at a time of starting the compressor, a load is applied to
an internal combustion engine, which serves as a vehicle
engine. As a result, a traveling speed of the vehicle may
be lowered for amoment. In this case, a vehicle occupant
feels a shock.

[0004] The rotary valve in Japanese Laid-Open Patent
Publication No. 7-119631 can be moved in an axial di-
rection of a rotary shaft in correspondence to a pressure
in a control pressure chamber. The compressor has a
suction port, which is a suction pressure zone positioned
in a center portion of a cylinder block. The rotary valve
has a bypass groove which can connect the cylinder bore
with the suction port. The rotary valve is moved in the
axial direction in such a manner that the bypass groove
connects almost all the cylinder bores with the suction
port at a time when the operation of the compressor is
stopped and when the compressor is started. According-
ly, even if the piston actuates so as to compress the gas
within the cylinder bore at a time of starting the compres-
sor, the gas within the cylinder bore flows to the suction
portviathe bypass groove. As aresult, the startingimpact
is suppressed.

[0005] Itis necessary to minimize a clearance in a pe-
ripheral surface of the rotary valve, so that the gas does
not leak along a peripheral surface of the rotary valve,
and that the rotary valve can be rotated. Further, it is
necessary that the clearance allows the rotary valve to
move in the axial direction. However, it is very difficult to
control the clearance mentioned above.

[0006] The piston compressor in Japanese Laid-Open
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Patent Publication No. 2000-145629 has a differential
pressure sensitive on-off valve which is opened and
closed on the basis of a differential pressure between a
discharge pressure and a suction pressure. The differ-
ential pressure sensitive on-off valve is arranged be-
tween a low pressure refrigerant conduit introducing the
refrigerant to the compressor from the outside of the com-
pressor, and a suction chamber positioned within the
compressor. If the compressor is started from a pressure
balanced state, the differential pressure sensitive on-off
valve comes to a closed state, and stops an inflow of the
refrigerant from the outside of the compressor to the suc-
tion chamber. As a result, the starting impact is reduced.
[0007] However, even if the differential pressure sen-
sitive on-off valve comes to the closed state, the refrig-
erant is left in the suction chamber, and the residual re-
frigerant is drawn to the cylinder bore so as to be com-
pressed. Since the volumetric capacity of the suction
chamber is large so as to suppress a suction pulsation
of the compressor, the amount of the refrigerant drawn
into the cylinder bore in a state in which the differential
pressure sensitive on-off valve is closed is large. Accord-
ingly, the effect of reducing the starting impact obtained
by the differential pressure sensitive on-off valve is not
sufficient.

SUMMARY OF THE INVENTION

[0008] An objective of the present invention is to im-
prove the effect of reducing the starting impact.

[0009] According to one aspect of the invention, a re-
frigerant suction structure in a fixed displacement type
piston compressor is provided. The compressor includes
a rotary shaft coupled to an external drive source via a
clutch. A plurality of cylinder bores are arranged around
the rotary shaft. A plurality of pistons define compression
chambers in the cylinder bores by being respectively ac-
commodated in the cylinder bores. A cam body is inte-
grated with the rotary shaft. The cam body converts a
rotation of the rotary shaft into reciprocation of each of
the pistons. A rotary valve has an introduction passage
for introducing a refrigerant from a suction pressure zone
to each of the compression chambers. The rotary valve
integrally rotates with the rotary shaft. The suction pres-
sure zone has a portion within the compressor. The in-
troduction passage has outlets for feeding out the refrig-
erant toward each of the compression chambers. The
refrigerant suction structure has a switch portion capable
of being switched between a communication state and a
shutoff state. The switch portion in the communication
state allows the portion of the suction pressure zone with-
in the compressor to communicate with the outlets of the
introduction passage. The switch portion in the shutoff
state shuts off the portion of the suction pressure zone
within the compressor from the outlets of the introduction
passage. The switch portion includes a valve body, a
working pressure chamber, and a working pressure ap-
plying portion. The valve body is capable of being
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switched between a communication position and a shut-
off position. The valve body in the communication posi-
tion allows the portion of the suction pressure zone within
the compressor to communicate with the outlets of the
introduction passage. The valve body in the shutoff po-
sition shuts off the portion of the suction pressure zone
within the compressor from the outlets of the introduction
passage. The working pressure chamber introduces a
working pressure that is applied to the valve body so as
to arrange the valve body at the communication position.
The-working pressure applying portion applies the work-
ing pressure to the working pressure chamber. The pres-
sure in the suction pressure zone acts against the pres-
sure in the working pressure chamber through the valve
body.

[0010] Further, according to another aspect of the in-
vention, a refrigerant suction structure in a fixed displace-
ment type piston compressor is provided. The refrigerant
suction structure has a switch portion capable of being
switched between a communication state and a shutoff
state. The switch portion in the communication state al-
lows the portion of the suction pressure zone within the
compressor to communicate with the outlets of the intro-
duction passage. The switch portion in the shutoff state
shuts off the portion of the suction pressure zone within
the compressor from the outlets of the introduction pas-
sage. The switch portion includes a valve body capable
of being switched between a communication position and
a shutoff position. The valve body in the communication
position allows the portion of the suction pressure zone
within the compressor to communicate with the outlets
of the introduction passage. The valve body in the shutoff
position shuts off the portion of the suction pressure zone
within the compressor from the outlets of the introduction
passage. An electromagnetic driving portion drives the
valve body on the basis of an electromagnetic force.
[0011] Further, another aspect of the invention, an op-
eration control method in a fixed displacement type piston
compressor is provided. The operation control method
includes preparing a switch portion capable of being
switched between a communication state and a shutoff
state. The switch portion in the communication state al-
lows the portion of the suction pressure zone within the
compressor to communicate with the outlets of the intro-
duction passage. The switch portion in the shutoff state
shuts off the portion of the suction pressure zone within
the compressor from the outlets of the introduction pas-
sage. The switch portion is provided with a valve body,
a working pressure chamber, and a working pressure
applying portion. The valve body is capable being
switched between a communication position allowing the
portion of the suction pressure zone within the compres-
sor to communicate with the outlet of the introduction
passage, and a shutoff position shutting off the portion
of the suction pressure zone within the compressor from
the outlets of the introduction passage. The working pres-
sure chamber introduces a working pressure applied to
the valve body to arrange the valve body at the commu-
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nication position. The working pressure applying portion
applies the working pressure to the working pressure
chamber. The working pressure applying portion is pro-
vided with a switch valve that is switched between a first
state, in which the refrigerant in the discharge pressure
zone can be fed to the working pressure chamber and a
second state, in which the refrigerant in the discharge
pressure chamber cannot be fed to the working pressure
chamber. The operation control method further includes
setting the clutch to a coupled state after setting the
switch valve to the second state, at a time of switching
the clutch from the shutoff state to the coupled state. The
operation control method further includes switching the
switch valve to the first state after setting the clutch to
the coupled state.

[0012] Further, according to another aspect of the in-
vention, an operation control method in a fixed displace-
ment type piston compressor is provided. The operation
control method includes preparing a switch portion ca-
pable of being switched between a communication state
and a shutoff state. The switch portion in the communi-
cation state allows the portion of the suction pressure
zone within the compressor to communicate with the out-
lets of the introduction passage. The switch portion in the
shutoff state shuts off the portion of the suction pressure
zone within the compressor from the outlets of the intro-
duction passage. The switch portion is provided with a
valve body and an electromagnetic driving portion. The
valve body is capable being switched between a com-
munication position allowing the portion of the suction
pressure zone within the compressor to communicate
with the outlets of the introduction passage, and a shutoff
position shutting off the portion of the suction pressure
zone within the compressor from the outlets of the intro-
duction passage. The electromagnetic driving portion is
capable of driving the valve body on the basis of an elec-
tromagnetic force. The electromagnetic driving portion is
capable of switching the valve body between a first state,
in which the valve body is arranged at the communication
position, and a second state, in which the valve body is
arranged at the shutoff position. The operation control
method further includes setting the clutch to the coupled
state after setting the electromagnetic driving portion to
the second state, at a time of switching the clutch from
the shutoff state to the coupled state. The operation con-
trol method further includes setting the electromagnetic
driving portion to the first state after setting the clutch to
the coupled state.

[0013] Other aspects and advantages of the invention
will become apparent from the following description, tak-
en in conjunction with the accompanying drawings, illus-
trating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The features of the present invention that are

believed to be novel are set forth with particularity in the
appended claims. The invention, together with objects



5 EP 1978 251 A2 6

and advantages thereof, may best be understood by ref-
erence to the following description of the presently pre-
ferred embodiments together with the accompanying
drawings in which:

Fig. 1 is a side cross-sectional view of a whole of a
compressor, showing a first embodiment;

Fig. 2A is a cross-sectional view taken along line 2A-
2Ain Fig. 1;

Fig. 2B is a cross-sectional view taken along line 2B-
2B in Fig. 1;

Fig. 3 is a partial enlarged view of Fig. 1;

Fig. 4 is an enlarged view showing a state in which
the valve body is moved from the position shown in
Fig. 3;

Fig. 5 is a flowchart showing an operation control
program of the compressor in Fig. 1;

Fig. 6 is a timing chart showing a torque fluctuation
in accordance with a program in Fig. 5;

Fig. 7 is a timing chart showing a second embodi-
ment;

Fig. 8 is a side cross-sectional view of a whole of a
compressor in accordance with a third embodiment;
Fig. 9A is a partial enlarged view showing a state in
which the electromagnetic valve is switched from the
state shown in Fig. 8;

Fig. 9B is a timing chart of the compressor in Fig. 8;
Fig. 10 is a partial enlarged side cross-sectional view
of a compressor in accordance with a fourth embod-
iment;

Fig. 11Ais a cross-sectional view showing a state in
which the electromagnetic valve is switched from the
state shown in Fig. 10;

Fig. 11Bis atiming chart of the compressorin Fig. 10;
Fig. 12A is a partial enlarged side cross-sectional
view of a compressor in accordance with a fifth em-
bodiment;

Fig. 12B is a cross-sectional view showing a state in
which the electromagnetic valve is switched from the
state shown in Fig. 12A;

Fig. 13 is a side cross-sectional view of a whole of
a compressor in accordance with a sixth embodi-
ment;

Fig. 14 is a cross-sectional view showing a state in
which the electromagnetic valve is switched from the
state shown in Fig. 13;

Fig. 15A is a partial enlarged side cross-sectional
view of a compressor in accordance with a seventh
embodiment;

Fig. 15B is a cross-sectional view showing a state in
which the valve body is moved from the position
shown in Fig. 15A;

Fig. 16A is a partial enlarged side cross-sectional
view of a compressor in accordance with an eighth
embodiment;

Fig. 16B is a cross-sectional view showing a state in
which the valve body is moved from the position
shown in Fig. 16A;
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Fig. 17 is a side cross-sectional view of a whole of
a compressor in accordance with a ninth embodi-
ment;

Fig. 18A is a partial enlarged view of Fig. 17;

Fig. 18B is a cross-sectional view showing a state in
which the valve body is moved from the position
shown in Fig. 18A;

Fig. 19A is a partial enlarged side cross-sectional
view of a compressor in accordance with a tenth em-
bodiment;

Fig. 19B is a cross-sectional view showing a state in
which the electromagnetic valve is switched from the
state shown in Fig. 19A;

Fig. 20 is a side cross-sectional view of a whole of
aone-headed piston compressor in accordance with
an eleventh embodiment;

Fig. 21 is a side cross-sectional view of a whole of
a compressor in accordance with a twelfth embodi-
ment;

Fig. 22A is a cross-sectional view taken along line
22A-22Ain Fig. 21;

Fig. 22B is a cross-sectional view taken along line
22B-22B in Fig. 21;

Fig. 23 is a partial enlarged cross-sectional view of
Fig. 21;

Fig. 24 is an enlarged view showing a state in which
the valve body is moved from the position shown in
Fig. 23;

Fig. 25 is a flowchart showing an operation control
program of the compressor in Fig. 21;

Fig. 26 is a timing chart showing a torque fluctuation
in accordance with a program in Fig. 25;

Fig. 27 is a timing chart showing a thirteenth embod-
iment;

Fig. 28A is a partial enlarged cross-sectional view of
a compressor in accordance with a fourteenth em-
bodiment;

Fig. 28B is a cross-sectional view showing a state in
which the valve body is moved from the position
shown in Fig. 28A;

Fig. 29A is a partial enlarged cross-sectional view of
a compressor in accordance with a fifteenth embod-
iment;

Fig. 29B is a cross-sectional view showing a state in
which the valve body is moved from the position
shown in Fig. 29A;

Fig. 30Ais a partial enlarged cross-sectional view of
a compressor in accordance with a sixteenth em-
bodiment;

Fig. 30B is a cross-sectional view showing a state in
which the valve body is moved from the position
shown in Fig. 30A;

Fig. 31A is a partial enlarged side cross-sectional
view of a compressor in accordance with a seven-
teenth embodiment;

Fig. 31B is a cross-sectional view showing a state in
which the valve body is moved from the position
shown in Fig. 31A;
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Fig. 32A is a partial enlarged side cross-sectional
view of a compressor in accordance with an eight-
eenth embodiment;

Fig. 32B is a cross-sectional view showing a state in
which the valve body is moved from the position
shown in Fig. 32A;

Fig. 33A is a partial enlarged side cross-sectional
view of a compressor in accordance with a nine-
teenth embodiment;

Fig. 33B is a cross-sectional view showing a state in
which the valve body is moved from the position
shown in Fig. 33A; and

Fig. 34 is a side cross-sectional view of a whole of
a compressor in accordance with a twentieth em-
bodiment.

DETAILED DESCRIPTION OF PREFERABLE EMBOD-
IMENTS

[0015] Figs. 1to 6 show a fixed displacement type pis-
ton compressor 10 in accordance with a first embodiment
obtained by embodying the present invention.

[0016] As shown in Fig. 1, a front cylinder block 11 is
coupled to a rear cylinder block 12. A front housing mem-
ber 13 is coupled to the front cylinder block 11, and a
rear housing member 14 is coupled to the rear cylinder
block 12. The front cylinder block 11, the rear cylinder
block 12, the front housing member 13 and the rear hous-
ing member 14 construct a whole housing of the com-
pressor 10.

[0017] A front discharge chamber 131 is formed in the
front housing member 13. A rear discharge chamber 141
and a suction chamber 142 are formed in the rear housing
member 14. Each of the front discharge chamber 131
and the rear discharge chamber 141 is a portion of a
discharge pressure zone within the compressor 10. The
suction chamber 142 is a portion of a suction pressure
zone within the compressor 10. The inside of the com-
pressor refers to the inside of the entire housing of the
compressor 10, and the outside of the compressor refers
to the outside of the entire housing of the compressor 10.
[0018] As shown in Fig. 1, a valve plate 15, a valve
forming plate 16, and a retainer forming plate 17 are ar-
ranged between the front cylinder block 11 and the front
housing member 13. A valve plate 18, a valve forming
plate 19, and a retainer forming plate 20 are formed be-
tween the rear cylinder block 12 and the rear housing
member 14. Discharge ports 151 and 181 are formed
respectively in the valve plates 15 and 18, and discharge
valves 161 and 191 are formed respectively in the valve
forming plates 16 and 19. The discharge valves 161 and
191 respectively open and close the discharge ports 151
and 181. Retainers 171 and 201 are formed respectively
in the retainer forming plates 17 and 20. The retainer 171
and 201 limit opening degrees of the discharge valves
161 and 191.

[0019] Asshownin Fig. 1, arotary shaft 21 is rotatably
supported to the front cylinder block 11 and the rear cyl-
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inder block 12. A front shaft hole 111 and a rear shaft
hole 121 extend through the front cylinder block 11 and
the rear cylinder block 12, respectively, and the rotary
shaft 21 is put through the front shaft hole 111 and the
rear shaft hole 121. An outer peripheral surface of the
rotary shaft21 comes into contact with aninner peripheral
surface of the front shaft hole 111 and the rear shaft hole
121, and the rotary shaft 21 is directly supported by the
front cylinder block 11 and the rear cylinder block 12 at
the inner peripheral surface of the front shaft hole 111
and the rear shaft hole 121. An outer peripheral surface
portion of the rotary shaft 21 which comes into contact
with the front shaft hole 111 is a front seal peripheral
surface 211, and an outer peripheral surface portion of
the rotary shaft 21 which comes into contact with the rear
shaft hole 121 is a rear seal peripheral surface 212.
[0020] A swash plate 23, which serves as a cam body,
is firmly attached to the rotary shaft 21. The swash plate
23 is accommodated in a swash plate chamber 24 de-
fined by the front cylinder block 11 and the rear cylinder
block 12. Alip seal type shaft seal member 22 is arranged
between the front housing member 13 and the rotary
shaft 21. The shaft seal member 22 prevents a gas leak-
age through clearance between the front housing mem-
ber 13 and the rotary shaft 21. A protruding end portion
of the rotary shaft 21 protruding to the outside from the
front housing member 13 is connected to a vehicle engine
26, which is an external drive source, via an electromag-
netic clutch 25. The rotary shaft 21 obtains a rotary driving
force from the vehicle engine 26 via the electromagnetic
clutch 25.

