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(57) An alternating current power control device comprising a phase comparison controller for comparing a phase of
an mput voltage with that of a first reference voltage, a single-winding transtormer for varying the mput voltage, a
mutual induction reactor for lowering the mput voltage by a desired level 1in response to an output voltage from the
single-winding transformer, an output voltage comparator for comparing an output voltage with a second reference
voltage, an output current comparator for comparing an output current with a reference current, an OR logic controller
for performing an OR operation with respect to output signals from the phase comparison controller and output current
comparator, and a switch array for selectively transferring the output voltage from the single-winding transformer to
the mutual induction reactor in response to output signals from the output voltage comparator and OR logic controller.
According to the present invention, the mutual induction reactor 1s implemented on the basis of the principle of a linear
transformer and has a small capacity corresponding to about 1/10 of a load power. Therefore, a proper power
necessary to the saving of energy can be supplied by using the mutual induction reactor.
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ABSTRACT OF THE DISCLOSURE

An alternating current power control device comprising a phase
comparison controller for comparing a phase of an input voltage with that of a first
reference voltage, a single-winding transformer for varying the input voltage, a mutual
induction reactor for lowering the input voltage by a desired level in response to an
output voltage from the single-winding transformer, an output voltage comparator for
comparing an output voltage with a second reference voltage, an output current
comparator for comparing an output current with a reference current, an OR logic
controller for performing an OR operation with respect to output signals from the phase
comparison controller and output current comparator, and a switch array for selectively
transferring the output voltage from the single-winding transformer to the mutual
Induction reactor in response to output signals from the output voltage comparator and
OR logic controller. According to the present invention, the mutual induction reactor is
Implemented on the basis of the principle of a linear transformer and has a small
capacity corresponding to about 1/10 of a load power. Therefore, a proper power
necessary to the saving of energy can be supplied by using the mutual induction

reactor.

- 18 -
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- Title: ALTERNATING CURRENT POWER CONTROL DEVICE

Inventor: Young Chun Chung

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates in general to alternating current (AC) power
control devices of the linear type employing electromagnetic transformation means such
as a transformer, and more particularly to an AC power control device having a constant
voltage function for maintaining a constant output voltage although an input voltage is

varied, If a desired voltage is set with respect to a load.

Description of the Prior Art

Generally, in electric home appliances, a voltage lowered to about 10 to
20% of a rated voltage is often used to sufficiently drive a load effectively. In this
connection, a power saving device has been required to obtain a power saving effect

by initially supplying power lowered to a desired level to a load.

The power saving device is embodied to save money on electric charges,
thus improving economic gains. To this end, the power saving device must be low in
manufacturing cost in view of economy and secure absolute reliability. Further, the
power saving device must not exert a bad effect such as electromagnetic interference

on a load system. |n general, AC power control devices which can be used as such a
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power saving device with the voltage down function are classified into the linear type
employing a single-winding transformer (autotransformer), a multi-winding transformer,
a reactor, etc. and the phase or pulse width modulation (PWM) control type employing
a switching semiconductor element. However, the power control device of the general
transformer type is very large in volume and weight, resulting in a degradation in
practical use. The power control device of the electronic circuit switching control type
cannot satisfy electrical reliability and economy and may cause an electric noise such

as EMI, adversely affecting the surrounding electric environment.

On the other hand, a constant voltage control device using a transformer
is shown in U.K. Patent No. GB2043971. The constant voltage control device employs
a method of switching a polarity of a primary coil of the transformer, the secondary coil
of which is connected in series to a load. However, the constant voltage control device
cannot perform a fine constant voltage control operation. Further, the constant voltage
control device does not comprise a closed circuit capable of absorbing a magnetic
iInduction high voltage produced in a switching transition period. As a result, it is difficult
to use a mechanical contact switch or a semiconductor switch, resulting in a
degradation in practical use. Moreover, in the constant voltage control device, a
counter electromotive voltage is generated at a switching moment, thereby causing an
electromagnetic noise to be provided to various electronic products such as a computer,
audio, television, etc., connected to the device output. For this reason, the constant
voltage control device is limited in use with respect to electronic products, or loads other

than electric loads such as a motor, heater, etc.
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SUMMARY OF THE INVENTION

