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STATORS COMPRISING AIR FLOW SLOTS

TECHNICAL FIELD
Embodiments of the present disclosure relate to stators used in electric machines and, more

particularly, systems and apparatuses comprising a stator core having air flow slots for cooling.

BACKGROUND
During operation, heat is generated by losses in the winding and the stator core of an
electrical machine, such as a motor. These losses may be due to, for example, electrical
resistance in the winding and often take the form of thermal energy. This thermal energy must
be removed by thermal conduction out of the stator core. Air may often be used to cool the
winding and the stator core. Therefore, it is now recognized that a need exists for an efficient

means for increasing air flow near the windings in the stator core for cooling.

SUMMARY

In accordance with the above, presently disclosed embodiments are directed to systems and
apparatuses comprising a stator core having air flow slots for cooling. In certain embodiments,
the apparatuses of the present disclosure may comprise a stator core having an inner
circumference. The stator core may comprise a plurality of slots extending radially from the
inner circumference. The slots may comprise winding slots and air flow slots. In certain
embodiments, a winding may be located in the winding slots. The air flow slots may be
unobstructed by the winding so as to allow for the flow of air there through. In certain
embodiments, the systems of the present disclose may comprise a shaft, a rotor fitted on the shaft,
and a stator of the present disclosure, wherein the rotor is mounted for rotation within the stator.
In certain embodiments, systems and apparatuses disclosed herein may allow for efficient and

improved cooling of the winding and/or the stator core.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present disclosure and its features and
advantages, reference is made to the following description, taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is an illustrative drawing of a stator in accordance with certain embodiments of the
present disclosure.

FIG. 2 is an illustrative drawing of a stator and a rotor of an electric motor in accordance
with certain embodiments of the present disclosure.

While embodiments of this disclosure have been depicted, such embodiments do not imply
a limitation on the disclosure, and no such limitation should be inferred. The subject matter
disclosed is capable of considerable modification, alteration, and equivalents in form and
function, as will occur to those skilled in the pertinent art and having the benefit of this
disclosure. The depicted and described embodiments of this disclosure are examples only and

not exhaustive of the scope of the disclosure.
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DETAILED DESCRIPTION

Illustrative embodiments of the present disclosure are described in detail herein. In the
interest of clarity, not all features of the actual implementation are described in this specification.
It will of course be appreciated that in the development of any such embodiment, numerous
implementation specific decisions must be made to achieve developers’ specific goals, such as
compliance with system related and business related constraints, which will vary from one
implementation to another. Moreover, it will be appreciated that such a development effort
might be complex and time consuming, but would nevertheless be a routine undertaking for
those of ordinary skill in the art having the benefit of this disclosure. Furthermore, in no way
should the following examples be read to limit or define the scope of the disclosure.

Turning now to the drawings, FIG. 1 illustrates a stator 100 of the present disclosure. As
shown, the stator 100 may comprise a stator core 102. The stator core 102 may be a laminated
core comprising a plurality of laminations (not shown). The stator core 102 may have an inner
circumference 104. The stator core 102 may-comprise a plurality of winding slots 108 that
extend radially from the inner circumference 104. As used herein, the term “plurality” refers in a
non-limiting manner to any integer equal or greater than one.

The stator core 102 may also comprise at least one air flow slot 110. In certain
embodiments, the air flow slot 110 may be fluidly connected to at least one winding slot 108. As
used herein, “fluidly connected” means a fluid, such as air, may freely pass between one
component of the stator 100 (e.g., the air flow slot 110) to another component of the stator 100
(e.g., the winding slot 108). In certain embodiments, the air flow slot 110 may be adjacent to at
least one winding slot 108. As used herein, “adjacent” refers to the proximity of two
components of the stator 100 to each other. Such components that are identified as being
adjacent may be abutting or may also be near or close to each other without necessarily
contacting each other. Although referred to herein as a winding slot 108 and an air flow slot 110,
a single slot 106 may comprise a winding portion 108 and an air flow portion 110.

The stator 100 may further comprise a winding 112. The winding 112 may be located in
the plurality of winding slots 108. In certain embodiments, the winding 112 may comprise a
plurality of coils. The winding 112 may be of substantially similar size and shape as the winding
slots 108. In certain embodiments, the stator 100 may further comprise a plurality of wedges
114 located in one or more winding slots 108 in the plurality of winding slots. The wedges 114
may secure the winding 112 into position within one or more winding slots 108.

In certain embodiments, the width of the portion of the air flow slot 110 nearest in
proximity to the winding slot 108 (i.e., the width 116 of the air flow slot 110) may be smaller

than the width of the portion of the winding slot 108 nearest in proximity to the air flow slot 110
3



10

i5

20

25

30

CA 03071259 2020-01-27

WO 2019/023356 PCT/US2018/043716
(i.e., the width 118 of the winding slot 108). Such structure may prevent the winding 112 from

entering the air flow slot 110 so that the air flow slot 110 is unobstructed by the winding 112,
which in turn allows for maximum air flow through the air flow slot 110.

For instance, as shown in FIG. 1, the air flow slot 110 may comprise an indented section
120, which has a narrower width 116 than both the remaining portion of the air flow slot 110 and
the width 118 of the winding slot 108. The indented section 120 may be immediately adjacent
and/or fluidly connected to the winding slot 108. Although FIG. 1 depicts a particular size and
shape of the air flow slot 110, it will be understood by a person having ordinary skill in the art
with the benefit of this disclosure that the size and/or the shape of the air flow slot 110 may be
varied. Suitable shapes include, but are not limited to, an indented shape as depicted in FIG. 1, a
wedge shape similar to the shape of the winding slot 106 depicted in FIG. 1, a substantially oval
or circular shape, a rounded or curved shape, a rectangular shape, a square shape, or any
combination thereof.

