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(57) ABSTRACT 

A method of inserting a continuous conductor having a rect 
angular cross-section into slot segments formed in a stator 
core includes deforming in a ?rst direction a core member 
having a ?rst end portion that extends to a second end portion 
to Widen an opening at end portions of the slot segments, 
inserting one or more continuous conductors having a rect 
angular cross-section into select ones of the slot segments, 
and deforming in a second direction the core member to 
narrow the opening at end portions of the slot segments. 
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METHOD OF WINDING A STATOR CORE 
WITH A CONTINUOUS CONDUCTOR 

HAVING A RECTANGULAR CROSS-SECTION 
AND A STATOR CORE 

BACKGROUND OF THE INVENTION 

Exemplary embodiments pertain to the art of electric 
machines and, more particularly, to a method of winding a 
stator core with a continuous conductor having a rectangular 
cross-section. 

At present, many electric machines include stator cores 
that are wound with wire having a circular cross-section. The 
stator core is held stationary and the wire is fed through a 
winding needle that is rotated about a stator tooth. Once the 
stator tooth is wound, the wire is advanced to a subsequent 
stator tooth. At each tooth, the winding needle not only travels 
along a circular path but also moves in and out to layer the 
wire. Upon exiting the winding needle, the wire twists as a 
result of rotational forces developed while traveling along the 
circular path. 

In other cases, the stator core is wound with wire having a 
rectangular cross-section. A continuous wire is laid into slot 
segments formed in the stator core. In this manner, the wire is 
not subjected to twisting. The use of rectangular wire 
increases a ?ll volume of the slot segments which, in turn, 
enhances electrical properties of the stator. Electrical proper 
ties of the stator are further enhanced by adding tooth ele 
ments to the slot segments. The tooth elements reduce torque 
ripples during start up of the electric machine. However, the 
tooth elements also create a localized narrowing of the slot 
segments. The localized narrowing precludes the use of a 
continuous wire having a rectangular cross-section. In such 
cases, the wire is formed into discrete sections or hairpins that 
are axially inserted into the slot segments. Once all sections 
are inserted, select ones of the sections are joined to form one 
or more phase windings for the stator. 

BRIEF DESCRIPTION OF THE INVENTION 

Disclosed is a method of inserting a continuous conductor 
having a rectangular cross-section into slot segments formed 
in a stator core. The method includes deforming in a ?rst 
direction a core member having a ?rst end portion that 
extends to a second end portion to widen an opening at end 
portions of the slot segments, inserting one or more continu 
ous conductors having a rectangular cross-section into select 
ones of the slot segments, and deforming in a second direction 
the core member to narrow the opening at end portions of the 
slot segments. 

Also disclosed is a stator core including a core member 
having a ?rst end portion that extends to a second end portion 
through a ?rst surface and an opposing second surface and a 
plurality of slot segments formed in the core member. Each of 
the plurality of slot segments includes ?rst and second wall 
portions spaced one from another to de?ne a ?rst width of the 
plurality of slot segments. Each of the ?rst wall portions 
includes a ?rst end portion, a second end portion, and a tooth 
element arranged at the second end portion, and each of the 
second wall portions includes a ?rst end section, a second end 
section, and a tooth member at the second end section, the 
tooth element on each ?rst wall portion extends toward the 
tooth member on each second wall portion to de?ne a second 
width of the slot segment. A continuous conductor having a 
plurality of loops de?ned by ?rst and second substantially 
linear portions is mounted to the stator core. The ?rst and 
second linear portions are arranged in the plurality of slot 
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2 
segments to form a stator winding. The continuous conductor 
includes a rectangular cross-section having a width that is 
smaller than the ?rst width of the slot segments and larger 
than the second width of the slot segments. 