Therefore, the present invention has been made in view of the above
problems, and it is an object of the present invention to provide a power-saving linear
power control device in which voltage down means is provided with a mutual induction
reactor acting as a kind of single or multi-winding transformer and having a power
capacity considerably smaller than thaf of a load, to linearly lower a large capacity of
load voltage, automatic voltage control means is provided to maintain a constant output
voltage when an input voltage is higher or lower than a reference voltage, and bypass
means is operated according to states of the load and input voltage to bypass the input

voltage directly to the load when the input voltage is lower than or equal to a voltage

desired by the load, so that EMI or switching noise is eliminated.

It Is another object of the present invention to provide a method for

controlling an output voltage using a parallel or series-winding mutual induction reactor.

The present invention has been made on the basis of the fact that a load
can normally be driven even if an input voltage is lowered to about 10-20% of a rated
voltage in an AC impedance load system including no direct current (DC) resistance
load component such as a heater. Voltage down means is provided to lower the input
voltage to within the desired range and supply the lowered voltage to the load system,
so as to have the power saving effect. Furthermore, a constant voltage function is

provided to stabilize a variation of the input voltage. Therefore, the present invention
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provides an economical device capable of simultaneously satisfying the power saving

effect, power supply stability and reliability.

In accordance with the present invention, the above and other objects can
be accomplished by a provision of an alternating current power control device
comprising a phase comparison controller for comparing a phase of an input voltage
with that of first reference voltage; a single-winding transformer for varying the input
voltage; a mutual induction reactor for lowering the input voltage by a desired level in
response to an output voltage from the single-winding transformer; an output voltage
comparator for comparing an output voltage with a second reference voltage; an output
current comparator for comparing an output current with a reference current: an OR
logic controller for performing an OR operation with respect to output signals from the
phase comparison controller and output current comparator; and a switch array for
selectively transferring the output voltage from the single-winding transformer to the

mutual induction reactor in response to output signals from the output voltage

comparator and OR logic controller.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present

iInvention will be more clearly understood from the following detailed description taken

In conjunction with the accompanying drawings, in which :
Fig. 1 is a block diagram illustrating the construction of an AC power

control device In accordance with the preferred embodiment of the present invention;
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Fig. 2 is a block diagram illustrating the construction of an AC power
control device in accordance with another embodiment of the present invention:

Fig. 3 is a block diagram illustrating the const‘ruction of an AC power
control device Iin accordance with yet another embodiment of the present invention;

Fig. 4 Is a detailed circuit diagram of the AC power control device
llustrated in Fig. 1;

Fig. 5 i1s a detailed circuit diagram of the AC power control device
llustrated in Fig. 2;

Fig 6 Is a detailed circuit diagram of the AC power control device
illustrated in Fig. 3; and

Fig. 7 shows a power-controlled output voltage in accordance with the
present invention, wherein;

Fig. /A I1s a waveform diagram of a linear-controlled output voltage; and

Fig. 7B is a waveform diagram of a phase-controlled output voltage.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 1 is a block diagram illustrating the construction of an AC power
control device in accordance with a first embodiment of the present invention and Fig.
4 is a detailed circuit diagram of the AC power control device in Fig. 1. As shown in
these drawings, the AC power control device comprises a single-winding transformer
2 for varying an input voltage, and a mutual induction reactor 3 for lowering the input
voltage by a desired level in response to an output voltage from the single-winding

transformer 2. The mutual induction reactor 3 includes a primary voltage coil 31 having
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its one side (winding start point) connected to an output of the single-winding
transformer 2 and its other side (winding end point) connected to a power ground line.
Namely, the mutual induction reactor 3 is connected in parallel to the output of the
single-winding transformer 2.

The mutual induction reactor 3 further includes a secondary current coil
32 having its one side (winding start point) connected to a power supply line and its
other side (winding end point) connected to a load 8. The secondary current coil 32 is
designed to allow a rated current to sufficiently flow to the load 8, and to generate a
voitage V, lower than or equal to 20% of an input voltage V..

