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SYSTEM AND METHOD FOR ADDITIVE MANUFACTURING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Patent Application No. 16/053,080,
filed on August 2, 2018, the entire disclosure of which is incorporated herein by

reference.

FIELD
[0002] The present disclosure relates to a system and method for additive

manufacturing, and particularly, for additive manufacturing of stators.

BACKGROUND

[0003] This section provides background information related to the present
disclosure and is not necessarily prior art.

[0004] Stators for electric motors can include lamination stacks having
alternating layers of magnetically susceptible layers and insulating layers. The
insulating layers reduce eddy current losses in the stator. Reducing the thicknesses of
the layers can further reduce eddy current losses. There is a limit, however, to how thin
the layers can be made by conventional methods. If the layers are made too thin,
conventional manufacturing processes become unreliable and the layers become too
fragile to handle and process. The present disclosure provides a system and method
for manufacturing laminated stators (or other laminated components) that allow each
individual layer to be formed very thin while also allowing for a variety of features to be

formed on or in the stator.

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] In one form, the present disclosure provides a system that may include a
table, a supporting structure, a first powder dispenser, and a second powder dispenser.
The table may be rotatable about a first rotational axis. The supporting structure may
be mounted for movement relative to the table. The first powder dispenser may be
mounted to the supporting structure and may extend radially across the table. The first

powder dispenser may include a first outlet disposed vertically above the table. The
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second powder dispenser may be mounted to the supporting structure and may extend
radially across the table. The second powder dispenser may include a second outlet
disposed vertically above the table. The table may be rotatable about the first rotational
axis relative to the supporting structure and the first and second powder dispensers.
The first and second powder dispensers may be movable with the supporting structure
relative to the table in a direction parallel to the first rotational axis.

[0007] In some configurations, the system may include a binder dispenser
mounted to the supporting structure and extending radially across the table, the binder
dispenser having a third outlet disposed vertically above the table. The binder
dispenser may be circumferentially spaced apart from the first and second powder
dispensers. The binder dispenser may be movable with the supporting structure
relative to the table in the direction parallel to the first rotational axis.

[0008] In some configurations, the system of one or both of the above
paragraphs may include a compacting roller mounted to the supporting structure and
disposed vertically above the table. The compacting roller may be rotatable relative to
the supporting structure and the table about a second rotational axis that is angled
relative to the first rotational axis.

[0009] In some configurations of the system of one or more of the above
paragraphs, the compacting roller includes a frustoconical rolling surface.

[0010] In some configurations of the system of one or more of the above
paragraphs, the compacting roller is disposed circumferentially between the second
powder dispenser and the binder dispenser.

[0011] In some configurations, the system of one or more of the above
paragraphs may include a curing element attached to the supporting structure and
extending radially across the table. The curing element may be disposed vertically
above the table. The binder dispenser may be disposed circumferentially between the
curing element and the second powder dispenser.

[0012] In some configurations, the system of one or more of the above
paragraphs may include a third powder dispenser mounted to the supporting structure
and extending radially across the table. The third powder dispenser may include a
fourth outlet disposed vertically above the table. The third powder dispenser may be
circumferentially spaced apart from the first and second powder dispensers. The third
powder dispenser may be movable with the supporting structure relative to the table in

the direction parallel to the first rotational axis.



10

15

20

25

30

WO 2020/028451 PCT/US2019/044264

[0013] In some configurations of the system of one or more of the above
paragraphs, the first and second powder dispensers are rotationally fixed relative to the
first rotational axis.

[0014] In another form, the present disclosure provides a system that may
include a table, a first powder dispenser, a second powder dispenser, and a binder
dispenser. The table may be rotatable about a first rotational axis. The first powder
dispenser may extend radially across the table. The first powder dispenser may include
a first outlet disposed vertically above the table. The second powder dispenser may
extend radially across the table. The second powder dispenser may include a second
outlet disposed vertically above the table. The binder dispenser may extend radially
across the table. The binder dispenser may include a third outlet disposed vertically
above the table. The binder dispenser may be circumferentially spaced apart from the
first and second powder dispensers. The table may be rotatable about the first
rotational axis relative to the first and second powder dispensers and the binder
dispenser. The first and second powder dispensers and the binder dispenser may be
movable relative to the table in a direction parallel to the first rotational axis. The first
and second powder dispensers and the binder dispenser may be rotationally fixed
relative to each other.

