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(57)  Akind of permanent magnet motor device with
coil windings that have variable numbers of turns. The
device may include windings and a power supply. The
windings may include multiple coils. The power supply
may connect to the coils through a switching device and
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Description
BACKGROUND

Field of the Invention

[0001] The presentinvention relates to a kind of motor
device, specifically a kind of permanent magnet motor
device, with coil windings that have variable numbers of
turns. The present invention also relates to the method
of control for said motor device.

Related Prior Art

[0002] Duetotheincreasingly serious problems of glo-
balwarming and air pollution, systems that can safeguard
the environment have seen large-scale development.
Therefore, how to reduce greenhouse gas emissions has
become animportant topic of discussion. One of the main
sources of greenhouse gas emissions is vehicles. Be-
cause of this, today, as environmental awareness has
been gaining ground, electric cars have already become
amainstream item of the future. However, the permanent
magnet motors that current electric cars often use still
have many shortcomings that need improvement.
[0003] For example, in order to make the motors of
electric cars have higher torque, there is usually not much
consideration with regards to power savings when de-
signing the motor. For this reason, the amount of power
being consumed by the motor ends up being extremely
high, and this in turn reduces the driving range of the
electric car.

[0004] Moreover, when making a motor with higher en-
ergy savings, there is usually not much consideration with
regards to torque when designing the motor. For this rea-
son, although the above-mentioned design can make an
electric car possess a greater driving range, in situations
where the car requires higher torque, such as when one
starts driving the car, climbs up slopes, carries heavy
loads, etc., it willbe unable to provide better performance.
[0005] In addition, when making a motor that is able to
balance both power savings and torque at the same time,
it is usually necessary to use a larger motor or add a
transmission. This in turn will cause the volume and
weight of the electric car to increase, and then this will
influence the design of the electric car as well as neces-
sitate an increased battery capacity.

[0006] Inconnection with the electric load needs of mo-
tors in their application, there are different designs with
regards to power savings, torque, rotation speed, or pow-
er. Therefore, how to produce a kind of permanent mag-
net motor device that is capable of effectively improving
each kind of shortcoming of permanent magnet motors
of the prior art has already become a pressing issue.

SUMMARY

[0007] In light of the above-mentioned issue with the
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prior art, one of the purposes of the present invention is
to provide a kind of permanent magnet motor device with
coil windings that have variable numbers of turns and its
control method in order to resolve each kind of issue re-
lated to the permanent magnet motors of the prior art.
[0008] In line with one of the purposes of the present
invention, the present invention relates to a permanent
magnet motor device with coilwindings thathave variable
numbers of turns which may include a winding, a power
supply, a polarity conversion device, and a switching de-
vice. The windings may include multiple coils. The polar-
ity conversion device may be connected to the power
supply and the winding in order to control magnetic pole
conversion. The switching device may include multiple
switches, and the aforementioned multiple switches may
be connected separately to the aforementioned multiple
coils. The switching device can switch the aforemen-
tioned multiple switches in order to change the series-
parallel state of the aforementioned multiple coils.
[0009] In a preferred embodiment, when the switching
device switches the aforementioned switches to change
the series-parallel state of the aforementioned coils, the
performance of the permanent magnet motor device
changes.

[0010] Ina preferred embodiment, the properties of the
permanent magnet motor device that change include
one, two, or more of following: power savings, torque,
rotation speed, or power.

[0011] In line with one of the purposes of the present
invention, the present invention relates to a control meth-
od for the permanent magnet motor device that may in-
clude the following steps: connecting the multiple coils
of the winding of the motor and the power supply with
the polarity conversion device to control magnetic pole
conversion, connecting the multiple switches of the
switching device separately with the aforementioned
multiple coils, as well as switching the aforementioned
multiple switches to change the series-parallel state of
the aforementioned multiple coils.

[0012] In a preferred embodiment, the control method
for the permanent magnet motor device may also include
the following step: changing the properties of the perma-
nent magnet motor device through the different series-
parallel states of the aforementioned multiple coils.
[0013] Inapreferred embodiment, the properties of the
permanent magnet motor device that change include
one, two, or more of following: power savings, torque,
rotation speed, and power.

