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COMPRESSOR HAVING CAPACITY MODULATION

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application No. 16/508,894,
filed on July 11, 2019. The entire disclosure of the above application is incorporated
herein by reference.

FIELD
[0002] The present disclosure relates to a compressor having capacity

modulation.

BACKGROUND

[0003] This section provides background information related to the present
disclosure and is not necessarily prior art.

[0004] A climate-control system (e.g., a heat-pump system, an air-conditioning
system, a refrigeration system, etc.) may include a fluid circuit having an outdoor heat
exchanger, an indoor heat exchanger, an expansion device disposed between the
indoor and outdoor heat exchangers, and a compressor circulating a working fluid (e.g.,
carbon dioxide or any other refrigerant) between the indoor and outdoor heat
exchangers. Efficient and reliable operation of the compressor is desirable to ensure
that the climate-control system in which the compressor is installed is capable of

effectively and efficiently providing a cooling and/or heating effect on demand.

SUMMARY

[0005] This section provides a general summary of the disclosure, and is not a
comprehensive disclosure of its full scope or all of its features.

[0006] In one form, the present disclosure provides a compressor that may
include a shell assembly, a first scroll, a second scroll, a piston, and a piston-retention
member. The shell assembly may define a discharge chamber. The first scroll is
disposed within the shell assembly and includes a first end plate and a first spiral wrap
extending from the first end plate. The second scroll is disposed within the shell
assembly and includes a second end plate and a second spiral wrap extending from the
second end plate. The first and second spiral wraps mesh with each other to form a
plurality of fluid pockets therebetween. The piston engages the first scroll and may
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cooperate with the shell assembly to define a pressure chamber therebetween. The
piston may be partially received within a recess defined by the shell assembly, and the
pressure chamber may be disposed within the recess. The pressure chamber may be
in selective fluid communication with a first source of working fluid to control movement
of the piston relative to the shell assembly. The piston-retention member may engage
the piston and a rotationally fixed structure. The piston-retention member allows
rotation of the piston relative to the first scroll in a first rotational direction and restricts
rotation of the piston relative to the first scroll in a second rotational direction that is
opposite the first rotational direction.

[0007] In some configurations of the compressor of the above paragraph, the
pressure chamber may be in selective fluid communication with a second source of
working fluid. The first source of working fluid may be a source of working fluid at a first
pressure (e.g., suction pressure). The second source of working fluid may be a source
of working fluid at a second pressure (e.g., discharge pressure) that is higher than the
first pressure.

[0008] In some configurations of the compressor of any one or more of the above
paragraphs, the rotationally fixed structure is a partition of the shell assembly. The
partition defines the discharge chamber and a suction chamber.

[0009] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is pivotably mounted to the partition and
selectively engages one of a plurality of notches formed on the piston.

[0010] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is pivotably mounted to a wear ring of the
partition.

[0011] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is pivotably mounted to the piston and
selectively engages one of a plurality of notches formed on the partition.

[0012] In some configurations of the compressor of any one or more of the above
paragraphs, the plurality of notches are formed on a wear ring of the partition.

[0013] In some configurations of the compressor of any one or more of the above
paragraphs, the rotationally fixed structure is the shell assembly.

[0014] In some configurations of the compressor of any one or more of the above
paragraphs, the rotationally fixed structure is an end cap of the shell assembly. The
end cap may define the pressure chamber and the discharge chamber.
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[0015] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is pivotably mounted to the piston and
selectively engages one of a plurality of notches formed on the end cap.

[0016] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is disposed in the pressure chamber.

[0017] In some configurations of the compressor of any one or more of the above
paragraphs, a spring engages the piston-retention member and the rotationally fixed
structure. The spring biases the piston-retention member into engagement with a
selected one of a plurality of notches.

[0018] In some configurations of the compressor of any one or more of the above
paragraphs, the rotationally fixed structure includes the first scroll.

[0019] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member includes a first locking ring and a second
locking ring.

[0020] In some configurations of the compressor of any one or more of the above
paragraphs, the first and second locking rings are disposed axially between an axial
end of the piston and a surface of the first end plate.

[0021] In some configurations of the compressor of any one or more of the above
paragraphs, each of the first and second locking rings include a plurality of first teeth
and a plurality of second teeth.

[0022] In some configurations of the compressor of any one or more of the above
paragraphs, the second teeth of the first locking ring engage the second teeth of the
second locking ring.

[0023] In some configurations of the compressor of any one or more of the above
paragraphs, the first teeth of the first locking ring engage the axial end of the piston.

[0024] In some configurations of the compressor of any one or more of the above
paragraphs, the rotationally fixed structure includes a discharge valve disposed axially
between the axial end of the piston and the surface of the first end plate.

[0025] In some configurations of the compressor of any one or more of the above
paragraphs, the first teeth of the second locking ring engage the discharge valve.

[0026] In some configurations of the compressor of any one or more of the above
paragraphs, the first end plate defines a recess that receives a portion of the piston and
includes internal threads that threadably engage external threads of the piston.
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[0027] In some configurations of the compressor of any one or more of the above
paragraphs, the internal threads include a wedge ramp that engages a crest of the
external threads of the piston.

[0028] In another form, the present disclosure provides a compressor that may
include a shell assembly, a non-orbiting scroll, an orbiting scroll, a piston, and a piston-
retention member. The shell assembly may include an end cap at least partially
defining a discharge chamber and a pressure chamber. The non-orbiting scroll is
disposed within the shell assembly and include a first end plate and a first spiral wrap
extending from the first end plate. The orbiting scroll is disposed within the shell
assembly and includes a second end plate and a second spiral wrap extending from the
second end plate. The first and second spiral wraps mesh with each other to form a
plurality of fluid pockets therebetween. The piston may include a main body and a
flange portion extending from the main body. The main body may threadably engage
the non-orbiting scroll. The flange portion may be received within a recess defined by
the end cap such that the piston cooperates with the end cap to define the pressure
chamber. The pressure chamber may be in selective fluid communication with a
source of working fluid that is at a lower pressure than working fluid in the discharge
chamber to control movement of the piston relative to the shell assembly. The piston-
retention member may engage the piston and a rotationally fixed structure. The piston-
retention member allows threadable rotation of the piston relative to the non-orbiting
scroll in a first rotational direction and restricts rotation of the piston relative to the non-
orbiting scroll in a second rotational direction that is opposite the first rotational
direction.

