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(57) Abréegée/Abstract:

A method of controlling low voltage using Alternating Current (AC) power and a system for performing the method, which supplies
low voltage Direct Current (DC) power directly from commercial AC power, so that control can be stably performed when supplying
power equal to 0% -100% of the level of AC power, thus achieving optimal efficiency and miniaturing the system, are disclosed.
The present invention full-wave-rectifies input AC power, and performs switching to generate four outputs, whose voltage levels are
lower than that of set control voltage, in one cycle of the full-wave-rectified AC power In such a way as to switch on the low voltage
portions of the waveform of the full- wave-rectiflied AC power whose voltage levels are lower than that of the control voltage set
according to a voltage level, and switch off high voltage portions whose voltage levels are higher than that of the control voltage.
Furthermore, the present invention converts the output low voltage portions into DC voltage.
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), Which supplies low voltage Direct Current (DC) power directly from commercial AC power, so that control can be stably performed
& when supplying power equal to 0% -100% of the level of AC power, thus achieving optimal efficiency and miniaturing the system,
& are disclosed. The present invention full-wave-rectifies input AC power, and performs switching to generate four outputs, whose
e\ voltage levels are lower than that of set control voltage, in one cycle of the full-wave-rectified AC power in such a way as to switch
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3 control voltage. Furthermore, the present invention converts the output low voltage portions into DC voltage.
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Description

METHOD FOR CONTROLLING LOW-VOLTAGE USING

WAVES AC AND SYSTEM FOR PERFORMING THE SAME
Technical Field

[1] The present invention relates generally to a method of controlling low voltage using

alternating current power and a system for performing the method and, more par-
ticularly, to a method of controlling low voltage using the waveform of alternating
current power and a system for performing the method, which allow low voltage direct
current power to be supplied directly from commercial alternating current power, so
that control can be stably performed when supplying power equal to 0% ~100% of the
level of the alternating power, thereby achieving optimal efficiency and miniaturizing

the system.

Background Art

[2] Generally, power control using Alternating Current (AC) power employs a zero-
crossing control method and a phase control method. In the zero-crossing control
method, when voltage is zero, that 1s, when AC power advancing while forming a sine
wave advances by one cycle and reaches point A having zero voltage, as illustrated in
FIG. 1A, On/Off control 1s performed. In order to supply 50% of supplied AC power,
power 1s controlled in such a way as to repeat a On/Off operation every cycle in the
zero-crossing control method.

[3] Such a zero-crossing method is superior from the point of view of power noise.
However, the zero-crossing method requires a circuit for finding the zero point of AC
power, that 1s, the point where voltage 1s zero after a cycle has completed, so that
economical efficiency is low. Accordingly, the zero-crossing method can be utilized
for expensive equipment, but has a disadvantage in that uniform power 1s not supplied
in power control 1n which a control rate 1s low compared to the amount of AC power.

[4] For example, 1n the case of controlling the power of a halogen lamp, which operates
at 12V using 110V/220V commercial power, using the zero-crossing method, the
halogen lamp 1s broken by power during an On-cycle, so that a transformer or a
switching-type power supply has been used.

[5] Furthermore, the phase control method controls power, which 1s supplied to a load,
by varying the phase of supplied AC power as shown in FIG. 1B, so that the method is
simple and, thus, may be used throughout the entire industry. However, the phase
control method has disadvantages in that noise 1s high and the method 1s not stable for
power control for less than 50% of supplied AC power because switching on and off

are performed at high voltage positions, and uniform power is not supplied.
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[6]

[7]

[3]

9]
[10]
[11]

[12]

[13]

[14]

That 1s, the conventional zero-crossing method and phase control method perform
the On/Off control of power based on phase according to time, whereas a novel
method proposed by the present invention can perform the On/Off control of power

based on voltage.

Disclosure of Invention
Technical Problem

The present invention has been contrived so as to overcome the disadvantages of
the zero-crossing method and the phase control method, and converts supplied AC
power into low Direct Current (DC) power by uniformly and stably controlling the
supplied AC power without conversion loss using only On/Off switching between an
input terminal and a load. Accordingly, a first object of the present invention is to
provide a low voltage control method that can supply highly efficiency DC power from
commercial AC power using semiconductors and resistors, so that optimal operational
efficiency and economic efficiency are achieved and a power control device can be 1m-
plemented using a single Integrated Circuit (IC).