[0014] Inlightofthe above, the presentinvention’s per-
manent magnet motor device with coil windings that have
variable numbers of turns and its control method may
possess multiple of the following advantages:

(1) Inone embodiment of the presentinvention, each
of the windings on the armature of the permanent
magnet motor device may include multiple coils, and
the aforementioned multiple coils may be connected
to the switching device through a composition of mul-
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tiple switches to change the series-parallel state of
the aforementioned multiple coils in order to regulate
the properties of the motor depending on whether
the situation necessitates higher power savings or
higher rotation speed, thus making the electric car
not only possess a greater driving range but also
allows the car to have excellent performance when
the situation necessitates higher output.

(2) In one embodiment of the present invention, the
permanent magnet motor device can regulate the
rotation speed and power saving effect of the motor
by changing the series-parallel state of each of the
multiple coils of the winding on the armature, allow-
ing the properties of the motor to change depending
on whether rotation speed or power savings is need-
ed, greatly increasing the performance of the motor.
(3) In one embodiment of the present invention, the
motor can regulate rotation speed and power sav-
ings by changing the series-parallel state of each of
the multiple coils of the winding on the armature,
therefore making it unnecessary to increase the vol-
ume or weight of the motor and thus not affecting
the design of the electric car.

(4) In one embodiment of the present invention, the
invention can be applied to permanent magnet mo-
tors, for example, brushless DC motors and brushed
DC motors.

(5) In one embodiment of the present invention, the
design of the permanent magnet motor device is sim-
ple and therefore makes it possible to reach the de-
sired effectwithout needing to greatly increase costs.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Figure 1 is a diagram of the motor device of the first
embodiment of the present invention showing a per-
manent magnet motor device with coil windings that
have variable numbers of turns.

Figure 2 is a first schematic diagram of the first em-
bodiment of the present invention having windings
of the permanent magnet motor device with coil
windings that have variable numbers of turns.
Figure 3 is a second schematic diagram of the per-
manent magnet motor device with coil windings that
have variable numbers of turns of the present inven-
tion.

Figure 4 is a third schematic diagram of the perma-
nent magnet motor device with coil windings that
have variable numbers of turns of the present inven-
tion.

Figure 5 is a first schematic diagram of the perma-
nent magnet motor device with coil windings that
have variable numbers of turns of the present inven-
tion.

Figure 6 is a second schematic diagram of the wind-
ings of the permanent magnet motor device with coil
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windings that have variable numbers of turns of the
present invention.

Figure 7 is a third schematic diagram of the perma-
nent magnet motor device with coil windings that
have variable numbers of turns of the presentinven-
tion.

Figure 8 is a fourth schematic diagram of the perma-
nent magnet motor device with coil windings that
have variable numbers of turns of the presentinven-
tion.

Figure 9 is a first schematic diagram of the perma-
nent magnet motor device with coil windings that
have variable numbers of turns of the presentinven-
tion.

Figure 10 is a second schematic diagram of the per-
manent magnet motor device with coil windings that
have variable numbers of turns of the presentinven-
tion.

Figure 11 is a third schematic diagram of the perma-
nent magnet motor device with coil windings that
have variable numbers of turns of the presentinven-
tion.

Figure 12 is a fourth schematic diagram of the per-
manent magnet motor device with coil windings that
have variable numbers of turns of the presentinven-
tion.

Figure 13 is a fifth schematic diagram of the perma-
nent magnet motor device with coil windings that
have variable numbers of turns of the presentinven-
tion.

Figure 14 is a schematic diagram of the fourth em-
bodiment of the permanent magnet motor device
with coil windings that have variable numbers of
turns of the present invention.

Figure 15 is a flowchart of one embodiment of the
control method of the permanent magnet motor de-
vice of the present invention.

[0016] Reference numerals of the elements in the
drawings: 1-permanent magnet motor device; 11-mag-
net; 12- armature; 121-armature teeth; 122-winding; 13-
switching device; L1-first coil; L2-second coil; L3-third
coil; L4-fourth coil; L5-fifth coil; L6-sixth coil; S1-first
switch; S2-second switch; S3-third switch; S4-fourth
switch; S5-fifth switch; S6-sixth switch; S7-seventh
switch; S8-eighth switch; S9-ninith switch; S10-tenth
switch; S11-eleventh switch; S12-twelfth switch; S13-
thirteenth switch; S14-fourteenth switch; S15-fifteenth;
14-polarity conversion device; E+-first electrode; E--sec-
ond electrode; N, S-magnetic pole; I-current;
S151....... S154-steps.

