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ELECTRIC MOTOR, STATOR FOR AN ELECTRIC MOTOR AND METHOD OF
MANUFACTURING SAME

RELATED APPLICATION DATA

[0001] The present application claims the benefit of co-pending provisional patent

application Serial No. 60/942,790, filed June 8, 2007, the subject matter of which is hereby

fully incorporated by reference.

BACKGROUND

[0002] The invention relates to a motor that includes a stator formed to reduce scrap.

More particularly, the present invention relates to a C-frame motor and a two bobbin stator

for a C-frame motor.

[0003] C-frame motors are inexpensive motors that are produced in large numbers for use

in a number of low power and torque applications.

[0004] Conventional C-frame motors employ stator laminations as shown in Fig. 1. In

order to reduce the steel scrap to a minimum, constraints are imposed on some of the

dimensions of the magnetic circuit, for example on the length and the width of the I-bar,

especially with respect to the dimensions of the window for coils, i.e. the distance between

the C-frame legs and the width of the legs themselves. The stator core and a single coil are

formed and assembled as shown in Fig. 2.

[0005] Major disadvantages of the conventional C-frame motor construction include the

limited degrees of freedom in optimally designing the stator core for lowest cost and/or best

performance as well as the relatively high winding resistance and high electric wire

consumption due to the relatively high mean turn length in the single coil employed.

SUMMARY

[0006] The present invention provides a motor that includes a stator core formed from a

plurality of laminations. Each of the laminations includes a first lamination piece and a

second lamination piece that are formed separately and that are arrangeable to minimize



scrap. The second lamination piece is also formed to allow for the use of one coil on each of

two legs.

[0007] In one construction, the invention provides an electric machine having a rotor.

The electric machine includes a first portion that is substantially rectangular and includes a

rotor aperture configured to receive a portion of the rotor. A second portion is separate from

and connected to the first portion. The second portion is substantially U-shaped and includes

a first leg, a second leg, and a base. A first coil surrounds a portion of the first leg and a

second coil surrounds a portion of the second leg.

[0008] In another construction, the invention provides an electric machine having a rotor.

The electric machine includes a first portion that is substantially rectangular and includes a

rotor aperture configured to receive a portion of the rotor. A second portion is separate from

and connected to the first portion. The second portion includes a plurality of laminations

stacked in a stackwise direction. Each lamination includes a first leg having a first width, a

second leg having a second width, and a base. The base is sized to define a space between

the first leg and the second leg that is about equal to the sum of the first width and the second

width. A coil surrounds a portion of one of the first leg and the base.

[0009] In still another construction, the invention provides an electric machine that

includes a first portion including a first quantity of first laminations stacked in a stackwise

direction. Each first lamination is substantially rectangular and including a first tab, a second

tab, and a rotor aperture. A rotor is at least partially disposed within the rotor aperture and

rotatable about an axis that extends in the stackwise direction. A second portion includes a

second quantity of second laminations stacked in the stackwise direction. Each second

lamination includes a first leg having a first slot, a second leg having a second slot, and a

base. A portion of the first slots is configured to receive a portion of the first tabs, and a

portion of the second slots is configured to receive a portion of the second tabs to connect the

second quantity of second laminations to the first quantity of first laminations. A coil

surrounds a portion of one of the first leg and the base.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 is a front view of a prior art stator lamination for use in a prior art C-frame

motor;



[0011] Fig. 2 is a perspective view of a prior art C-frame motor stator;

[0012] Fig. 3 is a perspective view of a C-frame motor embodying the invention;

[0013] Fig. 4 is an exploded view of the C-frame motor of Fig. 3 including a stator core

having a plurality of laminations;

[0014] Fig. 5 is a front view of one of the stator laminations of Fig. 4 including a first

lamination piece and a second lamination piece;

[0015] Fig. 6 is a front view of the first lamination piece of Fig. 5;

[0016] Fig. 6a is a front view of a plurality of first lamination pieces arranged on a strip

of material for stamping;

[0017] Fig. 7 is a front view of the second lamination piece of Fig. 5;

[0018] Fig. 8 is a front view of a plurality of second lamination pieces arranged on a strip

of material for stamping;

[0019] Fig. 9 is a front view of another lamination suitable for use in the motor of Fig. 4;

[0020] Fig. 10 is a front view of yet another lamination suitable for use in the motor of

Fig. 4;

[0021] Fig. 11 is a front view of yet another lamination suitable for use in the motor of