Further disclosed is an electric machine including a hous 
ing, a rotor rotatably supported within the housing, and a 
stator ?xedly mounted relative to the rotor. The stator 
includes a stator core including a core member having a ?rst 
end portion that extends to a second end portion through a ?rst 
surface and an opposing second surface and a plurality of slot 
segments formed in the core member. Each of the plurality of 
slot segments includes ?rst and second wall portions spaced 
one from another to de?ne a ?rst width of the plurality of slot 
segments. Each of the ?rst wall portions includes a ?rst end 
portion, a second end portion, and a tooth element arranged at 
the second end portion, and each of the second wall portions 
includes a ?rst end section, a second end section, and a tooth 
member at the second end section. The tooth element on each 
?rst wall portion extends toward the tooth member on each 
second wall portion to de?ne a second width of the slot 
segment. A continuous conductor having a plurality of loops 
de?ned by ?rst and second substantially linear portions is 
mounted to the stator core. The ?rst and second linear por 
tions are arranged in the plurality of slot segments to form a 
stator winding. The continuous conductor includes a rectan 
gular cross-section having a width that is smaller than the ?rst 
width of the slot segments and larger than the second width of 
the slot segments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The following descriptions should not be considered lim 
iting in any way. With reference to the accompanying draw 
ings, like elements are numbered alike: 

FIG. 1 depicts a cross-sectional view of an electric machine 
including a stator core in accordance with an exemplary 

embodiment; 
FIG. 2 depicts a perspective view of the stator core of FIG. 

1; 
FIG. 3 depicts a perspective view of a stator core member 

prior to insertion of stator windings in accordance with an 
exemplary embodiment; 

FIG. 4 depicts a perspective view of the stator core member 
of FIG. 3 receiving stator windings in accordance with an 
exemplary embodiment; and 

FIG. 5 depicts a perspective view of the stator core member 
following insertion of the stator windings in accordance with 
an exemplary embodiment. 

DETAILED DESCRIPTION OF THE INVENTION 

A detailed description of one or more embodiments of the 
disclosed apparatus and method are presented herein by way 
of exempli?cation and not limitation with reference to the 
Figures. 
An electric machine in accordance with an exemplary 

embodiment is indicated generally at 2 in FIG. 1. Electric 
machine 2 includes a housing 4 having ?rst and second side 
walls 6 and 7 that are joined by a ?rst end wall 8 and a second 
end wall or cover 10 to collectively de?ne an interior portion 
12. First side wall 6 includes an inner surface 16 and second 
side wall 7 includes an inner surface 17. At this point it should 
be understood that housing 4 could also be constructed to 
include a single side wall having a continuous inner surface. 
Electric machine 2 is further shown to include a stator 24 
arranged at inner surfaces 16 and 17 of ?rst and second side 
walls 6 and 7. Stator 24 includes an annular stator core 28 
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which, as will be discussed more fully below, supports a 
plurality of stator windings 30. 

Electric machine 2 is also shown to include a shaft 34 
rotatably supported within housing 4. Shaft 34 includes a ?rst 
end 36 that extends to a second end 37 through an interme 
diate portion 39. First end 36 is rotatably supported relative to 
second end wall 10 through a ?rst bearing 43 and second end 
37 is rotatably supported relative to ?rst end wall 8 through a 
second bearing 44. Shaft 34 supports a rotor assembly 50 that 
is rotatably mounted within housing 4. Rotor assembly 50 
includes a rotor hub 54 that is ?xed relative to intermediate 
portion 39 of shaft 34, and a rotor lamination 59 that is 
con?gured to rotate relative to stator 24. 
As best shown in FIGS. 2-3, stator core 28 is formed from 

a core member 69 having a ?rst end 70 that extends to a 
second end 71 through an intermediate portion 72. Interme 
diate portion 72 includes a ?rst surface 73 and an opposing 
second surface 74. In the exemplary embodiment shown, core 
member 69 includes a plurality of slot segments, one of which 
is indicated at 80 that receive stator windings 30 as will be 
detailed more fully below. Each slot segment 80 includes a 
?rst wall portion 82 and an opposing second wall portion 83 
that are separated by a base portion 85 which establishes a 
?rst width 87. First wall portion 82 includes a ?rst end portion 
92 that extends from base portion 85 to a second end portion 
93. Second end portion 93 includes a tooth element 95. 

