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(57) ABSTRACT

Voltage compensating circuits are connected serially to a
power system, including capacitors each having different
charging voltages (in relationship of approximately 2* (K=0,
1, 2, ... ) times the smallest charging voltage value). The
voltage compensating circuits convert DC voltages 1n the
capacitors 1nto AC voltages and output the AC voltages,
respectively. The voltages of the capacitors are detected as
detected values V1 to V3. The detected values V1 to V3 are
used as bit signals for a reference value to check a voltage
dip amount of the power system with the reference value and
to convert the voltage dip amount 1into a binary signal. A
combination 1s selected from the voltage compensating cir-
cuits 1n accordance with the binary signal so that the sum of
output voltages of the selected voltage compensating circuits
compensates the voltage dip of the power system.
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VOLTAGE FLUCTUATION COMPENSATING
APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a voltage fluctuation com-
pensating apparatus for detecting and compensating a volt-
age dip when voltage of an electric power system supplied to
a load dips instantaneously.

2. Description of the Related Art

In some cases, voltage of an electric power system may
dip instantaneously due to lightning so that a precision
machine 1n a factory malfunctions or stops temporarily to
cause great damage 1n a production line. In order to prevent
such damage, there 1s used a voltage tluctuation compensat-
ing apparatus for monitoring voltage fluctuation such as an
instantaneous voltage dip in an electric power system, and
compensating the voltage dip.

FIG. 18 1s a schematic configuration diagram showing a
related-art voltage fluctuation compensating apparatus. As
shown 1n FIG. 18, electric power from a power line 1 1s
stepped down by a transformer 2, and then connected to a
customer 3 (load) through a voltage tluctuation compensat-
ing apparatus. Thus, electric power 1s supplied to the cus-
tomer 3. The voltage fluctuation compensating apparatus
includes a DC power source 4, an inverter 5, a smoothing
filter 6, and a high-capacity transformer 7.

Description will be made below about the voltage com-
pensating operation in such a related-art voltage fluctuation
compensating apparatus at the time of an instantaneous dip
of a system voltage.

FIG. 19 shows a system voltage, an output of a voltage
fluctuation compensating circuit, and a voltage supplied to
the customer 3, respectively, at the time of an instantaneous
dip of a system voltage. As shown 1n FI1G. 19, when a voltage
dip occurs instantaneously 1n the system voltage, the voltage
dip 1s detected by a detection unit (not shown) which moni-
tors voltage fluctuation. By the power feeding control based
on the detected voltage dip, an AC voltage 1s generated by
the DC power source 4 and the inverter 5 1n the voltage
fluctuation compensating apparatus. The AC voltage 1s con-
nected 1n series to the power system through the smoothing,
filter 6 and the high-capacity transformer 7. Thus, the volt-
age dip of the power system 1s compensated. As a result, the
output voltage from the voltage fluctuation compensating
apparatus 1s added to the system voltage 1n which the voltage
dip has occurred, so that electric power with a normal volt-
age 1s supplied to the customer 3.

Since the related-art voltage fluctuation compensating
apparatus 1s configured thus, the system voltage tlows into
the inverter 3 through the transtormer 7 correspondingly to a
load current even when the system voltage 1s normal. As a
result, loss by the transformer 7 and the mverter 5 occurs
even at the normal time. Thus, a large-scale cooling unit 1s
required.

In addition, since a voltage 1s supplied to the power sys-
tem through the smoothing filter 6 and the transtormer 7 at
the time of an instantaneous dip of the system voltage, the
capacities of the smoothing filter 6 and the transformer 7
becomes high. Thus, there has been a problem that the appa-
ratus increases in size.
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2
SUMMARY OF THE INVENTION

The mvention has been made to solve the foregoing prob-
lems. An object of the mvention 1s to obtain a voltage fluc-
tuation compensating apparatus which can carry out voltage
compensation with high accuracy at the time of an 1nstanta-
neous dip of the system voltage, and which can be arranged

as a whole at low cost and 1n a small size.

