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(57) Abstract: A compressor (10) may include first and second scrolls (68,
70), a seal assembly (20) and a valve ring (126). The first scroll (70) may in -
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clude a first end plate (84) having a discharge passage(92), a modulation port
(112), and a biasing passage (110). The modulation port (112) may be in
communication with a first pocket (94) formed between spiral wraps (74, 86)
of the first and second scrolls (68, 70). The biasing passage (110) may be in
communication with a second pocket (96) formed between spiral wraps (74,
8 86) of the first and second scrolls (68, 70). The modulation valve ring (126)
is axially displaceable relative to the seal assembly (20) and the first scroll
(70) between first and second positions. The valve ring (126) may abut an
# end plate (84) of the first scroll (70) and close the modulation port (112)
when in the first position. The valve ring (126) may abut an axially-facing
surface of the seal assembly (20) and is spaced apart from the end plate (84)
to open the modulation port (112) when in the second position.
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COMPRESSOR HAVING CAPACITY MODULATION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATIONS
] This application claims the benefit of UL.8. Provisional Application
No. 62/247,987, filed on October 29, 2015 and U8, Provisional Application No.
82/247,957, filed on October 29, 2015. The entire disclosures of each of the

above applications are incorporated herein by reference.

FIELD
2] The present disclosure relates 10 a compressor having a capacity
modulation system.
BACKGROUND
33 This seclion provides background information related {o the present

disclosure and is not necessarily prior art.

4] A climate-control system such as, for example, a heal-pump
sysiem, a refrigeration system, or an air conditioning system, may include a fluid
circuit having an ouldoor heat exchanger, an indoor heat exchanger, an
expansion device disposed between the indoor and outdoor heal exchangers,
and one or more compressors circulating a working fiuid (e.g., refrigerant or
carbon dioxide) between the indoor and outdoor heat exchangers. Efficient and
reliable operation of the one or more compressors is desirable to ensure that the

climate-control system in which the one or more compressors are installed is
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capable of effectively and efficiently providing a cooling and/or heating effect on

demand.

SUMMARY

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

6] in one form, the present disclosure provides a compressor that may
inciude a shell assembly, first and second scroll members, a foating seal
assembly and a modulation valve ring. The sheli assembly may define a suction-
pressure region and a discharge-pressure region.  The shell assembly may
include a partition separating the suction-pressure region from the discharge-
pressure region. The first scroll member may be disposed within the shell
assembly and may include a first end plale having a discharge passage, a
modulation porl, g biasing passage, and g first spiral wrap extending from the
first end plate. The second scroll member may be disposed within the shell
assembly and may include a second end plate having a second spiral wrap
extending therefrom. The first and second spiral wraps meshingly engage each
other and form a series of pockels during orbital displacement of the second
scroll member relative to the first scroll member. The modulation port may be in
communication with a first one of the pockets. The biasing passage may be in
communication with a second one of the pockets. The floating seal assembly
may be engaged with the partition and the first scroll member and may isolate

the discharge-pressure region from the suction-pressure region. The modulation
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valve ring may be located axially between the fioating seal assembly and the first
egnd plate and may be in sealing engagement with an outer radial surface of a
hub extending from the first end plate and an outer radial surface of the ficating
seal assembly to define an axial biasing chamber in fluid communication with the
biasing passage. The modulation valve ring may be axially displaceable
between firat and second positions. The modulation valve ring may abut the first
end plate and close the modulation port when in the first position.  The
modulation valve ring may abul an axially-facing surface of the floaling seal
assembly and may be spaced apart from the first end plate to open the
modulation port when in the second position.

(71 The port may be located at a first wrap angle from 3 suction seal-off
location, and the biasing passage is located al a second wrap angle from the
suction seal-off location. In some configurations, a ratio of the first angle to the
second angle may be between 0.65 and 0.75.

18] in some configurations, the modulation valve ring urges the floating
seal assembly axially against the partition when the modulation valve ring is in
the second position.

9] in some configurations, the compressor includes a modulation lift
ring located axially between the modulation valve ring and the first end plate and
in sealing engagement with the modulation valve ring 1o define a modulation
control chamber betweaen the modulation valve ring and the modulation lift ring.

1o in some configurations, the compressor may include a modulation

control valve assembly operable in first and second modes and in fluid
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communication with the modulation control chamber. The modulation conirol
valve assembly may control an operating pressure within the modulation conirol
chamber and may provide a first pressure within the modulation conirol chamber
when operated in the first mode to displace the modulation valve ring o the first
position and operate the compressor in the full capacity mode. The modulation
control valve assembly may provide a second pressure within the modulation
control chamber greater than the first pressure when operated in the second
mode (o displace the modulation valve ring to the second position and operate
the compressor in the partial capacity mode.

(11} in some configurations, a radially extending passage is formed
axially between the modulation valve ring and the first end plaie when the
modulation valve ring is in the second position. The radially exiending passage
may be in communication with the modulation port.

112} in some configurations, the radially exiending passage exiends
between the modulation lift ring and the first end plate.

(13} in some configurations, the modulation lift ring includes a U-shaped
seal engaging first and second annular walls of the modulation valve ring.

(14} in some configurations, the U-shaped seal is a single, unitary body
formed from a polymeric material.

1157 in some configurations, the modulation lift ring includes a base ring
disposed axially between the U-shaped seal and the first end plate. The base
ring may include a plurality of axially extending bosses contacting the first end

plaie.
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116} in some contigurations, the U-shaped seal includes a base portion
and a pair of lips formed integrally with the base portion. The base portion may
extend perpendicular relative {o a driveshaft rotational axis. One of the lips
extends from a radially outer edge of the base portion and another of the lips
extends from a radially inner edge of the bass portion.

171 in another form, the present disclosure provides a compressor that
may include first and second scroll members, a seal assembly and a valve ring.
The first scroll member includes g first end plate having a discharge passage, a
port, a biasing passage, and a first spiral wrap extending from the first end plate.
The second scroil member includes a second end plate having a second spiral
wrap exiending therefrom. The first and second spiral wraps meshingly engage
each other and form a series of pockets therebetween. The port may be in
selective communication with one of the pockets. The biasing passage may be
in communication with one of the pockets. The seal assembly may be engaged
with the first scroll member and a partition defining a discharge chamber of the
compressor. The valve ring may be locaied axially between the seal assembily
and the first end plate and may cooperate with the seal assembly to define an
axial biasing chamber in fluid communication with the biasing passage. The
valve ring may be movable between a first position in which the valve ring abuts
the first end plate and closes the port and a second position in which the valve
ring is spaced apart from the first end plate {0 open the port.

118} The port may be located at a first wrap angle from a suction seal-off

location, and the biasing passage is located at a second wrap angle from the
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suction seal-off location. In some configurations, a ratio of the first angle 1o the
second angle may be between 0.65 and 0.75.