Furthermore, a second object of the present invention is to provide a system for

achieving the first object.
Technical Solution

To achieve the first object, the present invention includes:

a full wave rectification step of full-wave-rectifying input AC power;

a switching step of performing a switching operation to generate four power
outputs, whose voltage level 1s lower than that of set control voltage, in one cycle of
full-wave rectified AC power in such a way as to switch on low voltage portions of a
waveform of the full-wave-rectified AC power whose voltage levels are lower than
that of the set control power and switch off high voltage portions whose voltage levels
are higher than that of the set control power; and

an AC power output step of converting the low voltage portions, which are output at
the switching step, into DC voltage and outputting the DC voltage.

In accordance with a preferred embodiment of the present invention, the present
invention further includes an excessive current detection step of blocking the operation
of the switching step i1f excessive current 1s applied at the switching step or if the
output voltage at the switching step is abnormal voltage.

In the low voltage control of the present invention, a switching operation 1s
performed to generate two outputs, whose voltage levels are lower than that of that of
the control voltage, in the positive (+) direction of the input AC power and two
outputs, whose voltage levels are lower than that of that of the control voltage, in the

negative (-) direction of the input AC power.
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[15]

[16]
[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
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When converting commercial AC power into DC power, the low voltage control
method of the present invention performs DC power conversion using only On/Off
operations between the input terminal of the AC power and a load. Accordingly,
conversion loss 1s low, and power consumption is also low as long as the load does not
operate. That 1s, the present invention employs a method of performing On/Off
operations on the basis of the size of an AC waveform input between an AC power
source and the load, so that efficiency is high, and noise i1s low because switching
operations are not frequency performed.

To achieve the second object, the present invention includes:

a rectification unit for receiving and full-wave-rectifying commercial AC power;

a voltage level detection unit connected to an output terminal of the rectification
unit and configured to detect set control voltage required by a load;

a power switching unit connected to an output terminal of the voltage level
detection unit and configured to perform a switching operation according to the set
control voltage and operate to generate four outputs, which have levels lower than that
of the set control voltage, in one cycle of the full-wave-rectified AC power; and

a DC conversion unit for converting the outputs of the power switching unit into
DC voltage.

In accordance with a preferred embodiment of the present invention, the present
invention further includes an excessive current detection unit that 1s connected to the
output terminal of the power switching unit and 1s configured to detect excessive
current from the output current of the power switching unit and cut off power applied
to the power switching unit, and an abnormal voltage detection unit that is connected
to the output terminal of the power switching unit and 1s configured to block the
operation of the power switching unit when abnormal voltage, such as excessive
voltage, 1s applied.

Brief Description of the Drawings

FIGS. 1A and 1B are waveform diagrams 1illustrating a zero-crossing method and a
phase control method that are used for general power control;

FIG. 2 1s a waveform diagram illustrating the operation of a low voltage control
method according to the present invention;

FIG. 3 1s a block diagram of a system for implementing the low voltage control
method according to the present invention;

FIG. 4 shows a first embodiment of a circuit that implements the low voltage
control system according to the present invention;

FIG. 5 shows a second embodiment of a circuit that implements the low voltage

control system according to the present invention; and
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[27]

28]

[29]

[30]

[31]

FIG. 6 1s a waveform diagram 1illustrating the output waveforms of power that has
passed the systems of FIGS. 4 and 5.

Best Mode for Carrying Out the Invention

With reference to the accompanying drawings, preferred embodiments of the
present invention are described in detail below. FIG. 2 1s a waveform diagram 1l-
lustrating the operation of a low voltage control method according to the present
invention, and FIG. 3 is a block diagram of a system for implementing the low voltage
control method according to the present invention. Furthermore, FIG. 4 shows a first
embodiment of a circuit that implements the low voltage control system according to
the present invention, FIG. 5 shows a second embodiment of a circuit that implements
the low voltage control system according to the present invention, and FIG. 6 1s a
waveform diagram illustrating the output waveforms of power that has passed the
systems of FIGS. 4 and 5.

