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(57) Abrege(suite)/Abstract(continued):

machine cavity, a coolant sump, and at least one coolant channel positioned between the inner wall and an outer wall of the
housing. In some embodiments, the coolant channel can be In fluid communication with the coolant sump. In some embodiments,
an electric machine can be positioned Iin the machine cavity. The electric machine can comprise a stator assembly including stator

end turns and a rotor assembly. In some embodiments, a coolant jacket can be at least partially defined by the housing and can be
positioned so that to at least partially circumscribe a portion of the stator assembly.
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(57) Abstract: Embodiments of the mvention provide an
electric machine module including a housing. In some
embodiments, the housing can include a sleeve member
coupled to at least one end cap. The housing can include
an mner wall at least partially defining a machine cavity, a
coolant sump, and at least one coolant channel positioned
between the inner wall and an outer wall of the housing.
In some embodiments, the coolant channel can be mn fluid
communication with the coolant sump. In some embodi-
ments, an electric machine can be positioned 1n the ma-
chine cavity. The electric machine can comprise a stator
assembly 1ncluding stator end turns and a rotor assembly.
In some embodiments, a coolant jacket can be at least par-
tially defined by the housing and can be positioned so that
to at least partially circumscribe a portion of the stator as-
sembly.
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ELECTRIC MACHINE COOLING SYSTEM AND METHOD

RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Patent Application
No. 61/351,755 filed on Junc 4, 2010, the cntire contents of which 18 incorporated herein by

reference.

BACKGROUND

[0002] Some conventional methods for cooling an electric machine include passing a
coolant around a perimeter of the electric machine. The coolant extracts heat from portions
of the electric machine, which can lead to electric machine cooling. The configuration of
some conventional electric machines can lead to at least partially reduced heat rejection
efficicncy from different machine clements, such as a stator asscmbly. In addition, some
elements of the machine that can conduct heat energy, such as the stator assembly, may not
be properly configured to more cfficicntly conduct heat encrgy, which can result in an

interface resistance.

[0003] Some conventional machines may also conduct heat energy through a rotor
assembly. For example, if the machine’s rotor assembly generates a significant amount of
heat energy, which is common with some electric machines, the rotor assembly heat can be
conducted through the machine’s shaft and bearings or lost by forced convection to the
internal air within the housing. Conducting heat through the bearings can reduce for bearing
life, and the conduction resistance of this path can be generally high. Also, the convection
resistance from the internal air to the machine’s housing can be generally high, which makes

this a generally ineffective way to reject heat from the rotor assembly.
SUMMARY

[0004] Some embodiments of the invention provide an electric machine module
including a housing. In somc cmbodiments, the housing can include a sleeve member

coupled to at least one end cap. In some embodiments, the housing can include an inner
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wall at least partially defining a machine cavity, a coolant sump, and at least one coolant
channel positioned between the inner wall and an outer wall of the housing. In some
embodiments, the coolant channcl can be in fluid communication with the coolant sump. In
some embodiments, an electric machine can be positioned in the machine cavity. The
clectric machinc can comprisc a stator asscmbly including stator end turns and a rotor
assembly. In some embodiments, a coolant jacket can be at least partially defined by the
housing and can be positioned so that it at least partially circumscribes a portion of the stator

assembly.

10005] Some embodiments of the invention provide an electric machine module
including a housing. In somc cmbodiments, the housing can include a slecve member
coupled to at least one end cap. In some cmbodiments, the housing can include an inner
wall at Icast partially dcfining a machinc cavity, a coolant sump, and at least one coolant
channel positioned between the inner wall and an outer wall of the housing. In some
embodiments, the coolant sump can be configured and arranged to contain at least a portion
of a second coolant. In some embodiments, the coolant channel can be in fluid
communication with the coolant sump via a coolant inlet and can be in fluid communication
with the machine cavity via at least one coolant aperture. In some embodiments, an electric
machine can be positioned in the machine cavity. The electric machine can comprise a
stator asscmbly including stator cnd turns and a rotor asscmbly. In some embodiments, an
outer member can be coupled to a portion of the housing to define at least a portion of a
coolant jacket. In some embodiments, the coolant jacket can be configured and arranged to

contain a portion of a first coolant and can be in thermal communication with at least a

portion of the coolant jacket.

