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BACK TO BACK BEARING SEALING SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is a Non-Provisional Application claiming priority to U.S.
Provisional Application No. 62/469,422, entitled “BACK TO BACK BEARING SEALS,”
filed March 9, 2017, which is hereby incorporated by reference in its entirety for all

purposes.
BACKGROUND

[0002] This application relates generally to vapor compression systems incorporated in
air conditioning and refrigeration applications, and, more particularly, to a sealing system

for a motor of a compressor.

[0003] Vapor compression systems are utilized in residential, commercial, and
industrial environments to control environmental properties, such as temperature and
humidity, for occupants of the respective environments. The vapor compression system
circulates a working fluid, typically referred to as a refrigerant, which changes phases
between vapor, liquid, and combinations thereof in response to being subjected to different
temperatures and pressures associated with operation of the vapor compression system.
For example, the vapor compression system utilizes a compressor to circulate the
refrigerant to a heat exchanger which may transfer heat between the refrigerant and another
fluid flowing through the heat exchanger. A motor that powers the compressor includes
rotating components supported by bearings that may be lubricated by oil or another suitable
lubricant. Unfortunately, the oil may escape from the bearings over time, contaminating
other components of the vapor compression system with oil and reducing the lubrication

of the bearings.
SUMMARY

[0004] In one embodiment, a sealing system for a motor includes a first sealing element

configured to be circumferentially disposed around a rotor shaft of the motor. The sealing
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system also includes a second sealing element configured to be circumferentially disposed
around the rotor shaft. A sealing tip of the first sealing element is configured to lift from a
surface of the rotor shaft in response to a pressurized fluid directed between the first sealing
element and the second sealing element. Additionally, the first sealing element and the

second sealing element are configured to radially float around the rotor shaft.

[0005] In another embodiment, a sealing system for a motor of a compressor includes
a first sealing element configured to be circumferentially disposed around a rotor shaft of
the motor within an annular chamber of a motor housing. The sealing system also includes
a second sealing element configured to be circumferentially disposed around the rotor shaft
within the annular chamber. The first sealing element and the second sealing element are
configured to radially float around the rotor shaft. Moreover, the sealing system includes
a spring element disposed axially between the first sealing element and the second sealing
element. The spring element is configured to bias the first sealing element against a first
wall of the annular chamber to adjust an axial position of the first sealing element and the

second sealing element within the annular chamber.

[0006] In another embodiment, a motor for a compressor includes a housing and a rotor
shaft extending within the housing. The motor includes a first sealing element
circumferentially disposed around the rotor shaft. Additionally, the motor includes a
second sealing element circumferentially disposed around the rotor shaft. A sealing tip of
the first sealing element is configured to lift from a surface of the rotor shaft in response to
a pressurized fluid directed between the first sealing element and the second sealing
element. Moreover, the first sealing element and the second sealing element are configured

to radially float around the rotor shaft.

[0007]  Other features and advantages of the present application will be apparent from
the following, more detailed description of the embodiments, taken in conjunction with the
accompanying drawings which illustrate, by way of example, the principles of the

application.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a perspective view of an embodiment of a building that may utilize a
heating, ventilation, air conditioning, and refrigeration (HVAC&R) system in a

commercial setting, in accordance with an aspect of the present disclosure;

[0009] FIG. 2 is a perspective view of a vapor compression system, in accordance with an

aspect of the present disclosure;

[0010] FIG. 3 is a schematic of an embodiment of the vapor compression system of FIG.

2, in accordance with an aspect of the present disclosure;

[0011] FIG. 4 is a schematic of an embodiment of the vapor compression system of FIG.

2, in accordance with an aspect of the present disclosure;

[0012] FIG. 5 is a cross-sectional side view of an embodiment of a sealing system for a
motor of the vapor compression system of FIG. 2 having back to back lip seals, in

accordance with an aspect of the present disclosure;

[0013] FIG. 6 is a cross-sectional side view of an embodiment of the sealing system for
the motor of FIG. 2 having back to back lip seals with radial float, in accordance with an

aspect of the present disclosure;

[0014] FIG. 7 is a cross-sectional side view of an embodiment of the sealing system for
the motor of FIG. 2 having back to back lip and labyrinth seals with radial float, in

accordance with an aspect of the present disclosure; and

[0015] FIG. 8 is a cross-sectional side view of an embodiment of the sealing system for
the motor of FIG. 2 having back to back lip seals with a labyrinth seal for guiding radial

float, in accordance with an aspect of the present disclosure.
DETAILED DESCRIPTION

[0016] One or more specific embodiments will be described below. In an effort to provide

a concise description of these embodiments, not all features of an actual implementation
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are described in the specification. It should be appreciated that in the development of any
such actual implementation, as in any engineering or design project, numerous
implementation-specific decisions must be made to achieve the developers’ specific goals,
such as compliance with system-related and business-related constraints, which may vary
from one implementation to another. Moreover, it should be appreciated that such a
development effort might be complex and time consuming, but would nevertheless be a
routine undertaking of design, fabrication, and manufacture for those of ordinary skill

having the benefit of this disclosure.