[0015] In some configurations, the system of one or more of the above
paragraphs may include a supporting structure supporting the first and second powder
dispensers and the binder dispenser and movable with the first and second powder
dispensers and the binder dispenser in the direction parallel to the first rotational axis.

[0016] In some configurations, the system of one or more of the above
paragraphs may include a compacting roller mounted to the supporting structure and
extending radially across the table from the supporting structure. The compacting roller
may be disposed vertically above the table. The compacting roller may be rotatable
relative to the supporting structure and the table about a second rotational axis that is
angled relative to the first rotational axis.

[0017] In some configurations of the system of one or more of the above
paragraphs, the second rotational axis is disposed at a non-perpendicular angle relative
to the first rotational axis.

[0018] In some configurations of the system of one or more of the above

paragraphs, the supporting structure is disposed radially inward relative to an inner
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diameter of the table. The first and second powder dispensers, the binder dispenser
and the compacting roller may extend radially outward from the supporting structure.

[0019] In some configurations of the system of one or more of the above
paragraphs, the compacting roller includes a frustoconical rolling surface.

[0020] In some configurations of the system of one or more of the above
paragraphs, the compacting roller is disposed circumferentially between the second
powder dispenser and the binder dispenser.

[0021] In some configurations, the system of one or more of the above
paragraphs may include a curing element extending radially across the table. The
curing element may be disposed vertically above the table. The binder dispenser may
be disposed circumferentially between the curing element and the second powder
dispenser.

[0022] In some configurations, the system of one or more of the above
paragraphs may include a third powder dispenser extending radially across the table.
The third powder dispenser may include a fourth outlet disposed vertically above the
table. The third powder dispenser may be circumferentially spaced apart from the first
and second powder dispensers and the binder dispenser. The third powder dispenser
may be movable with the first and second powder dispensers and the binder dispenser
relative to the table in the direction parallel to the first rotational axis.

[0023] In another form, the present disclosure provides a manufacturing method
that may include: rotating a table about a first rotational axis; dispensing a powdered
magnetically susceptible material onto the table while the table is rotating; dispensing a
powdered insulating material onto the table while the table is rotating; dispensing a
binder material onto the table while the table is rotating; forming a plurality of first layers
of the magnetically susceptible material on the table; and forming a plurality of second
layers of the insulating material on the table, wherein each of the second layers is
disposed axially between adjacent first layers.

[0024] In some configurations, the method may include removing the first and
second layers from the table and subsequently heating the first and second layers in an
oven.

[0025] In some configurations of the method of one or more of the above

paragraphs, the first and second layers are discrete layers.
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[0026] In some configurations of the method of one or more of the above
paragraphs, the first and second layers cooperate to form a single, continuous helical
coil.

[0027] In some configurations, the method of one or more of the above
paragraphs may include: compacting the powdered magnetically susceptible material
on the table using a compacting roller; and curing the binder material after compacting
the powdered magnetically susceptible material.

[0028] In some configurations, the method of one or more of the above
paragraphs may include forming apertures in the first and second layers by ceasing
dispensation of the powdered magnetically susceptible material and the powdered
insulating material at selected locations radially between inner and outer diameters of
the first and second layers.

[0029] In some configurations, the method of one or more of the above
paragraphs may include forming an electrically conductive path through the plurality of
first and second layers by dispensing powdered conductive material at selected
locations on each of the first and second layers.

[0030] Further areas of applicability will become apparent from the description
provided herein. The description and specific examples in this summary are intended
for purposes of illustration only and are not intended to limit the scope of the present

disclosure.

DRAWINGS

[0031] 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.