[0029] In some configurations of the compressor of the above paragraph, the
rotationally fixed structure is a partition of the shell assembly. The partition may define
the discharge chamber and a suction chamber.

[0030] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is pivotably mounted to the partition and
selectively engages one of a plurality of notches formed on the piston.

[0031] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is pivotably mounted to a wear ring of the
partition.
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[0032] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is pivotably mounted to the piston and
selectively engages one of a plurality of notches formed on the partition.

[0033] In some configurations of the compressor of any one or more of the above
paragraphs, the plurality of notches are formed on a wear ring of the partition.

[0034] In some configurations of the compressor of any one or more of the above
paragraphs, the rotationally fixed structure is the end cap of the shell assembly.

[0035] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is pivotably mounted to the piston and
selectively engages one of a plurality of notches formed on the end cap.

[0036] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member is disposed in the pressure chamber.

[0037] In some configurations of the compressor of any one or more of the above
paragraphs, a spring engages the piston-retention member and the rotationally fixed
structure. The spring may bias the piston-retention member into engagement with a
selected one of a plurality of notches.

[0038] In some configurations of the compressor of any one or more of the above
paragraphs, the rotationally fixed structure includes the non-orbiting scroll.

[0039] In some configurations of the compressor of any one or more of the above
paragraphs, the piston-retention member includes a first locking ring and a second
locking ring.

[0040] In some configurations of the compressor of any one or more of the above
paragraphs, the first and second locking rings are disposed axially between an axial
end of the piston and a surface of the first end plate.

[0041] In some configurations of the compressor of any one or more of the above
paragraphs, each of the first and second locking rings include a plurality of first teeth
and a plurality of second teeth.

[0042] In some configurations of the compressor of any one or more of the above
paragraphs, the second teeth of the first locking ring engage the second teeth of the
second locking ring.

[0043] In some configurations of the compressor of any one or more of the above
paragraphs, the first teeth of the first locking ring engage the axial end of the piston.
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[0044] In some configurations of the compressor of any one or more of the above
paragraphs, the rotationally fixed structure includes a discharge valve disposed axially
between the axial end of the piston and the surface of the first end plate.

[0045] In some configurations of the compressor of any one or more of the above
paragraphs, the first teeth of the second locking ring engage the discharge valve.

[0046] In some configurations of the compressor of any one or more of the above
paragraphs, the first end plate defines a recess that receives a portion of the piston and
includes internal threads that threadably engage external threads of the piston.

[0047] In some configurations of the compressor of any one or more of the above
paragraphs, the internal threads include a wedge ramp that engages a crest of the
external threads of the piston.

[0048] Further areas of applicability will become apparent from the description
provided herein. The description and specific examples in this summary are intended
for purposes of illustration only and are not intended to limit the scope of the present

disclosure.

DRAWINGS

[0049] The drawings described herein are for illustrative purposes only of
selected embodiments and not all possible implementations, and are not intended to
limit the scope of the present disclosure.

[0050] Figure 1 is a cross-sectional view of a compressor according to the
principles of the present disclosure;

[0051] Figure 2 is a partial cross-sectional view of the compressor of Figure 1;

[0052] Figure 3 is a cross-sectional view of a piston of a capacity modulation
assembly of the compressor;

[0053] Figure 4 is a partially cut away perspective view of the piston, a partition,
a non-orbiting scroll, and a piston-retention member according to the principles of the
present disclosure;

[0054] Figure 5 is an exploded view of the piston, piston-retention member, wear
ring, and partition;

[0055] Figure 6 is a partial cross-sectional view of the piston, the wear ring, and
the piston-retention member engaging a notch in the piston;

[0056] Figure 7 is a schematic representation of a climate-control system in
which the compressor is installed;
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[0057] Figure 8 is a partially cut away perspective view of an alternative piston,
alternative partition, the non-orbiting scroll, and an alternative piston-retention member
according to the principles of the present disclosure;

[0058] Figure 9 is a partial cross-sectional view of the piston, the wear ring, and
the piston-retention member of Figure 8;

[0059] Figure 10 is a partial cross sectional view of the compressor having
another alternative piston, another alternative partition, an alternative end cap, and
another alternative piston-retention member according to the principles of the present
disclosure;

[0060] Figure 11 is a partial cross-sectional view of the compressor having yet
another alternative piston and locking rings according to the principles of the present
disclosure;

[0061] Figure 12 is a perspective view of the locking rings;

[0062] Figure 13 is a side view of the locking rings engaging the piston and a
discharge valve; and

[0063] Figure 14 is a partial cross-sectional view of an embodiment of a piston
and an embodiment of a non-orbiting scroll according to the principles of the present
disclosure.

[0064] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[0065] Example embodiments will now be described more fully with reference to
the accompanying drawings.

[0066] Example embodiments are provided so that this disclosure will be
thorough, and will fully convey the scope to those who are skilled in the art. Numerous
specific details are set forth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodiments of the present
disclosure. It will be apparent to those skilled in the art that specific details need not be
employed, that example embodiments may be embodied in many different forms and
that neither should be construed to limit the scope of the disclosure. In some example
embodiments, well-known processes, well-known device structures, and well-known

technologies are not described in detail.
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[0067] The terminology used herein is for the purpose of describing particular
example embodiments only and is not intended to be limiting. As used herein, the

singular forms "a,” "an," and "the" may be intended to include the plural forms as well,

unless the context clearly indicates otherwise. The terms "comprises," "comprising,"
“‘including,” and “having,” are inclusive and therefore specify the presence of stated
features, integers, steps, operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof. The method steps, processes, and
operations described herein are not to be construed as necessarily requiring their
performance in the particular order discussed or illustrated, unless specifically identified
as an order of performance. It is also to be understood that additional or alternative
steps may be employed.

