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A first force which acts rearwardly on diaphragm air flowing from the evaporator is increased indicating 

428 is the sum of the restoring force of coil spring 410 a large heat demand on the evaporator, the magnitude 
applied through valve member 407 and the force gener- of amperage of the first electric current is changed from 
ated by the suction pressure which is received on the the first magnitude to a second magnitude which is 
front surface of diaphragm 428. A second force which 5 greater than the first magnitude by a great amount. 
acts forwardly on diaphragm 428 is the sum of the re- Therefore, the magnitude of the attraction force act-
storing force of coil spring 426 which acts through ing to pun cylindrical member 425 rearwardly against 
cylindrical member 425 and the force generated by the the restoring force of coil spring 426 is increased with a 
atmospheric pressure which is received on the rear great amount. Therefore, the axial location of cylindri-
surface of diaphragm 428. Since the value of the restor- 10 cal member 425 is changed from the first position to a 
ing force of each of coil springs 410 and 426 are con- second position which is rearward of the first position 
stant when coil springs 410 and 426 are selected, and the by a great distance. Accordingly, the adjustable con-
atmospheric pressure is constant, diaphragm 428 is bent stant value of the pressure in suction chamber 241 is 
forwardly and rearwardly in response to changes in the shifted from the first constant value to a second con-
pressure in suction chamber 241. Accordingly, trun- 15 stant value which is smaller than the first constant value 
cated cone shaped portion 407a of cylindrical valve by a great amount. Thus, the crank and suction cham-
member 407 moves forwardly and rearwardly so as to bers may be linked at a lower value of suction pressure, 
be received on and moved away from first valve seat increasing capacity of the compressor to cool the vehi-
408 in response to changes in the pressure in suction cleo 
chamber 241. That is, first communication path 400a is 20 On the other hand, if the subtracted value is changed 
blocked or opened by cylindrical valve member 407 in from zero to a negative large value, that is, the tempera-
response to changes in the pressure in suction chamber ture of the air flowing from the evaporator is decreased 
241 so that the pressure in suction chamber 241 is ad- indicating a smaner heat demand on the evaporator, the 
justed so as to be maintained at a predetermined con- magnitude of amperage of the first electric current is 
stant value. 25 changed from the first magnitude to a third magnitude 

A first electric current received by electromagnetic which is smaller than the first magnitude by a great 
coil 422 as a first signal represents a value which is amount. Therefore, the magnitude of the attraction 
obtained by subtracting a predetermined set value from force acting to pull cylindrical member 425 rearwardly 
the measured value of the temperature of air flowing against the restoring force of coil spring 426 is de-
from the evaporator. Hereafter, the above-mentioned 30 creased a great amount. The axial location of cylindrical 
value is simply described as "the subtracted value," for member 425 is changed from the first position to a third 
purposes of explanation only. The subtracted value is position which is forward of the first position by a great 
correspondingly transformed to the magnitude of the distance. Accordingly, the adjustable constant value of 
amperage of the first electric current by a microcom- the pressure in suction chamber 241 is shifted from the 
puter (not shown). (The microcomputer forms the 35 first constant value to a third constant value which is 
transformation in a known manner which does not form greater than the first constant value by a great amount. 
part of the invention.) The magnitude of the amperage Thus, the crank and suction chambers are not linked 
of the first electric current is directly proportional to until a higher value of suction pressure is obtained, 
the subtracted value. decreasing the capacity of the compressor to cool the 

When electromagnetic coil 422 receives the first elec- 40 vehicle. 
tric current from the microcomputer through a wire In operation of second valve control mechanism 500 
(not shown), a magnetic attraction force which rear- the amount by which the accelerator pedal of the vehi-
wardly attracts cylindrical member 425 against the re- cle is depressed is correspondingly transformed by the 
storing force of coil spring 426 is generated. The magni- microcomputer to a magnitude of amperage of a second 
tude of the magnetic attraction force may be varied in 45 electric current, which is received by electromagnetic 
response to the changes in the magnitude of the amper- coil 520 as a second signal. 
age of the first electric current. Therefore, the axial When the depression of the accelerator pedal is 
position of cylindrical member 425 and the correspond- below a predetermined value, that is, when a large 
ing effect upon the rear surface of diaphragm 428 may amount of power is not demanded from the engine of 
be varied in response to changes in the magnitude of 50 the vehicle to drive the vehicle, the second electric 
amperage of the first electric current. current is sent to electromagnetic coil 520 from the 

Accordingly, the adjustable constant value of the microcomputer via a wire (not shown). The magnitude 
pressure in suction chamber 241 is shifted in response to of this current generates a magnetic attraction force 
changes in the axial position of cylindrical member 425 sufficient to attract cylindrical member 524 upwardly 
which acts upon the rear of diaphragm 428. Therefore, 55 against the restoring force of coil spring 525. Therefore, 
the adjustable constant value of the pressure in suction ball valve member 530 moves upwardly so as to be 
chamber 241 is shifted in response to the changes in the received on second valve seat 513b. Second communi-
magnitude of amperage of the first electric current, i.e., cation path 500a linking discharge chamber 251 to 
the changes in the subtracted value, and thus in re- crank chamber 22 is blocked. Accordingly, the capacity 
sponse to changes in the temperature flowing from the 60 of compressor 10 is substantially controlled by opera-
evaporator. tion of first valve control mechanism 400 in accordance 

For example, when the subtracted value is zero with suction pressure and the temperature of the air 
which is represented by a first magnitude of amperage flowing from the evaporator. 
of the first electric current, cylindrical member 425 is On the other hand, when the depressed amount of the 
located at a first position so that the pressure in suction 65 accelerator pedal is equal to or exceeds the predeter-
chamber 241 is adjusted to be maintained at a first con- mined value, that is, when a large amount of power is 
stant value. If the subtracted value is changed from zero demanded from the engine of the vehicle to drive the 
to a positive large value, that is, the temperature of the vehicle, for example, when the vehicle is accelerating or 
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is being driven uphill, no second electric current is sent In the present invention, when the power demand on 

the engine by the vehicle is large, second communica
tion path SOOa is opened by virtue of operation of sec
ond valve control mechanism SOO in order to compulso-

to electromagnetic coil 520 from the microcomputer. 
Thus, no magnetic attraction force is generated by elec
tromagnetic coil 520 to act upon cylindrical member 
524. 

Therefore, cylindrical member 524 is urged down
wardly by the restoring force of coil spring 525, so that 
ball valve member 530 moves downwardly by rod 524a. 
Ball valve is moved away from second valve seat 513b. 
Second communication path SOOa is opened to link the 
crank and discharge chambers, regardless of whether 
the crank and suction chambers are linked by operation 

5 rily quickly minimize the capacity of the compressor. 
The compressor capacity is reduced regardless of the 
demands made upon it by the cooling circuit of which it 
forms a part. Therefore, the power derived from the 
engine which is consumed in operation of the compres-

of first valve control mechanism 400. The discharge 
pressure rapidly flows to the crank chamber. Accord
ingly, the capacity of compressor 10 is quickly mini
mized by operation of second valve control mechanism 
500. 

10 sor is compulsorily minimized, without causing damage 
to the internal component parts of the compressor. 
Accordingly, maximum engine power is directed 
towards effectively driving the vehicle, for example, 
accelerating the vehicle or driving the vehicle uphill. 

15 FIG. 3 illustrates the overall construction of a wobble 

At the time immediately after second valve control 
mechanism opens second communication path SOOa, the 
refrigerant gas in the radial inner hollow space of large 20 
diameter portion 247a of cavity 247 which is maintained 
at the discharge chamber pressure, quickly flows into 
crank chamber 22 via holes 515, circular holes 513a and 
513, the radial inner hollow space of small diameter 
portion 247b of cylindrical cavity 247, conduit 248, the 25 
front hollow space of small diameter portion 243b of 
cylindrical cavity 243, conduit 246, hole 151 and pas
sage 150, bore 210, hole 221, hole 231, axial bore 262 
and radial hole 263. 

