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[57] ABSTRACT

A variable displacement type compressor is disclosed.
The compressor includes a housing having fluid inlet
and fluid outlet ports. A fixed scroll is fixed within the
housing and has a circular end plate from which a first
spiral element extends. The end plate of the fixed scroil
partitions the inner chamber of the compressor housing
into a front chamber connected to the fluid inlet port
and a rear chamber. The rear chamber is divided into a
discharge chamber connected to the fluid outlet port
and an intermediate pressure chamber. The end plate of
the fixed scroll has at least two holes which connect the
fluid pockets to the intermediate pressure chamber. The
end plate also has a communicating channel which
connects the front chamber to the intermediate cham-
ber. A control device controls the communication be-
tween the front chamber and intermediate pressure
chamber. The control device is disposed on the interme-
diate pressure chamber, and a valve element of the
control means is operated by pressure from the dis-
charge chamber.

20 Claims, 3 Drawing Sheets
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SCROLL TYPE COMPRESSOR WITH VARIABLE
DISPLACEMENT MECHANISM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

TECHNICAL FIELD

The present invention relates to a scroll type com-
pressor. More particularly, the present invention relates
to a scroll type compressor with a vanable displacement
mechanism.

BACKGROUND OF THE INVENTION

When the air conditioning load in the compartment
of a car is decreased by an air conditioning system, Or
the temperature in the compartment of the car is below
the predetermined temperature, the displacement of the
compressor, and therefore the compression ratio of the
compressor, can be decreased.

A scroll type compressor which can vary the com-
pression ratio is well known in the art. For example,
U.S. Pat. No. 4,505,651 and U.S. Pat. No. 4,642,034
show such compressors.

However, in U.S. Pat. No. 4,505,651, the compression
ratio change i1s not sufficient. Also, in the mechanism

shown in U.S. Pat. No. 4,642,034, the temperature of

the discharge fluid increases abnormally when the com-
pressor operates at high speeds.

SUMMARY OF THE INVENTION

It is 2 primary object of the present invention to pro-
vide a scroll type compressor with a variable dispiace-
ment mechanism which can continuously vary com-
pressor displacement as the load changes or as the rota-
tional speed of the compressor varies.

It 1s another object of the present invention to pro-
vide a scroll type compressor with a vanable displace-
ment mechanism which can vary the compression vol-
ume over a large range.

It is still another object of the present invention to
provide a scroll type compressor with a variable dis-
placement mechanism which eliminates suction pres-
sure loss and which does not increase the temperature
of the discharged fluid.

A scroll type compressor according to the present
invention includes a housing having a inlet port and an
outlet port. A fixed scroll is fixedly disposed with the
housing and has a circular end plate from which a first
spiral element extends. An orbiting scroll having a cir-
cular end plate from which a second spiral element
extends is placed on a drive shaft. The two spiral ele-
ments interfit at an angular and radial offset to form a
plurality of line contacts and to define at least one pair
of fluid pockets within the interior of the housing. A
driving mechanism is operatively connected to the or-
biting scroll to effect orbital motion of the orbiting
scroll and to change the volume of the fluid pockets
during orbital motion. A rotation preventing mecha-
nism prevents rotation of the orbiting scroll. The circu-
lar end plate of the fixed scroll divides the interior of the
housing into a front chamber and a rear chamber. The
front chamber communicates with a fluid inlet port.
The rear chamber is divided into a discharge chamber
which communicates with a fluid outlet port and a
central fluid pocket formed by both scrolls, and an
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intermediate pressure chamber. At least one pair of
holes 1s formed through the circular end plate of the
fixed scroll to form a fluid channel between the flmd
pockets and the intermediate pressure chamber. A com-
municating channel formed through the circular end
plate of the fixed scroll provides a fluid channel be-
tween the intermediate pressure chamber and the front
chamber. Control means disposed on a portion of the
intermediate pressure chamber controls opening and
closing of the communicating channel. A valve element
of the control device is controlled by the compressed
fluid in the discharge chamber.

Various additional advantages and features of nov-
elty which characterize the invention are further
pointed out in the claims that follow. However, for a
better understanding of the invention and its advan-
tages, reference should be made to the accompanying
drawings and descriptive matter which illustrate and
describe preferred embodiments of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 is a vertical cross-sectional view of a scroll
type compressor according to one embodiment of this
invention.

F1G. 2 is a sectional view of the compressor of FIG.
1 illustrating the position of the holes in the end plate.

FIG. 3 is a cross-sectional view of an alternate em-
bodiment of the variable displacement mechanism used
in the scroll type compressor of FIG. 1.

F1G. 4 is a cross-sectional view of another alternate
embodiment of the variable displacement mechanism
used in the scroll type compressor of FIG. 1.

