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(54) ELECTRIC MOTOR AND MAGNETIC CORE THEREOF

(57) A magnetic core (63) of an electric motor (100)
includes a central portion (65) and a plurality of teeth
extending outwardly from the central portion (65), the
teeth disposed along a circumferential direction of the
central portion (65). Each tooth includes a tooth body
(67), two neck portions (71) and two crown portions (69),
the neck portions (71) respectively connecting the crown
portions (69) to the tooth body (67), the two crown por-
tions (69) respectively extending beyond opposite sides
of the tooth body (67). Each of the two neck portions (71)
of each tooth has a minimum width which is 0.1∼0.3 times
of the width of the tooth body (67). The present invention
further provides an electric motor (100) that employs the
magnetic core (63) which can increase the peak value
of the cogging torque of the motor.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to the field of elec-
tric motors, and in particular to a permanent magnet mo-
tor and a magnetic core of the motor.

BACKGROUND OF THE INVENTION

[0002] A permanent magnet brush motor usually com-
prises a stator and a rotor. The stator comprises a hous-
ing and permanent magnets mounted to the inner surface
of the housing. The rotor comprises a rotating shaft, a
magnetic core and a commutator fixed to the rotating
shaft, and a rotor winding wound around the magnetic
core. There exists the tooth-slot effect between the stator
and the rotor. In some applications, it is expected that
the motor has a larger cogging torque. For example, for
roller shutter motors, it is desirable to increase the cog-
ging torque of motor so that the motor can stop the shutter
at any designated positions without additional brake de-
vices to thereby simplify the structure and reduce the
cost of the roller shutter.

SUMMARY OF THE INVENTION

[0003] Thus, there is a desire for a motor which has an
increased cogging torque.
[0004] In one aspect, the present invention provides a
magnetic core of an electric motor which comprises a
central portion, and a plurality of teeth extending outward-
ly from the central portion in respective longitudinal di-
rections, the teeth disposed along a circumferential di-
rection of the central portion. Each tooth comprises a
tooth body, two neck portions and two crown portions,
the tooth body having a transverse width in a direction
perpendicular to the longitudinal direction of the tooth
body, the neck portions extending from an outer end of
the tooth body in their respective longitudinal directions
and bifurcated from each other, each neck portion having
a transverse width in a direction perpendicular to the lon-
gitudinal direction of said each neck portion, the two
crown portions being respectively connected to ends of
the neck portions far away from the tooth body, and ex-
tending towards opposite sides of the tooth body in cir-
cumferential directions; A minimum of the transverse
width of each neck portions is 0.1∼0.3 times of the trans-
verse width of one of the tooth body, on which said each
neck depends.
[0005] Preferably, a recess is formed between the two
crown portions of each tooth, the recess having an open-
ing with a width which is 0.6∼0.8 times of the width of the
tooth body.
[0006] Preferably, a recess is formed between the two
crown portions of each tooth, the recess having a radial
depth which is 0.7∼1.8 times of the width of the opening
of the recess.

[0007] Preferably, a recess is formed between the two
crown portions of each tooth, the recess being U-shaped,
V-shaped or square-shaped.
[0008] Preferably, the two crown portions of each tooth
are connected together to form an integral crown, a
through hole being formed between the integral crown,
the tooth body and the two neck portions.
[0009] Preferably, the through hole is round.
[0010] Preferably, the central portion defines a mount-
ing hole for allowing a rotating shaft to be mounted there-
in.
[0011] Preferably, the magnetic core further includes
a plurality of separation members extending outwardly
from the central portion, each separation member being
disposed between adjacent two tooth bodies and having
a radial length which is less than a radial length of the
tooth body.
[0012] In another aspect, the present invention pro-
vides an electric motor which comprises a stator and a
rotor. The stator comprises a housing and a plurality of
permanent magnets mounted to an inner surface of the
housing. The rotor comprises a rotating shaft and the
magnetic core described above. The magnetic core is
fixedly mounted on the rotating shaft. The rotating shaft
is rotatably mounted to the stator so that the rotor is ca-
pable of rotating relative to the stator and the magnetic
core is received in the housing,
[0013] Preferably, a ratio of an inner diameter of the
housing to an outer diameter of the housing is less than
0.93.
[0014] Preferably, an outer diameter of the magnetic
core is 0.6∼0.8 times of an inner diameter of the housing.
[0015] Preferably, the at least one permanent magnet
has a magnetic energy product greater than 4 MGOe.
[0016] Preferably, the electric motor is a 2-pole 3-slot
motor.
[0017] Preferably, wherein a peak value of cogging
torque of the electric motor is in the range of 8∼14 mNm.
[0018] The magnetic core of the present embodiments
can increase the peak value of the cogging torque of the
motor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Below, embodiments of the present invention
will be described in greater detail with reference to the
drawings. It should be noted that the figures are illustra-
tive rather than limiting, wherein:

Fig. 1 is a perspective view of an electric motor ac-
cording to one embodiment of the present invention.