However, once second communication path SOOa has 30 
been opened, refrigerant gas from discharge chamber 
251 flows into the radial inner hollow space of large 
diameter portion 247a of cavity 247 with a reduced 
pressure due to the throttling effect of orifice tube 249a. 
Thereafter the reduced pressure fluid, flows into crank 35 
chamber 22 via holes 515, circular holes 513a and 513, 
the radial inner hollow space of small diameter portion 
247b of cylindrical cavity 247, conduit 248, the radial 
front hollow space of small diameter portion 243b of 
cylindrical cavity 243, conduit 246, hole 151 and pas- 40 
sage 150, bore 210, hole 221, hole 231, axial bore 262 
and radial hole 263. 

Accordingly, although the pressure in crank chamber 
22 is quickly increased due to the flow of discharge 
pressure fluid from the hollow space ofthe large diame- 45 
ter portion 247a to quickly reduce the capacity of the 
compressor, the crank pressure is maintained at a cer
tain value due to the throttling effect of orifice tube 
249a which reduces the pressure of the gas flowing 
from the discharge chamber to the crank chamber. The 50 
desired amount of flow of fluid needed to maintain this 
level of crank pressure can be achieved by appropriate 
selection of the orifice tube. Alternatively, due to the 
fact that the first and second valve control mechanisms 
function independently, the desired flow can be main- 55 
tained by opening and closing the second valve control 
mechanism under the control of the microcomputer. 

The maintained value of the crank pressure relative is' 
greater than the suction pressure by an amount which 
causes slant plate SO to be positioned at the minimum 60 
slant angle, reducing the capacity of the compressor to 
the minimum value. Thus, though capacity of the com
pressor is rapidly reduced by the increase of crank pres
sure, the crank pressure is not rapidly and uncontrolla
bly increased to a level which causes damage of the 65 
internal component parts of the compressor. Instead, 
the crank pressure is maintained at a safe operating 
level. 

plate type refrigerant compressor with a variable dis
placement mechanism in accordance with a second 
embodiment of the present invention. With reference to 
FIG. 3, compressor 10' is provided with rigid valve 
retainer 253 frrmly fixed to a rear end surface of valve 
plate assembly 200 by bolt 254 and nut 255. One end 
portion of valve retainer 253 is located upon each dis
charge port 252, and is gradually bent rearwardly when 
the compressed refrigerant gas passes through dis
charge port 252 during the compression stroke of piston 
71, in order to prevent excessive bending of the reed 
valve attached adjacent discharge port 252. 

Bolt 254 inclUdes head section 2S4a which is located 
in the rear end portion of central bore 210, and shaft 
section 254b which penetrates through valve plate as
sembly 200 and valve retainer 253. Shaft section 254b is 
disposed within discharge chamber 251. Shaft section 
254b of bolt 254 is screwed into nut 255 so that valve 
retainer 253 is firmly fixed to valve plate assembly 200. 
A rear portion of shaft section 254b of bolt 254 is in
serted into circular depression 256 which is formed at a 
central region of an inner surface of rear end plate 24. 
The rear end of shaft section 254b in located at a posi
tion which is approximate two-thirds of the way along 
the depth of circular depression 256. 

O-ring seal element 257 is disposed at an inner periph-
eral surface of circular depression 256 so as to seal the 
mating surfaces between the outer peripheral surface of 
shaft section 254b of bolt 254 and the inner peripheral 
surface of circular depression 256. O-ring seal element 
257 sealingly insulates a rear hollow space of circular 
depression 256 from discharge chamber 251. Conduit 
258 is axially bored through bolt 254 so as to link central 
bore 210 to the rear hollow space of circular depression 
256. 

Radially extending cylindrical cavity 340 is formed in 
rear end plate 24 to the rear of suction and discharge 
chambers 241 and 251, along the approximate length of 
diameter of rear end plate 24. Cylindrical cavity 340 
includes lower large diameter portion 341, intermediate 
portion 342 extending from an upper end oflarge diam
eter portion 341, and small diameter portion 343 extend
ing from an upper end of intermediate portion 342. The 
diameter of cavity 340 is decreased in steps from bottom 
to top so as to form, in order, large, intermediate and 
small diameter portions 341, 342 and 343. Intermediate 
diameter portion 342 includes lower section 342a and 
upper section 342b extending from an upper end of 
lower section 342d. The diameter oflower section 342a 
is greater than the diameter of uppe'r section 342b. 
Valve control device 600 is fixedly disposed in cylindri
cal cavity 340. 
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With reference to FIG. 4, the construction of valve 
control device 600 is described in detail. Valve control 
device 600 includes cylindrical member 610 which com
prises large, intermediate and small diameter regions 
611, 612 and 613. Large, intermediate and small diame- 5 
ter regions 611, 612 and 613 of cylindrical member 610 
are generally disposed in large, intermediate and small 
diameter portions 341, 342 and 343 of cavity 340, re
spectively. An upper end of small diameter region 613 
of cylindrical member 610 is located at a position which 10 
is approximately one-fourth of the length of small diam
eter portion 343 of cavity 340. A lower end portion of 
large diameter region 611 of cylindrical member 610 
projects from a side wall of rear end plate 24. 

Cylindrical member 610 is provided with cylindrical 15 
cavity 620 formed therein. Cylindrical cavity 620 com
prises large, intermediate and small diameter sections 
621, 622 and 623, which extend sequentially upwardly 
in that order from the lower end surface of cylindrical 
member 610. An upper end of small diameter section 20 
623 of cavity 620 terminates at a position which is ap
proximate two-thirds of the length of intermediate di
ameter region 612 of cylindrical member 610. An upper 
end of large diameter section 621 of cavity 620 termi
nates at a position which is approximate five-sixths of 25 
the length of large diameter region 611 of cylindrical 
member 610. An upper end of intermediate diameter 
section 622 of cavity 620 terminates at a position which 
is approximate half way of the length of intermediate 
diameter region 612 of cylindrical member 610. 30 

A lower end of small diameter section 623 of cavity 
620 and the upper and of intermediate diameter section 
622 of cavity 620 are linked by truncated cone section 
622a which functions as a first valve seat. Annular ridge 
621a is formed at the boundary between large and inter- 35 
mediate diameter sections 621 and 622. Annular electro
magnetic coil 630 is fixedly disposed in large diameter 
section 621 of cavity 620. First annular cylindrical 
member 631 of magnetic material having outwardly 
extending annular flange 631a at its upper end is forci- 40 
bly inserted into an upper portion of annular electro
magnetic coil 630. A lower end of first annular cylindri
cal member 631 terminates at a position which is ap
proximate half way of the length of annular electromag
netic coil 630. Annular flange 631a is sandwiched be- 45 
tween annular ridge 621a and the upper end surface of 
annular electromagnetic coil 630. 

Second annular cylindrical member 632 of magnetic 
material is radially slidably disposed in a lower portion 
of annular electromagnetic coil 630. Second annular 50 
cylindrical member 632 is provided with cylindrical 
depression 632a formed at a lower end surface thereof. 
Annular disc member 633 is fixedly disposed at a lower 
end of coil 630 by inwardly bending a lower end of 
cylindrical member 610. D-ring seal element 633a is 55 
disposed at an outer peripheral surface of annular disc 
member 633 to seal the mating surfaces between the 
outer peripheral surface of annular disc member 633 and 
the inner peripheral surface of large diameter section 
621 of cavity 620. 60 

Adjusting screw 634 having cylindrical depression 
6340 formed at an upper end surface thereof is screwed 
into a threaded inner peripheral surface 633b of annular 
disc member 633. Central hole 634b is formed through 
adjusting screw 634. Coil spring 635 is resiliently dis- 65 
posed between the upper surface of cylindrical depres
sion 632a and the lower surface of cylindrical depres
sion 6340. The value of the restoring force of coil spring 

635 may be adjusted by changing the radial position of 
adjusting screw 634. 