The low voltage control method according to the present invention, as shown in
FIG. 2, full-wave-rectifies input AC power, and then performs control to switch on the
low voltage portions of a full-wave-rectified sine waveform whose voltage 1s lower
than control voltage set according to the amount of target power, and switch off the
high voltage portions thereof whose voltage 1s higher than the set control voltage. Ac-
cordingly, control 1s performed such that the On/Off operations of AC power can be
performed on low voltage portions, so that the present invention has low switching
noise compared to the phase control method in which On/Off operation 1s performed
on high voltage portions.

The system for performing the low voltage control method of the present invention,
as shown in FIG. 3, includes a rectification unit 110 composed of a bridge circuit for
receiving commercial AC power and full-wave-rectifying the AC power. A voltage
level detection unit 120 for detecting set control voltage required by a load 1s
connected to the output terminal of the rectification unit 110. Furthermore, a power
switching unit 130 for performing switching according to the set control voltage and
operating to generate four outputs, whose voltage level 1s lower than that of the set
control voltage, in a cycle of the full-wave-rectified AC power 1s connected to the
output terminal of the voltage level detection unit 120, and a DC conversion unit 140
for converting power, which 1s output from the power switching unit 130, into DC
power 1s connected to the output terminal of the power switching unit 130.

Furthermore, an excessive current detection unit 150 for detecting excessive current
from the output current of the power switching unit 130 and cutting off the supply of
power to the power switching unit 130 1s connected to the output terminal of the power

switching unit 130, and an abnormal voltage detection unit 160 for blocking the
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[32]

[33]

[34]

switching operation of the power switching unit 130 when abnormal voltage, such as
excessive voltage, 1s applied 1s connected to the output terminal of the power switching
unit 130.

The system for performing the low voltage control method of the present invention
1s connected between the input terminal of commercial AC power and a load, and
functions to detect the voltage level of the sine waveform of the input commercial AC
power and switch on/off the input commercial AC power such that only portions that
have voltage levels lower than that of the set control voltage required by the load can
pass through the system. That 1s, 1f 1t 1s assumed that power required by the load 1s
10% of commercial AC power (that 1s, if the input commercial AC power 1s 100V, the
power required by the load 1s 10V), the system of the present invention converts 10%
of commercial AC power into DC power and supplies the DC power using a method of
repeating switching-on/off operations in such a way as to switch on voltage whose
level 1s below 20%, and switch off voltage whose voltage level 1s above 20%, unlike
the conventional power control method that perform control in such a way as to
transmit 100% power and keep interruption time 10 times, so that the degree of
smoothness of power that 1s output to a load 1s considerably reduced. Accordingly, the
present invention 1s a low voltage control method that considerably improve the degree
of smoothness.

The system for performing the low voltage control of the present invention may be
implemented in a circuit form, as shown in FIGS. 4 and 5. In embodiment 1 of FIG. 4,
the rectification unit 110 1s constructed such that bridge circuits D1~D4 for full-
wave-rectifying the commercial AC power are connected to terminals AC1 and AC2 to
which the commercial AC power 1s applied, and the voltage level detection unit 120 1s
connected to the side output terminals of the bridge circuits D1~D4. Resistors R1 and
R2 are connected in series between the side output terminals through which the AC
power, which 1s full-wave rectified by the bridge circuits D1~D4, 1s output, a zener
diode ZD1 for keeping voltage uniform and a variable resistor VR1 having a variable
resistance value are connected 1n series between the resistors R1 and R2, the base
terminal of a first transistor Q1 for transferring a switching signal according to the set
value of the variable resistor VR1 1s connected to the variable resistor VR1, the emitter
terminal of the first transistor Q1 is directly connected to the output terminals of the
system, and the collector terminal of the first transistor Q1 1s connected to another
output terminal of the system through a resistor R3, thus constructing the voltage level
detection unit 120.