The single-winding transformer 2 may typically include a variable tap.
However, in the preferred embodiment of the present invention, the single-winding
transformer 2 includes a plurality of fixed taps provided from its winding start point to
its winding middle point. A switch array 7 selectively connects the winding start point
of the primary voltage coil 31 of the mutual induction reactor 3 to the fixed taps of the
single-winding transformer 2. To this end, the switch array 7 includes a plurality of
switches S4-S,, each of which has a fixed terminal connected to a corresponding one
of the fixed taps of the single-winding transformer 2 and a movable terminal connected
to a common output terminal of the switch array 7. The common output terminal of the
switch array 7 is connected to one side of the primary voltage coil 31 of the mutual
induction reactor 3, the other side of which is connected to the power ground line. The
switch array 7 further includes a bypass switch SD 71 having a fixed terminal connected

to a winding end point of the single-winding transformer 2 and a movabie terminal
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connected to the common output terminal of the switch array 7. Preferably, the
switches In the switch array 7 may be provided with relays or triacs, respectively.
The secondary current coil 32 of the mutual induction reactor 3 is

connected in series to the load 8. An output voltage V, to the load 8 can be expressed

as follows:
V,=V,-V,

where, V; is the input voltage and V, is the voltage of the secondary current coil 32 of
the mutual induction reactor 3.

Preferably, the secondary current coil 32 of the mutual induction reactor
3 generates the voltage V, lower than or equal to 20% of the input voltage V , to reduce
the input voltage V, by 20% at the maximum. More preferably, the secondary current
coll 32 lowers the input voltage V, by 10% and supplies the lowered voltage to the load
8. To this end, the secondary current coil 32 of the mutual induction reactor 3 has the
number of turns corresponding to 10% of the input voltage V. and is wound in phase
with the primary voltage coil 31 of the mutual induction reactor 3. The mutual induction
reactor 3 has a capacity which is determined by multiplying current IL to the load 8 by
the voltage V, of the secondary current coil 32. As a result, the mutual induction reactor
3 can be satisfied with such a small capacity which is about 1/10 of that of the load 8.
The voltage V, of the secondary current coil 32 is determined by a turn ratio of the
primary voltage coil 31 to secondary current coil 32 and a voltage V, of the primary
voltage coil 31. In this connection, the input voltage V. is reduced by the voltage V, of
the secondary current coil 32 based on the voltage V, of the primary voltage coil 31 and

then applied to the load 8. Therefore, the power can be reduced by V, X IL.
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A phase comparison controller 1 is adapted to compare a phase of the
input voltage V; with that of a reference voltage CV. To this end, the phase
comparison controller 1 has its one input connected to the power supply line and its
other input connected to a reference voltage source. Preferably, the reference voltage
source may be a variable resistor. An OR logic controller 6 has its one input connected
to an output of the phase comparison controller 1 and its other input connected to an
output of an output current comparator 5 which performs a comparison operation with
respect to the current IL to the load 8. The OR logic controller 6 also has its output
connected in common to a control input terminal S of the bypass switch 71 in the switch
array 7 and to a control input terminal C of the switch array 7 which turns off all the
switches S;-S,, in the switch array 7. An output voltage comparator 4 performs a
comparison operation with respect to the output voltage V, to the load 8. To this end,
the output voltage comparator 4 has its input connected in parallel to an output of the
mutual induction reactor 3 and its output connected to a switch selection control input
terminal S of the switch array 7.

Upon the application of power, the phase comparison controller 1
compares the phase of the input voltage V. with that of the reference voltage CV and
outputs a high or low level signal H or L in accordance with the compared result. For
example, if the input voltage V. is lower than the reference voltage CV, the phase
comparison controller 1 outputs the high level signal which is then applied through the
OR logic controller 6 to the control input terminal S of the bypass switch 71 and to the
control input terminal C of the switch array 7. As a result, the bypass switch 71 Is

turned on and all the switches S-S, in the switch array 7 are turned off. As the bypass
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switch 71 is turned on, the winding start point of the primary voltage coil 31 of the
mutual induction reactor 3 is connected to the lowermost tap 22 of the single-winding
transformer 2, so that a short-circuit can be formed. Because of the formation of short-
circuit, a magnetic flux of the mutual induction reactor 3 is neutralized and the

secondary current coil 32 of the mutual induction reactor 3 is changed into a conductor.