Bellows valve 636 having bellows 6300 and valve 
member 636b fixedly connected to an upper end of 
bellows 6300 is disposed in intermediate diameter sec
tion 622 of cavity 620. A lower end of bellows 6300 is 
fixedly and hermetically connected to an upper end 
surface of annular flange 631a of first annular cylindri-
cal member 631. . 

First rod 636c is disposed in an inner hollow space of 
bellows valve member 636. An upper end of first rod 
636c is fixedly connected to valve member 636b. First 
rod 636c slidably penetrates through first annular cylin
drical member 631. A lower end portion of first rod 
636c is screwed into a threaded inner peripheral surface 
632b of second annular cylindrical member 632 so that 
the lower end portion of first rod 636c is firmly con
nected to second annular cylindrical member 632. Coil 
spring 637 is disposed in the inner hollow space of bel
lows 6300, surrounding first rod 636c. Coil spring 637 is 
resiliently disposed between valve member 636b and 
annular flange 631a of first annular cylindrical member 
631. 

An interior space of bellows 6300 is linked to the 
atmosphere outside of the compressor via axial hole 
634b of adjusting screw 634, cylindrical depressions 
6340 and 632a, a gap created between the outer periph
eral surface of rod 636c and the threaded inner periph
eral surface 633b of annular disc member 633, and a gap 
created between the outer peripheral surface of rod 
636c and the inner peripheral surface of first annular 
cylindrical member 631. Therefore, the interior space of 
bellows 6300 is maintained at atmospheric pressure and 
has a substantially constant value. D-ring seal element 
631b is disposed at an outer peripheral surface of first 
annular cylindrical member 631 to seal the mating sur
faces between the outer peripheral surface of first annu
lar cylindrical member 631 and the inner peripheral 
surface of annular electromagnetic coil 630. 

D-ring seal element 638 is disposed at an outer periph
eral surface of an upper end portion of large diameter 
region 611 of cylindrical member 610 to seal the mating 
surfaces between the outer peripheral surface of large 
diameter region 611 of cylindrical member 610 and the 
inner peripheral surface oflarge diameter portion 341 of 
cylindrical cavity 340. D-ring seal element 638 sealingly 
insulates an upper hollow space of large diameter por
tion 341 of cavity 340 from the atmosphere outside 
compressor 10'. 

A plurality of holes 639 are formed in a lower portion 
of intermediate diameter region 612 of cylindrical mem
ber 610 so as to link intermediate diameter section 622 of 
cylindrical cavity 620 to the upper hollow space of 
large diameter portion 341 of cylindrical cavity 340. 
Hole 344 is formed in rear end plate 24 so as to link the 
upper hollow space of large diameter portion 341 of 
cavity'34O to suction chamber 241. A plurality of holes 
640 are formed in an approximately mid portion of 
intermediate diameter region 612 of cylindrical member 
610 so as to link small diameter section 623 of cylindri
cal cavity 620 to an upper hollow space oflower section 
342a of intermediate diameter portion 342 of cavity 340. 

D-ring seal element 641 is disposed at an outer periph
eral surface of an outwardly extending annular flange 
612a which is formed at an outer peripheral surface of 
intermediate diameter region 612 of cylindrical member 
610, between holes 639 and holes 640, so as to seal the 
mating surfaces between the outer peripheral surface of 
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annular flange 61la and the inner peripheral surface of 636e which upwardly extends from the other end of 
lower section 34la of intermediate diameter portion 342 second rod 636d. Smaller diameter portion 636e of sec-
of cavity 340. O-ring seal element 641 sealingly insulates ond rod 636d terminates at a position which is adjacent 
the upper hollow space of lower section 34la of inter- to the upper (bottom) surface of cylindrical depression 
mediate portion 342 of cavity 340 from the upper hol- 5 661b of valve member 661. 
low space of large diameter portion 341 of cavity 340. O-ring seal element 663 is disposed at an outer periph-

Conduit 345 is formed in rear end plate 24 so as to link eral surface of an upper portion of intermediate diame-
the upper hollow space of lower section 34la of inter- ter region 612 of cylindrical member 610 so as to seal 
mediate diameter portion 342 of cavity 340 to one end the mating surfaces between the outer peripheral sur-
of hole 153 which is formed through valve plate assem- 10 face of intermediate diameter region 612 of cylindrical 
bly conduit 200. The other end of hole 153 is linked to member 610 and the inner peripheral surface of upper 
one end of conduit 152 which is formed through cylin- section 342b of intermediate diameter portion 342 of 
der block 21. The other end of conduit 152 is opened to cavity 340. O-ring seal element 663 sealingly insulates 
crank chamber 22. an upper hollow space of upper section 342b of interme-

Small diameter region 613 of cylindrical member 610 15 diate diameter portion 342 of cavity 340 from the upper 
is provided with cylindrical cavity 650 formed therein. hollow space of lower section 34la of intermediate 
Cylindrical cavity 650 includes large diameter section diameter portion 342 of cavity 340. 
651 extending from an upper end surface of small diam- O-ring seal element 664 is disposed at an outer periph-
eter region 613 of cylindrical member 610 and small eral surface of small diameter region 613 of cylindrical 
diameter section 652 extending from the lower end of 20 member 610 so as to seal the mating surfaces between 
large diameter section 651. Small diameter section 652 the outer peripheral surface of small diameter region 
of cavity 650 terminates at a position which is at the 613 of cylindrical member 610 and the inner peripheral 
lower end of small diameter region 613 of cylindrical surface of small diameter portion 343 of cavity 340. 
member 610. O-ring seal element 664 sealingly insulates the upper 

Annular ridge 65la is formed at the boundary be- 25 hollow space of upper section 342b of intermediate 
tween large and small diameter sections 651 and 652 of diameter portion 342 of cavity 340 from an upper hol-
cavity 650 so as to function as a second valve seat. The low space of small diameter portion 343 of cavity 340. 
diameter of small diameter section 652 of cylindrical A plurality of holes 665 are formed in small diameter 
cavity 650 is designed so as to allow a large amount of region 613 of cylindrical member 610 between O-ring 
the refrigerant gas to flow through small diameter sec- 30 seal elements 663 and 664, so as to link the upper hollow 
tion 652 of cavity 650 even though small diameter por- space of small diameter section 652 of cavity 650 to the 
tion 636e of second rod 636d (discussed below) is 10- upper hollow space of upper section 342b of intermedi-
cated in small diameter section 652 of cavity 650. ate diameter-portion 342 of cavity 340. Hole 346 is 

Circular disc member 660 is received on annular formed in rear end plate 24 so as to link the upper hol-
ridge 651a formed at an inner peripheral surface of 35 low space of upper section 342b of intermediate diame-
upper portion of large diameter section 651 of cavity ter portion 342 of cavity 340 to the rear hollow space of 
650. Circular disc member 660 is fIrmly secured to annu- circular depression 256. Hole 347 is formed in rear end 
lar ridge 651a by inwardly bending an upper end of plate 24 so as to link discharge chamber 251 to the upper 
small diameter region 613 of cylindrical member 610. hollow space of small diameter portion 343 of cavity 
Circular disc member 660 includes annular projection 40 340. A throttling device such as, orifIce tube 347a is 
660a downwardly projecting from a lower end surface fIxedly disposed in hole 347. 
of an outer peripheral portion of circular disc member In the second embodiment of the present invention, 
660. Circular disc member 660 includes hole 660b valve control device 600 includes fIrst and second valve 
formed therethrough so as to link an upper hollow control mechanisms 600a and 6OOb. First valve control 
space to a lower hollow space of large diameter section 45 mechanism 600a is substantially formed by electromag-
651 of cylindrical cavity 650. netic coil 630, second annular cylindrical member 632, 

Cylindrical valve member 661 having truncated cone fIrst rod 636c, bellows valve 636 and fIrst valve seat 
portion 661a formed at a lower end thereof is radially 62la. First communication path 600c linking suction 
movably disposed in large diameter section 651 of cav- chamber 241 in fluid communication with crank cham-
ity 650. Valve member 661 further includes cylindrical 50 ber 22 is formed by hole 344, the upper hollow space of 
depression 661b formed at a lower end surface of trun- large diameter portion 341 of cylindrical cavity 340, 
cated cone portion 661a. Coil spring 662 is resiliently holes 639, intermediate diameter, truncated cone and 
disposed between the lower end surface of circular disc small diameter sections 622, 62la and 623 of cylindrical 
member 660 and the upper end surface of cylindrical cavity 620, holes 640, the upper hollow space of lower 
valve member 661 so that cylindrical valve member 661 55 section 34la of intermediate diameter portion 342 of 
is urged downwardly by the restoring force of coil cylindrical cavity 340, conduit 345, hole 153 and con-
spring 662. Truncated cone portion 661a of cylindrical duit 152. Each element of fIrst communication path 600c 
valve member 661 is received on second valve seat 65la is designed so as to cause a negligible pressure reduction 
when cylindrical valve member 661 moves down- thereat. First valve control mechanism 600a is disposed 
wardly. 60 within fIrst communication path 600c. 