Fig. 4;

[0022] Fig. 12 is a front view of yet another lamination suitable for use in the motor of

Fig. 4;

[0023] Fig. 13 is a front view of yet another lamination suitable for use in the motor of

Fig. 4;

[0024] Fig. 14 is a front view of a stator core suitable for use in the motor of Fig. 4;

[0025] Fig. 14a is a side view of the stator core of Fig. 14;

[0026] Fig. 15 is a front view of a stator core suitable for use in the motor of Fig. 4;



[0027] Fig. 16 is a perspective view of the stator core of Fig. 15;

[0028] Fig. 17 is a side view of the stator core of Fig. 15;

[0029] Fig. 18 is a front view of a stator of the type shown in Fig. 4, built with the

laminations of Fig. 9 and superimposed over a stator formed from the laminations of Fig. 1;

[0030] Fig. 19 is a perspective view of a stator of the type shown in Fig. 4, built with the

laminations of Fig. 9 and superimposed over a stator formed from the laminations of Fig. 1;

and

[0031] Fig. 20 is a front view of the stator core and a single-coil for another motor

construction.

DETAILED DESCRIPTION

[0032] Before any embodiments of the invention are explained in detail, it is 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 illustrated in the

following drawings. The invention is 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 use of "including," "comprising," or "having" and variations thereof herein is

meant to encompass the items listed thereafter and equivalents thereof as well as additional

items. Unless specified 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. In

addition, where a method, process, or listing of steps is provided, the order in which the

method, process, or listing of steps is presented should not be read as limiting the invention in

any way.

[0033] As noted, Figs. 1 and 2 illustrate a prior art shaded-pole C-frame motor stator 10

that includes stator laminations 15 formed as two separate pieces. A first piece 20 is

substantially C-shaped and includes a substantially circular aperture 25 sized to receive a

rotor 26 (shown in Fig. 3). The rotor 26 typically includes permanent magnets that interact



with the stator to produce rotation of the rotor 26 and useable shaft power. A second piece or

I-bar 30 is substantially rectangular and engages the first piece 20 to completely define the

lamination 15.

[0034] As illustrated in Fig. 2, several of the laminations 15 of Fig. 1 are stacked to

define a core 35, and a single coil 40 is positioned around the I-bar laminations 30. In

addition, one or more shading coils 45 are employed and are positioned as required if a

shaded-pole motor is desired. The stator shown in Fig. 2 comprises one coil 40 and two

shading coils 45 and is suitable for a two-pole motor.

[0035] Figs. 3 and 4 illustrate a two bobbin C-frame motor 50 embodying the invention.

Two coils 55 are used in the preferred construction and each will have a smaller mean turn

length than the single coil 40 of the conventional C-frame construction of Fig. 2. In a

preferred construction, each coil 55 of Figs. 3 and 4 includes about half the number of turns

as the coil 40 of Fig. 2, thereby producing a motor 50 that has substantially the same number

of turns of the motor 10 of Fig. 2.

[0036] As illustrated in Figs. 3 and 4, the motor 50 includes a stator core 60, the two

coils 55 (typically wound onto bobbins of an electrically insulating material), a rotor 65, and

two rotor support members 70 or end brackets that attach to the stator core 60 to support the

rotor 65 for rotation. In addition, shading coils 75 are positioned on the stator core 60 as

required to define shaded-poles if a shaded-pole motor is desired. The stator shown in Fig. 2

comprises two coils 55 and two shading coils 75 and is suitable for a two-pole motor.

[0037] The stator core 60 includes several laminations 80 that are stacked in a stackwise

(axial) direction. As illustrated in Fig. 5, at least some of the laminations 80 include a first

lamination piece 85 and a second lamination piece 90. The first lamination piece 85, which is

shown in Fig. 6, has a substantially rectangular outer profile and includes a substantially

circular aperture 95 sized to receive the rotor 65. In constructions in which the laminations

80 are punched and the rotor 65 includes a core formed from punched rotor laminations, the

material removed from the first lamination piece 85 to define the circular aperture 95 can be

employed to form the rotor core laminations, thereby reducing scrap.

[0038] The first lamination piece 85 also includes tabs 100 that extend in a direction

toward the second lamination piece 90 to improve the attachment between the first lamination



piece 85 and the second lamination piece 90. In addition, apertures 105 are positioned near

the circular aperture 95, and slots 110 are positioned on two of the outer surfaces to receive

the shading coils 75 if they are employed. In addition, the first lamination piece 85 includes

two substantially circular side apertures 115 disposed near the outer most side surfaces and

sized to receive one of two attachment bolts. The attachment bolts attach the support

members 70 and the laminations 80 to one another.

