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A brushless motor includes a two-phase winding stator hav 
1-1. ing 4xn winding poles and auxiliary poles provided between 

(22) Filed: May 21, 2012 the winding poles, and a rotor constituted by 6xn permanent 
magnet rotating poles having divided angle. The two-phase 

Related U.S. Application Data brushless motor can be driven by a control device for the 
two-phase motor which can transform electric power and 

(63) Continuation of application No. 13/215,151, filed on rectify electronically. The two-phase brushless DC motor can 
Aug. 22, 2011, now Pat. No. 8,183,733, which is a 
continuation of application No. 1 1/210,886, filed on 
Aug. 25, 2005, now Pat. No. 8,004,141. 

increase a permeance coefficient of the rotor, improve the 
efficiency and the starting of the motor, and reduce torque 
ripple and noise thereof. 

  



Patent Application Publication Sep. 13, 2012 Sheet 1 of 4 US 2012/0228980 A1 

FIG. 1 (PRIOR ART 
1N/ 

STATOR 

FIG. 2 (PRIOR ART 

  



Patent Application Publication Sep. 13, 2012 Sheet 2 of 4 US 2012/022898.0 A1 

FIG. 3 (PRIOR ART 

FIG. 4 (PRIOR ART 

a FF a 
B | FF - 

  



Patent Application Publication Sep. 13, 2012 Sheet 3 of 4 US 2012/0228980 A1 

FIG. 5 

FIG. 6 

  



Patent Application Publication Sep. 13, 2012 Sheet 4 of 4 US 2012/022898.0 A1 

FIG. 7 

FIG. 8 

ECB) 

O H(0) 

  



US 2012/022898.0 A1 

TWO-PHASE BRUSHLESS DC MOTOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation application of 
U.S. patent application Ser. No. 13/215,151, filed Aug. 22. 
2011, which is a continuation of U.S. patent application Ser. 
No. 1 1/210,886, filed Aug. 25, 2005, now U.S. Pat. No. 8,004, 
141, which claims the priority to Korean Patent Application 
No. 10-2005-035861 filed Apr. 29, 2005. The disclosures of 
U.S. patent application Ser. Nos. 1 1/210,886 and 13/215,151 
and Korean Patent Application No. 10-2005-035861 are 
incorporated herein by reference in their entirety. 

BACKGROUND 

0002 1. Field 
0003. The present disclosure relates to a brushless motor, 
and in particular to a two-phase brushless DC motor. 
0004 2. Discussion of the Related Technology 
0005. In general, a brushless motor refers to a DC motor 
which modifies a rectifier equipped with a brush as a 
mechanical part into an electric means. 
0006. Accordingly, it has been studied and developed in 
various fields because no wear, no dust, and no electric noise 
is produced and it is good for output and efficiency to make it 
adapted to a high speed rotation type motor. 
0007. In this brushless motor, the rotor of the DC motor 
around which coils are wound is substituted with a permanent 
magnet, and the speed control method has been changed from 
a Voltage control type into a magnetization phase control type 
to thereby require a driving circuit. 
0008 Further, the brushless motor in general comprises a 
rotor made of permanent magnet and a stator which is mag 
netized by rectified electric voltage of an electronic switching 
circuit. 
0009. The two-phase brushless motor is driven with the 
magnetization angle having 90 degrees phase difference, and 
is comprised of a rotor made of permanent magnet having 2xn 
poles and a stator having 4Xn pole windings. 
0010. Meanwhile, the three-phase brushless motor is 
driven with the magnetization angle having 60 degree phase 
difference, and is comprised of a rotor made of permanent 
magnet having 2Xn poles and a stator having 6xn pole wind 
1ngS. 
0011 FIG. 1 is a view for showing rotation power trans 
formation construction of a conventional two-phase brushless 
motor, and FIG. 2 is a diagram of a wave shape of a rotation 
torque for showing a driving step or operation of the conven 
tional two-phase brushless motor. 
0012. As shown in FIG. 1, a conventional two-phase 
brushless motor comprises a basic rotor 2 with two poles and 
a stator 1 having four pole windings. 
0013 The constructed two-phase brushless motor pro 
duces rotation torque having 90 degree phase difference as 
shown in FIG. 2. 
0014. In this instance, as winding current flows between 0 
and 180 degrees and big current flows between 0 and 45 
degrees due to Small counter electromotive forces, it is nec 
essary to take note of a driving circuit and the angle of a torque 
ripple is big. 
0015. Furthermore, it is preferable to shorten the distance 
between poles of the permanent magnets in the rotor 2 and 
broaden a pole area of the stator 1 to correspond to that of the 