[0021] As shown in Fig. 2A, a plurality of front cylinder
bores 27 are formed in the front cylinder block 11 so as
to be arranged around the rotary shaft 21. As shown in
Fig. 2B, a plurality of rear cylinder bores 28 are formed
in the rear cylinder block 12 so as to be arranged around
the rotary shaft 21. Double headed pistons 29 are ac-
commodated respectively in the front cylinder bore 27
and the rear cylinder bore 28 forming a pair back and
force.

[0022] As shown in Fig. 1, a rotational motion of the
swash plate 23 integrally rotating with the rotary shaft 21
is transmitted to the double headed pistons 29 via shoes
30, and each double headed piston 29 reciprocates back
and forth within the front cylinder bore 27 and the rear
cylinder bore 28. Each double headed piston 29 defines
a front compression chamber 271 within the front cylinder
bore 27, and defines a rear compression chamber 281
within the rear cylinder bore 28.

[0023] As shown in Fig. 1, the rotary shaft 21 has in it
an in-shaft passage 31 extending along a rotation axis
210 of the rotary shaft 21. An inlet 311 of the in-shaft
passage 31 is positioned in a rear end surface of the
rotary shaft 21, and is open to the suction chamber 142.
The in-shaft passage 31 has a front outlet 312 and a rear
outlet 313. The front outlet 312 is open to a front seal
peripheral surface 211 of the rotary shaft 21. The rear
outlet 313 is open to a rear seal peripheral surface 212.
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[0024] As shownin Fig. 2A, the front cylinder block 11
has the same number of front communication passages
32 as that of the front cylinder bores 27. Each of the front
communication passages 32 connect each of the front
cylinder bores 27 with the front shaft hole 111. As shown
inFig. 2B, therear cylinder block 12 has the same number
of rear communication passages 33 as that of the rear
cylinder bores 28. Each of the rear communication pas-
sage 33 communicates each of the rear cylinder bores
28 with the rear shaft hole 121. In accordance with the
rotation of the rotary shaft 21, the front outlet 312 of the
in-shaft passage 31 intermittently communicates with
each of the front communication passage 32, and the
rear outlet 313 intermittently communicates with each of
the rear communication passage 33.

[0025] In Fig. 1, in the case of a stroke in which the
double headed piston 29 moves from a left side to a right
side, that is, in the case of a state in which the double
headed piston 29 sets a certain front cylinder bore 27 to
a suction stroke, the front outlet 312 communicates the
corresponding front communication passage 32. As a
result, a refrigerant within the in-shaft passage 31 of the
rotary shaft 21 is drawn into the corresponding front com-
pression chamber 271 via the front outlet 312, and the
corresponding front communication passage 32.

[0026] In Fig. 1, in the case of a stroke in which the
double headed piston 29 moves from the right side to the
left side, that is, in the case of a state in which the double
headed piston 29 sets a certain front cylinder bore 27 to
a discharge stroke, the front seal peripheral surface 211
shuts off the front outlet 312 from the corresponding front
communication passage 32. As a result, the refrigerant
within the front compression chamber 271 is discharged
to the front discharge chamber 131 while pushing the
discharge valve 161 from the discharge port 151. The
refrigerant discharged to the front discharge chamber
131 flows out to an external refrigerant circuit 34 via a
discharge passage 341.

[0027] In Fig. 1, in the case of a stroke in which the
double headed piston 29 moved from the right side to
the left side, that is, in the case of a state in which the
double headed piston 29 sets a certain rear cylinder bore
28 to a suction stroke, the rear outlet 313 communicates
with the corresponding rear communication passage 33.
As a result, the refrigerant within the in-shaft passage 31
of the rotary shaft 21 is drawn into the corresponding rear
compression chamber 281 via the rear outlet 313 and
the corresponding rear communication passage 33.
[0028] In Fig. 1, in the case of a stroke in which the
double headed piston 29 moves from the left side to the
right side, thatis, in the case of a state in which the double
headed piston 29 sets a certain rear cylinder bore 28 to
a discharge stroke, the rear seal peripheral surface 212
shuts off the rear outlet 313 from the corresponding rear
communication passage 33. As a result, the refrigerant
within the rear compression chamber 281 is discharged
to the rear discharge chamber 141 while pushing the dis-
charge valve 191 from the discharge port 181. The re-
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frigerant discharged to the rear discharge chamber 141
flows out to the external refrigerant circuit 34 via a dis-
charge passage 343.

[0029] As shown in Fig. 1, a heat exchanger 37, an
expansion valve 38, and a heat exchanger 39 are ar-
ranged in the external refrigerant circuit 34. The heat ex-
changer 37 absorbs heat from the refrigerant. The ex-
pansion valve 38 controls the flow rate of the refrigerant
in correspondence to a fluctuation of a gas temperature
measured in an outlet of the heat exchanger 39. The heat
exchanger 39 transfers the peripheral heat to the refrig-
erant. The refrigerant flowing out to the external refriger-
ant circuit 34 flows back to the suction chamber 142.
[0030] As shown in Fig. 1, a portion of the front seal
peripheral surface 211 of the rotary shaft 21 serves as a
first rotary valve 35. A portion of the rear seal peripheral
surface 212 of the rotary shaft 21 serves as a second
rotary valve 36. In other words, the rotary shaft 21 is a
rotary valve. Each of the first rotary valve 35 and the
second rotary valve 36 is integrally formed in the rotary
shaft 21. The rotation axis 210 of the rotary shaft 21 is a
rotation axis of the first rotary valve 35, and also is a
rotation axis of the second rotary valve 36.

[0031] As shown in Fig. 1, a rear end surface of the
rotary shaft 21, that is, a rear end surface of the second
rotary valve 36 intersects the rotation axis 210 of the ro-
tary valve. The in-shaft passage 31 and the front outlet
312 construct an introduction passage of the first rotary
valve 35. The in-shaft passage 31 and the rear outlet 313
construct an introduction passage of the second rotary
valve 36. The front shaft hole 111 is a first valve accom-
modation chamber accommodating the first rotary valve
35. The rear shaft hole 121 is a second valve accommo-
dation chamber accommodating the second rotary valve
36.

[0032] As shown in Figs. 3 and 4, the rear housing
member 14 has an end wall 40 forming the suction cham-
ber 142. A cylinder 41 is integrally formed in an inner
surface of the end wall 40. A cylinder interior of the cyl-
inder 41 is referred to as a working pressure recess 411,
which serves as a working pressure chamber forming
recess. A spool-shaped valve body 42 is slidably fitted
into the working pressure recess 411. The valve body 42
is provided with a disc-shaped piston portion 43, and a
cylinder portion 44. The piston portion 43 defines a work-
ing pressure chamber 412 within the working pressure
recess 411. A pressure within the suction chamber 142,
thatis, a suction pressure acts against the pressure within
the working pressure chamber 412 through the valve
body 42. A peripheral wall of the cylinder portion 44 has
an introduction port 441. In other words, the introduction
port 441 is open to an outer peripheral surface of the
cylinder portion 44, and communicates with a cylinder
interior 442 of the cylinder portion 44. The cylinderinterior
442 is an inside passage of the valve body 42.

[0033] As shown in Figs. 3 and 4, a guide cylinder 45
is integrally formed in an end surface of the rear cylinder
block 12 in such a manner as to face the cylinder 41. A
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cylinder interior 451 of the guide cylinder 45 communi-
cates with an inlet 311 of an in-shaft passage 31, which
serves as an introduction passage. A distal end of the
guide cylinder 45 is away from a distal end of the cylinder
41. The cylinder portion 44 of the valve body 42 is slidably
fitted to the guide cylinder 45. A snap ring 46 is attached
to an inner peripheral surface of the guide cylinder 45,
and a first return spring 47 is arranged between the snap
ring 46 and the piston portion 43. The first return spring
47 urges the valve body 42 in such a manner that the
valve body 42 comes close to the end wall 40 of the rear
housing member 14. The closer the valve body 42 to the
end wall 40, the less the volumetric capacity of the work-
ing pressure chamber 412 becomes.

[0034] Fig. 3 shows a state in which the valve body 42
is located at a communication position in such a manner
that the valve body 42 allows the in-shaft passage 31 to
communicate with the suction chamber 142. Fig. 4 shows
a state in which the valve body 42 is located at a shutoff
position in such a manner that the valve body 42 shuts
off the suction chamber 142 from the in-shaft passage
31. In other words, in the state shown in Fig. 3, a whole
of the introduction port 441 of the valve body 42 is ex-
posed to the interior of the suction chamber 142. The in-
shaft passage 31 communicates with the suction cham-
ber 142 via the cylinder interior 451 of the guide cylinder
45, the cylinder interior 442 of the cylinder portion 44,
and the introduction port 441. In the state shown in Fig.
4, a whole of the introduction port 441 enters the working
pressure recess 411. As a result, the cylinder portion 44
of the valve body 42 shuts off the in-shaft passage 31
from the suction chamber 142.

[0035] As shown in Figs. 3 and 4, a communication
port401 extends through the end wall 40 of the rear hous-
ing member 14. The communication port 401 is open to
the interior of the working pressure chamber 412. A feed
port 481 of an electromagnetic three-way valve 48 com-
municates with the communication port 401 via a conduit
63. The electromagnetic three-way valve 48 serves as a
switch valve constructing a working pressure applying
portion.

[0036] As shownin Figs. 3 and 4, the electromagnetic
three-way valve 48 has a tubular valve housing 49. The
valve housing 49 is provided with a small-diameter cy-
lindrical portion 491 and a large-diameter cylindrical por-
tion 492, and a fixed iron core 50 is accommodated within
the small-diameter cylindrical portion 491 in a fixed man-
ner. Amovableiron core 51 is slidably fitted into the small-
diameter cylindrical portion 491. The movable iron core
51 has a flange 511 positioned in the large-diameter cy-
lindrical portion 492. An urging spring 52 is arranged be-
tween a step 493 between the small-diameter cylindrical
portion 491 and the large-diameter cylindrical portion
492, and a flange 511. The urging spring 52 urges the
movable iron core 51 in a direction moving the movable
iron core 51 away from the fixed iron core 50. A coil 53
is wound around the small-diameter cylindrical portion
491 in such a manner as to overlap both of the fixed iron
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core 50 and the movable iron core 51. If an electric current
is fed to the coil 53, the fixed iron core 50 is excited so
as to attract the movable iron core 51 against a spring
force of the urging spring 52.

[0037] As shown in Figs. 3 and 4, the movable iron
core 51 accommodates in it a first valve body 54. The
first valve body 54 faces the fixed iron core 50, and se-
lectively contacts and separates from the fixed iron core
50. Avalve seat 501 is integrally formed in an end surface
of the fixed iron core 50 facing the movable iron core 51.
An urging spring 55 urges the first valve body 54 toward
the valve seat 501. The fixed iron core 50 has in it a
passage 56. The passage 56 extends through the valve
seat 501. An inlet 561 of the passage 56 communicates
with the rear discharge chamber 141 via a conduit 57.
[0038] As shown in Figs. 3 and 4, a lid 58 is fitted to
the large-diameter cylindrical portion 492 of the valve
housing 49. A second valve body 60 is fastened to an
end surface of the movable iron core 51 facing the lid 58.
The second valve body 60 selectively contacts and sep-
arates from the lid 58. A discharge port 581 extends
through the lid 58. The second valve body 60 shuts off
the discharge port 581 from the cylinder interior 494 of
the large-diameter cylindrical portion 492 in the case that
the second valve body 60 comes into contact with the lid
58. The discharge port 581 communicates with the suc-
tion chamber 142 via the conduit 59.

[0039] AsshowninFigs.3and4,agroove 61 isformed
in a peripheral surface of the movable iron core 51. The
groove 61 communicates with a space 62 between the
fixed iron core 50 and the movable iron core 51. The
cylinder interior 494 of the large-diameter cylindrical por-
tion 492 communicates with the space 62 via the groove
61. The cylinder interior 494 of the large-diameter cylin-
drical portion 492 communicates with the working pres-
sure chamber 412 via a feed port 481 provided in a pen-
etrating manner in the large-diameter cylindrical portion
492 and a conduit 63.

[0040] As shown in Fig. 1, a control computer C con-
trols magnetization and demagnetization of each of the
electromagnetic three-way valve 48 and the electromag-
netic clutch 25. An air conditioner actuating switch 64, a
room temperature setting device 65, and a room temper-
ature detector 66 are connected to the control computer
C so that signals can be transmitted therebetween. The
room temperature setting device 65 sets a target room
temperature, and the room temperature detector 66 de-
tects a room temperature. In the case that the air condi-
tioner actuating switch 64 is in an ON state, the control
computer C controls a current feed, that is, a magnetiza-
tion and demagnetization with respect to the electromag-
netic three-way valve 48 and the electromagnetic clutch
25 on the basis of a temperature difference between the
target room temperature and the detected room temper-
ature.

[0041] Inthecasethatthe detected temperatureis low-
er than the target temperature, or in the case that the
detected temperature is higher than the target tempera-
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ture and the temperature difference between the detect-
ed temperature,and the target temperature is equal to or
less than an allowable difference, the control computer
C stops feeding the electric current to the electromag-
netic clutch 25. In this case, the electromagnetic clutch
25 comes to a shut-off state, and a rotational driving force
of the vehicle engine 26 is not transmitted to the rotary
shaft 21. Further, in the case that the detected temper-
ature is higher than the target temperature, and the tem-
perature difference between the detected temperature
and the target temperature gets over the allowable dif-
ference, the control computer C feeds the electric current
to the electromagnetic clutch 25. In this case, the elec-
tromagnetic clutch 25 comes to a coupled state, and the
rotational driving force of the vehicle engine 26 is trans-
mitted to the rotary shaft 21.

[0042] AtimingchartinFig. 6 shows a clutch waveform
K1, athree-way valve waveformV and a torque waveform
T1. The clutch waveform K1 indicates a feed timing of
the electric current with respect to the electromagnetic
clutch 25. The clutch waveform K1 indicates a clutch
starting time t1, which is a time for starting a current ap-
plication to the electromagnetic clutch 25, and a clutch
ending time t2, which is a time for finishing the current
application to the electromagnetic clutch 25. The three-
way valve waveform V indicates a feed timing of the elec-
tric current to the electromagnetic three-way valve 48.
The three-way valve waveform V has a first exciting pe-
riod section V1 set in correspondence to the clutch start-
ing time t1, and a second exciting period section V2 set
in correspondence to the clutch ending time t2. A starting
time t3 of the first exciting period section V1 is before the
clutch starting time t1, and an ending time t4 of the first
exciting period section V1 is after the clutch starting time
t1. In other words, the control computer C first carries out
the current feed to the electromagnetic three-way valve
48 and thereafter carries out the current feed to the elec-
tromagnetic clutch 25, at a time of starting the current
feed to the electromagnetic clutch 25. A starting time t5
of the second exciting period section V2 is before the
clutch ending time t2, and the ending time of the second
exciting period section V2 is identical with the clutch end-
ing time t2.

[0043] Fig. 5is a flowchart showing an operation con-
trol program for controlling an operation of the compres-
sor 10. The control computer C controls the operation of
the compressor 10 on the basis of an operation control
program shown by the flowchart. A description will be
given below of the operation control of the compressor
10 in accordance with the operation control program
shown by the flowchart.

[0044] It is assumed that the compressor 10 is in an
operation stop state (a state in which the electromagnetic
clutch 25 is shut off), and the electromagnetic three-way
valve 48 is in a demagnetized state (a state in which the
current application is stopped). In a state in which the
electromagnetic three-way valve 48 is demagnetized, the
first valve body 54 is away from the valve seat 501 and
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the second valve body 60 closes the discharge port 581,
as shown in Fig. 3. In the case that the interior of the
working pressure chamber 412 comes to a pressure cor-
responding to the discharge pressure, the valve body 42
exists at a communication position shown in Fig. 3. How-
ever, in the case that the interior of the working pressure
chamber 412 comes to a pressure corresponding to the
suction pressure, the valve body 42 exists at a shut-off
position shown in Fig. 4.