Furthermore, the power switching unit 130 1s constructed such that the base
terminal of the second transistor Q2 1s connected via a resistor R4 between the

collector terminal of the first transistor Q1 and the resistor R3 that constitute the
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voltage level detection unit 120, the emitter terminal of the second transistor Q2 1s
directly connected to an output terminal of the system, the collector terminal of the
second transistor Q2 1s connected to another output terminal of the system via resistors
RS and R6, the base terminal of a PNP-type fifth transistor QS5 i1s connected between
the resistors RS and R6 that are connected 1n series to the collector terminal of the
second transistor Q2, the emitter terminal of the fifth transistor Q35 1s directly
connected to an output terminal of the system, and the collector terminal of the fifth
transistor QS 1s connected to another output terminal of the system through resistors
R’7 and R8 that are connected 1n series to each other. Furthermore, the base terminal of
the fourth transistor Q4 1s connected between resistors R7 and R8 that are connected in
series to the collector terminal of the fifth transistor Q5, the emitter terminal of the
fourth transistor Q4 1s connected to an output terminal of the system through a resistor
R9, the collector terminal of the fourth transistor Q4 1s directly connected to another
output terminal of the system, the base terminal of the sixth transistor Q6 is connected
between the collector terminal of the fourth transistor Q4 and the resistor R9, the
emitter terminal of the sixth transistor Q6 is connected to an output terminal of the
system through a resistor R12, and the collector terminal of the sixth transistor Q6 is
directly connected to another output terminal of the system.

[35] Furthermore, the AC power unit 140 1s composed of a resistor R14 and a condenser
C1 that are connected in parallel to the output terminals of the power switching unit
130, and converts the output of the power switching unit 130 into DC power by
smoothing the output of the power switching unit 130.

[36] Furthermore, the excessive current detection unit 150 1s constructed such that a
branch extends from a point between the emitter terminal of the sixth transistor Q6 of
the power switching unit 130 and the resistor R12 and 1s connected to the base terminal
of a seventh transistor Q7 through a resistor R13, the collector terminal of the seventh
transistor Q7 is connected to the base terminal of the second transistor Q2 of the power
switching unit 130, and the emitter terminal of the seventh transistor Q7 1s connected
to the output terminal of the system.

[37] Furthermore, the abnormal voltage detection unit 160 1s constructed such that a
branch extends from a point between the resistors R10 and R11 that are connected in
series between output terminals DC1 and DC2 for outputting DC power, and 1s
connected to the base terminal of the PNP-type third transistor Q3, the collector
terminal of the third transistor Q3 1s connected to the base terminal of the fifth
transistor QS of the power switching unit 130, and the emitter terminal of the third
transistor Q3 1s connected to the output terminals of the system.

[38] In embodiment 1 of the system for controlling low voltage control in accordance

with the present invention, which 1s constructed as described above, when commercial
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AC power i1s applied through the terminals AC1 and AC2, input AC power is full-
wave-rectified by the bridge rectifiers D1~D4 that constitute part of the rectification
unit 110. The full-wave-rectified AC power switches on/off the first transistor Q1
according to a control voltage value that 1s set by the resistors R1 and R2 of the voltage
level detection unit 120, the zener diode ZD1 for keeping voltage uniform and the
variable resistor VR1 whose resistance value varies. That 1s, when the level of the
power full-wave-rectified by the rectification unit 110 1s higher than a voltage level set
by the resistors R1 and R2 and the variable resistor VR1, the first transistor Q1 1s
switched on. As the first transistor Q1 1s switched on, the second transistor Q2 of the
power switching unit 130 is converted into a switched-off state. When the second
transistor Q2 1s switched off, the operations of the PNP-type fifth transistor QJ5, fourth
transistor Q4 and sixth transistor Q6 sequentially stop. As a result, the power switching
unit 130 does not output full-wave-rectified power whose voltage level 1s higher than
the level of the control voltage that 1s set by the resistors R1 and R2 and varniable
resistor VR1 of the voltage level detection unit 120.

[39] In contrast, if the level of the power full-wave-rectified by the rectification unit 110
1s lower than the level of the control voltage set by the resistors R1 and R2 and the
variable resistor VR1, the first transistor Q1 is switched off. Accordingly, the second
transistor Q2 of the power switching unit 130 1s switched off. As the second transistor
Q2 is switched off, the PNP-type fifth transistor QS is caused to be switched on
through the resistor RS. As the fifth transistor Q5 1s switched on, the current having
passed through the fifth transistor QS 1s applied to the fourth transistor Q4 through the
resistor R7, 1s amplified and switches on the sixth transistor Q6. Accordingly, the full-
wave-rectified power 1s applied to the DC conversion unit 140, 1s smoothed by the
resistor R14 and the condenser C1 connected 1n parallel, and 1s output in DC power
form. As a result, only power whose voltage level 1s lower than the level of the control
voltage set by the resistors R1 and R2 and variable resistor VR1 of the voltage level
detection unit 120 1s converted into DC power and 1s output.

