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COMBINED MOTOR STATOR

Technical Field

[0001] The disclosure relates to a moto stator, more particularly a combined motor

stator.
Background

[0002] A permanent-magnet motor has many advantages, such as simple structure,
reliable operation, small size, low energy loss and high efficiency, and these advantages
make it being widely used in a variety of fields, such as aerospace, national defense,
industry, agriculture, manufacture, and livelihood. The conventional stator of the
permanent-magnet motor is a single silicon steel lamination, but such configuration will

result in large noise during operation.

[0003] In addition, in such conventional stator, the gap of the edge opening between the
adjacent stator teeth shall be large enough for the installation of stator winding to the
stator teeth. That is, if the gap of the edge opening between the adjacent stator teeth is too
small, the installation of stator winding becomes troublesome; if such gap is too large, the

basic shape of stator and the motor performance will be affected.
SUMMARY OF THE INVENTION

[0004]  The disclosure provides a combined motor stator capable of achieving a simple

installation of stator winding while maintaining the performance.

[0005] One embodiment of the disclosure provides a combined motor stator which is
configured to be cooperated with a rotor. The combined motor stator includes a stator
yoke and a plurality of stator teeth. The stator yoke has a plurality of first mount structures.
Each of the plurality of stator teeth has a second mount structure. The second mount
structures of the stator teeth are respectively and removably mounted on the first mount

structures of the stator yoke. Each of the second mount structures is in a dovetail shape.

[0006]  Another embodiment of the disclosure provides a combined motor stator which
1
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is configured to be cooperated with a rotor. The combined motor stator includes a stator
yoke and a plurality of stator teeth. The stator yoke has a plurality of first mount structures.
Each of the plurality of stator teeth has a second mount structure. The second mount
structures of the stator teeth are respectively and removably mounted on the first mount
structures of the stator yoke. Each of the plurality of stator teeth is configured to be spaced
apart from the rotor by an air gap. The air gap has a minimum gap width. Every two
adjacent of the plurality of stator teeth and the stator yoke together form a stator slot
therebetween, every two adjacent of the plurality of stator teeth form a slot opening
therebetween and connected to the stator slot, and a ratio of an opening width of the slot

opening to the minimum gap width of the air gap is not less than 0.6 and is not more than

6.

[0007]  According to the combined motor stators as discussed above, the stator teeth of
the combined motor stator are respectively inserted into the dovetails-shaped or
rectangular mount holes of the stator yoke via the dovetails-shaped or rectangular insertion
portions of the stator teeth, such that the combined motor stator can have higher natural
frequency to improve the resonance problem of the motor and enhance the performance of
the motor. Especially, the mount structures are respectively the dovetail-shaped mount
holes and the dovetail-shaped insertion portions mating each other, the movement of the
stator teeth along the radial direction of the stator yoke is limited, such that the natural
frequency of the combined motor stator is further increased, thereby further improving the

resonance problem and the performance of the motor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008} The present disclosure will become better understood from the detailed
description given herein below and the accompanying drawings which are given by way

of illustration only and thus are not intending to limit the present disclosure and wherein:

FIG. T is a perspective view of a combined motor stator according to a first

embodiment of the disclosure;
FIG. 2 is a partial exploded view of the combined motor stator in FIG. [;

FIG. 3 is a partial planar view of a stator yoke and two stator teeth of the combined

motor stator in FIG. 2;

FIG. 4 is a planar view of a rotor and the combined motor stator in FIG. 1;
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FIG. § is a partial enlarged planar view of the rotor and the combined motor stator in
FIG. 4; and

FIG. 6 is a planar view of a combined motor stator according to a second embodiment

of the disclosure.
DETAILED DESCRIPTION

[0009] In the following detailed description, for purposes of explanation, numerous
specific details are set forth in order to provide a thorough understanding of the disclosed
embodiments. It will be apparent, however, that one or more embodiments may be
practiced without these specific details. In other instances, well-known structures and

devices are schematically shown in order to simplify the drawing.