Bellows valve 636 is provided with second rod 636d Second valve control mechanism 600b is substantially 
of having one end fIrmly secured to a top portion of formed by electromagnetic coil 630, second rod 636d, 
valve member 636b of bellows valve 636. Second rod valve member 661 and second valve seat 65la. Second 
636d extends upwardly and slidably penetrates through communication path 600d linking discharge chamber 
intermediate diameter region 612 of cylindrical member 65 251 in fluid communication with crank chamber is 
610 so that the other end of second rod 636d projects formed by hole 347, the upper hollow space of small 
into small diameter section 652 of cylindrical cavity diameter portion 343 of cylindrical cavity 340, the 
650. Second rod 636d includes smaller diameter portion upper hollow space of large diameter section 651 of 



19 
5,242,274 

20 
(not shown), a magnetic attraction force is created 
which moves cylindrical member 632 upwardly, 
thereby moving upwardly valve member 636b of bel
lows valve 636 through first rod 636c. The magnitude of 

cylindrical cavity 650, hole 66Ob, the lower hollow 
space oflarge diameter section 651 of cylindrical cavity 
650, small diameter section 652 of cylindrical cavity 
650, holes 665, the upper hollow space of upper section 
342b of intermediate diameter portion 342 of cylindrical 
cavity 340, hole 346, the rear hollow space of circular 
depression 256, conduit 258, bore 210, hole 221, hole 
231, axial bore 262 and radial hole 263. 

Every element of second communication path 600d is 
designed so as to cause a negligible pressure reduction 
thereat, except for hole 347 in which orifice tube 347a is 
fixedly disposed. Second valve control mechanism 600b 

5 the magnetic attraction force varies in response to the 
changes in the magnitude of amperage of the first elec
tric current. Therefore, the radial position of cylindrical 
member 632 varies in response to changes in the magni
tude of amperage of the first electric current. Thus, the 

is disposed within second communication path 600d at 
the downstream side of hole 347. 

10 adjustable constant value of the pressure in suction 
chamber 241 is shifted in response to changes in the 
radial position of cylindrical member 632. Therefore, 
the adjustable constant value of the pressure in suction 
chamber 241 is shifted in response to changes in the 

15 magnitude of the amperage of the first electric current, 
i.e., the changes in the subtracted value. 

In the second embodiment of the present invention, 
with exception of valve control device 600, the opera
tion of compressor 10' is substantially similar to the 
operation of compressor 10 described in the first em
bodiment of the present invention. Therefore, only the 
operation manner of valve control device 600 is de- 20 
scribed in detail below. 

In operation of first valve control mechanism 6OOa, 
the refrigerant gas conducted from suction chamber 241 
to the upper hollow space of large diameter portion 341 
of cavity 340 via hole 344 flows into intermediate diam- 25 
eter section 622 of cylindrical cavity 620 via holes 639. 
Therefore, an exterior surface of bellows 6300 receives 
the pressure in suction chamber 241 so that a first force 
tending to radially contract bellows 6300 is generated. 
The contracting motion of bellows 6300 moves valve 30 
member 636b of bellows valve 636 downwardly. The 
value of the first force varies in response to changes in 
the pressure in suction chamber 241. 

A second force tending to move valve member 636b 
upwardly is the sum of the restoring force of coil spring 35 
637 and the restoring force of coil spring 635. The value 
of the restoring force of coil' spring 637 is constant. The 
value of spring 635 may be adjusted by adjusting screw 
634a, but remains constant throughout compressor op
eration. Thus, valve member 636b of bellows valve 636 40 
is moved downwardly and upwardly in response to the 
changes in the pressure in suction chamber 241. 

Accordingly, valve member 636b moves upwardly 
and downwardly so as to be received on and moved 
away from first valve seat 622a in response to the 45 
changes in the pressure in suction chamber 241. That is, 
first communication path 600c is blocked and opened by 
valve member 636b of bellows valve 636 in response to 
the changes in the pressure in suction chamber 241 so 
that the pressure in suction chamber 241 is maintained at 50 
a predetermined constant value. 

A first electric current received by electromagnetic 
coil 630 as a first signal represents the subtracted value, 

For example, when the subtracted value is zero 
which is represented by a first magnitUde of amperage 
of the first electric current, cylindrical member 632 is 
located at a first position so that the pressure in suction 
chamber 241 is maintained at a first constant value. If 
the subtracted value is changed from zero to a large 
positive value, the magnitude of the amperage of the 
first electric current is changed from the first magnitude 
to a second magnitude which is smaller than the first 
magnitude by a great amount. Therefore, the magnitude 
of the force upwardly attracting cylindrical member 
632 against the first force is decreased with a great 
amount. Therefore, the radial location of cylindrical 
member 632 is changed from the first position to a sec
ond position which is downward of the first position by 
a large distance. Accordingly, the constant pressure 
maintained in the suction chamber 241 is shifted from 
the first constant value to a second constant value 
which is smaller than the first constant value by a great 
amount. 

On the other hand, if the subtracted value is changed 
from zero to a large negative value, the magnitUde of 
the amperage of the first electric current is changed 
from the first magnitude to a third magnitude which is 
greater than the first magnitude by a large amount. The 
magnitude of the force upwardly attracting cylindrical 
member 632 against the first force is increased a great 
amount. Therefore, the radial location of cylindrical 
member 632 is changed from the first position to a third 
position which is upward away from the first position 
by a large distance. Accordingly, the constant value of 
the pressure maintained in suction chamber 241 is 
shifted from the first constant value to a third constant 
value which is greater than the first constant value by a 
great amount. 

Furthermore, the microcomputer varies the magni
tude of the amperage of'the first electric current from 
zero to the predetermined magnitude in response to as discussed above with respect to the first embodiment. 

The subtracted value is correspondingly transformed to 
the magnitude of the amperage of the first electric cur
rent by a micro computer (not shown). The magnitude 
of amperage of the first electric current is inversely 
proportional to the subtracted value. 

55 changes in the subtracted value. When electromagnetic 
coil 630 receives the first electric current having a mag
nitude of amperage varying from zero to the predeter
mined maximum magnitude in dependence upon the 

A second electric current also received by electro- 60 
magnetic coil 630 as a second signal represents the 
amount by which the accelerator pedal of the vehicle is 
depressed. The depression of the accelerator pedal of 
the vehicle is correspondingly transformed to the mag
nitude of amperage of the second electric current by the 65 
microcomputer. 

When electromagnetic coil 630 receives the first elec
tric current from the. microcomputer through a wire 

subtracted value, first valve control mechanism 600a 
operates normally to control compressor capacity in 
dependence upon the heat load on the cooling circuit. 

In operation of second valve control mechanism 
6OOb, when the depressed amount of the accelerator 
pedal is below a predetermined value, that is, when the 
power demands upon the engine of the vehicle are not 
large, the first signal overrides the second signal in the 
processing of the microcomputer. Therefore, the elec
tromagnetic coil 630 receives only the first electric 
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current from the microcomputer. Accordingly, the 
capacity of compressor 10', is normally controlled by 
operation of first valve control mechanism 600a. 