[0032] Figure 1 is a perspective view of an additive manufacturing system and
layers of a stator being manufactured by the system;

[0033] Figure 2 is an overhead view of the system and stator;

[0034] Figure 3 is a side view of the system and stator;

[0035] Figure 4 is a partially exploded view of the stator;

[0036] Figure 5 is a partial cross-sectional view of the stator taken at line 5-5 of
Figure 4;

[0037] Figure 6 is a partial cross-sectional view of another example stator;

[0038] Figure 7 is a schematic representation of the stator inside of an oven;
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[0039] Figure 8 is a partially exploded view of an alternative stator that can be
manufactured by the system; and

[0040] Figure 9 is an overhead view of a plurality of the systems attached to
each other by a common platen.

[0041] Corresponding reference numerals indicate corresponding parts

throughout the several views of the drawings.

DETAILED DESCRIPTION

[0042] Example embodiments will now be described more fully with reference to
the accompanying drawings.

[0043] With reference to Figures 1-3, an additive manufacturing system 10 is
provided that can form a layered or laminated object such as a stator 12 of an electrical
motor or a core of a transformer, for example. The system 10 can form and bond
alternating laminations of different materials. To manufacture the stator 12 shown in
Figures 1-5, the system 10 can form and bond alternating laminations of a magnetically
susceptible material (e.g., powdered steel) and an insulating material (e.g., powdered
silica and/or nylon). Thereafter, the laminated stator 12 can be heated or sintered in an
oven or furnace 14 (shown schematically in Figure 7) to coalesce the powdered
materials.

[0044] As shown in Figures 1-3, the system 10 may include a rotating table 16, a
supporting column (i.e., a supporting structure) 18, a first powder material dispenser 20,
a second powder material dispenser 22, a compacting roller 24, a binder dispenser 26,
and a curing element 28. In some embodiments, the system 10 may include a third
powder material dispenser 31.

[0045] The rotating table 16 can be a disk-shaped platen having an outer
diameter 30 and an inner diameter 32. The inner diameter 32 defines a central
aperture 34. The table 16 may be mounted to a stationary base or a frame (not
shown). A first actuator 36 (e.g., an electric motor; shown schematically in Figure 3)
may be coupled to the table 16 and is operable to rotate the table 16 about a first
rotational axis A1 relative to the supporting column 18, the dispensers 20, 22, 26, 31,
the compacting roller 24, and the curing element 28. In the particular example shown in
figures, the first actuator 36 rotates the table 16 in a clockwise rotational direction

viewed from the frame of reference of Figure 2.
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[0046] The supporting column 18 may support the dispensers 20, 22, 26, 31, the
compacting roller 24 and the curing element 28 above the table 16. The supporting
column 18 may be mounted to a stationary base or a frame (e.g., the same base or
frame to which the table 16 is mounted or a different frame or base). The supporting
column 18 may be disposed radially inward relative to the inner diameter 32 of the table
16. The supporting column 18 may extend vertically along the first rotational axis A1 of
the table 16. In the particular example shown in the figures, the supporting column 18
has a cylindrical shape. In other embodiments, the supporting column 18 may have
any other suitable shape. As shown schematically in Figure 3, a second actuator 38
(e.g., an electric motor or a hydraulic or pneumatic actuator) may be coupled to the
supporting column 18 and may drive the supporting column 18 (as well as the
dispensers 20, 22, 26, 31, the compacting roller 24, and the curing element 28 attached
to the supporting column 18) relative to the table 16 in a direction along or parallel to
the first rotational axis A1. In some configurations, one column 18 or a plurality of
columns 18 can be attached to a platen that is movable along the first rotational axis
A1l

[0047] The first and second dispensers 20, 22 may be fixedly attached to the
supporting column 18 and may extend radially outward from the supporting column 18
and across the table 16 (i.e., across the outer and inner diameters 30, 32 of the table
16). The table 16 rotates beneath the first and second dispensers 20, 22. The first and
second dispensers 20, 22 can be any suitable type of powder material dispensers, such
as ultrasonic dispensers, for example. The first dispenser 20 may dispense the
magnetically susceptible material, and the second dispenser 22 may dispense the
insulating material. Each of the first and second dispensers 20, 22 may include a
material reservoir 23 (that receives powder material from a source of powder material)
and one or more nozzles or one or more outlets 25 through which the powder material
can be dispensed onto the table 16 as the table 16 rotates. The first and second
dispensers 20, 22 can selectively dispense a desired amount of their respective
materials at any one or more radial locations along the radial extent of the table 16
between the outer and inner diameters 30, 32 of the table 16.