[0010] In addition, the terms used in the present disclosure, such as technical and
scientific terms, have its own meanings and can be comprehended by those skilled in the
art, unless the terms are additionally defined in the present disclosure. That is, the terms
used in the following paragraphs should be read on the meaning commonly used in the
related fields and will not be overly explained, unless the terms have a specific meaning in

the present disclosure.

[0011] Referring to FIGS. 1 to FIG. 3, FIG. | is a perspective view of a combined
motor stator [0 according to a first embodiment of the disclosure, FIG. 2 is a partial
exploded view of the combined motor stator 10 in FIG. 1, and FIG. 3 is a partial planar
view of a stator yoke 100 and two of stator teeth 200 of the combined motor stator 10 in

FIG. 2.

[0012]  In this embodiment, the combined motor stator 10 is applicable to, for example,
a motor of a fan, where the fan is, for example, a ceiling fan, but the disclosure is not
limited thereto. The combined motor stator 10 includes the stator yoke 100 and the stator
teeth 200. The stator yoke 100 and each of the stator teeth 200 are formed by thin silicon
steel sheets being stacked on top of one another; that is, the stator yoke 100 and each of
the stator teeth 200 are silicon steel laminations. The stator yoke 100 has a plurality of first

mount structures, such as mount holes 120 shown in FIG. 2.

[0013] The stator yoke 100 has a plurality of outer surfaces 110 and a plurality of
mount holes 120. The mount holes 120 are respectively formed on the outer surfaces 110.

For the purpose of illustration, the following paragraphs merely describe one of the mount
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holes 120. Referring to FIG. 3, in each mount hole 120, the stator yoke 100 has a bottom surface
121 and two lateral surfaces 122 together form one mount hole 120. More specifically, the two
opposite sides of the bottom surface 121 are respectively connected to the lateral surfaces 122.
In this embodiment, as shown in FIG. 3, the mount hole 120 is, for example, a dovetail hole,
and each of the lateral surface 122 has an acute angle 6 to the bottom surface 121. Moreover,
in this embodiment, the acute angle 6 is, for example, not less than 60 degrees and not more
than 89.5 degrees. In this or some other embodiment, there may be a round corner located
between and connected to the bottom surface 121 and the lateral surface 122 of the stator yoke
100, and the radius of the round corner is not particularly restricted and can be modified

according to actual requirement.

[0014] Each of the stator teeth 200 has a second mount structure, such as an insertion portion
210 in a shape mating the mount hole 120. Also, each of the stator teeth 200 has a head portion
220 and a body portion 230 located between and connected to the insertion portion 210 and the
head portion 220. In each of the stator teeth 200, the insertion portion 210 is located closer to
an axis of the stator yoke 100 than the head portion 220 and the body portion 230, the insertion
portion 210 has a first end 2101 and a second end 2102 opposite to each other, the first end
2101 is connected to the body portion 230, a width W3 of the first end 2101 is equal to a width
W4 of the body portion 230, and a width of the insertion portion 210 gradually increases from
the first end 2101 toward the second end 2102. The insertion portions 210 of the stator teeth
200 are respectively removably inserted into the mount holes 120 of the stator yoke 100;
referring to FIG. 2, the insertion portion 210 of the stator tooth 200 is allowed to be inserted
into or removed from one of the mount holes 120 of the stator yoke 100 along a direction A.
By doing so, as shown in FIG. 2 or FIG. 3, the stator teeth 200 radially protrude from the outer
surfaces 110 of the stator yoke 100. In more detail, referring to FIG. 3, every two adjacent of
the stator teeth 200 and the stator yoke 100 together form a stator slot S therebetween, and
every two adjacent of the stator teeth 200 form a slot opening O therebetween and connected

to the stator slot S.