119} in another form, the present disclosure provides a compressor that
may include a shell assembly, first and second scroll members, a floating seal
assembly and a modulation valve ring. The shell assembly may define a suction-
pressure region and a discharge-pressure region. The shell assembly may
include a partition separating the suclion-pressure region from the discharge-
pressure region. The first scroll member may be disposed within the shell
assembly and may include a first end plate having a discharge passage, a
modulation port, a biasing passage, and a first spiral wrap exiending from the
first end plate. The second scroll member may be disposed within the sheli
assembly and may include a second end plaie having a second spiral wrap
extending therefrom. The first and second spiral wraps meshingly engage sach
other and form a series of pockets during orbital displacement of the second
scroll member relative 1o the first scroll member. The modulation port may be in
communication with a first one of the pockeis. The biasing passage may be in
communication with a second one of the pockets. The floating seal assembiy
may be engaged with the partition and the first scroll member and may isolate
the discharge-pressure region from the suction-pressure region. The modulation
valve ring may be located axially between the floating seal assembly and the first
end plate and may be in sealing engagement with an outer radial surface of a
hub extending from the first end plate and an outer radial surface of the floating

seal assembly to define an axial biasing chamber in fluid communication with the
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biasing passage. The modulation valve ring may be axially displaceable
between first and second positions. In the first position, the modulation valve ring
may abut the first end plate and close the modulation port.  In the second
position, the modulation valve ring may be spaced apart from the first end piate
to open the modulation port.  The modulation lift ring may be located axially
between the modulation valve ring and the first end plate and in sealing
engagement with the modulation valve ring to define a modulation control
chamber between the modulation valve ring and the modulation lift ring. The
modulation lift ring may include a seal having a U-shaped cross section formed
from a polymeric material and engaging first and second annular walls of the
modulation valve ring.

120} in some configurations, the U-shaped cross section includes a base
portion and a pair of lips formed integrally with the base portion. The base
portion may exiend perpendicular relative to a driveshalft rotational axis. One of
the lips extends from a radially outer edge of the base portion, and another ¢f the
fips extends from a radially inner edge of the base portion.

21} in some configurations, the one of the lips extending from the
radially inner edge of the base portion extends further from the base portion in an
axial direction than the one of the lips extending from the radially ocuter edge of
the base portion.

122} in some configurations, the modulation lift ring includes a base ring

disposed axially between the U-shaped cross sectlion and the first end plate. The
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base ring may include a plurality of axially extending bosses contacting the first
end plate.

123} in some configurations, the first end plate includes a plurality of
axially extending bosses integrally formed with the first end plate and contacting
the modulation lift ring 1o define a radially extending passage in communication
with the modulation port.

124} in another form, the present disclosure provides a compressor that
may include first and second scroll members, a seal assembly, a valve ring, and
a lift ring. The first scroli member may include a first end plate having a
discharge passage, a port, a biasing passage, and & first spiral wrap exiending
from the first end plate. The second scroll member may include a second end
plate having a second spiral wrap exiending therefrom. The first and second
spiral wraps may be meshingly engaged with each other and form &g series of
pockets therebetween. The port may be in selective communication with one of
the pockets. The biasing passage may be in communication with one of the
pockets. The seal assembly may be engaged with the first scroll member and a
partition defining a discharge chamber of the compressor. The vaive ring may be
located axially between the seal assembly and the first end plate and may
cooperate with the seal assembly to define an axial biasing chamber in fluid
communication with the biasing passage. The valve ring may be movable
between a first position in which the valve ring abuls the first end plate and
closes the port and a second position in which the valve ring is spaced apari from

the first end plate 0 open the port. The lifl ring may be at least partially disposed
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within an annular recess in the valve ring and in sealing engagement with the
valve ring to define a control chamber between the valve ring and the lift ring.
The iift ring may include a base ring having a plurality of bosses contacting the
first end plate. The base ring may include an annular main body from which the
bosses extend. The main body may be at least partially received within the
annular recess. Each of at least two of the bosses may include a flange portion
that exiends radially oculward relalive to an cuter diametrical surface of the main
body and radially ocutward relative to the annular recess.

(25} in some configurations, the first end plale includes a first annular
surface, a second annular surface, and an annular step disposed between the
first and second annular surfaces. The valve ring may contact the first annular
surface when the valve ring is in the first position. The bosses may contact the
second annular surface.

26} in some configurations, an axial thickness of the Hlange portion is
less than an axial thickness of the annular step. An inner diameter of the main
body may be less than a diameter of the annular step.

1271 in some configurations, the lift ring includes a seal having a U-
shaped cross section formed from a polymeric material and engaging first and
second annular walls of the vaive ring.

128} in another form, the present disclosure provides a compressor that
may include a shell assembly, first and second scroll members, a floating seal
assembly, and a modulation valve ring. The shell assembly may define a

suction-pressure region and a discharge-pressure region. The shell assembly
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may include a parlition separating the suclion-pressure region from the
discharge-pressure region. The first scroll member may be disposed within the
shell assembly and may include a first end plate having a discharge passage, a
modulation port, a biasing passage, and a first spiral wrap extending from the
first end plate. The second scroll member may be disposed within the shell
assembly and may include a second end plate having a second spiral wrap
extending therefrom. The first and second spiral wraps are meshingly engaged
and form a series of pockets during orbital displacement of the second scroll
member relative to the first scroll member. The modulation port may be in
communication with a first one of the pockeis. The biasing passage may be in
communication with a second one of the pockels. The floating seal assembly
may be engaged with the partition and the first scroll member and may isolaie
the discharge-pressure region from the suction-pressure region. The modulation
valve ring may be located axially beiween the floating seal assembly and the first
end plate and may be in sealing engagement with an outer radial surface of a
hub extending from the first end plate and an outer radial surface of the floating
seal assembily 1o define an axial biasing chamber in fluid communication with the
biasing passage. The modulation valve ring may be axially displaceable
between first and second positions. The modulation valve ring may abut the first
end plale and close the modulation port when in the first position. The
modulation valve ring may abut an axially-facing surface of the floating seal
assembly and may be spaced aparl from the first end plate to open the

modulation port when in the second position.  The modulation port may be
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locaied at a first wrap angle from a suction seal-oft location. The biasing
passage may be iocated al a second wrap angle from the suction seal-off
location. A ratio of the first angle to the second angle may be between 0.65 and
0.75.

1291 in another form, the present disclosure provides a compressor that
may inciude first and second scroll members, a seal assembly, and a valve ring.
The first scroll member may include a first end plate having a discharge passage,
a port, a biasing passage, and a first spiral wrap extending from the first end
plate. The second scroll member may include a second end plate having a
second spiral wrap exiending therefrom. The first and second spiral wraps are
meshingly engaged and form a series of pockets therebetween. The port may be
in selective communication with one of the pockets. The biasing passage may
be in communication with one of the pockets. The seal assembly may be
engaged with the first scroll member and a partition defining a discharge
chamber of the compressor. The valve ring may be localed axially between the
seal assembly and the first end plate and may cooperate with the seal assembly
to define an axial biasing chamber in fluid communication with the biasing
passage. The valve ring may be movable between a first position in which the
valve ring abuts the first end plate and closes the port and a second position in
which the valve ring is spaced apart from the first end plate to open the port. The
port may be located at a first wrap angle from a suction seal-off location. The

biasing passage may be located al a second wrap angle from the suction seal-oif
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location. A ratio of the first angle to the second angle may be between 0.65 and
0.75.
136} Further aregas of applicability will become apparent from the
description provided herein. The description and specific examples in this
summary are intended for purposes of illusiration only and are not intended to

limit the scope of the present disclosure.

DBEAWINGS

(31} 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.