Fig. 2 is a side view of the motor of Fig. 1.

Fig. 3 is a cross section view of the motor of Fig. 2,
taken along line A-A.

Fig. 4 is a cross section view of the motor of Fig. 2,
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taken along line B-B.

Fig. 5 illustrates a housing and magnets of the motor
of Fig. 1.

Fig. 6 illustrates a magnetic core of the motor of Fig.
1.

Fig. 7 illustrates a magnetic core of a motor according
to a second embodiment of the present invention.

Fig. 8 illustrates a magnetic core of a motor according
to a third embodiment of the present invention.

Fig. 9 illustrates a magnetic core of a motor according
to a fourth embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0020] Elements of similar structures or functions are
generally represented by like reference numerals for il-
lustrative purposes throughout the figures. The figures
are not drawn to scale, do not illustrate every aspect of
the described embodiments, and do not limit the scope
of the present disclosure. Unless otherwise specified, all
technical and scientific terms used in this disclosure have
the ordinary meaning as commonly understood by peo-
ple skilled in the art.
[0021] Referring to Fig. 1, an electric motor 100 in ac-
cordance with an embodiment of the present invention
is a permanent magnet electric motor. The motor 100
includes a stator 20 and a rotor 60. The stator 20 includes
a cylindrical housing 21 with an opening at one end, and
an end cap 23 mounted to the open end of the housing
21. The rotor 60 is rotatably mounted to the stator 20.
[0022] Referring to figure 2 to figure 4, the end wall of
the cylindrical housing 21 is provided with a bearing seat
22. A bearing 28 is mounted in the bearing seat 22. Pref-
erably, the bearing 28 is a straight bearing with straight
axial contour lines. Another bearing seat 24 is arranged
in the middle of the end cap 23 and a bearing 29 is ar-
ranged in the bearing seat 24. Preferably, the bearing 29
has curved axial contour lines. A rotating shaft 61 is sup-
ported by bearings 28 and 29 so as to rotate relative to
the stator 20.
[0023] The rotor 60 comprises the rotating shaft 61, a
magnetic core 63 and a commutator 65 fixedly sleeved
on the rotating shaft 61, and a rotor winding (not shown)
wound on the magnetic core 63 and electrically connect-
ed with the commutator 65.
[0024] The stator 20 further includes one or more per-
manent magnets 31 mounted to the inner surface of the
housing 21, and an electrical brush assembly mounted
to the end cap 23, terminals 25 mounted to the end cap
23, and so on. The one or more permanent magnets 31
form a plurality of permanent magnet poles. The termi-
nals 25 are configured to connect with an external power