[0015] Since the dovetail-shaped insertion portions of the stator teeth 200 are respectively
inserted into the dovetail-shaped mount holes 120, the stator teeth 200 are not allowed to move
in a radial direction (e.g., a radial direction R shown in FIG. 4) of the stator yoke 100. In the
combined motor stator 10, each of the stator teeth 200 and the stator yoke 100 are silicon steel
laminations, and the mount holes 120 and insertion portions 210 are all in dovetail shape, such

that a natural frequency of the combined motor stator 10 is approximately ranging from 936



Hz to 952 Hz. In contrast, to a conventional motor stator whose stator yoke and stator teeth are
made of a single piece, it may have a natural frequency approximately ranging only from 31
Hz to 41 Hz; to another conventional motor stator whose stator yoke and stator teeth are formed
of a single lamination, it may have a natural frequency approximately ranging only from 25 Hz

to 33 Hz. As such, the combined motor stator 10 has a relative higher natural frequency.
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[0016] Then, the following describes the advantages of the high natural frequency of
the combined motor stator 10 when the combined motor stator 10 is applied to the ceiling
fan. Generally, the vibration frequency of the ceiling fan caused by the cogging torque is
smaller than 808 Hz, and the vibration frequency is proportional to rotational speed of the
ceiling fan. When the ceiling fan rotates at 60 rpm, the vibration frequency of the ceiling
fan is approximately 240 Hz; and when the ceiling fan rotates at 202 rpm, the vibration
frequency of the ceiling fan is approximately 808 Hz. Therefore, it is understood that the
natural frequency of any type of conventional motor stators fall within the range of the
vibration frequency of the ceiling fan, and which must result in resonance and thus
producing noise. In contrast, the natural frequency of the combined motor stator 10 is
much higher than the vibration frequency of the ceiling fan, thus the ceiling fan having the
combined motor stator 10 is able to prevent the resonance and thus reducing noise and

increasing performance.

[0017] In addition, the stator teeth 200 are removably inserted into the stator yoke 100,
thus the installation of winding to the stator teeth 200 can be performed before installing
the stator teeth 200 to the stator yoke 100. Therefore, there is no need to have a large size
of slot opening between the stator teeth 200 for the installation of stator winding. That is,

the slot opening O between the stator teeth 200 can be optimized to be in a small size.

[0018] In this embodiment, the first mount structure and the second mount structure are
respectively the mount hole 120 and the insertion portion 210, but the present disclosure is
not limited thereto; in some other embodiments, the first mount structure may be an

insertion portion, and the second mount structure may be a mount hole.

[0019] Referring FIGS. 4 and 5, F1G. 4 is a planar view of a rotor 20 and the combined
motor stator 10 in FIG. 1, and FIG. 5 is a partial enlarged planar view of the rotor and the

combined motor stator in FIG. 4.

[0020]  FIGS. 4 and 5 show that the combined motor stator 10 is installed in the rotor 20
having magnets 21, in such a case, each of the stator teeth 200 of the combined motor
stator 10 is spaced apart from the rotor 20 by an air gap Y. Define that the minimum gap
width of the air gap Y is W1 and the maximum gap width of the air gap Y is W2, where
the minimum gap width W1 of the air gap Y exists at the central portion of the air gap Y,
and the maximum gap width W2 of the air gap Y exists at a lateral edge of the magnet 21

of the rotor 20 and one of the openings of the air gap Y. More specifically, the maximum
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gap width W2 of the air gap Y is a distance between a point P where a lateral surface 211
of the magnet 21 is connected to a curved surface 212 of the magnet 21 and the stator teeth
200. In addition, in this embodiment, a ratio of an opening width G of the slot opening O
to the minimum gap width W1 of the air gap Y is not less than 0.6 and is not more than 6.
For example, the opening width G of the slot opening O is approximately 1.8 millimeters,
and the minimum gap width W1 of the air gap Y approximately ranges between 0.3

millimeters and 3 millimeters.

[0021]  According to a simulation result, if the ratio of the opening width G of the slot
opening O to the minimum gap width W1 is not less than 0.6 and is not more than 6, the
motor having the combined motor stator 10 can produce a large average torque ranging
between 1.29 and 1.31 N-m, a counter electromotive force ranging between 67 and 69
voltages and a radial force ranging between 1 and 7 N. In another case, if the
aforementioned ratio is less than 0.6, the counter electromotive force would reduce to be
smaller than 30 voltages. In still another case, if the aforementioned ratio is more than 6,
the radial force produced by the motor would increase to be larger than 23 N. Therefore, it
is understood that the motor having the combined motor stator [0 has a better

performance.

