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ELECTRIC MACHINES, STATORS AND COMPRESSORS
AND METHODS OF MANUFACTURING SAME

FIELD
[0001] The present disclosure relates to electric machines, stators

and compressors and methods of manufacturing same.

BACKGROUND

[0002] This section provides background information related to the
present disclosure which is not necessarily prior art.

[0003] An electric machine commonly includes a stationary component
called a stator, and a rotating component called the rotor. The stators and rotors
are usually formed by stacking multiple layers of electrical-grade steel, called
laminations. These laminations may be produced using a die press of various
kinds. For example, a progressive die can be configured to produce stator and
rotor laminations for a particular electric machine design. Subsequently, the dies
in some or all stages of the progressive die can be changed to configure the
progressive die to produce stator and rotor laminations for another electric
machine design.

[0004] For various reasons, a ratio of the inner diameter to the outer
diameter of known stators for brushless permanent magnet (BPM) motors having
interior permanent magnets for hermetic applications is typically about 55% or

less, and no greater than %.
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SUMMARY

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

[0006] According to one aspect of the present disclosure, a method of
manufacturing electric machines is provided. The method includes producing a
first plurality of stator and rotor laminations using a die press, producing a second
plurality of stator and rotor laminations using the die press, using the first plurality
of rotor laminations to form a first rotor, and using the second plurality of rotor
laminations to form a second rotor. The first plurality of stator laminations and
the second plurality of stator laminations have the same inner diameter and the
same outer diameter. The first plurality of rotor laminations and the second
plurality of rotor laminations have the same inner diameter and the same outer
diameter. The first plurality of rotor laminations have a first magnet slot
configuration and the second plurality of rotor laminations have a second magnet
slot configuration that is different than the first magnet slot configuration.

[0007] According to another aspect of the present disclosure, a stator
for an electric machine includes a stator core having an inner bore defining an
inner diameter of the stator core and an outer periphery defining an outer
diameter of the stator core. A ratio of the inner diameter of the stator core to the
outer diameter of the stator core is greater than or equal to about sixty percent

(60%).
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[0008] According to yet another aspect of the present disclosure, a
stator for an electric machine includes a stator core having an inner bore defining
an inner diameter of the stator core and an outer periphery defining an outer
diameter of the stator core. A ratio of the inner diameter of the stator core to the
outer diameter of the stator core permits the stator to be used with a rotor having
a permanent magnet comprising a first magnet material to achieve a first rated
full-load efficiency greater than or equal to about 92.5%, and with a rotor having
a permanent magnet comprising a second magnet material that is different than
the first magnet material to achieve a second rated full-load efficiency greater
than or equal to about 92.5%.

[0009] Further aspects and areas of applicability will become apparent
from the description provided herein. It should be understood that various
aspects of this disclosure may be implemented individually or in combination with
one or more other aspects. It should also be understood that the description and
specific examples herein are intended for purposes of illustration only and are not

intended to limit the scope of the present disclosure.

DRAWINGS
[0010] The drawings described herein are for illustrative purposes only
of selected embodiments and not all possible implementations, and are not
intended to limit the scope of the present disclosure.
[0011] Fig. 1A is a top view of a progressive die illustrating cutting

operations in each stage of the die.
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[0012] Fig. 1B is a top view of a steel sheet as it progresses through
the progressive die of Fig. 1A, illustrating how stator and rotor laminations are
progressively formed.

[0013] Fig. 2 is a top view similar to Fig. 1A, illustrating changes in the
second and third stages of the progressive die to change magnet slot
configurations in the rotor laminations.

[0014] Fig. 3 is a top view of stator and rotor laminations according to
one example embodiment of the present disclosure.

[0015] Fig. 4 is a top view of stator and rotor laminations according to
another example embodiment of the present disclosure.

[0016] Fig. 5 is a side view of a rotor formed from multiple rotor
laminations having the configuration shown in Fig. 3.