132} Figure 1 is a cross-sectional view of a compressor having a
capacity moduiation system according to the principles of the present disclosure;

133} Figure 2 is a cross-sectional view of a compression mechanism and
capacity modulation system of Figure 1 with the capacily modulation system in a
full-capacity mode;

1341 Figure 3 is a cross-sectional view of the compression mechanism
and capacity modulation system with the capacity modulation system in a
reduced-capacity mods;

135} Figure 4 is an exploded view of the compression mechanism and

capacity modulation system;
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136} Figure 5 is a cross-sectional view of a compression mechanism and
capacity modulation systemn having an alternative lift ring and with the capacity
modulation system in a full-capacity mode;

1371 Figure 6 is a cross-sectional view of the compression mechanism
and capacity modulation system of Figure § in a reduced-capacity mode;

138} Figure 7 is a cross-sectional view of a set of exemplary scroll
members of the compressor,

139} Figure 8 is a cross-sectional view of another exemplary non-orbiting
scroll member of the compressor;

140} Figure 9 is a cross-sectional view of yet another exemplary non-
orbiting scroll member of the compressor;

141} Figure 10 is a partial cross-sectional view of another compressor
having anocther capacity modulation system with a base ring installed correctly
within the compressor according 1o the principles of the present disclosure;

142} Figure 11 is a perspective view of the base ring of Figure 10; and

143} Figure 12 is a partial cross-sectional view of the compressor of
Figure 10 with the base ring installed incorrectly.

144} Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

145} Example embodiments will now be described more fully with

reference to the accompanying drawings.
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146} Example embodiments are provided so that this disclosure will be
thorough, and will fully convey the scope to those who are skilled in the arl.
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 emploved, that example embodiments may be embodied in
many different forms and that neither should be construed o limit the scope of
the disciosure. In some example embodiments, well-known processes, well-
known device structures, and well-known technologies are not described in delail.

(471 The terminology used herein is for the purpose of describing
particular example embodimenis only and is not intended to be limiting. As used
herein, the singular forms "g,” "an,” and "the" may be intended fo include the

plural forms as well, unless the coniexi clearly indicates otherwise. The ferms

oW (LT

"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
{0 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.
148} When an element or layer is referred 1o as being "on,” “engaged

59 #%

io,” "connected to,” or "coupled 0" another element or layer, it may be directly on,
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engaged, connected or coupled to the other element or layer, or intervening
glements or layers may be present. In contrast, when an element is referred to as
being “directly on,” “directly engaged to.” "directly connected t6.,” or "directly
coupled 10" ancther element or layer, therg may be no intervening elements or
layers present. Other words used to dascribe the relationship between elements
should be interpreted in a like fashion {e.q., “between” versus “directly between,”
‘adjacent” versus "directly adjacent,” eic.). As used herein, the term "and/or”
includes any and all combinations of one or more of the associated listed items.

(49} Although the terms first, second, third, etc. may be used herein 1o
describe various elements, components, regions, layers and/or seclions, 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 seclion from another region, layer or section. Terms

99 &

such as “first,” “second,” and other numerical terms when used herein do not
imply a seguence 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.

55 4

1507 Spatially relative terms, such as “inner,” “outer,” "beneath,” "below,”

" "

“lower,” "above," "upper,” and the like, may be used herein for ease of
description o describe one element or feature's relationship to ancther element(s)
or feature(s) as illustrated in the figures. Spatially relalive terms may be intended

o encompass different orientations of the device in use or operation in addition
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{0 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 elemenis or features. Thus,
the example term "below” can encompass both an orientation of above and
beiow. The device may be otherwise oriented (rotated 90 degrees or at other
grientations} and the spatiglly relative descriptors used herein interpreted
accordingly.

51} With reference to Figure 1, a compressor 10 is provided that may
include a hermelic shell assembly 12, a3 bearing housing assembly 14, a molor
assembly 16, a compression mechanism 18, a seal assembly 20, and a capacity
modulation assembly 28. The shell assembly 12 may house the bearing housing
assembly 14, the molor assembly 16, the compression mechanism 18, the seal
assembly, and the capacity modulation assembly 28.

152} The shell assembly 12 may generally form a compressor housing
and may include a cylindrical shell 29, an end cap 32 at the upper end thereot, a
transversely extending partition 34, and a base 36 at a lower end thereof. The
end cap 32 and partition 34 may generally define a discharge chamber 38. The
discharge chamber 38 may generally form a discharge muffler for compressor 10.
While the compressor 10 is Hlustrated as including the discharge chamber 38, the
present disclosure applies equally o direct discharge configurations. A
discharge fitting may be attached to the shell assembly 12 at an opening in the
end cap 32. A suction gas inlet fitling may be atlached to the shell assembly 12

at another opening. The partition 34 may include a discharge passage 44
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therethrough providing communication between the compression mechanism 18
and the discharge chamber 38.

153} The bearing housing assembly 14 may be affixed to the shell 29
and may include a main bearing housing 46 and a bearing 48 disposed therein.
The main bearing housing 46 may house the bearing 48 therein and may define
an annular flat thrust bearing surface 54 on an axial end surface thereof.

1543 The motor assembly 16 may generally include a motor stator 58, a
rotor 60, and a driveshaft 62. The molor stator 58 may be press fit into the shell
29. The driveshaft 62 may be rolatably driven by the rotor 80 and may be
rotatably supported within the bearing 48. The rotor 60 may be press fit on the
driveshaft 62. The driveshafl 62 may include an eccentric crankpin 64.

55} The compression mechanism 18 may generally include an orbiting
scroll 68 and a non-orbiting scroll 70, The orbiting scroll 68 may include an end
plate 72 having a spiral wrap 74 on the upper surface thereof and an annular flat
thrust surface 76 on the lower surface. The thrust surface 76 may interface with
the annular tlat thrust bearing suriace 54 on the main bearing housing 46. A
cylindrical hub 78 may project downwardly from the thrust surface 76 and may
have a drive bushing 80 rotatably disposed therein. The drive bushing 80 may
include an inner bore in which the crank pin 84 is drivingly disposed. A flat
surface of the crankpin 64 may drivingly engage a flat surface in a portion of the
inner bore of the drive bushing 80 {o provide a radially compliant driving

arrangement. An Oldham coupling 82 may be engaged with the orbiting and
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non-orbiting scrolls 68, 70 or the orbiting scroll 88 and the main bearing housing
46 1o prevent relative rofation therebetween.

1561 With additional reference 1o Figures 2-4, the non-orbiting scroll 70
may include an end plate 84 defining a discharge passage 92 and having a spiral
wrap 86 extending from a first side 87 thereo!, and an annular hub 88 exiending
from a second side 89 thereof opposite the first side. The spiral wraps 74, 86
may be meshingly engaged with one another defining pockets 94, 96, 98, 100,
102, 104 (Figure 1). H is understood thal the pockets 94, 96, 98, 100, 102, 104
change throughout compressor operation.

1571 A first pocket (pocket 94 in Figure 1) may define a suction pocket in
communication with a suclion-pressure region 106 of the compressor 10
operating at a suction pressure (Pg) and a second pocket {pocket 104 in Figure 1)
may define a discharge pocket in communication with a discharge pressure
region (e.g., discharge chamber 38) of the compressor 10 operaling ai a
discharge pressure (P} via the discharge passage 92. A discharge valve
assembily 93 may be disposed within or adiacent the discharge passage 92 {o
allow tluid flow from the discharge pocket 1o the discharge chamber 38 and
restrict or prevent Huid flow in the opposite direction. Pockets intermediate the
first and second pockets (pockets 96, 98, 100, 102 in Figure 1} may form
intermediate compression pockets operaling at intermediate pressures between
the suction pressure (Pg} and the discharge pressure (Pg).