[0068] When an element or layer is referred to as being "on," “engaged to,”
"connected to," or "coupled to" another element or layer, it may be directly on, engaged,
connected or coupled to the other element or layer, or intervening elements or layers
may be present. In contrast, when an element is referred to as being "directly on,"
“directly engaged to,” "directly connected to," or "directly coupled to" another element or
layer, there may be no intervening elements or layers present. Other words used to
describe the relationship between elements should be interpreted in a like fashion (e.g.,

“between” versus “directly between,” “adjacent” versus “directly adjacent,” etc.). As
used herein, the term "and/or" includes any and all combinations of one or more of the
associated listed items.

[0069] Although the terms first, second, third, etc. may be used herein to
describe various elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should not be limited by these
terms. These terms may be only used to distinguish one element, component, region,

layer or section from another region, layer or section. Terms such as “first,” “second,”
and other numerical terms when used herein do not imply a sequence or order unless
clearly indicated by the context. Thus, a first element, component, region, layer or
section discussed below could be termed a second element, component, region, layer
or section without departing from the teachings of the example embodiments.

[0070] Spatially relative terms, such as “inner,” “outer,” "beneath," "below,"

"lower," "above," "upper," and the like, may be used herein for ease of description to

describe one element or feature's relationship to another element(s) or feature(s) as
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illustrated in the figures. Spatially relative terms may be intended to encompass
different orientations of the device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the figures is turned over, elements
described as "below" or "beneath" other elements or features would then be oriented
"above" the other elements or features. Thus, the example term "below" can
encompass both an orientation of above and below. The device may be otherwise
oriented (rotated 90 degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0071] With reference to Figures 1-5, a compressor 10 is provided that may
include a hermetic shell assembly 12, a first bearing housing assembly 14, a second
bearing housing assembly 15, a motor assembly 16, a compression mechanism 18, a
floating seal assembly 20, and a capacity modulation assembly 22. The shell assembly
12 may generally form a compressor housing and may include a cylindrical shell 21, an
end cap 24 at the upper end of the shell 21, a transversely extending partition 26, and a
base 28 at a lower end of the shell 21. The end cap 24 and partition 26 may generally
define a discharge chamber 30. A discharge gas outlet fitting 32 may be attached to
the shell assembly 12 at an opening in the end cap 24. A suction gas inlet fitting 34
may be attached to the shell assembly 12 at another opening and may communicate
with a suction chamber 35 defined by the shell 21 and the partition 26. The partition 26
may include a discharge passage 36 that provides fluid communication between the
compression mechanism 18 (which is disposed in the suction chamber 35) and the
discharge chamber 30.

[0072] The first bearing housing assembly 14 may be affixed to the shell 21 and
may include a first bearing housing 38 and a first bearing 40. The first bearing housing
38 may house the first bearing 40 therein and may define an annular flat thrust bearing
surface 42 on an axial end surface thereof. The second bearing housing assembly 15
may be affixed to the shell 21 and may include a second bearing housing 39 and a
second bearing 41. The second bearing housing 39 may house the second bearing 41
therein.

[0073] The motor assembly 16 may include a motor stator 44 and a rotor 46.
The motor stator 44 may be attached to the shell 21 (e.g., via press fit, staking, and/or
welding). The rotor 46 may be attached to a driveshaft 48 (e.g., via press fit, staking,
and/or welding). The driveshaft 48 may be driven by the rotor 46 and may be
supported by the first and second bearings 40, 41 for rotation relative to the shell
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assembly 12. In some configurations, the motor assembly 16 is a variable-speed
motor. In other configurations, the motor assembly 16 could be a multi-speed motor or
a fixed-speed motor.

[0074] The compression mechanism 18 may generally include an orbiting scroll
52, a non-orbiting scroll 54 and an Oldham coupling 56. The orbiting scroll 52 may
include an end plate 58 having a spiral wrap 60 on the upper surface thereof and an
annular flat thrust surface 62 on the lower surface. The thrust surface 62 may interface
with the annular flat thrust bearing surface 42 on the first bearing housing 38. A
cylindrical hub 64 may project downwardly from the thrust surface 62 and may have a
drive bushing 66 rotatably disposed therein. A drive bearing 67 may be disposed within
the hub 64 and may surround the drive bushing 66. The drive bushing 66 may include
an inner bore in which an eccentric crank pin 50 of the driveshaft 48 is drivingly
disposed. A flat surface of the crankpin 50 may drivingly engage a flat surface in a
portion of the inner bore of the drive bushing 66 to provide a radially compliant driving
arrangement. The Oldham coupling 56 may be engaged with the orbiting and non-
orbiting scrolls 52, 54 or with the orbiting scroll 52 and the first bearing housing 38 to
prevent relative rotation therebetween.

[0075] The non-orbiting scroll 54 may include an end plate 68 and a spiral wrap
70 projecting downwardly from the end plate 68. The spiral wrap 70 may meshingly
engage the spiral wrap 60 of the orbiting scroll 52, thereby creating a series of moving
compression pockets. The compression pockets defined by the spiral wraps 60, 70
may decrease in volume as they move from a radially outer position (at a suction
pressure) to a radially intermediate position (at an intermediate pressure) to a radially
inner position (at a discharge pressure) throughout a compression cycle of the
compression mechanism 18.

[0076] The end plate 68 may include a discharge passage 72 (Figure 2), an
intermediate passage 74 (Figure 1), a central recess 75 (Figures 1 and 2), and an
annular recess 76 (Figures 1 and 2) that surrounds the central recess 75. The
discharge passage 72 is in communication with one of the fluid pockets at the radially
inner position and allows compressed working fluid (e.g., at the discharge pressure) to
flow into the discharge chamber 30. The intermediate passage 74 may provide fluid
communication between one of the fluid pockets at the radially intermediate position
and the annular recess 76. The annular recess 76 may receive the floating seal
assembly 20 and cooperate with the floating seal assembly 20 to define an axial biasing

10
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chamber 78 therebetween. The axial biasing chamber 78 receives fluid from the fluid
pocket in the intermediate position through the intermediate passage 74. A pressure
differential between the intermediate-pressure fluid in the biasing chamber 78 and fluid
in the suction chamber 35 exerts an axial biasing force on the non-orbiting scroll 54
urging the non-orbiting scroll 54 in an axial direction (i.e., in a direction along a
rotational axis of the driveshaft 48) toward the orbiting scroll 52 to sealingly engage the
scrolls 52, 54 with each other. In some configurations, one or more springs 79 may be
disposed within the axial biasing chamber 78 between the floating seal assembly 20
and the end plate 68 and may urge the non-orbiting scroll 54 in the axial direction
toward the orbiting scroll 52 to sealingly engage the scrolls 52, 54 with each other.