[0039] In preferred constructions, the first lamination pieces 85 are punched from an

electrical grade (ferromagnetic) steel in a manner that positions laminations 85 immediately

adjacent one another to reduce the amount of scrap between adjacent laminations 85. Fig. 6a

shows a plurality of first lamination pieces 85 illustrating how they would be punched from a

strip 120 of suitable material. In one arrangement, the strip of material 120 is the same width

as the first lamination piece 85, thereby eliminating any scrap on the sides of the first

lamination pieces 85. Of course, other arrangements could stamp multiple rows of first

lamination pieces 85 from a wider piece of material.

[0040] To further minimize the scrap, the tabs 100 that enhance the attachment of the first

lamination piece 85 to the second lamination piece 90 are dimensioned and positioned such

as to correspond with outer slots 110a adjacent one of the shading coils 75. In this manner,

several first lamination pieces 85 of the type shown in Fig. 6 can be nested vertically as

shown in Fig. 6a and/or can be punched with minimal scrap in a vertical progression/feeding

direction.

[0041] The second lamination piece 90, which is shown in Fig.7, has a substantially U-

shaped profile that includes a base 125 and two legs 130. A slot 135 is positioned at the end

of each leg 130 and is sized to engage one of the tabs 100 of the first lamination piece 85 to

attach the first lamination piece 85 to the second lamination piece 90. The dimensions of the

base 125 and the legs 130 are selected to reduce the scrap produced when the second

lamination pieces 90 are punched from a strip 140 of electrical grade steel following an

arrangement similar to that illustrated in Fig. 8.

[0042] Specifically, the base 125 is sized to define a space 145 between the legs 130

having a width 179 that is equal to, or slightly greater than two times the width 176 of the

legs 130. This size allows for the arrangement of second lamination pieces 90 illustrated in

Fig. 8. In another construction, the space 145 between the legs 130 is about equal to the



width of a leg 130. In this construction, one leg 130 is formed in the space 145 between the

legs 130 of the adjacent second lamination piece 90 rather than the two legs 130 as illustrated

in Fig. 8.

[0043] In one construction, the second lamination pieces 90 are stamped from a strip of

material 140 that has a width that is about equal to the depth of the space 145 plus twice the

thickness 178 of the base 125. This allows for the stamping of the second lamination pieces

90 with little or no scrap in the width direction. Of course, other arrangements could stamp

multiple rows of second lamination pieces 90 from a wider piece of material.

[0044] The depth of the space 145 is also large enough to allow for the placement of the

two bobbins or coils 55 around the legs 130, rather than the typical placement of a single coil

40 around the base 125. Of course, a single coil could be positioned around one of the legs

130 or the base 125 if desired. For example, in Fig. 20, the upper part lamination 85 is

substantially the same as in the construction of Fig.5, while the lower portion lamination 90

has a similar U-shape and shorter legs 130. A bobbin 146 of electrically insulating material,

such as plastic, is fitted onto the base 125, for example, by using a two part construction or by

injection molding onto the core, and is wound with magnetic wire to produce a construction

with only one coil 40.

[0045] Figs. 9-14a show variations of the stator lamination 80 of Fig. 5. Fig. 9 illustrates

a lamination 150 that includes incomplete side holes 155 for use in attaching the end brackets

70 to the stator core 60. In this arrangement, alternative mechanical arrangements are

employed for the end-brackets 70. The increase in the equivalent width of the stator

magnetic circuit is beneficial for motor operation.

[0046] In Fig. 10, the shading coil slots 160 have been repositioned to reduce the

mechanical interference with the leg portions 130 and also enlarge the magnetic circuit flux

path..

[0047] The laminations 165 of Fig. 11 are identical to those of Fig. 9, with the exception

of the cuts 170 in the rectangular first lamination piece 85. This arrangement reduces the

magnetic leakage flux and/or the flux linking the shading coils and can be beneficial,

especially for certain type of motors, such as for example permanent magnet brushless

motors, that may or may not include shading coils. It should be noted that such cuts 170 or



interruptions in the stator core 35 of a conventional C-frame motor 10 such as is illustrated in

Fig. 2 would result in a mechanically weak structure. However, the present arrangement is

not weakened to the extent a conventional C-frame motor stator 10 with similar cuts 170

would be weakened.

