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1 (57) Abstract

In 2 three-phase three-wire or four-wire auto-transformer, one set or a
plurality of sets of main coils connected to an input terminal are interwound
around three-phase core type cores by three circuits and a plurality of sets of
exciting coils, which are wound around the cores and connected in series
wilh each other, are connected between the end sections of the main coils of
individual circuits through a plurality of combination connections. At the
same time, a plurality of sets of electronic switches which are turned on/off
depending upon the voltage value of & voltage sensor connceted to an input
or output terminal are provided between the above-mentioned end sections
are provided between the above-mentioned end sections and between
individual exciting coils and one set or a plurality of sets of elcctronic
switches between the end sections and between individual exciting coils are
connected or disconnected by turning on/off the switches in steps for every
same phase-to-phase potential or every same current of the switches so that
the circuit can be switched to a circuit which uninterruptively regulates the
; output voltage of the transformer. Therefore, the output voltage of the
i transformer can be regulated to within a prescribed set range and the load of
the transformer is not affected when the input voltage rises or drops, because
the tise or drop is automatically detected and the circuit is switched.
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ABSTRACT QF THE DISCLOSURE

An electric power saving transformer for three-phase
current with an automatic voltage transferring device, in an
autotransformer of a three-phase three-wire system or a
three-phase four-wire system, is characterized by phase-
winding one set or plural sets of main coils which are
connected to input terminals on a three-phase core-type core;
connecting plural sets of exciting coils mutually connected
in series to wind the three-phase core-type core between the
ends of the main coils by means of plural combinations of
connection; connecting plural electric switches between the
ends of the main coils and the exciting coils which are
switched to ON/OFF based on the value detected by a voltage
sensor connected to the input or output terminals; and
connecting and disconnecting between the ends of the main
coils and the exciting coils, by switching ON/OFF of the
electric switches stepwise on the same value of voltages or
currents between the phases in order to automatically change
output voltage correspondingly to input voltage onto voltage
transferring circuits in an uninterrupted manner.

Therefore, when the input voltage decreases or increases,
it is automatically detected and the circuits are changed so
that the output voltage is kept within the predetermined
output voltage range, preventing the load f£from being

influenced.
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METHOD OF AUTOMATICALLY CHANGING VOLTAGE IN ELECTRIC POWER
SAVING TRANSFORMER OF THREE-PHASE SYSTEM AND APPARATUS
THEREFCOR

BACKGROUND OF THE INVENTION

The present invention relates to a device having a
function of automatically adjusting a voltage which is output
at a voltage within a predetermined range even when an input
voltage is increased or decreased beyond the predetermined
range of the véltage in an electric power saving device, such
as an autotransformer, so that an abnormal voltage is not
supplied to a load. ‘

Japanese Patent Application.No.1804/1995,‘which was filed
prior to the present application by the same applicant, is
one of known conventional electric power saving apparatuses.

In a conventional electric power saving apparatus, as
shown in Fig. 4, plural sets of exciting coils L3, L4, L7 and
L8, which are wound on a single-phase core-type core (9) in
a mutually connected series, are connected between the ends
of plural setgs of main coils L1, L2, L5 and L6 which are
phase-wound on the core (9), in which the bombinatibns of
connection of the exciting coils L3, L4, L7 and LB are
controlled by thyristors (1, 2, 3, 4, 5; 6, 7, 8) connected
with a voltage sensor (not shown) provided at the input ends
of the main coils L2 and L6, whereby an output voltage is
prevented from unnecessary increase and decrease.

For example, a circuit, on which the exciting coils are
combined to cause the voltage to output dropped by 6V for an
input wvoltage of 100V, is automatically changed to another
circuit which has a lower-voltage rate of 3V and then OV when
the input voltage is decreased. On the other hand, the
circuit will be automatically changed to another circuit

which has a upper-voltage rate of 3V or 6V when the input

1
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voltage is too low. Therefore, the output voltage is prevented from unnecessary
increasing and decreasing so as to keep the influence on the load as little as possible.

However, conventional electric power saving transformers with automatic
vollage changing device such as the aforementioned example are for single-phase current,

5 and are restricted to autotransformers of single-phase three-wire or two-wire system used
except for a power generator,

In the case of three-phase current, a simultaneous ON/OFF change of voltages of
three phases is desired. Since the three phases of alternating current are not the same
voltage level and simultaneous OFF is impossible for thyristors as electric switches, the

io control circuit is complex and difficult to manage compared with for single-phase current.
Accordingly, manual voltage change has been performed conventionally instead of

automatic voltage change in three-phase current.

SUMMARY OF THE INVENTION
HOE To solve the aforementioned disadvantages, the present invention provides, as
:: will be described in the following, a method and an apparatus having a function of

automatically adjusting an output voltage within a predetermined range even when an
input voltage is increased or decreased beyond the predetermined range of the voltage in
an electric power saving device for three-phase current.