[0077] The floating seal assembly 20 may be at least partially disposed within the
annular recess 76 and may seal off the axial biasing chamber 78 from the discharge
chamber 30 and the suction chamber 35 and seal off the suction chamber 35 from the
discharge chamber 30 will still allowing the non-orbiting scroll 54 to move in the axial
direction relative to the orbiting scroll 52. The floating seal assembly 20 may include an
annular base plate 80, a first annular sealing member 82, and a second annular sealing
member 84. The annular base plate 80 may be fixed to the first annular sealing
member 82 with the second annular sealing member 84 sandwiched therebetween.
The first annular sealing member 82 may sealingly engage the partition 26 (e.g., a wear
ring 27 of the partition 26 that defines the discharge passage 36). The second annular
sealing member 84 may sealingly engage surfaces of the non-orbiting scroll 54 that
define radially inner and outer diameters of the annular recess 76. It will be appreciated
that the floating seal assembly 20 could be configured in a variety of other ways that
are known in the art. For example, in some configurations, the floating seal assembly
20 could be a one-piece annular member.

[0078] The capacity modulation assembly 22 may be operable to selectively
switch the compressor 10 between a full capacity mode and a reduced capacity mode.
To operate the compressor 10 in the full capacity mode, the capacity modulation
assembly 22 may axially bias the non-orbiting scroll 54 into sealing engagement with
the orbiting scroll 52. To operate the compressor 10 in the reduced capacity mode, the
capacity modulation assembly 22 may cause the non-orbiting scroll 54 to move axially
away from the orbiting scroll 52 to axially separate the non-orbiting scroll 54 from the
orbiting scroll 52 to allow compression pockets to leak into the suction chamber 35.

11
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[0079] The capacity modulation assembly 22 may include a piston 86 and a
capacity-modulation fitting 90. As shown in Figure 3, the piston 86 may include a
generally cylindrical main body 92 and a flange portion 94. The flange portion 94 may
be disposed at a first axial end 95 of the main body 92 and may extend radially outward
from the first axial end 95. Threads 96 may be formed on an outer diametrical surface
99 of the main body 92 at or proximate a second axial end 97 of the main body 92. The
main body 92 may include an axially extending discharge passage 98 that extends in
an axial direction (i.e., along a longitudinal axis of the main body 92) through the first
axial end 95 and through a portion of the main body 92. One or more radially extending
passages 100 may extend from the axially extending discharge passage 98 through the
outer diametrical surface 99 of the main body 92.

[0080] A first aperture 102 may extend through the first axial end 95 of the main
body 92. A second aperture 104 may extend radially through the outer diametrical
surface 99 of the main body 92 at a location axially between the passages 100 and the
first aperture 102. An orifice 106 may provide fluid communication between the first
and second apertures 102, 104. The orifice 106 may have a diameter that is
substantially smaller than diameters of the first and second apertures 102, 104. The
diameter of the orifice 106 may be selected to limit a flow rate of fluid flowing between
the first and second apertures 102, 104.

[0081] As shown in Figure 2, the main body 92 of the piston 86 extends through
the discharge passage 36 (defined by the wear ring 27 of the partition 26) and the
second axial end 97 of the main body 92 of the piston 86 is threadably received in the
central recess 75 of the non-orbiting scroll 54 (i.e., the threads 96 of the piston 86 are
engaged with corresponding threads 77 on the non-orbiting scroll 54). A discharge
valve 108 (including, for example, a reed valve 109 and a valve backer 110) may be
disposed within the central recess 75 between the discharge passage 72 of the non-
orbiting scroll 54 and the second axial end 97 of the main body 92 of the piston 86. The
valve backer 110 may be attached to the end plate 68 by pins and/or threaded
fasteners, for example. The discharge valve 108 allows fluid flow from the discharge
passage 72 of the non-orbiting scroll 54 to the discharge passage 98 of the piston 86
and restricts fluid flow from the discharge passage 98 to the discharge passage 72. The
discharge passage 98 of the piston 86 is in fluid communication with the discharge
chamber 30 via the passages 100. In this manner, compressed working fluid can be
discharged from the compression mechanism 18 by flowing through the discharge
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passage 72, through the discharge valve 108, through the discharge passage 98,
through the passages 100, and into the discharge chamber 30.

[0082] An annular seal assembly 112 may engage the flange portion 94 of the
piston 86. The seal assembly 112 may include an annular lip seal 114 and one or more
annular retainers 116. The lip seal 114 and retainer 116 may encircle the first axial end
95 of the main body 92 of the piston 86. The retainer 116 may engage the piston 86
(e.g., by press fit, shrink fit, and/or fasteners) and the lip seal 114 may be sandwiched
between the retainer 116 and the flange portion 94 of the piston 86.

[0083] As shown in Figure 2, the end cap 24 of the shell assembly 12 may define
a generally cylindrical recess 118 that fixedly receives an annular recess fitting 120.
The first axial end 95 of the main body 92 of the piston 86 and the flange portion 94 of
the piston 86 may be slidably received in the recess 118 (e.g., slidably received in the
recess fitting 120 so that the piston 86 can move in an axial direction (i.e., a direction
along or parallel to the longitudinal axis of the piston 86) relative to the end cap 24 and
recess fitting 120). The seal assembly 112 sealingly engages the recess fitting 120 and
the piston 86 so that a pressure chamber 122 is formed within the recess 118 between
the first axial end 95 of the piston 86 and an end wall 124 of the end cap 24.

[0084] The capacity-modulation fitting 90 may extend through the end wall 124 of
the end cap 24 and may be in fluid communication with the pressure chamber 122.
The pressure chamber 122 may also be in fluid communication with the discharge
chamber 30 via the first and second apertures 102, 104 and the orifice 106.