[40] As described above, in the process in which only power whose voltage level is
lower than the level of the control voltage set by the resistors R1 and R2 and variable
resistor VR1 of the voltage level detection unit 120 1s converted into DC power and 1s
output, if output current 1s excessive at the DC output terminal DC2, that 1s, if current
applied to the resistor R12 through the emitter terminal of the sixth transistor Q6 of the
power switching unit 130 1s excessive, the seventh transistor Q7 of the excessive
current detection unit 150 operates, cuts off the base terminal of the second transistor
Q2 of the current power switching unit 130, and stops the operation of the power
switching unit 130, so that the circuit can be protected even if the output terminal 1s

short-circuited.
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[41]

[42]

[43]

[44]

[45]

Furthermore, 1f abnormal voltage 1s generated while DC power 1s output, the
abnormal voltage operates the PNP-type third transistor Q3 through the resistor R11 of
the abnormal voltage detection unit 160, and the third transistor Q3 stops the operation
of the power switching unit 130 by cutting off current applied to the base terminal of
the fifth transistor QS5 of the power switching unit 130, thus preventing abnormal
voltage, such as excessive voltage, from being output.

When the above-described low voltage control 1s completed, four outputs, which
have voltage levels lower than the set level of control voltage, appear in a cycle of the
full-wave-rectified AC power, as illustrated in FIGS. 6A and 6B. The above-described
low voltage control method according to the present invention has great advantages
over the conventional methods when the voltage drop between input power and output
power is large. For example, if it is assumed that power supplied to a load 1s about
10% of AC power (when the voltage of input power 1s 100V, the voltage of output
power 1s 10V), the zero-crossing control method of FIG. 1A 1s disadvantageous in that
high switching noise occurs, smoothing 1s difficult to achieve and a load may be
damaged because only a cycle of the AC power 1s transmitted and the remaining nine
cycles are not transmitted (the ratio of switched-on time to switched-off time 1s 1:10),
whereas the method of the present invention 1s advantageous in that the difference
between the levels of switched-on voltage and switched-on voltage 1s not larger and,
thus, the level of output voltage 1s even and even power 1s supplied to a load because
the voltage levels of switched-on and switched-off states are 15~20 (which varies with
voltage) and O.

The above-described advantages of the present invention are desirable in the case
where it 1s necessary to acquire low DC power directly from commercial AC power
voltage. The present invention facilitate the supply of power to low voltage DC power
devices using commercial power, so that it can be widely utilized.

Furthermore, as shown in FIG. 5, another embodiment of the present invention has
the same principle as the embodiment of FIG. 4. However, the AC conversion unit 140
1s constructed in such a way that the primary side of a transformer T1 is connected to
the output terminal of the power switching unit 130 and bridge rectifiers D5~DS8 are
connected to the secondary side of the transformer T1, and 1s operated in such a way
that only voltage lower than a predetermined voltage level i1s transmitted and supplied
by a voltage level detection and switching operation, the voltage is varied by the
transformer T1 and the voltage 1s converted into DC voltage through the bridge
rectifiers D5~DS8.

FIG. 5 shows a structure that employs an insulation transformer T1 to realize
insulation between commercial power and a load in connection with the supply of DC

power. The frequency of power applied to the transformer T1 1s above 120Hz or
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[46]

[47]

[43]

[49]

[50]

240Hz, not 60Hz, due to a switching operation, so that the size of a transformer
capable of transferring the same power decreases and the efficiency of the transformer
Increases.

The above-described advantages of the present invention are prominent when
compared with the conventional power control, as shown 1n FIGS. 1 and 2. The zero-
crossing control shown in FIG. 1 causes the lowest switching noise because On/Off
operations are performed when voltage level of input AC voltage 1s zero, and has the
widest range of variation in voltage because, to output 50% of the voltage level of AC
power, one cycle 1s transmitted and the remaining one cycle 1s not transmitted,

Furthermore, the phase control has the highest switching noise because a switching-
on operation 1s performed when the voltage level 1s at a peak, but has the advantage of
outputting a voltage level four times evenly than the zero-crossing control because, to
output 50% of the voltage level of input AC power, half of the positive (+) direction
wave of one cycle and half of the negative (-) direction wave are evenly transmitted.