[0045] In step S1, the control computer C determines
on the basis of a comparison between the detected tem-
perature and the target temperature whether a compres-
sor operation starting mode (a mode for starting the cur-
rent application to the electromagnetic clutch 25) is es-
tablished. In the case of YES in step S1, that is, in the
case that the compressor operation starting mode is es-
tablished, the control computer C starts the current ap-
plication to the electromagnetic three-way valve 48 in
step S2. Ifthe electric current s fed to the electromagnetic
three-way valve 48, the first valve body 54 comes into
contact with the valve seat 501 and the passage 56 is
closed, as shown in Fig. 4. Further, the second valve
body 60 is away from the lid 58 and the discharge port
581 is opened. In this state, the working pressure cham-
ber 412 communicates with the suction chamber 142 via
the discharge passage constituted by the communication
port 401, the conduit 63, the feed port 481, the cylinder
interior 494, the discharge port 581 and the conduit 59.
Accordingly, the interior of the working pressure chamber
412 becomes the same pressure zone as the interior of
the suction chamber 142. Therefore, the valve body 42
is securely arranged at the shutoff position shown in Fig.
4 on the basis of a spring force of the first return spring
47, and the communication between the introduction port
441 and the suction chamber 142 is shut off.

[0046] In step S3, the control computer C determines
whether a period ta [(t1 - t3) = ta in the case illustrated
in Fig. 6] has elapsed from the start of the current appli-
cation to the electromagnetic three-way valve 48. In the
case of YES in step S3, that s, in the case that the period
ta has elapsed from the start of the current application
to the electromagnetic three-way valve 48, the control
computer C starts the current application to the electro-
magnetic clutch 25 in step S4. Accordingly, the electro-
magnetic clutch 25 gives way to the coupled state from
the shutoff state, and the rotary shaft 21 and the swash
plate 23 start rotating.

[0047] In step S5, the control computer C determines
whether a period tb [(t4 - t1) = tb in the case illustrated
in Fig. 6] has elapsed from the start of the current appli-
cation to the electromagnetic clutch 25. In the case of
YES in step S5, that is, in the case that the period tb has
elapsed from the start of the current application to the
electromagnetic clutch 25, the control computer C stops
the current application to the electromagnetic three-way
valve 48 in step S6. If the current feed to the electromag-
netic three-way valve 48 is stopped, the first valve body
54 is away from the valve seat 501 and the passage 56
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is opened, as shown in Fig. 3. Further, the second valve
body 60 comes into contact with the lid 58 and the dis-
charge port 581 is closed. In this state, the communica-
tion between the suction chamber 142 and the working
pressure chamber 412 is shut off. The working pressure
chamber 412 communicates with the rear discharge
chamber 141 via the feed passage constituted by the
communication port 401, the conduit 63, the feed port
481, the cylinder interior 494, the groove 61, the space
62, the passage 56 and the conduit 57. Accordingly, the
refrigerant pressure (the discharge pressure) within the
rear discharge chamber 141 is introduced to the working
pressure chamber 412, and the interior of the working
pressure chamber 412 becomes same pressure zone as
the interior of the rear discharge chamber 141. The com-
munication port 401 and the conduit 63 which is a com-
mon passage connecting the working pressure chamber
412 to the electromagnetic three-way valve 48.

[0048] The pressure (the working pressure) of the re-
frigerant within the rear discharge chamber 141 is higher
than the pressure within the cylinder interior 442, and the
pressure within the working pressure chamber 412 ar-
ranges the valve body 42 at the communication position
shown in Fig. 3 against the pressure of the cylinder inte-
rior 442 and the spring force of the first return spring 47.
Accordingly, the introduction port 441 is exposed into the
suction chamber 142, and the introduction port 441 com-
municates with the suction chamber 142. Therefore, the
refrigerant within the suction chamber 142 flows into the
in-shaft passage 31 via the introduction port 441.
[0049] After stopping the current application to the
electromagnetic three-way valve 48, the computer C de-
termines on the basis of the comparison between the
detected temperature and the target temperature wheth-
er a compressor operation stopping mode (a mode for
stopping the current application to the electromagnetic
clutch 25) is established, in step S7. In the case of YES
in step S7, that is, in the case that the compressor oper-
ation stopping mode is established, the control computer
C starts the current application to the electromagnetic
three-way valve 48 in step S8. If the current application
to the electromagnetic three-way valve 48 is started, the
communication between the working pressure chamber
412 and the rear discharge chamber 141 is shut off, and
the working pressure chamber 412 communicates with
the suction chamber 142. In other words, the working
pressure corresponding to the discharge pressure within
the working pressure chamber 412 is discharged to the
suction chamber 142. In other words, the working pres-
sure within the working pressure chamber 412 is re-
leased.

[0050] In step S9, the control computer C determines
whether a period tc [(t2 - t5) - tc in the case illustrated in
Fig. 6] has elapsed from the start of the current applica-
tion to the electromagnetic three-way valve 48. In the
case of YES in step S9, that is, in the case that the period
tc has elapsed from the start of the current application to
the electromagnetic three-way valve 48, the control com-
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puter C stops the current application to the electromag-
netic three-way valve 48 and the electromagnetic clutch
25 in step S10. After the process of step S10, the control
computer C gives way to step S1.

[0051] The torque waveform T1 in Fig. 6 is one exam-
ple of the torque fluctuation. In the case that the current
application to the electromagnetic clutch 25 is started,
the torque is fluctuated. The present embodiment excites
the electromagnetic three-way valve 48 before starting
the current application to the electromagnetic clutch 25,
and stops the current application to the electromagnetic
three-way valve 48 after starting exciting the electromag-
netic clutch 25, at atime of starting the current application
to the electromagnetic clutch 25. As a result, a rapid
torque fluctuation [a fluctuation portion T11 in the torque
waveform T1] at a time when the current application to
the electromagnetic clutch 25 is started is suppressed.
Further, even when the current application to the elec-
tromagnetic clutch 25 is stopped, the torque is fluctuated.
The present embodiment excites the electromagnetic
three-way valve 48 before stopping the current applica-
tion to the electromagnetic clutch 25, at a time of stopping
the current application to the electromagnetic clutch 25.
As a result, the rapid torque fluctuation at a time when
the current application to the electromagnetic clutch 25
is stopped is suppressed.

[0052] The electromagnetic three-way valve 48, the
working pressure chamber 412 and the valve body 42
construct a switch portion. The switch portion is capable
of switching the suction chamber 142, which is a portion
of the suction pressure zone within the compressor 10,
to a state in which the suction chamber 142 communi-
cates with the front outlet 312 and the rear outlet 313 of
the in-shaft passage 31, which is an introduction pas-
sage, and a state in which the suction chamber 142 is
shut off from the front outlet 312 and the rear outlet 313.
In Figs. 1 and 3, the electromagnetic three-way valve 48
isin afirst state (a demagnetized state) inwhich the three-
way valve 48 can feed the refrigerantin the rear discharge
chamber 141, which is a discharge pressure zone, to the
working pressure chamber412. InFig. 4, the electromag-
netic three-way valve 48 is in a second state (a magnet-
ized state) in which the three-way valve 48 can feed the
refrigerant in the rear discharge chamber 141, which is
adischarge pressure zone to the working pressure cham-
ber 412.
[0053]
tages.

The first embodiment has the following advan-

(1) In the state in which the pressure within the rear
discharge chamber 141, which is the working pres-
sure, is notintroduced to the working pressure cham-
ber 412, the valve body 42 is arranged at the shutoff
position shown in Fig. 4. If the valve body 42 is ar-
ranged at the shutoff position, the suction chamber
142, whichis a suction pressure zone within the com-
pressor 10, is shut off from the introduction port 441.
Since the rotation of the rotary shaft 21 is started
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after the valve body 42 is previously arranged at the
shutoff position, at a time when the operation of the
compressor 10 is started (at a time when the rotation
of the rotary shaft 21 is started), the refrigerant does
not flow in the cylinder interior 442 and the in-shaft
passage 31 from the suction chamber 142. Accord-
ingly, the rapid torque fluctuation is suppressed, and
a starting impact is reduced. Further, since the com-
munication between the suction chamber 142 within
the compressor 10 and the introduction port 441 is
shut off, the amount of the refrigerant compressed
in the front compression chamber 271 and the rear
compression chamber 281 at a time when the valve
body 42 exists at the shutoff position is small. There-
fore, the effect of suppressing the torque fluctuation,
that is, the effect of reducing the starting impact is
improved.

(2) If the working pressure within the working pres-
sure chamber 412 is released, the valve body 42 is
returned to the shutoff position by the spring force
of the first return spring 47. The use of the first return
spring 47 simplifies the structure for returning the
valve body 42 to the shutoff position.

(3) In the case that the valve body 42 exists at the
shutoff position, the introduction port 441, which is
an inlet of the cylinder interior 442 of the valve body
42, enters the working pressure recess 411 so as to
be shielded, and in the case that the valve body 42
exists at the communication position, the introduc-
tion port 441 is out of the working pressure recess
411 so as to be exposed to the interior of the suction
chamber 142. The structure in which the introduction
port 441 comes in and out with respect to the interior
of the working pressure recess 411 enlarges the in-
troduction port 441, and is preferable for securing a
sufficient passage cross-sectional area of the intro-
duction passage.

[0054] Fig. 7 explains asecond embodimentin accord-
ance with the present invention. The structure of the ap-
paratus is the same as the case of the first embodiment.
[0055] Inthe second embodiment, the structure of the
apparatus is the same as the case of the first embodi-
ment, however, the second embodiment is different from
the first embodiment in a point that the amount of the
current application is gradually increased at a time of
starting the current application to the electromagnetic
clutch 25, as shown by a current application starting sec-
tion K21 in a clutch waveform K2. The current application
to the electromagnetic three-way valve 48 is stopped af-
ter the feed current value becomes maximum. The fluc-
tuation of the fluctuation portion T21 in the torque wave-
form T2 expressing the torque fluctuation is suppressed
more than the case of the first embodiment, on the basis
of the current application start mentioned above to the
electromagnetic clutch 25.
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[0056] Forexample, inthe conventional fixed displace-
ment type piston compressor having no switch portion,
the torque at a time of starting is great, that is, the load
applied to the electromagnetic clutch 25 is great. Accord-
ingly, if the amount of the current application is gradually
increased in the same manner as the present invention,
in the conventional compressor, a slip is generated in the
electromagnetic clutch 25. Therefore, in the conventional
compressor, it is hard to secure a reliability of the elec-
tromagnetic clutch 25.

[0057] Inthe present embodiment, since the torque at
a time of starting is small, that is, the load applied to the
electromagnetic clutch 25 is small, it is possible to carry
out an operation control such as to gradually increase
the amount of the current application to the electromag-
netic clutch 25.

[0058] Figs. 8 and 9 explain a third embodiment. The
same reference numerals are attached to the same com-
ponents as those of the first embodiment.

[0059] AsshowninFig. 8, acheckvalve 68isarranged
in a portion 34A of an external refrigerant circuit 34 in an
upstream side of the heat exchanger 37, and the portion
34A of the external refrigerant circuit 34 in the upstream
side of the check valve 68 is connected to the working
pressure chamber 412 by the communication port 401
and the inflow passage L. The check valve 68 is provided
in the portion 34A of the external refrigerant circuit 34 in
a downstream side of a connection portion between the
portion 34A of the external refrigerant circuit 34 and the
inflow passage L. The interior of the portion 34A of the
external refrigerant circuit 34 is a discharge pressure
zone. An electromagnetic on-off valve 67 is arranged in
the inflow passage L. The electromagnetic on-off valve
67 and the check valve 68 construct a working pressure
applying portion. The electromagnetic on-off valve 67,
which serves as a switch valve, is under the magnetizing
and demagnetizing control of the control computer C. In
Fig. 8, the electromagnetic on-off valve 67 is in a mag-
netized state, and the electromagnetic on-off valve 67 is
in an open state, in which the inflow passage L is opened.
In the case that the electromagnetic on-off valve 67 is in
the magnetized state, the refrigerant (the discharge re-
frigerant) in the portion 34A of the external refrigerant
circuit 34 in the upstream side of the check valve 68 can
flow in the working pressure chamber 412. In Fig. 9A,
the electromagnetic on-off valve 67 is in the demagnet-
ized state, and the electromagnetic on-off valve 67 is in
a closed state, in which the inflow passage L is shut off.
The electromagnetic on-off valve 67 is a normally closed
type electromagnetic on-off valve which is closed in a
non-excited state (a demagnetized state). However,
even in the case that the electromagnetic on-off valve 67
is in the closed state, some amount of gas can leak.
[0060] A waveform W1 in a timing chart in Fig. 9B
shows a feed timing of the electric current with respect
to the electromagnetic on-off valve 67. The current ap-
plication to the electromagnetic on-off valve 67 is started
after [for example, after one second, (t6-t1) after in the
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illustrated example] the current application to the elec-
tromagnetic clutch 25 is started, and the current applica-
tion stop after the current application to the electromag-
netic on-off valve 67 is the same as the ending time with
respect to the electromagnetic clutch 25 [the current ap-
plication is stopped at a clutch ending time t2 in the ex-
ample in Fig. 9B].

[0061] In the case that the current application to the
electromagnetic clutch 25 is stopped, the current appli-
cation to the electromagnetic on-off valve 67 is simulta-
neously stopped, and the electromagnetic on-off valve
67 gives way to the closed state from the open state. If
the current application to the electromagnetic clutch 25
is stopped, that is, if the operation of the compressor 10
is stopped, the refrigerant is not discharged, so that the
check valve 68 is closed. Accordingly, the balancing of
the pressure within the compressor 10 is rapidly ad-
vanced.

[0062] Inthe case thatthe operation of the compressor
10 is stopped, the electromagnetic on-off valve 67 is in
the closed state. However, since some amount of gas
can leak in the electromagnetic on-off valve 67, the re-
frigerant having the discharge pressure remaining within
the working pressure chamber 412 and within a portion
of the inflow passage L between the communication port
401 and the electromagnetic on-off valve 67 leaks out to
the portion 34A in the external refrigerant circuit 34 in the
upstream side of the check valve 68 via the electromag-
netic on-off valve 67. Accordingly, the balancing of the
pressure within the working pressure chamber 412 is ad-
vanced. Therefore, the valve body 42 is arranged at the
shutoff position shown in Fig. 9A on the basis of the spring
force of the first return spring 47 by a time point [a time
t1in the example in Fig. 9B] when the current application
to the electromagnetic clutch 25 is next started.

[0063] The electromagnetic on-off valve 67 is in the
demagnetized state (the closed state) before the current
application to the electromagnetic clutch 25 is started,
and the current application to the electromagnetic on-off
valve 67 is started after the current application to the
electromagnetic clutch 25. Accordingly, the valve body
42 is in a state of being at the shutoff position for some
amount of time after the current application to the elec-
tromagnetic clutch 25 is started, and the refrigerant within
the suction chamber 142 does not flow in the in-shaft
passage 31. Therefore, the starting impact at a time of
starting the compressor 10 is reduced.

[0064] If the current application to the electromagnetic
on-off valve 67 is started after the current application to
the electromagnetic clutch 25 is started, the electromag-
netic on-off valve 67 gives way to the open state from
the closed state, and the portion 34A of the external re-
frigerant circuit 34 in the upstream side of the check valve
68 communicates with the working pressure chamber
412. After starting the current application to the electro-
magnetic clutch 25 (that is, after the operation of the com-
pressor 10 is started), the check valve 68 is maintained
in the open state on the basis of the discharge of the
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refrigerant, and the discharged refrigerant is circulated
to the suction chamber 142 via the external refrigerant
circuit 34. In the case in which the current application to
the electromagnetic clutch 25 is maintained (that is, a
state in which the compressor 10 is operated), the elec-
tromagnetic on-off valve 67 is maintained in the open
state, and the refrigerant pressure (the discharge pres-
sure) in the portion 34A of the external refrigerant circuit
34 in the upstream side of the check valve 68 is applied
to the working pressure chamber 412 via the inflow pas-
sage L and the electromagnetic on-off valve 67. Accord-
ingly, the valve body 42 is arranged at a communication
position shown in Fig. 8.