DETAILED DESCRIPTION

[0017] The embodimentof the presentinvention’s per-
manent magnet motor device with coil windings that have
variable numbers of turns and its control method will be
described in more detail below with reference to the as-
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sociated drawings. In order to make the illustration of the
drawings clearer and more convenient, the dimensions
and proportions of each part of the drawings may have
been magnified or reduced in their presentation. In the
following description and/or patentclaim, whenever "con-
nect" or "couple" is mentioned in relation to another com-
ponent, this can mean being directly connected or cou-
pled to the other component or it can mean being con-
nected or coupled through an intervening component.
Moreover, whenever "directly connect" or "directly cou-
ple" is mentioned in relation to another component, this
means that there is no intervening component. Other
words that are used for describing the relationship be-
tween the components or layers should be interpreted in
the same way. In order to facilitate understanding, com-
ponents that are the same in the following embodiments
are marked and illustrated using the same symbols.
[0018] Please refer to Figure 1, which is a diagram of
the motordevice ofthe firstembodiment of the permanent
magnet motor device with coil windings that have variable
numbers of turns of the present invention. As shown in
the figure, the permanent magnet motor device with coil
windings that have variable numbers of turns 1 may in-
clude a magnet 11, an armature 12, a switching device
13, a polarity conversion device 14 and a power supply
(in order to make the drawing clearer, the figure only
shows the electrodes of the power supply as E+ and E-).
[0019] The magnet 11 may produce a magnetic field.
[0020] The armature 12 may contain multiple armature
teeth 121 and multiple windings 122. The aforemen-
tioned multiple windings 122 may be wound separately
around the aforementioned multiple armature teeth 121,
causing the armature 12 to produce a magnetic field that
may interact with the magnetic field produced by the mag-
net 11.

[0021] The polarity conversion device 14 may be con-
nected with the power supply and may be connected to
the aforementioned multiple windings 122 through the
switching device 13 in order to control magnetic pole con-
version. In a preferred embodiment, if the permanent
magnet motor device 1 is a brushed motor, then the po-
larity conversion device 14 can be a brush. If the perma-
nent magnet motor device 1 is a brushless motor, then
the polarity conversion device 14 can be an electronic
switch, such as an MOS, BJT, or another transistor.
[0022] In this embodiment, the permanent magnet mo-
tor device 1 can be an inner rotor device, but this is only
an example for the purpose of explanation. In other pre-
ferred embodiments, the permanent magnet motor de-
vice 1 can also be an outer rotor device or other various
different motor devices.

[0023] Please refer to Figure 2, Figure 3, and Figure
4, which are the first schematic diagram, the second
schematic diagram and the third schematic diagram of
the windings of the first embodiment of the permanent
magnet motor device with coil windings that have variable
numbers of turns of the present invention. As shown in
Figure 2, each winding 122 may include a first coil L1
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and a second coil L2. In this embodiment, the number of
turns is 50 for the first coil L1 and the second coil L2.
[0024] The switching device 13 may include multiple
switches. In this embodiment, the switching device 13
may include a first switch S1, a second switch S2, and a
third switch S3. The first switch S1, the second switch
S2, and the third switch S3 are connected separately to
the first coil L1 and the second coil L2, and the switching
device 13 can switch the first switch S1, the second
switch S2, and the third switch S3 to change the series-
parallel state of the first coil L1 and the second coil L2.
[0025] The first end of the first coil L1 can connect sep-
arately with the first and second ends of the second coil
L2 through the first switch S1 and the second switch S2,
and the second end of the first coil L1 can connect with
the first electrode E+ of the power supply (not shown in
the figure) and can also connect with the second end of
the second coil L2 through the third switch S3. The first
end of the second coil L2 can connect with the second
electrode E- of the power supply.

[0026] As shown in Figure 3, when the second switch
S2 conducts electricity, the first coil L1 and the second
coil L2 arein series state. At this time, the totalimpedance
of the winding 122 is equal to a coil with 100 turns and
the total current that is passing through the winding is I.
When the first coil L1 and the second coil L2 are in series
connection, this is the same as the winding 122 possess-
ing a coil with 100 turns. At this time, the permanent mag-
net motor device 1 is in a state in which the power saving
effect is higher, but the rotation speed is lower.

[0027] As shown in Figure 4, when the first switch S1
and the third switch S3 are conducting electricity, the first
coil L1 and the second coil L2 are in parallel state. At this
time, the total impedance of the winding 122 is equal to
a coil with 50 turns and the total current passing through
the winding 122 is 21. When the first coil L1 and the sec-
ond coil L2 are in parallel connection, this is the same as
the winding 122 possessing two parallel wound coils
each with 50 turns. At this time, the permanent magnet
motor device 1 is in a state in which the rotation speed
is higher but the power saving effect is lower.

