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(67)  The present invention relates to a non-rotating
type direct current (DC) generator for generating a DC
current comprises a drive unit and a generator unit,
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core member, a field magnet in which an electric line is
wound and a first hollow portion is formed in the central
portion, the field magnet disposed on the outside of the
core member through the first hollow, an armature in
which an electric line is wound and a second hollow por-

tion is formed in the central portion, the armature dis-
posed on the outside of the core member through the
second hollow portion, a pole piece which is provided
between the field magnet and the armature, and insulat-
ing plates which are disposed between the field magnet
and the pole piece and between the armature and the
pole piece, and wherein the drive unit supplies the field
magnet current to the generator unit on the basis of the
alternating current of AC power source.

Processed by Luminess, 75001 PARIS (FR)

(Cont. next page)



EP 4 131 749 A1

[F1G.6]
100C
— 70
80 ——— 60
AT 11 o~
90—_F : : o224
90 ..
’ - i i 20-2
\’\J B 201
| [ —_——
12-1 90" | | i
| | ~4_10-1
| ] [l
: — )
| |
90 | | ~-20-1
80 R i i
\—\:/ ' —
12-2 90" i |
: | 102
‘ I
| —)
| |
| 203
80N | - o—22b
| il 430
\\\
40



1 EP 4 131 749 A1 2

Description
[Technical Field]

[0001] The present invention relates to a non-rotating
type direct current(DC) generator, and more particularly,
to a non-rotating type direct current(DC) generator ca-
pable of generating direct current with high efficiency
without rotating a field magnet or an armature.

[Background Art]

[0002] An electric generator mainly refers to a device
that converts mechanical energy into electrical energy,
anditis alsoreferred to as a DC generator, a synchronous
generator, and an induction generator according to its
operation method or operating principle. A generator ba-
sically includes an armature for generating and outputting
a current and a field magnet for generating a magnetic
field. The generator generates a current flow in the ar-
mature by rotating the armature with respect to the field
magnet or rotating the field with respect to the armature
while forming a magnetic field by supplying DC power to
the field magnet. At this time, the method of rotating the
armature is called arotating armature type, and the meth-
od of rotating the field magnet is called a rotating field
magnettype. In such arotary generator, rotational driving
ofan armature or field magnet is performed by a separate
energy source. As the energy source, an appropriate one
is employed depending on the intended use, but gener-
ally natural energy such as hydraulic power, wind power,
and tidal power, or driving means such as a turbine, an
engine, and a motor are used.

[0003] In general, direct current has the advantage of
being able to easily store electricity, but has a disadvan-
tage in that it is difficult to achieve high power including
step-up. In contrast, alternating current has a very low
storage property, but has an advantage in that it is easy
to increase the voltage and increase the power. As one
preferred application of the generator, there is a system
configured to generate various AC power by rotating a
field magnet or an armature using a stored DC power
source such as a battery or another AC power source.
Such a power system or power conversion system is
widely used as an emergency power means in industries
requiring high power, such as hospitals or factories. In
addition, such an electric power system may be very use-
fully employed in an electric vehicle that requires gener-
ation of various driving torques according to circumstanc-
es while using electricity as an energy source.

[0004] As anotherapplication method of the generator,
there is a system to generate direct current power by
generating an induced current through rotation of a field
magnet or armature and outputting it through a commu-
tator or a commutator element. Such a power system or
power conversion system is widely used in a power sup-
ply system for devices using DC power, such as auto-
mobiles and aircraft, and a battery charging system for
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charging a battery used in such devices or facilities.
[0005] Conventional generators basically require rota-
tional driving of an armature or a field magnet. These
structural features inevitably lead to an increase in the
manufacturing cost of the generator along with the struc-
tural and mechanical complexity of the generator. In par-
ticular, since a large amount of energy loss occurs due
to mechanical friction or the like when the armature or
field magnet rotates, there is a limitin increasing the pow-
er generation efficiency and power conversion efficiency
of the generator. Furthermore, in the case of a DC gen-
erator, an additional commutator or a commutator ele-
ment is required to rectify the induced current, so there
is a disadvantage in that the structure and weight of the
generator are worse than that of the AC generator.
[0006] Korean Patent Registration No. 10-1913746
(Title of the Invention: AC power generator with adjust-
able frequency and voltage), Korean Patent Laid-Open
No. 10-2014-0078732 (Title of the Invention: Power Con-
version Device), Japanese Patent Laid-Open No.
2000-353627 (Title of the Invention : Insulation converter
transformer and switching power supply circuit), etc.,
have introduced devices or systems designed to perform
power conversion without rotating the armature or field
magnet. Here, the Korean Patent Registration No.
10-1913746 is particularly noteworthy. In this patent, the
frequency and power of the AC power obtained from the
armature can be easily adjusted by repeatedly and alter-
nately stacking the armature and the field magnet and
controlling the pulse width of the DC power supplied to
the field magnet.

[Disclosure]
[Technical Problem]

[0007] An object of the present invention is to provide
anon-rotating type direct current (DC) generator capable
of generating DC power without using a commutator as
well as not rotating an armature or a field magnet.
[0008] Another technical object of the present inven-
tion is to provide a non-rotating type direct current (DC)
generator capable of generating DC power with high ef-
ficiency.

[0009] Anotherobjectofthe presentinventionis to pro-
vide a high-efficiency AC-DC power converter.

[0010] Another technical object of the present inven-
tion is to provide a non-rotating type direct current (DC)
generator that can be used as a DC power converter.

[Technical Solution]

[0011] According to a preferred embodiment of the
presentinvention for achieving the above object, itis pro-
vided to a non-rotating type direct current (DC) generator
for generating a DC current, comprising a drive unit and
a generator unit, wherein the generator unit includes a
round bar-shaped core member, a field magnet in which
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an electric line is wound and a first hollow portion is
formed in the central portion, the field magnet disposed
on the outside of the core member through the first hol-
low, an armature in which an electric line is wound and
a second hollow portion is formed in the central portion,
the armature disposed on the outside of the core member
through the second hollow portion, a pole piece which is
provided between the field magnet and the armature, and
insulating plates which are disposed between the field
magnet and the pole piece and between the armature
and the pole piece, and wherein the drive unit supplies
the field magnet current to the generator unit on the basis
of the alternating current of AC power source.