[0017] Fig. 6 is a side view of a rotor formed from multiple rotor
laminations having the configuration shown in Fig. 4.

[0018] Fig. 7 is a graph illustrating efficiency as a function of stator
ID/OD ratio for electric motors employing neodymium and ferrite magnets.

[0019] Fig. 8 is a front sectional view of a compressor including an

electric motor according to another example embodiment of this disclosure.

DETAILED DESCRIPTION
[0001] Example embodiments will now be described more fully with

reference to the accompanying drawings.
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[0002] Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those who are skilled in the
art. Numerous specific details are set forth such as examples of specific
components, devices, and methods, to provide a thorough understanding of
embodiments of the present disclosure. It will be apparent to those skilled in the
art that specific details need not be employed, that example embodiments may
be embodied in many different forms and that neither should be construed to limit
the scope of the disclosure. In some example embodiments, well-known
processes, well-known device structures, and well-known technologies are not
described in detail.

[0003] The terminology used herein is for the purpose of describing
particular example embodiments only and is not intended to be limiting. As used

herein, the singular forms "a,” "an," and "the" may be intended to include the

plural forms as well, unless the context clearly indicates otherwise. The terms

"comprises,” "comprising," “including,” and “having,” are inclusive and therefore
specify the presence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addition of one or more
other features, integers, steps, operations, elements, components, and/or groups
thereof. The method steps, processes, and operations described herein are not
to be construed as necessarily requiring their performance in the particular order

discussed or illustrated, unless specifically identified as an order of performance.

It is also to be understood that additional or alternative steps may be employed.
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[0004] When an element or layer is referred to as being "on/'

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

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

[0005] Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions, layers and/or
sections, these elements, components, regions, layers and/or sections should
not be limited by these terms. These terms may be only used to distinguish one
element, component, region, layer or section from another region, layer or
section. Terms such as “first,” “second,” and other numerical terms when used
herein do not imply a sequence or order unless clearly indicated by the context.
Thus, a first element, component, region, layer or section discussed below could
be termed a second element, component, region, layer or section without
departing from the teachings of the example embodiments.

[0006] Spatially relative terms, such as “inner,” “outer,” "beneath "

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

[0007] A method of manufacturing dynamoelectric machines
(including electric motors and generators) according to one example embodiment
of the present disclosure will now be described with reference to Figs. 1-6. In
this particular example, stator and rotor laminations for electric machines are
produced by feeding a sheet of electrical-grade steel (or another suitable
material) through a progressive die having multiple cutting stages. This is
illustrated generally in Figs. 1A and 1B for a particular electric machine design.
Fig. 1A illustrates the cutting operations in each stage of the progressive die, and
Fig. 1B illustrates how the stator and rotor laminations are progressively formed.

[0008] As shown in Fig. 1A, the inner bore of each rotor lamination
is stamped in the first stage of the progressive die (on the left side of Fig. 1A). In
the second stage, three magnet slots are stamped around the inner bore that

was formed in the first stage. In the third stage of the progressive die, three
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additional magnet slots are formed. In the fourth stage, an additional cut is made
to define the outer perimeter of the rotor lamination. At this point in the process,
formation of the rotor lamination is complete, as shown in Fig. 1B, and the rotor
lamination is separated from the steel sheet. In the fifth stage, additional material
is removed from the steel sheet to define the inner bore, slots and teeth of a
stator lamination. In the sixth stage, an additional cut is made to define the outer
perimeter of the stator lamination. At this point in the process, formation of the
stator lamination is complete, as shown in Fig. 1B, and the stator lamination is
separated from the steel sheet.

[0009] For illustrative purposes, the complete rotor lamination is
also shown in the fifth and sixth stages in Fig. 1B. Additionally, the direction of
the workpiece (e.g., the steel sheet) is indicated by the arrow (i.e., left to right) in
Fig. 1B.