[0065] The check valve 68, the electromagnetic on-off
valve 67, the working pressure chamber 412, and the
valve body 42 construct a switch portion. The switch por-
tion is capable of switching the suction chamber 142,
which is a portion of the suction pressure zone within the
compressor 10, to a communication state, in which the
suction chamber 142 communicates with the front outlet
312 and the rear outlet 313 in the introduction passage,
and a shutoff state, in which the suction chamber 142 is
shut off from the front outlet 312 and the rear outlet 313.
In Fig. 8, the electromagnetic on-off valve 67 is in a first
state (a magnetized state), in which the on-off valve 67
can feed the refrigerant in the portion 34A of the external
refrigerant circuit 34, which is a discharge pressure zone,
to the working pressure chamber 412. In Fig. 9A, the
electromagnetic on-off valve 67 is in a second state (a
demagnetized state), in which the on-off valve cannot
feed the refrigerant in the portion of the external refrig-
erant circuit 34 to the working pressure chamber 412.
[0066] The third embodiment has the same advantag-
es as those of the first embodiment.

[0067] Figs. 10 to 11B explain a fourth embodiment.
The same reference numerals are attached to the same
components as those of the third embodiment.

[0068] Inthe fourth embodiment, a normally open type
electromagnetic on-off valve 67A is used in place of the
normally closed type electromagnetic on-off valve 67 in
the third embodiment. The normally open type electro-
magnetic on-off valve 67A is opened in the non-excited
state, and is closed in the excited state. In Fig. 10, the
electromagnetic on-off valve 67A, which serves as a
switch valve, opens the inflow passage L in the non-ex-
cited state. In Fig. 11A, the electromagnetic on-off valve
67A closes the inflow passage L in the excited state. The
electromagnetic on-off valve 67A and the check valve 68
construct the working pressure applying portion.

[0069] A waveform W2 in a timing chart in Fig. 11B
shows a current feed timing with respect to the electro-
magnetic on-off valve 67A. At a time when the current
application to the electromagnetic clutch 25 is started,
the current application to the electromagnetic on-off valve
67Ahas already been started [atatime t3 in the illustrated
example] before the current application to the electro-
magnetic clutch 25 is started [at a time t1 in the illustrated
example], and the current application to the electromag-
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netic on-off valve 67A is stopped [at a time t4 in the illus-
trated example] after the current application to the elec-
tromagnetic clutch 25 is started.

[0070] Ifthe operation ofthe compressor 10 is stopped,
the refrigerant is not discharged, so that the check valve
68 is closed. Accordingly, the balancing of the pressure
within the compressor 10 is rapidly advanced. In the case
that the operation of the compressor 10 is stopped, the
electromagnetic on-off valve 67A is in the open state.
Accordingly, the refrigerant having the discharge pres-
sure remaining within the working pressure chamber412,
and within a portion of the inflow passage L between the
communication port 401 and the electromagnetic on-off
valve 67A leaks out to the portion 34A of the external
refrigerant circuit 34 in the upstream side of the check
valve 68 via the electromagnetic on-off valve 67A. There-
fore, the balancing of the pressure within the working
pressure chamber 412 is rapidly advanced. Accordingly,
the valve body 42 is arranged at a shutoff position shown
by Fig. 11A on the basis of the spring force of the first
return spring 47 by a time point when the current appli-
cation to the electromagnetic clutch 25 is next started.
The valve body 42 is located at the shutoff position over
a time period from before the current application to the
electromagnetic clutch 25 is started [(t1 - t3) before in
the illustrated example] to after the current application is
started [(t4 - t1) after in the illustrated example], and the
refrigerant within the suction chamber 142 does not flow
in the in-shaft passage 31. Accordingly, the starting im-
pact at a time of starting the compressor 10 is reduced.
[0071] The check valve 68, the electromagnetic on-off
valve 67A, the working pressure chamber 412 and the
valve body 42 construct a switch portion. The switch por-
tion is capable of switching the suction chamber 142,
which is a portion of the suction pressure zone within the
compressor 10, to a state in which the suction chamber
142 communicates with the outlet of the introduction pas-
sage, and a state in which the suction chamber 142 is
shut off. In Fig. 10, the electromagnetic on-off valve 67A
is in a first state (a demagnetized state), in which the
refrigerant in the portion 34A of the external refrigerant
circuit 34, which is a discharge pressure zone, can be
fed to the working pressure chamber 412. In Fig. 11A,
the electromagnetic on-off valve 67 is in a second state
(a magnetized state), in which the refrigerant in the por-
tion 34A of the external refrigerant circuit 34 cannot be
fed to the working pressure chamber 412.

[0072] The fourth embodiment has the same advan-
tages as those of the first embodiment.

[0073] Figs. 12A and 12B explain a fifth embodiment
in accordance with the present invention. The same ref-
erence numerals are used in the same components as
those of the first embodiment.

[0074] Aguidecylinder 45Afitted to the cylinder portion
44 of the valve body 42 is formed as a closed-end cylin-
drical shape, and is formed independently from the rear
cylinder block 12, the rotary shaft 21 and the like. A bot-
tom wall of the guide cylinder 45A comes into contact

10

15

20

25

30

35

40

45

50

55

12

22

with an end surface 122 of the rear cylinder block 12.
The guide cylinder 45A is fitted to the cylinder portion 44
of the valve body 42 in such a manner as to be allowed
to move in a radial direction of the rotary shaft 21 with
respect to the rotary shaft 21. A communication port 452
is formed in a bottom wall of the guide cylinder 45A in
such a manner as to connect the cylinder interior 451 of
the guide cylinder 45A with the in-shaft passage 31. The
first return spring 47 is arranged between the bottom wall
of the guide cylinder 45A and the piston portion 43. The
valve body 42 is arranged at a communication position
in Fig. 12A, and the valve body 42 is arranged at a shutoff
positionin Fig. 12B. The magnetizing and demagnetizing
timings of the electromagnetic three-way valve 48 are
identical with the case of the first embodiment.

[0075] On the assumption that the refrigerant leaks
through clearance between the valve body 42 and the
cylinder 41 or clearance between the valve body 42 and
the guide cylinder at a time when the valve body 42 is in
a state of being at the shutoff position, the effect of re-
ducing the starting impact is lowered.

[0076] However, the guide cylinder 45A of the present
embodiment is fitted to the cylinder portion 44 of the valve
body 42 in such a manner that the guide cylinder 45A is
allowed to move in the radial direction of the rotary shaft
21 with respect to the rotary shaft 21. Accordingly, an
axis 413 of the working pressure recess 411 is allowed
to come into line with an axis 453 of the guide cylinder
45A. Therefore, it is possible to reduce a clearance be-
tween the cylinder portion 44 of the valve body 42 and
the cylinder 41 and a clearance between the cylinder
portion 44 of the valve body 42 and the guide cylinder
45A, and it is possible to prevent the refrigerant from
leaking along a peripheral surface of the cylinder portion
44 of the valve body 42.

[0077] Figs. 13 and 14 explain a sixth embodiment.
The same reference numerals are used in the same com-
ponents as those of the first embodiment.

[0078] A piston 69 is slidably fitted to the cylinder 41,
and a transmission rod 70 is coupled to the piston 69.
The piston 69 defines the working pressure chamber 412
within the working pressure recess 411. The transmis-
sion rod 70 enters an in-shaft passage 31A. The in-shaft
passage 31A is provided with a small-diameter passage
314, and a large-diameter passage 315 having a larger
diameter than the small-diameter passage 314. A cylin-
drical small circumferential surface body 71 is fastened
to a portion of the transmission rod 70 positioned within
the small-diameter passage 314. A cylindrical large cir-
cumferential surface body 72 is fastened to a portion of
the transmission rod 70 positioned within the large-diam-
eter passage 315. The cylindrical small circumferential
surface body 71 is fitted to the small-diameter passage
314 in such a manner as to be slidable in a direction of
a rotation axis 210 of the rotary shaft 21, and be capable
of opening and closing the front outlet 312, and the cy-
lindrical large circumferential surface body 72 is fitted to
the large-diameter passage 315 in such a manner as to
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be slidable in the direction of the rotation axis 210 of the
rotary shaft 21, and be capable of opening and closing
the rear outlet 313. The interior of the cylindrical large
circumferential surface body 72 communicates a portion
of the in-shaft passage 31A between the small circum-
ferential surface body 71 and the large circumferential
surface body 72 with a portion of the in-shaft passage
31A between the inlet 311 of the in-shaft passage 31A
and the large circumferential surface body 72.

[0079] A first return spring 73 is arranged between a
step 316 between the small-diameter passage 314 and
the large-diameter passage 315, and the large circum-
ferential surface body 72. The first return spring 73 urges
a whole of the small circumferential surface body 71, the
large circumferential surface body 72, the transmission
rod 70 and the piston 69 toward the working pressure
chamber 412 in such a manner as to press the piston 69
to the working pressure recess 411. The small circum-
ferential surface body 71, the large circumferential sur-
face body 72, the transmission rod 70 and the piston 69
construct a valve body defining the working pressure
chamber 412 within the working pressure recess 411.
[0080] Fig. 14 shows a state in which the small circum-
ferential surface body 71 closes the front outlet 312, and
the large circumferential surface body 72 closes the rear
outlet 313. The front outlet 312 and the rear outlet 313
are shut off from the in-shaft passage 31A. Fig. 13 shows
a state in which the small circumferential surface body
71 opens the front outlet 312, and the large circumferen-
tial surface body 72 opens the rear outlet 313. The front
outlet 312 and the rear outlet 313 communicate with the
in-shaft passage 31A. If the current application to the
electromagnetic three-way valve 48 is carried out, the
small circumferential surface body 71 and the large cir-
cumferential surface body 72 are arranged at a shutoff
position shown in Fig. 14 from a communication position
shown in Fig. 13, on the basis of a spring force of the first
return spring 73. The magnetizing and demagnetizing
timings of the electromagnetic three-way valve 48 are
identical with the case of the first embodiment.

[0081] The sixth embodiment has the same advantag-
es as those of the first embodiment. Further, in the sixth
embodiment, since the refrigerant which can flow in the
front compression chamber 271 and the rear compres-
sion chamber 281 at a time when the small circumferen-
tial surface body 71 and the large circumferential surface
body 72 are at the shutoff position is constituted only by
the refrigerant within the front outlet 312, within the rear
outlet 313, within the front communication passage 32,
and within the rear communication passage 33, the effect
of reducing the starting impact is more noticeable than
the case of the first embodiment.

[0082] Inthe case that the piston 69 is structured such
as to be relatively rotatable with respect to the transmis-
sion rod 70, the piston 69 prevents the relative rotation
between the first return spring 73 and the rotary shaft 21.
Accordingly, it is possible to avoid an abrasion and dam-
age of the first return spring 73 or the rotary shaft 21
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caused by the relative rotation between the first return
spring 73 and the rotary shaft 21. Alternatively, the large
circumferential surface body 72 may be structured such
as to be relatively rotatable with respect to the first return
spring 73.

[0083] Figs. 15A and 15B explain a seventh embodi-
ment. The same reference numerals are used in the
same components as those of the sixth embodiment.
[0084] A disc-shaped circular plate 74 is fastened to a
distal end of the transmission rod 70. As shown in Fig.
15A, in the case that the large circumferential surface
body 72 is located at a position at which the large cir-
cumferential surface body 72 closes the rear outlet 313,
the circular plate 74 is located in an upstream side of the
front outlet 312 within the in-shaft passage 31A, and the
refrigerant in the in-shaft passage 31A cannot flow in the
front compression chamber 271 via the front outlet 312.
As shown in Fig. 15B, in the case that the large circum-
ferential surface body 72 is located at a position at which
the large circumferential surface body 72 opens the rear
outlet 313, the circular plate 74 is located in adownstream
side of the front outlet 312 within the in-shaft passage
31A, and the refrigerant in the in-shaft passage 31A can
flow in the front compression chamber 271 via the front
outlet 312. If the electromagnetic three-way valve 48 [re-
fer to Fig. 14] is excited, the circular plate 74 is arranged
at a shutoff position shown in Fig. 15A from a communi-
cation position shown in Fig. 15B, on the basis of the
spring force of the first return spring 73. The circular plate
74, the large circumferential surface body 72, the trans-
mission rod 70 and the piston 69 construct the valve body
defining the working pressure chamber 412 within the
working pressure recess 411.

[0085] The seventh embodiment has the same advan-
tages as those of the sixth embodiment.

[0086] Figs. 16A and 16B explain an eighth embodi-
ment. The same reference numerals are used in the
same components as those of the sixth embodiment.
[0087] A cylinder 75 is coupled to the piston 69 so as
to be relatively rotatable with respect to the piston 69.
The cylinder 75 is slidably fitted to the in-shaft passage
31A. An end wall 752 is formed in a distal end of the
cylinder 75. An angular pin 76 is fastened to an inner end
which is a dead end of the in-shaft passage 31A, and the
angular pin 76 is inserted to the end wall 752 of the cyl-
inder 75 so as to be relatively slidable. The cylinder 75
and the angular pin 76 are integrally rotated with the ro-
tary shaft 21, and can slide within the in-shaft passage
31A in a state in which the angular pin 76 is inserted to
the end wall 752.

[0088] The cylinder 75 is provided with a small-diam-
eter cylindrical portion 77, which is fitted into the small-
diameter passage 314, and a large-diameter cylindrical
portion 78, which is fitted to the large-diameter passage
315. An introduction port 751 is formed in a portion of the
large-diameter cylindrical portion 78 positioned within the
suction chamber 142 so as to be capable of connecting
the suction chamber 142 with a cylinder interior 750 of
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the cylinder 75.

[0089] A communication port771isformedina portion
of the small-diameter cylindrical portion 77 within the
small-diameter passage 314 so as to communicate with
the inside of the small-diameter cylindrical portion 77. A
communication port 781 is formed in the large-diameter
cylindrical portion 78 so as to communicate with the in-
terior of the large-diameter cylindrical portion 78.
[0090] The first return spring 73 is arranged between
a step 753 between the small-diameter cylindrical portion
77 and the large-diameter cylindrical portion 78, and the
step 316 of the rotary shaft 21. The first return spring 73
urges the cylinder 75 toward the working pressure cham-
ber 412 in such a manner as to press the piston 69 to
the working pressure recess 411. The piston 69 and the
cylinder 75 construct a valve body defining the working
pressure chamber 412 within the working pressure re-
cess 411.

[0091] Fig. 16B shows a state in which the small-di-
ameter cylindrical portion 77, which serves as a valve
body, closes the front outlet 312, and shows a state in
which the large-diameter cylindrical portion 78, which
serves as a valve body, closes the rear outlet 313. Ac-
cordingly, the front outlet 312 and the rear outlet 313 are
shut off from the cylinder interior 750 of the cylinder 75.
Fig. 16A shows a state in which the communication port
771 of the small-diameter cylindrical portion 77 commu-
nicates with the front outlet 312, and shows a state in
which the communication port 781 of the large-diameter
cylindrical portion 78 communicates with the rear outlet
313, and the front outlet 312 and the rear outlet 313 com-
municate with the cylinder interior 750. The refrigerant in
the suction chamber 142 can flow in the front compres-
sion chamber 271 via the introduction port 751, the cyl-
inder interior 750, the communication port 771, the front
outlet 312, and the front communication passage 32, and
the refrigerant in the suction chamber 142 can flow in the
rear compression chamber 281 via the introduction port
751, the cylinder interior 750, the communication port
781, the rear outlet 313, and the rear communication pas-
sage 33. If the electromagnetic three-way valve 48 [refer
to Fig. 14] is excited, the cylinder 75 is arranged from a
communication position shown in Fig. 16A to a shutoff
position shown in Fig. 16B on the basis of the spring force
of the first return spring 73. The magnetizing and demag-
netizing timings of the electromagnetic three-way valve
48 are the same as those of the first embodiment.
[0092] The eighth embodiment has the same advan-
tages as those of the sixth embodiment.

[0093] Figs. 17 to 18B explain a ninth embodiment.
The same reference numerals are used in the same com-
ponents as those of the fifth embodiment.

[0094] Asshownin Fig. 17, a check valve built-in type
oil separator 79 is arranged in the portion 34A of the
external refrigerant circuit 34 which is located in an up-
stream side of the heat exchanger 37.

[0095] As shown in Figs. 18A and 18B, a refrigerant
swirling cylinder 81 is fixed in a fitting manner into a hous-
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ing 80 constructing the oil separator 79. The refrigerant
swirling cylinder 81 defines an oil separation chamber 82
and a valve accommodation chamber 83 in the housing
80. The oil separation chamber 82 communicates with
the portion 34A of the external refrigerant circuit 34 which
is located in the upstream side of the oil separator 79,
and the refrigerant in the portion 34A of the external re-
frigerant circuit 34 flows into the oil separation chamber
82. The refrigerant flowing into the oil separation cham-
ber 82 from the portion 34A of the external refrigerant
circuit 34 swirls around the refrigerant swirling cylinder
81. The refrigerant swirling around the refrigerant swirling
cylinder 81 flows in a cylinder interior 812 from a cylinder
port 811 of the refrigerant swirling cylinder 81 facing the
oil separation chamber 82.

