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(57) Abstract: A stator core assembly (10) for a permanent magnet motor (100)
has a stator core (12), a bobbin (14) to which the stator core (12) is mounted, and
a coil (16) wound around the bobbin (16). A first side (40) of the bobbin (14) has
aprimary channel (42) and a second side (43) of the bobbin (14) has first (46) and
second (48) secondary channels. The coil (16) is wound around the bobbin (14)
such that at least a portion of the coil (16) extends between the primary channel
(42) and the first (10) secondary channel (46), and at least a portion of the coil (16)
extends between the primary channel (42) and the second secondary channel (48).
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A STATOR CORE ASSEMBLY

FIELD OF THE INVENTION

The present invention relates to a stator core assembly, and more particularly,
although not exclusively, to a stator core assembly for a permanent magnet

motor.

BACKGROUND OF THE INVENTION

Permanent magnet motors typically comprise rotor assemblies, and one or

more stator core assemblies for causing rotation of the rotor assembly in use.
There is a general desire to improve permanent magnet motors in a number of
ways, including, for example, size, weight, manufacturing cost, efficiency,

reliability, and noise.

SUMMARY OF THE INVENTION

According to a first aspect of the present invention there is provided a stator
core assembly for a permanent magnet motor, the stator core assembly
comprising a stator core, a bobbin to which the stator core is mounted, and a
coil wound around the bobbin, wherein a first side of the bobbin comprises a
primary channel and a second side of the bobbin comprises first and second
secondary channels, and the coil is wound around the bobbin such that at least
a portion of the coil extends between the primary channel and the first
secondary channel, and at least a portion of the coil extends between the

primary channel and the second secondary channel.

The stator core assembly according to the first aspect of the present invention

may be advantageous principally as a first side of the bobbin comprises a
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primary channel and a second side of the bobbin comprises first and second
secondary channels, and the coil is wound around the bobbin such that at least
a portion of the coil extends between the primary channel and the first
secondary channel, and at least a portion of the coil extends between the

primary channel and the second secondary channel.

In particular, this may provide a reduction in temperature during use relative to a
bobbin having only a single secondary channel of the same width as its primary
channel, as a greater surface area of the coil may be exposed, and hence

available for cooling airflow to pass over in use.

The stator core assembly according to the first aspect of the present invention
may also allow for better alignment of the coil than, for example, an
arrangement in which a single channel is present on each side of the bobbin,
and extends across the entire width of the bobbin. By dividing the coil between
the first and second secondary channels, each of the first and second
secondary channels may contain less turns of the coil than an arrangement in
which a single secondary channel extending across the entire width of the
bobbin is used, thereby allowing for better alignment and closer control of the
coil within the individual channels. Better alignment of the coil may enable
greater consistency of winding, for example greater consistency during

production of stator assemblies, which may lead to better tolerances.

The first side of the bobbin may comprise an opposite side of the bobbin to the
second side of the bobbin. For example, the first and second sides may face in

opposing directions.

The primary channel may comprise a channel which is closest to a permanent
magnet of a permanent magnet motor when the stator core assembly is
installed in the permanent magnet motor. A secondary channel may comprise a

channel which is furthest from a permanent magnet of a permanent magnet
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motor when the stator core assembly is installed in the permanent magnet
motor. The terms primary channel and secondary channel may refer to, for
example, radially inner and outer channels relative to a permanent magnet of a
permanent magnet motor when the stator core assembly is installed in the
permanent magnet motor. The first side of the bobbin may be referred to as an
inner side of the bobbin, and the second side of the bobbin may be referred to

as an outer side of the bobbin.

The stator core may comprise first and second pole arms, and a coreback
connecting the first and second pole arms. The stator core may be mounted to
the bobbin such that the primary channel is located between the first and
second pole arms, and the first and second secondary channels are located on

the coreback of the stator core.

The bobbin may comprise first and second end walls, and an intermediate wall,
which may define the first and/or second secondary channels. For example, the
first end wall and the intermediate wall may define the first secondary channel
and/or the intermediate wall and the second end wall may define the second
secondary channel. The intermediate wall may have substantially the same
depth as the first and/or second end walls. This may be beneficial as the first
and/or second secondary channels may be defined over substantially the entire
depth of the bobbin, thereby enabling better alignment of the coil over
substantially the entire depth of the bobbin. The depth of the bobbin may
comprise a dimension of the bobbin in a direction substantially parallel to a
direction in which the pole arms of the stator core extend. The first and second
end walls may be located on both the first and second sides of the bobbin
and/or the intermediate wall may be located only on the second side of the
bobbin.