supply and supply power to the brush assembly. The
brush assembly electrically contacts with commutator
segments of the commutator 65 to thereby supply power
to the rotor winding. Because the power supply circuit is
not the important parts of the present invention, the de-
tailed description thereof is omitted.
[0025] Referring to Fig. 5, the ratio of the inner diameter
ID1 of the housing 21 to the outer diameter OD1 of the
housing 21 is less than 0.93. That is to say, the radial
thickness of the housing 21 is above the preset percent-
age of the outer diameter OD1 of the housing 21, so that
different permanent magnet poles mounted to the inner
surface of the housing 21 can form closed magnetic flux
circuits through the housing 21. Preferably, the magnetic
energy product of the permanent magnet 31 is greater
than 4 MGOe in order to increase the peak value of the
cogging torque of the motor.
[0026] Referring to Fig. 5 and Fig. 6, preferably, the
outer diameter OD2 of the magnetic core 63 is 0.6∼0.8
times of the inner diameter ID1 of the housing 21 in order
to further increase the peak value of the cogging torque
of the motor.
[0027] In this embodiment, the stator 20 comprises two
permanent magnets 31 (Figure 4) respectively forming
two stator magnetic poles. The rotor 60 comprises three
teeth with three slots respectively formed between adja-
cent teeth. Thus, the motor 100 may be called a 2-pole
3-slot permanent magnet direct current brush motor.
Preferably, the peak value of the cogging torque of the
motor is in the range of 8∼14 mNm.
[0028] Refer to figure 6, the magnetic core 63 includes
a central portion 65 and three teeth extending outwardly
from the central portion 65 in respective longitudinal di-
rections. The three teeth are disposed along the circum-
ferential direction of the central portion 65. Each tooth
comprises a tooth body 67, two neck portions 71 and two
crown portions 69. The tooth body 67 has a transverse
width W1 in a direction perpendicular to the longitudinal
direction thereof. The two neck portions 71 extend from
an outer end of the tooth body 67 in respective longitu-
dinal directions and bifurcated from each other. Each
neck portion 71 has a transverse width W2 in a direction
perpendicular to the longitudinal direction thereof. The
two crown portions 69 are respectively connected to ends
of the neck portions 71 far away from the tooth body 67,
and extending in opposite circumferential directions
away from the tooth body 67.
[0029] A minimum of transverse width W2 of each neck
portion 71 is 0.1∼0.3 times of the width W1 of the corre-
spond one the tooth body 67. Preferably, A minimum of
W2 is 0.15 to 0.25 times of W1.
[0030] In this embodiment, the two crown portions 69
of each tooth are connected together to form a whole
crown which forms a continuous pole face toward the
housing 21 or permanent magnets 31. A through-hole 77
is formed between the whole crown and the tooth body
67, and the two neck portions 71 are respectively posi-
tioned at opposite sides of the through hole 77, i.e., the
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two neck portions 71 respectively connecting the whole
crown to the two side portions of the tooth body 67 and
the round through hole 77 is thus formed between the
whole crown, two neck portions 71 and the tooth body 67.
[0031] The central portion 65 of the magnetic core 63
has a mounting hole 73 that is fixed to the rotating shaft
61 (Figure 4). A plurality of anti-slipping grooves 75 is
formed in the inner wall of the central portion 65 surround-
ing the mounting hole 73, for preventing the magnetic
core 63 from rotating relative to the rotating shaft 61.
[0032] The central portion 65 further includes a plurality
of separation members 65 extending outward from the
outer surface of the central portion 65. Each separation
member 65 is located between adjacent two tooth bodies
67 and has a radial length smaller than the radial length
of the tooth body 67.
[0033] The invention is illustrated by an example of a
2-pole 3-slot motor. Understandably, the present inven-
tion is not limited to the 2-pole 3-slot motor.
[0034] Fig. 7 illustrates a magnetic core 63 used by a
motor in accordance with a second embodiment of the
present invention. Compared with the before embodi-
ment, the main changes in the magnetic core of this em-
bodiment is that the two crown portions 63 of each tooth
69 are not connected together but separated from each
other. The two crown portions 69 are respectively con-
nected to the tooth body 67 by two neck portions 71. A
recess 79 is formed between the two crown portions 69
of each tooth. The recess 79 has an opening which com-
municates the recess 79 with the radial periphery of the
crown portions 63. The opening of the recess 79 has a
width W4 which is 0.6∼0.8 times of the width W1 of the
tooth body 67. The recess 79 has a radial depth D4 which
is 0.7∼1.8 times of the width W4 of the opening of the
recess 79.
[0035] In the present embodiment, the recess 79 is a
U-shaped recess, i.e., the axial cross section of the re-
cess 79 is U-shaped.
[0036] Understandably, the shape of the recess 79 is
not limited to the U shape. For example, in other alter-
native embodiments, the recess 79 is V-shaped (as
shown in Fig. 8) or square-shaped (as shown in Figure 9).
[0037] Understandably, in other alternative embodi-
ments, the aforementioned magnetic core 63 may be
used as the stator magnetic core of a motor.
[0038] Therefore, the technical solutions of embodi-
ments of the present invention have been clearly and
completely described above. Apparently, the described
embodiments are merely part of, rather than all of, the
embodiments of the present invention. A person skilled
in the art may make various combinations of technical
features in the various embodiments to meet practical
needs. Based on the described embodiments of the
present invention, any other embodiment obtained by a
person skilled in the art without paying creative efforts
shall also fall within the scope of the present invention.

