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DESCRIPTION

TRANSFORMING APPARATUS FOR AUTOMATICALLY ADJUSTING

THREE-PHASE POWER SUPPLY VOLTAGE

TECENICAL FIELD

The present invention relates to a transforming
apparatus which automatically adijusts the wvoltage of
three-phase power supply led into a power consumer site
to within a target wvoltage range lower than its rated
voltage and éupplies to load equipment, and particularly
to guch a transforming apparatus which has a Y-connection
three-phase trangformer as its basic configuration.

BACKGROUND ART

In, for example, hotels, supermarkets, factories,
etc., lighting eguipment, air conditioning eqguipment,
power eqgquipment, or the like consumes a large amount of
electric power. Recently, such general power consumers
have strongly recognized the necesgity for energy saving
meagureg, and various measures have been come up with
and are being carried out.

One of energy saving measures adoptable by general
power consumers ig a known scheme where the electricity
receiving system leading commercial power supply into
indocor equipment is provided with the transforming
apparatus disclosed in Japanese Patent No. 2750275 or
No. 3372178, which automatically adjusts the voltage of
commercial power supply to a voltage several percent
lower than its rated wvoltage and supplies to load

eguipment.
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In areae which are inferior in the gtability of power
generating facilities and power distribution facilities,
power supply voltage at receiving points of power
consumers 1s not stable and often fluctuates over a
voltage range slightly higher than the rated voltage.
In such a situation, by supplying power supply whose
voltage is automatically adjusted by a transforming
apparatus to a voltage several percent lower than the
rated voltage to locad equipment, power consumption by
the load eguipment is greatly reduced, thus preoducing
an especially large energy saving effect.

DISCLOSURE QOF THE INVENTION
[Problems to be solved by the invention]

The trangforming apparatus disclosed in above-cited
Japanese Patent No. 3372178 automatically adjusts the
voltage of three-phase power supply to within a target
voltage range lower than the rated voltage and supplies
to load eguipment. However, the winding configuration
of the transformer used in this transforming apparatus
is not in the Y-connection but a special configuration
where the current and magnetic £lux of each phasge are
combined with those of the other phases, and hence it
is extremely difficult to design its winding circuit and
magnetic circuit so as to achieve desired
characteristics.

The above conventional transforming apparatus is
configured to change its transformation characteristic
by switching on/off a plurality of switches connecting
the different phasesg in combination, and thus the switch

needs to be switched on/off at a timing that the voltage
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between opposite ends of the switch (voltage between
different phases) becomes zero. Hence, a switch control
circuit thereof is complicated, and thusg it ig difficult
to secure the stability and reliability of switching
cperation timings.

An object of the present invention is to provide a
transforming apparatus with a Y-connection three-phase
transformer as its basic configuration which
automatically adjusts the voltage of three-phase power
supply to within a target voltage range lower than the
rated voltage and supplies to load eguipment.

[Means for sclving the problems]

A transforming apparatus according to the present
invention is characterized by the following items (1)
to (22} :

(1) Dbeing a transforming apparatus automatically
adjusting the voltage of three-phase power supply
comprising three input terminals (Rin, Sin, Tin), three
output terminals (Rout, Sout, Tout), a Y-connection
three-phase transformer, a switch group, and a switch
switching circuit;

{(2) the three input terminals (Rin, Sin, Tin) being
respectively connected to three main lines of the
three-phagse power supply;

(3) the three output terminals (Rout, Sout, Tout) being
connected to a load imnstallation;

(4) the Y-connection three-phase transformer comprising
a core, an R-phase winding circuit, an S-phase winding
circuit, and a T-phase winding circuit;

{(5) in the R-phase winding circuit, an R-phase main
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winding, an R-phasgse first auxiliary winding, an R-phase
first switch, an R-phase second auxiliary winding, and
an R-phase third auxiliary winding being serially
connected in that order between the input terminal Rin
and a neutral point O, the ocutput terminal Eout being
connected to the other end of the R-phase main winding;
(6) an R-phase second switch of the switch group being
connected in parallel with a series c¢ircuit of the
R-phase first auxiliary winding and the R-phasge first
switch;