[0096] A valve body 85 is accommodated in the valve
accommodation chamber 83. The valve body 85 is ca-
pable of opening and closing the other cylinder port 813
of the refrigerant swirling cylinder 81. The valve body 85
is urged toward a position closing the cylinder port 813
by a compression spring 86. If a pressure of the refrig-
erant within the cylinder interior 812 overcomes a spring
force of the compression spring 86, the refrigerant of the
cylinder interior 812 pushes the valve body 85 so as to
flow out to the valve accommodation chamber 83. The
refrigerant swirling cylinder 81, the valve body 85 and
the compression spring 86 construct a check valve 87.
The refrigerant in the valve accommodation chamber 83
flows in the heat exchanger 37.

[0097] A constriction hole 402 extends through the end
wall 40. The constriction hole 402, which serves as a
constriction, connects the working pressure chamber
412 with a conduit 84. The oil separation chamber 82
communicates with the working pressure chamber 412
via the conduit 84 and the constriction hole 402. The pres-
sure (the discharge pressure) within the oil separation
chamber 82 is applied to the working pressure chamber
412 via the conduit 84 and the constriction hole 402. The
constriction hole 402 and the conduit 84 construct a por-
tion of an inflow passage which is located in a down-
stream side of the oil separator 79.

[0098] The oil is charged within the circuit constituted
by the compressor 10 and the external refrigerant circuit
34, and the oil flows with the refrigerant.

[0099] The refrigerant flowing in the oil separation
chamber 82 from the portion 34A of the external refrig-
erant circuit 34 swirls around the refrigerant swirling cyl-
inder 81, and a mist-like oil flowing together with the re-
frigerant is separated within the oil separation chamber
82. The refrigerant swirling around the refrigerant swirling
cylinder 81 flows in the cylinder interior 812, and the oil
separated from the refrigerant can flow in the working
pressure chamber 412 via the conduit 84 and the con-
striction hole 402. The conduit 84 and the constriction
hole 402 construct an inflow passage reaching the por-
tion 34A of the external refrigerant circuit 34, which is a
discharge pressure zone, from the working pressure
chamber 412.
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[0100] Inthe case thatthe operation of the compressor
10 stops and the pressure within the compressor 10 is
balanced, the valve body 42 is retained at a shutoff po-
sition shown in Fig. 18B on the basis of the spring force
of the first return spring 47. In the case that the operation
of the compressor 10 is started, the refrigerant does not
flow in the in-shaft passage 31 from the suction chamber
142, so that the starting impact is reduced.

[0101] Ifthe pressure withinthe oil separation chamber
82 is increased in accordance with the start of the oper-
ation of the compressor 10, the pressure within the work-
ing pressure chamber 412 is also increased, and the
valve body 42 is arranged at the communication position
shown in Fig. 18A against the spring force of the first
return spring 47. Since the constriction hole 402 narrows
a passage cross-sectional area between the conduit 84
and the working pressure chamber 412, the pressure
within the working pressure chamber 412 is not rapidly
increased even if the pressure within the front discharge
chamber 131 and the rear discharge chamber 141 is in-
creased. Further, since the oil separated by the oil sep-
arator 79 enters the constriction hole 402, the oil entering
the constriction hole 402 generates a passage resistance
so as to contribute to a suppression of a rapid increase
of the pressure within the working pressure chamber412.
Since the rapid increase of the pressure within the work-
ing pressure chamber 412 is suppressed, the valve body
42 is not moved from the shutoff position to the commu-
nication position in a moment of time. Accordingly, the
reducing effect of the starting impact is increased.
[0102] Since the ninth embodiment does not use the
electromagnetic three-way valve 48 and the electromag-
netic on-off valve 67, the ninth embodiment is advanta-
geous in cost compared with those of the first to the fifth
embodiments.

[0103] Figs. 19A and 19B explain a tenth embodiment.
The same reference numerals are used in the same com-
ponents as those of the first embodiment.

[0104] A communication chamber 88 and a valve hole
891 are formed in the rear housing member 14, and a
plate-shaped opening and closing plate 90 is accommo-
dated within the communication chamber 88 in such a
manner as to be capable of opening and closing the valve
hole 891. The valve hole 891 extends through a partition
wall 89 which separates the communication chamber 88
and the suction chamber 142. Aninlet 311 of the in-shaft
passage 31 is positioned at an end surface of the rotary
shaft 21 within the rear cylinder block 12, and is open to
the communication chamber 88 within the rear housing
member 14.

[0105] A piston 91 is fitted into the working pressure
recess 411, and atransmissionrod 92 s integrally formed
in the piston 91. The opening and closing plate 90 is
fastened to a distal end of the transmission rod 92. A flat
valve seat surface 892 is formed in a surface of the par-
tition wall 89 facing the communication chamber 88. The
opening and closing plate 90 selectively contacts and
separates from the valve seat surface 892. A seal surface
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901 of the opening and closing plate 90 coming into con-
tact with the valve seat surface 892 is formed as a flat
surface. In other words, in the case that the opening and
closing plate 90 closes the valve hole 891, the seal sur-
face 901 of the opening and closing plate 90 comes into
surface contact with the valve seat surface 892. The pis-
ton 91, the transmission rod 92 and the opening and clos-
ing plate 90 define the working pressure chamber 412
within the working pressure recess 411, and construct a
valve body 93 opening and closing the valve hole 891.
[0106] A first return spring 94 is arranged between the
piston 91 and the partition wall 89. The first return spring
94 urges the piston 91 in a direction in which the first
return spring 94 presses the piston 91 to the working
pressure recess 411. The valve body 93 in Fig. 19B is
located at a communication position at which the valve
body 93 connects the communication chamber 88 with
the suction chamber 142 by opening the valve hole 891,
and the valve body in Fig. 19A is located at a shutoff
position at which the valve body 93 shuts off the commu-
nication chamber 88 from the suction chamber 142 by
closing the valve hole 891. The firstreturn spring 94 urges
the valve body 93 from the communication position to-
ward the shutoff position.

[0107] A plurality of stoppers 902 are provided in a
protruding manner in a back surface of the opening and
closing plate 90 facing the end surface of the rotary shaft
21. The stopper 902 selectively contacts and separates
from a distal end of a cylindrical portion 123 provided in
a protruding manner in an end surface 122 of the rear
cylinder block 12. In a state in which the valve body 93
is arranged at the communication position shown in Fig.
19B, the stopper 902 is brought into contact with the distal
end of the cylindrical portion 123, and in a state in which
the valve body 93 is arranged at the shutoff position
shown in Fig. 19A, the stopper 902 is away from the distal
end of the cylindrical portion 123.

[0108] In a state in which the electromagnetic three-
way valve 48 is magnetized, the valve body 93 is ar-
ranged at the shutoff position shown in Fig. 19A, and the
refrigerant within the suction chamber 142 cannot flow
in the communication chamber 88. In a state in which the
electromagnetic three-way valve 48 is demagnetized, the
valve body 93 is arranged at the communication position
shown in Fig. 19B, and the refrigerant within the suction
chamber 142 can flow in the front compression chamber
271 (refer to Fig. 1) and the rear compression chamber
281 via the communication chamber 88 and the in-shaft
passage 31.

[0109] The magnetizing and demagnetizing timings of
the electromagnetic three-way valve 48 are the same as
the case of the first embodiment. Accordingly, the tenth
embodiment also obtains the reducing effect of the start-
ing impact. Further, since it is possible to reduce the vol-
umetric capacity of the communication chamber 88 ac-
commodating the plate-shaped opening and closing
plate 90, the reducing effect of the starting impact is no-
ticeable in the same manner as the case of the first em-
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bodiment.

[0110] Fig. 20 shows a fixed displacement type piston
compressor 10A in accordance with an eleventh embod-
iment. The compressor 10A has a plurality of one headed
pistons 95. The same reference numerals are used in
the same components as those of the first embodiment.
[0111] A whole housing of the compressor 10A is con-
stituted by the cylinder block 12, the front housing mem-
ber 13, and the rear housing member 14. The swash
plate 23 is accommodated in the swash plate chamber
24 defined between the cylinder block 12 and the front
housing member 13. A one headed piston 95 linked to
the swash plate 23 reciprocates within the cylinder bore
28 in accordance with the rotation of the swash plate 23.
The rotary valve 36 is provided in the rotary shaft 21 so
as to correspond to the cylinder block 12. The valve body
42 is provided in the rear housing member 14 so as to
define the working pressure chamber 412.

[0112] The eleventh embodiment also has the same
advantages as those of the first embodiment.

[0113] Figs. 21 to 26 show a twelfth embodiment in
accordance with the present invention.

[0114] As shown in Fig. 21, the in-shaft passage 31 is
formed within the rotary shaft 21 so as to be along the
rotation axis 210 of the rotary shaft 21. The communica-
tion chamber 88 and the valve hole 891 are formed in
the rear housing member 14, and the plate-shaped open-
ing and closing plate 90 is accommodated within the com-
munication chamber 88 in such a manner as to be capa-
ble of opening and closing the valve hole 891. The valve
hole 891 extends through the partition wall 89 which sep-
arates the communication chamber 88 and the suction
chamber 142. The inlet 311 of the in-shaft passage 31
is positioned in the end surface of the rotary shaft 21
within the rear cylinder block 12, and is open to the com-
munication chamber 88 within the rear housing member
14.

[0115] As shown in Figs. 23 and 24, an electromag-
netic solenoid 248, which serves as an electromagnetic
drive portion, is attached to the end wall 40 of the rear
housing member 14. The rear housing member 14 is
made of aluminum and forms the suction chamber 142.
Aninstallation recess 404 isformed in arecessed manner
in an outer surface of the end wall 40. The electromag-
netic solenoid 248 includes a fixed iron core 250, a mov-
able iron core 251, a second return spring 252, and a coil
253.

[0116] Thefixediron core 250 is fitted to the installation
recess 404, and a coil 253 is embedded in the fixed iron
core 250. The installation recess 404 is connected to the
suction chamber 142. A pressure recess 260, which
serves as a pressure chamber forming recess, is formed
in a recessed manner in the fixed iron core 250. The
pressure recess 260 is open toward the suction chamber
142. The movable iron core 251 is slidably fitted to the
pressure recess 260. The movable iron core 251 defines
a pressure chamber 262 within the pressure recess 260.
A groove 254 is formed in a peripheral surface of the
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movable iron core 251. The groove 254 connects the
pressure recess 260 with the suction chamber 142. Ac-
cordingly, the pressure within the pressure chamber 262
corresponds to the pressure within the suction chamber
142. The pressure of the suction chamber 142, that is,
the suction pressure acts against a pressure in the pres-
sure chamber 262 via the movable iron core 251. A lid
258 fastened to the outer surface of the end wall 40 re-
tains the fixed iron core 250 and the coil 253 within the
installation recess 404.

[0117] The movable iron core 251 has an attaching
hole 255, which serves as a through hole. The attaching
hole 255 extends through the movable iron core 251 in
such amanner as to be connected to the suction chamber
142 from the pressure recess 260. The transmission rod
92 is press fitted to the attaching hole 255 from an open-
ing of the attaching hole 255 facing the suction chamber
142, and is fixed thereto. The opening and closing plate
90 is fastened to a distal end of the transmission rod 92.
[0118] The movable iron core 251, the transmission
rod 92 and the opening and closing plate 90 construct
the valve body 242 opening and closing the valve hole
891. The valve body 242 defines the pressure chamber
262 within the pressure recess 260.

[0119] The second return spring 252 is arranged be-
tween the transmission rod 92 and a bottom 261 of the
pressure recess 260. The second return spring 252 urges
the transmission rod 92 in a direction in which the second
return spring 252 moves the transmission rod 92 away
from the bottom 261. In other words, the movable iron
core 251 is urged in a direction in which the movable iron
core 251 pops out of the pressure recess 260 toward the
suction chamber 142, on the basis of the spring force of
the second return spring 252. The electromagnetic sole-
noid 248, the valve body 242 and the second return spring
252 construct a switch portion. The switch portion is ca-
pable of switching the suction chamber 142, which serves
as a portion of the suction pressure zone within the com-
pressor 10, to acommunication state, in which the suction
chamber 142 communicates with the front outlet 312 and
the rear outlet 313 of the in-shaft passage 31, and a shut-
off state, in which the suction chamber 142 is shut off
from the front outlet 312 and the rear outlet 313.

[0120] In Fig. 23, the valve body 242 is located in the
communication position, at which the valve body 242
connects the communication chamber 88 with the suction
chamber 142, by opening the valve hole 891. In Fig. 24,
the valve body 242 is located at the shutoff position at
which the valve body 242 shuts off the communication
chamber 88 from the suction chamber 142 by closing the
valve hole 891. The second return spring 252 urges the
valve body 242 from the shutoff position toward the com-
munication position. In other words, the switch portion is
capable of switching the suction chamber 142 to a com-
munication state [a state shown in Fig. 23], in which the
suction chamber 142 communicates with the front outlet
312 and the rear outlet 313 of the in-shaft passage 31,
and a shutoff state [a state shown in Fig. 24], in which



31 EP 1978 251 A2 32

the suction chamber 142 is shut off from the front outlet
312 and the rear outlet 313 of the in-shaft passage 31.
[0121] If the electric current is fed to the coil 253, the
fixed iron core 250 attracts the movable iron core 251
against a spring force of the second return spring 252.
In other words, an electromagnetic force generated by
exciting the coil 253 drives the valve body 242 from the
communication position toward the shutoff position. The
electromagnetic solenoid 248 can be switched to a first
state, in which the electromagnetic solenoid 248 arrang-
es the valve body 242 at the communication position by
being demagnetized, and a second state, in which the
electromagnetic solenoid 248 arranges the valve body
242 at the shutoff position by being magnetized.

[0122] The magnetizing and demagnetizing of the
electromagnetic solenoid 248 and the electromagnetic
clutch 25 are controlled by the control computer C.
[0123] A valve waveform W in a timing chart in Fig. 26
shows a current feeding timing with respect to the elec-
tromagnetic solenoid 248. A first exciting period section
V1 in the valve waveform W is set in correspondence to
a clutch starting time t1. A starting time t3 of the first
exciting period section V1 is before the clutch starting
time t1, and an ending time t4 of the first exciting period
section V1 is after the clutch starting time t1. In other
words, the control computer C first carries out the current
feed to the electromagnetic solenoid 248 and thereafter
carries out the current feed to the electromagnetic clutch
25, at a time of starting the current feed to the electro-
magnetic clutch 25.

[0124] Fig. 25is aflowchart showing an operation con-
trol program for controlling the operation of the compres-
sor 10, and the control computer C controls the operation
ofthe compressor 10 on the basis of the operation control
program shown by the flowchart. A description will be
given below of the operation control of the compressor
10 in accordance with the operation control program
shown by the flowchart. Fig. 25 has steps S1 to S7 and
S18. Steps S1 to S7 are the same as the case of Fig. 5
except the matter that the electromagnetic three-way
valve 48 is replaced by the electromagnetic solenoid 248.
[0125] If the compressor 10 is in the operation stop
state, and the electromagnetic solenoid 248 is in the de-
magnetized state, the valve body 242 is arranged at the
communication position shown in Fig. 23 on the basis of
the spring force of the second return spring 252.

[0126] As shown in Fig. 23, in the case of YES in step
S1, that s, in the case of the compressor operation start-
ing mode, the control computer C starts the current ap-
plication to the electromagnetic solenoid 248 in step S2.
If the electric current is fed to the electromagnetic sole-
noid 248, the valve body 242 is arranged at the shutoff
position shown in Fig. 24 against the spring force of the
second return spring 252, and the valve hole 891 is
closed. Accordingly, the suction chamber 142 is shut off
from the communication chamber 88.

[0127] In the case of YES in step S3, that is, in the
case thata period ta has elapsed after starting the current
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application to the electromagnetic solenoid 248, the con-
trol computer C starts the current application to the elec-
tromagnetic clutch 25 in step S4. Accordingly, the elec-
tromagnetic clutch 25 gives way to the coupled state from
the shutoff state, and the rotary shaft 21 and the swash
plate 23 start rotating.

[0128] In the case of YES in step S5, that is, in the
case thata period tb has elapsed after starting the current
application to the electromagnetic clutch 25, the control
computer C stops the current application to the electro-
magnetic solenoid 248 in step S6. If the current feed to
the electromagnetic solenoid 248 is stopped, the valve
body 242 is arranged at the communication position
shown in Fig. 23 from the shutoff position shown in Fig.
24, on the basis of the spring force of the second return
spring 252. Accordingly, the valve hole 891 is opened,
and the communication chamber 88 communicates with
the suction chamber 142. Therefore, the refrigerant with-
in the suction chamber 142 flows in the in-shaft passage
31 via the valve hole 891 and the communication cham-
ber 88.