On the other hand, when the depressed amount of the 
accelerator pedal is equal to or exceeds the predeter- 5 
mined value, that is, when the power demands upon the 
engine of the vehicle are large, for example, when ac
celerating the vehicle or driving the vehicle uphill, the 
microcomputer calculates whether the difference be
tween the magnitude of amperage of the first electric 10 
current at the present time and the predetermined maxi
mum magnitude of amperage of the first electric cur
rent, exceeds a further predetermined value. 

If the above-mentioned difference does exceed the 
predetermined value, the first signal is overridden by 15 
the second signal in the processing of the microcom
puter so that electromagnetic coil 630 receives the sec
ond electric current from the microcomputer through 
the wire. The second electric has an amperage which is 
the predetermined maximum magnitude of amperage of 20 
the first electric current. Therefore, the increase in the 
magnetic attraction force acting upwardly upon cylin
drical member 632 is large so that cylindrical member 
632 is moved upwardly against the first force until valve 
member 636b of bellows valve 636 is received on first 25 
valve seat 6220. The crank and suction chambers are 
isolated. 

Concurrently cylindrical valve member 661 is moved 
upwardly against the restoring force of coil spring 662 
through first rod 636c, valve member 636b of bellows 30 
valve 636 and second rod 636£1 so that cylindrical valve 
member 661 is removed from second valve seat 6520. 
Therefore, second communication path 600d linking 
discharge chamber 251 to crank chamber 22 is opened 
so that the capacity of compressor 10' is quickly mini- 35 
mized. 

On the other hand, if the above-mentioned difference 
does not exceed the predetermined amount, the first 
signal still overrides the second signal in the processing 
of the microcomputer. Therefore, the capacity of com- 40 
pressor 10' is still controlled by operation of first valve 
control mechanism 600a in response t6 the first electric 
current. 

Immediately after the second communication path 
600d is opened, the refrigerant gas in the upper hollow 45 
space of small diameter portion 343 of cavity 340, 
which is maintained at the discharge chamber pressure, 
quickly flows into crank chamber 22 via the upper hol
low space of large diameter section 651 of cavity 650, 
hole 66Ob, the lower hollow space of large diameter 50 
section 651 of cavity 650, small diameter section 652 of 
cavity 650, holes 665, the upper hollow space of upper 
section 342b of intermediate diameter portion 342 of 
cylindrical cavity 340, hole 346, the rear hollow space 
of circular depression 256, conduit 258, bore 210, hole 55 
221, hole 231, axial bore 262 and radial hole 263. 

However, once second communication path 600d has 
been opened, the refrigerant gas in discharge chamber 
251 flows into the hollow space of small diameter por
tion 343 of cavity 340 with a reduction in pressure 60 
thereof due to the throttling effect of orifice tube 347a, 
and then flows into crank chamber 22 via the upper 
hollow space of large diameter section 651 of cavity 
650, hole 66Ob, the lower hollow space of large diame
ter section 651 of cavity 650, small diameter section 652 65 
of cavity 650, holes 665, the upper hollow space of 
upper section 342b of intermediate diameter portion 342 
of cylindrical cavity 340, hole 346, the rear hollow 

space of circular depression 256, conduit 258, bore 210, 
hole 221, hole 231, axial bore 262 and radial hole 263. 

Accordingly, the pressure in crank chamber 22 is 
quickly increased but is maintained at a certain value 
which relative to the suction pressure, causes slant plate 
50 to be positioned in the minimum slant angle. That is, 
the capacity of the compressor is minimized. However, 
the crank pressure is not increased to a level which 
would cause damage to the internal component parts of 
the compressor. 

In the event that a large amount of power is de
manded from the engine of the vehicle, second commu
nication path 600d is opened by virtue of operation of 
second valve control mechanism 600b in order to com
pulsorily quickly minimize the capacity of the compres
sor. Therefore, the energy which is derived from the 
engine to be consumed in operation of the compressor is 
compulsorily minimized without causing damage to the 
internal component parts of the compressor. Accord
ingly, the energy derived from the engine of the vehicle 
is effectively used for accelerating the vehicle or driv
ing the vehicle uphill, regardless of the demands made 
on the compressor by the cooling circuit. 

FIG. 5 illustrates the overall construction of a wobble 
plate type refrigerant compressor with a variable dis
placement mechanism in accordance with a third em
bodiment of the present invention. With reference to 
FIG. 5, compressor 10" is provided with valve control 
device 700 disposed within radially extending cylindri
cal cavity 840 which is formed in rear and plate 24 at a 
rear of suction and discharge chambers 241 and 251 
along the approximate length of diameter of rear end 
plate 24. Cylindrical cavity 840 includes large diameter 
portion 841, intermediate portion 842 extending from an 
upper end of large diameter portion 841, and small 
diameter portion 843 extending from an upper end of 
intermediate portion 842. Along the length of the diam
eter, the value is steppedly decreased in order of larger 
intermediate and small diameter portions 841, 842 and 
843. 

With reference to FIG. 6 additionally, the construc
tion of valve control device 700 is described in detail 
below. Valve control device 700 includes cylindrical 
member 710 having large diameter region 711 and small 
diameter region 712 which extends from an upper end 
surface of large diameter region 711. Large and small 
diameter regions 711 and 712 of cylindrical member 710 
are flXedly disposed in large and intermediate diameter 
portions 841 and 842 of cavity 840, respectively. 

Cylindrical member 710 is provided with first cylin
drical cavity 720 and second cylindrical cavity 730 
formed therein. First cylindrical cavity 720 extends 
from an upper end surface of small diameter region 712 
of cylindrical member 710 and terminates at a position 
which is immediately below an upper end oflarge diam
eter region 711 of cylindrical member 710. Second cy
lindrical cavity 730 extends from a lower end surface of 
large diameter region 711 of cylindrical member 710 
and terminates at a position which is approximately 
two-thirds of the length of large diameter region 711 of 
cylindrical member 710. 

Second cylindrical cavity 730 includes large diameter 
portion 731 and small diameter portion 732 which ex
tends from an upper end oflarge diameter portion 731. 
Annular ridge 731a functioning as a first valve seat is 
formed at the boundary between large and small diame
ter portions 731 and 732. 
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Circular plate member 740 located at the lower end of rod 760c. Cylindrical member 753 includes an out-

side of cylindrical member 710 is fixedly disposed in wardly extending annular flange 753a formed at a lower 
cylindrical cavity 840. Circular plate member 740 is end thereof. 
provided with circular depression 740a formed at an Cylindrical member 770 is fixedly disposed in small 
upper end surface thereof. Circular plate member 740 5 diameter portion 843 of cylindrical cavity 840. A lower 
includes cylindrical projection 740b downwardly pro- half portion of cylindrical member 770 projects into 
jecting from a lower end surface thereof. Circular hole intermediate diameter portion 842 of cavity 840. A 
741 is formed through cylindrical projection 740b and is lower end surface of cylindrical member 770 is in 
linked to circular depression 7400 at its upper end. contact with an annular upper end surface of electro-

Diaphragm 742 is fixedly sandwiched between the 10 magnetic coil 750. Cylindrical projection 7700 of mag-
lower end surface of cylindrical member 710 and the netic material projecting from the lower and surface of 
upper end surface of circular plate member 740. An cylindrical member 770 is forcibly inserted into annular 
upper surface of a central region of diaphragm 742 faces cylindrical member 751. An outwardly extending annu-
to a large diameter portion 731 of second cylindrical lar flange 770b is formed at a lower end of cylindrical 
cavity 730, and a lower surface of a central region of 15 member 770. Annular flange 770b is secured to the 
diaphragm 742 faces circular depression 7400 of circu- upper end of cylindrical member 710 by firmly in-
lar plate member 740. wardly bending the upper end of cylindrical member 