Sep. 13, 2012 

permanent magnet of the rotor 2 and decrease air gap defined 
there-between so that it is possible to make use of the mag 
netic energy to the maximum by increasing the permeance 
coefficient of the motor magnetic circuit. 
0016. However, since the two-phase brushless motor can 
not but be comprised of the rotor 2 having 2xn poles and a 
stator 1 having 4xn pole windings, the distance between poles 
of the permanent magnets in the rotor 2 is relatively large in 
comparison with that of the pole windings of the stator 1, and 
the pole area of the stator 1 corresponding to that of the 
permanent magnet of the rotor 2 is Small to result in a small 
permeance coefficient and low utilization efficiency of the 
magnetic energy. 
0017. Therefore, according to two-phase brushless motor, 

it is not adaptable to a large size motor because it is great in 
torque ripple and Small in electromotive torque. 
0018 FIG. 3 is a view for showing rotation power trans 
formation construction of a conventional three-phase brush 
less motor, and FIG. 4 is a diagram showing a wave shape of 
a rotation torque for illustrating a driving step of the conven 
tional three-phase brushless motor. 
0019. Meanwhile, as shown in FIG. 3, the conventional 
three-phase brushless motor is comprised of a basic rotor 20 
with two poles and a stator 10 with 6 polar windings. 
0020. As shown in FIG.4, the three-phase brushless motor 
produces rotation torque having 60 degrees phase difference, 
and winding current flows between 0 and 120 degrees and a 
torque ripple angle having Small counter electromotive force 
exists between 0 and 30 degrees. 
0021 However, although the three-phase brushless motor 

is more advantageous than the two-phase brushless motor, it 
cannot but to be comprised of the rotor 20 having 2xn poles 
and the stator 10 having 6xn pole windings in construction, 
and thus, the distance between poles of the permanent mag 
nets in the rotor 20 is long, and the pole area of the stator 
corresponding to that of the permanent magnet of the rotor 20 
is Small to result in a small permeance coefficient and low 
utilization efficiency of the magnetic energy. 
0022. Although the two-phase or three-phase brushless 
motor is driven through or by a wave bipolar magnetization, 
which is a conventional optimum driving method, limitations 
existin utilizing the magnetic energy to the maximum in view 
of the principal structure, and structural problems arise in 
improving efficiencies. 