[0017] Embodiments of the present disclosure are directed toward a heating, ventilating,
air conditioning, and refrigeration (HVAC&R) system that uses a motor to drive or power
a compressor that circulates refrigerant through a refrigerant circuit. The motor may
include a rotor shaft supported by a bearing assembly within a motor housing. By rotating
the rotor shaft, the motor enables a rotor of the compressor that is coupled to the rotor shaft
to rotate and compress refrigerant within the refrigerant circuit. The compressor may
compress the refrigerant to increase a pressure of the refrigerant and direct the refrigerant
to a heat exchanger, such as a condenser, downstream of the compressor along the
refrigerant circuit. To enable the rotor shaft to rotate relative to the motor housing, the
bearing assembly is disposed around longitudinal ends of the rotor shaft. Additionally,
lubricating oil or another suitable lubricant is applied to or injected onto the bearing
assembly, thereby reducing friction between rotating components of the compressor. To
maintain the oil within the bearing assembly, a sealing system may be disposed around the
rotor shaft. However, because the rotor shaft may generate excessive friction against
certain types of sealing elements, certain existing sealing systems may wear prematurely,
thus leading to frequent and expensive replacement. Additionally, the existing sealing
systems may include statically-mounted components having small machining tolerances
that cause interference between components of the motor if the components or the sealing
system are manufactured outside the tolerances or experience wear that causes the
components or the sealing system to be outside of the tolerances. Accordingly, it is now
recognized that including a sealing system having selectively liftable and/or radially-

adjustable sealing elements as well as longitudinally-adjustable components may
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improving a sealing capacity, operational efficiency, and operating lifetime of the

HVAC&R system.

[0018] Turning now to the drawings, FIG. 1 is a perspective view of an embodiment of an
environment for a heating, ventilation, air conditioning, and refrigeration (HVAC&R)
system 10 in a building 12 for a typical commercial setting. The HVAC&R system 10 may
include a vapor compression system 14 that supplies a chilled liquid, which may be used
to cool the building 12. The HVAC&R system 10 may also include a boiler 16 to supply
warm liquid to heat the building 12 and an air distribution system which circulates air
through the building 12. The air distribution system can also include an air return duct 18,
an air supply duct 20, and/or an air handler 22. In some embodiments, the air handler 22
may include a heat exchanger that is connected to the boiler 16 and the vapor compression
system 14 by conduits 24. The heat exchanger in the air handler 22 may receive either
heated liquid from the boiler 16 or chilled liquid from the vapor compression system 14,
depending on the mode of operation of the HVAC&R system 10. The HVAC&R system
10 is shown with a separate air handler on each floor of building 12, but in other
embodiments, the HVAC&R system 10 may include air handlers 22 and/or other

components that may be shared between or among floors.

[0019] FIGS. 2 and 3 are embodiments of the vapor compression system 14 that can be
used in the HVAC&R system 10. The vapor compression system 14 may circulate a
refrigerant through a circuit starting with a compressor 32. The circuit may also include a
condenser 34, an expansion valve(s) or device(s) 36, and a liquid chiller or an evaporator
38. The vapor compression system 14 may further include a control panel 40 that has an
analog to digital (A/D) converter 42, a microprocessor 44, a non-volatile memory 46,

and/or an interface board 48.

[0020] Some examples of fluids that may be used as refrigerants in the vapor compression
system 14 are hydrofluorocarbon (HFC) based refrigerants, for example, R-410A, R-407,
R-134a, hydrofluoro olefin (HFO), “natural” refrigerants like ammonia (NHs), R-717,
carbon dioxide (COz), R-744, or hydrocarbon based refrigerants, water vapor, or any other

suitable refrigerant. In some embodiments, the vapor compression system 14 may be
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configured to efficiently utilize refrigerants having a normal boiling point of about 19
degrees Celsius (66 degrees Fahrenheit) at one atmosphere of pressure, also referred to as
low pressure refrigerants, versus a medium pressure refrigerant, such as R-134a. As used
herein, “normal boiling point” may refer to a boiling point temperature measured at one

atmosphere of pressure.

[0021] In some embodiments, the vapor compression system 14 may use one or more of a
variable speed drive (VSDs) 52, a motor 50, the compressor 32, the condenser 34, the
expansion valve or device 36, and/or the evaporator 38. The motor 50 may drive the
compressor 32 and may be powered by a variable speed drive (VSD) 52. The VSD 52
receives alternating current (AC) power having a particular fixed line voltage and fixed
line frequency from an AC power source, and provides power having a variable voltage
and frequency to the motor 50. In other embodiments, the motor 50 may be powered
directly from an AC or direct current (DC) power source. The motor 50 may include any
type of electric motor that can be powered by a VSD or directly from an AC or DC power
source, such as a switched reluctance motor, an induction motor, an electronically

commutated permanent magnet motor, or another suitable motor.