‘As a result, the input voltage V. is supplied directly to the load 8. On the other hand,

In the case where the input voltage V is higher than the reference voltage CV, the
phase comparison controller 1 outputs the low level signal, thereby causing the bypass
switch 71 to be turned off. Also, any one of the switches S,-S, in the switch array 7 is
turned on in response to an output signal from the output voltage comparator 4. As a
result, the primary voltage coil 31 of the mutual induction reactor 3 is excited in
response to an output voltage from the turned-on switch in the switch array 7, thereby
causing the voltage V, to be induced in the secondary current coil 32 of the mutual
Induction reactor 3. In result, the output voitage V, obtained by lowering the input
voltage V. by the voltage V, of the secondary current coil 32 is supplied to the load 8.

Fig. 7A Is a waveform diagram of a linear-controlled output voltage in
accordance with the present invention and Fig. 7B is a waveform diagram of the phase-
controlled output voltage in accordance with the present invention. An AC phase-
controlled output voltage as shown in Fig. 7B can be obtained from the operation of the
phase comparison controller 1 based on the reference voltage CV. The average
phase-controlled output voltage is adjusted at a ratio of a direct bypass time D to a
voltage down time S. [f the input voltage V, becomes higher than a reference voltage

of the output voltage comparator 4, the output voltage comparator 4 outputs a desired



10

15

20

L svas weyy'™ Tewwws T T TR
Ry - T P Y pr—T——

R N N N ESSSSSSSSNSSS S [S8 SOSS,

CA 02202238 1997-04-09

signal to the switch selection control input terminal S of the switch array 7 to turn on a
desired one of the switches S-S, in the switch array 7, so as to select an upper one of
the fixed taps of the single-winding transformer 2. As a result, the voltage V, of the
secondary current coil 32 of the mutual induction reactor 3 is raised so that the output
voltage V, can be maintained constantly. Such a linear-controlled output voltage is
shown in Fig. 7A. On the other hand, in the case where the load current IL is larger in
amount than a reference current of the output current comparator 5, the output current
comparator 5 outputs a desired signal to the OR logic controller 6 to turn on the bypass
switch 71 and turn off all the switches S,-S,, in the switch array 7. As a result, in the
case where much load current is required, such as, for example, the start of a motor,
the input voltage V. is bypassed at once to sufficiently supply power to the load 8.
Then, if the load current is returned to the normal state, the bypass switch 71 is turned
off and any one of the switches S,-S,, in the switch array 7 is turned on for the power
saving mode.

If the winding start point of the primary voltage coil 31 of the mutual
induction reactor 3 is connected to the uppermost tap 21 of the single-winding
transformer 2, the voltage V, of the secondary current coil 32 of the mutual induction
reactor 3 becomes the maximum, thereby causing the saved power amount to become
the maximum. In the case where the winding start point of the primary voltage coil 31
of the mutual induction reactor 3 is connected to the middle tap of the single-winding
transformer 2 through the switch (for example, S3) in the switch array 7, the voltage V.
of the primary voltage coil 31 is reduced. As a result, the voltage V, of the secondary

current coil 32 of the mutual induction reactor 3 is reduced, thereby causing the saved