158} Referring again to Figures 2-4, the end plate 84 of the non-orbiting

scroll 70 may additionally include a biasing passage 110 and one or more
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modulation ports 112. The biasing passage 110 and modulation ports 112 may
gxtend through the end plate 84 and may each be in fluid communication with
intermediate compression pockets (e.g., pockets 96, 88, 100, 102}). The biasing
passage 110 may be in fluid communication with one of the intermediate
comprassion pockets operating at a higher pressure than ones of intermediate
comprassion pockeis in fluid communication with the modulation poris 112, The
biasing passage 110 may be disposed radially outward relative 1o the modulation
ports 112.

1591 The annular hub 88 may include first and second portions 116, 118
forming a stepped region 120 therebelween. The first portion 1186 may be
located axially between the second portion 118 and the end plale 84 and may
have an outer radial surface 122 having a greater diameter than a diameter of an
outer radial surface 124 of the second portion 118. The biasing passage 110
may exiend through the annular hub 88.

601 The capacity moduiation assembly 28 may inciude a modulation
valve ring 126, a modulation lift ring 128, and a modulation control valve
assembly 132 (Figures 2 and 3). The modulation valve ring 126 may include an
inner radial surface 134, an outer radial surface 136, an upper rim 137, and a
lower axial end surface 138 defining an annular recess 140, and first and second
passages 144, 146, The inner radial surface 134 may include first and second
portions 148, 150. An axially upwardly facing surface 152 {i.e., a surface facing
an axial direction parallel to a rotational axis of the driveshaft 62) may be

disposed between the first and second portions 148, 150. The first portion 148
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may have diameter that is less than a diameter of the second portion 150. The
modulation valve ring 126 may be received on the hub 88 such that the first
portion 116 of the hub 88 is sealingly engaged (via seal 154) with the first portion
148 of the inner radial surface 134 of the modulation valve ring 126.

61} The modulation lift ring 128 may be located within annular recess
140 and may include an annular seal body 158 and a base ring 180. The
modulation valve ring 126 and the modulation lift ring 128 may cooperate o
define a modulation conirol chamber 174 disposed within the recess 140. The
first passage 144 may be in fluid communication with modulation control
chamber 174. The base ring 160 may support the seal body 158 and may
include a series of bosses or protrusions 177 contacting the end plate 84 and
defining radial flow passages 178 between the end plate 84 and the base ring
160. The base ring 160 can be formed from a metallic material, such as cast iron,
for exampile.

62} The seal body 158 may be a single, unitary body formed from a
polymeric material, such as Teflon®, for example. The seal body 158 may
include a generally U-shaped cross section having a base portion 162, an inner
lip 163 and an outer lip 164. The lips 163, 164 may be integrally formed with the
base portion 162. The base portion 162 may be a generally flal, annular member
that extends radially (i.e., in a direction perpendicular to the rotational axis of the
driveshalt 62}. The inner lip 183 may extend from a radially inner edge of the
base portion 162, and the outer lip 164 may extend from a radially ouler edge of

the base portion 162. The inner lip 163 may extend from the base portion 162
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axially upward {i.e., foward the seal assembly 20) and radially inward (i.e., toward
the hub 88). The outer lip 1684 may extend from the base portion 162 axially
upward (i.e., foward the seal assembly 20} and radially outward {i.e., away from
the hub 88). The lips 163, 164 may be sealingly engaged with respeciive
sidewalls 166, 168 of the annular recess 140. Fluid pressure within the
modulation control chamber 174 may force the lips 163, 164 into sealing contact
with the sidewalls 166, 168 and keep the seal body 158 stationary while the
modulation valve ring 126 moves between the positions shown in Figures 2 and
3.

1631 The above configuration of the modulation lift ring 128 reduces the
number of components of the capacity modulation assembly 28, simplifies
assembly and installation of the capacity modulation assembly 28, and reduces
material swelling that can occur in O-ring seals when refrigerant and/or oil are
introduced into the compressor 10. The modulation lift ring 128 described above
also improves robustness and reliability of the capacity modulation assembly 28.
Furthermore, the amount that the lips 163, 164 extend upward (in an axial
direction) info the recess 140 aliow for sealing contact with the sidewalls 166,
168 relatively far up into the recess 140, which allows for a greater amount of
axial travel of the modulation valve ring 126 relative to the modulation lift ring 128.

164} As shown in Figures 5 and 6, another modulation Hift ring 228 is
provided that also provides at least the same benefits and advantages as the lift
ring 128 described above. The lift ring 228 may be a single unitary body formed

from a polymeric malerial. Bosses or protrusions 227 (like protrusions 177} can
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be integrally formed on the end plate 84 and can provide radial flow passages
178 (Figure 6) between the end plaie 84 and the lift ring 228. In other words, the
base ring 180 can be integrally formed with the end plate 84. In some
configurations, instead of the plurality of protrusions 227 defining the radial flow
passages 178, a plurality of apertures can be cross-drilled in a single raised ring
integrally formed on the end plate 84 to form the radial How passages 178.

1651 in other configurations, the base ring 1680 and seal body 158
described above can be integrally formed as a single, unilary polymeric body
having the U-shaped cross section and a plurality of profrusions contacting the
end plate 84 and defining radial flow passages 178 (Figure 3) between the end
plate 84 and the lift ring 228. In some configurations, fasteners can fixedly attach
the lift ring 128, 228 to the end plale 84 and/or base ring 160. In some
configurations, a separate ring-shaped plale or a plurality of washers can be
placed on the base portion 162 of the U-shaped seal body 158 and fasteners can
extend through the ring-shaped piate (or washers), through the seal body 158
and into the base ring 160 or end plate 84 {o sandwich the seal body 158
between the ring-shaped plate {or washers) and the base ring 160 or end plate
84.

166} it will be appreciated that the modulation valve ring 126 may be
used in combination with a lift ring having a different configuration than the lift
ring 128 described above. For example, the modulation valve ring 126 can be
used in combination with a lift ring including an annular body with O-ring seals

and integrally formed bosses extending from the annular body (g.g., like the lift
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ring disclosed in Assignee's commonly owned U.S. Patent No. 8,585,382, the
disclosure of which is incorporated by reference). Likewise, the lift ring 128 could
be used in combination with a valve ring having a different configuration that the
valve ring 126 described above,

1671 The seal assembly 20 may form a floating seal assembly and may
be sealingly engaged with the non-orbiting scroll 70 and the modulation valve
ring 126 {o define an axial biasing chamber 180 thal communicates with the
biasing passage 110. More specificaily, the seal assembly 20 may be sealingly
engaged with the ouler radial surface 124 of the annular hub 88 and the second
portion 150 of the modulalion valve ring 126. The axial biasing chamber 180
may be defined axially belween a lower axial end surface 182 of the seal
assembly 20 and the axially upwardly facing surface 152 of the modulation valve
ring 126 and the siepped region 120 of the annular hub 88. The second passage
146 may be in fluid communication with the axial biasing chamber 180.