Similarly, second wall portion 83 includes a ?rst end sec 
tion 97 that extends from base portion 85 to a second end 
section 98. Second end section 98 includes a tooth member 
100. Tooth member 100 is spaced from tooth element 95 to 
establish an opening 102 having a second width 104 of slot 
segment 80. Tooth member 100 and tooth element 95 are 
positioned on stator core 28 so as to reduce torque ripple 
effects associated with starts and stops of electric machine 2. 
Core member 69 is also shown to include a plurality of 
recesses 108 formed in second surface 74 as well as a plurality 
of cooling passages, one ofwhich is shown at 111. Recesses 
108 provide ?exibility to core member 69 that allows the 
insertion of a number of continuous conductors 114-119 into 
slot segments 80. Continuous conductors 114-119 collec 
tively de?ne stator windings 30. Of course it should be under 
stood that the number of continuous conductors may vary. 

In accordance with the exemplary embodiment, continu 
ous conductors 114-119 have a rectangular cross-section that 
is larger than second width 104. Therefore, in order to insert 
continuous conductors 114-119 into slot segments 80, second 
width 104 is temporarily widened. As best shown in FIG. 4, 
prior to inserting continuous conductors 114-119, core mem 
ber 69 is deformed in a ?rst direction causing each opening 
102 to widen to a third width 124. More speci?cally, core 
member 69 is deformed such that ?rst surface 73 has a gen 
erally convex curvature and second surface 74 has a generally 
concave curvature. At this point, continuous conductors 114 
119 are installed into select ones of the plurality of slot seg 
ments 80 to establish stator windings 30. Once all conductors 
are inserted, core member is deformed in a second direction, 
opposite to the ?rst direction causing opening 102 to narrow 
to a fourth width 128 that is smaller than second width 104 
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4 
such as shown in FIG. 5. More speci?cally, core member is 
deformed so as to cause ?rst end 70 to contact second end 71 

to form an annular ring 130 (FIG. 2). First end 70 is secured 
to second end 71 through, for example, welding, and select 
ones of continuous conductors 114-119 are interconnected to 
establish a desired wiring con?guration for stator windings 
30 and complete stator core 28. 
At this point it should be understood that the exemplary 

embodiment provides a stator core having slot segments 
loaded with continuous conductors having a rectangular 
cross-section. The stator core also includes tooth elements 
and tooth members that reduce a width of the slot segments to 
less than a width of the continuous conductors. The stator core 
is at least twice deformed prior to completion. More speci? 
cally, a core member is ?rst deformed in a ?rst direction to 
allow the insertion of the continuous conductors and then 
deformed in a second direction to establish a ?nal geometry of 
the stator core. 

While the invention has been described with reference to 
an exemplary embodiment or embodiments, it will be under 
stood by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements thereof 
without departing from the scope of the invention. In addi 
tion, many modi?cations may be made to adapt a particular 
situation or material to the teachings of the invention without 
departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular 
embodiment disclosed as the best mode contemplated for 
carrying out this invention, but that the invention will include 
all embodiments falling within the scope of the claims. 

What is claimed is: 
1. A method of inserting a continuous conductor having a 

rectangular cross-section into slot segments formed in a stator 
core, the method comprising: 

deforming in a ?rst direction a core member having a ?rst 
end portion that extends to a second end portion to widen 
an opening at end portions of the slot segments; 

inserting one or more continuous conductors having a rect 
angular cross-section into select ones of the slot seg 
ments; and 

deforming in a second direction the core member to narrow 
the opening at end portions of the slot segments. 

2. The method of claim 1, further comprising: joining the 
?rst end portion of the core member to the second end portion 
of the core member to form an annular stator core. 

3. The method of claim 1, wherein widening the opening 
includes separating tooth elements provided on the end por 
tions of the slot segments. 

4. The method of claim 1, wherein deforming in the ?rst 
direction establishes a convex curvilinear surface de?ned by 
the end portions of the slot segments between the ?rst end 
portion and the second end portion of the core member. 

5. The method of claim 1, wherein deforming in the second 
direction establishes a concave curvilinear surface de?ned by 
the end portions of the slot segments between the ?rst end 
portion and the second end portion of the core member. 

* * * * * 