- 10 -
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power amount to be reduced. In this manner, as the input voltage V, becomes higher
In level, the winding start point of the primary voltage coil 31 of the mutual induction
reactor 3 is moved toward the uppermost tap 21 of the single-winding transformer 2 to
maintain the output voltage V, constantly. On the other hand, in the case where a high
voltage is required to be supplied to the load 8, such as the start of a motor or the
lighting of a discharge lamp, the winding start point of the primary voltage coil 31 of the
mutual induction reactor 3 is connected to the lowermost tap 22 of the single-winding
transformer 2 through the bypass switch 71, so that a short-circuit can be formed.
Because of the formation of short-circuit, a magnetic flux of the mutual induction reactor
3 is neutralized and the secondary current coil 32 of the mutual induction reactor 3 is
changed into a conductor, resulting in the flow of much current. As a result, the input
voltage V, can be supplied directly to the load 8 with no use of a separate bypass
switch. In other words, there Is no necessity for connecting a separate large capacity
current switch across the secondary current coil 32 of the mutual induction reactor 3.
Also, a transient phenomenon such as a high surge can be minimized even in the linear
voltage variation or tap switching of the primary voltage coil 31 of the mutual induction
reactor 3 because the parallel circuit of the single-winding transformer 2 constitutes a
closed circulit.

Fig. 2 is a block diagram illustrating the construction of an AC power
control device in accordance with a second embodiment of the present invention and
Fig. 5 is a detailed circuit diagram of the AC power control device in Fig. 2. In these
drawings, the output voltage V, is used to excite the primary voltage coil 31 of the

mutual induction reactor 3. The winding start points of the primary voitage coil 31 and

- 11 -
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secondary current coil 32 of the mutual induction reactor 3 are connected in common
to the power supply line. The winding end point of the secondary current coil 32 of the
mutual induction reactor 3 is connected in series to the load 8. The single-winding
transformer 2 is connected in parallel to the output of the mutual induction reactor 3.
In the second embodiment of the present invention, the single-winding transformer 2
includes a plurality of fixed taps provided from its winding middle point to its winding end
point. The fixed taps of the single-winding transformer 2 are selectively connected to

the winding end point of the primary voltage coil 31 of the mutual induction reactor 3

through the switches S,-S,, in the switch array 7.

If the input voltage V, becomes higher in level, the winding end point of
the primary voltage coil 31 of the mutual induction reactor 3 is moved toward the
lowermost tap 22 of the single-winding transformer 2, thereby causing the voltage V,
of the secondary current coil 32 of the mutual induction reactor 3 to become the
maximum. As a result, the output voltage V, becomes the minimum. On the other
hand, in the case where the input voltage V, becomes lower in level, the winding end
point of thé primary voltage coil 31 of the mutual induction reactor 3 is moved toward
the uppermost tap 21 of the single-winding transformer 2 and ultimately connected
thereto. In this case, the primary voltage coil 31 and secondary current coil 32 of the
mutual induction reactor 3 are connected in parallel to each other and the magnetic flux
of the mutual induction reactor 3 is neutralized. As a result, the input voltage V Is
100% supplied to the load 8.

Fig. 3 is a block diagram illustrating the construction of an AC power

control device in accordance with a third embodiment of the present invention and Fig.

_12 -
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6 Is a detailed circuit diagram of the AC power control device in Fig. 3. In these
drawings, the mutual induction reactor 3 is of the series-winding type where the primary
voltage coll 31 is excited to control the voltage V, of the secondary current coil 32. The
winding start point of the secondary current coil 32 of the mutual induction reactor 3 and
the uppermost tap 21 of the single-winding transformer 2 are connected in parallel to
the power supply line. The winding end point of the secondary current coil 32 of the
mutual induction reactor 3 is connected in parallel to the winding start point of the
primary voltage coil 31 of the mutual induction reactor 3 and the load 8. The lowermost
tap 22 of the single-winding transformer 2 is connected to the power ground line.

As the input voltage V, becomes higher in level, the winding end point of
the primary voltage coil 31 of the mutual induction reactor 3 is moved toward the
lowermost tap 22 of the single-winding transformer 2, thereby causing the voltage V,
of the secondary current coil 32 of the mutual induction reactor 3 to become the
maximum. As a result, the output voltage V, becomes the minimum.