[0012] In addition, according to another embodiment
of the present invention for achieving the above object,
it is provided to a non-rotating type direct current (DC)
generator for generating a DC current, comprising a
round bar-shaped core member, a field magnet in which
an electric line is wound and a first hollow portion is
formed in the central portion, the field magnet disposed
on the outside of the core member through the first hol-
low, an armature in which an electric line is wound and
a second hollow portion is formed in the central portion,
the armature disposed on the outside of the core member
through the second hollow portion, a pole piece which is
provided between the field magnet and the armature, and
insulating plates which are disposed between the field
magnet and the pole piece and between the armature
and the pole piece, and wherein the field magnetis driven
by the field magnet current of DC power source, and the
field magnet current has a constant frequency.

[Advantageous Effects]

[0013] Accordingto the presentinvention as described
above, there is an effect that according to the present
invention having the above configuration, a desired DC
current is generated from the armature by stacking and
arranging the field magnet and the armature with respect
to the core member and appropriately supplying the field
magnet current to the field magnet. Accordingly, in the
present invention, a mechanical structure for rotationally
driving a field magnet or armature is unnecessary, and
since the commutator can be removed, the structure of
the DC generator is greatly simplified and lightened.
[0014] In addition, in the present invention, since the
DC generator is configured as a non-rotating type, energy
loss due to friction generated during the rotation of the
field magnet or armature is minimized. Accordingly, the
power generation efficiency of the generator is greatly
improved.

[Description of Drawings]

[0015] The drawings attached to this specification are
for efficiently explaining the technical configuration of the
present invention. It should be understood that some
components in the drawings may be simplified or exag-
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gerated for an efficient understanding of the present in-
vention.

FIG. 1 is a block diagram showing a generator unit
100 or a DC generator according to a first embodi-
ment of the present invention.

FIG. 2 is a block diagram showing the configuration
of a non-rotating type direct current generator em-
ploying the generator unit 100 of FIG. 1.

FIG. 3 is a block diagram showing the configuration
of a non-rotating type DC generator according to a
second embodiment of the present invention.

FIG. 4 is a block diagram showing the configuration
of a non-rotating type DC generator according to a
third embodiment of the present invention.

FIG. 5 is a block diagram showing the configuration
of a non-rotating type DC generator according to a
fourth embodiment of the present invention.

FIG. 6 is a front view schematically showing an ex-
ternal shape of a generator unit 100C or a DC gen-
erator according to a fifth embodiment of the present
invention.

FIG. 7 is an exploded perspective view of the gen-
erator unit 100C or the DC generator shown in FIG 6.
FIG. 8 is a graph showing the demagnetization time
characteristics according to the cooling time of pure
iron.

FIG. 9 is a graph showing a cooling characteristic
curve according to time in the case of heat treatment
of the core member 40 and the pole piece 80 in the
present invention.

FIG. 10 is a front view schematically showing an ex-
ternal shape of a generator unit 100D or a DC gen-
erator according to a sixth embodiment of the
present invention.

FIG. 11 is a waveform diagram showing an example
of the field magnet current supplied to the input ter-
minal 12 of the field magnet 10 in FIG. 1.

FIG. 12 is a block diagram showing the configuration
of a DC generator according to a seventh embodi-
ment of the present invention.

FIG. 13 is a view showing the input terminals 12-1
and 12-2 of the first and second field magnets 10-1
and 10-2 in the case of selectively driving the first
and second field magnets 10-1 and 10-2 in FIG. 12
is a waveform diagram showing an example of the
field magnet current supplied through.

[Best Mode]

[0016] According to a preferred embodiment of the
presentinvention for achieving the above object, itis pro-
vided to a non-rotating type direct current (DC) generator
for generating a DC current, comprising a drive unit and
a generator unit, wherein the generator unit includes a
round bar-shaped core member, a field magnet in which
an electric line is wound and a first hollow portion is
formed in the central portion, the field magnet disposed
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on the outside of the core member through the first hol-
low, an armature in which an electric line is wound and
a second hollow portion is formed in the central portion,
the armature disposed on the outside of the core member
through the second hollow portion, a pole piece which is
provided between the field magnet and the armature, and
insulating plates which are disposed between the field
magnet and the pole piece and between the armature
and the pole piece, and wherein the drive unit supplies
the field magnet current to the generator unit on the basis
of the alternating current of AC power source.

[0017] In addition, according to another embodiment
of the present invention for achieving the above object,
it is provided to a non-rotating type direct current (DC)
generator for generating a DC current, comprising a
round bar-shaped core member, a field magnet in which
an electric line is wound and a first hollow portion is
formed in the central portion, the field magnet disposed
on the outside of the core member through the first hol-
low, an armature in which an electric line is wound and
a second hollow portion is formed in the central portion,
the armature disposed on the outside of the core member
through the second hollow portion, a pole piece which is
provided between the field magnet and the armature, and
insulating plates which are disposed between the field
magnet and the pole piece and between the armature
and the pole piece, and wherein the field magnetis driven
by the field magnet current of DC power source, and the
field magnet current has a constant frequency.

[0018] In addition, a hollow is provided along the lon-
gitudinal direction at the central portion of the core mem-
ber.

[0019] In addition, an insulating material is further dis-
posed between the core member and the first or second
hollow part.

[0020] In addition, the insulating plate is composed of
a high elasticity material.

[0021] In addition, the insulating plate is composed of
PET.
[0022] In addition, the core member is characterized

in that the heat treatment is performed while being com-
posed of pure iron.

[0023] In addition, the pole piece is characterized in
that the heat treatment is performed while being com-
posed of pure iron.

[0024] Inaddition, inthe heattreatment, the core mem-
ber or the pole piece is put in a kiln together with the solid
fuel, the solid fuel is burned to heat the core member or
the pole piece to a certain temperature or higher, and the
core member or the pole piece is naturally combined with
the burned solid fuel and is carried out by cooling.
[0025] In addition, the solid fuel is the white coal.
[0026] In addition, the core member or the pole piece
is characterized in that the surface treatment with oil is
performed.

[0027] In addition, the plurality of the field magnet and
the armature is provided, and the field magnet and the
armature are alternately arranged.
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[0028] Inaddition, the plurality of armaturesis connect-
ed in series with each other.

[0029] In addition, the plurality of field magnets is di-
vided into a first field magnet group and a second field
magnet group, and the first field magnet group and the
second field magnet group are alternately driven.
[0030] In addition, the plurality of field magnets is di-
vided into a first field magnet group and a second field
magnet group, and the first field magnet group and the
second field magnet group are respectively driven syn-
chronously.