DESCRIPTION OF THE DRAWINGS

10006} FIG. T 15 a cross-sectional view of an electric machine module according to one

embodiment of the invention.

10007] FIG. 2 1s a cross-sectional view of an electric machine module according to one

embodiment of the invention.
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10008] FIG. 3 is a side cross-sectional view of a coolant channel in the electric machine

module of FIG. 2.
DETAILED DESCRIPTION

[0009] Before any embodiments of the invention are explained in detail, 1t 1s to be
understood that the invention is not limited in its application to the details of construction
and the arrangement of components set forth in the following description or 1llustrated in the
followmg drawings. The invention 1s capable of other embodiments and of being practiced
or of being carried out in various ways. Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of description and should not be regarded as
limiting. The usc of “including,” “comprising,” or “having” and variations thereof herein is
meant to encompass the items listed thereafter and equivalents thereof as well as additional

&

itcms.  Unlcss specificd or limited otherwise, the terms “mounted,” “connected,”
“supported,” and “coupled” and variations thereof are used broadly and encompass both
direct and indirect mountings, connections, supports, and couplings. Further, “connected”

and “coupled” are not restricted to physical or mechanical connections or couplings.

[0010] The following discussion is presented to enable a person skilled in the art to
make and us¢ embodiments of the invention. Various modifications to the illustrated
embodiments will be rcadily apparent to those skilled in the art, and the generic principles
herein can be applied to other embodiments and applications without departing from
embodiments of the invention. Thus, embodiments of the invention are not intended to be
limited to embodiments shown, but are to be accorded the widest scope consistent with the
principles and features disclosed herein. The following detailed description is to be read
with reference to the figures, in which like elements in different figures have like reference
numerals. The figures, which are not necessarily to scale, depict selected embodiments and
are not intended to limit the scope of embodiments of the invention. Skilled artisans will
recognize the examples provided herein have many useful alternatives that fall within the

scope of embodiments of the invention.

[0011]  FIG. I illustrates an electric machine module 10 according to one embodiment of

the invention. The module 10 can include a housing 12 comprising a sleeve member 14, a
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first end cap 16, and a second end cap 18. An electric machine 20 can be housed within a
machine cavity 22 at least partially defined by the an inside wall 17 of portions of the
housing 12. For cxample, the slecve member 14 and the end caps 16, 18 can be coupled via
conventional fasteners (not shown), or another suitable coupling method, to enclose at least
a portion of thc clectric machine 20 within the machine cavity 22. In some cmbodiments the
housing 12 can comprise a substantially cylindrical canister and a single end cap (not
shown). Further, in some embodiments, the housing 12, including the sleeve member 14
and the end caps 16, 18, can comprise materials that can generally include thermally
conductive properties, such as, but not imited to aluminum or other metals and materials
capablc of gencrally withstanding opcrating tcmperaturcs of the clectric machine. In some
embodiments, the housing 12 can be fabricated using different methods including casting,

molding, cxtruding, and othcr similar manufacturing methods.

[0012] The electric machine 20 can be, without limitation, an electric motor, such as a
hybrid electric motor, an clectric generator, a vehicle alternator, and/or an induction belt-
alternator-starter (BAS). In one embodiment, the electric machine 20 can be a High Voltage
Hairpin (HVH) electric motor or an interior permanent magnet electric motor for hybrid

vehicle applications.

[0013] The electric machine 20 can include a rotor assembly 24, a stator assembly 26,
including stator end turns 28, and bearings 30, and can be disposed about an output shaft 34.
As shown in FIG. 1, the stator 26 can substantially circumscribe a portion of the rotor 24. In

some embodiments, the electric machine 20 can also include a rotor hub 32 or can have a

“hub-less™ design (not shown).