According to the invention, there 1s provided a voltage
fluctuation compensating apparatus for suppressing tluctua-
tion of a voltage supplied to a load. The voltage fluctuation
compensation apparatus includes a detection/control
portion, and a plurality of voltage compensating circuits.

The detection/control portion monitors a voltage dip 1n a
power system, and controls power feeding in accordance
with a result of the voltage dip monitoring.

The voltage compensating circuits 1s connected in series
to the power system. The voltage compensating circuits
includes a plurality of energy storage units (capacitors)
respectively having charging voltage values different from
one another and in relationship of approximately 2*-fold
(K=0, 1, 2, . . . ) with respect to a smallest charging voltage
value (absolute value) of the charging voltages. The voltage
compensating circuits convert DC voltages charged in the
capacitors into AC voltages and outputs the AC voltages,
respectively.

The charging voltage values of the capacitors respectively
in the voltage compensating circuits are used as bit signals
for a reference value to check a voltage dip amount of the
power system with the reference value and A/D convert the
voltage dip amount into a binary signal. The desired combi-
nation 1s selected from the plurality of voltage compensating
circuits 1n accordance with the binary signal so that a total
sum of output voltages of the selected voltage compensating,
circuits compensates for the voltage dip of the power system.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a configuration diagram of a voltage fluctuation
compensating apparatus according to a first embodiment of
the mvention.

FIG. 2 1s a circuit diagram showing the details of a voltage
instantaneous dip control circuit according to the {first
embodiment of the mnvention.

FIG. 3 1s a wavelorm diagram for explaining the operation
of the voltage fluctuation compensating apparatus according
to the first embodiment of the invention.

FIG. 4 1s a wavelorm diagram for explaining the operation
of charging capacitors at the time of a voltage dip according
to the first embodiment of the invention.

FIG. 5 1s a configuration diagram showing the details of
an A/D converter according to the first embodiment of the
invention.

FIG. 6 1s a configuration diagram of a voltage fluctuation
compensating apparatus according to a modification of the
first embodiment of the mvention.

FIGS. 7A and 7B are configuration diagrams of voltage
compensating circuits according to other modifications of
the first embodiment of the invention.

FIG. 8 1s a configuration diagram showing the details of
an A/D converter according to a second embodiment of the
invention.

FIG. 9 1s a configuration diagram showing the details of a
predictive operation circuit according to the second embodi-
ment of the imvention.

FIG. 10 1s a configuration diagram of a voltage fluctuation
compensating apparatus according to a third embodiment of
the invention.
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FIG. 11 1s a wave form diagram for explaining the opera-
tion of the voltage fluctuation compensating apparatus
according to the third embodiment of the invention.

FI1G. 12 1s a circuit diagram showing the details of a volt-
age 1stantaneous dip control circuit according to the third
embodiment of the invention.

FIG. 13 1s a configuration diagram showing the details of
an A/D converter according to a sixth embodiment of the
invention.

FI1G. 14 1s a configuration diagram showing the details of
an A/D converter according to a seventh embodiment of the
invention.

FIG. 15 1s a configuration diagram of a voltage fluctuation
compensating apparatus according to an eighth embodiment
of the mvention.

FIG. 16 1s a table showing A/D converted binary signals
according to the eighth embodiment of the invention.

FI1G. 17 1s a wave form diagram for explaining the opera-
tion of the voltage fluctuation compensating apparatus
according to the eighth embodiment of the invention.

FIG. 18 15 a schematic configuration diagram of a related-
art voltage fluctuation compensating apparatus.

FIG. 19 1s a diagram for explaining the voltage compen-
sating operation of the related-art voltage fluctuation com-
pensating apparatus.

DETAILED DESCRIPTION OF THE
INVENITON

The present invention will be described with reference to
the accompanying drawings.
First Embodiment

A first embodiment of the invention will be described
below 1n detail.

FIG. 1 1s a configuration diagram of a voltage fluctuation
compensating apparatus according to the first embodiment
of the mvention.

Electric power from a power line 1 1s stepped down by a
transformer 2, and connected to a customer 3 (load) through
a voltage tluctuation compensating apparatus 100. Thus, the
clectric power 1s supplied to the customer 3.