[0129] After stopping the current application to the
electromagnetic solenoid 248, the control computer C
determines in step S7 whether the compressor operation
stopping mode is established, on the basis of the com-
parison between the detected temperature and the target
temperature. In the case of YES in step S7, that is, in the
case of the compressor operation stopping mode, the
control computer C stops the current application to the
electromagnetic clutch 25 in step S18. After the process
of step S18, the control computer C gives way to step S1.
[0130] The torque waveform T1 in Fig. 26 is one ex-
ample of the torque fluctuation. In the case that the cur-
rent application to the electromagnetic clutch 25 is start-
ed, the torque is fluctuated. However, at a time of starting
the current application to the electromagnetic clutch 25,
it is possible to suppress a rapid torque fluctuation [a
fluctuation portion T11 in the torque waveform T1] in the
case that the current application to the electromagnetic
clutch 25 is started, by exciting the electromagnetic so-
lenoid 248 before starting the current application to the
electromagnetic clutch 25 and stopping the current ap-
plication to the electromagnetic solenoid 248 after start-
ing the current application to the electromagnetic clutch
25.

[0131] The'twelfth embodiment has the following ad-
vantages.

(2-1) In the state in which the electromagnetic sole-
noid 248 is magnetized, the valve body 242 is ar-
ranged at the shutoff position shown in Fig. 24. If the
valve body 242 is arranged at the shutoff position,
the suction chamber 142, which is the suction pres-
sure zone within the compressor 10, is shut off from
the communication chamber 88. Accordingly, at a
time when the operation of the compressor 10 is
started, that is, at a time when the rotation of the
rotary shaft 21 is started, the rotation of the rotary



33 EP 1978 251 A2 34

shaft 21 is started after the valve body 242 is previ-
ously arranged at the shutoff position. Therefore, the
refrigerantdoes not flow inthe communication cham-
ber 88 and the in-shaft passage 31 from the suction
chamber 142. Accordingly, the rapid torque fluctua-
tion is suppressed and the startingimpactis reduced.

(2-2) The opening and closing plate 90 for shutting
off the suction chamber 142 within the compressor
10 from the communication chamber 88 is shaped
like a plate. Accordingly, it is possible to reduce the
volumetric capacity of the communication chamber
88 accommodating the opening and closing plate
90. Therefore, the amount of the refrigerant com-
pressed by the front compression chamber 271 and
the rear compression chamber 281 is small at a time
when the valve body 242 exists at the shutoff posi-
tion. As a result, the effect of suppressing the torque
fluctuation, that is, the effect of reducing the starting
impact is noticeable.

(2-3) If the electromagnetic solenoid 248 is demag-
netized, the valve body 242 is returned to the com-
munication position on the basis of the spring force
of the second return spring 252. The use of the sec-
ond return spring 252 simplifies the structure for re-
turning the valve body 242 to the communication po-
sition.

(2-4) If itis impossible to magnetize the electromag-
netic solenoid 248, the valve body 242 is retained at
the communication position on the basis of the spring
force of the second return spring 252 within the pres-
sure chamber 262. Accordingly, if the compressor
10 starts being operated, the refrigerant within the
suction chamber 142 flows in the front compression
chamber 271 and the rear compression chamber
281 via the communication chamber 88 and the in-
shaft passage 31. In other words, even in the case
that it becomes impossible to magnetize the electro-
magnetic solenoid 248, the cooling operation is car-
ried out normally.

(2-5) Ifthe refrigerantleaks from the suction chamber
142 to the communication chamber 88 via the valve
hole 891 at a time when the valve body 242 closes
the valve hole 891, the reducing effect of the starting
impact is lowered. However, in accordance with the
present embodiment, the communication chamber
88 is securely shut off from the suction chamber 142,
in the state in which the flat seal surface 901 of the
opening and closing plate 90 comes into surface con-
tact with the flat valve seat surface 892. Accordingly,
it is possible to prevent the refrigerant from leaking
from the suction chamber 142 to the communication
chamber 88 via the valve hole 891, at a time when
the valve body 242 closes the valve hole 891.
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[0132] Fig. 27 explains a thirteenth embodiment. The
apparatus structure is the same as the case of the twelfth
embodiment.

[0133] In the thirteenth embodiment, the apparatus
structure is the same as the case of the twelfth embodi-
ment, however, as shown by a current application starting
section K21 in a clutch waveform K2, the thirteenth em-
bodiment is different from the case of the twelfth embod-
iment in a point that the amount of current application at
a time of starting the current application to the electro-
magnetic clutch 25 is gradually increased. After the feed
current value to the electromagnetic clutch 25 becomes
maximum, the current application to the electromagnetic
solenoid 248 is stopped. The fluctuation of the fluctuation
portion T21 in the torque waveform T2 expressing the
torque fluctuation is suppressed in comparison with the
case of the twelfth embodiment, on the basis of the start
of the current application to the electromagnetic clutch
25.

[0134] For example, in a conventional fixed displace-
ment type piston compressor having no switch portion,
the torque at a time of starting is great, that is, the load
of the electromagnetic clutch 25 is great. Accordingly, if
the amount of current application is gradually increased
in the same manner as the present embodiment, slip is
generated in the electromagnetic clutch 25. Accordingly,
it is hard to ensure the reliability of the electromagnetic
clutch 25.

[0135] Inthe presentembodiment, the torque atatime
of starting is small, that is, the load applied to the elec-
tromagnetic clutch 25 is small. Accordingly, it is possible
to carry out such an operation control as to gradually
increase the amount of current application to the electro-
magnetic clutch 25.

[0136] Figs. 28A and 28B explain a fourteenth embod-
iment. The same reference numerals are attached to the
same component as the twelfth embodiment.

[0137] A valve body 242A is provided with the opening
and closing plate 90, a movable iron core 251A, and a
transmission rod 92. The movable iron core 251A is sli-
dably fitted to a pressure recess 260. The transmission
rod 92 is integrally formed in the movable iron core 251A.
The movable iron core 251A defines a pressure chamber
262 within the pressure recess 260. The firstreturn spring
94 is arranged between the movable iron core 251A and
the partition wall 89. The first return spring 94 urges the
valve body 242A in a direction of pressing the movable
iron core 251A into the pressure recess 260. If the elec-
tromagnetic solenoid 248 is magnetized, an electromag-
netic driving force of the electromagnetic solenoid 248
drives the valve body 242A in a direction of pressing the
movable iron core 251A into the pressure recess 260.
The first return spring 94 serves as a retaining spring
retaining the valve body 242A at the shutoff position.
[0138] In Fig. 28A, the valve body 242A exists at the
shutoff position at which the valve body 242A closes the
valve hole 891, and in Fig. 28B, the valve body 242A
exists at the communication position at which the valve
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body 242A opens the valve hole 891. In the case that the
electromagnetic solenoid 248 is in the magnetized state,
the valve body 242A exists at the shutoff position shown
in Fig. 28A on the basis of the electromagnetic force of
the electromagnetic solenoid 248. A timing at which the
electromagnetic solenoid 248 is magnetized is the same
as the case of the twelfth embodiment. In the case that
the operation of the compressor 10 is in the stop state,
the valve body 242A is retained at the shutoff position
shown in Fig. 28A on the basis of the spring force of the
first return spring 94.

[0139] If the electromagnetic solenoid 248 is magnet-
ized before the compressor 10 starts being operated, and
the operation of the compressor 10 is started thereafter,
the starting impact is reduced in the same manner as the
case of the twelfth embodiment because the valve body
242A exists at the shutoff position.

[0140] If the electromagnetic solenoid 248 is demag-
netized after starting the operation of the compressor 10,
the valve body 242A is released from the electromagnetic
force of the electromagnetic solenoid 248. Since the re-
frigerant within the in-shaft passage 31 and the refriger-
ant within the communication chamber 88 are drawn into
the front compression chamber 271 (refer to Fig. 21) and
the rear compression chamber 281, a difference is gen-
erated between the pressure within the suction chamber
142 and the pressure within the communication chamber
88. Accordingly, the opening and closing plate 90 sepa-
rates from the valve seat surface 892 against the spring
force of the first return spring 94. If the opening and clos-
ing plate 90 separates from the valve seat surface 892,
the refrigerant within the suction chamber 142 is drawn
to the communication chamber 88 via the valve hole 891.
Accordingly, the pressure within the suction chamber 142
becomes lower than the pressure within the pressure
chamber 262. In other words, a difference is generated
between the pressure within the suction chamber 142
and the pressure within the pressure chamber 262.
[0141] The spring force of the first return spring 94 is
set to such a magnitude that the first return spring 94 is
compressed by the differential pressure generated be-
tween the pressure within the suction chamber 142 and
the pressure within the pressure chamber 262 at a time
of operating the compressor 10. In otherwords, the spring
force of the first return spring 94 is set such as to yield
to the differential pressure mentioned above. According-
ly, the differential pressure generated between the pres-
sure within the suction chamber 142 and the pressure
within the pressure chamber 262 at a time of operating
the compressor 10 overcomes the spring force of the first
return spring 94 and retains the valve body 242A at the
communication position shown in Fig. 28B.

[0142] The fourteenth embodiment has the same ad-
vantages as the items (2-1) and (2-4) in the twelfth em-
bodiment. If the electromagnetic solenoid 248 is magnet-
ized, it is possible to securely retain the valve body 242A
at the shutoff position. If the electromagnetic solenoid
248 is in the demagnetized state by appropriately setting
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the spring force of the first return spring 94, the valve
body 242A is arranged at the communication position in
the case that the compressor 10 is operated, and the
cooling operation is securely carried out.

[0143] Figs. 29A and 29B explain a fifteenth embodi-
ment. The same reference numerals are used in the
same components as those of the twelfth embodiment.
[0144] A spool-shaped valve body 342 is slidably fitted
into a pressure recess 611 which is the cylinder interior
of the cylinder 41, in the end wall 40 of the rear housing
member 14. The valve body 342 is provided with the disc-
shaped piston portion 43, the cylinder portion 44 and a
movable iron core portion 345. A cylinder interior 442 is
an internal passage of the valve body 342. The piston
portion 43 defines a pressure chamber 612 within the
pressure recess 611.

[0145] A groove 443 is formed in an outer peripheral
surface of the cylinder portion 44 in such a manner that
the groove 443 connects the suction chamber 142 with
the pressure chamber 612. A pressure in the pressure
chamber 612 corresponds to a pressure in the suction
chamber 142, and the pressure (the suction pressure) in
the suction chamber 142 acts against the pressure in the
pressure chamber 612 via the valve body 342.

[0146] A fitting hole 403 extends through the end wall
40, and an accommodation cylinder 346 is fitted to the
fitting hole 403. A fixed iron core 364 is accommodated
within the accommodation cylinder 346. The movable
iron core portion 345 is fitted into the accommodation
cylinder 346 in such a manner as to face the fixed iron
core 364. A coil 365 is arranged in an outer peripheral
surface of the accommodation cylinder 346. If the coll
365 is excited, the movable iron core portion 345 is at-
tracted to the fixed iron core 364. The fixed iron core 364,
the movable iron core portion 345 and the coil 365 con-
struct an electromagnetic solenoid 347, which serves as
an electromagnetic driving portion.

[0147] The guide cylinder 45 surrounds the rotation
axis 210. If the valve body 342 comes close to the end
wall 40, the volumetric capacity of the pressure chamber
612 is reduced. The electromagnetic solenoid 347, the
valve body 342 and the first return spring 47 construct
the switch portion. The switch portion is capable of
switching the suction chamber 142, which is a portion of
the suction pressure zone within the compressor 10, to
the communication state, in which the suction chamber
142 communicates with the front outlet 312 and the rear
outlet 313 of the in-shaft passage 31, and the shutoff
state, in which the suction chamber 142 is shut off from
the frontoutlet 312 and the rear outlet 313. The firstreturn
spring 47 serves as the retaining spring retaining the
valve body 342 at the shutoff position.

[0148] In the state shown in Fig. 29B, a whole of the
introduction port 441 is located at a position exposed to
the interior of the suction chamber 142, and the in-shaft
passage 31 communicates with the suction chamber 142
via the cylinder interior 451 of the guide cylinder 45, the
cylinder interior 442 of the cylinder portion 44 and the
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introduction port 441. In the state shown in Fig. 29A, the
introduction port 441 is located at a position at which the
entire introduction port 441 enters the pressure recess
611, and the in-shaft passage 31 is shut off from the
suction chamber 142. Fig. 29B shows a state in which
the valve body 342 is in a state of being at the commu-
nication position connects the in-shaft passage 31 and
the suction chamber 142, and Fig. 29A shows a state in
which the valve body 342 is in a state of being at the
shutoff position, at which the valve body 342 shuts off
the in-shaft passage 31 and the suction chamber 142.
[0149] In the case that the electromagnetic solenoid
347 is in the magnetized state, the valve body 342 exists
at the shutoff position shown in Fig. 29A on the basis of
the electromagnetic force of the electromagnetic sole-
noid 347. The timing at which the electromagnetic sole-
noid 347 is magnetized is the same as the case of the
twelfth embodiment. In the case that the operation of the
compressor 10 is in the stop state, the valve body 342 is
retained at the shutoff position shown in Fig. 29A on the
basis of the spring force of the first return spring 47. In
other words, the switch portion is capable of switching
the suction chamber 142 to the communication state [the
state shown in Fig. 29B] in which the suction chamber
142 communicates with the front outlet 312 and the rear
outlet 313 of the in-shaft passage 31, and the shutoff
state [the state shown in Fig. 29A] in which the suction
chamber 142 is shut off from the front outlet 312 and the
rear outlet 313 of the in-shaft passage 31.

[0150] If the electromagnetic solenoid 347 is magnet-
ized before the compressor 10 starts being operated, and
the operation of the compressor 10 is started thereafter,
the starting impact is reduced in the same manner as the
case of the twelfth embodiment because the valve body
342 exists at the shutoff position.

[0151] If the electromagnetic solenoid 347 is demag-
netized after starting the operation of the compressor 10,
the valve body 342 is released from the electromagnetic
force of the electromagnetic solenoid 347. Since the re-
frigerant within the cylinder interior 451 and the in-shaft
passage 31 is drawn to the front compression chamber
271 (refer to Fig. 21) and the rear compression chamber
281, a difference is generated between the pressure in
the suction chamber 142 and the pressure in the pressure
chamber 612, on the basis of the drawing operation. The
spring force of the first return spring 47 is set to such a
magnitude that the first return spring 47 is compressed
by the differential pressure generated between the pres-
sure within the suction chamber 142 and the pressure
within the pressure chamber 612 at a time of operating
the compressor 10. Accordingly, the differential pressure
generated between the pressure in the suction chamber
142 and the pressure in the pressure chamber 612 at a
time of operating the compressor 10 overcomes the
spring force of the first return spring 47, and retains the
valve body 342 at the communication position shown in
Fig. 29B.

[0152] The fifteenth embodiment has the same advan-
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tages as those of the twelfth embodiment.

[0153] Figs. 30A and 30B explain a sixteenth embod-
iment. The same reference numerals are used in the
same components as those of the fifteenth embodiment.
[0154] The guide cylinder 45A fitted to the cylinder por-
tion 44 of the valve body 342 is formed as a closed-end
cylindrical shape, and is formed independently from the
rear cylinder block 12, the rotary shaft 21 and the like.
The bottom wall of the guide cylinder 45A comes into
contact with the end surface 122 of the rear cylinder block
12, and the guide cylinder 45A is fitted to the cylinder
portion 44 of the valve body 342 in such a manner as to
be allowed to move in the radial direction of the rotary
shaft 21 with respect to the rotary shaft 21. The commu-
nication port 452 is formed in the bottom wall of the guide
cylinder 45A in such a manner as to connect the cylinder
interior 451 of the guide cylinder 45A with the in-shaft
passage 31, and the first return spring 47 is arranged
between the bottom wall of the guide cylinder 45A and
the piston portion 43. In Fig. 30A, the valve body 342 is
arranged at the shutoff position, and the valve body 342
is arranged at the communication’position in Fig. 30B.
[0155] On the assumption that the refrigerant leaks
through a clearance between the valve body 342 and the
cylinder 41 or a clearance between the valve body 342
and the guide cylinder 45A at a time when the valve body
342 exists at the shutoff position, the effect of reducing
the starting impact is lowered.