[0048] The compacting roller 24 smooths and compacts powder material
dispensed onto the table 16 from the dispensers 20, 22. The compacting roller 24 may
be attached to the supporting column 18 and may extend radially outward from the

supporting column 18 and across the table 16 (i.e., across the outer and inner
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diameters 30, 32 of the table 16). The table 16 rotates beneath the compacting roller
24. The compacting roller 24 is circumferentially spaced apart from the first and second
dispensers 20, 22. A bearing 40 (Figure 1) mounted to the supporting column 18 may
support the compacting roller 24 for rotation about a second rotational axis A2. The
second rotational axis A2 is disposed at an angle (e.g., a non-zero, non-perpendicular
angle) relative to the first rotational axis A1 of the table 16.

[0049] The compacting roller 24 includes a rolling surface 42 that can rollingly
contact the stator 12 on the table 16. The rolling surface 42 may have a frustoconical
shape including a first end 44 and a second end 46. The first end 44 may be disposed
at or near the inner diameter 32 of the table 16. The second end 46 may be disposed
at or near the outer diameter 30 of the table 16. The diameter of the rolling surface 42
increases as the rolling surface 42 extends axially from the first end 44 to the second
end 46. This variation of the diameter of the rolling surface 42 allows the linear velocity
of the rolling surface 42 (relative to the rotating table 16) to be equal at every location
along the axial length of the rolling surface 42. This allows the compacting roller 24 to
compact and smooth the powder material equally at all radial positions of the table 16
between the outer and inner and outer diameters 30, 32.

[0050] The binder dispenser 26 may be fixedly attached to the supporting column
18 and may extend radially outward from the supporting column 18 and across the
table 16 (i.e., across the outer and inner diameters 30, 32 of the table 16). The table 16
rotates beneath the binder dispenser 26. The binder dispenser 26 may be
circumferentially spaced apart from the compacting roller 24 such that the compacting
roller 24 is disposed circumferentially between the binder dispenser 26 and the first and
second dispensers 20, 22 (i.e., powder material dispensed onto the table 16 by the first
or second dispenser 20, 22 is compacted and smoothed by the compacting roller 24
before passing beneath the binder dispenser 26).

[0051] The binder dispenser 26 can be any suitable type of dispenser (e.g., a
binder jet). The binder dispenser 26 may dispense a binder material (e.g., an adhesive)
onto powder material that has been dispensed onto the table 16 by the dispensers 20,
22 and smoothed and compacted by the compacting roller 24. The binder dispenser 26
may include a material reservoir 27 (that receives the binder material from a source of
binder material) and one or more nozzles or one or more outlets 29 through which the
binder material can be dispensed onto the table 16 as the table 16 rotates. The binder

dispenser 26 can selectively dispense a desired amount of the binder material at any
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one or more radial locations along the radial extent of the table 16 between the outer
and inner diameters 30, 32 of the table 16.

[0052] The curing element 28 may extend radially across the table 16 (e.g.,
across the outer and inner diameters 30, 32 of the table 16). The curing element 28
may be a heat source (e.g., an electric resistance heater with heating coils, a flame
source, a laser, a heated roller, etc.) or an ultraviolet (UV) light source, for example.
The curing element 28 may be circumferentially spaced apart from the binder dispenser
26 such that the binder dispenser 26 is disposed circumferentially between the
compacting roller 24 and the curing element 28 (i.e., binder material dispensed onto the
table 16 by the binder dispenser 26 passes beneath the curing element 28). The curing
element 28 may at least partially cure the binder material to bind the particles of powder
material to each other.