FIG. § is a cross-sectional view of another alternate
embodiment of the vanable displacement mechanism
used in the scroll type compressor of FIG. 1.

FIG. 6 is a cross-sectional view of another alternate
embodiment of the vanable displacement mechanism
used in the scroll type compressor of FIG. 1.

FIG. 7 is a cross-sectional view of another alternate
embodiment of the variable displacement mechanism
used in the scroll type compressor of F1G. 1.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIG. 1, a scroll type compressor accord-
ing to one embodiment of this invention 15 shown. The
scroll type compressor includes a compressor housing
10 having front end plate 11 and cup-shaped casing 12
which is attached to an end surface of end plate 11.
Opening 111 is formed in the center of front end plate 11
and drive shaft 13 is disposed in opening 111. Annular
projection 112 is formed in a rear surface of front end
plate 11. Annular projection 112 faces cup-shaped cas-
ing 12 and is concentric with opening 111. An outer
peripheral surface of projection 112 extends into an
inner wall of the opening of cup-shaped shaped casing
12. Opening 121 of cup-shaped casing 12 is covered by
front end plate 11. O-ning 14 1s placed between the outer
peripheral surface of annular projection 112 and the
inner wall of the opening of cup shaped casing 12 to seal
the mating surfaces of front end plate 11 and cup-shaped
casing 12.

Annular sleeve 16 projects from the front end surface
of front end plate 11, surrounds drive shaft 13, and
defines a shaft seal cavity. In the embodiment shown In
FIG. 1, sleeve 16 is formed separately from front end
plate 11. Sleeve 16 is fixed to the front end surface of
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front end plate 11 by screws (not shown). Alternatively,
sleeve 16 may be formed integrally with front end plate
11.

Drive shaft 13 1s rotatably supported by sleeve 16
through beaning 17 located within the front end of
sleeve 16. Drive shaft 13 has disk-shaped rotor 131 at its
mner end which 1s rotatably supported by front end
plate 11 through bearing 18 located within opening 111
of front end plate 11. Shaft seal assembly 18 is coupled
to drive shaft 13 within the shaft seal cavity of sleeve 16.

Fulley 201 is rotatably supported by ball bearing 19
which s carried on the outer surface of sleeve 16. Elec-
tromagnetic coil 202 1s fixed about the outer surface of
sleeve 16 by a support plate. Armature plate 203 1s
elastically supported on the outer end of drive shaft 13.
Pulley 201, magnetic cotl 202, and armature plate 203
form magnetic clutch 20. In operation, drive shaft 13 is
driven by an external power source, for example, the
engine of an automobile, through a rotation transmitting
device such as magnetic clutch 20.

Fixed scroll 21, orbiting scroll 22, a driving mecha-
msm for orbiting scroll 22, and rotation preventing/-
thrust bearing mechanism 24 for orbiting scroll 22 are
disposed in the interior of housing 10.

Fixed scroll 21 includes circular end plate 211 and
spiral element 212 affixed to or extending from one end
surface of circular end plate 211. Fixed scroll 21 i1s fixed
within the inner chamber of cup-shaped casing 12 by
screws 25 screwed into end plate 211 from the outside
of cup-shaped casing 12. Circular end plate 211 of fixed
scroll 21 partitions the inner chamber of cup-shaped
casmng 12 into two chambers, front chamber 27 and rear
chamber 28. Spiral element 212 1s located within front
chamber 27.

Partition wall 122 axially projects from the inner end
surface of cup-shaped casing 12. The end surface of
partiion wall 122 contacts the end surface of circular
end plate 211. Thus, partition wall 122 divides rear
chamber 28 into discharge chamber 281 formed at the
center portion of rear chamber 21 and intermediate
chamber 282. Gasket 26 may be disposed between the
end surface of partition wall 122 and end plate 211 to
secure the sealing.

Orbiting scroll 2, which 1s located in front chamber
27, includes circular end plate 221 and spiral element
222 extending from one end surface of circular end plate
221. Spiral element 222 of orbiting scroll 22 and spiral
element 212 of fixed scroll 21 interfitting at an angular
offset of 180° and a predetermined radial offset, form
sealed spaces between spiral elements 212 and 222. Or-
biting scroll 22 1s rotatably supported by bushing 23,
which is eccentrically connected to the inner end of
disc-shaped portion 131 through radial needie bearing
20.