20 Accordingly, the invention provides a methed of changing three-phase voltage in
an electric power saving transformer of a three-phase three-wire system or a three-phase
four-wire system, comprising the steps of: |

phase-winding one set or plural sets of main coils which are connected to input
terminals on a three-phase core-type core in the transformer;

25 connecting plural sets of exciting coils, mutually connected in series, to wind the

core between the ends of the main coils by means of plural combinations of connection;
connecting plural electric switches between the ends of the main coils and the
exciting coils which are switched to ON/OFF based on the value detected by a voltage
sensor connected to the input or output terminals of the transformer; and
1 connecling and disconnecting between the ends of the main coils and the exciting
coils by switching ON/OFF of the electric switches stepwise on the same value of
voltages or currents between the phases in order to automatically change output voltage

correspondingly to input voltage in an uninterrupted manner.

[RALIBQ)722 doc:ave
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The invention also provides an electric power saving transformer of a three-
phase three-wire system or a three-phase four-wire system for three-phase current,
comprising:

one set or plural sets of main coils which are connected to input terminals to
phase-wind on a three-phase core-type core in the transformer;

plural sets of exciting coils, mutually connected in series, to wind the core
between the ends of the main coils by means of plural combinations of conmection;

plural electric switches between the ends of the main coils and the exciting coils
which are switched to ON/OFF based on the value detected by a voltage sensor connected
to the input or output terminals of the transformer so that by comnecting and
disconnecting between the ends of the main coils and the exciting ¢oils by switching
ON/OFF of the electric switches stepwise on the same value of voltages or currents
between the phases in order to automatically change output voltage correspondingly to
input voltage in an uninterrupted manner.

According to the electric power saving device of the present invention, the
instant the voltage sensor detects an increase or a decrease of the input voltage beyond the
predetermined range, electric switches, which receive an output signal sent from the
voltage sensor, control the combinations of connection of the aforementioned plural sets
of the exciting coils so as to adjust the lower-voltage rate for the input voltage value in
order to be able to constantly output the voltage within the predetermined range.

Furthermore, when the output voltage does not need to be decreased, the voltage
may be output at the same value as the input voltage.

Hysteresis may be provided by difference between input voltage values in which
a lower-voltage rate is changed, when the input voltage is being increased and decreased,
80 that an error made by the apparatus when the combinations of connection of the
exciting coils are changed is prevented, and the coils and electric switches are facilitated
without being overloaded.

The stepwise change of the lower-voltage rate according to the input voltage
value is effective for electric power saving,

The lower-voltage rate of approximate 1% to 10% is

[RALIBQ)722 doc:ave
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useful.

According to the present invention as described so far,
electric power is, a matter of course, saved by decreasing
the output voltage to be above the minimum voltage necessary
but within the predetermined range. Furthermore, the voltage
is facilitated to adjust to automatically output the voltage
value within a predetermined range, whereby the influence on
a load for three-phase current wherein voltage stability is

necessary may be minimized.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the present invention will be seen in reference to the
following descriptions taken in connection with the
accompanying drawings.

Fig. 1 is a circuit diagram of the main part of an
automatic three-phase voltage transferring apparatus
according to fhe present invention.

Fig. 2 is a graph showing the relation between input
voltage and output voltage by the apparatus according to the
present invention. i

Fig. 3 graphically profiles a.three—phase current.

Fig. 4 is a circuit diagram of the main part of an
automatic wvoltage transferring apparatus according to
conventional skills.

L1, L2, L5, L6, L9 and L10 each stand for main coils, and
L3, L4, L7, L8, L1l and L12 each stand for exciting coils.
R, § and T each stand for input terminals, and r, s and t
each stand for output terminals of transformer. S1, S2, S3
and S4 each stand for electric switches, and € stands for

three-phase core-type core.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention will be described below with
reference to the drawings.

Fig. 1 shows a circuit diagram of the main part of an
electric power saving apparatus according to the present
invention, in which plural main éoils L1, L2; L5, L6; and L9,
L10, connected with input terminals R, S and T of the
transformer respectively, are phase-wound on a three-phase
core-type core (C), .and plural sets of exciting coils L3, L7,
Lil and L4, L8, 'L12, connected in series respectively to wind
on the three-phase core%type core (C), are conneacted between
the ends of the main coils L2, L6 and L10 by plural combined
connections. Further, an output terminal t of the
transformer is connected between the main coil L2 and the
exciting coil L3,ﬁand thE‘ofher'output terminals r and s are
connected between the main coil L6 and the exciting coil L7
and between the mainvcoil L10 and the exciting coil L1l
respectively.