[0085] Figure 7 shows an example of a climate-control system in which the
compressor 10 may be installed. In addition to the compressor 10, the climate-control
system may include an outdoor heat exchanger {(e.g., a condenser) 11, a first
axpansion device {e.g., an expansion valve or capillary tube) 13, a flash tank or an
gconomizer 9, a second expansion device {e.g., an expansion valve or capiflary
fube) 17, and an indoor heat exchanger {e.¢., an evaporator) 18. During operation of
the comprassor 10, working Huid is compressed by the compression mechanism 18 and
is discharged from the compressor 10 through the discharge fitting 32,  The
compressad working fluid may flow from the discharge filling 32 1o the outdoor heat
exchanger 11, where heat from the working Huid may be transterred o ambient gir {or
to another cooling fluid). From the outdoor heat exchanger 11, the working fluid may
flow through the first expansion device 13, where the pressure of the working fluid is

raduced.
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[0086] From the firsi expansion device 13, the working fluid may How into the
flash tank 8. A first portion of the Huid in the flash fank 8 {e.g., vapor working fluid) may
flow through a fluid-injection conduit 23 that may be coupled to a fluid-injection inlet
fitting 37 of the compressor 10, The Huid-injection inlet filling 37 may be in fluid
communication with an intermediate-pressure compression pocket (i.e., a pocket that is
at a radially intermediate position) of the compression mechanism 18. A control valve
25 {e.g., a solenoid valve) may control fluid flow through the fluid-injection conduit 23.

[0087] A second porlion of the Huid in the flash tank 9 {e.q., liquid working fluid)
may flow through the second expansion device 17, wherein iis pressure is further
reduced. From the second expansion device 17, the working fluid may How through the
indoor heatl exchanger 19, where the working Huid may absorb heat from a space io be
cooled. From the indoor heal axchanger 19, the working fluid may How back into the
comprassor 10 through the suction gas inlet fitting 34.

[0088] The capacity-modulation fitting 90 of the compressor 10 may be in fluid
communication with a source of reduced-pressure working fluid (e.g., working fluid at a
lower pressure than discharge pressure). The source of reduced-pressure working fluid
may be a source of intermediate-pressure working fluid (e.g., the flash tank or
economizer 9 or the fluid-injection conduit 23 or fitting 37) or a source of suction-
pressure working fluid (e.g., the suction chamber 35, suction gas inlet fitting 34, or a
suction conduit extending between the indoor heat exchanger 19 and the suction gas
inlet fitting 34). A capacity-modulation control valve 91 (Figure 7) may be fluidly
coupled to the capacity-modulation fitting 90 and may be selectively opened and closed
to allow and prevent fluid communication between the pressure chamber 122 (Figures
1 and 2) and the source of reduced-pressure working fluid to switch the compressor 10
between the full capacity mode and the reduced capacity mode.

[0089] To axially bias the non-orbiting scroll 54 into sealing engagement with the
orbiting scroll 52 for full capacity operation, the capacity-modulation control valve 91
may be moved to a first position by a control module to block fluid flow between the
pressure chamber 122 and the source of reduced-pressure working fluid. By blocking
fluid communication between the pressure chamber 122 and the source of reduced-
pressure working fluid, the fluid pressure within the pressure chamber 122 will raise to
that of the discharge chamber 30 due to the fluid communication between the pressure
chamber 122 and the discharge chamber 30 via the first and second apertures 102,
104 and orifice 106. When the fluid pressures within the pressure chamber 122 and the
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discharge chamber 30 are equal or close to equal, the axial biasing force exerted by the
intermediate pressure working fluid in the axial biasing chamber 78 will axially bias the
non-orbiting scroll 54 into sealing engagement with the orbiting scroll 52.

[0090] To switch the compressor 10 to the reduced-capacity mode, the capacity-
modulation control valve 91 may be moved to a second position by the control module
to allow fluid communication between the pressure chamber 122 and the source of
reduced-pressure working fluid. By allowing fluid communication between the pressure
chamber 122 and the source of reduced-pressure working fluid, the fluid pressure
within the pressure chamber 122 will be reduced due to the fluid communication
between the pressure chamber 122 and the source of reduced-pressure working fluid.
When the fluid pressure within the pressure chamber 122 is reduced relative to the fluid
pressure of the discharge chamber 30, the higher pressure working fluid in the
discharge chamber 30 will push the piston 86 axially toward the end wall 124 (i.e., away
from the orbiting scroll 52), which causes the non-orbiting scroll 54 to move axially
away from the orbiting scroll 52, thereby axially separating the non-orbiting scroll 54
from the orbiting scroll 52 to allow the compression pockets to leak into the suction
chamber 35.

[0091] Referring now to Figures 4-6, a piston-retention member 130 may
engage the piston 86 and a rotationally fixed structure within the compressor 10, such
as a component of the shell assembly 12 (e.g., the partition 26 or end cap 24) or the
non-orbiting scroll 54 in a manner that (a) allows the piston 86 to be rotated relative to
the non-orbiting scroll 54 in a first rotational direction R1 to threadably inserted the
piston 86 into the central recess 75, and (b) restricts rotation of the piston 86 relative to
the non-orbiting scroll 54 in a second rotational direction R2 (opposite the first rotational
direction) that threadably loosens the piston 86 relative to the non-orbiting scroll 54. In
other words, the piston-retention member 130 allows the piston 86 to be threaded into
the non-orbiting scroll 54 while preventing the piston 86 from threadably loosening or
backing out of the non-orbiting scroll 54. The piston-retention member 130 also allows
the piston 86 to move in the axial direction to switch the compressor 10 between the full
capacity and reduced capacity modes, as described above.

[0092] In the configuration shown in Figures 4-6, the piston-retention member
130 may be a tab, lever, or protrusion that is hingedly mounted to the partition 26 (e.g.,
the wear ring 27 of the partition 26). A first end 131 of the piston-retention member 130

may include an aperture 132 (Figures 5 and 6) that receives a pin 134 or other fastener.
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The pin 134 may also be received in an aperture 136 formed in the wear ring 27 to
attach the piston-retention member 130 to the wear ring 27. The piston-retention
member 130 is rotatable relative to the wear ring 27 about a rotational axis defined by
the pin 134.