[0053] The third powder material dispenser 31 may be fixedly attached to the
supporting column 18 and may extend radially outward from the supporting column 18
and across the table 16 (i.e., across the outer and inner diameters 30, 32 of the table
16). The table 16 rotates beneath the third dispenser 31. The third dispenser 31 can
be any suitable type of powder material dispenser, such as an ultrasonic dispenser, for
example. The third dispenser 31 may dispense an electrically conductive material (e.g.,
copper). The third dispenser 31 may include a material reservoir 48 (that receives
powder material from a source of powder material) and one or more nozzles or one or
more outlets 50 through which the powder material can be dispensed onto the table 16
as the table 16 rotates. The third dispenser 31 can selectively dispense a desired
amount of powder material at any one or more radial locations along the radial extent of
the table 16 between the outer and inner diameters 30, 32 of the table 16.

[0054] A control module 52 (shown schematically in Figure 3) may be in
communication with the first and second actuators 36, 38, the dispensers 20, 22, 26, 31
and the curing element 28. The control module 52 may control operation of the first
and second actuators 36, 38 to move the table 16 and supporting column 18,
respectively, as desired. The control module 52 may also control operation of the
dispensers 20, 22, 26, 31 and the curing element 28 to dispense, bond and cure the
desired materials in the desired locations. The control module 52 may include
processing circuitry configured to execute instructions stored on at least one non-

transitory, tangible computer-readable medium.
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[0055] In some configurations, an actuator (not shown) can drive rotation of the
compacting roller 24 (e.g., rotation about the second rotational axis A2). The control
module 52 could control operation of such an actuator to drive the compacting roller 24
in desired directions and at desired speeds. In other configurations, the compacting
roller 24 could be driven by the first actuator 36 (e.g., via a linkage, gears, etc. coupling
the compacting roller 24 to the table 16 or directly to first actuator 36). In other
configurations, friction between the rolling surface 42 of the compacting roller 24 and
the stator 12 on the table 16 may drive rotation of the compacting roller 24.

[0056] Referring now to Figures 1-7, a method of manufacturing the stator 12
using the system 10 will be described. As described above, the system 10 can form
and bond alternating laminations of the magnetically susceptible material and the
insulating material. Thereafter, the laminated stator 12 can be heated or sintered in the
oven 14 (Figure 7) to coalesce the powdered materials.

[0057] As shown in Figures 4 and 5, the stator 12 manufactured using the
method of the present disclosure includes a plurality of discrete first layers or
laminations 60 and a plurality of discrete second layers or laminations 62. The first
layers 60 may be formed from the magnetically susceptible material, and the second
layers 62 may be formed from the insulating material.

[0058] To form one of the first layers 60, the control module 52 may operate the
first actuator 36 to rotate the table 16 and operate the first powder material dispenser
20 to dispense powdered magnetically susceptible material onto the table 16 while the
table 16 is rotating. The control module 52 can control the first powder material
dispenser 20 to dispense appropriate amounts of the powder material at desired radial
locations on the table 16 to form a desired thickness of material.

[0059] While the table 16 is rotating, the compacting roller 24 compacts and
smooths the powder material after the powder material is dispensed from the first
powder material dispenser 20, as described above. Thereafter, the compacted powder
material passes beneath the binder dispenser 26, and binder material can be
dispensed onto the compacted powder material. Thereafter, the binder material and
powder material pass beneath the curing element 28, which at least partially cures the
binder material to bond the particles of powder material to each other. The table 16
may continue to rotate and the first powder material dispenser 20 and the binder

dispenser 26 may continue dispensing in this manner to form a discrete layer 60.
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[0060] After a complete (360 degree) rotation of the table 16, one layer 60 is
formed. Then, to form a second layer 62 on top of the first layer 60, the above steps
may be repeated with the second powder material dispenser 22 dispensing the
powdered insulating material instead of the first powder material dispenser 20
dispensing the magnetically susceptible material. Another complete (360 degree)
rotation of the table 16 with the second powder material dispenser 22 dispensing the
insulating material will form one of the second layers 62. Thereafter, the supporting
column 18 is moved vertically upward again, and another layer 60 can be formed in the
manner described above. The above steps can be repeated as many times as desired
to form as many alternating layers 60, 62 as desired.