While orbiting scroll 22 orbits, rotation is prevented
by rotation preventing/thrust bearing mechanism 24
which is placed between the inner end surface of front
end plate 11 and circular end plate 221 of orbiting scroll
22. Rotation preventing/thrust bearing mechanism 24
includes fixed ring 241, fixed race 242, orbiting ring 243,
orbiting race 244, and balls 245. Fixed nng 241 is at-
tached to the inner end surface of front end plate 11
through fixed race 242 and has a plurality of circulate
holes 241a. Orbiting ring 243 is attached to the rear end
of orbiting scroll 22 through orbiting race 244 and has a
plurality of circular holes 243a. Each ball 245 1s placed
between hole 241a of fixed ring 241 and circular hole
243a of orbiting ring 243, and moves along the edges of
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4
both circular holes 241a and 243a. Also, the axial thrust
load from orbiting scroll 22 is supported on front end
plate 11 through balls 245.

Compressor housing 10 is provided with inlet port 31
and outlet port 32 for connecting the compressor to an
external refrigeration circuit. Refrigeration fluid from
the external circuit is introduced into suction chamber
271 through inlet portion 31 and flows into sealed
spaces formed between spiral elements 212 and 222
through open spaces between the spiral elements. The
spaces between the spiral elements sequentially open
and close during the orbital motion of orbiting scroll 22.
When the spaces are open, fluid to be compressed flows
into these spaces but no compression occurs. When the
spaces are closed, no additional fluid flows into the
spaces and compression begins. Since the location of the
outer terminal ends of spiral elements 212 and 222 1s at
a final involute angle, location of the spaces is directly
related to the final involute angle. Furthermore, refrig-
eration fluid in the sealed space i1s moved radially in-
wardly and i1s compressed by the orbital motion of orbit-
ing scroll 22. Compressed refrnigeration fluid at the cen-
ter sealed space 1s discharged to discharge chamber 281
through discharge port 213, which is formed at the
center of circular end plate 211.

Refernng to FIGS. 1 and 2, a pair of holes 214, 215
are formed in end plate 211 of fixed scroll 21 and are
symetrically placed so that an axial end surface of spiral
element 222 of orbiting scroll 22 simultaneously crosses
over both holes 214, 215, Holes 214 and 215 communi-
cate between the sealed space and intermediate pressure
chamber 282. Hole 214 is placed at a position defined by
involute angle & (not shown) and opens along the inner
side wall of spiral element 212. The other hole 215 is
placed at a position defined by involute angle (¢|-7)
(not shown) and opens along the outer side wall of
spiral element 212. A control device, such as valve
member having valve plates 341, 342 1s attached by
fasteners 351, 352 to the end surface of end plate 211
opposite holes 214, 215, respectively. Each valve plate
341, 342 1s made of a spring type material so that the bias
of each valve plate 341, 342 pushes it against the open-
ing of holes 214, 215 to close each hole.

End plate 211 of fixed scroll 21 also has communicat-
ing channel 29 at an outer side portion of the terminal
end of spiral element 212. Communicating channel 29
connects section chamber 271 of front chamber 27 and
intermediate pressure chamber 282 through communi-
cation chamber 283. Control mechanism 36 controls
fluid communication between communication chamber
283 and intermediate pressure chamber 282. Control
mechanism 36 includes cylinder 361, I-shaped piston
362 shdably disposed within cylinder 361, and coil
spring 363 disposed between the lower end portion of
piston 362 and the bottom portion of cylinder 361 to
support piston 362. First opening 361a 1s formed on a
side surface of cylinder 362 and creates a fluid path
between cylinder 361 and communication chamber 283.
Second opening 361b is formed on the bottom portion
of cylinder 361 and creates a fluid path between cylin-
der 361 and intermediate pressure chamber 282. The
upper portion of cylinder 361 is covered by plate 365
which is provided with aperture 366 at its center por-
tion and is connected with discharge chamber 281
through capillary tube 368. Fluid communication be-
tween cylinder 361 and discharge chamber 281 1s con-
trolled by magnetic valve 364 disposed on housing 10.
Piston ring 362c 1s placed on the upper portion of piston
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362 to prevent the leakage of high pressure fluid be-

tween cylinder 361 and piston 362.

The operation of control mechanism 36 is as follows.
When orbiting scroll 22 is operated by the rotation of
drive shaft 13, refrigeration fluid flows into suction
chamber 271 through inlet port 31 and then flows into
sealed spaces (fluid pockets) defined between spiral
elements 212 and 222. As the refrigeration fluid in the
sealed spaces moves towards the center of spiral ele-
ments 212 and 222 its volume is reduced and 1t 1s com-
pressed. The fluid is then discharged through discharge
port 213 to discharge chamber 281.