[0028] Based onthe embodiment of the presentinven-
tion, the winding 122 on each of the armature teeth 121
of the permanent magnet motor device 1 may include
multiple coils L1 and L2. Furthermore, the aforemen-
tioned multiple coils L1 and L2 may be connected through
multiple switches to change the series-parallel state of
the aforementioned multiple coils in order to regulate the
properties of the motor depending on whether the situa-
tion necessitates a higher power saving effect or a higher
rotation speed, thus making the electric car not only pos-
sess a greater driving range but also allows the car to
have excellent performance when the situation necessi-
tates higher rotation speed. In addition, the aforemen-
tioned structural design allows the permanent magnet
motor device 1 to be able to balance both the power sav-
ing effect and the rotation speed without needing to in-
crease the volume or weight of the design, which there-
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fore can truly improve the shortcomings of the prior art.
[0029] It can be seen from the above that this embod-
iment of the permanent magnet motor device 1 can be
connected with the coils through a switching device and
cause these coils in various combinations of series con-
nections or parallel connections to achieve a motor with
increased power savings, torque, rotation speed, or pow-
er.

[0030] This embodiment ofthe permanent magnet mo-
tor device is only an example. The permanent magnet
motor device can be applied to various different kinds of
permanent magnet motors, for example, brushless DC
motors and brushed DC motors, and its structure can be
changed depending on actual needs. The presentinven-
tion is by no means limited to this embodiment.

[0031] It is worth mentioning that, based on the em-
bodiment of the present invention, each of the windings
of the permanent magnet motor device may include mul-
tiple coils, and the aforementioned multiple coils may be
connected through a switching device to change the se-
ries-parallel state of the aforementioned multiple coils in
order to regulate the properties of the motor depending
onwhetherthe situation necessitates a higher power sav-
ing effect or a higher rotation speed, thus making the
electric car not only possess a greater driving range but
also allow for excellent performance when the situation
necessitates higher rotation speed.

[0032] Inaddition, when using prior artto make a motor
that can balance both power savings and rotation speed
at the same time, it is usually necessary to use a larger
motor or add a transmission. So then, this will cause the
volume and weight of the electric car to increase, and
then this will influence the design of the electric car as
well as necessitate an increased battery capacity. In con-
trast to this, based on the embodiment of the present
invention, the permanent magnet motor device can reg-
ulate the rotation speed and power saving effect of the
motor by changing the series-parallel state of each of the
coils of the winding, therefore making it unnecessary to
increase the volume or weight of the motor and thus not
affecting the design of the electric car.

[0033] In addition, based on the embodiment of the
presentinvention, the invention can be applied to various
different types of permanent magnet motors, for exam-
ple, brushless DC motors, brushed DC motors, etc. and
hence the applications for the present invention are ex-
tremely broad.

[0034] Furthermore, based on the embodiment of the
presentinvention, the structural design of the permanent
magnet motor device is simple and therefore makes it
possible to reach the desired effect without needing to
greatly increase costs. It can be seen from the above that
the present invention truly possesses patentability with
an inventive step.

[0035] Please refer to Figure 5, Figure 6, Figure 7, and
Figure 8, which are the first schematic diagram, the sec-
ond schematic diagram and the third schematic diagram
of the windings of the second embodiment of the perma-
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nent magnet motor device with coil windings that have
variable numbers of turns of the present invention, and
please refer to Figure 1 at the same time as you refer to
these figures.

[0036] The permanent magnet motor device 1 of this
embodiment is similar to the preceding embodiment,
therefore no more will be stated about this embodiment
than what is necessary. The difference between this em-
bodiment and the preceding embodiment is that, in this
embodiment, each winding 122 possesses a structure
that is different from that used in the preceding embodi-
ment.

[0037] As shown in Figure 5, each winding 122 may
include a first coil L1, a second coil L2, a third coil L3,
and a fourth coil L4. In this embodiment, the number of
turns is 25 for the first coil L1, the second coil L2, the
third coil L3, and the fourth coil L4.

[0038] In this embodiment, the switching device 13
may include a first switch S1...... ninth switch S9. The first
switch S1...... ninth switch S9 may be connected sepa-
rately with the first coil L1 ...... fourth coil L4, and the
switching device 13 can switch the first switch
S1...... ninth switch S9 to change the series-parallel state
of the first coil L1...... fourth coil L4.