SUMMARY 

0023. Additional aspects and/or advantages of the inven 
tion will be set forth in part in the description which follows 
and, in part, will be apparent from the description, or may be 
learned by practice of the invention. 
0024. According to an aspect of the present invention, a 
two-phase brushless motor is provided which can improve 
large rotation torque features and efficiency by way of pro 
viding a permanent magnetic rotorhaving a greater number of 
divided poles than that of the windings of a stator to thereby 
maximize utilization efficiency of the magnetic energy of the 
motor and to minimize phase difference of the rotation driv 
ing of the motor to be 30 degrees. 
0025. Further, another aspect of the present invention is to 
provide a two-phase brushless motor which can utilize effec 
tive magnetic energy to the maximum by way of providing a 
rotor having 6xn poles, which is three times the poles of the 
two or three-phase motor having 2xn basic poles, to thereby 
increase permeance coefficient of the permanent magnet of 
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the rotor, and by way of providing a stator having 4xn wind 
ing poles to thereby assure stator poles having an area iden 
tical with the opposing area of the permanent magnet pole of 
the rotor to result in the increase of the permeance coefficient 
of the operation point. It is also understood that a stator having 
4xn winding poles to thereby assure a stator pole having an 
area similar with the opposing area of the permanent magnet 
pole of the rotor to result in the increase of the permeance 
coefficient of the operation point. 
0026. Still another aspect of the present invention is to 
provide a two-phase brushless motor which can reduce cop 
per loss and production cost by way of providing an auxiliary 
salient pole between respective winding poles of the stator to 
thereby constitute a magnetic circuit, which is capable of 
minimizing the cogging arising from the interaction between 
the rotors having 6xn poles, and minimizing the windings of 
the stator in comparison with the rotor pole to be 4xn. 
0027. According to an aspect of the present invention, 
there is provided a two-phase brushless motor comprising: a 
two-phase winding stator provided with 4Xn winding poles; 
and auxiliary poles formed between the respective winding 
poles and a rotor constituted of 6xn permanent magnet rota 
tion poles having identical divided angles. It is also under 
stood that the auxiliary poles formed between the respective 
winding poles and a rotor constituted of 6xn permanent mag 
net rotation poles having predetermined angles. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. These and/or other aspects and advantages of the 
invention will become apparent and more readily appreciated 
from the following description of the embodiments, taken in 
conjunction with the accompanying drawings of which: 
0029 FIG. 1 is a view for showing rotation power trans 
formation construction of a conventional two-phase brushless 
motor, 
0030 FIG. 2 is a diagram showing a wave shape of a 
rotation torque for illustrating a driving step of the conven 
tional two-phase brushless motor, 
0031 FIG. 3 is a view for showing rotation power trans 
formation construction of a conventional three-phase brush 
less motor, 
0032 FIG. 4 is a diagram showing a wave shape of a 
rotation torque for illustrating a driving step of the conven 
tional three-phase brushless motor; 
0033 FIG. 5 is a view for showing rotation power trans 
formation construction of a two-phase brushless motor 
(4S6R) according to an embodiment of the present invention; 
0034 FIG. 6 is a diagram showing a wave shape of mag 
netization current for driving the two-phase brushless motor 
according to an embodiment of the present invention; 
0035 FIG. 7 is a view for showing an example of a driving 
circuit in the two-phase brushless motor according to an 
embodiment of the present invention; and 
0036 FIG. 8 is a view for showing a permeance coefficient 
of the brushless motor according to an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS 