[0022] The compressor 32 compresses a refrigerant vapor and delivers the vapor to the
condenser 34 through a discharge passage. In some embodiments, the compressor 32 may
be a centrifugal compressor. The refrigerant vapor delivered by the compressor 32 to the
condenser 34 may transfer heat to a cooling fluid (e.g., water or air) in the condenser 34.
The refrigerant vapor may condense to a refrigerant liquid in the condenser 34 as a result
of thermal heat transfer with the cooling fluid. The liquid refrigerant from the condenser
34 may flow through the expansion device 36 to the evaporator 38. In the illustrated
embodiment of FIG. 3, the condenser 34 is water cooled and includes a tube bundle 54

connected to a cooling tower 56, which supplies the cooling fluid to the condenser.

[0023] The liquid refrigerant delivered to the evaporator 38 may absorb heat from another
cooling fluid, which may or may not be the same cooling fluid used in the condenser 34.
The liquid refrigerant in the evaporator 38 may undergo a phase change from the liquid

refrigerant to a refrigerant vapor. As shown in the illustrated embodiment of FIG. 3, the
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evaporator 38 may include a tube bundle 58 having a supply line 60S and a return line 60R
connected to a cooling load 62. The cooling fluid of the evaporator 38 (e.g., water, ethylene
glycol, calcium chloride brine, sodium chloride brine, or any other suitable fluid) enters
the evaporator 38 via return line 60R and exits the evaporator 38 via supply line 60S. The
evaporator 38 may reduce the temperature of the cooling fluid in the tube bundle 58 via
thermal heat transfer with the refrigerant. The tube bundle 58 in the evaporator 38 can
include a plurality of tubes and/or a plurality of tube bundles. In any case, the vapor
refrigerant exits the evaporator 38 and returns to the compressor 32 by a suction line to

complete the cycle.

[0024] FIG. 4 is a schematic of the vapor compression system 14 with an intermediate
circuit 64 incorporated between condenser 34 and the expansion device 36. The
intermediate circuit 64 may have an inlet line 68 that is directly fluidly connected to the
condenser 34. In other embodiments, the inlet line 68 may be indirectly fluidly coupled to
the condenser 34. As shown in the illustrated embodiment of FIG. 4, the inlet line 68
includes a first expansion device 66 positioned upstream of an intermediate vessel 70. In
some embodiments, the intermediate vessel 70 may be a flash tank (e.g., a flash
intercooler). In other embodiments, the intermediate vessel 70 may be configured as a heat
exchanger or a "surface economizer." In the illustrated embodiment of FIG. 4, the
intermediate vessel 70 is used as a flash tank, and the first expansion device 66 is
configured to lower the pressure of (e.g., expand) the liquid refrigerant received from the
condenser 34. During the expansion process, a portion of the liquid may vaporize, and
thus, the intermediate vessel 70 may be used to separate the vapor from the liquid received
from the first expansion device 66. Additionally, the intermediate vessel 70 may provide
for further expansion of the liquid refrigerant because of a pressure drop experienced by
the liquid refrigerant when entering the intermediate vessel 70 (e.g., due to a rapid increase
in volume experienced when entering the intermediate vessel 70). The vapor in the
intermediate vessel 70 may be drawn by the compressor 32 through a suction line 74 of the
compressor 32. In other embodiments, the vapor in the intermediate vessel may be drawn
to an intermediate stage of the compressor 32 (e.g., not the suction stage). The liquid that
collects in the intermediate vessel 70 may be at a lower enthalpy than the liquid refrigerant

exiting the condenser 34 because of the expansion in the expansion device 66 and/or the
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intermediate vessel 70. The liquid from intermediate vessel 70 may then flow in line 72

through a second expansion device 36 to the evaporator 38.

[0025] As noted above, motors having rotating components, such as the motor 50 for the
compressor 32, may utilize sealing systems to block or eliminate oil leakage from bearing
assemblies of the rotating components. For example, FIG. 5 is a cross-sectional side view
of a sealing system 100 for the motor 50 of the vapor compression system 14. In the present
embodiment, the motor 50 includes a rotor shaft 102 that may drive the compressor 32,
although any other suitable motor or shaft for any suitable component may employ the
sealing system 100 disclosed herein. Further, although described with reference to one
bearing assembly 118, it is to be understood that the sealing system 100 may be utilized
for each suitable bearing assembly of the vapor compression system 14, including those

supporting each rotor included within the compressor 32.

[0026] As illustrated, the rotor shaft 102 is a cylindrical component having a length
extending along a longitudinal axis 110, a radius extending along a radial axis 112, and a
circumference extending along a circumferential axis 114. Moreover, a bearing assembly
118 of the motor 50 includes ball bearings 116 circumferentially disposed around the rotor
shaft 102. The bearing assembly 118 enables the rotor shaft 102 to rotate about the
longitudinal axis 110 relative to a motor housing 120 or stator to perform work, such as
compressing the refrigerant or another suitable working fluid. In other embodiments, any
other suitable bearings, such as sleeve bearings, roller bearings, and so forth may be used
within the bearing assembly 118 of the motor 50. To lubricate rotation between
components of the motor 50, an oil injector 122 or any other suitable lubricating system

may supply oil or lubricant to the ball bearings 116.