[0031] In addition, the first or second field magnet
group is characterized in that it is connected in series
with respect to the field magnet current input, respective-
ly.

[0032] In addition, the first or second field magnet
group is characterized in that each is connected in par-
allel with respect to the field magnet current input.

[Mode for Invention]

[0033] Hereinafter, an embodiment of the present in-
vention will be described with reference to the drawings.
However, the examples described below are illustrative
of preferred embodiments of the present invention, and
the examples of these examples are not intended to limit
the scope of the present invention. Those skilled in the
art will readily understand that the present invention can
be implemented with various modifications without de-
parting from the technical spirit thereof.

[0034] First, the basic concept of the present invention
will be described. As described above, the basic principle
of the generator is to generate a flow of induced current
in the armature by changing the magnetic field (magnetic
flux) applied to the armature. Here, as a method of chang-
ing the magnetic flux to the armature, it is applied to the
armature by externally supplying DC power to the mag-
netic field to generate a magnetic field (magnetic flux),
and changing the relative position between the magnetic
field and the armature, that is, rotating the magnetic field
or the armature. It changes the magnetic field (magnetic
flux). This method is currently employed in most gener-
ators, and as described above, as the magnetic field mag-
net or the armature is rotated and driven, the generator
structure is complicated and the power generation effi-
ciency is lowered.

[0035] Another way to change the magnetic flux in the
armature is to change the field magnet current supplied
to the field magnetto change the magneticfield (magnetic
flux) itself generated by the field magnet. In this method,
if an appropriate method for changing the field magnet
current is provided, it is possible to prevent the conven-
tional problems, that is, the complexity of the generator
structure and the decrease in efficiency due to rotational
driving of the armature or field magnet. In the present
invention, this method is referred to as a non-rotating
type as a concept relative to the conventional rotating
armature type or rotating field magnet type, and a gen-
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erator using this method is referred to as a non-rotating
type generator.

[0036] FIG. 1 is a block diagram showing a generator
unit 100 or a non-rotating type direct current (DC) gen-
erator according to a first embodiment of the present in-
vention. In the drawing, the generator unit 100 or DC
generator includes a field 10 and an armature 20. The
field magnet 10 and the armature 20 are each formed by
winding conductive lines 11 and 21 coated with an insu-
lating material. Here, as the conductive line, for example,
a polyurethane copper wire, a polyester copper wire, a
polyamide imide (PAIl) copper wire, a polyester imide
copper wire, etc. may be preferably employed. The field
magnet 10 is provided with an input terminal 12 for sup-
plying a field magnet current, and the armature 20 is pro-
vided with an output terminal 22 for drawing an induced
current, that is, a current generated in the armature 20.
The turns ratio of the field magnet 10 and the armature
20 will be appropriately set according to the field magnet
power and the output power.

[0037] The field magnet 10 and the armature 20 are
formed in a cylindrical shape with hollow parts 13 and 23
in the central part as a whole. At this time, the shapes of
the field magnet 10 and the armature 20 are not limited
to specific ones. For example, the field magnet 10 and
the armature 20 may be configured in an elliptical shape
or a polygonal shape. The field magnet 10 and the ar-
mature 20 are arranged in a vertical direction or a hori-
zontal direction so that the hollow parts 13 and 23 are
matched with each other. Preferably, the field magnet 10
and the armature 20 are disposed in a position that is as
close as possible to each other within a range in which
leakage current or sparks do not occur between them.
The arrangement positions of the field magnet 10 and
the armature 20 are not specified. For example, when
the field magnet 10 and the armature 20 are arranged in
a vertical direction, the field magnet 10 may be arranged
above or below the armature 20. In addition, when the
field magnet 10 and the armature 20 are arranged in the
horizontal direction, the field magnet 10 may be arranged
on the left or right side of the armature 20. The field mag-
net 10 is suitably disposed on one side of the armature 20.
[0038] Alternatively, the field magnet current is sup-
plied to the field magnet 10 through the input terminal
12. Although not specifically shown in the drawing, a cur-
rent source such as a battery is coupled to the input ter-
minal 12 to supply the field magnet current, and the duty
ratio of the field magnet current supplied through the input
terminal 12 is between the current source and the input
terminal 12. Appropriate means for controlling the gen-
erator output may be combined. Such means may in-
clude a pulse width modulation (PWM) control means
and a switching means such as an insulated gate bipolar
transistor (IGBT). The supply and control of the field cur-
rent through the switching means and the PWM control
means are described in Korean Patent Registration No.
10-1913746.

[0039] FIG. 2 is a block diagram showing the configu-
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ration of a non-rotating type DC generator including the
generator unit 100. In the drawing, the DC generator is
provided with a drive unit 200 for properly driving the
generator unit 100 together with the generator unit 100
described above. In the drawing, the drive unit 200 in-
cludes an AC source 210 for supplying a field magnet
current, a rectifier 220 for half-wave rectification or full-
wave rectification of the AC current supplied from the AC
source 210, and a PWM (Pulse Width Modulation) control
unit 230 for controlling the DC power output from the
generator unit 100 by controlling the pulse width, that is,
the duty ratio, of the field magnet current supplied from
the generator unit 100.

[0040] In the above configuration, the drive unit 200
rectifies the AC current from the AC source 210 and sup-
plies it to the generator unit 100. The output current of
the drive unit 200 is coupled to the input terminal 12 of
the generator unit 100. The field magnet current supplied
to the input terminal 12 of the generator unit 100 flows
through the line 11 of the field magnet 10 in FIG. 1. A
magnetic field is formed in the vertical direction to a
progress direction of the line 11 corresponding to the
winding direction of the line 11. The direction in which
the magnetic field is formed can be defined by Ampere’s
right hand screw rules.

[0041] The magneticfield generatedinthefield magnet
10 is linked in a vertical direction with respect to the line
21 of the armature 20. In addition, current flow is gener-
ated in the line 21 of the armature 20 in a predetermined
direction corresponding to the direction of the magnetic
field and the winding direction of the line 21. At this time,
the magnitude of the induced current will correspond to
the strength of the magnetic field and its change amount.
And the induced current flowing through the line 21 is
output as a generated current of the generator unit 100
to the outside through the output terminal 22.