When electromagnetic valve 364 1s de-energized,
there is no communication between discharge chamber
281 and cylinder 361. Piston 362 is urged upwardly by
the recoil strength of spring 363, and the bottom portion
362b of piston 362 moves upwardly past first opening
361a. This connects intermediate pressure chamber 282
to communication chamber 283 through cylinder 361
and opening 36la. Therefore, intermediate pressure
chamber 282 maintains the suction pressure level, and
some refrigeration fluid in the fluid pockets flows into
intermediate pressure chamber 282 through holes 214
and 215 and back into front chamber 27. Therefore, the
compression phase of the compressor starts after the
spiral element passes over holes 214 and 215. This
greatly reduces the compression ratio of the compres-
SOT.

On the other hand, when electromagnetic valve 364
is energized, compressed fluid in discharge chamber 281
flows into cylinder 361 through capillary tube 368. As
the recoil strength of spring 363 is selected to be less
than the force of the compressed fluid, piston 362 is
pushed downwardly by the compressed fluid. Second
hole 361d which connects cylinder 361 with intermedi-
ate pressure chamber 282 1s covered by piston 362 and
this prevents communication between communication
chamber 283 and intermediate pressure chamber 282.
Therefore, the pressure in intermediate pressure cham-
ber 282 gradually increases due to fluid passage from
the fluid pockets through holes 214 and 215. This pas-
sage of compressed fluid continues until the pressure in
intermediate pressure chamber 282 1s equal to the pres-
sure in the fluid pockets. When pressure equalization
occurs, holes 214 and 215 are closed by the spring ten-
sion of valve plates 341 and 342. Compression then
operates normally and the displacement volume of the
sealed fluid pockets is the same as the displacement
volume when the terminal end of each spiral element
212, 222 first contacts outer spirals 211, 221.

Referring to FIG. 3, the second embodiment of a
control mechanism i1s shown. The control mechanism
mcludes cylinder 361, I-shaped piston 362 slidably dis-
posed within cylinder 361, spring 363 disposed between
the lower end surface of piston 362 and the bottom
portion of cylinder 361, and control element 37. Inter-
mediate pressure chamber 282, cylinder 361, and com-
municating chamber 283 are connected to one another
through first and second openings 361a and 361b. The
upper opening cylinder 361 is covered by the upper
portion of control element 37 which is provided with
operating chamber 371. The interior of operating cham-
ber 371 is connected with cylinder 361 through first
conduit 372 and is also connected with communicating
chamber 283 through second conduit 373. The mid-por-
tion of conduit 372 is connected to discharge chamber
281 through capillary tube 368 and connecting conduit
374. Bellows 375 is disposed in operating chamber 371
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and comprises bellows portion 375a and valve portion
375b attached to the lower end of bellows portion 375a.
Valve portion 375b is slidably disposed in aperture 372
and controls fluid communication between cylinder 361
and discharge chamber 281. During operation of the
compressor, if the pressure in connecting chamber 283
decreases, the pressure in operating chamber 371 also
decreases. When this occurs, if the pressure in bellows
portion 375a is larger than the pressure in operating
chamber 371, the fluid in bellows portion 375a expands
and forces valve portion 375b downwardly to close the
opening of conduit 372. This prevents communication
between discharge chamber 281 and cylinder 361. Pis-
ton 362 is pushed upwardly by the bias of spring 363 and
intermediate pressure chamber 282 communicates with
cylinder 361. This reduces the compression ratio of the
compressor in the manner described with respect to the

compressor of FI1G. 1.

On the other hand, if the pressure in operating cham-
ber 371 increases and the pressure in bellows portion
3775a is less than the pressure in operating chamber 371,
the volume of the fluid in bellows portion 373a de-
creases. Thus, bellows portion 375a shrinks and valve
portion 375b moves upwardly and opens conduit 372.
Cylinder 361 is connected with discharge chamber 281
through conduit 372, connecting conduit 374, and capil-
lary tube 368. Compressed fluid flows form discharge
chamber 281 into cylinder 361 through capillarly tube
368. Because the pressure of the compressed fluid in
discharge chamber 281 is selected to be stronger than
the recoil strength of spring 363, piston 362 1s pushed
downwardly by the compressed fluid. Accordingly,
intermediate pressure chamber 282 is disconnected from
communicating chamber 283 and the compression ratio
of the compressor increases. The moving distance of
bellows portion 375a 1s determined by the fluid pressure
in operating chamber 371. Accordingly, the operating
valve portion 375b is set to the pressure in operating
chamber 371.

When the air conditioning load 1s small, or the pres-
sure in operating chamber 371 is less than the predeter-
mined value as caused by an increased rotational speed
of the compressor, bellows portion 375a moves down-
wardly, the moving distance of valve portion 375b 1s
smaller, and the refrigeration fluid volume supplied to
cylinder 361 decreases. Piston 362 is pushed upwardly
by the bias of spring 363 and the area of opening 361a
increases. This decreases pressure loss from the com-
pressed fluid at apening 361a because the open area
361a of cylinder 361 is increased. Therefore, the com-
pression ratio decreases, and the pressure in connecting
chamber 283 is gradually increased.