Collectively the first and second end walls and the intermediate wall may give

the second side of the bobbin a substantially E- or W- shaped cross-sectional
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shape. At least a portion of the bobbin may comprise a substantially E- or W-
shaped cross-sectional shape. The primary channel may comprise a
substantially c-shaped cross-sectional shape, for example a c-shaped cross-
section defined by flat edges. The coil may be wound about the bobbin such
that the coil has a substantially V-shaped profile when viewed in a direction
along the length of the stator core assembly. For example, turns of the coil may
define a V-shape when viewed in in a direction along the length of the stator
core assembly. The stator core may comprise a substantially c-shaped cross-
sectional shape, and may, for example, be referred to as a c-shaped stator
core. Each of the secondary channels may comprise a substantially c-shaped
cross-sectional shape, for example a c-shaped cross-sectional shape defined
by flat edges. The cross-sectional shapes discussed above may comprise
shapes viewed in a cross-section taken in a plane orthogonal to a longitudinal

axis of the bobbin

The coil may be wound around the bobbin such that at least one turn of the coil
extends along the primary channel and the first secondary channel, and at least
one turn of the coil extends along the primary channel and the second
secondary channel. A turn of the coil may comprise a substantially closed loop

of the coil, for example a full revolution of the coil about the bobbin.

The primary and/or secondary channels may be substantially elongate in form,
for example having a length greater than its width and/or depth. Each of the
primary and secondary channels may extend beyond the stator core, for

example beyond the stator core in a longitudinal direction.

The primary channel may comprise a single channel, for example a channel
defined by two end walls and a base wall with substantially no intervening walls
or protrusions therebetween. This may be beneficial as a high fill factor may be
desired on the first side of the bobbin, for example between the pole arms of the

stator core, and a single channel may enable a higher fill factor than, for



10

15

20

25

30

WO 2020/065254 PCT/GB2019/052386

5

example, multiple channels defined by walls within the space between the pole
arms of the stator core. A single channel may comprise a channel defined by
two end walls and a base wall with substantially no intervening walls or
protrusions having a depth greater than a quarter of the depth of the wire

forming the coil located therebetween.

The first and second secondary channels may extend over substantially the
entirety of the second side of the bobbin, for example over substantially the
entirety of the coreback of the stator core. This may be beneficial over, for
example, an arrangement where channels are confined to only a region of the
second side of the bobbin, ie only a region of the coreback of the stator core, as
the overall depth of the coil when wound around the bobbin may be reduced.
This may reduce the overall depth of the stator assembly. This may be
beneficial when the stator assembly is installed in a permanent magnet motor in
use, as it may reduce the amount of the stator assembly exposed to airflow
through the motor in use, thereby providing improved aero efficiency and/or
improved acoustics. By extending the first and second secondary channels
over substantially the entirety of the second side of the bobbin an exposed
surface area of the coil may be increased, and hence the stator assembly may

benefit from a reduction in temperature in use.

A combined width of the first and second secondary channels may be greater
than a width of the primary channel. Each of the first and second secondary
channels may have substantially the same width as the width of the primary
channel. Width may, for example, comprise a width in a direction substantially

orthogonal to a direction in which the pole arms of the stator core extend.

The first and second end walls may be substantially aligned with edges of the
first and second pole arms. For example, outermost edges of the first and
second end walls may be substantially aligned with outermost edges of the first

and second pole arms. The first and second end walls may define a
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substantially continuous surface with the respective first and second pole arms.
This may be beneficial as it may remove corners and/or sharp edges from the
stator assembly, and this may promote better aero efficiency when the stator

assembly is installed in a motor in use.

The first and second secondary channels may comprise substantially the same
dimensions, for example substantially the same width and/or height and/or
depth. The intermediate wall may be located at a mid-point between the first
and second end walls. The intermediate wall may be located at a mid-point of
the coreback of the stator core. A portion of the coil contained within the first
secondary channel may be substantially the same size as a portion of the coil
contained within the second secondary channel. For example, the first
secondary channel may house substantially the same number of turns of the
coil as the second secondary channel. This may be beneficial as it may allow

for even temperature distribution across the bobbin in use.