68} The modulation control valve assembly 132 may include a
solencid-operated valve and may be in fluid communication with the suction-
pressure region 106 and the first and second passages 144, 146 in the
modulation valve ring 126. During operation of the compressor 10, the
modulation conirol valve assembly 132 may be operated in first and second
modes. Figures 2 and 3 schemalically illustrate operation of the modulation
control valve assembly 132, In the first mode, shown in Figure 2, the modulation
control valve assembly 132 may provide fluid communication between the

modulation control chamber 174 and the suction-pressure region 106 via the first
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passage 144, thereby lowering the fluid pressure within the modulation conirol
chamber 174 1o suction pressure. With the fluid pressure within the modulation
control chamber 174 at or near suction pressure, the relatively higher fuid
pressure within the axial biasing chamber 180 will force the modulation valve ring
126 axially downward into contact with the end plate 84 such that the lower axial
end surface 138 of the modulation valve ring 126 closes the modulation ports
112, as shown in Figure 2.

169} in the second mode, shown in Figure 3, the modulalion control
valve assembly 132 may provide fluid communication between the modulation
control chamber 174 and the axial biasing chamber 180 via the second passage
146, thereby raising the fluid pressure within the modulation control chamber 174
to the same or similar intermediate pressure as the axial biasing chamber 180
and the intermediate pocket in communication with the axial biasing chamber
180 via the biasing passage 110. With the Huid pressure within the modulation
control chamber 174 at the same intermediale pressure as the axial biasing
chamber 180, the fluid pressure within the modulation control chamber 174 will
force the modulation valve ring 126 axially upward reiative 1o the end plate 84
such that the lower axial end surface 138 of the modulation valve ring 126 is
spaced apart from the end plate 84 1o open the modulation ports 112, as shown
in Figure 3. Furthermore, the intermediate-pressure fluid within the modulation
control chamber 174 will force the modulation valve ring 126 upward such that

the axially upwardly facing surface 152 of the modulation valve ring 126 will
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contact the lower axial end surface 182 of the seal assembly 20 and urge the
seal assembly 20 axially upward against the partition 34.

170} The ability of the axially upwardly facing surface 152 ¢f the
modulation valve ring 126 to contact the seal assembly 20 and force the seal
assembly 20 upward increases the total axial upward force that is exerted on the
seal assembly 20. That is, the configuration described above adds surface area
against which intermediale-pressure fluid can push the seal assembly 20 axially
upward. More specifically, the surface areas against which the intermediate-
pressure fluid can push the seal assembly 20 include lower axial end surface 182
of the seal assembly 20 and the portion of axially downwardly facing surface 190
of the recess 140 that is disposed radially outward relative to the outer periphery
of the axial biasing chamber 180. The iniermediate-pressure fluid also biases
the non-orbiting scroll 70 axially toward the orbiting scroll 68.

(71} The increase in surface area against which the intermediaie-
pressure fluid can push the seal assembly 20 upward allows the biasing passage
110 to be positioned such that the fluid pocket with which it communicates can
be at a lower pressure (i.e., the biasing passage 110 can be iocated at a position
that is further radially outward). Even with the lower intermediale pressure in the
axial biasing chamber 180 and in the modulation control chamber 174, the
increased surface area over which the lower intermediate pressure Huid can push
allows for adeguate total upward force against the seal assembly 20.

1723 in addition to or instead of positioning the biasing passage 110 at a

lower pressure location, the modulation ports 112 can be positioned at higher
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pressure locations {i.e., the modulation poris 112 can be positioned closer {o the
discharge passage 92). This allows for improved load maiching and sysiem
gificiency (i.e., a larger capacily step between part-load capacity and full-load
capacity). Furthermore, the reduced pressure in the axial biasing chamber 180
reduces the friction load between the scrolls 68, 70 (i.e., due {0 downward force
biasing the non-orbiting scroll 70 axially against the orbiting scroll 88}, thereby
reducing wear on the scrolls 68, 70, while still providing sufficient sealing
between the scrolis 68, 70 and between the seal assembly 20 and the partition
34. This leads 1o less power consumption and improved efficiency. Furthermore,
the configuration of the capacitly modulation assembly 28 of the presernt
disclosure may increase the capacity step belween full and reduced capacities,
and may improve stability in balanced-pressure and defrost conditions during
partial-load operation.

173} Figures 7-9 depict exemplary configurations in which the position of
the biasing passage 110 has been moved to lower pressure iocations and/or the
modulation ports 112 have been moved 1o higher pressure locations relative 1o
other compressors (i.e., compressors having capacity modulation assemblies

that differ from the capacilty modulation assembly 28 described above). In the

exemplary configurations shown in Figures 8-8, a ratio of angle Al o angle A2
(AT/AZ) may be between about 0.65 and 0.75. Angle A1 may be a wrap angle
between a suction seal-off location 192 {i.e., the radially cutermost location at

which the wrap 86 of the non-orbiting scroll 70 and the wrap 74 of the orbiting

scroll 88 contact each other to initially seal off a pocket between the wraps 74, 86}
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and a selected one of the modulation ports 112, Angle A2 may be a wrap angle
between the suction seal-off location 192 and the biasing passage 110.

174} in some configurations, the ratio of angle A1 o angle A2 may be
between 0.66 and 0.73. In some configurations, the ratio of angle Al to angle A2
may be between 0.71 and 0.73. In some configurations, the ratio of angle Al to
angle AZ may be between .66 and 0.69.

1751 Referring now 1o Figures 10-12, ancther compressor 300 {partially
shown in Figures 10 and 12} is provided thal may include a shell assembly 312,
a bearing housing assembly (nol shown), a motor assembly (nol shown), a
compression mechanism 318, g seal assembly 320, and a capacity modulation
assembly 328. The siructure and function of the shell assembly 312, bearing
housing assembly, motor assembly and seal assembly 320 may be similar or
identical 1o that of the shell assembly 12, bearing housing assembly 14, molor
assembly 16 and seal assembly 20 described above, and therefore, will not be
described again in detail,

(761 Like the compression mechanism 18, the comprassion mechanism
318 includes an orbiting scroll 368 and a non-orbiting scroll 370, The structure
and function of the orbiting scroll 368 may be similar or identical to that of the
orbiting scroll 68 described above, and therefore, will not be described again in
detail. The structure and function of the non-orbiting scroll 370 may be similar or
identical o that of the non-orbiting scroll 70 described above, apart from any
gxceptions described below. Therefore, similar features will not be described

again in detail.
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1773 As shown in Figure 10, a second side 382 of an end plate 384 of
the non-orbiting scroll 370 may include a first annular surface 390 and a second
annular suriace 381 surrounding the first annular surface 380. The end plate 384
may include an annular step 392 disposed radially between and directly adjacent
the first and second annular surfaces 390, 391, In this manner, the first and
second annular surfaces 380, 391 define first and second planes that are parailel
and axially offset from each other {i.e., offset in a direction parallel {o a rotational
axis of a driveshaft of the compressor 300). The second annular surface 391
may be disposed axially between the first annular surface 390 and the orbiling
scroll 368. One or more modulation ports 412 {similar or identical to modulation
port{s} 112} may exiend through the first annular surface 390.