0037 Reference will now be made in detail to the embodi 
ments of the present invention, examples of which are illus 
trated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. 
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0038 According to embodiments of the present invention, 
there is provided a brushless motor fabricated by including a 
stator having 4xn poles and a permanent magnet rotor having 
6xn poles, based on a motor constitution combined by a 
two-phase winding stator provided with four winding poles 
and a permanent magnet rotor provided with six poles divided 
into 60 divided degrees. 
0039. From now on, the constitution and action according 
to embodiments of the present invention will be described in 
detail in connection with FIGS. 5 to 7 showing the exemplary 
brushless motor including four poles stator windings and six 
poles rotor poles (4S6R) according to an aspect of the present 
invention. 
0040. As shown in FIG. 5, the brushless motor according 
to embodiments of the present invention includes a stator 100 
constituted of four two-phase windings, a rotor 200 consti 
tuted of permanent magnets divided into 60 degrees, and four 
auxiliary poles 300 provided between respective winding 
poles 101 of the stator 100, wherein the stator 100 is provided 
with winding poles 101, which correspond to a split surface of 
a pole in the permanent magnet of the rotor 200 and are 
arranged at respective positions divided into 90 degrees. 
0041. With regard to an embodiment of the present inven 
tion, the stator 100 includes four two-phase windings 101a 
formed at respective winding poles 101, each of which is 
arranged at a position divided by 90 degrees and corresponds 
to the divided Surface of the rotor permanent magnet having 
divided angles of 60 degrees. 
0042. Accordingly, as marginal angles of 30 degrees are 
provided between the winding pole 101 and adjacent winding 
pole 101, the auxiliary poles 300 are provided within the 
marginal angles formed between the winding poles 101 of the 
stator 100, and a surface peripheral length of the auxiliary 
pole 300 is chosen to be a length excluding space for allowing 
insertion of winding coils, such as excluding 2-3 mm. 
0043. The rotor 200 is constituted by six permanent mag 
net poles having respective 60 degrees divided angle, each of 
which is arranged alternately by an N pole and an Spole. 
0044) The winding 101a of the stator 100 is fabricated by 
inserting two-phase windings dA, dB having phase differ 
ence of 90 degrees into a slot of the winding pole 101. 
0045. As shown in FIG. 6, the two-phase brushless motor 
equipped with the above described auxiliary pole according 
to an embodiment of the present invention, the magnetization 
current features that respective phase has phase difference of 
30 degrees/step, and features that it has a Switching frequency 
of 3 Hz/phase per one rotation. 
0046 Consequently, as described above, according to an 
embodiment of the present invention, very stable rotation 
torque and starting features are obtained because a rotation 
step angle of the embodiment is smaller than that of the 
three-phase brushless motor having a phase difference of 60 
degrees/step as shown in FIG. 4, and magnetization current 
features of the two-phase brushless motor having conven 
tional phase difference of 90 degrees/step as shown in FIG. 2. 
0047. As the two-phase brushless motor according to 
embodiments of the present invention includes the 4xn stator 
and the 6xn rotor, there is provided a motor combined by the 
eight poles stator and twelve rotor magnet having 30 degrees 
divided poles or a motor combined by twelve poles stator and 
eighteen rotor magnet having 20 degrees divided poles. 
0048 FIG. 7 is a view for showing construction of a driv 
ing circuit of the two-phase brushless motor according to an 
aspect of the present invention. 
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0049. As shown in FIG. 7, the driving circuit for driving 
the two-phase brushless motor according to embodiments of 
the present invention includes sensors 400, 400' for detecting 
positions of the rotor, a two-phase logic circuit 500 for driving 
two-phase magnetization Switching signals based on the 
detected positions of the rotor, and a switching circuit 600 for 
driving the motor through applying electric current to a two 
phase windings of the stator 100 according to the two-phase 
magnetization Switching signals of the two-phase logic cir 
cuit. 
0050 FIG. 8 is a view for showing a permeance coefficient 
of the brushless motor according to embodiments of the 
present invention. 
0051. As shown in FIG. 8, the permeance coefficient P3 of 
the permanent magnet rotor having more divided poles than 
the winding poles of the stator according to embodiments of 
the present invention is greater than that of the conventional 
two-phase brushless motor because the distance between the 
poles of the simple magnet becomes shorter, and is greater 
than that of the conventional three-phase brushless motor to 
thereby facilitate effective design of the motor capable of 
utilizing available magnet energy of the motor. 
0052. As described above, in the two-phase brushless 
motor according to embodiments of the present invention, it is 
possible to obtain rotation torque angle more minutely 
divided than that of the three-phase brushless motor by using 
the driving means of the two-phase brushless motor to 
thereby accomplish stable and strong starting torque and rota 
tion features, in particular it is possible to obtain very high 
efficiency feature at mid and low rotation speed of the motor. 
0053. Furthermore, according to embodiments of the 
present invention, it is possible to efficiently utilize available 
magnet energy so that the winding mass of the coils in the 
stator can be reduced to thereby decrease volume and weight 
of the motor, resulting in a reduction of the production cost 
and an improvement in economical efficiency. 
0054 While the present invention has been described with 
reference to the particular illustrative embodiments, it is not 
to be restricted by the embodiments but only by the appended 
claims. It is to be appreciated that those skilled in the art can 
change or modify the embodiments without departing from 
the scope and spirit of the present invention. 
0055 Although embodiments of the present invention 
have been shown and described, it would be appreciated by 
those skilled in the art that changes may be made in these 
embodiments without departing from the principles and spirit 
of the invention, the scope of which is defined in the claims 
and their equivalents. 