[0010] By changing the dies in the second and third stages of the
progressive die(i.e., the magnet slot forming dies), the magnet slot configuration
of the rotor laminations can be changed. This is shown generally in Fig. 2. The
top portion of Fig. 2 is the same as Fig. 1A, and illustrates the cutting operations
in each stage of the progressive die for a particular electric machine design. The
bottom portion of Fig. 2 illustrates the cutting operations in each stage of the
progressive die -- after the dies in the second and third stages are changed -- for
another electric machine design.

[0011] Fig. 3 illustrates an example stator lamination 302 and an

example rotor lamination 304 produced by the progressive die configuration
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shown in the top portion of Fig. 2 (and Fig. 1A). Similarly, Fig. 4 illustrates an
example stator lamination 402 and an example rotor lamination 404 produced by
the progressive die configuration shown in the bottom portion of Fig. 2. The
stator laminations 302, 402 shown in Figs. 3 and 4 have the same inner
diameter, the same outer diameter, and the same overall configuration. The
rotor laminations 304, 404 also have the same inner diameter and the same
outer diameter as one another.

[0012] Fig. 5 illustrates a rotor 500 formed by stacking multiple rotor
laminations 304 of Fig. 3. Similarly, Fig. 6 illustrates a rotor 600 formed by
stacking multiple rotor laminations 404 of Fig. 4.

[0013] Referring again to Figs. 3 and 4, the only differences in this
example between the rotor lamination 304 of Fig. 3 and the rotor lamination 404
of Fig. 4 are the magnet slot configurations. Because the rotor laminations 304,
404 define -- via the magnet slots -- the same number of poles and the same
pole spacing (i.e., a total of six poles spaced sixty degrees apart from one
another), they can be used with identical stator laminations (i.e., stator lamination
302 and stator lamination 402). Alternatively, if the rotor laminations 304, 404
have different numbers of poles or different pole spacings, it may be necessary
or desirable to change the die in the fifth stage of the exemplary progressive die,
so the stator laminations 302, 402 have tooth and slot configurations that are
compatible with the poles and pole spacings defined by their associated rotor
laminations. In that event, the tooth and slot configuration of stator lamination

302 will be different than the tooth and slot configuration of stator lamination 402.
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[0014] The rotor lamination 304 of Fig. 3 has six trapezoidal magnet
slots 306. In contrast, the rotor lamination 404 of Fig. 4 has six arc-shaped
magnet slots 406. The area of the arc-shaped magnet slots 406 in Fig. 4 is
greater than the area of the trapezoidal magnet slots 306 in Fig. 3. Therefore,
the arc-shaped magnet slots 406 can hold more magnet material than the
trapezoidal magnet slots 306. Consequently, the rotor lamination 404 (and rotor
600) may be used with weaker magnets (e.g., ferrite magnets) than the rotor
lamination 304 (and rotor 500), which may be used with stronger magnets, e.g.,
neodymium magnets.

[0015] The additional magnet material accommodated by the
magnet slot configuration of rotor lamination 404 (as compared to rotor
lamination 304) may completely offset the effect of using weaker magnets. In
that event, the stack heights of the rotors 500, 600 may be the same, with the
rotors 500, 600 producing the same level of magnetic flux. Alternatively, if the
additional magnet material accommodated by the rotor lamination 404 does not
completely offset the effect of using weaker magnets, the stack height of rotor
600 may be greater than the stack height of rotor 500, as shown in Figs. 5 and 6,
so the rotors 500, 600 produce the same level of magnetic flux, and can be used
in motors having the same or equivalent rated horsepower, despite using
different magnet materials.

[0016] Alternatively, if the stack heights and magnetic flux of the
rotors 500, 600 are the same, the rotors 500, 600 may be interchangeable with

one another, and may be compatible with the same stators (i.e., formed from the

10
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stator laminations 302 and/or 402 shown in Figs. 3 and 4) for use in motors
having the same or equivalent rated horsepower. In that event, the choice
between rotor 500 and rotor 600 for a given application may depend on the
current price and/or availability of the magnet material(s) employed in rotor 500
and the magnet material(s) employed in rotor 600.