[0048] The construction in Fig. 12 illustrates another advantage and degree of freedom

available with the invention described herein. The first lamination piece 85 is shifted with

respect to the second lamination pieces 90 and the circular aperture 95 is not centrally-located

within the first lamination pieces 85. This results in an increase of the magnetic circuit width

in the direction of the flow of the main magnetic flux and a reduction in the direction of the

flow of the magnetic flux linking the shading coils and/or of the leakage flux. This

construction can be beneficial for brushless DC motors.

[0049] The construction in Fig. 13 illustrates a core 175 in which the overall width of the

first lamination pieces 85 and of the second lamination pieces 90 is different. In addition,

Fig. 13 illustrates a construction in which the width 179 of the space 145 between the legs

130 is not substantially equal to twice the width of the legs 130 for minimum scrap (see Fig.

8). Rather, the width of the space 145 is about equal to the width of one of the legs 130.

[0050] The present invention allows additional degrees of design freedom not only for the

motor cross-section, as previously described, but also for the axial (stackwise) dimension.

Because the first lamination piece 85 and the second lamination piece 90 are manufactured

independent of one another, stator cores having different quantities of first lamination pieces

85 than second lamination pieces 90, as well as different thicknesses, and/or different

materials can be employed without increasing scrap.

[0051] For example, the construction in Figs. 14 and 14a has a shorter stack 201, with

fewer second lamination pieces 90 than first lamination pieces 85. Thus, the rectangular

portion includes a thicker stack 202 defined by the first lamination pieces 85 that are stacked

higher or are thicker in the stackwise or axial direction than the U-shaped portion defined by

the second lamination pieces 90. Based on the effect of the axial flux concentration, the

detrimental reduction of motor performance is relatively small and yet the economy in the

steel consumption can be significant as the amount of steel in the second lamination pieces 90

is substantial. In preferred constructions, the axial length of the U-shaped portion is 10

percent to 40 percent shorter than the axial length of the rectangular portion of the stator core.



[0052] Furthermore, different materials can be optimally employed for the first

lamination piece 85 and the second lamination piece 90 that cooperate to define the magnetic

circuit, as these parts can be punched in completely different processes. In Fig. 7, the legs 130

and 125 are shown as having substantially the same width 176; however this is not an

absolute requirement and the dimensions can vary. For example, when punched from a grain-

oriented electric steel, the legs 130 should be aligned along the preferential direction of

magnetization 177 of the material and the base 125 can have a width 178 that is wider to

compensate for the reduction in material performance in this region, thereby enhancing motor

performance. In the preferred construction, the upper part lamination 85 and the rotor

lamination, which is typically punched in its aperture 95, are manufactured from non-grain

oriented electric steel commonly employed for rotating electric motors.

[0053] Also, some of the core/lamination features can vary axially, as exemplified in

Figs. 15-17, in order to enhance the mechanical and electromagnetic performance of the

motor. Figs. 15-17 illustrate a core 180 in which two types of first lamination pieces 85a, 85b

are employed. A first type 85a of the first lamination pieces 85 includes complete side holes

115 sized to pass a fastener. A second type 85b of the first lamination pieces 85 includes

larger side holes 185 that are open and sized, for example, to fit a locating feature of the end-

frame (or supporting members 70). In addition, only the first type 85a of first lamination

pieces 85 include tabs 100 (shown for e.g. in Fig. 16) to engage the second lamination pieces

90 as only the first type 85a of lamination pieces engage second lamination pieces 90.

[0054] The core 180 of Figs. 15-17 could include incomplete side holes 185 throughout

the thickness of the stator core 190. None of the side holes 185 would be complete. In

addition, some of the second type 85b of first lamination pieces 85 could include tabs 100 to

engage the second lamination pieces 90.

[0055] It should be noted that, when used in combination with the same rotor to deliver

the same rated performance as a given conventional C-frame motor, a two bobbin motor as

illustrated herein can be designed to use a comparable amount of steel, fit a similar envelope

(see Figs. 18 and 19), and replace the copper wire by aluminum wire.

[0056] It should also be noted that the foregoing description discussed the use of tabs 100

on the first lamination pieces 85 and slots 135 that receive the tabs 85 in the second

lamination pieces 90. However, it should be understood that the location of the tabs 100 and



slots 135 could be reversed or otherwise changed if desired. In addition, different

mechanisms could be employed to attach the first lamination pieces 85 to the second

lamination pieces 90. For the attachment of the laminations in a stack-wise direction different

methods, such as interlocking through small protrusions, bonding, gluing, welding, etc can be

employed.