[0156] However, inthe presentembodiment, the guide
cylinder 45A is fitted to the cylinder portion 44 of the valve
body 342 in such a manner that the guide cylinder 45A
is allowed to move in the radial direction of the rotary
shaft 21 with respect to the rotary shaft 21. Accordingly,
the axis 413 of the pressure recess 611 is allowed to
come into line with the’ axis 453 of the guide cylinder
45A. Therefore, it is possible to reduce the clearance
between the cylinder portion 44 of the valve body 342
and the cylinder 41 and the clearance between the cyl-
inder portion 44 of the valve body 342 and the guide
cylinder 45A, and it is possible to prevent the refrigerant
from leaking along the peripheral surface of the cylinder
portion 44 of the valve body 342.

[0157] Figs. 31A and 31B explain a seventeenth em-
bodiment. The same reference numerals are used in the
same components as those of the fifteenth embodiment.
[0158] The piston 69 is slidably fitted to the cylinder
41, and the movable iron core portion 345 is integrally
formed in the piston 69. The piston 69 defines the pres-
sure chamber 612 within the pressure recess 611. The
transmission rod 70 is coupled to the piston 69.

[0159] The small circumferential surface body 71, the
large circumferential surface body 72, the transmission
rod 70 and the piston 69 construct the valve body defining
the pressure chamber 612 within the pressure recess
611.

[0160] Fig. 31A shows a state in which the small cir-
cumferential surface body 71 closes the front outlet 312,
and the large circumferential surface body 72 closes the
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rearoutlet 313, and the front outlet 312 and the rear outlet
313 are shut off from the in-shaft passage 31A. Fig. 31B
shows a state in which the small circumferential surface
body 71 opens the front outlet 312, and the large circum-
ferential surface body 72 opens the rear outlet 313, and
the front outlet 312 and the rear outlet 313 communicate
with the in-shaft passage 31A. If the electromagnetic so-
lenoid 347 is excited, the small circumferential surface
body 71 and the large circumferential surface body 72
are arranged at the shutoff position shown in Fig. 31A
from the communication position shown in Fig. 31B on
the basis of the spring force of the first return spring 73.
The first return spring 73 serves as the retaining spring
retaining the small circumferential surface body 71 and
the large circumferential surface body 72 at the shutoff
position.

[0161] The seventeenth embodiment has the same
advantages as those of the twelfth embodiment. Further,
in the seventeenth embodiment, since the refrigerant
which can flow in the front compression chamber 271
and the rear compression chamber 281 at a time when
the small circumferential surface body 71 and the large
circumferential surface body 72 exist at the shutoff posi-
tion is constituted only by the refrigerant within the front
outlet 312 and the rear outlet 313, and within the front
communication passage 32 and the rear communication
passage 33, the effect of reducing the starting impact is
more noticeable than the case of the twelfth embodiment.
[0162] Further, if the piston 69 is structured such as to
be relatively rotatable with respect to the transmission
rod 70, it is possible to prevent the first return spring 73
from relatively rotating with respect to the rotary shaft 21.
Accordingly, itis possible to avoid the abrasion and dam-
age of the first return spring 73 or the rotary shaft 21
caused by the relative rotation between the first return
spring 73 and the rotary shaft 21. Alternatively, the large
circumferential surface body 72 may be structured such
as to be relatively rotatable with respect to the first return
spring 73.

[0163] Figs. 32A and 32B explain an eighteenth em-
bodiment. The same reference numerals are used in the
same components as those of the seventeenth embod-
iment.

[0164] AsshowninFig. 32A, in the case that the large
circumferential surface body 72 is located at the position
at which it closes the rear outlet 313, the circular plate
74 exists at an upstream side of the front outlet 312 within
the in-shaft passage 31A. Accordingly, the refrigerant in
the in-shaft passage 31A cannot flow in the front com-
pression chamber 271 via the front outlet 312. As shown
in Fig. 32B, in the case that the large circumferential sur-
face body 72 is located at the position at which it opens
the rear outlet 313, the circular plate 74 exists in a down-
stream side of the front outlet 312 within the in-shaft pas-
sage 31A. Accordingly, the refrigerant in the in-shaft pas-
sage 31A can flow in the front compression chamber 271
via the front outlet 312. If the electromagnetic solenoid
347 is excited, the cylinder 75 is arranged at the shutoff
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position shown in Fig. 32A from the communication po-
sition shown in Fig. 32B, on the basis of the spring force
of the first return spring 73. The circular plate 74, the
large circumferential surface body 72, the transmission
rod 70, and the piston 69 construct a valve body which
defines the pressure chamber 612 within the pressure
recess 611.

[0165] The eighteenth embodiment has the same ad-
vantages as those of the seventeenth embodiment.
[0166] Figs.33A and 33B explain a nineteenth embod-
iment. The same reference numerals are used in the
same components as those of the seventeenth embod-
iment.

[0167] Thecylinder 75 can slide within the in-shaft pas-
sage 31Ain a state in which the angular pin 76 is inserted
to an end wall 752 of the cylinder 75. The cylinder 75 and
the piston 69 construct a valve body which defines the
pressure chamber 612 within the pressure recess 611.
[0168] Fig. 33B shows a state in which the small-di-
ameter cylindrical portion 77 closes the front outlet 312,
and shows a state in which the large-diameter cylindrical
portion 78 closes the rear outlet 313. Accordingly, the
front outlet 312 and the outlet 313 are shut off from the
cylinder interior 750 of the cylinder 75. Fig. 33A shows a
state in which the communication port 771 of the small-
diameter cylindrical portion 77 communicates with the
front outlet 312, and shows a state in which the commu-
nication port 781 of the large-diameter cylindrical portion
78 communicates with the rear outlet 313, and the front
outlet 312 and the rear outlet 313 communicate with the
cylinder interior 750. If the electromagnetic solenoid 347
is excited, the cylinder 75 is arranged at the shutoff po-
sition shown in Fig. 33B from the communication position
shown in Fig. 33A, on the basis of the spring force of the
first return spring 73.

[0169] The nineteenth embodiment has the same ad-
vantages as those of the seventeenth embodiment.
[0170] Fig. 34 shows a compressor 10A having one
headed pistons 95 in accordance with a twentieth em-
bodiment. The electromagnetic solenoid 248 and the
valve body 242 are provided in the rear housing member
14. The twentieth embodiment has the same advantages
as those of the twelfth embodiment.

[0171] The embodiments mentioned above may be
modified as follows.

[0172] In Figs. 3 and 4, the discharge refrigerant fed
to the working pressure chamber 412 may be taken from
a portion of the external refrigerant circuit in the upstream
side of the heat exchanger 37.

[0173] The electromagnetic three-way valve 48 shown
in Figs. 12 and 13 may be incorporated by being coupled
to the rear housing member 14.

[0174] The electromagnetic on-off valve 67 in Figs. 8
to 9A may be incorporated in the rear housing member
14. Further, the electromagnetic on-off valve 67A in Figs.
10 to 11A may be incorporated in the rear housing mem-
ber 14.

[0175] The check valve 68 in Figs. 8 to 11A may be
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incorporated in the housing of the compressor 10.
[0176] The oil separator 79 in Figs. 17 to 18B may be
incorporated in the housing of the compressor 10.
[0177] The valve body 42 may be arranged at the com-
munication position in the case of magnetizing the elec-
tromagnetic three-way valve 48 in Figs. 3 and 4, and the
valve body 42 may be arranged at the shutoff position in
the case of demagnetizing the electromagnetic three-
way valve 48.

[0178] The valve body 242 may be arranged at the
communication position in the case of magnetizing the
electromagnetic solenoid 248 in Figs. 23 and 24, and the
valve body 242 may be arranged at the shutoff position
in the case of demagnetizing the electromagnetic sole-
noid 248.

[0179] The valve body 342 may be arranged at the
communication position in the case of magnetizing the
electromagnetic solenoid 347 in Figs. 29A and 29B, and
the valve body 342 may be arranged at the shutoff posi-
tion in the case of demagnetizing the electromagnetic
solenoid 347.

[0180] The pressure chamber 262 in Figs. 23 and 24
may be always shut off from the suction chamber 142,
and the pressure chamber 262 may communicate with
the atmospheric air.

[0181] Each of the first rotary valve 35 and the second
rotary valve 36 may be formed independently from the
rotary shaft 21.

Claims

1. A refrigerant suction structure in a fixed displace-
ment type piston compressor (10), wherein the com-
pressor (10) comprises:

a rotary shaft (21) coupled to an external drive
source (26) via a clutch (25);

a plurality of cylinder bores (27, 28) arranged
around the rotary shaft (21);

a plurality of pistons (29) defining compression
chambers (271, 281) in the cylinder bores (27,
28) by being respectively accommodated in the
cylinder bores (27, 28);

a cam body (23) integrated with the rotary shaft
(21), the cam body (23) converting a rotation of
the rotary shaft (21) into reciprocation of each
of the pistons (29);

a suction pressure zone (142); and

a rotary valve (35, 36) having an introduction
passage (31) for introducing a refrigerant from
the suction pressure zone (142) to each of the
compression chambers (271, 281), the rotary
valve (35, 36) integrally rotating with the rotary
shaft (21), the suction pressure zone having a
portion (142) within the compressor (10), and
the introduction passage (31) having outlets
(312, 313) for feeding out the refrigerant toward
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each of the compression chambers (271, 281),
the refrigerant suction structure being charac-
terized by a switch portion capable of being
switched between a communication state and a
shutoff state,

wherein the switch portion in the communication
state allows the portion (142) of the suction pressure
zone within the compressor (10) to communicate
with the outlets (312, 313) of the introduction pas-
sage (31),

wherein the switch portion in the shutoff state shuts
off the portion (142) of the suction pressure zone
within the compressor (10) from the outlets (312,
313) of the introduction passage (31),

wherein the switch portion includes:

a valve body (42) capable of being switched be-
tween a communication position and a shutoff
position, the valve body (42) in the communica-
tion position allowing the portion (142) of the
suction pressure zone within the compressor
(10) to communicate with the outlets (312, 313)
of the introduction passage (31), and the valve
body (42) in the shutoff position shutting off the
portion (142) of the suction pressure zone within
the compressor (10) from the outlets (312, 313)
of the introduction passage (31);

a working pressure chamber (412) introducing
a working pressure that is applied to the valve
body (42) so as to arrange the valve body (42)
at the communication position; and

a working pressure applying portion (48, 67-68)
applying the working pressure to the working
pressure chamber (412), and

wherein the pressure in the suction pressure zone
(142) acts against the pressure in the working pres-
sure chamber (412) through the valve body (42).

The refrigerant suction structure according to claim
1, characterized in that the switch portion has a
working pressure recess (411), and the valve body
(42) is slidably fitted into the working pressure recess
(411), whereby the valve body (42) defines the work-
ing pressure chamber (412) within the working pres-
sure recess (411),

wherein the pressure of the portion (142) of the suc-
tion pressure zone within the compressor (10) acts
against the pressure of the working pressure cham-
ber (412) via the valve body (42), and

wherein the switch portion is provided with a first
return spring (47, 73, 94) for returning the valve body
(42) to the shutoff position from the communication
position.

The refrigerant suction structure according to claim
2, characterized in that the introduction passage



43 EP 1978 251 A2 44

(31) has an inlet (311) for accepting the refrigerant
from the suction pressure zone (142), and
wherein, in the case that the switch portion is in the
shutoff state, the valve body (42) is arranged in such
a manner as to shut off the inlet (311) of the intro-
duction passage (31) from the portion (142) of the
suction pressure zone within the compressor (10).

The refrigerant suction structure according to claim
3, characterized in that the inlet (311) of the intro-
duction passage (31) is positioned in an end surface
of the rotary valve (35, 36), and the outlets (312, 313)
of the introduction passage (31) are positioned in a
peripheral surface (211, 212) of the rotary valve (35,
36),

wherein a rotation axis (210) of the rotary valve (35,
36) intersects the end surface,

wherein the refrigerant suction structure comprises:

a valve accommodation chamber (111, 121) ro-
tatably accommodating the rotary valve (35, 36);
and

a guide cylinder (45) surrounding the rotation
axis (210) outside the valve accommodation
chamber (111, 121),

wherein a cylinder interior (451) of the guide cylinder
(45) communicates with an inlet (311) of the intro-
duction passage (31),

wherein the valve body (42) is slidably fitted to the
guide cylinder (45), the valve body (42) has an inter-
nal passage (442) communicating with the cylinder
interior (451) of the guide cylinder (45), and the in-
ternal passage (442) has aninlet (441) for accepting
the refrigerant from the suction pressure zone (142),
wherein, in the case that the valve body (42) exists
at the shutoff position, the inlet (441) of the internal
passage (442) is shut off by entering the working
pressure recess (411), and

wherein, in the case that the valve body (42) exists
at the communication position, the inlet (441) of the
internal passage (442) is positioned outside the
working pressure recess (411), so that the inlet (441)
is exposed to the interior of the portion (142) of the
suction pressure zone within the compressor (10).

The refrigerant suction structure according to claim
4, characterized in that the guide cylinder (45A) is
formed as an independent body from members of
the compressor (10) other than the valve body (42),
so as to be allowed to move in a radial direction of
the rotary shaft (21) with respect to members (12,
21) of the compressor (10) other than the valve body
(42).

The refrigerant suction structure according to claim
2, characterized in that the introduction passage
(31) has an inlet (311) for accepting the refrigerant
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from the suction pressure zone (142), and the inlet
(311) of the introduction passage (31) is positioned
in an end surface of the rotary valve (36),

wherein the outlets (312, 313) of the introduction
passage (31) are positioned in a peripheral surface
(211, 212) of the rotary valve (35, 36),

wherein the valve body (71, 72, 74, 75) is fitted into
the introduction passage (31) from the inlet (311) of
the introduction passage (31), and

wherein, in the case that the switch portion is in the
shutoff state, the valve body (71, 72, 74, 75) is ar-
ranged in the introduction passage (31) in such a
manner as to shut off the outlets (312, 313) of the
introduction passage (31) from the portion (142) of
the suction pressure zone within the compressor
(10).

The refrigerant suction structure according to claim
6, characterized in that the introduction passage
(31) has an in-shaft passage (31) positioned in the
rotary shaft (21), and the in-shaft passage (31) ex-
tends in a direction of a rotation axis (210) of the
rotary shaft (21),

wherein the outlets (312, 313) of the introduction
passage (31) extend through a peripheral surface
(211, 212) of the rotary shaft (21) so as to commu-
nicate with the in-shaft passage (31),

wherein the valve body (71, 72, 74, 75) is fitted into
the in-shaft passage (31) in such a manner as to be
slidable in a direction of the rotation axis (210) within
the introduction passage (31),

wherein the valve body (71, 72, 74, 75) is moved in
the direction of the rotation axis (210) within the in-
shaft passage (31), so as to be switched between
the communication position and the shutoff position,
and

wherein the valve body (71, 72, 74, 75) at the shutoff
position shuts off the outlets (312, 313) of the intro-
duction passage (31) with respect to the in-shaft pas-
sage (31).

The refrigerant suction structure according to claim
3, characterized in that the switch portion has a flat
valve seat surface (892), the valve body (93) has a
flat seal surface (901), and the seal surface (901)
comes into surface contact with the valve seat sur-
face (892) in a state in which the valve body (93)
exists at the shutoff position.

The refrigerant suction structure according to any
one of claims 1 to 8, characterized in that the com-
pressor has a discharge pressure zone (141, 34A),
wherein the working pressure applying portion (48,
67-68) has an inflow passage (L, 84) reaching the
working pressure chamber (412) from the discharge
pressure zone (141, 34A), and

wherein the refrigerant in the discharge pressure
zone (141, 34A) is introduced to the working pres-
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sure chamber (412) via the inflow passage (L, 84).

The refrigerant suction structure according to claim
9, characterized in that an oil separator (79) is pro-
vided on the inflow passage (84), and the oil sepa-
rator (79) separates oil from the refrigerant within the
discharge pressure zone (34A),

wherein a constriction (402) is provided in a portion
(84) of the inflow passage in a downstream side of
the oil separator (79), and

wherein the portion (84) of the inflow passage in the
downstream side of the oil separator (79) serves as
an oil passage introducing the oil separated by the
oil separator (79) to the constriction (402).

The refrigerant suction structure according to claim
9, characterized in that the discharge pressure
zone has a portion (141) within the compressor (10),
wherein the portion (141) of the discharge pressure
zone within the compressor (10) is connected to the
portion (142) of the suction pressure zone within the
compressor (10) via an external refrigerant circuit
(34), and the external refrigerant circuit (34) has a
portion (34A) of the discharge pressure zone,
wherein the inflow passage (L) is connected to the
portion (34A) of the discharge pressure zone of the
external refrigerant circuit (34),

wherein the working pressure applying portion
(67-68) is provided with an electromagnetic on-off
valve (67) for opening and closing the inflow passage
(L), and a check valve (68), and

wherein the check valve (68) is arranged in a portion
of the external refrigerant circuit (34) in a down-
stream side of a connection portion between the por-
tion (34A) of the discharge pressure zone in the ex-
ternal refrigerant circuit and the inflow passage (L).