[0039] The first end of the first coil L1 can connect sep-
arately with the first and second ends of the second coil
L2 through the first switch S1 and the second switch S2,
and the second end of the first coil L1 can connect with
the first electrode E+ of the power supply (not shown in
the figure) and can also connect with the second end of
the second coil L2 through the third switch S3.

[0040] The first end of the second coil L2 can connect
separately with the first end and second end of the third
coil L3 through the fourth switch S4 and the fifth switch
S5. The second end of the second coil L2 can connect
to the second end of the third coil L3 through the sixth
switch S6.

[0041] The first end of the third coil L3 can connect
separately with the first end and the second end of the
fourth coil L4 through the seventh switch S7 and the
eighth coil S8. The second end of the third coil L3 can
connect with the second end of the fourth coil L4 through
the ninth switch S9. The first end of the fourth coil L4 can
connectwith the second electrode E- of the power supply.
[0042] As shown in Figure 6, when the second switch
S2, the fifth switch S5, and the eighth switch S8 are con-
ducting electricity, the first coil L1, the second coil L2, the
third coil L3, and the fourth coil L4 are in series state. At
this time, the total impedance of the winding 122 is equal
to a coil with 100 turns and the total current that is passing
through the windingis |I. When the first coil L1, the second
coil L2, the third coil L3, and the fourth coil L4 are in series
connection, this is the same as the winding 122 possess-
ing a coil with 100 turns. At this time, the permanent mag-
net motor structure 1 is in a state in which the power
saving effect is higher but the rotation speed is lower.
[0043] As shown in Figure 7, when the first switch S1,
the third switch S3, the fifth switch S5, the seventh switch
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S7 and the ninth switch S9 are conducting electricity, the
firstcoil L1 and the second coil L2 are in parallel, the third
coil L3 and the fourth coil L4 are in parallel, and the par-
allel structure of the first coil L1 and the second coil L2
is in series with the parallel connection of the third coil
L3 and the fourth coil L4. At this time, the total impedance
of the winding 122 is equal to a coil with 50 turns and the
total current passing through the winding 122 is 2|. At
this time, the power saving effect of the permanent mag-
net motor device 1 is lowered one level, but the rotation
speed increases one level.

[0044] As shown in Figure 8, when the first switch S1,
the third switch S3, the fourth switch S4, the sixth switch
S6, the seventh switch S7, and the ninth switch S9 are
conducting electricity, the first coil L1, the second coil L2,
the third coil L3, and the fourth coil L4 are in parallel state.
At this time, the total impedance of the winding 122 is
equal to a coil with 25 turns, and the total current that is
passing through the winding is 41. When the first coil L1,
the second coil L2, the third coil L3, and the fourth coil
L4 are in parallel, this is equal to a winding 122 possess-
ing 4 parallel wound coils with 25 turns each. At this time,
the power saving effect of the permanent magnet motor
device 1 is lowered one level, but the rotation speed in-
creases one level.

[0045] Please refer to Figure 9, Figure 10, Figure 11,
Figure 12, and Figure 13, which are the first schematic
diagram, the second schematic diagram, the third sche-
matic diagram, the fourth schematic diagram and the fifth
schematic diagram of the windings of the third embodi-
ment of the permanent magnet motor device with coil
windings that have variable numbers of turns of the
present invention, and please refer to Figure 1 at the
same time as you refer to these figures.

[0046] The permanent magnet motor device 1 of this
embodiment is similar to the preceding embodiment.
Therefore, no more will be stated about this embodiment
than what is necessary. The difference between this em-
bodiment and the preceding embodiment is that, in this
embodiment, each winding 122 possesses a structure
that is different from that used in the preceding embodi-
ment.

[0047] As shown in Figure 9, each winding 122 may
include a first coil L1, a second coil L2, a third coil L3, a
fourth coil L4, a fifth coil L5 and a sixth coil L6. In this
embodiment, the number of turns is 10 for the first coil
L1, the second coil L2, the third coil L3, the fourth coil
L4, the fifth coil L5, and the sixth coil L6.

[0048] In this embodiment, the switching device 13
may include afirst switch S1..... fifteenth switch S15. The
first switch S1...... ninth switch S9 may be connected sep-
arately with the first coil L1...... sixth coil L6, and the
switching device 13 can switch the first switch S1......fif-
teenth switch S15 to change the series-parallel state of
the first coil L1...... sixth coil L6.