[0042] In the above configuration, the field magnet 10
and the armature 20 are fixedly arranged in adjacent po-
sitions, and the AC current is rectified in the drive unit
200 and then supplied it to the generator unit 100 as a
field magnet current, so that DC current is output through
the generator unit 100, and the output power of the gen-
erator unit 100 can be appropriately adjusted by control-
ling the duty ratio of the field magnet current supplied
from the driving unit 200 to the generator unit 100.
[0043] FIG. 3 is a block diagram of a non-rotating type
DC generator according to a second embodiment of the
present invention. In addition, in FIG. 3, the same refer-
ence numerals are assigned to parts substantially the
same as those of the above-described embodiment, and
detailed descriptions thereof are omitted. In this embod-
iment, the generator unit 100A is provided with the plu-
rality of field magnets for one armature 10, and in this
example, two field magnets 10-1 and 10-2. In this case,
the first and second field magnets 10-1 and 10-2 have
substantially the same configuration. The first and sec-
ond field magnets 10-1 and 10-2 are suitably arranged
with respect to the armature 20. In one preferred embod-
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iment of the present invention, the first and second field
magnets 10-1 and 10-2 are respectively disposed adja-
cent to both sides of the armature 20. In another embod-
iment, the field magnets 10-1 and 10-2 may be disposed
on one side or the other side of the armature 20.

[0044] In this embodiment, one side of the input termi-
nal of the first field magnet 10-1 is electrically coupled to
the field magnet current input side from the driving unit
200, and the other side of the first field magnet 10-1 is
connected to one side of the second field magnet 10-2
through the connection line 101, and the other input ter-
minal of the second field 10-2 is grounded. That is, the
first and second field magnets 10-1 and 10-2 are wired
or coupled in series with respect to the field magnet input
from the drive unit 200. Also, in another embodiment of
the present invention, the first and second field magnets
10-1 and 10-2 may be coupled in parallel with respect to
the field magnet current input from the driving unit 200.
[0045] In this embodiment, the plurality of field mag-
nets 10-1 and 10-2 is installed for one armature 20 so
that an electric field is more efficiently applied to the ar-
mature 20, so that the efficiency of the DC generator can
be further increased.

[0046] FIG. 4 is a block diagram of a non-rotating type
DC generator according to a third embodiment of the
present invention. In addition, in FIG. 4, the same refer-
ence numerals are assigned to parts substantially the
same as those of the above-described embodiment, and
detailed descriptions thereof are omitted. In this embod-
iment, the generator unit 100B is provided with the plu-
rality of armatures 20-1 and 20-2 for one field magnet
10. Here, the first and second armatures 20-1 and 20-2
have substantially the same configuration. In addition,
the first and second armatures 20-1 and 20-2 are appro-
priately disposed on one side or the other side of the field
magnet 10, preferably, the first and second armatures
20-1 and 20-2 are disposed adjacent to both sides of the
field magnet 20, respectively.

[0047] The output terminal 22 of the first and second
armatures 20-1 and 20-2 may be coupled in series orin
parallel. In the embodiment of FIG. 3, the other output
terminal of the first armature 20-1 is electrically coupled
to one output terminal of the second armature 20-2
through the connection line 201, so that the first and sec-
ond armatures 20-1, 20-2 are coupled in series with re-
spect to the output terminal 22 as a whole. In this em-
bodiment, the plurality of armatures 20-1 and 20-2 is in-
stalled for one field magnet 10 so that the electric field
generated by the field magnet 10 can be more efficiently
utilized.

[0048] FIG. 5 is a block diagram of a non-rotating type
DC generator according to a fourth embodiment of the
presentinvention, which shows another configuration ex-
ample of the drive unit 200A for driving the generator unit
100A. In addition, in this drawing, the same reference
numerals are attached to the parts substantially the same
as those of the above-described embodiment, and de-
tailed descriptions thereof are omitted.
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[0049] In the present embodiment, the driving unit
200A has the rectifying unit 220 removed from the con-
figuration of FIG. 2. In addition, a switching unit 250 is
provided for selectively supplying the AC current applied
from the AC power source 210 to the first magnet field
10-1 and the second magnet field 10-2 of the generator
unit 100A. The switching unit 250 is controlled by the
detection signal of the zero crossing point detection unit
240. In the AC current output from the AC power supply
210, afirst current flowing in a first direction and a second
current flowing in a second direction opposite to the first
direction are sequentially alternated. The zero-crossing
point detection unit 240 detects the zero-crossing point
at which the first alternating current and the second al-
ternating current alternate, and outputs the detection sig-
nal. The switching unit 250 couples selectively the AC
current applied from the AC power source 210 to the
input terminal 12-1 of the first field magnet 10-1 or the
input terminal 12-2 of the second magnet field magnet
10-2 based on the detection signal. In the first field mag-
net 10-1, the output current of the switching unit 250 is
coupled to one side of the input terminal 12-1, and in the
second field magnet 10-2, the output current of the
switching unit 250 is coupled to the input terminal 12-2
is coupled to the other side. Accordingly, the field magnet
current flowing through the first field magnet 10-1 and
the field magnet current flowing through the second field
magnet 10-2 are set to have the same direction. As a
result, in the line 21 of the armature 20, a magnetic field
in the same direction is interlinked when the first field
magnet 20-1 is driven and when the second field magnet
20-2 is driven. An induced current in the same direction
is always output from the output terminal 22.

[0050] FIG. 6 is a front view schematically showing an
external shape of a generator unit 100C or a DC gener-
ator according to a fifth embodiment of the present in-
vention, and FIG. 7 is an exploded perspective view
thereof. In FIG. 6, the generator unit 100C or the DC
generator includes a base member 30 and a round bar-
shaped core member 40 coupled to a central portion of
the base member 30. The outer peripheral surface of the
core member 40 has a shape corresponding to the shape
of the hollow parts 13 and 23 of the field magnets 10-1
and 10-2 and the armatures 20-1, 20-2, 20-3, and the
core member 40, the field magnets 10-1, 10-2, and the
armatures 20-1, 20-2, 20-3 are configured to be disposed
as closely as possible as a whole. And the core member
40 is preferably provided with a hollow 41 in the longitu-
dinal direction. The hollow 41 is to prevent improper ac-
cumulation of thermal energy in the core member 41 by
allowing air to smoothly flow through the inner side of the
core member 41.