178} The structure and function of the capacity modulation assembly 328
may be similar or identical to that of the capacity modulation assembly 28
described above, apart from any exceptions described below. Therefore, similar
features will not be described again in detal. Like the capacity modulation
assembly 28, the capacily modulation assembly 328 may include a modulation
valve ring 426 {similar or identical to the modulation valve ring 126}, a modulation
lift ring 428, and a modulation control valve assembly 432 (similar or identical to
the modulation control valve assembly 132). The modulation valve ring 426 may
be spaced apart from the first annular surface 380 of the non-orbiting scroll 370
in one position (shown in Figure 10) to allow fluid flow through the modulation

port 412. The modulation valve ring 426 may contact the first annular surface
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380 in another position {not shown; like the position shown in Figure 2) 16 restrict
or prevent fluid flow through the modulation port 412.

179} The modulation lift ring 428 may include an annular seal body 458
(similar or identical to the annular seal body 158) and a base ring 460. The
modulation lift ring 428 provides at least the same benelils and advantages as
the lift ring 128 described above.

1801 As shown in Figure 11, the base ring 460 may include a main body
461, a plurality of first protrusions or bosses 477, and a plurality of second
protrusions or bosses 478. When the modulation valve ring 426 is in the position
shown in Figure 10 position allowing fluid flow through the modulation port 412,
the fluid from the modulation port 412 may flow belween the main body 461 and
the end plaie 384 (through the spaces beiween adjacent bosses 477, 478). The
main body 461 may be an annular disk having inner and ouler diamelrical
surfaces 463, 465 thal are sized so thal the main body 461 can fit within an
annular recess 440 in the modulation valve ring 426. The inner diametrical
surface 463 defines an inner diameter of the main body 461 that is smaller than a
diameter defined by the annular step 392 of the non-orbiting scroll 370.

81} When the base ring 460 is installed in the compressor 300 correctly
{as shown in Figure 10), the first and second bosses 477, 478 may contact the
second annular surface 391 of the non-orbiting scroll 370, The first bosses 477
may be radially disposed enlirely between the inner and oculer diametrical
surfaces 463, 465 of the main body 461. Each of the second bosses 478

includes a flange portion 479 that extends radially outward beyond the outer
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diametrical surface 465 of the main body 461. In some configuralions, the first
bosses 477 could have the same size and shape as the second bosses 478.

182} in the configuration shown in Figure 11, the two second bosses 478
are disposed 180 degrees apart from each other. A disiance belween radially
cuter edges 480 of the two second bosses 478 (i.e., a distance along a line L that
intersects and is perpendicular to an axis A of angular of rotational symmelry of
the main body 461) is greater than an outer diameter of the annular recess 440
of the modulation valve ring 426. As shown in Figure 10, an axial thickness T1 of
the flange portion 479 {i.e., a thickness in a direction paraliel {0 the axis A and
the rolational axis of the driveshaft) is less than an axial thickness T2 of the
annular step 382, In this manner, regardless of the axial position of the
modulation valve ring 426, the axial distance between the first annular surface
390 of the non-orbiting scroll 370 and a lower axial end surface 438 of the
modulation valve ring 426 is less than the axial distance between the flange
portion 479 and the lower axial end surface 438. In other words, the axial
thickness T1 of the flange portion 479 is sized so that, as long as the base ring
460 is installed correctly (as shown in Figure 10), the flange portions 479 will not
prevent the modulation valve ring 426 from moving along its entire range of
motion.

183} As shown in Figure 12, if the base ring 460 is inadvertently installed
upside down onito the non-orbiting scroll 370, the flange portions 479 of the
second bosses 478 will contact the lower axial end surface 438 of the modulation

valve ring 426, and the main body 461 will contact the first annular surface 380 of
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the non-orbiting scroll 370, Such contact between the flange portions 479 and
the modulation valve ring 426 will prevent the modulation valve ring 426 from
being positioned close enough to the first annular surface 3980 to allow clearance
for a mounting tab or rib 333 ¢f a partition 334 of the shell assembly 312 from
seating on an axial end 330 of a cylindrical shell 329 of the shell assembly 312.
in other words, when the base ring 460 is installed in the compressor 300
incorrectly {i.e., upside down), a stack-up of the base ring 460, the modulation
valve ring 426, and the floating seal assembly 320 prevent the partition 334 and
end cap 332 of the shell assembly 312 from being lowered onio the cylindrical
shell 329, thereby preventing the partition 334 and end cap 332 from being
welded onto the cylindrical shell 329 and preventing the shell assembly 312 from
being sealed shut.

184} in this manner, the structure of the base ring 460 is g poka-yoke
structure that prevents the shell assembly 312 from being welded shui while the
base ring 460 is installed incorrectly. Therefore, if the base ring 460 is
inadvertently installed upside down, the manufacturer will realize that there has
been an assembly error belore the shell assembly 312 can be sealed shut. In
other capacity modulation assemblies, the shell assembly is capable of being
fully assembled and welded shut without the manufaciurer realizing that the base
ring is installed upside down. Such upside down installation of the base ring can
prevent the capacity modulation assembly from functioning properly (e.g., the

modulation valve ring is prevenied from moving into a full-capacity position in
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which the modulation valve ring closes off the moduiation port in the non-orbiting
scroll).

185} 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 suction-pressure region and a discharge-
pressure region, the shell assembly including a partition separaling the suction-
pressure region from the discharge-pressure region;

a first scroll member disposed within the shell assembly and including a
first end plate having a discharge passage, a modulation port, a biasing passage,
and a first spiral wrap extending from the first end plate;

a second scroll member disposed within the shell assembly and including
a second end plate having a second spiral wrap extending therefrom, the first
and second spiral wraps meshingly engaged and forming a series of pockets
during orbital displacement of the second scroll member relalive to the first scroli
member, the modulation port in communication with a first one of the pockets,
the biasing passage in communication with a second one of the pockets;

a floating seal assembly engaged with the partition and the first scroli
member and isolating the discharge-pressure region from the suclion-pressure
region;

a moduiation valve ring located axially between the floating seal assembly
and the first end plate and being in sealing engagement with an outer radial
surface of a hub extending from the first end plate and an outer radial surface of

the floating seal assembly to define an axial biasing chamber in fuid



WO 2017/071641 PCT/CN2016/103763

-34-

communication with the biasing passage, the modulation valve ring being axially
displaceable between first and second positions, the modulation valve ring
abutting the first end plate and closing the modulation port when in the first
position, the modulation valve ring may be spaced apart from the first end plate
to open the modulation port when in the second position; and

a modulation lift ring located axially between the modulation valve ring and
the first end plate and in sealing engagement with the modulation valve ring to
define a modulation conirol chamber between the modulation valve ring and the
modulation lift ring, the modulation lift ring including a seal having a U-shaped
cross section formed from a polymeric material and engaging first and second

annular walls of the modulation valve ring.

2. The compressor of Claim 1, wherein the U-shaped cross section
includes a base portion and a pair of lips formed integrally with the base portion,
one of the lips extends from a radially outer edge of the base portion, another ¢f

the lips extends from a radially inner edge of the base portion.

3. The compressor of Claim 2, wherein the one of the lips extending
from the radially inner edge of the base portion exiends further from the base
portion in an axial direction than the one of the lips extending from the radially

outer edge of the base portion.
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4. The compressor of Claim 1, wherein the moduiation lift ring
includes a base ring disposed axially between the U-shaped ¢ross section and
the first end plate, the base ring includes a plurality of axially extending bosses
contacting the first end plate and defining a radially extending passage between

the modulation lift ring and first end plate.