[0061] If desired, each of the layers 60, 62 can include one or more of a variety
of different features. For example, as shown in Figure 4, each of the layers 60, 62
could include a plurality of apertures 64 and/or a plurality of conductors 66. The
apertures 64 can be formed by ceasing the dispensation of powder material from the
dispenser 20, 22 only at the locations at which the apertures 64 are desired to be
formed while continuing to dispense powder material from the dispenser 20, 22 around
the locations at which the apertures 64 are desired to be formed. The conductors 66
can be formed by ceasing dispensation of powder material from the dispenser 20, 22 at
the desired location for the conductor 66 and instead dispensing powdered electrically
conductive material from third dispenser 31 at the desired location.

[0062] As shown in Figure 1, when multiple layers 60, 62 are stacked upon each
other, selected ones of the apertures 64 in the layers 60, 62 can be aligned with each
other to form internal passages (e.g., coolant passages, air passages, bolt holes, etc.)
in the stator 12. Similarly, selected ones of the conductors 66 in the layers 60, 62 can
be aligned with each other to form larger conductors (e.g., an electrically conductive
path) that could (optionally) extend though the axial length of the stator 12 and could
replace conventional wires or windings, for example.

[0063] As shown in Figure 5, one of more of the layers 60, 62 could include one
or more step features (or out-of-plane features) 68. For example, one or more of the
first layers 60 could include one or more step features 68 (formed from the same
material as the rest of the first layer 60) disposed in the same plane as an adjacent
second layer 62; and one or more of the second layers 62 could include one or more
step features 68 (formed from the same material as the rest of the second layer 62)

disposed in the same plane as an adjacent first layer 60.
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[0064] Step features 68 in one of the first layers 60 can be formed during the
formation of an adjacent second layer 62 by ceasing dispensation of powder material
from the second dispenser 22 at the desired location for the step feature 68 and instead
dispensing powder material from first dispenser 20 at the desired location. Similarly,
step features 68 in one of the second layers 62 can be formed during the formation of
an adjacent first layer 60 by ceasing dispensation of powder material from the first
dispenser 20 at the desired location for the step feature 68 and instead dispensing
powder material from second dispenser 22 at the desired location.

[0065] It will be appreciated that a variety of other features could be formed in
one or more layers 60, 62. For example, attachment features, splines, and/or other
shapes could be formed into any of the layers 60, 62. Furthermore, one or more layers
60, 62 of a given stator 12 could have thicknesses that vary and/or thicknesses that
differ from the thicknesses of other layers 60, 62 of the same stator 12.

[0066] Figure 6 depicts another example of layers 60, 62 having step features or
out-of-plane features 68 that form an aperture 64 between adjacent layers 60, 62 and
with a conductor 66 between adjacent layers 60, 62. It will be appreciated that step
features 68 can be formed in any desired shape to produce desired features in or on
the stator 12. Some of the out-of-plane features 68 may be supported by un-bonded
powder during the deposition of the material forming the out-of-plane features 68. After
the material forming the out-of-plane features 68 is bonded, the un-bonded supporting
powder can be removed.

[0067] Once a desired number of layers 60, 62 are formed using the steps
above, the resultant stator 12 may be heated or sintered in the oven 14 (shown in
Figure 7) to coalesce the powdered materials and bond the layers 60, 62 to each other.
During the heating or sintering process, some step features or out-of-plane features 68
may be support by a ceramic fixture, for example, or any other suitable fixture.
Thereafter, the stator 12 can be removed from the fixture.

[0068] Referring now to Figure 8, an alternative stator 112 is provided that could
be formed using the system 10 described above. Like the stator 12, the stator 112 can
have alternating layers 160, 162 (similar to the layers 60, 62, respectively). That is,
each layer 160 is disposed axially between adjacent layers 162. The layers 160, 162
can be formed from the same or similar materials as the layers 60, 62, respectively, and
can be formed with the same or similar features (e.g., apertures 64, conductors 66

and/or step features 68) as the layers 60, 62 of the stator 12. The stator 112 can be
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similar to the stator 12, except the layers 160, 162 of the stator 112 form a single,
continuous helical coil instead of the discrete layers 60, 62 of the stator 12. Each layer
160, 162 is a segment of the continuous helical coil. Seams 164 between adjacent
layers 160, 162 could be circumferentially aligned with each other or circumferentially
staggered apart from each other.