The bobbin may comprise a slot within which the stator core is received. The
bobbin may comprise first and second bobbin portions, each having a slot for
receiving a corresponding end of the stator core. The first and second bobbin

portions may sandwich the stator core.
Each of the first and second bobbin portions may define a corresponding
portion of the primary channel, a corresponding portion of the first secondary

channel, and a corresponding portion of the second secondary channel.

The coil may comprise a single coil, for example a continuous coil defined by a

single winding of wire.

The coil may comprise a single-phase winding or a three-phase winding.
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The bobbin may comprise a third secondary channel, or indeed any number of
further secondary channels. It will however, be appreciated that a balance
needs to be struck between the desired number of secondary channels, and
available space to achieve a desired number of turns without increasing the

size, for example depth, of the stator assembly.

According to a second aspect of the present invention there is provided a
permanent magnet motor comprising a stator core assembly according to the

first aspect of the present invention.

According to a third aspect of the present invention there is provided a vacuum
cleaner comprising a permanent magnet motor according to the second aspect

of the present invention.

According to a fourth aspect of the present invention there is provided a method
of manufacturing a stator core assembly, the method comprising providing a
stator core, and a bobbin having a first side comprising a primary channel and a
second side comprising first and second secondary channels, the stator core
being mounted to the bobbin, and winding a coll around the bobbin such that at
least a portion of the coil extends between the primary channel and the first
secondary channel, and at least a portion of the coil extends between the

primary channel and the second secondary channel.

The stator core may comprise first and second pole arms connected by a
coreback, and the stator core may be mounted to the bobbin such that the
primary channel is located between the first and second pole arms of the stator
core, and the first and second secondary channels are located on the coreback

of the stator core.

The method may comprise winding a coil around the bobbin such that the coil is

evenly split between the first and second secondary channels.
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The method may comprise winding the coil about the bobbin such that the coil
has a substantially V-shaped profile when viewed in a direction parallel to a
longitudinal axis of the bobbin, for example in a cross-section taken in a plane

orthogonal to a longitudinal axis of the bobbin.

The method may comprise alternately winding the coil between the primary and
first secondary channel and between the primary and second secondary
channel. For example, the method may comprise winding a first turn of the coil
between the primary and first secondary channel, subsequently winding a
second turn of the coil between the primary and second secondary channel,
subsequently winding a third turn of the coil between the primary and first
secondary channel, and so on until a desired number of turns have been
completed, or the method may comprise winding a first row of turns of the coil
between the primary and first secondary channel, subsequently winding a
second row of turns of the coil between the primary and second secondary
channel, subsequently winding a third row of turns of the coil between the
primary and first secondary channel, and so on until a desired number of rows

of turns have been completed

The method may comprise winding the coil between the primary and the first
secondary channel until the first secondary channel is filled to a pre-determined
level, and subsequently winding the coil between the primary and the second
secondary channel until the second secondary channel is filled to a pre-

determined level.

The method may comprise mounting the stator core to the bobbin such that the
primary channel is located between the first and second pole arms of the stator
core, and the first and second secondary channels are located on the coreback

of the stator core.
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Preferential features of aspects of the present invention may be equally applied

to other aspects of the present invention, where appropriate.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to better understand the present invention, and to show more clearly
how the invention may be put into effect, the invention will now be described, by

way of example, with reference to the following drawings:

Figure 1 is a perspective view of a stator core assembly according to the

present invention;

Figure 2 is a perspective view of a stator core of the stator core assembly of

Figure 1;

Figure 3 is a schematic cross-sectional view of the stator core of Figure 2;

Figure 4 is an exploded perspective view of a bobbin of the stator core

assembly of Figure 1;

Figure 5 is a first perspective view of the bobbin of Figure 4;

Figure 6 is a second perspective view of the bobbin of Figure 4;

Figure 7 is a first perspective view of the bobbin of Figure 4 in combination with

the stator core of Figure 2;

Figure 8 is a second perspective view of the bobbin of Figure 4 in combination

with the stator core of Figure 2;

Figure 9 is a schematic cross-sectional view of the stator assembly of Figure 1;
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Figure 10 is a schematic cross-sectional view illustrating a first winding pattern

of the stator assembly of Figure 1;

Figure 11 is a schematic cross-sectional view illustrating a second winding

pattern of the stator assembly of Figure 1;

Figure 12 is an exploded perspective view of a permanent magnet motor

including the stator assembly of Figure 1;

Figure 13 is a perspective view of a vacuum cleaner comprising the permanent

magnet motor of Figure 12; and

Figure 14 is a flow chart schematically illustrating a method of manufacturing

the stator assembly of Figure 1.