[0049] Thefirstend ofthe first coil L1 can connect sep-
arately with the first and second ends of the second coil
L2 through the first switch S1 and the second switch S2,
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and the second end of the first coil L1 can connect with
the first electrode E+ of the power supply (not shown in
the figure) and can also connect with the second end of
the second coil L2 through the third switch S3.

[0050] The first end of the second coil L2 can connect
separately with the first end and second end of the third
coil L3 through the fourth switch S4 and the fifth switch
S5. The second end of the second coil L2 can connect
to the second end of the third coil L3 through the sixth
switch S6.

[0051] The first end of the third coil L3 can connect
separately with the first end and second end of the fourth
coil L4 through the seventh switch S7 and the eighth
switch S8. The second end of the third coil L3 can connect
to the second end of the fourth coil L4 through the ninth
switch S9.

[0052] The first end of the fourth coil L4 can connect
separately with the first end and second end of the fifth
coil L5 through the tenth switch S10 and the eleventh
switch S11. The second end of the fourth coil L4 can
connect to the second end of the fifth coil L5 through the
twelfth switch S12.

[0053] The first end of the fifth coil L5 can connect sep-
arately with the first end and the second end of the sixth
coil L6 through the thirteenth switch S13 and the four-
teenth switch S14. The second end of the fifth coil L5 can
connect with the second end of the sixth coil through the
fifteenth switch S15. The first end of the sixth coil L6 can
connectwith the second electrode E- of the power supply.
[0054] As shown in Figure 10, when the second switch
S2, the fifth switch S5, the eighth switch S8, the eleventh
switch S11, and the fourteenth switch S14 are conducting
electricity, the first coil L1, the second coil L2, the third
coil L3, the fourth coil L4, the fifth coil L5, and the sixth
coil L6 arein series state. Atthis time, the totalimpedance
of the winding 122 is equal to a coil with 60 turns and the
total currentthat is passing through the winding is I. When
the first coil L1, the second coil L2, the third coil L3, the
fourth coil L4, the fifth coil L5, and the sixth coil L6 are in
series connection, this is the same as the winding 122
possessing a coil with 60 turns. At this time, the perma-
nent magnet motor structure 1 is in a state in which the
power saving effect is higher, but the rotation speed is
lower.

[0055] Asshown inFigure 11, when the first switch S1,
the third switch S3, the fifth switch S5, the seventh switch
S7, the ninth switch S9, the eleventh switch S11, the
thirteenth switch S13, and the fifteenth switch S15 are
conducting electricity, the first coil L1 and the second coil
L2 are in parallel, the third coil L3 and the fourth coil L4
are in parallel, the fifth coil L5 and the sixth coil L6, the
parallel structure of the first coil L1 and the second coil
L2, the parallel structure of the third coil L3 and the fourth
coil L4, and the parallel structure of the fifth coil L5 and
the sixth coil L6 are mutually in series. At this time, the
total impedance of the winding 122 is equal to a coil with
30 turns and the total current passing through the winding
122 is 21. At this time, the power saving effect of the per-
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manent magnet motor device 1 is lowered one level, but
the rotation speed increases one level.

[0056] Asshown in Figure 12, when the first switch S1,
the third switch S3, the fourth switch S4, the sixth switch
S6, the eighth switch S8, the tenth switch S10, the twelfth
switch S12, the thirteenth switch S13 and the fifteenth
switch S15 are conducting electricity, the first coil L1, the
second coil L2, and the third coil L3 are in parallel, the
fourth coil L4, the fifth coil L5, and the sixth coil L6 are in
parallel, and the parallel structure of the first coil L1, the
second coil L2, and the third coil L3 and the parallel struc-
ture of the fourth coil L4, the fifth coil L5, and the sixth
coil L6 are in series. At this time, the total impedance of
the winding 122 is equal to a coil with 20 turns and the
total current passing through the winding 122 is 3I. At
this time, the power saving effect of the permanent mag-
net motor device 1 is lowered one level, but the rotation
speed increases one level.