[0051] In the core member 40, the field magnets 10-1
and 10-2 and the armatures 20-1, 20-2, and 20-3 are
alternately inserted along the outer peripheral surface
thereof to be laminated or combined. In this embodiment,
the first armature 20-1 is disposed in the space between
the first and second field magnets 10-1 and 10-2 in the
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same manner as in the embodiments of FIGS. 3 and 4,
and between the first armature 20-1 and the second ar-
mature 20-2 and between the first armature 20-1 and the
third armature 20-3, respectively, the first field magnet
10-1 and the second field magnet 10-2 is placed respec-
tively.

[0052] The first to third armatures 20-1 to 20-3 have
substantially the same configuration and are coupled in
series with each other to act as one armature as a whole.
That is, in all of the first to third armatures 20-1 to 20-3,
the line 11 is wound in the same direction, and one output
end of the first armature 20-1 is connected to the second
through the connecting line 201. While being electrically
coupled to the other output terminal of the armature 20-2,
the other output terminal of the first armature 20-1 is elec-
trically coupled to one output terminal of the third arma-
ture 20-3 through the connection line 202. More specifi-
cally, the first to third armatures 20-1 to 20-3 are config-
ured and coupled to generate an induced current flow in
the same direction for an electric field in the same direc-
tion. And one output terminal 22a of the second armature
20-2 and the other output terminal 22b of the third arma-
ture 20-3 constitute an output terminal of an alternator.

[0053] In contrast, the input terminals 12-1 and 12-2
of the first field magnet 10-1 and the second field magnet
10-2 are connected to the driving units 200 and 200A in
the same manner as in the embodiments of FIGS. 1 to
5, will be combined.

[0054] Inapreferred embodiment of the presentinven-
tion, insulating materials 130 and 230 are coated on the
inner peripheral surfaces of the field magnets 10-1 and
10-2 and the armatures 20-1 to 20-3, respectively. The
insulating materials 130 and 230 are formed between the
field magnets 10-1 and 10-2 and the armatures 20-1 to
20-3 and the core member 40 inserted through the hollow
portions 13 and 23 thereof. It is adopted for more reliable
insulation.

[0055] A magnetic pole piece 80 is provided between
the field magnets 10-1 and 10-2 and the armature 20-1
to 20-3, respectively. In addition, preferably, the pole
pieces 80 are also installed on the uppermost and low-
ermost sides of the armature or field magnet, that is, the
upper side of the second armature 20-2 and the lower
side of the third armature 20-3 in this embodiment, re-
spectively. In addition, an insulating plate 90 is provided
between the pole piece 80 and the field magnets 10-1
and 10-2 and between the pole piece 80 and the armature
20-1 to 20-3, respectively. At this time, preferably, the
cross-sectional shape and size of the pole piece 80 are
set to be the same as those of the field magnets 10-1
and 10-2 and the armature 20-1 to 20-3. In addition, al-
though not specifically shown in the drawings, the cross-
sectional shape and size of the insulating plate 90 is set
larger than that of the field magnets 10-1 and 10-2 and
the armature 20-1 to 20-3 for stable insulation.

[0056] The material of the insulating plate 90 is not
limited to a specific one. In order to most effectively apply
the magnetic field generated by the field magnets 10-1
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and 10-2 to the armature 20-1 to 20-3. It is necessary to
reduce the separation distance of the field magnets 10-1
and 10-2 to the armature 20-1 to 20-3 to a minimum or
preferably to make them close together. The insulating
plate 90 prevents leakage current or sparks between the
field magnets 10-1 and 10-2 or the armature 20-1 to 20-3
and the pole piece 80, or the field magnets 10-1 and 10-2
and the armature 20-1 to 20-3 so that the field magnets
10-1 and 10-2 and the armature 20-1 to 20-3 can be as
close as possible.

[0057] In addition, in a preferred embodiment of the
present invention, a material having a high elastic mod-
ulus and excellent impact resistance, such as polyethyl-
ene terephthalate (PET), is employed as the material of
the insulating plate 80. As will be described later, the core
member 40 and the pole piece 80 provide a magnetic
path of the magnetic field generated in the field magnets
10-1 and 10-2, and the generated magnetic field gener-
ated in the field magnets 10-1 and 102 circulate while
linking the armatures 20-1 to 20-3 as a whole. The first
field magnet 10-1 and the second field magnet 10-2 are
not driven continuously, and the driving time is duty-con-
trolled by the PWM control unit 230 of the driving units
200 and 200A. Alternatively, the first field magnet 10-1
and the second field magnet 10-2 are not driven contin-
uously but are driven or not driven according to the input
of the field magnet current. Accordingly, the core member
40 and the magnetic pole piece 80 are repeatedly mag-
netized and demagnetized in response to the driving of
the first and second magnetic field magnets 10-1 and
10-2. In addition, such magnetization and demagnetiza-
tion may give an impact to the core member 40, in par-
ticular, the pole piece 80, thereby causing minute vibra-
tion or vibration in the pole piece 80. When vibration or
the like occurs in the core member 40 and the pole piece
80, instantaneous deformation or distortion occurs in the
magnetic path that circulates through it, resulting in a
change in the magnetic field linked to the armatures 20-1
to 20-3. As a result, an undesirable change may occur
in the induced current generated in the armatures 20-1
to 20-3. The insulating plate 80 is highly elastic and catch-
es the shaking or vibration of the pole piece 80 and min-
imizes it, thereby preventing the flow of alternating cur-
rent generated through the armatures 20-1 to 20-3 from
being unnecessarily distorted.

[0058] As described above, the core member 40 and
the pole piece 80 are provided for the smooth flow of the
magnetic field generated by the field magnets 10-1 and
10-2. As the material of the core member 40 and/or the
pole piece 80, aferromagnetic material, preferably silicon
steel having high magnetic permeability and low coercive
force may be employed. However, silicon steel has rel-
atively low electrical conductivity and the internal resist-
ance value is easily increased by light or heat applied
from the outside. When a magnetic path is formed
through the core member 40 and the magnetic pole 80,
the flow of current may be generated by itselfin response
to the fluctuation of the magnetic field. At this time, heat
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is generated in inverse proportion to the electrical con-
ductivity of the core member 40 and the magnetic pole
80. Thatis, there is a problem in that the magnetic energy
generated in the field magnets 10-1 and 10-2 is lost as
thermal energy.