[0017] As apparent to those skilled in the art, the teachings of this
disclosure are not limited to a particular number, spacing or orientation of rotor
poles, stator slots or stator teeth, and may be applied to, for example, rotors
having any even number of poles including four poles, six poles, twelve poles,
etc. Similarly, the present teachings are not limited to any particular lamination
configurations, pole/slot configurations, magnet slot configurations or magnet
materials, and can be implemented using a wide variety of magnet shapes and
materials, and combinations thereof (i.e., rotors employing multiple magnet slot
shapes and/or multiple magnet materials).

[0018] Because the inner diameter and outer diameter of the stator
laminations 302, 304 are the same, and the inner diameter and the outer
diameter of the rotor laminations 304, 404 are the same, a variety of electric
machine designs can be produced without changing all dies in the press. |n the
example shown in Fig. 2, the dies in only two stages of the progressive die (i.e.,
the second and third stages) may be changed to convert the press from
producing rotor lamination 304 to rotor lamination 404, or vice versa. Further, if
the rotor laminations 304, 404 have a different number of poles or pole spacings,

only one additional die (i.e., in the fifth stage) may be changed so the stator

11
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laminations 302, 402 are compatible with the rotor laminations 304, 404,
respectively. In other embodiments, only one die may need to be changed (i.e.,
in only one stage of a progressive die, or in the only stage of a “single-out” die
press) to convert the die press from one machine design to another.

[0019] Fig. 7 illustrates the performance (i.e., efficiency) of two
electric motor designs relative to their stator's inner diameter to outer diameter
ratios. One of the motor designs uses the stator and rotor configurations shown
in Fig. 3 with neodymium magnets, and the other motor design uses the stator
and rotor configurations shown in Fig. 4 with ferrite magnets. As shown in Fig. 7,
the efficiency of the neodymium motor decreases as its stator ID/OD ratio
increases. Conversely, the efficiency of the ferrite motor increases as its stator
ID/QD ratio increases.

[0020] Many machine applications demand efficiencies of ninety
percent (90%) or greater. Accordingly, the ID/OD ratio of the various stators
described herein is preferably at least sixty percent (60%) so a given stator can
be used with, e.g., a rotor employing neodymium magnets or a rotor employing
ferrite magnets and, in both cases, achieve a rated full-load efficiency of at least
92.5%. More preferably, the stator ID/OD is greater than or equal to about 62%
and, most preferably, is greater than or equal to about 65%.

[0021] The teachings herein may be applied to a wide variety of
dynamoelectric machines including brushless permanent magnet (BPM) motors
having surface mounted and/or interior permanent magnets, and fixed or variable

speed(s). One preferred application is to a hermetic motor. For example, Fig. 8

12
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illustrates a refrigerant compressor 800 having an electric motor 802 including a
stator 804 and a rotor 806. Any of the various motors, stators, and rotors
described herein may be used as the electric motor 802, stator 804 or rotor 806
in the compressor 800 of Fig. 8.

[0022] The foregoing description of the embodiments has been
provided for purposes of illustration and description. It is not intended to be
exhaustive or to limit the disclosure. Individual elements or features of a
particular embodiment are generally not limited to that particular embodiment,
but, where applicable, are interchangeable and can be used in a selected
embodiment, even if not specifically shown or described. The same may also be
varied in many ways. Such variations are not to be regarded as a departure from
the disclosure, and all such modifications are intended to be included within the

scope of the disclosure.