The refrigerant suction structure according to any
one of claims 1 to 8, characterized in that the work-
ing pressure applying portion (48) is provided with
an electromagnetic three-way valve (48),

wherein the working pressure chamber (412) is con-
nected to the electromagnetic three-way valve (48)
via a common passage (63),

wherein the electromagnetic three-way valve (48) is
connected to a discharge pressure zone (34A) via a
feed passage (57, 56, 61, 63),

wherein the electromagnetic three-way valve (48) is
connectedto asuction pressure zone viaadischarge
passage (63, 494, 581, 59), and

wherein the electromagnetic three-way valve (48) is
structured to be switched between a first state, in
which the common passage (63) communicates with
the feed passage (57, 56, 61), and a second state,
in which the common passage (63) communicates
with the discharge passage (63, 494, 581, 59).

The refrigerant suction structure according to any
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one of claims 1 to 8, characterized in that the com-
pressor (10) comprises:

a cylinder block (12) having the cylinder bores
(28) ; and

a rear housing member (14) coupled to the cyl-
inder block (12), and

wherein the rear housing member (14) has in it a
suction chamber (142), and the working pressure
chamber (412) is defined within the rear housing
member (14).

A refrigerant suction structure in a fixed displace-
ment type piston compressor (10), wherein the com-
pressor (10) comprises:

a rotary shaft (21) coupled to an external drive
source (26) via a clutch (25);

a plurality of cylinder bores (27, 28) arranged
around the rotary shaft (21);

a plurality of pistons (29) defining compression
chambers (271, 281) in the cylinder bores (27,
28) by being respectively accommodated in the
cylinder bores (27, 28);

a cam body (23) integrated with the rotary shaft
(21), the cam body (23) converting a rotation of
the rotary shaft (21) into reciprocation of each
of the pistons (29);

a suction pressure zone (142); and

a rotary valve (35, 36) having an introduction
passage (31) for introducing a refrigerant from
the suction pressure zone (142) to each of the
compression chambers (271, 281), the rotary
valve (35, 36) integrally rotating with the rotary
shaft (21), the suction pressure zone having a
portion (142) within the compressor (10), and
the introduction passage (31) having outlets
(312, 313) for feeding out the refrigerant toward
each of the compression chambers (271, 281),
the refrigerant suction structure being charac-
terized by a switch portion capable of being
switched between a communication state and a
shutoff state,

wherein the switch portion in the communication
state allows the portion (142) of the suction pressure
zone within the compressor (10) to communicate
with the outlets (312, 313) of the introduction pas-
sage (31),

wherein the switch portion in the shutoff state shuts
off the portion (142) of the suction pressure zone
within the compressor (10) from the outlets (312,
313) of the introduction passage (31),

wherein the switch portion includes:

a valve body (242) capable of being switched
between a communication position and a shutoff
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position, the valve body (242) in the communi-
cation position allowing the portion (142) of the
suction pressure zone within the compressor
(10) to communicate with the outlets (312, 313)
of the introduction passage (31), and the valve
body (242) in the shutoff position shutting off the
portion (142) of the suction pressure zone within
the compressor (10) from the outlets (312, 313)
of the introduction passage (31); and

an electromagnetic driving portion (248) driving
the valve body (242) on the basis of an electro-
magnetic force.

The refrigerant suction structure according to claim
14, characterized in that the switch portion is pro-
vided with a second return spring (252) returning the
valve body (242) to the communication position, and
wherein the electromagnetic driving portion (248)
drives the valve body (242) from the communication
position toward the shutoff position.

The refrigerant suction structure according to claim
15, characterized in that the switch portion has a
pressure recess (260), and the valve body (242) is
slidably accommodated within the pressure recess
(260), whereby the valve body (242) defines a pres-
sure chamber (262) within the pressure recess (260),
wherein the pressure chamber (262) communicates
with the portion (142) of the suction pressure zone
within the compressor (10),

wherein the pressure in the portion (142) of the suc-
tion pressure zone within the compressor (10) acts
against the pressure in the pressure chamber (262)
via the valve body (242),

wherein the second return spring (252) is accommo-
dated in the pressure chamber (262), and the second
return spring (252) urges the valve body (242) in a
direction in which the valve body (242) pops out from
the interior of the pressure recess (260), and
wherein the electromagnetic driving portion (248)
drives the valve body (242) in such a manner as to
push the valve body (242) into the pressure recess
(260).

The refrigerant suction structure according to claim
14, characterized in that the switch portion has a
pressure recess (260), and the valve body (242) is
slidably accommodated within the pressure recess
(260), whereby the valve body (242) defines a pres-
sure chamber (262) within the pressure recess (260),
wherein the pressure chamber (262) communicates
with the portion (142) of the suction pressure zone
within the compressor (10),

wherein the pressure in the portion (142) of the suc-
tion pressure zone within the compressor (10) acts
against the pressure in the pressure chamber (262)
via the valve body. (242),

wherein the switch portion is provided with a retain-
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ing spring (47, 73, 94) which acts to retain the valve
body (242) at the shutoff position by pressing the
valve body (242) into the pressure recess (260), and
wherein the electromagnetic driving portion (248)
drives the valve body (242) from the communication
position toward the shutoff position.

The refrigerant suction structure according to claim
17, characterized in that the introduction passage
(31) has an inlet (311) for accepting the refrigerant
from the suction pressure zone (142), and
wherein, in the case that the switch portion is in the
shutoff state, the valve body (242) is arrangedin such
a manner as to shut off the inlet (311) of the intro-
duction passage (31) from the portion (142) of the
suction pressure zone within the compressor (10).

The refrigerant suction structure according to claim
18, characterized in that the switch portion has a
flat valve seat surface (892), the valve body (242)
has a flat seal surface (901), and the seal surface
(901) comes into surface contact with the valve seat
surface (892) in a state in which the valve body (242)
exists at the shutoff position.

The refrigerant suction structure according to claim
17, characterized in that the introduction passage
(31) has an inlet (311) for accepting the refrigerant
from the suction pressure zone (142), and the inlet
(311) of the introduction passage (31) is positioned
in an end surface of the rotary valve (35, 36),
wherein the outlets (312, 313) of the introduction
passage (31) are positioned in a peripheral surface
(211, 212) of the rotary valve (35, 36),

wherein a rotation axis (210) of the rotary valve (35,
36) intersects the end surface,

wherein the refrigerant suction structure comprises:

a valve accommodation chamber (111, 121) ro-
tatably accommodating the rotary valve (35, 36);
and

a guide cylinder (45) surrounding the rotation
axis (210) outside the valve accommodation
chamber (111, 121),

wherein a cylinder interior (451) of the guide cylinder
(45) communicates with an inlet (311) of the intro-
duction passage (31),

wherein the valve body (242) is slidably fitted to the
guide cylinder (45), the valve body (242) has an in-
ternal passage (442) communicating with the cylin-
der interior (451) of the guide cylinder (45), and the
internal passage (442) has an inlet (441) for accept-
ing the refrigerant from the suction pressure zone
(142),

wherein, in the case that the valve body (242) exists
at the shutoff position, the inlet (441) of the internal
passage (442) is shut off by entering the pressure
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recess (260), and

wherein, in the case that the valve body (242) exists
at the communication position, the inlet (441) of the
internal passage (442) is positioned outside of the
pressure recess (260), so that the inlet (441) is ex-
posed to the portion (142) of the suction pressure
zone within the compressor (10).

The refrigerant suction structure according to claim
20, characterized in that the guide cylinder (45A)
is formed as an independent body from members of
the compressor (10) other than the valve body (342),
so as to be allowed to move in a radial direction of
the rotary shaft (21) with respect to the members of
the compressor (10) other than the valve body (342).

The refrigerant suction structure according to any
one of claims 14 to 17, characterized in that the
introduction passage (31) has an inlet.(311) for ac-
cepting the refrigerant from the suction pressure
zone (142), and the inlet (311) of the introduction
passage (31) is positioned in an end surface of the
rotary valve (35, 36),

wherein the outlets (312, 313) of the introduction
passage (31) are positioned in a peripheral surface
(211, 212) of the rotary valve (35, 36),

wherein the valve body (71, 72, 74, 75) is fitted into
the introduction passage (31) from the inlet (311) of
the introduction passage (31), and

wherein, in the case that the switch portion is in the
shutoff state, the valve body (71, 72, 74, 75) is ar-
ranged in the introduction passage (31) in such a
manner as to shut off the outlets (312, 313) of the
introduction passage (31) from the portion (142) of
the suction pressure zone within the compressor
(10) .

The refrigerant suction structure according to claim
22, characterized in that the introduction passage
(31) has an in-shaft passage (31) positioned in the
rotary shaft (21), and the in-shaft passage (31) ex-
tends in a direction of a rotation axis (210) of the
rotary shaft (21),

wherein the outlets (312, 313) of the introduction
passage (31) extends through a peripheral surface
(211, 212) of the rotary shaft (21) so as to commu-
nicate with the in-shaft passage (31),

wherein the valve body (71, 72, 74, 75) is fitted into
the in-shaft passage (31) in such a manner as to be
slidable in a direction of the rotation axis (210) within
the introduction passage (31),

wherein the valve body (71, 72, 74, 75) is moved in
the direction of the rotation axis (210) within the in-
shaft passage (31), so as to be switched between
the communication position and the shutoff position,
and

wherein the valve body (71, 72, 74, 75) at the shutoff
position shuts off the outlets (312, 313) of the intro-

10

15

20

25

30

35

40

45

50

55

26

EP 1978 251 A2

24,

25.

50

duction passage (31) with respect to the in-shaft pas-
sage (31).

The refrigerant suction structure according to any
one of claims 14 to 23, characterized in that the
compressor (10) comprises:

a cylinder block (12) having the cylinder bores
(28); and

a rear housing member (14) coupled to the cyl-
inder block (12), and

wherein the rear housing member (14) has in it a
suction chamber (142), and the valve body (242) is
arranged within the rear housing member (14).

An operation control method in a fixed displacement
type piston compressor (10), wherein the compres-
sor (10) comprises:

a rotary shaft (21) coupled to an external drive
source (26) via a clutch (25);

a plurality of cylinder bores (27, 28) arranged
around the rotary shaft (21);

a plurality of pistons (29) defining compression
chambers (271, 281) in the cylinder bores (27,
28) by being respectively accommodated in the
cylinder bores (27, 28);

a cam body (23) integrated with the rotary shaft
(21), the cam body (23) converting a rotation of
the rotary shaft (21) into reciprocation of each
of the pistons (29);

a suction pressure zone (142);

a rotary valve (35, 36) having an introduction
passage (31) for introducing a refrigerant from
the suction pressure zone (142) to each of the
compression chambers (271, 281); and

a discharge pressure zone (141),

wherein the rotary valves (35, 36) integrally rotate
with the rotary shaft (21),

wherein the suction pressure zone has a portion
within the compressor (10),

wherein the introduction passage (31) has outlets
(312, 313) for feeding out the refrigerant toward each
of the compressors (271, 281),

the operation control method being characterized
in by:

preparing a switch portion capable of being
switched between a communication state and a
shutoff state, wherein the switch portion in the
communication state allows the portion (142) of
the suction pressure zone within the compressor
(10) to communicate with the outlets (312, 313)
of the introduction passage (31), the switch por-
tionin the shutoff state shuts off the portion (142)
of the suction pressure zone within the compres-
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sor (10) from the outlets (312, 313) of the intro-
duction passage (31), the switch portion is pro-
vided with a valve body (42), a working pressure
chamber (412), and aworking pressure applying
portion (48, 67-68), wherein the valve body is
capable being switched between a communica-
tion position allowing the portion (142) of the
suction pressure zone within the compressor
(10) to communicate with the outlet (312, 313)
of the introduction passage (31), and a shutoff
position shutting off the portion (142) of the suc-
tion pressure zone within the compressor (10)
from the outlets (312, 313) of the introduction
passage (31), wherein the working pressure
chamber (412) introduces a working pressure
applied to the valve body (42) to arrange the
valve body (42) at the communication position,
wherein the working pressure applying portion
(48, 67-68) applies the working pressure to the
working pressure chamber (412), and wherein
the working pressure applying portion (48,
67-68) is provided with a switch valve that is
switched between a first state; in which the re-
frigerant in the discharge pressure zone (141)
can be fed to the working pressure chamber
(412) and asecond state, in which the refrigerant
in the discharge pressure chamber (141) cannot
be fed to the working pressure chamber (412);
setting the clutch (25) to a coupled state after
setting the switch valve to the second state, at
a time of switching the clutch (25) from the shut-
off state to the coupled state; and

switching the switch valve to the first state after
setting the clutch (25) to the coupled state.

26. The operation control method according to claim 25,
characterized in that the clutch (25) is an electro-
magnetic clutch (25) which, when magnetized,
comes to the coupled state coupling the rotary shaft
(21) to the external driving source (26), and
wherein the operation control method comprises:

gradually increasing an electric current fed to
the electromagnetic clutch (25) to magnetize the
electromagnetic clutch (25), at a time of switch-
ing the electromagnetic clutch (25) from a de-
magnetized state to a magnetized state; and
switching the switch valve from the second state
to the first state after a value of the electric cur-
rent becomes maximum.

27. An operation control method in a fixed displacement
type piston compressor (10), wherein the compres-
sor (10) comprises:

a rotary shaft (21) coupled to an external drive
source (26) via a clutch (25);
a plurality of cylinder bores (27, 28) arranged
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around the rotary shaft (21);

a plurality of pistons (29) defining compression
chambers (271, 281) in the cylinder bores (27,
28) by being respectively accommodated in the
cylinder bores (27, 28);

a cam body (23) integrated with the rotary shaft
(21), the cam body (23) converting a rotation of
the rotary shaft (21) into reciprocation of each
of the pistons (29);

a suction pressure zone (142);

a rotary valve (35, 36) having an introduction
passage (31) for introducing a refrigerant from
the suction pressure zone (142) to each of the
compression chambers (271, 281), the rotary
valve (35, 36) integrally rotating with the rotary
shaft (21), the suction pressure zone having a
portion (142) within the compressor (10), and
the introduction passage (31) having outlets
(312, 313) for feeding out the refrigerant toward
each of the compression chambers (271, 281),

the operation control method being characterized

by:

preparing a switch portion capable of being
switched between a communication state and a
shutoff state, wherein the switch portion in the
communication state allows the portion (142) of
the suction pressure zone within the compressor
(10) to communicate with the outlets (312, 313)
of the introduction passage (31), the switch por-
tion in the shutoff state shuts off the portion (142)
of the suction pressure zone within the compres-
sor (10) from the outlets (312, 313) of the intro-
duction passage (31), the switch portion is pro-
vided with a valve body (242) and an electro-
magnetic driving portion (248), wherein the
valve body (242) is capable being switched be-
tween a communication position allowing the
portion (142) of the suction pressure zone within
the compressor (10) to communicate with the
outlets (312, 313) of the introduction passage
(31), and a shutoff position shutting off the por-
tion (142) of the suction pressure zone within
the compressor (10) from the outlets (312, 313)
of the introduction passage (31), wherein the
electromagnetic driving portion (248) is capable
of driving the valve body (242) on the basis of
an electromagnetic force, and the electromag-
neticdriving portion (248) is capable of switching
the valve body (242) between a first state, in
which the valve body (242) is arranged at the
communication position, and a second state, in
which the valve body (242) is arranged at the
shutoff position;

wherein the operation control method comprises:
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setting the clutch (25) to the coupled state after
setting the electromagnetic driving portion (248)

to the second state, at a time of switching the
clutch (25) from the shutoff state to the coupled
state; and 5
setting the electromagnetic driving portion (248)

to the first state after setting the clutch (25) to

the coupled state.

28. The operation control method according to claim 27, 170
characterized in that the clutch (25) is an electro-
magnetic clutch (25) which, when magnetized,
comes to the coupled state coupling the rotary shaft
(21) to the external driving source (26), and
wherein the operation control method comprises: 15

gradually increasing an electric current fed to

the electromagnetic clutch (25) to magnetize the
electromagnetic clutch (25), at a time of switch-

ing the electromagnetic clutch (25) from a de- 20
magnetized state to a magnetized state; and
demagnetizing the electromagnetic driving por-

tion (248) after a value of the electric current

becomes maximum.
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