[0027] In the present embodiment, the sealing system 100 includes two lip seals 130 or
sealing elements disposed within an annular chamber 132 defined between walls 134 or
inner housing walls of the motor housing 120 and an outer surface 136 of the rotor shaft
102. Each lip seal 130 includes an L-shaped retainer ring 138 having an L-shaped cross-
section formed of a rigid material, such as stainless steel or machined aluminum. Each lip

seal 130 also includes a sealing portion 140 or sealing member retained or captured within



WO 2018/165455 PCT/US2018/021586

one of the L-shaped retainer rings 138. Additionally, each sealing portion 140 may be
formed of a flexible material, such as polytetrafluoroethylene (PTFE), rubber, or another
suitable material that enables each sealing portion 140 to be biased against the outer surface
136 of the rotor shaft 102. As such, when the rotor shaft 102 is at rest or still, sealing tips
144 of the sealing portions 140 apply force to the rotor shaft 102, thus blocking oil from
escaping from the bearing assembly 118. Thus, in certain instances, oil may move away
from the bearing assembly 118 along the longitudinal axis 110, but the sealing system 100
directs the oil to an oil drain 146 that extends from the annular chamber 132, through the
motor housing 120, and back to an oil reservoir or other suitable location. Further, the lip
seals 130 of the sealing system 100 are arranged with respective back surfaces 150 facing

one another, such that the lip seals 130 are arranged as back to back lip seals.

[0028] Additionally, the sealing system 100 includes a pressurized fluid source 160 that is
capable of directing a pressurized fluid 162 between the back surfaces 150 of the lip seals
130. The pressurized fluid source 160 may include a high-pressure or discharge portion of
the compressor 32, an external pressurized fluid source, such as a canister, or any other
suitable source of fluid that is pressurized relative to a pressure of the annular chamber
132. In the present embodiment, the pressurized fluid 162 travels through an injection
pathway 164 defined or machined into the motor housing 120. The injection pathway 164
may extend between the pressurized fluid source 160 and the annular chamber 132, such
as along the longitudinal axis 110 and then radially inward along the radial axis 112. In
the present embodiment, one or more apertures 166 or holes are defined between the lip
seals 130, which are spaced from one another by a gap or space 168. Therefore, the
pressurized fluid 162 may pass through the apertures 166 between the lip seals 130 to
pressurize the space 168 between the lip seals 130, such that a sufficient pressure that lifts
one or both of the lip seals 130 may be selectively applied to the lip seals 130. As such,
the sealing system 100 may apply the pressurized fluid 162 to the lip seals 130 to selectively
lift the lip seals 130 from contact with the rotor shaft 102. Indeed, because the lip seals
130 may lift away from the outer surface 136 of the rotor shaft 102 in response to the
pressurized fluid 162, each lip seal 130 may be considered a “reverse” lip seal, in contrast
to traditional lip seals that may seal more tightly against a rotor shaft in response to

application of a pressurized fluid.
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[0029] During operation of the compressor 32, the rotor shaft 102 may rotate at various
rotation rates or speeds along the circumferential axis 114 and relative to the motor housing
120 to power or drive a rotor of the compressor 32 of FIG. 2. For example, based on control
signals received from the control panel 40 or another suitable control device, the motor 50
may ramp up a rotation rate of the rotor shaft 102 from a resting state corresponding to 0
revolutions per minute (RPM) to an activated state corresponding to approximately 500
RPM, 1000 RPM, 1500 RPM, 2000 RPM, and so forth. To operate the sealing system 100
during rotation rates above a threshold rotation rate, the pressurized fluid 162 may be
selectively directed through the injection pathway 164 to lift the lip seals 130 off of the
rotating rotor shaft 102. After lifting the lip seals 130, the pressurized fluid 162 may
proceed to provide a force along the longitudinal axis 110 on oil from the bearing assembly
118 to motivate the oil back toward the bearing assembly 118 and/or through the oil drain
146. Accordingly, the sealing system 100 may employ reverse back to back lip seals 130
to block, reduce, or eliminate oil leakage from the bearing assembly 118 during rest states,
offline states, and low rotation rates of the motor 50, and the sealing system 100 may
employ the pressurized fluid 162 to block, reduce, or eliminate oil leakage during higher

rotational rates of the rotor shaft 102 of the motor 50.