DETAILED DESCRIPTION

A stator core assembly according to a first aspect of the present invention,

generally designated 10, is shown in Figure 1.

The stator core assembly 10 comprises a stator core 12, a bobbin 14, and a coil
16.

The stator core 12 is shown in isolation in Figures 2 and 3, and comprises first
18 and second 20 pole arms, and a coreback 22 connecting the first 18 and
second 20 pole arms. The stator core 12 has a substantially c-shaped cross-
sectional shape, for example when viewed in a cross-section taken in a
direction substantially orthogonal to a longitudinal axis of the stator core 12, and
hence the stator core 12 may be referred to as a c-shaped stator core.

Although not shown in the Figures, the stator core 12 is formed of a plurality of
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laminations stacked one on top of the other. First 24 and second 26 locating
projections extend outwardly from the stator core 12 near the interface between
the respective first 18 and second 20 pole arms and the coreback 22, and are
used to locate the stator core assembly 10 relative to a frame 102 of a

permanent magnet motor 100.

The bobbin 14 is shown in isolation in Figures 4 to 6, and comprises first 28 and
second 30 bobbin portions. Each bobbin portion 28,30 has respective first 32
and second 34 end walls, base walls 36, and stator core receiving slots 38. The
base walls 36 extend between the first 32 and second 34 end walls, and act to
space apart the first 32 and second 34 end walls. A first side 40 of each of the
bobbin portions 28,30 thereby comprises a respective portion of a primary coil
receiving channel 42 defined by the first 32 and second 34 end walls, and the

base walls 36.

A second side 43 of each of the bobbin portions has an intermediate wall 44
extending from the base wall 36, and located approximately mid-way between
the first 32 and second 34 end walls. The second side 43 of each of the bobbin
portions 28,30 thereby comprises respective portions of first 46 and second 48
secondary coil receiving channels, defined by the first 32 and second 34 end

walls, the base walls 36, and the intermediate walls 44.

The intermediate walls 44 have substantially the same height as the first 32 and
second 34 end walls. The spacing of the first 32 and second 34 end walls
varies about the perimeter of each bobbin portion 28,30, such that outer edges
of the first 32 and second 34 end walls on the first side 40 of the bobbin portions
28,30 are spaced apart by a distance substantially corresponding to a spacing
between inner edges of the first 18 and second 20 pole arms of the stator core
12, and outer edges of the first 32 and second 34 end walls on the second side
43 of the bobbin portions 28,30 are spaced apart by a distance substantially

corresponding to a spacing between outer edges of the first 18 and second 20
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pole arms of the stator core 12, ie corresponding to the width of the coreback 22
of the stator core 12. More simply put, the width of the base wall 36 increases
between the first 40 and second 43 sides of the bobbin portions 28,30.

The stator core receiving slots 38 are substantially rectangular in form, and are
shaped and dimensioned to receive a portion of the coreback 22 of the stator
core 12. In particular, the height of each stator core receiving slot 38
substantially corresponds to the thickness of the coreback 22 of the stator core
12. The length of each slot 38 is such that collectively the first 28 and second
30 bobbin portions substantially enclose the coreback 22 of the stator core 12
when assembled, as seen in Figures 1 and 8. The first 28 and second 30
bobbin portions may not be of equal length, for example the first bobbin portion
28 may be longer than the second bobbin portion 30, and hence the respective

slots 38 may also have different lengths.

As seen from Figure 7, the first 28 and second 30 bobbin portions effectively
sandwich the stator core 12 when the slots 38 receive the coreback 22 of the
stator core 12. The first 28 and second 30 bobbin portions are held in place
about the stator core 12 via adhesive (not shown). The first side 40 of each
bobbin portion 28,30 is received between the first 18 and second 20 pole arms
of the stator core 12, such that the primary coil receiving channel 42 is located
between the first 18 and second 20 pole arms. The second side 43 of each
bobbin portion 28,30 is received on the coreback 22 of the stator core 12, such
that the first 46 and second 48 secondary coil receiving channels are located on

the coreback 22 of the stator core 12.