When the fluid pressure in connecting chamber 283 1s
larger than the predetermined value, bellows portion
375z of bellows 375 shrinks, and the moving distance of
valve portion 375b gradually increases. The volume of
the compressed fluid supplied to cylinder 361 increases.
Therefore, piston 362 is pushed downwardly by the
fluid against the bias of spring 363. The open area of
opening 361a of cylinder 361 gradually decreases, and
the pressure in connecting chamber 382 also gradually
decreases.

Referring to FIG. 4, a third embodiment of the con-
trol mechanism is shown. Electromagnetic valve 38,
which functions as the control mechanism, 1s disposed
on the upper opening of cylinder 361 and comprises coil
38a, armature 38b, and spring 38c. Armature 38b 1s
slidably fitted within the inner surface of coil 38a and
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pushes downwardly to close aperture 366. Aperture 366
1s connected to discharge chamber 281 through con-
necting conduit 374, orifice 381, and capillary tube 368.

During operation of the compressor, a small amount
of compressed fluid which is discharged from discharge
chamber 281 is always supplied to the upper space of
cylinder 361 through aperture 366. When coil 38a is not
energized, the upper end of aperture 366 is closed by
armature 38b. The pressure of the compressed fluid in
cylinder 361 is larger than the recoil strength of spring
363, therefore, piston 362 moves downwardly to close
openings 361a and 361b. Communication between inter-
mediate chamber 282 and connecting chamber 283 is
prevented, and the compression ratio of the compressor
1S normal.

When coil 38a is energized, a magnetic flux is pro-
duced around coil 38a and armature 38b is pulled up.
Compressed fluid flows into operating chamber 382
through aperture 366. Piston 362 is pushed upwardly by
the recoil strength of spring 363. Accordingly, commu-
nicating chamber 283 is connected with intermediate
pressure chamber 282 through cylinder 361 and the
compression volume decreases.

Referring to FIG. §, a fourth embodiment of the
control mechanism 1s shown, Magnetic valve 38 of
F1G. 415 replaced by bellows valve element 39. Bellows
valve element 39 includes bellows portions 391 disposed
in first operating chamber 393 and needle portion 392
attached on the bottom surface of bellows portion 391.
First operating chamber 393 is connected to connecting
chamber 283 through conduit 397. Needle portion 392
slidably penetrates aperture 396 and extends into second
operating chamber 394. Aperture 396 connects first and
second operating chambers 393 and 394. Second operat-
ing chamber 394 1s connected to cylinder 361 and dis-
charge chamber 281 through capillary tube 368. Ball
395 1s disposed on the top of spring 399 which is dis-
posed 1n second operating chamber 394 and contacts the
end of needle portion 392. Thus, ball 395 controls the
opening and closing of aperture 396 by the recoil
strength of spring 399 and the operation of bellows
portion 391.

Dunng operation of the compressor, a small amount
of compressed fluid which is discharged from discharge
chamber 281 is always supphed to second operating
chamber 394 through orifice 381 and capillary tube 368.
When the pressure in first operating chamber 393 is
larger than that in bellows portion 391, bellows portion
391 shnnks. Ball 398, moved upwardly by the recoil
strength of spring 399, pushes needle portion 392 up-
wardly and closes the opening of aperture 398. Piston
362 1s pushed downwardly against spring 363 by the
compressed fluid and closes 361b. Connecting chamber
283 1s disconnected from intermediate pressure chamber
282, and the compression volume is increased. When
the pressure in first operating chamber 393 is decreased
and the pressure in bellows portions 391 is larger than
the pressure in first operating chamber 393, bellows
portion 391 expands. Needle portion 392 moves down-
wardly and pushes ball 395 against spring 399. Com-
pressed fluid in second operating chamber 394 flows to
first operating chamber 393 through aperture 396. Since
the pressure in second operating chamber 394 is de-
creased, piston 362 moves upwardly by the force of
spring 363. Accordingly, connecting chamber 283 is
connected with intermediate pressure chamber 282
through cylinder 361 and openings 361a and 361b.
Therefore, the compression volume s decreased.
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Referring to FIG. 6, a fifth embodiment of the con-
trol mechanism 1s shown. Control mechanism 40 in-
cludes cylinder 401, piston valve 402, bellows 403, and
spring 404. Piston valve 402 is slidably disposed within
cylinder 401 and has openings 402a and 402b. Piston 402
1s pushed upwardly by spring 404 disposed between the
bottom portion of cylinder 401 and the lower end sur-
face of piston 402. Bellows 403 1s disposed in the interior
of piston valve 402, and includes valve portion 403a and
bellows portion 403b. Valve portion 403a extends to the
outside of piston valve 402 through opening 402a which
1s formed on the upper portion of piston valve 402.
Cylinder 401 1s connected to discharge chamber 281
through conduits 408, 406, and capillary tube 368,