What is claimed is: 
1. A 2-phase brushless DC motor comprising: 
a rotor comprising 6xn permanent magnet poles; 
a stator comprising 4Xn electromagnetic poles and 4xm 

auxiliary poles, wherein n is an integer greater than 
Zero, and m is an integer greater than Zero, wherein the 
4xn electromagnetic poles comprises first and second 
electromagnetic poles, which are immediately neigh 
boring among the 4xn electromagnetic poles, wherein at 
least one of the 4xm auxiliary poles being interposed 
between the first and second electromagnetic poles; 

a first winding associated with the first electromagnetic 
pole; 

a second winding associated with the second electromag 
netic pole; and 
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a circuit configured to provide a first electrical signal to the 
first winding and a second electric signal to the second 
winding, whereby the 6xn permanent magnet poles of 
the rotor are magnetically interact with the 4xn electro 
magnetic poles and the 4xm auxiliary poles. 

2. The motor of claim 1, wherein each of the 4xn electro 
magnetic poles has an angular width generally corresponding 
to an angular width of one of the 6xn permanent magnet poles 
of the rotor. 

3. The motor of claim 1, wherein each of the 4xm auxiliary 
poles has an angular width generally corresponding to one 
half an angular width of one of the 6xn permanent magnet 
poles of the rotor. 

4. The motor of claim 1, wherein n is 1, wherein each 
electromagnetic pole has an angular width of about 60°. 

5. The motor of claim 1, wherein m is 1, wherein each 
auxiliary pole has an angular width of about 30°. 

6. The motor of claim 1, wherein two immediately neigh 
boring auxiliary poles among the 4xm auxiliary poles are 
apart from each other with an angular gap generally corre 
sponding to an angular width of each permanent magnet pole 
of the rotor. 

7. The motor of claim 1, wherein the first and second 
electromagnetic poles are apart from each other with an angu 
lar gap generally corresponding to one half an angular width 
of each permanent magnet pole of the rotor. 

8. The motor of claim 1, wherein each permanent magnetic 
pole has a Substantially identical angular width about a rota 
tional axis of the rotor. 

9. The motor of claim 1, wherein the first electric signal 
comprises a first waveform having a first period, wherein the 
second electric signal comprises a second waveform having a 
second period substantially the same as the first period, 
wherein the first and second electric signals have a phase 
difference of about 4 of the first cycle. 

10. The motor of claim 1, wherein the first electric signal 
comprises a first waveform having a first period, wherein the 
second electric signal comprises a second waveform having a 
second period substantially the same as the first period, 
wherein the first and second electric signals have a phase 
difference of about 30°. 

11. The motor of claim 1, wherein the first electric signal 
comprises a first waveform having 3xn cycles per revolution 
of the rotor. 

12. The motor of claim 1, wherein the electric motor further 
comprises: 

a first sensor positioned adjacent to the first electromag 
netic pole and configured to detect the rotor's position 
relative to the first electromagnetic pole; and 

a second sensor positioned adjacent to the second electro 
magnetic pole and configured to detect the rotor's posi 
tion relative to the second electromagnetic pole. 

13. The motor of claim 1, wherein the 4xn electromagnetic 
poles further comprises third and fourth electromagnetic 
poles, wherein a third winding is associated with the third 
electromagnetic pole and electrically connected to the first 
winding, wherein a fourth electromagnetic pole is associated 
with the fourth electromagnetic pole and electrically con 
nected to the second winding. 

14. The motor of claim 13, wherein the first and third 
electromagnetic poles are opposingly arranged with each 
other, wherein the second and fourth electromagnetic poles 
are opposingly arranged with each other. 
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15. The motor of claim 1, wherein the electromagnetic 
poles and the auxiliary poles are integrated in a single piece. 

16. The motor of claim 1, wherein n is identical to 'm. 
17. The motor of claim 16, wherein the electromagnetic 

poles and auxiliary poles are alternatingly arranged. 
18. The motor of claim 1, wherein the 4xm auxiliary poles 

comprises a first auxiliary pole positioned immediately next 
to the first electromagnetic pole, wherein the first auxiliary 
pole is angularly spaced from the first electromagnetic pole. 
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19. The motor of claim 1, wherein each auxiliary pole does 
not comprise a winding that carries an electric signal while 
operating the motor. 

20. The motor of claim 1, wherein each auxiliary pole 
comprises a tapered portion tapered in a radial direction of the 
rotor and has an angular width of about 30° throughout the 
tapered portion from a distal end to a proximal end thereof. 

c c c c c 