[0093] As shown in Figures 5 and 6, the wear ring 27 may include a recess 138
that can movably receive at least a portion of the piston-retention member 130. The
first end 131 of the piston-retention member 130 and the pin 134 may be received in
the recess 138. A torsion spring 139 (Figures 5 and 6) may engage the piston-retention
member 130 and a wall of the recess 138 and may rotationally bias a second end 140
of the piston-retention member 130 into engagement with the piston 86.

[0094] The main body 92 of the piston 86 may include a plurality of detents or
notches 142 formed in the outer diametrical surface 99 of the main body 92. The
notches 142 may be arranged in a circular pattern that extends around the
circumference of the main body 92. As shown in Figure 6, each of the notches 142
may include a ramped or sloped surface 144 and an end wall 146.

[0095] As shown in Figure 6, the second end 140 of the piston-retention member
130 can be received in any of the notches 142 and may abut the end wall 146.
Interference between the piston-retention member 130 and the end wall 146 prevents
the piston 86 from rotating relative to the wear ring 27 (and relative to the non-orbiting
scroll 54) in the second rotational direction R2. The piston-retention member 130
allows the piston 86 to rotate relative to the wear ring 27 and non-orbiting scroll 54 in
the first rotational direction R1 because as the piston 86 rotates in the first rotational
direction R1, the ramped surface 144 slides along the piston-retention member 130 and
pushes the second end 140 of the piston-retention member 130 outward toward the
wear ring 27. In this manner, the piston-retention member 130 and notches 142
function as a ratchet to allow threaded tightening of the piston 86 within the non-orbiting
scroll 54 and restrict threaded loosening of the piston 86 relative to the non-orbiting
scroll 54. It will be appreciated that, instead of the notches 142, the piston 86 could
include teeth or ramped protrusions that extend outward to engage the piston-retention
member 130.

[0096] Referring now to Figures 8 and 9, an alternative piston 286, an alternative
wear ring 227, and an alternative piston-retention member 330 are provided that can be
incorporated into the compressor 10 instead of the piston 86, wear ring 27, and piston-
retention member 130 described above. The structure and function of the piston 286,
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wear ring 227, and piston-retention member 330 may be similar or identical to that of
the piston 86, wear ring 27, and piston-retention member 130 described above, apart
from differences described below and/or shown in the drawings. Therefore, some
similar features will not be described again in detail.

[0097] Like the piston 86, the piston 286 includes a main body 292 that extends
through a discharge passage 236 defined by the wear ring 227. The main body 292
includes threads that threadably engage mating threads of the non-orbiting scroll 54, as
described above. A recess 238 may be formed in an outer diametrical surface 299 of
the main body 292. The piston-retention member 330 may be at least partially received
in the recess 238 and may be pivotably mounted (e.g., via pin 334 (like pin 134)) to the
main body 292. A spring 339 (like spring 139) engages the main body 292 and the
piston-retention member 330 and rotationally biases an end 340 of the piston-retention
member 330 outward toward the wear ring 227.

[0098] The wear ring 227 may include a plurality of detents or notches 342. Like
the notches 142, the notches 342 may include a sloped or ramped surface 344 and an
end wall 346. The notches 342 may be arranged in a circular pattern that extends
around the inner diametrical surface of the wear ring 227.

[0099] As shown in Figure 9, the end 340 of the piston-retention member 330
can be received in any of the notches 342 and may abut the end wall 346. Interference
between the piston-retention member 330 and the end wall 346 prevents the piston 286
from rotating relative to the wear ring 227 (and relative to the non-orbiting scroll 54) in
the second rotational direction R2. The piston-retention member 330 allows the piston
286 to rotate relative to the wear ring 227 and non-orbiting scroll 54 in the first rotational
direction R1 because as the piston 286 rotates in the first rotational direction R1, the
piston-retention member 330 slides along the ramped surface 344 and the ramped
surface 344 pushes the second end 340 of the piston-retention member 330 inward
toward the main body 292. In this manner, the piston-retention member 330 and
notches 342 function as a ratchet to allow threaded tightening of the piston 286 within
the non-orbiting scroll 54 and restrict threaded loosening of the piston 286 relative to
the non-orbiting scroll 54. It will be appreciated that, instead of the notches 342, the
wear ring 227 could include teeth or ramped protrusions that extend inward to engage
the piston-retention member 330.

[0100] Referring now to Figure 10, an alternative piston 486, an alternative wear
ring 427, an alternative piston-retention member 530, and an alternative end cap 424
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are provided that can be incorporated into the compressor 10 instead of the piston 86,
wear ring 27, piston-retention member 130, and end cap 24 described above. The
structure and function of the piston 486, wear ring 427, piston-retention member 530,
and end cap 424 may be similar or identical to that of the piston 86, wear ring 27,
piston-retention member 130, and end cap 24 described above, apart from differences
described below and/or shown in the drawings. Therefore, some similar features will
not be described again in detail.

[0101] Like the piston 86, the piston 486 includes a main body 492 that extends
through a discharge passage 436 defined by the wear ring 427. The main body 492
includes threads that threadably engage mating threads of the non-orbiting scroll 54, as
described above.

[0102] Instead of being mounted to extend radially outward from an outer
diametrical surface of the main body 492 of the piston 486 or mounted to extend
radially inward from the wear ring 427, the piston-retention member 530 may be
pivotably mounted to a flange portion 494 (like the flange portion 94) of the piston 486
(as shown in Figure 10) or to an axial end 495 of the piston 486 adjacent the flange
portion 494. A first end 531 of the piston-retention member 530 may be attached to the
piston 486 via a pin (like the pin 134). The piston-retention member 530 may extend
from the piston 486 toward an end wall 524 of the end cap 424 (e.g., the end wall
defining pressure chamber 522 (like pressure chamber 122)). A second end 540 of the
piston-retention member 530 may selectively engage one of a plurality of detents or
notches 542 (like notches 142, 342) formed in the end wall 524 of the end cap 424.
The plurality of notches 542 may be arranged in a circular pattern that is centered on a
longitudinal axis of the main body 492 of the piston 486.