{(7) an R-phase third switch of the switch group being
connected in parallel with a series circuit of the
R-phage firgt auxiliary winding, the R-phase firgt
switch, and the R-phase second auxiliary winding;

(8) an R-phase fourth switch of the switch group being
connected in parallel with a series circuit of the
R-phase second auxiliary winding and the R-phase third
auxiliary winding;

{(9) in the S-phage winding circuit, an S-phase main
winding, an S-phase first auxiliary winding, an S-phase
first switch, an S-phase second auxiliary winding, and
&n S~-phase third auxiliary winding being sgerially
connected in that order between the input terminal Sin
and the neutral point O, the output terminal Sout being
connected to the other end of the S-phase main winding;
(10) an S-phase second switch of the switch group being
connected in parallel with a series circuit of the
S-phase first auxiliary winding and the S-phase firgt
switch;

{11) an S-phase third gswitch of the switch group being
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connected in parallel with a series circuit of the
S-phase first auxiliary winding, the S-phase first
switch, and the S-phase second auxiliary winding;
(12) an S-phasgse fourth switch of the switch group being
connected in parallel with a series circuit of the
S-phase gsecond auxiliary winding and the S-phase third
auxiliary winding;

(13) in the T-phase winding circuit, a T-phase main
winding, a T-phase first auxiliary winding, a T-phase
firgt switch, a T-phase second auxiliary winding, and
a T-phase third auxiliary winding being serially
connected in that order between the input terminal Tin
and the neutral point 0, the output terminal Tout being
connected to the other end of the T-phase main winding:
(14) a T-phase gsecond switch of the gwitch group being
connected in parallel with a series circuit of the
T-phase first auxiliary winding and the T-phase first
gwitch;

(15) a T-phase third switch of the switch group being
connected in parallel with a series circuit of the
T-phase first auxiliary winding, the T-phase first
switch, and the T-phase second auxiliary winding;
(16) a T-phase fourth switch of the switch group being
connected in parallel with a series circuit of the
T-phase second auxiliary winding and the T-phase third
auxiliary winding:;

(17) the switch switching circuit controlling the
switches based on the wvoltage levels of the output
terminals (Rout, Sout, Tout) or the input terminals (Rin,

8in, Tin) to switch between first to fourth modes in an
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alternative manner;
(18) in the firgt mode, the first switch of each phasge
being ON, and the second, third, and fourth switches of
each phase being OFF;
(19) in the gsecond mode, the gecond switch of each phase
being ON, and the first, third, and fourth switches of
each phase being OFF;
{(20) in the third mode, the third gwitch of sach phase
being ON, and the first, second, and fourth switches of
each phase being OFF;
(21) in the fourth mode, the fourth switch of each phacse
being ON, and the firsgt, second, and third switches of
each phasge being OFF; and
{22) the switch switching circuit switching on/off the
switches of each phase at a Eiming that the wvoltage
instantaneous value of the phase becomes zero to switch
the modes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a winding configuration diagram of a
transforming apparatusg according to an embodiment of the
present invention;

FIG. 2 ig a configurationdiagram of a core according
to the embodiment of the present invention;

FIG. 3 shows the configuration of a switch awitching
circuit according to the embodiment of the pregent
invention;

FIG. 4 ig a flow chart of the process procedure by
a microcomputer 82 in the embodiment; and

FIG. 5 shows an example configuration of one switch

and its corresponding part in the switch switching
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circuit.