[0069] The single, continuous helical coil of the layers 160, 162 can be formed by
continuously raising the supporting column 18 during the entire 360 degrees of rotation
of the table 16, rather than raising the supporting column 18 in discrete steps at the
conclusion of each 360 degree rotation of the table 16. As with the formation of the
layers 60, 62 of the stator 12, the layers 160 of the stator 112 may be formed by
dispensing powder material from the first powder dispenser 20, and the layers 162 of
the stator 112 may be formed by dispensing powder from the second dispenser 22, as
described above.

[0070] Like the stator 12, once a desired number of layers 160, 162 are formed
using the steps above, the resultant stator 112 may be heated or sintered in the oven
14,

[0071] Referring now to Figure 9, a plurality of systems 10 could be operated
simultaneously to form a plurality of stators 12 (or a plurality of stators 112)
simultaneously. For example, the supporting column 18 of each of the systems 10
could be mounted to a common platen 70 (shown schematically in Figure 9) or any
other suitable structure. A single actuator (not shown) could move the platen 70 to
simultaneously move all of the supporting columns 18 relative to the tables 16.

[0072] The foregoing description of the embodiments has been provided for
purposes of illustration and description. It is not intended to be exhaustive or to limit the
disclosure. Individual elements or features of a particular embodiment are generally not
limited to that particular embodiment, but, where applicable, are interchangeable and
can be used in a selected embodiment, even if not specifically shown or described. The
same may also be varied in many ways. Such variations are not to be regarded as a
departure from the disclosure, and all such modifications are intended to be included

within the scope of the disclosure.
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CLAIMS

What is claimed is:

1. A system comprising:

a table rotatable about a first rotational axis;

a supporting structure mounted for movement relative to the table;

a first powder dispenser mounted to the supporting structure and extending
radially across the table, the first powder dispenser having a first outlet disposed
vertically above the table; and

a second powder dispenser mounted to the supporting structure and extending
radially across the table, the second powder dispenser having a second outlet disposed
vertically above the table,

wherein the table is rotatable about the first rotational axis relative to the
supporting structure and the first and second powder dispensers, and wherein the first
and second powder dispensers are movable with the supporting structure relative to the

table in a direction parallel to the first rotational axis.

2. The system of claim 1, further comprising a binder dispenser mounted to
the supporting structure and extending radially across the table, the binder dispenser
having a third outlet disposed vertically above the table, wherein the binder dispenser is
circumferentially spaced apart from the first and second powder dispensers, wherein
the binder dispenser is movable with the supporting structure relative to the table in the

direction parallel to the first rotational axis.

3. The system of claim 2, further comprising a compacting roller mounted to
the supporting structure and disposed vertically above the table, wherein the
compacting roller is rotatable relative to the supporting structure and the table about a

second rotational axis that is angled relative to the first rotational axis.

4. The system of claim 3, wherein the compacting roller includes a

frustoconical rolling surface.

. The system of claim 3, wherein the compacting roller is disposed

circumferentially between the second powder dispenser and the binder dispenser.

14
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6. The system of claim 2, further comprising a curing element attached to
the supporting structure and extending radially across the table, wherein the curing
element is disposed vertically above the table, and wherein the binder dispenser is
disposed circumferentially between the curing element and the second powder

dispenser.

7. The system of claim 6, wherein the curing element includes at least one of

a heat source and an ultraviolet light source.

8. The system of claim 1, further comprising a third powder dispenser
mounted to the supporting structure and extending radially across the table, the third
powder dispenser having a fourth outlet disposed vertically above the table, wherein the
third powder dispenser is circumferentially spaced apart from the first and second
powder dispensers, wherein the third powder dispenser is movable with the supporting

structure relative to the table in the direction parallel to the first rotational axis.