[0103] Interference between the piston-retention member 530 and an end wall
(like end wall 146, 346) of one of the notches 542 prevents the piston 486 from rotating
relative to the end cap 424 (and relative to the non-orbiting scroll 54) in the second
rotational direction R2. The piston-retention member 530 allows the piston 486 to
rotate relative to the end cap 424 and non-orbiting scroll 54 in the first rotational
direction R1 because as the piston 486 rotates in the first rotational direction R1, the
piston-retention member 530 slides along a ramped surface (like ramped surface 144,
344) of the notch 542 and the ramped surface pushes the second end 540 of the
piston-retention member 530 toward the piston 486. In this manner, the piston-
retention member 530 and notches 542 function as a ratchet to allow threaded
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tightening of the piston 486 within the non-orbiting scroll 54 and restrict threaded
loosening of the piston 486 relative to the non-orbiting scroll 54. It will be appreciated
that, instead of the notches 542, the end cap 424 could include teeth or ramped
protrusions that engage the piston-retention member 530. Furthermore, in some
embodiments, the piston-retention member 530 could be pivotably mounted to the end
cap 424 and selectively engage notches 542 formed in the piston 486 to restrict rotation
of the piston 486 in the second rotational direction R2 while allowing rotation of the
piston in the first rotational direction R1.

[0104] Referring now to Figure 11, an alternative piston 686, an alternative wear
ring 627, and an alternative piston-retention member 730 are provided that can be
incorporated into the compressor 10 instead of the piston 86, wear ring 27, and piston-
retention member 130 described above. The structure and function of the piston 686,
wear ring 627, and piston-retention member 730 may be similar or identical to that of
the piston 86, wear ring 27, and piston-retention member 130 described above, apart
from differences described below and/or shown in the drawings. Therefore, some
similar features will not be described again in detail.

[0105] Like the piston 86, the piston 686 includes a main body 692 and a flange
portion 694. The main body 692 extends through a discharge passage 636 defined by
the wear ring 627. The main body 692 includes threads 696 that threadably engage
mating threads 77 of the non-orbiting scroll 54, as described above. An annular seal
assembly 712 (similar or identical to seal assembly 112) may sealingly engage the
flange portion 694 of the piston 686 and sealingly engage a recess fitting 720 so that a
pressure chamber 722 is formed within the recess 118 of the end cap 24, as described
above.

[0106] As shown in Figures 11-13, the piston-retention member 730 may include
a first locking ring 732 and a second locking ring 734. The first and second locking rings
732, 734 may be sandwiched between the valve backer 110 of the discharge valve 108
and an axial end 697 (i.e., an axial end opposite the flange portion 694) of the main
body 692 of the piston 686. The first and second locking rings 732, 734 may be
identical to each other and may each include a first side 736 and a second side 738.
The first side 736 of each of the locking rings 732, 734 may include a plurality of first
teeth 740 arranged in a circular pattern extending around a longitudinal axis of the
locking rings 732, 734. Each of the first teeth 740 may include a ramped surface 742
and a ledge 744. The second side 738 of each of the locking rings 732, 734 may
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include a plurality of second teeth (or cams) 746 arranged in a circular pattern
extending around the longitudinal axis of the locking rings 732, 734. Each of the
second teeth 746 may include a ramped surface 748 and a ledge 750.

[0107] As shown in Figure 13, the first side 736 of the first locking ring 732 is
engaged with the axial end 697 of the piston 686, the first side 736 of the second
locking ring 734 is engaged with an axial end of the valve backer 110 of the discharge
valve 108, and the second sides 738 of the locking rings 732, 734 are engaged with
each other. As the piston 686 is threaded into engagement with the non-orbiting scroll
54 (i.e., as the piston 686 is threadably tightened within the central recess 75 of the
non-orbiting scroll 54), (a) the first teeth 740 of the first locking ring 732 may engage
(e.g., dig into) the axial end 697 of the piston 686, (b) the first teeth 740 of the second
locking ring 734 may engage (e.g., dig into) the valve backer 110, and (c) the ledges
750 of the second teeth 746 of the first locking ring 732 may engage the ledges 750 of
the second teeth 746 of the second locking ring 734. Such engagement among the
locking rings 732, 734, the piston 686 and the valve backer 110 may restrict or prevent
the piston 686 from unthreading (threadably loosening) from the central recess 75 of
the non-orbiting scroll 54.

[0108] While the first teeth 740 of the second locking ring 734 are described
above as engaging the discharge valve 108, in some configurations of the compressor
10 (e.g., configurations that do not include the discharge valve 108 in the central recess
75), the first teeth 740 of the second locking ring 734 may engage a surface 73 of the
end plate 68 of the non-orbiting scroll 54. As shown in Figure 11, the surface 73 may
define an axial end of the central recess 75, and the discharge passage 72 may extend
through the surface 73.

[0109] By preventing the piston 86, 286, 486, 686 from threadably loosening
from the non-orbiting scroll 54, the piston-retention member 130, 330, 530, 730 may
reduce or eliminate rattling or vibration of the piston 86, 286, 486, 686 and/or discharge
valve 108, which produces undesirable noises during operation of the compressor 10.
Furthermore, the piston-retention member 130, 330, 530, 730 can prevent the piston
86, 286, 486, 686 from disengaging the non-orbiting scroll 54, which could prevent the
compressor 10 from modulating between the full capacity and reduced capacity modes.

[0110] In some configurations of the compressor 10, the internal (female) threads
77 of the central recess 75 of the non-orbiting scroll 54 may be self-locking threads. As
shown in Figure 14, the threads 77 may include change in pitch at or adjacent a root 81
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of the threads 77. That is, a first portion 83 of the threads 77 at or adjacent the root 81
may have a first pitch, and a second portion 85 of the thread 77 adjacent a crest 87 of
the thread 77 may have a second pitch that is different than the first pitch. The first
portion 83 having a different pitch than the second portion 85 forms a wedge ramp 89
against which the crest of the threads 96, 696 of the piston 86, 286, 486, 686 is drawn
as the piston 86, 286, 486, 686 is threadably tightened within the central recess 75.
This restricts or prevents vibration from threadably loosening the piston 86, 286, 486,
686 relative to the non-orbiting scroll 54. It will be appreciated that the threads 77 with
wedge ramp 89 can be included in any of the configurations of the compressor 10
described above instead of or in addition to the piston-retention members 130, 330,
530, 730.