In the present invention, as shown in FIG. 2, to output 50% of the voltage level of
input AC power, two positive (+) direction waves of one cycle and two (-) direction
waves are evenly transmitted, so that switching noise may be high. The present
invention is advantageous in that the voltage level two times even than the phase
control is transmitted, and the present invention can be composed of a simple circuit as
described above, thus being economically efficient. The present invention is more ad-
vantageous when an output voltage level 1s low.

The present invention has advantages that increase in inverse proportion to a
voltage level as described above. Accordingly, in the case where the present invention
1s used as a low voltage DC power supply that rectifies output controlled to low
voltage, the present invention 1s the most efficient of the conventional methods of
converting AC voltage down to DC voltage (about 80% ~ 95%) and, accordingly, has a
strong possibility of being used as a super-small power supply. Standby power
consumption without load is less than 0.1W 1n the case of a BJT circuit, and 0.01W in
the case of a C-MOS FET. That 1s, when the low voltage control systems of FIGS. 4
and 5 are implemented using ICs, output of 3V ~ 12V and several tens of watts can be

achieved using a 10mm cubic body.

Industrial Applicability

As described above, the present invention employs the switching method that
performs voltage level control on the voltage waveform of AC voltage, so that the
present invention can efficiently and stably perform low voltage control, can overcome
the disadvantages of phase control, which is unstable when control is performed for

50% or less of the voltage level of AC power, and zero-crossing control, in which
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uniform control is not formed, and can implement a power supply for producing low
DC voltage directly from commercial AC voltage in a super-small size. The present
invention can be implemented using a circuit composed of only resistors and
transistors, so that the present invention can be implemented using a small IC, thus
allowing a highly efficient and safe circuit to be designed because the circuit has high
efficiency and, therefore, enabling a power control device having economical
efficiency to be implemented.

[51] Although the preferred embodiments of the present invention have been described
in detail with reference to the accompanying drawings as described above, the present
invention 18 not limited to the embodiments, but modifications and variations can be
made by those skilled in the art without departing from the scope of the technical spirit

of the present invention.
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Claims

[1] A method of controlling low voltage using a waveform of Alternating Current

(AC) power, comprising;

a full wave rectification step of full-wave-rectifying input AC power;

a switching step of performing a switching operation to generate four power
outputs, whose voltage level 1s lower than that of set control voltage, in one cycle
of the full-wave rectified AC power in such a way as to switch on low voltage
portions of a waveform of the full-wave-rectified AC power whose voltage levels
are lower than that of the set control power and switch off high voltage portions
whose voltage levels are higher than that of the set control power; and

an AC power output step of converting the low voltage portions, which are
output at the switching step, into Direct Current (DC) voltage and outputting the
DC voltage.

[2] The method set forth 1in claim 1, further comprising an excessive current
detection step of blocking operation of the switching step if the output power 1s
excessive current after the switching step.

[3] The method set forth in claim 1, further comprising an excessive current
detection step of blocking operation of the switching step if the output power at
the switching step 1s abnormal voltage.

[4] A system for controlling low voltage, comprising:

a rectification unit (110) for receiving and full-wave-rectifying commercial AC
power;

a voltage level detection unit (120) connected to an output terminal of the rec-
tification unit (110) and configured to detect set control voltage required by a
load;

a power switching unit (130) connected to an output terminal of the voltage level
detection unit (120) and configured to perform a switching operation according
to the set control voltage and operate to generate four outputs, which have levels
lower than that of the set control voltage, in one cycle of the full-wave-rectified
AC power; and

a DC conversion unit (140) for converting the outputs of the power switching
unit (130) into DC voltage.