[0014] Components of the electric machine 20 such as, but not limited to, the rotor
assembly 24, the stator assembly 26, and the stator end turns 28 can generate heat during
operation of the electric machine 20. These components can be cooled to increase the

performance and the lifespan of the electric machine 20.

[0015] In some embodiments, as shown in FIG. 2, the housing 12 can comprise a
coolant jacket 36. In some embodiments, the sleeve member 14 can comprise the coolant

jacket 36. For example, in some embodiments, the coolant jacket 36 can be positioned
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substantially within the sleecve member 14 (e.g., formed so that the coolant jacket 26 is
substantially integral with the sleeve member 14). As shown in FIG. 2, in some
cmbodimcents, the coolant jacket 36 can be defined between an outer perimeter 39 the slecve
member 14 and an inner perimeter 41 of an outer member 38. In some embodiments, the
outcr member 38 can be coupled to the slecve member 14, For cxample, as shown in FIG.
2, 1n some embodiments, the sleeve member 14 can comprise recesses 40 configured and
arranged to engage flanges 42 on the outer member 38. In some embodiments, the flanges
42 and recesses 40 can be interference fit together to couple the sleeve member 14 and the
outer member 38. In other embodiments, the slecve member 14 and the outer member 38
can bc coupled together using conventional fastencers, adhesives, welding, brazing, etc. In
some embodiments, in addition to or in licu of the interference fit between the flanges 42
and the rccesses 40, the slccve member 14 and the outer member 38 can be coupled together
in any combination of the previously mentioned coupling techniques. Moreover, in some
embodiments, the interfaces between the sleeve member 14 and other structures can be

substantially sealed with a gasket or similar structure.

[0016] Additionally, in some embodiments, the coolant jacket 36 can be defined
between the outer perimeter 39 of the sleeve member 14 and an additional housing into
which the electric machine module 10 can be installed (now shown). For example, in some
cmbodiments, thc module 10 can be installed within a motor housing, a transmission
housing, or another housing for use in downstream applications. As a result, in some
embodiments, the coolant jacket 36 can be defined between the additional housing and the

sleeve member 14. In some embodiments, the coolant jacket 36, can be substantially
adjacent to portions of the electric machine 20. For example, in some embodiments, the
coolant jacket 36 can substantially circumscribe at least a portion of the stator assembly 26,

as shown in FIQG. 2.

[0017] In some embodiments, the coolant jacket 36 can comprise a first coolant, such as
transmission fluid, ethylene glycol, an ethylene glycol / water mixture, water, oil, a cooling
gas, a cooling mist, or another substance configured to receive heat energy. In some
embodiments, the housing 12 can comprise at least one coolant inlet (not shown) so that the

coolant jacket 36 can be in fluid communication with a fluid source (not shown) which can
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pressurize the first coolant prior to or as it 1s being dispersed into the coolant jacket 36. As a
result, in some embodiments, the pressurized first coolant can circulate through at least a
portion of thc coolant jackct 36. In somc cmbodiments, hecat cnergy genecrated by the
electric machine 20 can be transferred to the first coolant as it circulates through the coolant
jacket 36, as described below, which can Icad to at lcast partial cooling the electric machine
20. In some embodiments, after circulating through the coolant jacket 36, the first coolant
can be directed to a heat transfer element (e.g., a radiator, a heat exchanger, etc.) via a

coolant outlet (not shown), which can remove the heat energy from the first coolant.