In the voltage fluctuation compensating apparatus 100, as
shown 1n FIG. 1, a plurality of compensating units 110 each
constituted by two voltage compensating circuits P and N
selected 1n accordance with the polarity of the voltage are
connected 1n series to the power system. A total compensat-
ing circuit 120 constituted by the plurality (six in this case)
of voltage compensating circuits N1, P1, N2, P2, N3 and P3
connected 1n series has a high-speed mechanical steady-state
short-circuit switch 8 1n its output terminal in parallel with
the total compensating circuit 120.

Each of the voltage compensating circuits P1 to P3 and
N1 to N3 has an mstantaneous dip change-over switch 9
provided 1n parallel with an output terminal of the voltage
compensating circuit, an instantaneous dip compensating
switch 10, a charging capacitor 11 as an energy storage unit,
and a charging diode 12 and a secondary winding 14 of a
charging transformer 200 for charging the charging capaci-
tor 11. The charging voltage of the charging capacitor 11 1s
connected to the power system through the instantaneous dip
compensating switch 10 connected 1n series with the charg-
ing capacitor 11. In addition, each of the instantaneous dip
change-over switch 9 and the istantaneous dip compensat-
ing switch 10 1s constituted by a semiconductor switching
device, for example, an IGBT, to which a diode 1s connected
in anti-parallel. Incidentally, the semiconductor switching
device maybe a self arc-extinguishing device other than the

ICGBT.
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The charging capacitor 11 1s charged with a voltage by the
charging diode 12 and the secondary winding 14 of the
charging transformer 200. A primary winding 13 of the
charging transformer 200 1s connected to the power system.
Further, 1n FIG. 1, the charging transformer 200 1s provided
with a core 15.

The two voltage compensating circuits P and N in each
compensating unit 110 takes charge of generation of positive
and negative voltages respectively. That 1s, by the action of
two charging diodes 12p and 12n, a charging capacitor 11p
and a charging capacitor 11n are respectively charged with
voltages with polarities reverse to each other but with the
same magnitude by use of the common secondary winding,
14.

The ratio among voltages charged into the charging
capacitors ((11pl, 11n1), (11p2, 11n2) and (11p3, 11n3)) 1n
the respective compensating units 110 1s set to be approxi-
mately a ratio of a power of 2. That 1s, the following relation-

ship 1s satisfied.

Vnl3=2xvVn2=2x2xvnl

(The same relationship 1s applied to p)

The steady-state short-circuit switch 8, the mstantaneous
dip change-over switches 9 and the mstantaneous dip com-
pensating switches 10 are connected to a voltage instanta-
neous dip control circuit 16 as a detection/control portion. In
addition, the system voltage 1s also supplied to the voltage
instantaneous dip control circuit 16. Description will be
made below about the configuration and operation of this
voltage istantaneous dip control circuit 16.

FIG. 2 1s a circuit diagram showing the details of the
voltage instantaneous dip control circuit 16. In addition,
FIG. 3 1s a wavelorm diagram showing the relationship
between the operation of voltage compensation by the volt-
age fluctuation compensating apparatus 100 shown in FIG. 1
and the control operation of the voltage instantaneous dip
control circuit 16.

As shown 1n FIG. 2, the system voltage 1s supplied to the
voltage instantaneous dip control circuit 16, and compared
with a target voltage 25. At this time, the target voltage 25 1s
selected to be equal to the system voltage at the normal time.
The difference between the system voltage and the target
voltage 25 1s amplified by an error amplifier 26, subjected to
absolute value transformation, and then converted into a
3-bit digital signal (D1 to D3) by an A/D converter 27. The
gain of the error amplifier 26 1s adjusted 1n advance so that
only the least significant bit of the output signal from the
A/D converter 27 takes 1, that 1s, the output signals takes
“001” when the difference between the system voltage and
the target voltage 25 becomes equal to the charging voltage
Vpl of the charging capacitor 11p1.