Cylindrical member 743 is radially slidably disposed 710. 
in circular depression 7400 of circular plate member Cylindrical member 770 is provided with cylindrical 
740. Cylindrical member 743 includes circular projec- 20 cavity 771 formed therein. Cylindrical cavity 771 ex-
tion 7430 downwardly extending from a lower end tends from an upper end surface of cylindrical member 
surface thereof. Adjusting screw 744 is screwed into 770 and terminates at a position which is adjacent to a 
hole 741. Adjusting screw 744 includes circular projec- lower end of cylindrical member 770. Cylindrical mem-
tion 7440 upwardly projecting from an upper end sur- ber 772 is fixedly disposed in cylindrical cavity 771. A 
face thereof. Coil spring 745 is resiliently disposed be- 25 lower end of cylindrical member 772 is located at a 
tween cylindrical member 743 and adjusting screw 744 position which is approximate one-third of the length of 
and surrounds projections 743a and 7440. cylindrical cavity 771. An upper end of cylindrical 

Cylindrical member 743 is urged upwardly by the member 772 upwardly projects from the upper end 
restoring force of coil spring 745 so that an upper end surface of cylindrical member 770. 
surface of cylindrical member 743 is in contact with the 30 Cylindrical member 772 includes first cylindrical 
lower surface onhe central region of diaphragm 742. depression 7720 formed at a lower end surface thereof 
The value of the restoring force of coil spring 745 is and second cylindrical depression 772b formed at an 
adjusted by changing the radial location of adjusting upper end surface thereof. A diameter of a lower end 
screw 744. portion of second cylindrical depression 772b is gradu-

Annular electromagnetic coil 750 is fixedly disposed 35 ally decreased in the downward direction so as to form 
in first cylindrical cavity 720. Annular cylindrical mem- second valve seat 772c. 
ber 751 is fixedly disposed within annular electromag- Hole 772d is formed in cylindrical member 772 so as 
netic coil 750. Cylindrical member 752 of magnetic to link first and second cylindrical depressions 7720 and 
material is radially slidably disposed within a lower half 772b. A diameter of hole 772d is designed so as to allow 
portion of annular cylindrical member 751. Cylindrical 40 a large amount of the refrigerant gas to flow through 
member 752 is provided with cylindrical depression hole 772d even though small diameter portion 773b of 
7520 formed at a lower end surface thereof. Cylindrical rod 7730 is located in hole 772d. 
depression 7520 extends from the lower end surface of First circular plate 773 is radially movably disposed 
cylindrical member 752 and terminates at a position in a lower end portion of cylindrical cavity 771. Rod 
which is approximate half way of the length of cylindri- 45 7730 projects upwardly from an upper end surface of 
cal member 752. A lower end of cylindrical member 752 first circular plate 773. Rod 7730 includes small diame-
projects into circular depression 711a formed at the ter portion 773b extending from an upper end surface 
upper end surface of large diameter region 711 of cylin- thereof. Small diameter portion 773b of rod 7730 radi-
drical member 710. ally movably penetrates through hole 772d. Coil spring 

Cylindrical valve member 760 is radially movably 50 774 is resiliently disposed between the bottom surface of 
disposed within large diameter portion 731 of second first cylindrical depression 7720 of cylindrical member 
cylindrical cavity 730. Cylindrical valve member 760 772 and the upper end surface of first circular plate 773 
includes first truncated cone portion 760a formed at an and surrounds rod 7730- . 
upper end surface thereof and second truncated cone Second circular plate 775 is radially slidably disposed 
portion 760b formed at a lower end surface thereof. 55 within second cylindrical depression 772b of cylindrical 
Lower end surface of second truncated cone portion member 772. Second circular plate 775 includes circular 
760b is in contact with the upper surface of diaphragm projection 77Sa which upwardly projects from an 
742. First truncated cone portion 760a is received on upper end surface of second circular plate 775, and 
first valve seat 731a when cylindrical valve member 760 concave depression 775b which is formed at a lower 
is moved upwardly. 60 end surface of second circular plate 775 so as to be able 

Rod 760c upwardly extending from an upper end to receive ball valve member 776 therein. A plurality of 
surface of first truncated cone portion 7600 slidably holes 775c are formed through second circular plate 775 
penetrates through large diameter region 711 of cylin- so as to link an upper to a lower hollow space of second 
drical member 710. A top end of rod 760c projects into cylindrical depression 772b as formed with respect to 
cylindrical depression 7520 of cylindrical member 752 65 second circular plate 775. 
through circular depression 711a. Cylindrical member Third circular plate 777 having a central hole 777a is 
753 is radially movably disposed within cylindrical disposed at an upper portion of cylindrical member 772. 
depression 7520 and is firmly connected to the top end Third circular plate 777 includes annular projection 
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777b downwardly projecting from an outer periphery First D-ring seal element 841a sealingly insulates an 
of a lower end surface thereof. Annular projection 777 b upper hollow space of large diameter portion 841 of 
is received on annular ridge 772e formed at an upper cylindrical cavity 840 from first annular groove 711b. 
portion of an inner peripheral surface of second cylin- Second D-ring seal.element 841b sealingly insulates first 
drical depression 772b. Third circular plate 777 is firmly 5 annular groove 711b from second annular groove 71Ic. 
secured to the upper portion of cylindrical member 772 Third D-ring seal element 841e sealingly insulates sec-
by inwardly bending the upper end of cylindrical mem- ond annular groove 71Ic from the atmosphere outside 
ber 772. of compressor 10". . 

Rod 755 radially slidably penetrating through cylin- Fourth D-ring seal element 843a is disposed at an 
drical projection 770a is fixedly connected to first circu- 10 outer peripheral surface of cylindrical member 770 to 
lar plate 773 at its upper end. A lower end of rod 755 is seal the mating surfaces between the outer peripheral 
fixedly connected to an upper end portion of cylindrical surface of cylindrical member 770 and the inner periph-
member 752. Coil spring 778 is resiliently disposed be- eral surface of small diameter portion 843 of cylindrical 
tween the lower end surface of third circular plate 777 cavity 840. Fourth D-ring seal element 843a sealingly 
and the upper end surface of second circular plate 775 15 insulates an upper hollow space of small diameter por-
and surrounds circular projection 77Sa. The restoring tion 843 of cavity 840 from an upper hollow space of 
force of coil spring 778 urges second circular plate 775 intermediate diameter portion 842 of cavity 840. 
downwardly so that ball valve member 776 is urged A plurality of holes 770C are bored through cylindri-
downwardly. cal member 770 so as to link the upper hollow space of 

Coil spring 754 is resiliently disposed between the 20 intermediate diameter portion 842 to the lower end 
upper end surface of annular flange 75& of cylindrical portion of cylindrical cavity 771. Hole 156 is formed in 
member 753 and the upper surface of cylindrical depres- rear end plate 24 so as to link the upper hollow space of 
sion 75la. When the restoring force of coil spring 754 is small diameter portion 843 of cavity 840 to discharge 
appropriately selected, the upper end surface of annular chamber 251. A throttling device, such as orifice tube 
flange 75& of cylindrical member 753 is maintained to 25 1500 is fixedly disposed in hole 156. Conduit 157 is 
be in contact with a lower end surface of cylindrical axially bored through cylinder block 21, valve plate 
member 752 by the restoring force of coil springs 774 assembly 200 and rear end plate 24 so as to link the 
and 745. upper hollow space of intermediate portion 842 of cav-

However, when cylindrical member 752 is further ity 840 to crank chamber 22. 
moved upwardly in a situation in which first truncated 30 In the third embodiment of the present invention, 
cone portion 760a of cylindrical valve member 760 is valve control device 700 includes first and second valve 
received on first valve seat 731a, the lower end surface control mechanism 700a and 700b. First valve control 
of cylindrical member 752 is moved away from the mechanism 700a is substantially formed by diaphragm 
upper end surface of annular flange 75& of cylindrical 742, cylindrical valve member 760, first valve seat 731a, 
member 753. Furthermore, when cylindrical member 35 cylindrical member 753, rod 76Oc, cylindrical member 
752 moves downwardly from a situation in which the 752 and electromagnetic coil 750. First communication 
lower end surface of cylindrical member 752 is not in path 700c linking suction chamber 241 to crank cham-
contact with the upper end surface of annular flange ber 22 is formed by conduit 155, second annular groove 
75& of cylindrical member 753, the lower end surface 71Ie, holes 71Ie, large and small diameter portions 731 
of cylindrical member 752 can softly contact with the 40 and 732 of cylindrical cavity 730, holes 71Id, first annu-
upper end surface of annular flange 75& of cylindrical lar groove 71Ib, conduit 154, hole 153 and conduit 152. 
member 753 through coil spring 754. Every element of first communication path 700e is de-