Claims

1. A magnetic core (63) of an electric motor (100), com-
prising:

a central portion (65), and
a plurality of teeth extending outwardly from the
central portion (65) in respective longitudinal di-
rections, the teeth disposed along a circumfer-
ential direction of the central portion (65);
wherein each tooth comprises a tooth body (67),
two neck portions (71) and two crown portions
(69), the tooth body (67) having a transverse
width in a direction perpendicular to the longitu-
dinal direction of the tooth body (67), the neck
portions (71) extending from an outer end of the
tooth body (67) in their respective longitudinal
directions and bifurcated from each other, each
neck portion (71) having a transverse width in a
direction perpendicular to the longitudinal direc-
tion of said each neck portion (71), the two crown
portions (69) being respectively connected to
ends of the neck portions (71) far away from the
tooth body (67), and extending towards opposite
sides of the tooth body (67) in circumferential
directions; and
wherein a minimum of the transverse width of
each neck portion (71) is 0.1∼0.3 times of the
transverse width of one of the tooth body (67),
on which said each neck portion (71) depends.

2. The magnetic core (63) of claim 1, wherein a recess
(79) is formed between the two crown portions (69)
of each tooth, the recess (79) having an opening with
a width which is 0.6∼0.8 times of the width of the
tooth body (67).

3. The magnetic core (63) of claim 1, wherein a recess
(79) is formed between the two crown portions (69)
of each tooth, the recess (79) having a radial depth
which is 0.7∼1.8 times of the width of the opening of
the recess (79).

4. The magnetic core (63) of claim 1, wherein a recess
(79) is formed between the two crown portions (69)
of each tooth, the recess (79) being U-shaped, V-
shaped or square-shaped.

5. The magnetic core (63) of claim 1, wherein the two
crown portions (69) of each tooth are connected to-
gether to form an integral crown, a through hole (77)
being formed between the integral crown, the tooth
body (67) and the two neck portions (71).

6. The magnetic core (63) of claim 5, wherein the
through hole (77) is round.

7. The magnetic core (63) of claim 1, wherein the cen-
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tral portion (65) defines a mounting hole (73) for al-
lowing a rotating shaft (61) to be mounted therein.

8. The magnetic core (63) of claim 1, further comprising
a plurality of separation members (64) extending out-
wardly from the central portion (65), each separation
member (64) being disposed between adjacent two
tooth bodies (67) and having a radial length which
is less than a radial length of the tooth body (67).

9. An electric motor (100), comprising:

a stator (20), the stator (20) comprising a hous-
ing (21) and at least one permanent magnet (31)
mounted to an inner surface of the housing (21);
a rotor (60) comprising a rotating shaft (61) and
a magnetic core (63) fixedly mounted on the ro-
tating shaft (61), the rotating shaft (61) being
rotatably mounted to the stator (20) so that the
rotor (60) is capable of rotating relative to the
stator (20) and the magnetic core (63) being re-
ceived in the housing (21) and comprising:

a central portion (65), and
a plurality of teeth extending outwardly from
the central portion (65), the teeth disposed
along a circumferential direction of the cen-
tral portion (65);
wherein each tooth comprises a tooth body
(67), two neck portions (71) and two crown
portions (69), the tooth body (67) having a
transverse width in a direction perpendicu-
lar to the longitudinal direction of the tooth
body (67), the neck portion s(71) extending
from an outer end of the tooth body (67) in
their respective longitudinal directions and
bifurcated with each other, each neck por-
tion (71) having a transverse width in a di-
rection perpendicular to the longitudinal di-
rection of said each neck portion (71), the
two crown portions (69) respectively con-
nected to ends of the neck portion s(71) far
away from the tooth body (67), and extend-
ing towards opposite sides of the tooth body
(67) in circumferential directions; and

wherein a minimum of the transverse width of
each neck portion (71) is 0.1∼0.3 times of the
transverse width of one of the tooth body (67),
on which said each neck portion (71) depends.

10. The electric motor (100) of claim 9, wherein a ratio
of an inner diameter of the housing (21) to an outer
diameter of the housing (21) is less than 0.93.

11. The electric motor (100) of claim 9, wherein an outer
diameter of the magnetic core (63) is 0.6∼0.8 times
of an inner diameter of the housing (21).

12. The electric motor (100) of claim 9, wherein the at
least one permanent magnet (31) has a magnetic
energy product greater than 4 MGOe.

13. The electric motor (100) of claim 9, wherein the elec-
tric motor (100) is a 2-pole 3-slot motor.

14. The electric motor (100) of claim 9, wherein a peak
value of cogging torque of the electric motor (100)
is in the range of 8∼14 mNm.
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