[Explanation of Reference Numerals]

Rin, 8in,
Rout, Sout,
10R R-phase
11R R-phase
12R R-phase
13R R-phase
21R R-phase
22R R-phase
23R R-phase
24R R-phase
108 S-phase
118 S-phase
128 §8-phase
138 S-phase
218 8-phase
228 S-phase
238 S~phase
248 S-phase
10T T-phase
11T T-phase
12T T-phase
13T T-phase
21T T-phase
22T T-phase
23T T-phase
24T T-phase
5 Core

Tin

Input terminal

Tout Output terminal

main winding

firset auxiliary winding

second auxiliary winding
third auxiliary winding

first switch

second switch

third switch

fourth switch

main winding

first auxiliary winding

second auxiliary winding
third auxiliary winding

first switch

second switch

third switch

fourth switch

main winding

first auxiliary winding

second auxiliary winding
third auxiliary winding

firet switch

second switch

third switch

fourth switch

5R R-phase winding portion
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58 B8-phase winding portion
5T T-phase winding portion
8 Switch switching circuit
81 Voltage detecting circuit
82 Microcomputer
83 Drive circuit
51, 52 Thyrigtor
53 Gate signal generating circuit
54, 55 Voltage detecting circuit
BEST MQODE FOR CARRYING OUT THE INVENTION
===Qutline of the transforming apparatus===

FIG. 1 shows the winding configuration of a
transforming apparatus according to the present
invention, and FIG. 3 shows the configuration of a switch
switching circuit 8. First, the overall outline of this
transforming apparatus will be described.

This transforming apparatus comprises three input
terminals Rin, 8Sin, Tin connected respectively to the
three main lines of three-phage power supply and three
output terminals Rout, Sout, Tout connected to a load
installation. The transforming apparatus switches
between a first mode where the output voltage is made
about 2% lower than the input voltage, a second mode where
the output voltage is made about 4% lower than the input
voltage, a third mode where the output voltage is made
about 6% lower than the input voltage, and a fourth mode
where the output voltage is substantially equal to the
input voltage in an altermnative manner.

The transforming apparatus comprises, as its basic

configuration, a Y-connection three-phase transformer

PCT1447 e
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made up of an R-phase winding circuit, an S-phase winding

circuit, and a T-phase winding circuit, which are the

same in configuration, as shown in FIG. 1.

z=z=R-phase winding circuit===

In the R-phase winding circuit, an R-phase main
winding 10R, an R-phase first auxiliary winding 11R, an
R-phase first switch 21R, an R-phase second auxiliary
winding 12R, and an R-phase third auxiliary winding 13R
are serially connected in that order between the input
terminal Rin and a neutral point 0. The output terminal
Rout is connected to the other end of the R-phase main
winding 10R.

An R-phase second switch 22R 1is connected in
parallel with a series circuit of the R-phase first
auxiliary winding 11R and the R-phase first switch 21R.

An R-phase third switch 23R is connected in parallel
with a series circuit of the R-phase first auxiliary
winding 11R, the R-phase first switch 21R, and the
R-phase second auxiliary winding 12R.

An R-phase fourth switch 24R is connected in
parallel with a series circuit of the R-phase second
auxiliary winding 12R and the R-phase third auxiliary
winding 13R.
===8-phage winding circuit===

In the S-phase winding circuit, an S-phase main
winding 108, an S-phase first auxiliary winding 118, an
S-phase first switch 218, an S-phase second auxiliary
winding 128, and an S-phase third auxiliary winding 138
are serially connected in that order between the input

terminal Sin and the mneutral point O. The output
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terminal Sout is connected to the other end of the S-phase
main winding 108.

An S-phase second switch 228 1is connected in
parallel with a geries circuit of the ES-phase first
auxiliary winding 11S and the S-phase first switch 218.

An S-phase third switch 238 is connected in parallel
with a series circuit of the S-phase first auxiliary
winding 118, the S-phase first switch 218, and the
S~phase second auxiliary winding 1283.