[5] The system as set forth in claim 4, wherein the voltage level detection unit (120)
1S constructed such that resistors (R1 and R2) are connected in series between
side output terminals through which the AC power, which 1s full-wave rectified
by the rectification unit (110), 1s output, a zener diode (ZD1) for keeping voltage

uniform and a variable resistor (VR1) having a variable resistance value are
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connected 1n series between the resistors (R1 and R2), a base terminal of a first
transistor (Q1) for transferring a switching signal according to a set value of the
variable resistor (VR1) 1s connected to the variable resistor (VR1), an emitter
terminal of the first transistor (Q1) i1s directly connected to output terminals of
the system, and a collector terminal of the first transistor (Q1) 1s connected to
another output terminal of the system through a resistor (R3).

The system as set forth in claim 4, wherein the power switching unit (130) 1s
constructed such that a base terminal of a second transistor (Q2) 1s connected via
a resistor (R4) between the collector terminal of the first transistor (Q1) and the
resistor (R3) that constitute the voltage level detection unit (120), an emitter
terminal of the second transistor (Q2) 1s directly connected to an output terminal
of the system, a collector terminal of the second transistor (Q2) is connected to
another output terminal of the system via resistors (RS and R6), a base terminal
of a PNP-type fifth transistor (Q5) 1s connected between resistors (RS and R6)
that are connected 1n series to the collector terminal of the second transistor (Q?2),
an emitter terminal of the fifth transistor (QS5) 1s directly connected to an output
terminal of the system, a collector terminal of the fifth transistor (QS) 1s
connected to another output terminal of the system through resistors (R7 and R8)
that are connected 1n series to each other, a base terminal of a fourth transistor
(Q4) 1s connected between the resistors (R7 and R8) that are connected in series
to the collector terminal of the fifth transistor (QS5), an emitter terminal of the
fourth transistor (Q4) 1s connected to an output terminal of the system through a
resistor (R9), a collector terminal of the fourth transistor (Q4) 1s directly
connected to another output terminal of the system, a base terminal of the sixth
transistor (Q6) 1s connected between the collector terminal of the fourth
transistor (Q4) and the resistor (R9), an emitter terminal of the sixth transistor
(Q6) 1s connected to an output terminal of the system through a resistor (R12),
and a collector terminal of the sixth transistor (Q6) is directly connected to
another output terminal of the system.

The system as set forth in claim 4, wherein the AC power unit (140) 1s composed
of a resistor (R14) and a condenser (C1) that are connected in parallel to the
output terminal of the power switching unit (130).

The system as set forth in claim 4, further comprising an excessive current
detection unit (150) for detecting excessive current from output current of the
power switching unit (130) and cutting off power applied to the power switching
unit (130), the excessive current detection unit (150) being connected to the
output terminal of the power switching unit (130).

The system as set forth in claim 4 or 8, wherein the excessive current detection
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[10]

[11]

[12]

unit (150) 1s constructed such that a branch extends from a point between the
emitter terminal of the sixth transistor (Q6) and resistor (R12) of the power
switching unit (130) and 1s connected to a base terminal of a seventh transistor
(Q7) through a resistor (R13), a collector terminal of the seventh transistor (Q7)
is connected to the base terminal of the second transistor (Q2) of the power
switching unit (130), and an emitter terminal of the seventh transistor (Q7) is
connected to the output terminal of the system.

The system as set forth in claim 4, further comprising an abnormal voltage
detection unit (150) for blocking operation of the power switching unit (130)
when abnormal voltage 1s detected from output of the power switching unit
(130), the abnormal voltage detection unit (150) being connected to the output
terminal of the power switching unit (130).

The system as set forth in claim 4 or 10, wherein the abnormal voltage detection
unit (160) 1s constructed such that a branch extends from a point between the
resistors (R10 and R11) that are connected 1n series between output terminals
(DC1 and DC2) for outputting DC power, and 1s connected to the base terminal
of a PNP-type third transistor (Q3), the collector terminal of the third transistor
(Q3) 1s connected to the base terminal of the fifth transistor (Q5) of the power
switching unit (130) and the emitter terminal of the third transistor (Q3) 1s
connected to the output terminal of the system.

The system as set forth in claim 4, wherein the DC conversion unit (140) 1s
constructed such that a primary side of a transformer (T1) 1s connected to the
output terminal of the power switching unit (130) and bridge rectifiers (D5~DR8)

are connected to a secondary side of the transformer (T'1).
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