[0018] Also, 1n some embodiments, the coolant jacket 36 can be substantially fluid-tight.
For cxample, in some ecmbodiments, regardless of the housing 12 configuration to define the
coolant jacket 36, the coolant jacket 36 can be substantially fluid-tight so that no substantial
amounts of the first coolant can cnter or ¢xit the coolant jacket 36 other than through the
coolant inlet or the coolant outlet. In some embodiments, the sleeve member 14 can
comprise a plurality of sleeve member coolant apertures (not shown) so that the coolant
jacket 36 can be in fluid communication with the machine cavity 22. For example, in some
embodiments, the coolant apertures can be positioned substantially radially outward from
the stator end turns 28 so that at least a portion of the coolant circulating through the coolant
jacket 36 can enter the machine cavity 22 and impinge upon the stator end turns 28 to

receive a portion of the heat energy produced by the end turns 28.

[0019] In some embodiments, the module 10 can comprise at least one coolant sump 44.
In some embodiments, the coolant sump 44 can be located substantially at or near a bottom
portion of the machine cavity 22, as shown in FIG. 2. In some ecmbodiments, the inner wall
17 ot the housing 12 can be configured and arranged to define at least a portion of the
coolant sump 44. For example, in some embodiments, the inner wall 17 of the housing 12
(e.g., the inner wall of the end caps 16, 18, the canister, and/or the single end cap) can be
configured to at least receive portions of the electric machine 20 and define the coolant

sump 44.

10020} In some embodiments, the coolant sump 44 can be configured and arranged to

include a second coolant. In some embodiments, the second coolant can comprise oil,
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vaporizable dielectric fluid, an oil/vaporizable dielectric fluid mixture, or another substance.
In some embodiments, during operation of the electric machine 20, a resting level of the
second coolant present in the coolant sump 44 can gencrally be below an air gap 45 between
the rotor assembly 24 and the stator assembly 26, as shown in FIG. 2. Additionally, in some
cmbodiments, the coolant sump 44 can be substantially scaled with respect to an
environment outside of the module 10. For example, in some embodiments, the second
coolant within the coolant sump 44 can remain substantially within the module 10 so that the
second coolant loop, as described in more detail below, can be substantially self-contained

within the module 10.

[0021] In some ecmbodiments, the sccond coolant can be dispersed in different manners
throughout the module 10. For example, in some embodiments, the rotor assembly 24 can
comprisc at lcast two axial cnds substantially opposing onc another. In some embodiments,
one or more end rings 46 can be coupled to the rotor assembly 24 so that the end rings 46
are substantially adjacent to one or both of the axial ends of the rotor assembly 24. In some
embodiments, the end rings 46 can be coupled to the rotor assembly 24 in different manners,
including, but not limited to, conventional fasteners, welding, brazing, adhesives, hot
staking, being pressed into the rotor assembly 24 lamination stack, etc. As a result, in some
embodiments, the end rings 46 can be securely coupled to the rotor assembly 24. In some
cmbodiments, at least onc centrifugal pump 48 can be coupled to at least one of the end
rings 46 and/or the rotor assembly 24. In some embodiments, the centrifugal pumps 48 can
be coupled to the end rings 46 and/or the rotor assembly 24 in at least one of the coupling
methods previously mentioned. In some embodiments, the rotor assembly 24, the end rings
46, and the centrifugal pumps 48 can be coupled together so that the centrifugal pumps 48
can rotate substantially synchronously with the rotor assembly 24. In some embodiments,
the centrifugal pumps 48 can be configured and arranged so that, as the rotor assembly 24
rotatcs substantially within the stator assembly 26, portions of the centrifugal pumps 48 can
contact at least a portion of the second coolant in the coolant sump 44. As a result, in some
embodiments, when the electric machine 20 is in operation, the centrifugal pumps 48 can
pull the second coolant from the coolant sump 44 and disperse and/or sling the second

coolant throughout at least a portion of the machine cavity 22 where the second coolant can

contact different elements of the module 10.
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[0022] In some embodiments, the second coolant can be dispersed throughout portions
of the machine cavity 22 via other methods. For example, in some embodiments, when the
clectric machine 20 is in opcration, thc moving rotor asscmbly 24 can create an arca of
localized low pressure substantially at or near the surface level of the second coolant 1n the
coolant sump 44. For cxamplc, in somc cmbodiments, the Bernoullt Effect can draw least a
portion of the second coolant toward the rotor assembly 24. As a result, in some
embodiments, when the second coolant contacts the rotor assembly 24, the second coolant
can be carried by the rotor assembly 24 and can be centrifugally dispersed in a substantially
radially and axially outward path throughout portions the machine cavity 22. In some
cmbodiments, the dispersement of the sccond coolant can Icad to contact with some
elements of the module 10, such as, but not limited to the stator assembly 26, the stator end

turns 28, and/or the bearings 30.