Since the interior of piston valve 402 is connected to
connecting chamber 283 through opening 402b, cylin-
der 401, and opening 361a, if the pressure in connecting,
chamber 283 is less than the pressure of the fluid en-
closed in bellows portion 403b, bellow portions 403b
expands. Valve portion 403a opens opening 402a of
piston valve 402, and a small amount of compressed
fluid which 1s supplied to the top space of cylinder 401
from conduit 406 flows into communicating chamber
283 through piston valve 402 and cylinder 401. At this
time, piston 407 which closes opening 361b, is pushed
upwardly by the recoil strength of spring 404, and es-
tablished communication between c¢ommunicating
chamber 263 and intermediate pressure chamber 282.
Therefore, the compression ratio is decreased.

On the other hand, if the pressure of fluid in commu-
nicating chamber 283 i1s larger than the pressure of the
fluid in bellows portion 403b, bellows portion 403b
contracts and opening 402a is closed by valve portion
403a. In this situation, a small amount of compressed
fluid flows from discharge chamber 281 into the top
space of cylinder 401, and piston valve 402 is pushed
downwardly against the recoil strength of spring 404.
Opening 361a and 361b are therefore closed by piston
valve 402, and the compression ratio is increased. In this
embodiment, the construction of valve portion 403a is a
ssmple structure. However, a needle-ball type valve
mechanism 41 may be used, as shown in F1G. 7. Also,
the force caused by bellows portion 403b is controlled
by the position of bellows 403, which, in turn, is deter-
mined by screw 42 screwed on the bottom portion of
piston valve 402, as shown in FIG. 7. Needle-ball type
valve mechanism 41, as shown in FIG. 7, uses elements
stmtlar to those of valve mechanism 40 of FIG. 6. Nee-
dle-ball type valve mechanism 41 is connected to dis-
charge chamber 281 through conduit 406 and capillary
tube 368. When the pressure in cylinder 401 is less than
the pressure within bellows portion 403b, bellows por-
tion 403b expands, needle-ball type valve mechanism 41
1s pushed upwardly, and opening 402a of piston valve
402 1s opened. Therefore, discharge chamber 281 is
placed in fluud communication with the interior of pis-
ton valve 402 through conduit 406 and capillary tube
368. |

When the pressure in cylinder 401 1s greater than the
pressure within bellows portion 403b, bellows portion
403b contracts and needle-ball type valve mechanism 41
15 pushed downwardly and obstructs opening 402a of
piston valve 402. Thus, discharge chamber 281 is not in
flid communication with the interior of piston valve
402, and the compressed fluid from the discharge cham-
ber 281 acts on the upper end surface of piston valve 402
to push downwardly piston valve 402 against the recoil
strength of spring 404. This obstructs communication
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between communicating chamber 283 and intermediate
pressure chamber 282 and increases the compression
ratio.

Numerous characteristics, advantages, and embodi-
ments of the invention have been described in detail in
the foregoing description with reference to the accom-
panying drawings. However, the disclosure is illustra-
tive only and it is to be understood that the invention is
not limited to the precise illustrated embodiments. Vari-
ous changes and modifications may be effected therein
by one skilled in the art without departing from the
scope of spirit of the invention.

We claim:

1. In a scroll type compressor including a housing
having an inlet port and an outlet port, a fixed scroll
fixedly disposed within said housing and having a circu-
lar end plate from which a first spiral element extends
into the intenor of said housing, an orbiting scroll hav-
ing a circular end plate from which a second spiral
element extends, said first and second spiral elements
interfitting at an angular and radial offset to make a
plurality of line contacts and define at least one pair of
fluid pockets within the interior of said housing, a driv-
ing mechanism operatively connected to said orbiting
scroll to effect the orbital motion of said orbiting scroll,
a rotation preventing mechanism for preventing the
rotation of said orbiting scroll during the orbital motion,
said circular end plate of said fixed scroll dividing the
interior of said housing into a front chamber and a rear
chamber, said front chamber communicating with said
inlet port, and said rear chamber being divided into a
discharge chamber which communicates between said
outlet port and a central fluid pocket formed by both
said scrolls and an intermediate pressure chamber, the
improvement comprising:

at least one pair of holes formed through said circular

end plate of said fixed scroll forming a fluid chan-
nel between the fluid pockets and said intermediate
pressure chamber, a communication channel
formed through said circular end plate of said fixed
scroll to form a fluid channel between said interme-
diate pressure chamber and said front chamber,
control means disposed on a portion of said inter-
mediate pressure chamber for controlling fluid
communication between said intermediate pressure
chamber and said front chamber, said control
means comprising a [valve element operated by
the compressed fluid in said discharge chamber,
and a} cylinder connected with said intermediate
pressure chamber, said front chamber and said dis-
charge chamber, a piston slidably disposed within
said cylinder and operated by the compressed fluid
from said discharge chamber, and a contro] valve
element [, a top portion of said cylinder being con-
nected to said discharge chamber, said control
valve element] controlling the communication
between said discharge chamber and said front
chamber.

2. A scroll type compressor according to claim 1
wherein said control valve element is disposed in said
piston.

3. A scroll type compressor according to claim I wherein
said control valve element comprises a bellows and a valve
operated by said bellows, said piston including a first open-
ing facing a portion of said cylinder in communication with
satd discharge chamber and a second opening facing a
portion of said cylinder in communication with said front
chamber, said bellows being located within said piston and
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being responsive to the pressure in said front chamber to
operate said valve 10 open and close said first opening to
thereby control communication berween said discharge
chamber and said front chamber.

4. A scroll type compressor according to claim 3 wherein
a lower portion of said cylinder communicates with said
intermediate pressure chamber and said front chamber,
communication between said intermediate pressure cham-
ber and said front chamber being controlled by the sliding
operation of said piston, a top portion of said cylinder being
connected with said discharge chamber.

5. A scroll type compressor according to claim 4 wherein
the top portion of said cylinder and said discharge chamber
are connected through a fluid channel including a con-
stricted conduit disposed in a portion thereof.

6. A scroll type compressor according to claim 1 wherein
a lower portion of said cylinder communicates with said
intermediate pressure chamber and said front chamber,
communication between said intermediate pressure cham-
ber and said front chamber being controlled by the sliding
operation of said piston, a top portion of said cyilinder being
connected with said discharge chamber.

7. A scroll type compressor according to claim 6 wherein
said control valve element controls the sliding operation of
said piston in response to the pressure in said front chamber
to thereby control communication between said intermedi-
ate pressure chamber and said front chamber to vary the
compression ratio of said compressor.

8. A scroll type compressor according to claim 7 wherein,
in the event the pressure in said front chamber is less than
a predetermined pressure, said control valve element opens
communication between said discharge chamber and said
front chamber and said piston slides upward in said cylin-
der 1o open communication between said intermediate
pressure chamber and said front chamber to thereby de-
crease the compression ratio.

9. A scroll type compressor according to claim 8 wherein,
in the event the pressure in said front chamber is greater
than the predetermined pressure, said control valve element
closes off communication between said discharge chamber
and said front chamber and said piston slides downward in
response to the pressure from said discharge chamber to
close off communication between said intermediate pres-
sure chamber and said front chamber to thereby increase
the compression ratio.

10. In a scrofl type compressor including a housing hav-
ing an inlet port and an outlet port, a fixed scroll fixedly
disposed within said housing and having a circular end
plate from which a first spiral element extends into the
interior of said housing, an orbiting scroll having a circular
end plate from which a second spiral element extends, said
first and second spiral elements interfitting at an angular
and radial offset to make a plurality of line contacts and
define at least one pair of fluid pockets within the interior
of said housing, a driving mechanism operatively connected
to said orbiting scroll 1o effect the orbital motion of said
orbiting scroll, a rotation preventing mechanism for pre-
venting the rotation of said orbiting scroll during the orbital
mation, said circular end plate of said fixed scroll dividing
the interior of said housing into a front chamber and a rear
chamber, said front chamber communicating with said
inlet port, and said rear chamber being divided into a
discharge chamber which communicates between said out-
let port and a central fluid pocker formed by both said
scrolls and an intermediate pressure chamber, the improve-
ment comprising:

at least one pair of holes formed through said circular

end plate of said fixed scrofl forming a fluid channel
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berween the fluid pockets and said intermediate pres-
sure chamber, a communication chamber formed by a
further division of said rear chamber, a communical-

ing channel formed through said circular end plate of

said fixed scroll forming a fluid channel between said
front chamber and said communication chamber, a
first opening formed through a wall of said communi-
cation chamber forming a fluid channel between said
communication chamber and said intermediate pres-
sure chamber and thereby forming a continuous fluid
channel between said front chamber and said inter-
mediate pressure chamber, control means disposed on
a portion of said intermediate pressure chamber for
controlling fluid communication between said inter-
mediate pressure chamber and said front chamber,
said control means comprising a cylinder including a
top portion connected to said discharge chamber by a
conduit for communicating fluid therebetween, a side
portion connected to said wall of said communication
chamber with said first opening formed therethrough
Jor communicating fluid therebetween, and a bottom
portion connected with said intermediate pressure
chamber, a piston slidably disposed within said cylin-
der and operated by the compressed fluid from said
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therebetween, said first control means operated by the
compressed fluid from said discharge chamber, sec-
ond control means associated with said first controf
means for controlling fluid communication berween
said discharge chamber and said communication
chamber, said second control means operated by
changes of the fluid pressure in said communication
chamber.