[0030] FIG. 6 is a cross-sectional side view of an embodiment of the sealing system 100
that may radially float within the annular chamber 132 around the rotor shaft 102. As
illustrated, the sealing system 100 of FIG. 6 includes two floating lip seals 200 in a back to
back arrangement. The floating lip seals 200 generally correspond to the lip seals 130 of
FIG. 5; however, each floating lip seal 200 in the illustrated embodiment includes a U-
shaped retaining ring 202 or clip for holding the sealing portion 140 of the floating lip seal
200 instead of the L-shaped retaining ring 138 of FIG. 5. The floating lip seals 200 are
also arranged as reverse back to back lip seals, such that the respective sealing tips 144 of
the floating lip seals 200 are biased against the outer surface 136 of the rotor shaft 102 in
opposite directions from one another. The bearing assembly 118 of the motor 50 of the
present embodiment includes a sleeve bearing 206 for enabling rotation of the rotor shaft
102 relative to the motor housing 120. However, any suitable bearings for any suitable

rotating element may be sealed with the sealing system 100. For example, in some

10



WO 2018/165455 PCT/US2018/021586

embodiments, the rotor shaft 102 of the motor 50 may be supported by ball bearings or

roller bearings instead of the illustrated sleeve bearing 206.

[0031] As illustrated, the floating lip seals 200 may be coupled to each other indirectly,
such as by a spring 210 or spring element disposed between axial-facing surfaces 212 of
the respective U-shaped retaining ring 202 of each floating lip seal 200. For the embodied
separation distance between the floating lip seals 200, the spring 210 is designed to apply
a force or bias to both floating lip seals 200 to cause the floating lip seals 200 to move away
from one another to fill a longitudinal length 214 of the annular chamber 132. An axial-
facing surface 216 of each floating lip seal 200 may therefore maintain contact with the
walls 134 of the annular chamber 132. Therefore, the spring 210 enables the sealing system
100 to adapt an axial position of each floating lip seal 200 to various longitudinal lengths
of various annular chambers, thereby reducing a demand for identical clearances to be
machined within the motor housing 120 and for the components of the sealing system 100.
Moreover, to block or eliminate pivoting of the floating lip seals 200 relative to one
another, an anti-rotation pin 220 may be disposed or coupled between the floating lip seals
200. As such, force applied to one floating lip seal 200 by the spring 210 or the rotor shaft
102 may not cause the one floating lip seal to rotate or pivot relative to the second floating
lip seal 200. In some embodiments, multiple anti-rotation pins 220 are disposed at various
circumferential locations between the floating lip seals 200 to further block or eliminate

rotation or pivoting between the floating lip seals 200.

[0032] Additionally, each floating lip seal 200 includes a radially outward surface 222
disposed against a radially inward surface 224 of a guide ring 226. The guide ring 226
may enable the floating lip seals 200 to dynamically adjust their radial position along the
radial axis 112 relative to the rotor shaft 102. Therefore, the floating lip seals 200 may
maintain soft contact with the rotor shaft 102, or contact that may improve a part life of the
sealing portions 140, which reduces friction between the floating lip seals 200 and the rotor
shaft 102 while blocking oil leakage from the bearing assembly 118. For example, due to
the flexible nature of the floating lip seals 200, the rotor shaft 102 may return a force that
the floating lip seals 200 apply to the rotor shaft 102, thereby causing the floating lip seals
200 to press against the guide ring 226. Then, the guide ring 226 may adjust the radial

11
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position of floating lip seals 200 relative to the rotor shaft 102 to more evenly distribute
the force along a circumference of the guide ring 226. The guide ring 226 may be made of
any suitable rigid material, such as stainless steel or machined aluminum, such that motion
of the guide ring 226 in a radially outward direction on one side of the rotor shaft 102

causes an opposed section of the guide ring 226 to move radially inward.

[0033] The guide ring 226 includes an aperture 230 therethrough to enable the pressurized
fluid source 160 to selectively direct the pressurized fluid 162 between the floating lip seals
200, such as described above with reference to FIG. 5. As such, at off-states or low
operating speeds of the motor 50, the floating lip seals 200 may maintain contact with the
outer surface 136 of the rotor shaft 102. Then, at higher operating speeds, the pressurized
fluid 162 may be directed through the injection pathway 164 to lift the sealing portions 140
of the floating lip seals 200 off of the rotor shaft 102. In some embodiments, the sealing
system 100 may be inserted within the annular chamber 132 as a cartridge, kit, or pre-
assembled system having the floating lip seals 200, the spring 210, the anti-rotation pin
220, and the guide ring 226 to facilitate or improve an assembly process of the motor 50
compared to sealing systems that are assembled piece by piece within the motor housing
120. Indeed, the sealing system 100 of FIG. 6 may include longitudinal float relative to
the rotor shaft 102 accorded by the spring 210 during assembly, and the sealing system 100
may include radial float relative to the rotor shaft 102 accorded by the guide ring 226.