[0023] As shown in FIGS. | and 2, in some embodiments, the housing 14 can comprise
an outer wall 50. Also, as shown in FIG. 2, in some embodiments, a plurality of coolant
channels 52 can be located between the inner wall 17 and the outer wall 50. For example, in
some embodiments, the housing 12 can be formed so that the coolant channels 52 are
substantially integral with portions of the housing 12 (i.e., substantially between the inner
wall 17 and the outer wall 50). In some embodiments, the coolant channels 52 can be
located on at lcast both axial sidcs of the machine 20, and in other cmbodiments, the coolant
channels 52 can be positioned in other configurations (e.g., on one axial side of the machine
20). Additionally, as shown in FIG. 2, in some embodiments, at least a portion of the

coolant channels 52 can substantially circumscribe at least some of the bearings 30.

10024] In some embodiments, the coolant channels 52 can be configured and arranged to
at least partially aid in dispersing the second coolant. For example, in some embodiments,
the coolant channels 52 can be in fluid communication with the coolant sump 44 through at
least one sump inlet 54 and can extend throughout at least a portion of the housing 12. As
shown in FIG. 2, in some embodiments, the module 10 can comprise more than one sump
inlet 54 so that coolant channels 52 positioned on both axial sides of the electric machine 20

can fluidly connect to the coolant sump 44 via the sump inlets 54.
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[0025] As shown in FIGS. 2 and 3, 1n some embodiments the coolant channels 52 can
include a plurality of coolant apertures 56. For example, in some embodiments, the coolant
aperturcs 56 can cxtend through the inner wall 17 so that the coolant channels 52 can be 1n
fluid communication with the machine cavity 22. In some embodiments, the coolant
aperturcs 56 can be positioned at different points along radial lengths of the mnner wall 17.
In some embodiments, the coolant apertures 56 can be positioned at substantially equivalent
positions on the axial sides of the electric machine 20. In other embodiments, the coolant
apertures 56 can be positioned at substantially non-equivalent positions on the axial sides of

the electric machine 20.

10026} In somc cmbodiments, during opcration of the clectric machine 20, the
movement of the rotor assembly 24 can causc a portion of the second coolant to move from
the coolant sump 44 into the coolant channcls 52 via at Icast onc of the sump inlets 54. In
some embodiments, the movement of the sccond coolant from the coolant sump 44 and into
the coolant channels 52 can lead to electric machine cooling. For example, in some
embodiments, the second coolant can flow through at least a portion of the coolant channels
52 1n both generally axial and radial directions, as shown by the arrows in FIGS. 2 and 3.
Moreover, in some embodiments, as the second coolant flows through the coolant channels
52, at least a portion of the second coolant can be dispersed into the machine cavity 22
through the coolant apertures 56. For cxample, in some ¢mbodiments, the coolant apertures
36 can be positioned so that the second coolant dispersed through the coolant apertures 56

can be directed toward the rotor assembly 24, as shown in FIGS. 2 and 3.