[0057] Thus, the present invention includes constructions that provide additional degrees

of freedom to allow for the optimal design of the stator core for low cost and/or best

performance. In addition, the present invention includes constructions that reduce the high-

winding resistance and high electric wire consumption often required by single coil C-frame

motors. Furthermore, some constructions of the motor can be designed to fit the mounting

features and the available space in current applications, the electric copper wire can be

replaced by less expensive electric aluminum wire, and/or the output available in

combination with a given rotor can be increased in comparison with the conventional C-

frame equivalent.

[0058] Thus, the invention provides, among other things, a new and useful stator for use

in a motor. The stator includes laminations formed from at least two separate pieces.



CLAIMS

What is claimed is:

1. An electric machine having a rotor, the electric machine comprising:

a first portion that is substantially rectangular and includes a rotor aperture configured

to receive a portion of the rotor;

a second portion separate from and connected to the first portion, the second portion

being substantially U-shaped and including a first leg, a second leg, and a base;

a first coil surrounding a portion of the first leg; and

a second coil surrounding a portion of the second leg.

2. The electric machine of claim 1, wherein the rotor aperture is not centered

within the first portion.

3. The electric machine of claim 1, wherein the first portion includes a first tab

and a second tab, and the second portion includes a first slot and a second slot, the first slot

configured to receive the first tab and the second slot configured to receive the second tab to

connect the second portion to the first portion.

4. The electric machine of claim 1, wherein the first portion includes a first

quantity of first laminations stacked in a stackwise direction and the second portion includes

a second quantity of second laminations stacked in the stackwise direction.

5. The electric machine of claim 4, wherein the first quantity is different than the

second quantity.

6. The electric machine of claim 4, wherein each of the first laminations has a

first thickness and each of the second laminations has a second thickness that is different than

the first thickness.



7. The electric machine of claim 4, wherein the first laminations include a first

tab and a second tab and a first slot and a second slot, and wherein when formed, the first tab

and the second tab are formed from the material of the first slot and the second slot of an

adjacent first lamination.

8. The electric machine of claim 4, wherein each second lamination includes a

first leg portion having a first width and a second leg portion having a second width, and

wherein the first leg portion is spaced apart from the second leg portion a distance that is

about equal to the sum of the first width and the second width.

9. The electric machine of claim 4, wherein each second lamination includes a

first leg portion having a first width and a second leg portion having a second width equal to

the first width, and wherein the first leg portion is spaced apart from the second leg portion a

distance that is about equal to the first width.

10. The electric machine of claim 1, wherein the first portion is formed from a

first material and the second portion is formed from a second material that is different than

the first material.

11. The electric machine of claim 1, wherein the first portion defines a first

thickness and the second portion defines a second thickness measured in a direction parallel

to an axis of rotation, wherein the first thickness is different than the second thickness.

12. The electric machine of claim 1, wherein the first portion has a first width and

the second portion has a second width measured in a direction that is perpendicular to an axis

of rotation, wherein the second width is less than the first width.

13. The electric machine of claim 1, wherein the first portion includes two side

surfaces that define a first center axis equally spaced between the two side surfaces and the

second portion defines a second center axis equally spaced between the first leg and the

second leg, and wherein the first center axis and the second center axis are not coincident.



14. The electric machine of claim 1, wherein the first portion includes a plurality

of first laminations and a plurality of second laminations stacked in a stackwise direction, the

first laminations being different than the second laminations.



15. An electric machine having a rotor, the electric machine comprising:

a first portion that is substantially rectangular and includes a rotor aperture configured

to receive a portion of the rotor;

a second portion separate from and connected to the first portion, the second portion

including a plurality of laminations stacked in a stackwise direction, each lamination

including a first leg having a first width, a second leg having a second width, and a base, the

base sized to define a space between the first leg and the second leg that is about equal to the

sum of the first width and the second width; and

a coil surrounding a portion of one of the first leg and the base.

16. The electric machine of claim 15, wherein the rotor aperture is not centered

within the first portion.

17. The electric machine of claim 15, wherein the first portion includes a first tab

and a second tab, and the second portion includes a first slot and a second slot, the first slot

configured to receive the first tab and the second slot configured to receive the second tab to

connect the second portion to the first portion.