[0111] The foregoing description of the embodiments has been provided for
purposes of illustration and description. It is not intended to be exhaustive or to limit the
disclosure. Individual elements or features of a particular embodiment are generally not
limited to that particular embodiment, but, where applicable, are interchangeable and
can be used in a selected embodiment, even if not specifically shown or described. The
same may also be varied in many ways. Such variations are not to be regarded as a
departure from the disclosure, and all such modifications are intended to be included

within the scope of the disclosure.
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CLAIMS

What is claimed is:

1. A compressor comprising:

a shell assembly defining a discharge chamber;

a first scroll disposed within the shell assembly and including a first end plate
and a first spiral wrap extending from the first end plate;

a second scroll disposed within the shell assembly and including a second end
plate and a second spiral wrap extending from the second end plate, the first and
second spiral wraps meshing with each other to form a plurality of fluid pockets
therebetween;

a piston engaging the first scroll and cooperating with the shell assembly to
define a pressure chamber therebetween, wherein the pressure chamber is in selective
fluid communication with a first source of working fluid to control movement of the
piston relative to the shell assembly; and

a piston-retention member engaging the piston and a rotationally fixed structure,
wherein the piston-retention member allows rotation of the piston relative to the first
scroll in a first rotational direction and restricts rotation of the piston relative to the first
scroll in a second rotational direction that is opposite the first rotational direction.

2. The compressor of claim 1, wherein the rotationally fixed structure is a partition
of the shell assembly, wherein the partition partially defines the discharge chamber and

a suction chamber.

3. The compressor of claim 2, wherein the piston-retention member is pivotably
mounted to the partition and selectively engages one of a plurality of notches formed on
the piston.

4. The compressor of claim 3, wherein the piston-retention member is pivotably
mounted to a wear ring of the partition.

5. The compressor of claim 2, wherein the piston-retention member is pivotably
mounted to the piston and selectively engages one of a plurality of notches formed on
the partition.

6. The compressor of claim 5, wherein the plurality of notches are formed on a

wear ring of the partition.
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7. The compressor of claim 1, wherein the rotationally fixed structure is an end cap
of the shell assembly, wherein the end cap partially defines the pressure chamber and

the discharge chamber.

8. The compressor of claim 7, wherein the piston-retention member is pivotably
mounted to the piston and selectively engages one of a plurality of notches formed on
the end cap.

9. The compressor of claim 8, wherein the piston-retention member is disposed in
the pressure chamber.

10.  The compressor of claim 1, wherein a spring engages the piston-retention
member and the rotationally fixed structure, and wherein the spring biases the piston-

retention member into engagement with a selected one of a plurality of notches.

11.  The compressor of claim 1, wherein the rotationally fixed structure includes the
first scroll, wherein the piston-retention member includes a first locking ring and a
second locking ring, and wherein the first and second locking rings are disposed axially

between an axial end of the piston and a surface of the first end plate.

12.  The compressor of claim 11, wherein each of the first and second locking rings
include a plurality of first teeth and a plurality of second teeth, wherein the second teeth
of the first locking ring engage the second teeth of the second locking ring.

13. The compressor of claim 12, wherein the first teeth of the first locking ring
engage the axial end of the piston, wherein the rotationally fixed structure includes a
discharge valve disposed axially between the axial end of the piston and the surface of
the first end plate, and wherein the first teeth of the second locking ring engage the

discharge valve.

14. A compressor comprising:

a shell assembly having an end cap at least partially defining a discharge
chamber and a pressure chamber;

a non-orbiting scroll disposed within the shell assembly and including a first end
plate and a first spiral wrap extending from the first end plate;
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an orbiting scroll disposed within the shell assembly and including a second end
plate and a second spiral wrap extending from the second end plate, the first and
second spiral wraps meshing with each other to form a plurality of fluid pockets
therebetween;

a piston including a main body and a flange portion extending from the main
body, wherein the main body threadably engages the non-orbiting scroll, wherein the
flange portion is received within a recess defined by the end cap such that the piston
cooperates with the end cap to define the pressure chamber, wherein the pressure
chamber is in selective fluid communication with a source of working fluid to control
movement of the piston relative to the shell assembly; and

a piston-retention member engaging the piston and a rotationally fixed structure,
wherein the piston-retention member allows threadable rotation of the piston relative to
the non-orbiting scroll in a first rotational direction to threadably tighten the piston to the
non-orbiting scroll and restricts rotation of the piston relative to the non-orbiting scroll in
a second rotational direction to restrict the piston from threadably loosening from the

non-orbiting scroll.

15.  The compressor of claim 14, wherein the rotationally fixed structure is a partition
of the shell assembly, wherein the partition partially defines the discharge chamber and

a suction chamber.

16.  The compressor of claim 15, wherein the piston-retention member is pivotably
mounted to the partition and selectively engages one of a plurality of notches formed on
the piston.

17.  The compressor of claim 15, wherein the piston-retention member is pivotably
mounted to the piston and selectively engages one of a plurality of notches formed on
the partition.

18.  The compressor of claim 14, wherein the rotationally fixed structure is the end
cap of the shell assembly, and wherein the piston-retention member is pivotably
mounted to the piston and selectively engages one of a plurality of notches formed on
the end cap.
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19.  The compressor of claim 14, wherein the rotationally fixed structure includes the
non-orbiting scroll, wherein the piston-retention member includes a first locking ring and
a second locking ring, wherein the first and second locking rings are disposed axially
between an axial end of the piston and a surface of the first end plate.

20. The compressor of claim 19, wherein each of the first and second locking rings
include a plurality of first teeth and a plurality of second teeth, wherein the second teeth
of the first locking ring engage the second teeth of the second locking ring, and wherein
the first teeth of the first locking ring engage the axial end of the piston.

21.  The compressor of claim 20, wherein the rotationally fixed structure includes a
discharge valve disposed axially between the axial end of the piston and the surface of
the first end plate, and wherein the first teeth of the second locking ring engage the

discharge valve.
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