[0027] In some¢ embodiments, after being directed out of the coolant apertures 56, the
second coolant can contact at least a portion of the elements of the electric machine 20 and
the housing 12. For example, in some embodiments, when the second coolant contacts some
of the heat energy-generating elements of the electric machine 20, such as the rotor
assembly 24, the rotor hub 32, and/or the stator assembly 26, including the stator end turns
28, the second coolant can provide cooling due to forced convection of heat energy from the
components to the second coolant. Additionally, in some embodiments, the second coolant
can provide some lubrication to the bearings 30 and other lubrication-requiring elements of

the module 10.
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[0028] According to some embodiments of the invention, relative to some conventional
electric machines, the coolant sump 44, the coolant channels 52, and the second coolant can
at [cast partially incrcasc hcat convection away from at Icast the stator end turns 28 and the
rotor assembly 24 and can create a more effective way to sink heat energy into the coolant
jacket 36, For cxamplc, in somc cmbodiments, as the sccond coolant 1s dispersed through
portions of the machine cavity 22, the second coolant can receive at least a portion of the
heat energy produced by the stator end turns 28, the rotor assembly 24, and/or other

elements of the module 10 through forced convection, as described above.

[0029] In some embodiments, after being dispersed through portions of the machine
cavity 22, a portion of the sccond coolant can flow along the inner wall 17 and along other
portions of the module 10, such as portions of the electric machine 20, back towards the
coolant sump 44. As a rcsult, in somc cmbodiments, thc sccond coolant can contact the
inner wall 17, which can lead to heat energy transfer from the second coolant to the inner
wall 17 before it reaches the coolant sump 44. The heat energy transferred to the inner wall
17 of the housing 12 can then be radiated to the surrounding environment, which can at least
partially lead to module 10 cooling. In some embodiments, the second coolant be at an at
least partially reduced temperature before it is recycled back into the coolant sump 44
because the second coolant transfers at least a portion of its heat energy to the housing 14.
As a rcsult, In somc cmbodiments, the sccond coolant in the coolant sump 44 can be
maintained at a lower temperature relative to other portions of the module 10 during
operation of the electric machine 20. In some embodiments, because the second coolant

within the coolant sump 44 can be at a gencrally lower temperature, the second coolant can

remove additional heat energy from the electric machine module 10 when it is repeatedly
dispersed through portions of the machine cavity 22 by the centrifugal pump 48 and/or the

coolant channels 52 and coolant apertures 56.

[0030] In some embodiments, housing 12 can comprise at least one rib 58. For example,
in some embodiments, the inner wall 17 can include at least one rib 58. In some
embodiments, the inner wall 17 can comprise a plurality of ribs 58. Although future
references are to “ribs,” some embodiments can include one rib 38. In some embodiments,

the ribs 58 can extend an axial distance from the inner wall 17 into the machine cavity 22.

10
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In some embodiments, the ribs 58 can be formed so that they are substantially integral with
the inner wall 17. In some embodiments, the ribs 58 can be coupled to the inner wall 17
using any of the previously mentioned coupling techniques. In some cmbodiments, the ribs
38 can provide more surface arca relative to a substantially planar inner wall, which can lead
to grcater heat cnergy transfer away from the sccond coolant, which can result in enhanced
cooling of the eclectric machine module 10. In some embodiments, because of the
positioning of the coolant jackct 36, the heat energy received by the housing 12 from the

second coolant can be conducted to the coolant jacket 36 and the first coolant.

[0031] In some embodiments, the coolant sump 44 can be can be configured and
arranged within the modulc 10 so that it is substantially adjacent to a portion of the coolant
jacket 36 and the two elements are in thermal communication. For example, in some
cmbodiments, at lcast a portion of the coolant sump 44 can be immediately adjacent to the
coolant jacket 36. By way of example only, in some embodiments, the coolant sump 44 can
be at least partially defined by an inner wall 17 of the sleeve member 14. As a result, in
some embodiments, the sump 44 can be scparatcd from the coolant jacket 36 by the
thickness of the sleeve member 14. Accordingly, in some embodiments, at least a portion of
the heat energy can be transferred from the coolant sump 44, through the sleeve member 14
and into the first coolant circulating through the coolant jacket 36. For example, in some
embodiments, when the sccond coolant recycles to the coolant sump 44 (e.g., after being
slung into the machine cavity 22 by the centrifugal pump 48 and/or the coolant channels 52
and coolant apertures 56), heat energy can be conducted from the second coolant in the

coolant sump 44 through portions of the housing 12 (e.g., the sleeve member 14) to the

coolant jacket 36 and the first coolant. As previously mentioned, in some embodiments, the
first coolant can be directed out of the coolant jacket 36 to the heat transfer element, which
can help remove the heat encrgy from the operating electric machine module 10. As a
result, in some cmbodiments, the sccond coolant need not be directed out of the housing 12