[0034] FIG. 7 is a cross-sectional side view of an embodiment of the sealing system 100
having mixed sealing elements that may radially float around the rotor shaft 102. That is,
the sealing system 100 includes a first sealing element 250 and a second sealing element
252 that are adjustable about the rotor shaft 102 along the radial axis 112 within the annular
chamber 132 of the motor housing 120. The motor 50 of the present embodiment includes
the bearing assembly 118 having the sleeve bearing 206 described above with reference to
FIG. 6. As illustrated, the first sealing element 250 includes a floating lip seal 254 and the
second sealing element 252 includes a labyrinth seal 256. The floating lip seal 254 may be
generally similar to one of the floating lip seals 200 described above that have the U-shaped
retaining ring 202 holding the sealing portion 140 therein. That is, the floating lip seal 254
may be biased against the outer surface 136 of the rotor shaft 102 so that the floating lip

12
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seal 254 in a normal or resting state is in contact with the outer surface 136 of the rotor
shaft 102. Additionally, the floating lip seal 254 may include the axial-facing surface 212
that faces the labyrinth seal 256.

[0035] As described herein, the labyrinth seal 256 includes a sealing extension 260 that
has a T-shaped cross-section with a toothed surface 262 for blocking or eliminating oil
leakage from the bearing assembly 118. The toothed surface 262 may include a raised
spiral element, equally-sized raised ridge elements, or any other suitable surface features
for providing a tortuous path that slows or blocks traversal of fluid underneath the labyrinth
seal 256. Additionally, the labyrinth seal 256 includes an axial extension 264 that protrudes
from an axial-facing surface 266 of the sealing extension 260. The sealing extension 260,
the axial extension 264, or both, may be formed from any suitable rigid material, such as
stainless steel, machined aluminum, or a material from which the bearing assembly 118 is
formed. As illustrated, a hole or aperture 270 is formed through a center portion 272 of
the axial extension 264. The sealing system 100 may therefore direct the pressurized fluid
162 along the injection pathway 164 and through the aperture 270 to pressurize a space
280 between the floating lip seal 254 and the labyrinth seal 256. In some embodiments,
additional apertures are spaced along a circumference of the axial extension 264 of the
labyrinth seal 256, thus enabling the pressurized fluid 162 to traverse the labyrinth seal 256
at more circumferential positions, instead of relying on pressurizing the space 280 between
the floating lip seal 254 and the labyrinth seal 256 via the pressurized fluid 162 directed
through one aperture. Additionally, although discussed herein with reference to the
labyrinth seal 256, it is to be understood that any other suitable zero contact or negligible
contact seals may be employed within the sealing system 100 according to the present

techniques.

[0036] In the present embodiment, the floating lip seal 254 is positioned within a receiving
space 282 defined between a radially inward surface 284 of the axial extension 264 and the
outer surface 136 of the rotor shaft 102. The floating lip seal 254 may be indirectly coupled
to the labyrinth seal 256 by the spring 210 disposed between the axial-facing surface 266
of the sealing extension 260 of the labyrinth seal 256 and the axial-facing surface 212 of
the floating lip seal 254. As described above with reference to FIG. 6, the spring 210 may
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apply a force to both the floating lip seal 254 and the labyrinth seal 256 to cause the floating
lip seal 254 and the labyrinth seal 256 to bias away from one another to fill the longitudinal
length 214 of the annular chamber 132. An axial-facing surface 294 of the labyrinth seal
256 may maintain contact with one wall 134 of the annular chamber 132, while the axial-
facing surface 216 of the floating lip seal 254 may maintain contact with an opposed wall
134 of the annular chamber 132. The sealing system 100 may also include the anti-rotation
pin 220 coupled between the floating lip seal 254 and the labyrinth seal 256 to block or

eliminate rotation therebetween.

[0037] As such, during off periods or resting states of the motor 50, the floating lip seal
254 contacts the outer surface 136 of the rotor shaft 102 to block oil leakage from the
bearing assembly 118. In some embodiments, the labyrinth seal 256 may have a radial
length 300 that is smaller than a resting height 302 of the floating lip seal 254 and the axial
extension 264 during the off periods. As such, the labyrinth seal 256 may be minutely
separated from the outer surface 136 of the rotor shaft 102. When the motor 50 is operating
and the rotor shaft 102 is rotating, the pressurized fluid source 160 may direct the
pressurized fluid 162 through the injection pathway 164, into the aperture 270, and within
the space 280 between the floating lip seal 254 and the labyrinth seal 256. As such, the
force from the pressurized fluid 162 may lift the sealing tip 144 of the floating lip seal 254
from the outer surface 136 of the rotor shaft 102.