18. The electric machine of claim 15, wherein the first portion includes a first

quantity of first laminations stacked in a stackwise direction and the plurality of laminations

includes a second quantity of second laminations stacked in the stackwise direction.

19. The electric machine of claim 18, wherein the first quantity is different than

the second quantity.

20. The electric machine of claim 18, wherein each of the first laminations has a

first thickness and each of the second laminations has a second thickness that is different than

the first thickness.

21. The electric machine of claim 18, wherein the first laminations include a first

tab and a second tab and a first slot and a second slot, and wherein when formed, the first tab

and the second tab are formed from the material of the first slot and the second slot of an

adjacent first lamination.



22. The electric machine of claim 15, wherein the first portion is formed from a

first material and the second portion is formed from a second material that is different than

the first material.

23. The electric machine of claim 15, wherein the first portion defines a first

thickness and the second portion defines a second thickness measured in a direction parallel

to an axis of rotation, wherein the first thickness is different than the second thickness.

24. The electric machine of claim 15, wherein the first portion has a first width

and the second portion has a second width measured in a direction that is perpendicular to an

axis of rotation, wherein the second width is less than the first width.

25. The electric machine of claim 15, wherein the first portion includes two side

surfaces that define a first center axis equally spaced between the two side surfaces and the

second portion defines a second center axis equally spaced between the first leg and the

second leg, and wherein the first center axis and the second center axis are not coincident.

26. The electric machine of claim 15, wherein the first portion includes a plurality

of first laminations and a plurality of second laminations stacked in a stackwise direction, the

first laminations being different than the second laminations.

27. The electric machine of claim 15, wherein the coil surrounds a portion of the

first leg, and wherein a second coil surrounds a portion of the second leg.



28. An electric machine comprising:

a first portion including a first quantity of first laminations stacked in a stackwise

direction, each first lamination being substantially rectangular and including a first tab, a

second tab, and a rotor aperture;

a rotor at least partially disposed within the rotor aperture and rotatable about an axis

that extends in the stackwise direction;

a second portion including a second quantity of second laminations stacked in the

stackwise direction, each second lamination including a first leg having a first slot, a second

leg having a second slot, and a base, a portion of the first slots configured to receive a portion

of the first tabs, and a portion of the second slots configured to receive a portion of the

second tabs to connect the second quantity of second laminations to the first quantity of first

laminations; and

a coil surrounding a portion of one of the first leg and the base.

29. The electric machine of claim 28, wherein the rotor aperture is not centered

within the first portion.

30. The electric machine of claim 28, wherein the first quantity is different than

the second quantity.

31. The electric machine of claim 28, wherein each of the first laminations has a

first thickness and each of the second laminations has a second thickness that is different than

the first thickness.

32. The electric machine of claim 28, wherein the first laminations include a first

slot and a second slot, and wherein when formed, the first tab and the second tab are formed

from the material of the first slot and the second slot of an adjacent first lamination.

33. The electric machine of claim 28, wherein each first leg has a first width and

each second leg has a second width, and wherein the first leg is spaced apart from the second

leg a distance that is about equal to the sum of the first width and the second width.



34. The electric machine of claim 28, wherein each first leg has a first width and

each second leg has a second width equal to the first width, and wherein the first leg is spaced

apart from the second leg a distance that is about equal to the first width.

35. The electric machine of claim 28, wherein the first laminations are formed

from a first material and the second laminations are formed from a second material that is

different than the first material.

36. The electric machine of claim 28, wherein the first laminations cooperate to

define a first thickness and the second laminations cooperate to define a second thickness

measured in a direction parallel to an axis of rotation, wherein the first thickness is different

than the second thickness.

37. The electric machine of claim 28, wherein the first laminations have a first

width and the second laminations have a second width measured in a direction that is

perpendicular to an axis of rotation, wherein the second width is less than the first width.

38. The electric machine of claim 28, wherein the first laminations include two

side surfaces that define a first center axis equally spaced between the two side surfaces and

the second laminations define a second center axis equally spaced between the first leg and

the second leg, and wherein the first center axis and the second center axis are not coincident.

39. The electric machine of claim 28, further comprising a third quantity of third

laminations, wherein the first laminations and the third laminations are stacked in the

stackwise direction to define the first portion.

40. The electric machine of claim 28, wherein the coil surrounds a portion of the

first leg, and wherein a second coil surrounds a portion of the second leg.






































	front-page
	description
	claims
	drawings