The coil 16 is a single-phase winding of the type commonly used in single-
phase brushless permanent magnet motors. As can be seen from Figures 9 to
11, the coil 16 is wound around the bobbin 14 such that at least a portion of the
coil 16 extends between the primary coil receiving channel 42 and the first

secondary colil receiving channel 46, whilst the remainder of the coil 16 extends
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between the primary colil receiving channel 42 and the second secondary coil
receiving channel 48. This gives the overall winding of the coil 16 a V-shape

when viewed in cross-section, as seen in Figures 9 to 11.

The coil 16 may be wound about the bobbin 14 in different ways, as illustrated
in Figures 10 and 11. In Figure 10, it can be seen that the coil 16 is wound
about the bobbin 14 such that the first secondary coil receiving channel 46 is
filled first, before subsequently filling the second secondary coil receiving
channel 48. In Figure 11, it can be seen that the coil 16 is wound around the
bobbin 14 such that a first row of turns is formed in the first secondary coil
receiving channel 46, a first row of turns is then formed in the second secondary
coil receiving channel 48, a second row of turns is then formed in the first
secondary colil receiving channel 46, a second row of turns is then formed in
the second secondary coil receiving channel 48, and so on until the first 46 and
second 48 secondary coil receiving channels are filled. It will be recognised
that other winding patterns may be possible, and a desired winding pattern may

be chosen to simplify manufacturing if so desired.

The assembled stator core assembly 10 may allow for better alignment of the
coil 16 than, for example, an arrangement in which a single channel is present
on the coreback of a stator core, extending across the entire width of the
coreback of the stator core. By dividing the coil 16 between the first 46 and
second 48 secondary coil receiving channels, each of the first 46 and second
48 secondary channels may contain less turns of the coil 16 than an
arrangement in which a single secondary channel is used, thereby allowing for
better alignment and closer control of the coil 16 within the individual channels
46,48. Better alignment of the coil 16 may enable greater consistency of
winding, for example greater consistency during production of stator assemblies

10, which may lead to better tolerances.
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The stator core assembly 10 may also provide a reduction in temperature
during use relative to a bobbin having only a single secondary channel of the
same width as its primary channel, as a greater surface area of the coil 16 may
be exposed, and hence available for cooling airflow to pass over in use. This
reduction in temperature may be further enhanced by ensuring that the first 46
and second 48 secondary coil receiving channels extend over substantially the

entirety of the coreback 22 of the stator core 10, as seen in Figures 9to 11.

A permanent magnet motor 100 comprising four stator core assemblies 10 can
be seen in Figure 12. The permanent magnet motor 100 is a single-phase
brushless permanent magnet motor comprising a frame 102, a rotor assembly
104, and a diffuser 106. Control circuitry of the motor 100 is not shown here for

clarity.

The frame 102 has four slots 107, each of which receives a corresponding
stator assembly 10. The rotor assembly 104 comprises first 108 and second
110 bearings, an eight-pole permanent magnet 112, a shaft 114, and an
impeller 116. The bearings 108,110, are attached to the shaft 114 either side of
the eight-pole permanent magnet 112, with the impeller 116 attached to one
end of the shaft. The rotor assembly 104 is held within the frame 102 by gluing
the bearings 108,110 to corresponding bearing seats of the frame 102. The
stator assemblies 10 are positioned in the slots 107 using their respective first
24 and second 26 locating projections, before being glued in place such that the

pole arms 18,20 face the eight-pole permanent magnet 112.

A vacuum cleaner 200 comprising the permanent magnet motor 100 is shown in

Figure 13.

A method 300 of manufacturing a stator core assembly 10 will be described with

reference to Figure 14.
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The method 300 comprises providing 302 a stator core 12 having first 18 and
second 20 pole arms connected by a coreback 22, and a bobbin 14 having a
primary colil receiving channel 42, and first 46 and second 48 secondary coil
receiving channels. The method 300 comprises mounting 304 the stator core
12 to the bobbin 14 such that the primary coil receiving channel 42 is located
between the first 18 and second 20 pole arms of the stator core 12, and the first
46 and second 48 secondary coil receiving channels are located on the
coreback 22 of the stator core 12. The method 300 comprises winding 306 a
coil 16 around the bobbin 14 such that at least a portion of the coil 16 extends
between the primary coil receiving channel 42 and the first secondary coil
receiving channel 46, and at least a portion of the coil 16 extends between the
primary coil receiving channel 42 and the second secondary coil receiving

channel 48.