5. The compressor of Claim 4, wherein the base ring includes an
annular main body from which the bosses extend, wherein the main body is at
least partially received within an annular recess in the modulation valve ring, and
wherein each of al least two of the bosses includes a flange portion that exiends
radially outward relative {0 an outer diametrical surface of the main body and

radially outward relative 1o the annular recess.

6. The compressor of Claim 5, wherein the first end plate includes a
first annular surface, a second annular surface, and an annular step disposed
between the first and second annular surtaces, wherein the modulation valve ring
contacts the first annular surface when the modulation valve ring is in the first

position, and wherein the bosses contact the second annular surface.

7. The compressor of Claim 6, wherein an axial thickness of the
flange portion is less than an axial thickness of the annular step, and wherein an

inner diameter of the main body is less than a diameter of the annular step.
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8. The compressor of Claim 1, wherein the modulation valve ring
abuts an axially-facing surface of the tloating seal assembly when in the second

position.

9. The compressor of Claim 1, wherein the modulation valve ring
urges the floating seal assembly axially against the partition when the modulation

valve ring is in the second position.

10.  The compressor of Claim 1, further comprising a modulation control
valve assembly operable in first and second modes and in fluid communication
with the modulation control chamber, the modulation control valve assembly
controlling an operating pressure within the modulation control chamber and
providing a first pressure within the modulation control chamber when operated
in the first mode 1o displace the modulation valve ring to the first position and
operate the compressor in the {full capacity mode and providing a second
pressure within the modulation conirol chamber greater than the first pressure
when operated in the second mode {o digplace the modulation valve ring 1o the

second position and operate the compressor in the partial capacity mode,

11.  The compressor of Claim 10, wherein a radially extending passage
is formed axially between the modulation valve ring and the first end plate when
the modulation valve ring is in the second position, and wherein the radially

extending passage is in communication with the modulation port.



WO 2017/071641 PCT/CN2016/103763

-37-

12. The compressor of Claim 11, wherein the radially extending

passage extends between the modulation lift ring and the first end plate.

13.  The compressor of Claim 1, wherein the modulation port is located
at a first wrap angle from a suction seal-off location, and the biasing passage is
located at a second wrap angle from the suction seal-off location, and wherein a

ratio of the first angle o the second angle is between 0.65 and 0.75.

4. A compressor comprising:

a first scroll member including a first end plate having a discharge
passage, a port, a biasing passage, and a first spiral wrap extending from the
first end plaie;

a second scroll member including a second end plate having a second
spiral wrap extending therefrom, the first and second spiral wraps meshingly
engaged and forming a series of pockets therebetween, the port in selective
communication with one of the pockets, the biasing passage in communication
with one ¢f the pockets;

a seal assembly engaged with the first scroll member and a partition
defining a discharge chamber of the compressor; and

a valve ring located axially between the seal assembly and the first end
plate and cooperating with the seal assembly o define an axial biasing chamber

in fluid communication with the biasing passage, the valve ring being movable
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between a first position in which the valve ring abuls the first end plate and
closes the port and a second position in which the valve ring is spaced apart from
the first end plate to open the port,

a lift ring located axially between the valve ring and the first end plate and
in sealing engagement with the valve ring to define a control chamber between
the valve ring and the iift ring, the lift ring including a seal having a U-shaped
cross section formed from a polymeric material and engaging first and second

annular walls of the valve ring.

15. The compressor of Claim 14, wherein the U-shaped cross section
includes a base portion and a pair of lips formed integrally with the base portion,
one of the lips extends from a radially outer edge of the base portion, another of

the lips extends from a radially inner edge of the base portion.

16.  The compressor of Claim 15, wherein the one of the lips extending
from the radially inner edge of the base portion extends further from the base
portion in an axial direction than the one of the lips extending from the radially

outer edge of the base portion.

17.  The compressor of Claim 18, wherein the first end plate includes a
plurality of axially extending bosses integrally formed with the first end plate and
contacting the lift ring o define a radially extending passage in communication

with the port.
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18.  The compressor of Claim 14, wherein the valve ring abuts an

axially-facing surface of the seal assembly when in the second position.

19.  The compressor of Claim 18, wherein the valve ring urges the seal
assembly axially against the partition when the valve ring is in the second

position.

20.  The compressor of Claim 19, further comprising a control valve
assembly operable in first and second modes and in fluid communication with the
control chamber, the control valve assembly conirolling an operating pressure
within the control chamber and providing a first pressure within the control
chamber when operaied in the first mode 1o displace the valve ring {o the first
position and operaie the compressor in the full capacity mode and providing a
second pressure within the control chamber greater than the first pressure when
operated in the second mode o displace the valve ring to the second position

and operate the compressor in the partial capacity mode.

21.  The compressor of Claim 20, wherein a radially extending passage
is formed axially between the valve ring and the first end plate when the valve
ring is in the second position, and wherein the radially extending passage is in

commurnication with the port.
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22. The compressor of Claim 21, wherein the radially extending

passage extends between the lift ring and the first end plate.

23.  The compressor of Claim 22, wherein the port is located at a first
wrap angle from a suction seal-off location, and the biasing passage is located at
a second wrap angle from the suction seal-off location, and wherein a ratio of the

first angle to the second angle is between 0.65 and 0.75.

24.  The compressor of Claim 14, wherein the lift ring includes a base

ring including a plurality of axially extending bosses contacting the first end plate.

25. The compressor of Claim 24, wherein the base ring includes an
annular main body from which the bosses exiend, wherein the main body is at
least partially received within an annular recess in the valve ring, and wherein
gach of at least two of the bosses includes a Hange portion that extends radially
outward relative to an outer diamelrical surface of the main body and radially

outward relative 1o the annular recess.

26.  The compressor of Claim 25, wherein the first end plate includes a
first annular surface, a second annular surface, and an annular step disposed
between the first and second annular surfaces, wherein the valve ring contacts
the first annular surface when the valve ring is in the first position, and wherein

the bosses contact the second annular surface.
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27.  The compressor of Claim 26, wherein an axial thickness of the
flange portion is less than an axial thickness of the annular step, and wherein an

inner diameter of the main body is less than a diameter of the annular step.

28. A comprassor comprising:

a first scroll member including a first end plate having a discharge
passage, a port, a biasing passage, and a first spiral wrap extending from the
first end plate;

a second scroll member including a second end plate having a second
spiral wrap exiending therefrom, the first and second spiral wraps meshingly
gngaged and forming a series of pockeis therebetwesn, the port in seleclive
communication with one of the pockets, the bigsing passage in communication
with one of the pockets;

a seal assembly engaged with the first scroll member and a partition
defining a discharge chamber of the compressor; and

a valve ring located axially between the seal assembly and the first end
plate and cooperating with the seal assembly to define an axial biasing chamber
in fluid communication with the biasing passage, the vaive ring being movable
between a first position in which the valve ring abuts the first end plate and
closes the port and a second position in which the valve ring is spaced apart from

the first end plate to open the port,
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a lift ring at least partially disposed within an annular recess in the vaive
ring and in sealing engagement with the valve ring to define a conirel chamber
between the valve ring and the lift ring, the lift ring including a base ring having a
plurality of bosses contacting the first end plate, the base ring including an
annular main body from which the bosses extend, wherein the main body is at
least partially received within the annular recess, and wherein sach of at least
two of the bosses includes a flange portion that extends radially outward relative
to an outer diametrical surface of the main body and radially cutward relative (o

the annular recess.