[0022] In addition, a ratio of the maximum gap width W2 of the air gap Y to the
minimum gap width W1 of the air gap Y also affects the motor performance. According to
a simulation result, when such ratio is not less than 5 and is not more than 11, the motor

having the combined motor stator 10 has a better performance.

[0023] Referring to FIG. 6, where FIG. 6 is a planar view of a combined motor stator

10a according to a second embodiment of the disclosure.

[0024] In this embodiment, the combined motor stator 10a is applicable to, for example,
a motor of a fan, where the fan is, for example, a ceiling fan, but the present disclosure is
not limited thereto. The combined motor stator 10a includes a stator yoke 100a and a
plurality of stator teeth 200a. The stator yoke 100a and each of the stator teeth 200a are all,
for example, formed by thin silicon steel sheets being stacked on top of one another; that
is, the stator yoke 100a and each of the stator teeth 200a are silicon steel laminations. The
stator yoke 100a has a plurality of first mount structures, such as mount holes 120a shown
in FIG. 6, and each of the mount holes 120a is formed by a bottom surface and two lateral

surfaces of the yoke 100a. The mount holes 120a of the stator yoke 100a are in rectangular
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shapes. In this or some other embodiment, there may be a round corner located between and
connected to the bottom surface and the lateral surface of the stator yoke 100a, and the radius
of the round corner is not particularly restricted and can be modified according to actual
requirement. Each of the stator teeth 200a has an insertion portion 210a, a head portion 220a
and a body portion 230a located between and connected to the insertion portion 210a and the
head portion 220a. The insertion portions 210a of the stator teeth 200a have shapes mating the
mount holes 120a of the stator yoke 100a. In each of the stator teeth 200a, the insertion portion
210a is located closer to an axis of the stator yoke 100a than the head portion 220a and the
body portion 230a, the insertion portion 210a is in a rectangular shape and has a first end 2101a
and a second end 2102a opposite to each other, the first end 2101a is connected to the body
portion 230a, a width W5 of the first end 2101a is equal to a width W6 of the body portion
230a.The insertion portions 210a of the stator teeth 200a are respectively and removably

inserted into the mount holes 120a of the stator yoke 100a.

[0025] In this embodiment, the insertion portions 210a of the stator teeth 200a are respectively
inserted into the mount holes 120a, the mount holes 120a and insertion portions 210a are all in
rectangular shape, and each of the stator teeth 200a and the stator yoke 100a are silicon steel
laminations, such that a natural frequency of the combined motor stator 10a is approximately
ranging from 437 Hz to 519 Hz. In contrast, to a conventional motor stator whose stator yoke
and stator teeth are made of a single piece, it may have a natural frequency approximately
ranging only from 31 Hz to 41 Hz; to another conventional motor stator whose stator yoke and
stator teeth are formed of a single lamination, it may have a natural frequency approximately
ranging only from 25 Hz to 33 Hz. As such, the combined motor stator 10a has a relative higher

natural frequency.

[0026] Although the combined motor stator 10a has the natural frequency being smaller than
that of the combined motor stator 10, the natural frequency of the combined motor stator 10a
is stilled much higher than that of the conventional motor stator, such that the resonance
problem of the ceiling fan can be still improved to a certain level and thus also reducing the

noise of the ceiling fan and enhancing the performance of the ceiling fan.

[0027] According to the combined motor stators as discussed above, the stator teeth of the
combined motor stator are respectively inserted into the dovetails-shaped or rectangular mount
holes of the stator yoke via the dovetails-shaped or rectangular insertion portions of the stator

teeth, such that the combined motor stator can have higher natural frequency to improve the



resonance problem of the motor and enhance the performance of the motor. Especially, the
mount structures are respectively the dovetail-shaped mount holes and the dovetail-shaped
insertion portions mating each other, the movement of the stator teeth along the radial direction
of the stator yoke is limited, such that the natural frequency of the combined motor stator is
further increased, thereby further improving the resonance problem and the performance of the

motor.
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[0028] Moreover, when the ratio of the width of the slot opening and the minimum gap
width is not less than 0.6 and is not more than 6, the motor having the combined motor
stator can produce a large average torque, a larger counter electromotive force and a
smaller radial force, which makes the motor having the combined motor stator 10 have a

better performance.