FIG. 2 illustrates an electric motor 200 of the present disclosure. The electric motor 200
may comprise a shaft (not shown), a rotor 202, and a stator 100 as described above. The rotor
202 may be mounted for rotation within the stator 100 and fitted on the shaft (e.g., at 204) for
rotation. During operation of electric motor 200, heat may be generated by, for example, losses
in the winding 112 and/or the stator core 102. Air may flow through the air flow slot 110 and
absorb the heat to cool the winding 112 and/or the stator core 102. The positioning of the air
flow slot 110 adjacent and/or fluidly connected to the winding slot 108 may enhance the ability
to cool the winding 112 and/or stator core 102 because the air may directly contact the winding
112,

Although FIGS. 1 and 2 depict the stator 100 as having only one air flow slot 110 in the
stator core 102, the stator 100 may have any number of air flow slots 110 in the stator core 102.
For instance, each winding slot 108 in the plurality of winding slots may have an adjacent and/or
fluidly connected air flow slot 110. It will be understood by a person having ordinary skill in the
art with the benefit of this disclosure that the cooling achieve by the air flow slots may increase
as the number of air flow slots 110 in the stator core 102 increases.

Among the other benefits discussed herein, the stators comprising air flow slots of the
present disclosure may be manufactured such that the air flow slot is punched into the stator core
laminations at the same time as the winding slot. Thus, the stators of the present disclose may be
manufactured in an efficient manner without requiring the addition of a step to existing

manufacturing processes known in the art.
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Although the present disclosure and its advantages have been described in detail, it should

be understood that various changes, substitutions and alterations can be made herein without

departing from the spirit and scope of the disclosure as defined by the following claims.



CLAIMS:
1. A stator comprising:

a laminated core having an inner circumference;

a plurality of winding slots in the laminate core extending radially from the inner
circumference, wherein both sides of each one of the plurality of winding slots are angled
towards each other;

at least one air flow slot in the laminate core, wherein the at least one airflow slot is
fluidly connected to at least one winding slot, wherein the at least one air flow slot is
unobstructed in relation to the at least one winding slot, wherein the at least one air flow slot
comprises an indented section, wherein the width of the indented section is substantially uniform
in relation to the height of the indented section, wherein the indented section is adjacent to the at
least one winding slot, wherein the indented section is fluidly connected to both the at least one
air flow slot and the at least one winding slot ; and

a winding located in the plurality of winding slots, wherein the air flow slot has a
maximum circumferential width that is larger than a maximum circumferential width of the
winding slot, the width of the indented section is smaller than the maximum circumferential

width of the winding slot.

2. The stator of claim 1 wherein the indented section prevents the winding from entering the

air flow slot.

3. The stator of claim 1 wherein the winding comprises a plurality of coils.

4. The stator of claim 1 further comprising a plurality of wedges located in one or more
winding slots in the plurality of winding slots, wherein the wedges are disposed at an opposite
end in the one or more winding slots from the at least one air flow shot.

5. A stator comprising:

a stator core comprising a plurality of laminations, wherein the stator core has an inner

circumference;
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at least one slot extending radially from the inner circumference of the stator core

comprising:

a winding portion, wherein both sides of the winding portion are angled towards
each other; and

an air flow portion, wherein the air flow portion is unobstructed in relation to the
winding portion, wherein the air flow portion comprises an indented section, wherein the width
of the indented section is substantially uniform in relation to the height of the indented section,
wherein the indented section is adjacent to the winding portion, wherein the indented section is
fluidly connected to both the air flow portion and the winding portion; and

a winding arranged through the winding portion, wherein the air flow portion has
a maximum circumferential width that is larger than a maximum circumferential width of the

slot, the width of the indented section is smaller than the maximum circumferential width of the

slot.
6. The stator of claim 5 wherein the winding comprises a plurality of coils.
7. The stator of claim 5, further a wedge located in the winding portion, wherein the wedge

is disposed at an opposite end in the winding portion from the air flow portion.

8. The stator of claim 5 wherein the indented section prevents the winding from entering the

air flow portion.

9. The stator of claim 8 wherein the indented section has a width smaller than a width of the

winding portion.

10.  An electric motor comprising:
a shaft;
a rotor fitted on the shaft; and
a stator that comprises:

a laminated core having an inner circumference;
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at least one slot extending radially from the inner circumference of the laminated
core, the at least one slot comprising a winding portion and an air flow portion, wherein both
sides of the winding portion are angled towards each other, wherein the air flow portion is
unobstructed in relation to the winding portion, wherein the air flow comprises an indented
section, wherein the width of the indented section is substantially uniform in relation to the
height of the indented section, wherein the indented section is adjacent to the winding portion,
wherein the indented section is fluidly connected to both the air flow portion and the winding
portion; and

a winding arranged through the winding portion, wherein the rotor is mounted for
rotation within the stator, wherein the air flow portion has a maximum circumferential width that
is larger than a maximum circumferential width of the slot, the width of the indented section is

smaller than the maximum circumferential width of the slot.

11.  The electric motor of claim 10 wherein the winding comprises a plurality of coils.

12.  The electric motor of claim 10 wherein the indented section prevents the winding from

entering the air flow portion.

13.  The electric motor of claim 10 wherein the indented section has a width smaller than a
width of the winding slot.
14.  The electric motor of claim 10 further a wedge located in the winding portion, wherein

the wedge is disposed at an opposite end in the winding portion from the air flow portion.
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