[0059] Inanother preferred embodiment of the present
invention, pure iron, more preferably heat-treated pure
iron is employed as the material of the core member 40
and/or the pole piece 80. Pure iron has high magnetic
permeability and excellent electrical conductivity, but has
relatively high coercive force. Since magnetic fields are
applied to the core member 40 and the pole pieces 80
alternately or in various ways from the first field magnet
10-1 and the second field magnet 10-2, or the first field
magnet 10-1 and the first and second magnetic fields
generated by the second field magnet 10-2 are alternate-
ly applied, it is required for the material to have a fast
demagnetization time, that is, a low coercive force. Ac-
cording to the research conducted by the present inven-
tors, when pure iron is heated to a certain temperature
or higher and then cooled slowly, the demagnetization
time is shortened in response to the cooling time. FIG. 8
is a graph showing the demagnetization time character-
istics according to the cooling time of pure iron. As a
result of the study, it was confirmed that the demagnet-
ization time could be shortened to 1/450 second or less
if the temperature of pure iron heated to a certain tem-
perature was gradually cooled for a sufficient time for
more than 10 hours. In addition, if the cooling time of pure
ironis delayed, an additional effect of improving magnetic
permeability and electrical conductivity is obtained.
[0060] In the presentinvention, first, the core member
40 and the pole piece 80 are manufactured using pure
iron, and then heat treatment is performed. The heat
treatment is performed using, for example, a solid fuel
such as black coal or white coal, preferably white coal.
That is, during the heat treatment, the core member 40
and the pole piece 80 are put in a kiln together with the
white coal, and the white coal is burned to heat the core
member 40 and the pole piece 80 to 1000 to 1300 de-
grees or more. And by leaving the core member 40 and
the pole piece 80 together at room temperature as it is,
the white coal is naturally burned and extinguished, and
then the core member 40 and the pole piece 80 are nat-
urally cooled together with the white coal do. In this way,
the temperature of the core member 40 and the pole
piece 80 is gradually lowered in the process of burning
and extinguishing the white coal, and thereafter, the core
member 40 and the pole piece 80 are heated to room
temperature by the latent heat of the white coal. It takes
a considerable amount of time to cool down. FIG. 9 is a
graph showing cooling characteristic curves according
to time of the core member 40 and the pole piece 80 that
are heat-treated through the above-described method.
And, after the heat treatment is finished, impurities such
as white charcoal are removed from the core member 40
and the pole piece 40, and finally, rust prevention treat-
ment is performed with oil or the like.
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[0061] FIGs 6 and 7, in the case of assembling the
alternator, the core member 40 is first fastened to the
base member 30. Then, while inserting the pole piece 80
and the insulating plate 90 on the outside of the core
member 40, sequentially stacking the armatures 20-1 to
20-3 and the field magnets 10-1 and 10-2 alternately,
and then the cover 60 and the fastening member 70 are
coupled. And finally, the connection between the firstand
second field magnets 10-1 and 10-2 and the first to third
armatures 20-1 to 20-3 is executed using the connecting
wires 201 and 202, by performing a connection between
the generator unit 100 and the drive unit 200, the DC
generator is completed.

[0062] FIG. 10 is a front view schematically showing
the external shape of the generator unit 100D or the DC
generator according to the sixth embodiment of the
present invention. In this embodiment, the core member
40 is fastened to the base member 30, and the core mem-
ber 40 has the plurality of field magnets 10-1 to 10-n and
the plurality of armatures 20-0 to 20-n. The insulating
plate 80 and the pole piece 90 are alternately laminated
and bonded. At this time, the armatures 20-0 to 20-n are
configured and coupled to generate an induced current
in the same direction with respect to the same magnetic
field as in FIG. 6.

[0063] In addition, in this embodiment, the field mag-
nets 10-1 to 10-n are coupled to the driving units 200 and
200A in the same manner as in the embodiment of FIGS.
1 to 5. However, when the embodiment of FIG. 5 is ap-
plied to the generator unit 100D, n/2 field magnets among
n fields constitute the first field magnet group, and the
remaining n/2 field magnets constitute the second field
magnet group. Preferably, the odd field magnets (10-1.
10-3, ..., 10-(n-1)) constitutes the first field magnet group,
and the even field magnets (10-2. 10-4, ..., 10-n) consti-
tutes the second field magnet group. In this case, the
configuration of each field magnet group can be per-
formed by appropriately setting the winding direction of
the lines constituting each field magnet or by appropri-
ately setting the connection method of the field magnet
current supplied to these field magnets. The first field
magnet group and the second field magnet group are
driven synchronously, respectively, and the first field
magnet group and the second field magnet group are
driven alternately to form a magnetic field in the same
direction as a whole. Field magnets constituting the first
field magnet group and the second field magnet group
may be wired in various ways. Input terminals of the first
field magnet group and the second magnet field group
may be connected in series with each other, so that the
first and second field magnet groups may be connected
in series with respect to one field magnet current input,
respectively. Also, each of the first field magnet group
and the second field magnet group may be connected in
parallel with respect to one field magnet current input.
[0064] In this embodiment, a plurality of field magnets
10-1 to 10-n and armatures 20-0 to 20-n are provided,
so that various DC power can be generated as needed.
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In addition, since other parts are substantially the same
as in the above-described embodiment, the same refer-
ence numerals are attached to the same parts as in the
embodiment, and detailed descriptions thereof are omit-
ted.

[0065] FIG. 11 is a waveform diagram showing an ex-
ample of the field magnet current supplied to the input
terminal 12 of the field magnet 10. As a method of ad-
justing the output of the DC generator in FIG. 11, for the
basic field magnet current shown in (a), the duty ratio is
adjusted as shown in (b) or the frequency is adjusted as
shown in (c), or (d) and a method of adjusting the duty
ratio and the frequency together may be considered.
[0066] When the field magnet currentis supplied to the
input terminal 12 of the field magnet 10, the field magnet
current flows through the line 11 of the field magnet 10,
and accordingly, the traveling direction of the line corre-
sponds to the winding direction of the line 11. A magnetic
field is formed in a direction perpendicular to the direction
in which the magnetic field is formed can be defined by
Ampere’s right hand screw rules. The magnetic field gen-
eratedinthe field magnet 10islinked in a vertical direction
with respect to the line 21 of the armature 20. In addition,
current flow is generated in the line 21 of the armature
20 in a predetermined direction corresponding to the di-
rection of the magnetic field and the winding direction of
the line 21. At this time, the magnitude of the induced
current will correspond to the strength of the magnetic
field and its change amount. And the induced current
flowing through the line 21 is output to the outside through
the output terminal 22 of the armature 20.

[0067] Inthe above configuration, the desired DC pow-
er is outputted through the armature 20 by arranging the
field magnet 10 and the armature 20 in an adjacent po-
sition and supplying the field current appropriately to the
field magnet 10.