An S-phase fourth switch 248 ig connected in
parallel with a series circuit of the S-phase second
auxiliary winding 128 and the S-phase third auxiliary
winding 138.
===T-phasgse winding circuit===

In the T-phase winding c¢ircuit, a T-phase main
winding 10T, a T-phase first auxiliary winding 11T, a
T-phase firgt gwitch 21T, a T-phase second auxiliary
winding 12T, and a T-phase third auxiliary winding 13T
are serially connected in that order between the input
terminal Tin and the mneutral point O. The output
terminal Tout is connected to the other end of the T-phase
main winding 10T.

A T-phase second switch 227 is connected in parallel
with a series circuit of the T-phase first auxiliafy
winding 11T and the T-phase first switch 21T,

A T-phase third switch 23T ig connected in parallel
with a series circuit of the T-phase first auxiliary
winding 11T, the T-phase first switch 21T, and the
T-phase second auxiliary winding 12T.

A T-phase fourth switch 24T ig connected in parallel

PCT1447 e
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with a series circuit of the T-phase second auxiliary
winding 12T and the T-phase third auxiliary winding 137T.
===Example of core B===

FIG. 2 shows an example of the form of a core 5 of
the Y-connection three-phase transformer. The windings
10R, 11R, 12R, 13R of the R-phase winding circuit are
wound around an R-~phase winding portion 5R of the core
5. The windings 108, 118, 128, 138 of the S-phase winding
circuit are wound around an S-phase winding portion 58
cf the core 5. The windings 10T, 11T, 12T, 13T of the
T-phase winding circuit are wound around a T-phase
winding portion 5T of the core 5.
===0utline of switch switching circuit 8===

FIG. 3 shows an example of the configuration of the
gwitch switching circuit 8. The switch switching
circuit 8 is configured to monitor the voltage levels
of the output terminals Rout, Sout, Tout and contrel a
group of the switches of FIG. 1 to switch between the
first to fourth modes in an alternative manner such that
the output voltage ig within a predetermined target
voltage range.

In the first mode, the first switch 21R, 218, 21T
of each phase becomes ON, and all the other switches (the
second, third, and fourth switches of each phase) become
OFF. In the first mode, the output voltage is about 2%
lower than the input wvoltage.

In the second mode, the second switch 22R, 228, 22T
of each phase becomes ON, and all the other switches (the
first, third, and fourth switches of each phase) become

OFF. In the second mode, the output voltage is about

PCT1447 e
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4% lower than the input voltage.

In the third mode, the third switech 23R, 238, 23T
of each phase becomes ON, and all the other switches (the
first, second, and fourth switches of each phase) become
OFF. In the third mode, the output voltage is about 6%
lower than the input voltage.

In the fourth mode, the fourth switch 24R, 248, 24T
of each phase becomes ON, and all the other switches (the
first, second, and third switches of each phase) become
OFF. In the fourth mode, the output wvoltage is
substantially equal to the input voltage.
===Details of switch switching circuit 8===

As shown in FIG. 3, the switch switching circuit 8
comprises a voltage detecting circuit 81, a
microcomputer 82, and a drive circuit 83. The voltage
detecting circuit 8? detects the voltage levels of the
output terminals Rou%{\Sout, Tout and inputs a detection
signal to the microcomputer 82. Performing a process
shown in the flow chart of FIG. 4 based on the detection
signal £from the wvoltage detecting circuit 81, the
microcomputer 82 inputs control signals to the drive
circuit 83 to switch between the first to fourth modes
in an alterpative manner. According to the control
signals from the microcomputer 82, the drive circuit 83
switches on/off the first to fourth switches 21R to 24R
of the R-phase, the first to fourth switches 215 to 248
of the S-phase, and the first to fourth switches 21T to
24T of the T-phase as described above.

An example of the process procedure of the

microcomputer 82 will be described with reference to the
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£low chart of FIG. 4. The microcomputer 82 compares the
programmed target voltage range and the detection signal
from the voltage detecting circuit 81, thereby
monitoring whether the output voltage is higher or lower
than the target wvoltage range (steps 410 and 420).