29.  The compressor of Claim 28, wherein the first end plale includes a
first annular surface, a second annular surface, and an annular step disposed
between the first and second annular surfaces, wherein the valve ring contacts
the first annular surface when the valve ring is in the first position, and wherein

the bosses contact the second annular surface.

30. The compressor of Claim 29, wherein an axial thickness of the
flange portion is less than an axial thickness of the annular step, and wherein an

inner diameter of the main body is less than a diameter of the annular step.

31, The compressor of Claim 30, wherein the liff ring including a seal
having a U-shaped cross section formed from a polymeric material and engaging

first and second annular walls of the valve ring.
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32. A compressor comprising:

a shell assembly defining a suction-pressure region and a discharge-
pressure region, the shell assembly including a partition separating the suction-
pressure region from the discharge-pressure region;

a first scroll member disposed within the shell assembly and including a
first end plate having a discharge passage, a modulation port, a biasing passage,
and a first spiral wrap extending from the first end plate;

a second scroll member disposed within the shell assembly and including
a second end plate having a second spiral wrap extending therefrom, the first
and second spiral wraps meshingly engaged and forming a series of pockets
during orbital displacement of the second scroll member relative 1o the first scroll
member, the modulation port in communication with a first one of the pockets,
the biasing passage in communication with a second one of the pockets;

a floating seal assembly engaged with the partition and the first scroli
member and isolating the discharge-pressure region from the suction-pressure
region; and

a modulation valve ring located axially between the floating seal assembly
and the first end plate and being in sealing engagement with an outer radial
surface of a hub extending from the first end plate and an outer radial surface of
the floaling seal assembly to define an axial biasing chamber in fluid
communication with the biasing passage, the modulation valve ring being axially

displaceable between first and second positions, the modulation valve ring
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abutting the first end plate and closing the modulation port when in the first
position, the muodulation valve ring abutling an axially-facing surface of the
floating seal assembly and spaced apart from the first end plate to open the
modulation port when in the second position,

wherein the modulation port is located at a first wrap angle from a suction
seal-off location, and the biasing passage is located at a second wrap angle from
the suction seal-off location, and wherein a ratio of the first angle 1o the second

angle is between 0.65 and 0.75.

33.  The compressor of Claim 32, wherein the modulation valve ring
urges the floating seal assembly axially against the partition when the modulation

valve ring is in the second position.

34. The compressor of Claim 33, further comprising a modulation lift
ring located axially between the modulation valve ring and the first end plate and
in sealing engagement with the modulation valve ring to define a modulation

control chamber between the modulation valve ring and the modulation lift ring.

35.  The compressor of Claim 34, further comprising a modulation
control valve assembly operable in first and second modes and in fluid
communication with the modulation control chamber, the modulation control
valve assembly controlling an operaling pressure within the modulation control

chamber and providing a first pressure within the modulation control chamber



WO 2017/071641 PCT/CN2016/103763

-45-
when operated in the first mode to displace the modulation valve ring o the first
position and operate the compressor in the full capacity mode and providing a
second pressure within the modulation conirol chamber greater than the first
pressure when operated in the second mode o displace the modulation valve
ring 1o the second position and operale the compressor in the partial capacity

mode.

36. The compressor of Claim 35, wherein a radially exiending passage
is formed axially between the modulation valve ring and the first end plate when
the modulation valve ring is in the second position, and wherein the radially

extending passage is in communication with the modulation port.

37. The compressor of Claim 36, wherein the radially exiending

passage extends between the modulation lift ring and the first end plate.

38. The compressor of Claim 37, wherein the modulation lift ring
includes a U-shaped seal engaging first and second annular walls of the

modulation valve ring.

39. The compressor of Claim 38, wherein the U-shaped seal is a

unitary body formed from a polymeric material.
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40.  The compressor of Claim 39, wherein the first end plate includes a
plurality of axially extending bosses integrally formed with the first end plate and

contacting the moduiation lift ring 1o define the radially extending passage.

41.  The comprassor of Claim 40, wherein the U-shaped seal includes a
base portion and a pair of lips formed integrally with the base portion, the base
portion extends perpendicular relative 1o a driveshaft rotational axis, one of the
lips extends from a radially outer edge of the base portion, another of the lips

extends from a radially inner edge of the base portion.

42. A compressor comprising:

a first scrolf member including a first end plate having a discharge
passage, a port, a biasing passage, and a first spiral wrap extending from the
first end plaie;

a second scroll member including a second end plate having a second
spiral wrap extending therefrom, the first and second spiral wraps meshingly
engaged and forming a series of pockets therebetween, the port in selective
communication with one of the pockets, the biasing passage in communication
with one of the pockats;

a seal assembly engaged with the first scroll member and a partition
defining a discharge chamber of the compressor; and

a valve ring located axially between the seal assembly and the first end

plaie and cooperating with the seal assembly 1o define an axial biasing chamber
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in fluid communication with the biasing passage, the vaive ring being movable
between a first position in which the valve ring abuis the first end plate and
closes the port and a second position in which the valve ring is spaced apart from
the first end plate to open the port,

wherein the port is located at a first wrap angle from a suction seal-off
location, and the biasing passage is located at a second wrap angle from the
suction seal-off location, and wherein a ratio of the first angle to the second angle

is between (.65 and 0.75.

43.  The compressor of Claim 42, whersin the valve ring abuls an

axially-facing surface of the seal assembly when in the second position.

44,  The compressor of Claim 43, wherein the valve ring urges the seal
assembly axially against the partition when the valve ring is in the second

position.

45. The compressor of Claim 44, further comprising a lift ring located
axially between the valve ring and the first end plate and in sealing engagement
with the valve ring to defing a control chamber between the valve ring and the lift

ring.

46. The compressor of Claim 45, further comprising a control valve

assembly operable in first and second modes and in fluid communication with the
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control chamber, the conirol valve assembly controlling an operating pressure
within the control chamber and providing a first pressure within the control
chamber when operated in the first mode to displace the valve ring to the first
position and operate the compressor in the full capacity mode and providing a
second pressure within the control chamber greater than the first pressure when
operated in the second mode o displace the valve ring 1o the second position

and operate the compressor in the partial capacity mode.

47.  The compressor of Claim 46, wherein a radially exiending passage
is formed axially between the valve ring and the first end plate when the valve
ring is in the second position, and wherein the radially extending passage is in

communication with the port.

48. The compressor of Claim 47, wherein the radially exiending

passage extends between the lift ring and the first end plate.

49. The compressor of Claim 48, wherein the lift ring includes a U-
shaped seal engaging first and second annular walls of the valve ring, whersin

the U-shaped seal is a unitary body formed from a polymeric material.

50. The compressor of Claim 49, wherein the [ift ring includes a base
ring disposed axially between the U-shaped seal and the first end plate, the base

ring includes a plurality of axially extending bosses contacting the first end plate.
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51. The compressor of Claim 50, wherein the U-shaped seal includes a
base portion and a pair of lips formed integrally with the base portion, the base
portion extends perpendicular relative 1o a driveshaft rotational axis, one of the
lips extends from a radially outer edge of the base portion, another of the lips

extends from a radially inner edge of the base portion.
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