13. A scroll type compressor according to claim 12
wherein said first control means comprises a cylinder con-
nected with said intermediate pressure chamber, said com-
munication chamber and said conduit means, and a piston
slidably disposed within said cylinder.

14. A scroll type compressor according to claim 12
wherein said conduit means comprises a fluid channel
including a constricted conduit disposed in a portion
thereof.

15. A scroll type compressor according to claim 13
wherein said second control means comprises a control
valve element disposed in said piston.

16. A scroll type compressor according to claim 15
wherein said control valve element comprises a bellows and
a valve operated by said bellows, said piston including a

first opening facing a portion of said cylinder in communi-

discharge chamber, and a control valve element con- 25 cation with said conduit means and a second opening fac-

trolling the communication between said discharge
chamber and said front chamber and operated by the
compressed fluid from said communication chamber.
11. A scroll rype compressor according to claim 10
wherein said control valve element is disposed in said pis-
fon.
12. In a scroll type compressor including a housing hav-
ing an inlet port and an outlet port, a fixed scroll fixedly
disposed within said housing and having a circular end

30

ing a portion of said cylinder in communication with said
communication chamber, said bellows being responsive to
the pressure in said communication chamber to operate
said valve to open and close said first opening and thereby
control communication between said discharge chamber
and said front chamber.

17. A scroll type compressor according to claim 16
wherein a lower portion of said cylinder communicates with
said intermediate pressure chamber and said communica-

plate from which a first spiral elemeni extends into the 35 tion chamber, communication between said intermediate

interior of said housing, an orbiting scroll having a circular
end plate from which a second spiral element extends, said
first and second spiral elements interfitting at an angular
and radial offset to make a plurality of line contacts and
define at least one pair of fluid pockets within the interior
of said housing, a driving mechanism operatively connected
to said orbiting scroll to effect the orbital motion of said
orbiting scroll, a rotation preventing mechanism for pre-
venting the rotation of said orbiting scroll during the orbital
motion, said circular end plate of said fixed scroll dividing
the interior of said housing into a front chamber and a rear
chamber, said front chamber communicating with said
inler port, and said rear chamber being divided into a
discharge chamber which communicates between said out-
let port and a central fluid pocket formed by both said
scrolls and an intermediate pressure chamber, the improve-

ment comprising.
at least one pair of holes formed through said circular
end plate of said fixed scroll forming a fluid channel

43
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pressure chamber and said communication chamber being
controlled by the sliding operation of said piston, a top
portion of said cylinder being connected with said conduit
means.

18, A scroll type compressor according to claim 17
wherein said control valve element controls the sliding
operation of said piston in response to the pressure in said
communication chamber to thereby control communica-
tion between said intermediate pressure chamber and said
communication chamber to vary the compression ratio of
said compressor.

19. A scroll type compressor according to claim 18
wherein, in the event the pressure in said communication
chamber is less than a predetermined pressure, said control
valve element opens communication between sard commu-
nication chamber and said discharge chamber through
said conduit means and said piston slides upward in said
cylinder to open communication between said intermediate

pressure chamber and said communication chamber 1o

between the fluid pockets and said intermediate pres- 55 thereby decrease the compression ratio.

sure chamber, a communication chamber formed by a
Sfurther division of said rear chamber, a communicat-

ing channel formed through said circular end plate of

said fixed scroll forming a fluid channel between said

20. A scroll type compressor according to claim 19
wherein, in the event the pressure in said communication
chamber is greater than the predetermined pressure, said
control valve element closes off communication between

front chamber and said communication chamber, 60 said conduit means and said communication chamber and

first control means disposed on a portion of said inter-
mediate pressure chamber for controlling fluid com-
munication between said communication chamber
and said intermediate pressure chamber, conduit
means connected between said first control means and
said discharge chamber for communicating fluid

65

said piston slides downward in response to the pressure

from said conduit means to close off communication be-

tween said intermediate pressure chamber and said com-
munication chamber to thereby increase the compression

raltio.
% : [ x



	Front Page
	Drawings
	Specification
	Claims