[0057] Asshown in Figure 13, when the first switch S1,
the third switch S3, the fourth switch S4, the sixth switch
S6, the seventh switch S7, the eighth switch S8, the ninth
switch S9, the tenth switch S10, the twelfth switch S12,
the thirteenth switch S13 and the fifteenth switch S15 are
conducting electricity, the first coil L1, the second coil L2,
the third coil L3, the fourth coil L4, the fifth coil L5, and
the sixth coil L6 are in parallel state. At this time, the total
impedance of the winding 122 is equal to a coil with 10
turns and the total current passing through the winding
122 is 6l. When the first coil L1, the second coil L2, the
third coil L3, the fourth coil L4, the fifth coil L5, and the
sixth coil L6 are in parallel, this is equal to a winding 122
possessing 6 parallel wound coils with 10 turns each. At
this time, the power saving effect of the permanent mag-
net motor device 1 is lowered one level, but the rotation
speed increases one level.

[0058] This embodiment ofthe permanent magnet mo-
tor device is only an example. The permanent magnet
motor device can be applied to various different kinds of
permanent magnet motors, for example, brushless DC
motors and brushed DC motor, and its structure can be
changed depending on actual needs. The presentinven-
tion is by no means limited to this embodiment.

[0059] It can be seenfrom the above that each winding
122 of the permanent magnet motor device in the two
previously mentioned embodiments possesses even
more coils. Therefore, it can provide even more changes
when necessary, allowing the permanent magnet motor
device 1 to be to provide three different levels of torque,
three different levels of rotation speed, and three different
levels of power saving effect for adjustment, thus allowing
the permanent magnet motor device 1 to be able to bal-
ance both torque and the power saving effect atthe same
time, greatly increasing the performance and applica-
tions of the permanent magnet motor device 1.

[0060] Please referto Figure 14 which is the schematic
diagram of the fourth embodiment of the permanent mag-
net motor device with coil windings that have variable
numbers of turns of the present invention. As shown in
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the figure, the permanent magnet motor device with coil
windings that have variable numbers of turns 1 may in-
clude a magnet, an armature 12, a polarity conversion
device 14, and a power supply (in order to make the draw-
ing clearer, some components such as the magnet and
the power supply have been omitted from the figure).
[0061] The magnet may produce a magnetic field.
[0062] The armature 12 may include multiple armature
teeth 121 and each armature tooth 121 may include mul-
tiple windings 122, the aforementioned multiple windings
122 of the aforementioned multiple armature teeth 121
may be connected with the power supply (not shown in
the figure). The difference between this and previously
mentioned embodiments is that, in this embodiment,
each armature tooth may include multiple windings 122.
The magnetic field produced by the armature 12 may
interact with the magnetic field produced by the magnet
11.

[0063] The polarity conversion device 14 may be con-
nected with the power supply and may be connected to
the aforementioned multiple windings 122 through the
switching device 13 in order to control magnetic pole con-
version.

[0064] In addition to this, the permanent magnet motor
device with coil windings that have variable numbers of
turns 1 may also include a switching device 13 which
may include multiple switches. The aforementioned mul-
tiple switches may connect separately with the aforemen-
tioned windings 122 of the aforementioned armature
teeth. Therefore, the switching device 13 can switch the
aforementioned switches in order to change the series-
parallel state of the aforementioned windings 122 of the
aforementioned armature teeth 121.

[0065] When the switching device 13 switches the
aforementioned multiple switches to change the series-
parallel state of the aforementioned windings 122 of the
aforementioned armature teeth 121, the properties of the
permanent magnet motor device, including its power sav-
ing effect, torque, rotation speed or power, also change,
just like in previously mentioned embodiments.

[0066] Therefore, regulation of the properties of the
permanent magnet motor device 1, including its power
saving effect, torque, and rotation speed, can similarly
be achieved through this embodiment of the permanent
magnet motor device with coilwindings thathave variable
numbers of turns 1, greatly increasing the performance
and applications of the permanent magnet motor device
1.

[0067] Please refer to Figure 15 which is a flowchart
of one embodiment of the control method of the perma-
nent magnet motor device of the present invention. A
preferred embodiment of the control method of the per-
manent magnet motor device of the present invention
may include the following steps:

Step S151: Connect the switching device with the
power supply and the multiple coils of the windings
to control magnetic pole conversion.
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Step S152: Connect the multiple switches of the
switching device separately with the aforementioned
coils.

Step S153: Switch the aforementioned multiple
switches to change the series-parallel state of the
aforementioned multiple coils.

Step S154: Change the properties of the permanent
magnet motor device through the different series-
parallel states of the aforementioned multiple coils.