[0038] In such a situation, the labyrinth seal 256 may also receive a portion of the
pressurized fluid 162. For example, the pressurized fluid 162 may form a barrier between
the toothed surface 262 of the sealing extension 260 of the labyrinth seal 256. Importantly,
the labyrinth seal 256 may guide radial float of the sealing system 100 disposed around the
rotor shaft 102. For example, under conditions in which the rotor shaft 102 is vibrating or
moving relative to the motor housing 120, one end or side of the rotor shaft 102 may move
closer to the motor housing 120 than an opposed end or an opposed side. Additionally,
under conditions in which the outer surface 136 of the rotor shaft 102 includes an irregular
or non-perfect cross-section, a first side of the outer surface 136 of the rotor shaft 102 may
protrude further from a longitudinal centerline 306 of the rotor shaft 102 than a second side

of the outer surface 126, opposed from the first side. To guide radial float of the sealing
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system 100, the sealing system 100 may dynamically move along the radial axis 112 to
adapt for any movement and/or shaping of the rotor shaft 102. For example, the toothed
surface 262 may move up or down along the radial axis 112 to maintain a desired separation
distance from the rotor shaft 102. The desired separation distance may be constructed
differently for each application of the sealing system 100 based on the particular motor 50

and the individual components used within the motor 50 and the sealing system 100.

[0039] FIG. 8 is a cross-sectional side view of an embodiment of the sealing system 100
that includes the labyrinth seal 256 to guide radial float of the back to back floating lip
seals 200. For example, the sealing system 100 of FIG. 8 may combine certain features of
the embodiment of FIG. 6 with certain features of the embodiment of FIG. 7. Asillustrated,
the labyrinth seal 256 includes the sealing extension 260 having the T-shaped cross-section
and the toothed surface 262 described above. In addition to the axial extension 264 with
the aperture 270 therethrough, the labyrinth seal 256 of FIG. 8 also includes an additional
axial extension 320 extending along the longitudinal axis 110 in a direction opposite of the
axial extension 264. Therefore, each floating lip seal 200 may be supported and radially
guided by the axial extensions 264, 320 of the labyrinth seal 256. In some embodiments,
the additional axial extension 320 may include an aperture for receiving the pressurized
fluid 162 in addition or in alternative to the illustrated aperture 270 of the axial extension

264.

[0040] Moreover, one floating lip seal 200 may be coupled to a first axial surface 322 of
the sealing extension 260 of the labyrinth seal 256 by a first spring 324 and a first anti-
rotation pin 326, while the other floating lip seal 200 may be coupled to a second axial
surface 330 of the sealing extension 260 of the labyrinth seal 256 by a second spring 332
and a second anti-rotation pin 334. Therefore, the sealing system 100 may be dynamically
fit within the annular chamber 132 of the motor housing 120 by expanding to seal against
the walls 134 of the annular chamber 132. In other embodiments, the labyrinth seal 256
for guiding the radial position of the sealing system 100 may be positioned at a lateral end
of the floating lip seals 200 instead of between the floating lip seals 200. Additionally, the
second spring 332 and the second anti-rotation pin 334 may be omitted in some

embodiments having the second floating lip seal 200 directly coupled to the second axial
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surface 330 of the labyrinth seal 256. Further, the labyrinth seal 256 having the axial
extensions 264, 320 may be employed to support other sealing members than the lip seals

discussed herein.

[0041] As set forth above, the present disclosure may provide one or more technical effects
useful in the sealing a bearing assembly of a rotating component for an HVAC&R system.
Embodiments of the disclosure may include sealing elements that are selectively liftable
from a rotor shaft of the rotating component in response to a pressurized fluid from a
pressurized fluid source. Additionally, the sealing elements may be radially adjustable
relative to the rotor shaft, thus enabling continuously variable adjustment of the sealing
elements relative to the rotor shaft. In this manner, oil leaking or spreading from the
bearing assembly is directed back to the bearing assembly or an oil drain by the sealing
elements and/or the pressurized fluid. The technical effects and technical problems in the
specification are examples and are not limiting. It should be noted that the embodiments
described in the specification may have other technical effects and can solve other technical

problems.

[0042] While only certain features and embodiments have been illustrated and described,
many modifications and changes may occur to those skilled in the art (e.g., variations in
sizes, dimensions, structures, shapes and proportions of the various elements, values of
parameters (e.g., temperatures, pressures, etc.), mounting arrangements, use of materials,
colors, orientations, etc.) without materially departing from the novel teachings and
advantages of the subject matter recited in the claims. The order or sequence of any process
or method steps may be varied or re-sequenced according to alternative embodiments. It
is, therefore, to be understood that the appended claims are intended to cover all such
modifications and changes as fall within the true spirit of the disclosure. Furthermore, in
an effort to provide a concise description of the exemplary embodiments, all features of an
actual implementation may not have been described (i.e., those unrelated to the presently
contemplated best mode of carrying out the disclosure, or those unrelated to enabling the
claimed disclosure). It should be appreciated that in the development of any such actual
implementation, as in any engineering or design project, numerous implementation specific

decisions may be made. Such a development effort might be complex and time consuming,
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but would nevertheless be a routine undertaking of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this disclosure, without undue

experimentation.