[0029]  Furthermore, when the ratio of the maximum gap width of the air gap to the
minimum gap width of the air gap is not less than 5 and is not more than 11, the motor

having the combined motor stator has a better performance.

[0030] It will be apparent to those skilled in the art that various modifications and
variations can be made to the present disclosure. It is intended that the specification and
examples be considered as exemplary embodiments only, with a scope of the disclosure

being indicated by the following claims and their equivalents.
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CLAIMS

What is claimed is:

1. A combined motor stator, configured to be cooperated with a rotor, comprising:
a stator yoke, having a plurality of first mount structures; and

a plurality of stator teeth, wherein each of the plurality of stator teeth has a head
portion, a second mount structure, and a body portion located between and connected
to the second mount structure and the head portion, the plurality of first mount
structures and the second mount structures are respectively mount holes and insertion
portions mating the mount holes, the second mount structures of the plurality of stator
teeth are respectively and removably mounted on the plurality of first mount structures

of the stator yoke;
wherein each of the insertion portions is in a dovetail shape;

wherein in each of the plurality of stator teeth, the insertion portion is located closer
to an axis of the stator yoke than the head portion and the body portion, the insertion
portion has a first end and a second end opposite to each other, the first end is connected
to the body portion, a width of the first end is equal to a width of the body portion, and
a width of the insertion portion gradually increases from the first end toward the second

end,

wherein each of the plurality of stator teeth is configured to be spaced apart from
the rotor by an air gap, the air gap has a minimum gap width and a maximum gap width,
every two adjacent of the plurality of the stator teeth and the stator yoke together form
a stator slot therebetween, every two adjacent of the plurality of the stator teeth form a
slot opening therebetween and connected to the stator slot, a ratio of an opening width
of the slot opening to the minimum gap width of the air gap is not less than 0.6, and is
not more than 6, and a ratio of the maximum gap width of the air gap to the minimum

gap width of the air gap is not less than 5 and is not more than 11,

2. The combined motor stator according to claim 1, wherein the stator yoke has a

bottom surface and two lateral surfaces, two opposite sides of the bottom surface are
respectively connected to the two lateral surfaces, one of the mount holes is formed by the

bottom surface and the two lateral surfaces, and each of the lateral surfaces has an angle to
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the bottom surface, and the angle is not less than 60 degrees and is not more than 89.5

degrees.

3. The combined motor stator according to claim I, wherein the stator yoke and each
of the plurality of stator teeth are formed by silicon steel sheets being stacked on top of one

another.
4. A combined motor stator, configured to be cooperated with a rotor, comprising:
a stator yoke, having a plurality of first mount structure; and

a plurality of stator teeth, wherein each of the plurality of stator teeth has a head
portion, a second mount structure, and a body portion located between and connected
to the second mount structure and the head portion, the plurality of first mount
structures and the second mount structures are respectively mount holes and insertion
portions mating the mount holes, the second mount structures of the plurality of stator
teeth are respectively and removably mounted on the plurality of first mount structures
of the stator yoke, and each of the plurality of stator teeth is configured to be spaced

apart from the rotor by an air gap;

wherein the air gap has a minimum gap width and a maximum gap width, every
two adjacent of the plurality of stator teeth and the stator yoke together form a stator
slot therebetween, every two adjacent of the plurality of stator teeth form a slot opening
therebetween and connected to the stator slot, a ratio of an opening width of the slot
opening to the minimum gap width of the air gap is not less than 0.6 and is not more
than 6, a ratio of the maximum gap width of the air gap to the minimum gap width of

the air gap is not less than 5 and is not more than 11;

wherein in each of the plurality of stator teeth, the insertion portion is located closer
to an axis of the stator yoke than the head portion and the body portion, the insertion
portion is in a rectangular shape and has a first end and a second end opposite to each
other, the first end is connected to the body portion, and a width of the first end is equal

to a width of the body portion.

5. The combined motor stator according to claim 4, wherein the stator yoke and each
of the plurality of stator teeth are formed by silicon steel sheets being stacked on top of one

another.
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