First and second annular grooves 711b and 71Ic are signed so as to cause a negligible pressure reduction 
formed at an outer peripheral surface of large diameter thereat. First valve control mechanism 700a is disposed 
region 711 of cylindrical member 710. First annular 45 within first communication path 700e. 
groove 711b is located above second annular groove Second valve control mechanism 700b is substantially 
71Ic. A plurality of first holes 711d link first annular formed by ball valve member 776, second valve seat 
groove 7lIb to small diameter portion 732 of second 77le, rod 755, first circular plate 773 and electromag-
cylindrical cavity 730. A plurality of second holes 711e netic coil 750. Furthermore, second communication 
link second annular groove 71Ic to large diameter por- 50 path 700d linking discharge chamber 251 to crank 
tion 731 of second cylindrical cavity 730. Conduits 154 chamber 22 is formed by hole 156, the upper hollow 
and 155 are formed in rear end plate 24. Conduit 154 space of small diameter portion 843 of cylindrical cavity 
links first annular groove 711b to crank chamber 22 840, hole 777a, the upper hollow space of second cylin-
through hole 153 and conduit 152. Conduit 155 links drical depression 772b, holes 775c, the lower hollow 
second annular groove 71Ic to suction chamber 241. 55 space of second cylindrical depression 772b, hole 772d, 

First, second and third D-ring seal elements 841a, first cylindrical depression 77la, cylindrical cavity 771, 
841b and 84Ic are disposed at the outer peripheral sur- holes 77Oc, the upper hollow space of intermediate di-
face of large diameter region 711 of cylindrical member ameter portion 842 of cylindrical cavity 840 and conduit 
710 to seal the mating surfaces between the outer pe- 157. Every element of second communication path 700d 
ripheral surface oflarge diameter region 711 of cylindri- 60 is designed so as to cause a negligible pressure reduction 
cal member 710 and the inner peripheral surface oflarge thereat, except for hole 156 in which orifice tube 1500 is 
diameter portion 841 of cylindrical cavity 840. First fixedly disposed. Second valve control mechanism 700e 
D-ring seal element 841a is located above first annular is disposed within second communication path 700d at 
groove 711b. Second D-ring seal element 841b is 10- the downstream side of hole 156. 
cated between first and second annular grooves 711b 65 In the third embodiment of the present invention, the 
and 71Ic. Third D-ring seal element 841e is located operation of compressor 10" is also substantially similar 
below second annular groove 71Ic, adjacent to dia- to the operation of compressor 10 described in the first 
phragm 742. embodiment of the present invention, with the excep-
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tion of the operation of valve control device 700. There
fore, the operational manner of valve control device 
700 is described in detail below. 

In operation of first valve control mechanism 700a, 
the refrigerant gas conducted from suction chamber 241 5 
to second annular groove 71Ie via conduit 155 flows 
into large diameter portion 731 of cylindrical cavity 730 
via holes 71Ie. Therefore, an upper surface of dia
phragm 742 receives the pressure in suction chamber 
241. On the other hand, a lower surface of diaphragm 10 
742 receives pressure in the atmosphere which flows 
from outside of the compressor to circular depression 
740a via the gap created between the outer peripheral 
surface of adjusting screw 744 and the inner peripheral 
surface of circular hole 741. Hence, the lower surface of 15 
diaphragm 742 always receives a constant value of pres
sure. 

A first force downwardly acting on diaphragm 742 is 
the sum of the restoring force of coil spring 774 and the 
force generated by the suction pressure which is re- 20 
ceived on the upper surface of diaphragm 742. A second 
force upwardly acting on diaphragm 742 is the sum of 
the restoring force of coil spring 745 and the force gen
erated by the atmospheric pressure which is received on 
the lower surface of diaphragm 742. Since the value of 25 
the restoring force of each of coil springs 774 and 745 
are constant when coil spring 774 is selected and when 
the restoring force of coil spring 745 is adjusted, dia
phragm 742 is bent upwardly and downwardly in re
sponse to the changes in the pressure in suction chamber 30 
241. 

Accordingly, first truncated cone shaped portion 
760a of cylindrical valve member 760 moves upwardly 
and downwardly so as to be received on and moved 
away from first valve seat 731a in response to the 35 
changes in the pressure in suction chamber 241. That is, 
first communication path 700e is blocked and opened by 
cylindrical valve member 760 in response to the 
changes in the pressure in suction chamb~r 241 so that 
the pressure in suction chamber 241 is maintained at a 40 

• predetermined constant value. 
A first electric current received by electromagnetic 

coil 750 as a first signal represents the subtracted value 
as discussed above. A second electric current also re
ceived by electromagnetic coil 750 as a second signal 45 
represents the depressed amount of the accelerator of 
the vehicle. The subtracted value is correspondingly 
transformed to the magnitude of amperage of the first 
electric current in a process in a microcomputer (not 
shown). The magnitude of amperage of the first electric 50 
current is inversely proportional to the subtracted 
value. 

When electromagnetic coil 750 receives the frrst elec
tric current from the microcomputer through a wire 
(not shown) a magnetic attraction force is generated 55 
which upwardly attracts cylindrical member 752 
against the restoring force of coil spring 774, thereby 
upwardly moving cylindrical valve member 760 
through rod 760e and cylindrical member 753. The 
magnitude of the magnetic attraction force is varied in 60 
response to the changes in the magnitude of amperage 
of the first electric current. 

Therefore, a radial position of cylindrical member 
752 is varied in response to the changes in the magni
tude of amperage of the first electric current. The main- 65 
tained constant value of the pressure in suction chamber 
241 is shifted in response to the changes in the radial 
position of cylindrical member 752. Therefore, the con-

stant value of the pressure in suction chamber 241 is 
shifted in response to changes in the magnitude of am
perage of the first electric current, i.e., the changes in 
the subtracted value. 

For example, when the subtracted value is zero 
which is represented by a frrst magnitude of amperage 
of the frrst electric current, cylindrical member 752 is 
located at a frrst position so that the pressure in suction 
chamber 241 is maintained at a first constant value. 

If the subtracted value is changed from zero to a 
positive large value, the magnitude of amperage of the 
frrst electric current is changed from the first magnitude 
to a second magnitude which is smaller than the first 
magnitude by a great amount. Therefore, the magnitUde 
of the attraction force acting upwardly on cylindrical 
member 752 against the restoring force of coil spring 
774 is decreased a great amount. Therefore, the radial 
location of cylindrical member 752 is changed from the 
first position to a second position which is downward 
from the flTSt position a long distance. Accordingly, the 
maintained constant value of the pressure in suction 
chamber 241 is shifted from the first constant value to a 
second constant value which is smaller than the first 
constant value by a great amount. 

On the other hand, if the subtracted value is changed 
from zero to a negative large value, the magnitude of 
amperage of the frrst electric current is changed from 
the first magnitude to a third magnitude which is 
greater than the first magnitude by a great amount. 
Therefore, the magnitude of the attraction force acting 
upwardly on cylindrical member 752 against the restor
ing force of coil spring 774 is increased a great amount. 
Therefore, the radial location of cylindrical member 
752 is changed from the first position to a third position 
which is above the first position a long distance. Ac
cordingly, the maintained constant value of the pressure 
in suction chamber 241 is shifted from the first constant 
value to a third constant value which is greater than the 
first constant value by a great amount. 