[0068] FIG. 12 is a block diagram illustrating a non-
rotating type DC generator according to a seventh em-
bodiment of the present invention. In addition, in FIG. 11,
the same reference numerals are given to parts substan-
tially identical to those of FIG. 1, and a detailed descrip-
tion thereof will be omitted.

[0069] In this embodiment, the plurality of field mag-
nets is provided for one armature 10, and in this example,
two field magnets 10-1 and 10-2 are provided. In this
case, the first and second field magnets 10-1 and 10-2
have substantially the same configuration. The first and
second field magnets 10-1 and 10-2 are suitably ar-
ranged with respect to the armature 20. Preferably, the
firstand second field magnets 10-1 and 10-2 are respec-
tively disposed adjacent to both sides of the armature
20. Also, in another embodiment, the field magnets 10-1
and 10-2 may be disposed on one side or the other side
of the armature 20.

[0070] In this embodiment, the first and second field
magnets 10-1 and 10-2 are coupled in series or parallel
to the field magnetinput. In addition, in another preferred
embodiment, a field magnet current is selectively or al-
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ternately applied to the first and second field magnets
10-1 and 10-2, so that the first and second field magnets
10-1 and 10-2 are individually applied and can be driven.
FIG 13 shows an example of the field magnet current
supplied through the input terminals 12-1 and 12-2 of the
first and second field magnets 10-1 and 10-2 in the case
of selectively driving the first and second field magnets
10-1 and 10-2. In the drawing, A indicates the field mag-
net current input through the firstinput terminal 12-1, and
B indicates the field magnet current input through the
second input terminal 12-2. In addition, in the present
embodiment, each of the field currents A and B may have
their duty ratio and frequency appropriately changed as
shown in (b) and (c) of FIG. 11. In addition, in this exam-
ple, the driving periods of the first field magnet 10-1 and
the second field magnet 10-2 do not necessarily need to
be alternately driven, and some driving periods may over-
lap. The driving method of the first field magnet 10-1 and
the second field magnet 10-2 is not limited to a specific
method.

[0071] In the core member 40, the field magnets 10-1
and 10-2 and the armatures 20-1, 20-2, and 20-3 are
alternately inserted along the outer peripheral surface
thereof to be laminated or combined. In this embodiment,
as in FIG. 12, the first armature 20-11 is disposed inside
the first and second field magnets 10-1 and 10-2, thatis,
in the space therebetween, and in addition to this, the
first and second of the second field magnets 10-1 and
10-2. The second armature 20-2 and the third armature
20-3 are respectively arranged to the outside the firstand
second field magnets 10-1 and 10-2.

[0072] The first to third armatures 20-1 to 20-3 have
substantially the same configuration and are coupled in
series with each other to act as one armature as a whole.
That is, in all of the first to third armatures 20-1 to 20-3,
theline 11is wound in the same direction, and one output
end of the first armature 20-1 is connected to the second
through the connecting line 201. While being electrically
coupled to the other output terminal of the armature 20-2,
the other output terminal of the first armature 20-1 is elec-
trically coupled to one output terminal of the third arma-
ture 20-3 through the connection line 202. More specifi-
cally, the first to third armatures 20-1 to 20-3 are config-
ured and coupled to generate an induced current flow in
the same direction for an electric field in the same direc-
tion. And one output terminal 22a of the second armature
20-2 and the other output terminal 22b of the third arma-
ture 20-3 constitute an output terminal of the alternator.
In addition, field magnet currents are appropriately sup-
plied to the input terminals 12-1 and 12-2 of the first field
magnet 10-1 and the second field magnet 10-2 according
tothe method described with reference to FIGS. 11 and 4.
[0073] Inaddition, in the present embodiment, the field
magnets 10-1 to 10-n are coupled to the field magnet
currentin the same manner as in FIGS. 11 and 13. How-
ever, when the example of FIG. 13 is applied, n/2 field
magnets among n field magnets constitute the first field
magnet group, and the remaining n/2 field magnets con-
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stitute the second field magnet group. Preferably, the odd
field magnets (10-1, 10-3, ..., 10-(n-1)) constitutes the
firstfield magnetgroup, and the even field magnets (10-2,
10-4, ..., 10-n) constitutes the second field magnet group.
In this case, the configuration of each field magnet group
can be performed by appropriately setting the winding
direction of the lines constituting each field magnet or by
appropriately setting the connection method of the field
magnet current supplied to these field magnets. The first
and second field magnet groups are driven synchronous-
ly, respectively, and the first and second field magnet
groups form magnetic fields in the same direction as a
whole. Field magnets constituting the first field magnet
group and the second field magnet group may be wired
in various ways. Input terminals of the first field magnet
group and the second field magnet group may be con-
nected in series with each other, so that the first and
second field magnet groups may be connected in series
with respect to one field magnet current input, respec-
tively. Also, each of the first field magnet group and the
second field magnet group may be connected in parallel
with respect to one field magnet current input.

[0074] Anembodimentaccording to the presentinven-
tion has been described above. However, the present
invention is not limited to the above embodimentand can
be implemented with various modifications. Forexample,
the configuration and coupling structure of the base
member 30, the cover 60, and the fastening member 90
employed to configure the alternator in the above em-
bodiment are for explaining one structural example con-
stituting the generator, the presentinvention is notlimited
to these structures and examples. The present invention
can provide its technical effects through the configuration
and coupling structure of the core member 40 and the
field magnet 10 and the armature 20 coupled thereto,
and the structure and configuration employed for their
installation are essential and it will be readily understood
by those skilled in the art that this is not the case.
[0075] Also, the embodiment of FIG. 6 may be equally
applied to the embodiments of FIGS. 1 to 5. That is, in
the embodiment of FIGS. 1 to 5, the field magnet 10 and
the armature 20 are disposed while being inserted into
the core member 40, and between the field magnet 10
and the armature 20, the magnetic pole piece 80 and an
insulating plate 90 may be disposed.

[Industrial Applicability]

[0076] According to the present invention having the
above configuration, a desired DC current is generated
from the armature by stacking and arranging the field and
the armature with respect to the core member and ap-
propriately supplying the field magnet current to the field
magnet. Accordingly, in the presentinvention, a mechan-
ical structure for rotationally driving a field magnet or an
armature is unnecessary, and since the commutator can
be removed, the structure of the DC generator can be
greatly simplified and reduced in weight.
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[0077] In addition, in the present invention, since the
DC generator is configured as a non-rotating type, energy
loss due to friction generated during the rotation of the
field magnet or armature is minimized. Accordingly, the
power generation efficiency of the generator can be sig-
nificantly improved.