9. The system of claim 1, wherein the first and second powder dispensers

are rotationally fixed relative to the first rotational axis.

10. A system comprising:

a table rotatable about a first rotational axis;

a first powder dispenser extending radially across the table, the first powder
dispenser having a first outlet disposed vertically above the table;

a second powder dispenser extending radially across the table, the second
powder dispenser having a second outlet disposed vertically above the table; and

a binder dispenser extending radially across the table, the binder dispenser
having a third outlet disposed vertically above the table, wherein the binder dispenser is
circumferentially spaced apart from the first and second powder dispensers,

wherein the table is rotatable about the first rotational axis relative to the first and
second powder dispensers and the binder dispenser, wherein the first and second
powder dispensers and the binder dispenser are movable relative to the table in a
direction parallel to the first rotational axis, and wherein the first and second powder

dispensers and the binder dispenser are rotationally fixed relative to each other.
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11.  The system of claim 10, further comprising a supporting structure
supporting the first and second powder dispensers and the binder dispenser and
movable with the first and second powder dispensers and the binder dispenser in the

direction parallel to the first rotational axis.

12.  The system of claim 11, further comprising a compacting roller mounted
to the supporting structure and extending radially across the table from the supporting
structure, wherein the compacting roller is disposed vertically above the table, wherein
the compacting roller is rotatable relative to the supporting structure and the table about

a second rotational axis that is angled relative to the first rotational axis.

13.  The system of claim 12, wherein the second rotational axis is disposed at

a non-perpendicular angle relative to the first rotational axis.

14. The system of claim 12, wherein the supporting structure is disposed
radially inward relative to an inner diameter of the table, and wherein the first and
second powder dispensers, the binder dispenser and the compacting roller extend

radially outward from the supporting structure.

15.  The system of claim 12, wherein the compacting roller includes a

frustoconical rolling surface.

16. The system of claim 12, wherein the compacting roller is disposed

circumferentially between the second powder dispenser and the binder dispenser.

17.  The system of claim 10, further comprising a curing element extending
radially across the table, wherein the curing element is disposed vertically above the
table, and wherein the binder dispenser is disposed circumferentially between the

curing element and the second powder dispenser.

18. The system of claim 10, further comprising a third powder dispenser
extending radially across the table, the third powder dispenser having a fourth outlet

disposed vertically above the table, wherein the third powder dispenser is

16



10

15

20

25

30

WO 2020/028451 PCT/US2019/044264

circumferentially spaced apart from the first and second powder dispensers and the
binder dispenser, and wherein the third powder dispenser is movable with the first and
second powder dispensers and the binder dispenser relative to the table in the direction

parallel to the first rotational axis.

19. A manufacturing method comprising:

rotating a table about a first rotational axis;

dispensing a powdered magnetically susceptible material onto the table while the
table is rotating;

dispensing a powdered insulating material onto the table while the table is
rotating;

dispensing a binder material onto the table while the table is rotating;

forming a plurality of first layers of the magnetically susceptible material on the
table; and

forming a plurality of second layers of the insulating material on the table,

wherein each of the second layers is disposed axially between adjacent first layers.

20.  The method of claim 19, further comprising removing the first and second

layers from the table and subsequently heating the first and second layers in an oven.

21.  The method of claim 19, wherein the first and second layers are discrete

layers.

22.  The method of claim 19, wherein the first and second layers cooperate to

form a single, continuous helical coil.

23.  The method of claim 19, further comprising:

compacting the powdered magnetically susceptible material on the table using a
compacting roller; and

curing the binder material after compacting the powdered magnetically

susceptible material.

24.  The method of claim 19, further comprising forming apertures in the first

and second layers by ceasing dispensation of the powdered magnetically susceptible

17
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material and the powdered insulating material at selected locations radially between

inner and outer diameters of the first and second layers.
25. The method of claim 19, further comprising forming an electrically

conductive path through the plurality of first and second layers by dispensing powdered

conductive material at selected locations on each of the first and second layers.
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