In order for the heat energy to be transferred, which can result in enhanced cooling because

the second coolant can be more readily recycled to other portions of the module 10.

0032} Further, m some embodiments, when the second coolant comprises a vaporizable

dielectric fluid or a vaporizable dielectric fluid/oil mixture rather than, for example, oil,

I1
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heat-of-vaporization of the sccond coolant can increase heat transfer from the electric

machine 20 components.

{0033} In somc¢ cmbodiments, at lcast a portion of thc previously mentioned
embodiments can at least partially increase durability and efficiency of the electric machine
20. For cxamplc, by incrcasing hcat convection away from some clements of the module
10, including but not limited to the stator end turns 28 and the rotor assembly 24, and more
effectively transferring heat energy into the first coolant in the coolant jacket 36, the coolant
sump 44, and/or the coolant channels 52 with the second coolant can increase the continuous
performance of and reduce the operating temperature of the electric machine 20, which can
incrcasc both durability and cfficicncy of the clectric machine 20. In addition, in some
embodiments, use of the coolant sump 44 and/or the coolant channels 52 can reduce the
cooling requircments placed on the first coolant and the coolant jacket 36 to cool the electric
machine 20. As a result, a necessary flow rate of the first coolant in the coolant jacket 36
can be reduced, which can increase efficiency of the electric machine module 10 (e.g., by
reducing pumping losses to and from the fluid source), and an allowable coolant inlet
temperature can be increased, which can reduce the required size of the heat transfer element
and/or eliminate a need for the heat transfer element completely, thus reducing system costs

of the electric machine module 10.

[0034] It will be appreciated by those skilled in the art that while the invention has been
described above in connection with particular embodiments and examples, the invention is
not necessarily so limited, and that numerous other embodiments, examples, uses,
modifications and departures from the embodiments, examples and uses are intended to be
encompassed by the claims attached hereto. The entire disclosure of each patent and
publication cited herein is incorporated by reference, as if each such patent or publication
were individually incorporated by reference herein. Various features and advantages of the

invention are set forth in the following claims.
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CLAIMS

1. An clectric machine modulc comprising:
a housing including a slceve member coupled to at Icast onc end cap,
an inner wall of the housing at least partially defining a machine cavity,

at lecast a portion of the inner wall configured and arranged to define at least a

portion of a coolant sump, and

at lcast onc coolant channcl positioncd between the inner wall and an outer
wall of the housing, the at least one coolant channel i1s in fluid communication with

the coolant sump;

an clectric machine positioned in the machine cavity and at least partially enclosed
by the housing, the electric machine including a stator assembly including stator end turns

and a rotor assembly; and

a coolant jacket at least partially defined by the housing, the coolant jacket

positioncd so that it at lcast partially circumscribes a portion of the stator assembly.

2. The clectric machine modulc of claim 1 and further comprising at lcast one coolant

aperture positioned through a portion of the inner wall so that the at least one coolant

channel is in fluid communication with the machine cavity.

3. The electric machine module of claim 2, wherein the at Icast one coolant aperture is

substantially adjacent to a portion of the rotor assembly.

4, The clectric machine modulc of claim 1, wherein the inner wall comprises at least

one nb.

13
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J. The electric machine module of claim 1, wherein the coolant jacket 1s configured and
arranged to contain a portion of a first coolant and the coolant sump 1s configured and

arrangcd to contain a portion of a sccond coolant.