A voltage sensor (nbt shown)hfor detecting the input
voltage is designed in a base plate {not shown), in which the
terminal on the probe side is connected to the output
terminals of the ﬁéin coils L2, L6, and L1Q, and the other
terminal on the signal output side is connected to electric
switches S1, 82, S3 and S4 designed respectively between the
exciting coils.

Az shown in Fig. 1, the aforementioned electric switches
81, 82, S3 and S4 are respectively connected between exciting
coils; the electric switch S1 being connected between the
exciting coils L3, L7, L4 and L8, the electric switch S2
being connected between the exciting coils L7, L11, L8 and
L12, the electric switch S3 being connected between the
exciting coils L4 and L8, and the electric switch S4 being
connacted between the exciting coils L8 and L12Z.

The electric switches are switched to ON/OFF by a

5




voltage value detected by the voltage sensor, to control the

combinations of connection of the exciting coils L3, L4, L7,
L8, L11 and L12 in the circuit, with the result that the
output voltage is automatically adjusted.

5 The function and effect of the present invention is
explained below with reference to Fig. 2 which illustrates
the relation between input voltage and output voltage.

In this embodiment, coils are designed to cause voltage
to drop at 4V{(2%) or BV(4%) for an input voltage at 200V

10 under the condition that the predetermined lower voltage rate
is defined as 2% and 4%, and the minimum voltage value
necessary for a load is defined as 192V,

In this case, the circuit is initially connected to make
the output voltage drop by 8V from the input voltage, and the

15 input veoltage is going to decrease. More specifically, in.
the circuit diagram of Fig. 1, by the control signal detected
by the voltage sensor designed in the base plate, the
electric switches 51 and S2 are switched to an ON state, and
the other electric switches S3 and S4 are switched to an OFF

20 state. '

Here, for example, when an input voltage of 210V is
loaded,” the main ceoils L1, L2; L5, L6é; and LY, L10 are
respectively dropped by 8V by the exciting coils L3, L7 and
L11. Therefore, the voltage of 210-8=202 (V) is output from

25 each output terminals r, s and t. As shown in Fig. 2, this
lower-voltage circuit is used just before the input voltage
reaches 200V, in which case the voltage‘drops below 192V when
the input voltage is dropped by 8V. .

When an input voltage reaches 200V, the circuit is

30 changed to another circuit which drops by 4V in order to

prevent dropping the voltage unnecessarily. The electric
switches 53 and S4 are ON, and the other electric switches S1
and S2 are OFF in the circuit. The main coils L1, L2; L5,

L6; and L9, L10 are respectively dropped by 4V by the

exciting coils L3, L7 and Ll1l. Therefore, the voltage of

6
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200-4=196 (V) is output from each output terminals r, s and
t. As shown in Fig. 2, this lower-voltage circuit is used
Jjust before the input voltage reaches 196V, in which case the
voltage drops below 132V when the input voltage is dropped by
4av.

When the input voltage reaches 192V, the circuit is
changed to another circuit, directly connecting input
terminals R, S and T to output terminals r, s and t in order
to prevent dropping the voltage unnecessarily.

Moreover hysteresis is provided in changing the
combinations of connection of the exciting coils so that
errors made by the apparatus judging the change of iﬁput
voltage by an instantaneous voltage owing to a fluctuation of
the input voltage or the like are eliminated, and thus an
unnecessary. load on the electric switches and coils are
prevented. 7

As shown in Fig. 2, the predetermined input voltage value
for changing lower-voltage rate is different between
decreasing and increasing of the input voltage. The circuit

for 4V dropping is changed to that for 8V dropping at 202V of

the input voltage when it is increasing.

As seen, the apparatus accbrding to the present invention
adjusts the output voltage by means of the above circuit
structure, and since it is for three-phase current, timing of
switching ON/OFF of the electric switches ié important.

Specifically, because each phase is placed with an angle
of 120 degrees as shown in Fig. 3, the three phases are never
of the same electric level or the same electric current.
Moreover, in electric switches like thyristors, the three
phases may be turned ON at the same time but cannot be turned
OFF at the same time. In switching ON/OFF of each phase, the
exciting coils become short circuit or disconnected for a
period of one-third or two-thirds of the cycle, resulting in
that it is impossible to change the voltage in each single

phase.
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Therefore, because there is a time when two phases are of
the same electric level or the same electric current as shown
in Fig. 3, the present invention switches operate on this
time.

Namely, when the lower-veltage rate is 8V, electric
switches S1 and S2 are ON, and S3 and S4 are OFF. As the
lower-voltage rate is changed to 4V, S1 is switched from ON
to OFF and S3 is switched from OFF to ON when phase T and
phase R are of the same electric level or the same electric
current. In one third of the cycle till phase R and phase S
become of the same electric level or the same electric
current, S2 is kept ON and S4 is kept OFF. Next, the moment

phase R and phase S become of the same electric level or the

‘'same electric current, S2 is switched from ON to OFF and S4

is switched from OFF to ON.