On the other hand, in the case where the input voltage V, becomes lower
in level, the winding end point of the primary voltage coil 31 of the mutual induction
reactor 3 is moved toward the uppermost tap 21 of the single-winding transformer 2 to
compensate for a voltage drop. Furthermore, as the input voltage V. falls below the
reference voltage CV, the winding end point of the primary voltage colil 31 of the mutual
induction reactor 3 is ultimately connected to the uppermost tap 21 of the single-winding
transformer 2. In this case, the primary voltage coil 31 and secondary current coil 32

of the mutual induction reactor 3 are connected in parallel to each other and the

- 13 -
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magnetic flux of the mutual induction reactor 3 is neutralized. As a result, the input
voltage V. Is 100% supplied to the load 8.

As apparent from the above description, the proper power neceSsary {o
the saving of energy can be supplied by using the mutual induction reactor which is
Implemented on the basis of the principle of the linear transformer and has the small
capacity corresponding to about 1/10 of the load power. Further, the linear voltage
control as shown in Fig. 7A and the dual phase switching control as shown in Fig. 7B
are implemented to provide the desired average AC voltage and minimize noise and
surge current in the switching transient period. Therefore, the present invention
provides the power-saving AC power control device which is economical, compact, light
and highly reliable.

Although the preferred embodiments of the present invention have been
disclosed for illustrative purposes, those skilled in the art will appreciate that various
modifications, additions, and substitutions are possible, without departing from the

scope and spirit of the invention as disclosed in the accompanying claims.

- 14 -
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WHAT IS CLAIMED |S:

1. An alternating current power control device comprising:

a phase comparison controller for comparing a phase of an input voltage with

that of a first reference voltage;
5 a single-winding transformer for varying said input voltage;
a mutual induction reactor for lowering said input voltage by a desired level in
response to an output voltage from said single-winding transformer;
an output voltage comparator for comparing an output voltage with a second
reference voltage;
10 an output current comparator for comparing an output current with a reference
current;
an OR logic controller for performing an OR operation with respect to output
signals from said phase comparison controller and output current comparator; and
a switch array for selectively transferring said output voltage from said single-
15 winding transformer to said mutual induction reactor in response to output signals from

said output voltage comparator and OR logic controller.

2. An alternating current power control device as set forth in Claim 1,

wherein said single-winding transformer includes its winding start point connected to a

power supply line, its winding end point connected to a power ground line and a

20 plurality of fixed taps provided between said winding start point and winding end point,

said mutual induction reactor includes a primary voltage coil having its winding start

-15 -
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point selectively connected to said fixed taps of said single-winding transformer through
said switch array and its winding end point connected to said power ground line and a
secondary current coil having its winding start point connected to said power supply line
and its winding end point connected to a load, and said switch array includes a bypass
control input terminal and a release input terminal for commonly inputting said output
signal from said OR logic controller and a switch selection control input terminal for

inputting said output signal from said output voltage controller.

3. An alternating current power control device as set forth in Claim 1,
wherein said single-winding transformer includes its winding start point connected to a
loaq, its winding end point connected to a power ground line and a plurality of fixed taps
provided between said winding start point and winding end point, said mutual induction
reactor includes a primary voltage coil having its winding start pbint connected to a
power supply line and its winding end point selectively connected to said fixed taps of
said single-winding transformer through said switch array and a secondary current coil
having its winding start point connected to said power supply line and its winding end
point connected to said load, and said switch array includes a bypass control input
terminal and a release input terminal for commonly inputting said output signal from
sald OR logic controller and a switch selection control input terminal for inputting said

output signal from said output voltage controller.

4. An alternating current power control device as set forth in Claim 1,

wherein said single-winding transformer includes its winding start point connected to a

- 16 -
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power supply line, its winding end point connected to a power ground line and a
plurality of fixed taps provided between said winding start point and winding end point,
sald mutual induction reactor includes a primary voltage coil having its winding start
point connected to a load and its winding end point selectively connected to said fixed
taps of said single winding transformer through said switch array and a secondary
current coll having its winding start point connected to said power supply line and its
winding end point connected to said winding start point of said primary voltage coil, and
said switch array includes a bypass control input terminal and a release input terminal
for commonly inputting said output signal from said OR logic controller and a switch

selection control input terminal for inputting said output signal from said output voltage

controller.

_17 -
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