6. The clectric machine modulc of claim 5, whercin the first coolant comprises at lcast

one of a transmission fluid, ethylene glycol, and water.

7. The electric machine module of claim 5, wherein the sccond coolant comprises at

least one of an oil and a vaporizable diclectric fluid.

g. The electric machine module of claim 1, wherein at least a portion of the coolant

sump s immedtiately adjacent to at least a portion of the coolant jacket.

9. The electric machine module of claim 1 and further comprising at least one end ring

and at least one centrifugal pump coupled to an axial end of the rotor assembly.

10.  The electric machine module of claim 1 and further comprising at least one bearing,
wherein the at least one coolant channel at least partially circumscribes a portion of the at

Icast onc bearing.

14
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11.  An electric machine module comprising:
a housing including a sleeve member coupled to at least one end cap,
an inner wall of the housing at least partially defining a machine cavity,

at least a portion of the inner wall configured and arranged to define at least a
portion of a coolant sump, the coolant sump configured and arranged to contain at

least a portion of a sccond coolant

at least one coolant channel positioned between the inner wall and an outer

wall of the housing, the at least one coolant channel in fluid communication with the

coolant sump via a coolant inlct, and

at least one coolant aperture positioned through a portion of the inner wall so
that the at least one coolant channel is in fluid communication with the machine

cavity;

an electric machine positioned in the machine cavity and at least partially enclosed
by the housing, the clectric machine including a stator asscmbly including stator cnd turns

and a rotor assembly;

an outer member coupled to at least a portion of the housing; and

a coolant jacket defined between at Ieast a portion of an inner perimeter of the outer
member and an outer perimeter of the sleeve member, the coolant jacket configured and
arranged to contain a portion of a first coolant, and the coolant jacket circumscribing at least

a portion of the stator assembly,

wherein at least a portion of the coolant sump is in thermal communication with at

least a portion of the coolant jacket.

15
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12.  The electric machine module of claim 11 and further comprising at least one rib

coupled to the mner wall.

13.  The electric machine module of claim 11 and further comprising at least one end ring

and at lcast onc centrifugal pump coupled to at least onc axial face of the rotor assembly.

14.  The clectric machinc module of claim 13, whercein the at Icast one centrifugal pump
18 configured and arranged to disperse at lcast a portion of the second coolant to at least a

portion of the machine cavity.

15.  The electric machine module of claim 11 and further comprising at least one bearing,
wherein the at least one coolant channel at least partially circumscribes a portion of the at

least one bearing.

16.  The electric machine module of claim 11, wherein the at least one coolant aperture is

positioned substantially adjacent to a portion of the rotor assembly.

17.  The electric machine module of claim 11 wherein the first coolant comprises at least

onc of a transmission fluid, cthylene glycol, and water.

18.  The clectric machine modulc of claim 11, whercin the sccond coolant comprises at

least one of an oil and a vaporizable dielectric fluid.

16



CA 02801084 2012-11-28

WO 2011/153533 PCT/US2011/039279

19. A method of cooling an clectric machine module, the method comprising:

providing a housing including a sleeve member coupled to at least one end cap, an

inner wall of the housing at lcast partially defining a machine cavity,

providing at least one coolant sump within the housing, at lcast a portion of the inner

wall configured and arranged to define at least a portion of the coolant sump;

positioning at least one coolant channel between the inner wall and an outer wall of
the housing so that the at lcast onc coolant channcl in fluid communication with the coolant

sump;

positioning an electric machine in the machine cavity, the electric machine including

a stator assembly including stator end turns and a rotor assembly; and

providing a coolant jacket at least partially defined by the housing, the coolant jacket
positioned so that it at least partially circumscribes at least a portion of the stator assembly
and so that at least a portion of the coolant jacket is in thermal communication with at least a

portion of thc coolant sump.

20.  The mecthod of claim 19 and furthcr comprising positioncd the at least one coolant
aperture through the inner wall so that it is substantially adjacent to at least a portion of the

rotor asscmbly.

17
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