Like this, voltage adjustment in three-phase current is
made possible by operating the switches in two steps, and
thus an electric power saving apparatus is designed.

Since the electric switches are switched stepwise, there
may happen an instantaneous unbalance of voltage in phases
according to a feature of electric switch. However the
unbalance is really for a short time so that security is
fully provided.

The electric power saving transfcormer for three-phase
current with an automatic wvoltage transferring device
according to ' the present invention can éontrol the
combinations of connection of the plural sets of exciting
coils stepwise on the same electric level or electric current
of two phases with electric switches between the ends of main
coils and exciting coils which are switched to ON/OFF based
on the input or output voltage detected by a voltage sensor.
Accordingly, when an input or oufput voltage decreases or
increases so that it is no longer within the predetermined

voltage range, the circuit is automatically changed to keep

5>\ the output voltage to be higher than the predetermined
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minimum voltage value for a load.

Moreover hysteresis may be provided in changing the
combinations of connection of the exciting c¢oils so that
errors made by the apparatus judging the change of .input
voltage by an instantaneous voltage owing to a fluctuation of
the input voltage or the like are eliminated, and thus an
unnecessary load on the electric switches and coils are
prevented.

The predetermined lower-voltage rate in the above
embodiment is defined as 2% (4V) and 4% (B8V) for an input
voltage of 200V, however, it can be optionally modified in
value and in number of steps, and further, although the
minimum voltage value for load has been defined as 192V, the
minimum voltage value for load can be optionally modified by
a switch (not shown) provided in the apparatus.

While the invention has been particularly shown and
described with reference to the preferred embodiment, it will
be understood by those skilled in the art that the foregoing
and other changes'in form and details can be made without

departing from the spirit and scope of the present invention.
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WHAT IS CLAIMED IS:

1. A method of changing three-phase wvoltage in an electric
power saving transformer of a three-phase three-wire system
or a three-phase four-wire system, comprising the steps of:

phase-winding one.set or plural sets of main coils which
are connected to input terminals on a three-phase core-type
core in the transformer;

connecting plural sets of exciting coils, mutually
connected in series, to wind the core between the ends of the
main coils by means of plural combinations of connection;

cbnnecting plural electric switches between the ends of
the main coils and the exciting coils which are switched té
ON/CFF based on the wvalue detected by a voltage sensor
connected to the input or output terminals of the
transformer; and

connecting and disceonnecting between the ends of the main
coils and the exciting coils by switching ON/OFF of the
electric switches stepwise on the same value of voltages or
currents between the phases in order to automatically change
output voltage correspondingly to input voltage in an

uninterrupted manner.

2. The method of changing three-phase voltage according to
Claim 1, further comprising hysteresis provided by difference
between input voltage values in which a lower-voltage rate is
changed when the input voltage is being increased and

decreased.

3. The method of changing three-phase voltage according to
either Claim 1 or Claim 2, wherein the lower-voltage rate is

changed in plural steps.

4. The method of changing three-phase voltage according to

10
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any one of Claim 1 to Claim 3, wherein the lower-voltage rate

is approximately 1% to 10%.

5. An electric power saving transformer of a three-phase
three-wire system or a three-phase four-wire system for
three-phase current, comprising :

one set or plural sets of main coils which are connected
to input terminals to phase-wind on a three-phase core-type
core in the transformer;

plural sets of exciting coils, mutually connected in
series, to wind the core between the ends of the main coils
by means of plural combinations of connection;

plural electric switches between the ends of the main
coils and the exciting coils which are switched to ON/OFF
based on the value detected by a voltage sensor connected to
the input or output terminals of the transformer sc that by
connecting and disconnecting between the ends of the main
coils and the exciting coils by switching ON/OFF of the
electric switches stepwise on the same value of voltages or
currents between the phases in order to automatically change
output voltage correspondingly to input voltage in an

uninterrupted manner.

6. The electric power saving transformer according to Claim

- 5, further comprising hysteresis by difference between input

voltage values in which a lower-voltage rate is changed when

the input voltage is being increased and decreased.

7. The electric power saving transformer according to any
one of Claim 5 or Claim &, wherein the lower-voltage rate is

changed in plural steps.

8. The electric power saving transformer according to either
Claim 5 to Claim 7, wherein the lower-voltage rate is

approximately 1% to 10%.

11
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9, An electric power transformer substantially as herein described with

reference to Figs. 1 and 2.

DATED this Thirteenth Day of August 1998
Aikoh Electric Corporation
5 Paient Attorneys for the Applicant
SPRUSON & FERGUSON
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