In operation of second value control mechanism 
700b, when the depressed amount of the accelerator 
pedal is below a predetermined value, that is, when the 
power demand upon the engine of the vehicle is not 
large, the first signal overrides the second signal in the 
processing of the microcomputer. Therefore electro
magnetic coil 750 receives only the first electric cur
rent. Accordingly, the capacity of compressor 10" is 
controlled by operation of first valve control mecha
nism 700a. 

On the other hand, when the depressed amount of the 
accelerator pedal is equal to or exceeds the predeter
mined value, that is, when the power demands on the 
engine of the vehicle is large, such as when accelerating 
the vehicle or driving the vehicle uphill, the second 
signal overrides the frrst signal in the processing of the 
microcomputer. Therefore, electromagnetic coil 750 
receives the second electric current having an amper
age which is of a predetermined magnitude which can 
generate a sufficient magnetic attraction force so as to 
attract cylindrical member 752 upwardly against the 
restoring force of coil springs 774 and 778. 

In detail, cylindrical member 752 is moved upwardly 
against the restoring force of only coil spring 774 until 
an upper end of small diameter portion 773b of rod 7730 
comes in contact with a lower spherical surface of ball 
valve member 776. Then, cylindrical member 752 is 
further moved upwardly, pushing ball valve member 
776 upwardly through rods 755 and 7730, against the 
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restoring force of coil spring 778 in addition to the 
restoring force of coil spring 774 so that ball valve 
member 776 is moved away from second valve seat 
772c. 

30 
left are used merely for convenience of description, and 
the invention in not restricted in this manner. It will be 
understood by those skilled in the art that other varia
tions and modifications of this invention can easily be 

Therefore, second communication path 700d linking 
discharge chamber 251 to crank chamber 22 is opened 
by operation of second valve control mechanism 700b. 
That is, the capacity of compressor 10" is quickly mini
mized by operation of second valve control mechanism 
700b. 

5 made within the scope of this invention as defined by 
the claims. 

We claim: 
1. In a slant plate type compressor including a com

pressor housing enclosing a crank chamber, a suction 

Furthermore, the maximum magnitude of amperage 
10 chamber and a discharge chamber therein, said com

pressor housing comprising a cylinder block having a 
plurality of cylinders, a piston slidably fitted within 
each of said cylinders, a drive means coupled to said 

of the first current is appropriately determined so that 
ball valve member 776 will not be removed from valve 
seat 772c during normal operation of first valve control 
mechanism 700a. Thus, ball valve member blocks sec- 15 
ond communication path 700d during operation of first 
valve control mechanism 700a. 

Immediately after second communication path 700d 
is opened, the refrigerant gas in the upper hollow space 
of small diameter portion 843 of cavity 840, which is 20 
maintained at the discharge chamber pressure during 
compressor operation, quickly flows into crank cham
ber 22 via hole 777a, the upper hollow space of second 
cylindrical depression 772b, holes 775c, the lower hol
low space of second cylindrical depression 772b, hole 25 
772d, first cylindrical depression 772a, cylindrical cav
ity 771, holes 770c, the upper hollow space of in termed i
ate diameter portion 842 of cylindrical cavity 840 and 
conduit 157. Thus, the crank pressure is quickly in-
creased to reduce capacity. 30 

However, once second communication path 700d has 
been opened, the refrigerant gas in discharge chamber 
251 flows into the upper hollow space of small diameter 
portion 843 of cavity 840 with a pressure reduction due 
to the throttling effect of orifice tube 1560, and then 35 
flows at reduced pressure into crank chamber 22 via 
hole 777a, the upper hollow space of second cylindrical 
depression 772b, holes 775c, the lower hollow space of 
second cylindrical depression 772b, hole 772d, first 
cylindrical depression 772a, cylindrical cavity 771, 40 
holes 770c, the upper hollow space of intermediate di
ameter portion 842 of cylindrical cavity 840 and conduit 
157. 

Accordingly, though the pressure in crank chamber 
22 is quickly increased, it is maintained at a certain value 45 
which, relative to the suction pressure, causes slant 
plate SO to be positioned in the minimum slant angle. 
That is, the capacity of the compressor is quickly mini
mized. However, the crank pressure does not exceed a 
value which could cause damage to the internal compo- 50 
nent parts of the compressor. 

When the demand for power on the engine of the 
vehicle to drive the vehicle is large, second communica
tion path 700d is opened by virtue of operation of sec
ond valve control mechanism 700b in order to compul- 55 
sorily quickly minimize the capacity of the compressor. 
Therefore, the energy which is derived from the engine 
to be consumed in operation of the compressor is com
pulsorily minimized without causing damage of the 
internal component parts of the compressor. Accord- 60 
ingly, the energy derived from the engine of the vehicle 
is effectively used for accelerating the vehicle or driv
ing the vehicle uphill, regardless of the demands made 
on the compressor by the cooling circuit. 

This invention has been described in connection with 65 
the preferred embodiments. These embodiments, how
ever, are merely for example only and the invention is 
not restricted thereto. For example, the terms right and 

pistons for reciprocating said pistons within said cylin
ders, said drive means including a drive shaft rotatably 
supported in said housing, coupling means for drivingly 
coupling said pistons with said drive shaft and for con
verting rotary motion of said drive shaft into recipro
cating motion of said pistons, said coupling means in
cluding a slant plate having a surface disposed at a slant 
angle relative to a plane perpendicular to said drive 
shaft, the slant angle changing in response to a change in 
pressure in said crank chamber relative to said suction 
pressure to change the capacity of said compressor, a 
first communication path linking said crank chamber 
with said suction chamber, a first valve control mecha-
nism disposed within said first communication path, said 
first valve control mechanism controlling the opening 
and closing of said first communication path in response 
to changes in pressure in said suction chamber, a second 
communication path linking said crank chamber with 
said discharge chamber, a second valve control mecha
nism disposed within said second communication path, 
said second valve control mechanism responding to an 
external signal and opening said second communication 
path to increase the pressure in said crank chamber to 
thereby minimize the capacity of the compressor the 
improvement comprising: 

throttling means disposed within said second commu
nication path between said discharge chamber and 
said second valve control mechanism so as to regu
late the quantity of fluid which flows from said 
discharge chamber to said crank chamber when 
said second valve control mechanism opens said 
second communication path and wherein the first 
and the second valve control mechanisms operate 
independently. 

2. The compressor recited in claim 1 wherein said 
first valve control mechanism includes pressure sensing 
means for sensing pressure in said suction chamber. 

3. The compressor recited in claim 2 wherein said 
pressure sensing means is a diaphragm. 

4. The compressor reCited in claim 2 wherein said 
pressure sensing means is a bellows. 

5. The compressor recited in claim 1, said first valve 
control mechanism including a first valve member, said 
first communication path including a first valve seat 
formed at one portion thereof, said second valve con
trol mechanism including a second valve member, said 
second communication path including a second valve 
seat formed at one portion thereof, said first communi-
cation path being opened and closed when said first 
valve member is moved away from and received on said 
first valve seat, said second communication path being 
opened and closed when said second valve member is 
moved away from and received on said second valve 
seat, said second valve member moved away from said 
second valve seat and said first valve member received 
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on said first valve seat when said second valve control 
mechanism opens said second communication path. 

6. The compressor of claim 1, further comprising a 
cavity disposed in the second communication path be
tween the throttling means and the second valve con- 5 
trol mechanism. 

7. The compressor of claim 6, wherein the cavity is 
cylindrical. 

8. The compressor of claim 1, further comprising 
means for storing discharge pressure fluid, disposed in 10 
the second communication path between the throttling 
means and the second valve control mechanism. 
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9. The compressor of claim 1, further comprising 
means for reducing the capacity of the compressor, 
disposed in the second communication path between 
the throttling means and the second valve control 
mechanism. 

10. The compressor of claim 1, wherein the second 
valve control mechanism comprises a valve cavity and 
a valve seat, the valve cavity disposed in the second 
communication path upstream of the valve seat, and 
wherein the throttling means is in fluid communication 
with the valve cavity. 
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