13
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CLAIMS

1. A method of manufacturing electric machines, the method comprising:

producing a first plurality of stator and rotor laminations using a die press,
the first plurality of rotor laminations having a first magnet slot configuration;

producing a second plurality of stator and rotor laminations using the die
press, the second plurality of stator laminations having the same inner diameter
and the same outer diameter as the first plurality of stator laminations, the
second plurality of rotor laminations having the same inner diameter and the
same outer diameter as the first plurality of rotor laminations, the second plurality
of rotor laminations having a second magnet slot configuration that is different
than the first magnet slot configuration;

using the first plurality of rotor laminations to form a first rotor; and

using the second plurality of rotor laminations to form a second rotor.

2. The method of claim 1 wherein the first rotor and the second rotor have

different stack heights.

3. The method of claim 1 or 2 further comprising changing only magnet
slot forming die(s) in the die press between producing the first plurality of stator
and rotor laminations and producing the second plurality of stator and rotor

laminations.

14
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4. The method of any preceding claim wherein the first magnet slot
configuration defines the same number of poles and same pole spacing as the
second magnet slot configuration, and wherein the first plurality of stator
laminations have substantially the same configuration as the second plurality of

stator laminations.

5. The method of any preceding claim wherein a ratio of the inner
diameter of the stator laminations to the outer diameter of the stator laminations

is greater than or equal to about sixty percent (60%).

6. The method of any preceding claim wherein the first rotor includes a
permanent magnet comprising a first magnet material, and the second rotor
includes a permanent magnet comprising a second magnet material that is

different than the first magnet material.

7. The method of claim 6 wherein the first magnet material is neodymium

and the second magnet material is ferrite.

8. A stator for an electric machine, the stator comprising:
a stator core;
the stator core having an inner bore defining an inner diameter of the

stator core;

15
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the stator core having an outer periphery defining an outer diameter of the
stator core;
wherein a ratio of the inner diameter of the stator core to the outer

diameter of the stator core is greater than or equal to about sixty percent (60%).

9. The stator of claim 8 wherein the ratio of the inner diameter of the
stator core to the outer diameter of the stator core is greater than or equal to

about sixty-two percent (62%).

10. The stator of claim 8 wherein the ratio of the inner diameter of the
stator core to the outer diameter of the stator core is greater than or equal to

about sixty-five percent (65%).

11. The stator of any preceding claim wherein the stator is operable with
a neodymium magnet rotor to achieve a rated full-load efficiency greater than or
equal to about 92.5%, and wherein the stator is operable with a ferrite magnet

rotor to achieve a rated full-load efficiency greater than or equal to about 92.5%.

12.  An electric machine comprising a rotor and the stator of any

preceding claim, the rotor including one or more permanent magnets comprising

ferrite.

16
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13. An electric machine comprising a rotor and the stator of any
preceding claim, the rotor including one or more permanent magnets comprising

neodymium.

14. The electric machine of claim 12 or 13 wherein the rotor has at least

four poles.

15. The electric machine of claim 12 or 13 wherein the rotor has at least

six poles.

16. The electric machine of any of claims 12-15 wherein a rated full-load

efficiency of the machine is greater than or equal to about 92.5%.

17. A compressor comprising the electric machine of any of claims 12-16.

18. A stator for an electric machine, the stator comprising:

a stator core;

the stator core having an inner bore defining an inner diameter of the
stator core;

the stator core having an outer periphery defining an outer diameter of the
stator core;

wherein a ratio of the inner diameter of the stator core to the outer

diameter of the stator core permits the stator to be used with a rotor having a

17



WO 2014/079015 PCT/CN2012/085044

permanent magnet comprising a first magnet material to achieve a first rated full-
load efficiency greater than or equal to about 92.5%, and with a rotor having a
permanent magnet comprising a second magnet material that is different than
the first magnet material to achieve a second rated full-load efficiency greater

than or equal to about 92.5%.

19. The stator of claim 18 wherein the first magnet material is ferrite and

the second magnet material is neodymium.

20. The stator of claim 18 or 19 wherein the first rated full-load efficiency

and the second rated full-load efficiency are substantially the same.

18
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