It will be recognised that the stator core 12 and bobbin 14 may be provided as a
subassembly, and in such a case that the step of mounting 304 the stator core
12 to the bobbin 14 may be omitted.

The winding 306 of the coil 16 may be carried out in the manner previously

discussed above.

For example, the coil 16 may be wound 306 about the bobbin 14 such that the
first secondary coil receiving channel 46 is filled first, before subsequently filling
the second secondary coil receiving channel 48. Alternatively, the coil 16 may
be wound 306 around the bobbin 14 such that a first row of turns is formed in
the first secondary coil receiving channel 46, a first row of turns is then formed
in the second secondary coil receiving channel 48, a second row of turns is then
formed in the first secondary colil receiving channel 46, a second row of turns is
then formed in the second secondary coil receiving channel 48, and so on until

the first 46 and second 48 secondary coil receiving channels are filled. It will be
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recognised that other winding patterns may be possible, and a desired winding

pattern may be chosen to simplify manufacturing if so desired.
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CLAIMS

1. A stator core assembly for a permanent magnet motor, the stator core
assembly comprising a stator core, a bobbin to which the stator core is
mounted, and a coil wound around the bobbin, wherein a first side of the bobbin
comprises a primary channel and a second side of the bobbin comprises first
and second secondary channels, and the coil is wound around the bobbin such
that at least a portion of the coil extends between the primary channel and the
first secondary channel, and at least a portion of the coil extends between the

primary channel and the second secondary channel.

2. A stator core assembly as claimed in Claim 1, wherein the stator core
comprises first and second pole arms, and a coreback connecting the first and
second pole arms, and the stator core is mounted to the bobbin such that the
primary channel is located between the first and second pole arms, and the first

and second secondary channels are located on the coreback of the stator core.

3. A stator core assembly as claimed in Claim 1 or Claim 2, wherein the
bobbin comprises first and second end walls and an intermediate wall which

define the first and/or second secondary channels.

4. A stator core assembly as claimed in any preceding claim, wherein each

of the primary and secondary channels extends beyond the stator core.

. A stator core assembly as claimed in any preceding claim, wherein the

primary channel comprises a single channel.

6. A stator core assembly as claimed in any preceding claim, wherein the
first and second secondary channels extend over the entirety of the second side
of the bobbin.
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7. A stator core assembly as claimed in any preceding claim, wherein a
combined width of the first and second secondary channels is greater than a

width of the primary channel.

8. A stator core assembly as claimed in any preceding claim, wherein the

first and second secondary channels comprise the same dimensions.

9. A stator core assembly as claimed in any preceding claim, wherein a
portion of the coil contained within the first secondary channel is the same size

as a portion of the coil contained within the second secondary channel.

10. A permanent magnet motor comprising a stator core assembly as

claimed in any preceding claim.

11. A vacuum cleaner comprising a permanent magnet motor as claimed in
Claim 10.

12. A method of manufacturing a stator core assembly, the method
comprising providing a stator core, and a bobbin having a first side comprising a
primary channel and a second side comprising first and second secondary
channels, the stator core being mounted to the bobbin, and winding a coil
around the bobbin such that at least a portion of the coil extends between the
primary channel and the first secondary channel, and at least a portion of the

coil extends between the primary channel and the second secondary channel.

13. A method as claimed in Claim 12, wherein the method comprises
alternately winding the coil between the primary and first secondary channel

and between the primary and second secondary channel.

14. A method as claimed in Claim 12, wherein the method comprises

winding the coil between the primary and the first secondary channel until the
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first secondary channel is filled to a pre-determined level, and subsequently
winding the coil between the primary and the second secondary channel until

the second secondary channel is filled to a pre-determined level.

15. A method as claimed in any of Claims 12 to 14, wherein the method
comprises mounting the stator core to the bobbin such that the primary channel
is located between first and second pole arms of the stator core, and the first

and second secondary channels are located on a coreback of the stator core.
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