Claims

1. A non-rotating type direct current (DC) generator for
generating a DC current, comprising:

a drive unit and a generator unit, wherein the
generator unitincludes a round bar-shaped core
member,

a field magnet in which an electric line is wound
and a first hollow portion is formed in the central
portion, the field magnet disposed on the outside
of the core member through the first hollow,

an armature in which an electric line is wound
and a second hollow portion is formed in the
central portion, the armature disposed on the
outside of the core member through the second
hollow portion,

a pole piece which is provided between the field
magnet and the armature, and

insulating plates which are disposed between
the field magnetand the pole piece and between
the armature and the pole piece, and

wherein the drive unit supplies the field magnet
current to the generator unit on the basis of the
alternating current of AC power source.

2. Anon-rotating direct current (DC) generator for gen-
erating a DC current, comprising:

a round bar-shaped core member,

a field magnet in which an electric line is wound
and a first hollow portion is formed in the central
portion, the field magnet disposed on the outside
of the core member through the first hollow,

an armature in which an electric line is wound
and a second hollow portion is formed in the
central portion, the armature disposed on the
outside of the core member through the second
hollow portion,

a pole piece which is provided between the field
magnet and the armature, and

insulating plates which are disposed between
the field magnetand the pole piece and between
the armature and the pole piece, and

wherein the field magnet is driven by the field
magnet current of DC power source, and the
field magnet current has a constant frequency.

3. The non-rotating type DC generator according to
claim 1 or 2, wherein a hollow is provided in the cen-
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tral portion of the core member along the longitudinal
direction.

The non-rotating type DC generator according to
claim 1 or 2, wherein an insulating material is further
disposed between the core member and the first or
second hollow part.

The non-rotating type DC generator according to
claim 1 or 2, wherein the insulating plate is made of
a highly elastic material.

The non-rotating type DC generator according to
claim 1 or 2, wherein the insulating plate is made of
PET.

The non-rotating type DC generator according to
claim 1, wherein the core member is made of pure
iron and subjected to heat treatment.

The non-rotating type DC generator according to
claim 1, wherein the pole piece is made of pure iron
and subjected to heat treatment.

The non-rotating type DC generator according to
claim 7, wherein the core member or the pole piece
is put in a kiln together with the solid fuel, the solid
fuel is burned to heat the core member or the pole
piece to a certain temperature or higher, and the core
member or the pole piece is naturally combined with
the burned solid fuel and is carried out by cooling.

The non-rotating type DC generator according to
claim 9, wherein the solid fuel is white coal.

The non-rotating type DC generator according to
claim 1, wherein the core member or the pole piece
is surface-treated with oil.

The non-rotating type DC generator according to
claim 1, wherein a plurality of the field magnet and
the armature are provided, and the field magnet and
the armature are alternately arranged.

The non-rotating type DC generator according to
claim 12, wherein the plurality of armatures is con-
nected in series with each other.

The non-rotating type DC generator according to
claim 12, wherein the plurality of field magnets is
divided into a first field magnet group and a second
field magnet group, and the first field magnet group
and the second field magnet group are alternately
driven.

The non-rotating type DC generator according to
claim 12, wherein the plurality of field magnets is
divided into a first field magnet group and a second
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field magnet group, and the first and second field
magnet groups are each driven synchronously.

The non-rotating DC generator according to claim
14 or 15, wherein the first or second field magnet
group is connected in series with respect to the field
magnet current input, respectively.

The non-rotating type DC generator according to
claim 14 or 15, wherein the first or second field mag-
net groups are respectively connected in parallel to
the field magnet current input.

Amended claims under Art. 19.1 PCT

1. A non-rotating type direct current (DC) generator
for generating a DC current, comprising:

a drive unit and a generator unit, wherein the
generator unitincludes a round bar-shaped core
member,

a field magnet in which an electric line is wound
and a first hollow portion is formed in the central
portion, the field magnet disposed on the outside
of the core member through the first hollow,

an armature in which an electric line is wound
and a second hollow portion is formed in the
central portion, the armature disposed on the
outside of the core member through the second
hollow portion,

a pole piece which is provided between the field
magnet and the armature, and

insulating plates which are disposed between
the field magnetand the pole piece and between
the armature and the pole piece, and

wherein the drive unit supplies the field magnet
current to the generator unit on the basis of the
alternating current of AC power source, wherein
the core member has longitudinally a hollow in-
side at its center, an insulation member is inter-
posed between the first or second hollow por-
tions and the core member, the insulation mem-
ber is formed by high elasticity materials, such
as PET, the core member is formed by pure iron
and then treated by heat treatment process, the
pole piece is formed by pure iron and then treat-
ed by heattreatment process, and the heat treat-
ment process is performed as follows: the core
member or the pole piece is inserted into an iron
pot with solid fuel, the core member or the pole
piece is heated at 1000-2.300 °C by the com-
bustion of the solid fuel, then the core member
or the pole piece is cooled naturally and gradu-
ally with the burned sole fuel during 10 hours or
more so that the demagnetization time is short-
ened.
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10. The non-rotating type DC generator according
to claim 1, wherein the solid fuel is white coal.

11. The non-rotating type DC generator according
to claim 1, wherein the core member or the pole piece
is surface-treated with oil.

12. The non-rotating type DC generator according
to claim 1, wherein a plurality of the field magnet and
the armature are provided, and the field magnet and
the armature are alternately arranged.

13. The non-rotating type DC generator according
to claim 12, wherein the plurality of armatures is con-
nected in series with each other.

14. The non-rotating type DC generator according
to claim 12, wherein the plurality of field magnets is
divided into a first field magnet group and a second
field magnet group, and the first field magnet group
and the second field magnet group are alternately
driven.

15. The non-rotating type DC generator according
to claim 12, wherein the plurality of field magnets is
divided into a first field magnet group and a second
field magnet group, and the first and second field
magnet groups are each driven synchronously.

16. The non-rotating DC generator according to
claim 14 or 14, wherein the first or second field mag-
net group is connected in series with respect to the
field magnet current input, respectively.

17. The non-rotating type DC generator according
to claim 15, wherein the first or second field magnet
groups are respectively connected in parallel to the
field magnet current input.
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