If the output voltage is higher than the target
voltage range, the process proceeds to a voltage lowering
routine of step 411 and later. In the voltage lowering
routine, when currently in the fourth mode (0% mode),
the transformer is made to switch to the first mode (-2%
mode) ; when currently in the first mode (-2% mode), to
switch to the second mode (-4% mode) ; and when currently
in the second mode (-4% mode), to switch to the third
mode (-6% mode) .

If the output voltage is lower than the target
voltage range, the process proceeds to a voltage raising
routine of step 421 and later. In the voltage raising
routine, when currently in the third mode (-6% mode},
the transformer is made to switch to the second mode (-4%
mode) ; when currently in the second mode (-4% mode)}, to
switch to the first mode (-2% mode); and when currently
in the first mode (-2% mode), to switch to the fourth
mode (0% mode) .
===8pecific example of switches and drive circuit 83===

As described above, the twelve switches are included
in the circuit of the Y-connection three-phase
transformer shown in FIG. 1, and these switches are
individually switched on/off by the drive circuit 83
shown in FIG. 3. The twelve switches and their

respective circuits in the drive circuit 83 are the same
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in configuration as one another.

FIG. 5 shows an example configuration of one of the
twelve switches and its one corresponding circuit in the
drive circuit 83. The gwitch consists of two thyristors
51, 52 connected in parallel in an opposite direction
to each other. The drive circuit 83 comprises a gate
signal generating circuit 53 and two voltage detecting
circuits 54, 55. The gate gsignal gemerating circuit 53
outputs a gate signal Gl to turn on the thyristor 51 and
a gate signal G2 to turn on the thyristor 52.

The wvoltage detecting circuit 54 detects the
gate-to-cathode voltage of the thyristor 51, and its
output signal A becomes “1” when the gate-to-cathode
voltage becomes zero {the current through the thyristor
51 becomes zero) and is at “0” when a current £flows
through the thyristor 51 with the gate-to-cathode
voltage being not =zero.

Likewise, the voltage detecting circuit 55 detects
the gate-to-cathode voltage of the thyristox 52, and its
output signal B becomes “1” when the gate-to-cathode
voltage becomes zero (the current through the thyristor
52 becomes zero) and is at “0” when a current flows
through the thyristor 5 with the gate-to-cathode voltage
being not zero.

When the microcomputer 82 of FIG. 3 gives the drive
circuit 83 of FIG. 3 (including the gate signal
generating circuit 53) a control signal to imstruct to
turn off the thyristors 51, 52 (one switch), the gate
signal generating circuit 53 turns off the thyristors

51, 52 through the gate signalgs thereof in response to

PCT1447 e
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the output signals A, B of the voltage detecting circuits
54, 55 changing to “1”. Further, another switch (two
thyristors connected in parallel 1in an opposite
direction to each other) to be turned on instead of the
thyristors 51, 52 (one switch) turned off is turned on.

As such, the switch switching circuit 8 of FIG. 3
is configured to switch on/off the switches of each phase
at a timing that the voltage instantaneous value of the
phase becomes zero to switch the modes. In the above
embodiment, each switch consgists of thyristors connected
in parallel in an opposite direction to each other, and
the switch switching circuit 8 comprises the wvoltage
detector detecting the gate-to-cathode voltage of each
thyristor and is configured to turn off a thyristor with
turning on another thyristor in response to a timing that
its gate-to-cathode voltage is detected to have just
become zero via the voltage detector of the thyristor

to be turned off.
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WHAT IS CLAIMED IS:

1. A transforming apparatus automatically adjusting the
voltage of a three-phase power supply comprising:
three input fterminals (Rin, Sin, Tin);
three output terminals (Rout, Sout, Tout);
a Y-connection three-phase transformer;
a switch group; and
a switch switching circuit, wherein:
the three iInput terminals (Rin, Sin, Tin) are
respectively connected to three main lines of the three-phase
power supply;
the three output terminals (Rout, Sout, Tout) are
connected to a load installation:
the Y-connection three-phase transformer comprises a
core, an R-phase winding circuit, an S-phase winding circuit,
and a T-phase winding circuit;
in the R-phase winding circuit, an R-phase main winding,
an R-phase first auxiliary winding, an R-phase first switch,
an R-phase second auxiliary winding, and an R-phase third
auxiliary winding are serially connected in that crder between
the input terminal Rin and a neutral point O, the output
terminal Rout being connected to the other end of the R-phase
main winding;
an R-phase second switch of the switch group is connected
in parallel with a series circuit of the R;phase first
auxiliary winding and the R-phase first switch;
an R-phase third switch of the switch group is connected
in parallel with a series circuit of the R-phase first

auxiliary winding, the R-phase first switch, and the R-phase
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second auxiliary winding;

an.prhase.fourth switch of the switch group is connected
in parallel with a series circuilt of the R-phase second
auxiliary winding and the R-phase third auxiliary winding;

in the S-phase winding circuit, an S-phase main winding,
an S-phase first auxiliary winding, an S-phase first switch,
an S-phase second auxiliary winding, and an S-phase third
auxiliary winding are serially connected in that order between
the input terminal Sin and the neutral pcoint O, the output
terminal Sout being connected to the other end of the S-phase
main winding;

an S-phase second switch of the switch group is connected
in parallel with =z series circuit of the S-phase first
auxiliary winding and the S-phase first switch;

an S-phase third switch ¢of the switch group is connected
in parallel with a series circuit of the S-phase first
auxiliary winding, the S-phase first switch, and the S5-phase
second auxiliary winding;

an S-phase fourth switch of the switch group is connected
in parallel with a series circuit of thg S-phase second
auxiliary Winding and the S-phase third auxiliary winding;

in the T-phase winding circuit, a T-phase main winding,
a T-phase first auxiliary winding, a T-phase first switch,
a T-phase second auxiliary winding, and a T-phase third
auxiliary winding are serially connected in that order between
the input terminzl Tin and the neutral point O, the output
terminal Tout being connected to the other end of the T-phase
main winding;

a T-phase second switch ¢f the switch group is connected

in parallel with a series circuit of the T-phase first
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auxiliary winding and the T-phase first switch;

a T-phase third switch of the switch group is connected
in parallel with a series circuit of the T-phase first
auxiliary winding, the T-phase first switch, and the T-phase
second auxiliary winding;

a T-phase fourth switch of the switch group is connected
in parallel with a series circuit of the T-phase second
auxiliary winding and the T-phase third auxiliary winding;

the switch switching circult controls the switches based
on the veoltage ‘levels of the output terminals (Rout,'Sout,
Tout) or the input terminals (Rin, Sin, Tin) to switch between
first to fourth modes in an alternative manner;

in the first mode, the first switch of each phase is ON,
and the second, third, and fourth switches of each phase are
OFF;

in the second mode, the second switch of each phase is
ON, and the first, third, and fourth switches of each phase
are OFF;

in the third mode, the third switch of each phase is ON,
and the first, second, and fourth switches of each phase are
OFF;

in the fourth mode, the fourth switch ¢f each phase 1is
ON, and the first, second, and third switches ¢f each phase
are OFF¥; and

the switch switching circuit switches on/off the switches
of each phase at a timing that the voltage instantanecus value

of the phase becomes zero to switch the modes.

2. The transforming apparatus according to claim 1,

wherein each of the switches includes thyristors connected



19

in parallel in an opposite direction to each other, and the
switch switching circuit comprises a voltage detector
detecting the gate-to-cathode voltage of each of the
thyristors and turns off a thyristor with turning on another
thyristor in response to a timing that its gate-to-cathode
voltage is detected to have just become zero via the voltage

detector of the thyristor to be turned off.