[0068] In summary, based on the embodiment of the
present invention, each of the windings on the armature
of the permanent magnet motor device may include mul-
tiple coils, and the aforementioned multiple coils may
change the series-parallel state of the aforementioned
multiple coils through a switching device with a compo-
sition of multiple switches in order to regulate the prop-
erties of the motor depending on whether the situation
necessitates power savings, torque, or rotation speed,
thus making the electric car not only possess a greater
driving range but also allow for excellent performance
when the situation necessitates higher output.

[0069] Furthermore, based on the embodiment of the
present invention, the permanent magnet motor device
can regulate the rotation speed and power saving effect
of the motor by changing the series-parallel state of the
multiple coils of the windings through a switching device,
allowing the properties of the motor to change depending
on whether rotation speed or the power saving effect is
needed, greatly increasing the performance of the motor.
[0070] In addition, based on the embodiment of the
present invention, the permanent magnet motor device
can regulate the rotation speed and power saving effect
of the permanent magnet motor device by changing the
series-parallel state of each of the multiple coils of the
winding through a switching device, therefore making it
unnecessary to increase the volume or weight of the mo-
tor and thus not affecting the design of the electric car.
[0071] In addition, based on the embodiment of the
present invention, the permanent magnet motor device
can be applied to various different types of permanent
magnet motors, for example, brushless DC motors and
brushed motors, and hence the applications for the
present invention are extremely broad.

[0072] Furthermore, based on the embodiment of the
presentinvention, the structural design of the permanent
magnet motor device is simple and therefore makes it
possible to reach the desired effect without needing to
greatly increase costs.

[0073] It can be clearly seen that the present invention
is a breakthrough in the prior art that has truly achieved
the desired increase in performance. Furthermore, it is
also not easy for technicians in this field to conceive of
such aninvention. The inventive step and practicality that
it possesses obviously conform with patent application
requirements and the patent application has been sub-
mitted in accordance with the law. We sincerely request
your office to review the patent application for this inven-
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tion and approve it in order to assist in the creation of this
invention. Your help in this matter is greatly appreciated.
[0074] The foregoing is for example purposes only and
is not restrictive. Anything else that does not depart from
the spirit and scope of the present invention and modifi-
cations or changes of the equivalents thereof are all in-
cluded in the scope of the present patent claim.

Claims

1.  Apermanent magnet motor device (1) with coil wind-
ings that have variable numbers of turns comprising:

a winding (122) that contains multiple coils
(L1~LB);

a power supply;

a polarity conversion device (14) thatis connect-
ed to the power supply and the winding (122) in
order to control magnetic pole conversion; and
a switching device (13) that contains multiple
switches (S1~S15), where said multiple switch-
es (S1~S15) are connected separately to said
multiple coils (L1~L6), and said switching device
13 can switch said switches (S1~S15) to change
the series-parallel state of said multiple coils
(L1~L86).

2. The permanent magnet motor device (1) of claim 1,
where the switching device (13) switches the multiple
switches (S1~S15) to change the series-parallel
state of the multiple coils (L1~L6) thereby changing
the properties of the permanent magnet motor de-
vice (1).

3. The permanent magnet motor device (1) of claim 2,
where the properties of the permanent magnet motor
device (1) that change include one or more of the
following: power savings, torque, rotation speed, or
power.

4. A control method for a permanent magnet motor de-
vice (1) that includes the following steps:

connecting a power supply and multiple coils
(L1~L6) of a winding (122) of the motor with a
polarity conversion device (14) to control mag-
netic pole conversion,

connecting multiple switches (S1~S15) of a
switching device (13) separately with said mul-
tiple coils (L1~L6); and

switching said multiple switches (S1~S15) to
change the series-parallel state of said multiple
coils (L1~L6).

5. The control method for a permanent magnet motor
device (1) of claim 4, further including the following
step:
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changing the properties of the permanent magnet
motor device (1) by changing the series-parallel
states of said multiple coils (L1~L6).

The control method for a permanent magnet motor
device (1) of claim 5, where the properties of the
permanent magnet motor device (1) that change in-
clude one or more of the following: power savings,
torque, rotation speed, or power.
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Connect the switching device with the power supply and the multiple coils of the windings to
control magnetic pole conversion

5151

Comnnect the multiple switches of the switching device separately with the aforementioned coils

5152

1

Switch the aforementioned multiple switches to change the series-parallel state of the
aforementioned multiple coils

L~—5153

1

Change the properties of the permanent magnet motor device through the different series-parallel
states of the aforementioned multiple coils

|~—5154

FIG. 15
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