17



WO 2018/165455 PCT/US2018/021586

CLAIMS:

1. A sealing system for a motor, comprising:

a first sealing element configured to be circumferentially disposed around a rotor
shaft of the motor; and

a second sealing element configured to be circumferentially disposed around the
rotor shaft, wherein a sealing tip of the first sealing element is configured to lift from a
surface of the rotor shaft in response to a pressurized fluid directed between the first sealing
element and the second sealing element, and wherein the first sealing element and the

second sealing element are configured to radially float around the rotor shaft.

2. The sealing system of claim 1, wherein the second sealing element
comprises a labyrinth seal configured to guide radial float of the first sealing element and

the second sealing element.

3. The sealing system of claim 2, comprising a spring coupled axially between
the first sealing element and the second sealing element, wherein the spring is configured
to bias the first sealing element against a first inner housing wall of the motor and to bias
the second sealing element against a second inner housing wall of the motor, opposite of

the first inner housing wall.

4. The sealing system of claim 2, wherein a radially outward surface of the
first sealing element is in contact with a radially inward surface of an axial extension of the

labyrinth seal.

5. The sealing system of claim 1, comprising a guide ring circumferentially
disposed around the first sealing element and the second sealing element, wherein the first
sealing element comprises a first lip seal, and the second sealing element comprises a

second lip seal.

6. The sealing system of claim 5, wherein the guide ring enables the first

sealing element and the second sealing element to radially float around the rotor shaft.
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7. The sealing system of claim 1, comprising a third sealing element
configured to be circumferentially disposed around the rotor shaft, wherein the first sealing
element comprises a first lip seal, the second sealing element comprises a labyrinth seal,
and the third sealing element comprises a second lip seal, wherein the labyrinth seal is
configured to guide radial float of the first sealing element, the second sealing element, and

the third sealing element.

8. The sealing system of claim 7, wherein the second sealing element is axially

between the first sealing element and the third sealing element.

0. The sealing system of claim 1, wherein the first sealing element and the
second sealing element comprise a modular assembly configured to be installed within a

cavity of a motor housing.

10. The sealing system of claim 1, comprising an anti-rotation pin coupled
between the first sealing element and the second sealing element to block rotation of the

first sealing element and the second sealing element relative to one another.

11.  The sealing system of claim 1, wherein the first sealing element and the
second sealing element are configured to be disposed around the rotor shaft axially adjacent
to a bearing assembly of the motor, and wherein the sealing system is configured to

maintain oil of the bearing assembly within the bearing assembly.

12.  The sealing system of claim 1, wherein the second sealing element defines
an aperture extending radially through the second sealing element to receive the

pressurized fluid from a compressor.

13. A sealing system for a motor of a compressor, comprising:
a first sealing element configured to be circumferentially disposed around a rotor

shaft of the motor within an annular chamber of a motor housing;
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a second sealing element configured to be circumferentially disposed around the
rotor shaft within the annular chamber, wherein the first sealing element and the second
sealing element are configured to radially float around the rotor shaft; and

a spring element disposed axially between the first sealing element and the second
sealing element, wherein the spring element is configured to bias the first sealing element
against a first wall of the annular chamber to adjust an axial position of the first sealing

element and the second sealing element within the annular chamber.

14.  The sealing system of claim 13, wherein a sealing tip of the first sealing
element is configured to lift from a surface of the rotor shaft in response to a pressurized

fluid directed between the first sealing element and the second sealing element.

15.  The sealing system of claim 13, wherein the first sealing element comprises
a lip seal, and the second sealing element comprises a labyrinth seal, and wherein the
labyrinth seal is configured to guide radial float of the first sealing element and the second

sealing element relative to the rotor shaft.

16. The sealing system of claim 13, comprising a guide ring configured to be
circumferentially disposed around the rotor shaft within the annular chamber and
circumferentially surrounding the first sealing element and the second sealing element,
wherein the guide ring is configured to guide radial float of the first sealing element and
the second sealing element, and wherein the first sealing element comprises a first lip seal

and the second sealing element comprises a second lip seal.

17. A motor for a compressor, comprising:

a housing;

a rotor shaft extending within the housing;

a first sealing element circumferentially disposed around the rotor shaft; and

a second sealing element circumferentially disposed around the rotor shaft, wherein
a sealing tip of the first sealing element is configured to lift from a surface of the rotor shaft

in response to a pressurized fluid directed between the first sealing element and the second
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sealing element, and wherein the first sealing element and the second sealing element are

configured to radially float around the rotor shaft.

18. The compressor of claim 17, comprising a guide ring circumferentially
surrounding the first sealing element and the second sealing element, wherein the guide
ring is configured to enable the first sealing element and the second sealing element to

radially float around the rotor shaft.

19. The compressor of claim 17, wherein the second sealing element comprises
a labyrinth seal, and wherein the labyrinth seal is configured to enable the first sealing

element and the second sealing element to radially float around the rotor shaft.

20.  The compressor of claim 17, wherein an inner surface of the housing and
an outer surface of the rotor shaft at least partially define an annular chamber therebetween,
and wherein the first sealing element and the second sealing element are disposed within

the annular chamber.
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