When any one of the bit signals D1 to D3 takes 1, the
steady-state short-circuit switch 8 1s turned off by a signal 7
(=0) through an NOR circuit 28.

On the other hand, the system voltage supplied to the
voltage 1nstantaneous dip control circuit 16 1s also supplied
to a polarity judging circuit 29 so that the polarity thereof 1s
judged. Next, signals Yp or Yn and Xp or Xn activated by the
bit signals D1 to D3 of the digital signal are selected through
AND circuits 30 and inverters 31 1n accordance with the
positive or negative polarity of the system voltage. The sig-
nal Xp, Xn 1s a driving signal for the instantaneous dip com-
pensating switch 10, and the signal Yp, Yn 1s a driving signal
for the instantaneous dip change-over switch 9. The 1nstanta-
neous dip change-over switch 9 and the instantaneous dip
compensating switch 10 are designed to always operate 1n
polarities reverse to each other by an inverter 31.
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When the system voltage 1s normal, that 1s, when all the
bit signals D1 to D3 of the digital signal are 0, the steady-
state short-circuit 8 1s turned ON (the signal Z 1s 1), the
instantaneous dip change-over switch 9 i1s turned ON (the
signal Y 1s 1) and the instantaneous dip compensating switch
10 15 turned OFF (the signal X 1s 0). Thus, a current tlows
into the steady-state short-circuit switch 8. At this time, the
charging capacitors 11 are charged to a predetermined volt-
age by the charging transformer 200. The charging trans-
tformer 200 may have a small capacity because the charging
transtformer 200 operates only for charging the charging
capacitors 11.

Next, the compensating operation at the time of an instan-
taneous dip will be described with reference to FIG. 3.

Assume that a voltage dip occurs instantaneously 1n the
system voltage at a time t0. An error voltage occurs 1n the
output of the error amplifier 26 after the time t0. In response
to the error voltage, the bit signals D1 to D3 of the digital
signal are generated 1n the output of the A/D converter 27 1n
accordance with the error voltage. At the same time, the
signal Z becomes O so that the steady-state short-circuit
switch 8 1s turned OFF.

In the period from the time to t0 a time t1, the polarity of
the system voltage 1s positive. Thus, the bit signals D1 to D3
of the digital signal are transmitted to the p-side devices
respectively. When the least significant bit signal D1 1s 1,
Xpl and Ypl take 1 and O respectively 1n the voltage com-
pensating circuit P1. Thus, the instantaneous dip compensat-
ing switch 10pl 1s turned ON, and the instantaneous dip
change-over switch 9p1 1s turned OFF. As a result, the volt-
age Vpl of the charging capacitor 11p1 1s outputted from the
instantaneous dip compensating switch 10p1. When the bat
signal D2 1s 1, Xp2 and Yp2 take 1 and O respectively in the

voltage compensating circuit P2. Thus, the instantaneous dip
compensating switch 10p2 i1s turned ON, and the 1nstanta-
neous dip change-over switch 9p2 1s turned OFF. As a result,
the voltage Vp2 of the charging capacitor 11p2 1s outputted
from the instantaneous dip compensating switch 10p2. In the
same manner, when the most significant bit signal D3 1s 1,
the voltage Vp3 of the charging capacitor 11p3 1s outputted
in the voltage compensating circuit P3. Incidentally, when,
of the bit signals D1 to D3 of the digital signal, there 1s a bit
signal of 0, for example, when the least significant bit signal
D1 1s 0, Xpl and Ypl1 take 0 and 1 respectively 1n the voltage
compensating circuit P1. Thus, the output terminal 1s short-
circuited by the instantaneous dip change-over switch 9p1 so
that the output from the voltage compensating circuit P1
becomes zero substantially. The outputs from the voltage
compensating circuits P1 to P3 are combined 1n the system
so that voltage outputs of the eight gradations “000” to
“111” can be generated. The maximum compensating volt-
age becomes 7xVpl.

In the period from the time t1 to a time t2, the polarity of
the system voltage 1s negative. Therefore, the bit signals D1
to D3 of the digital signal are transmitted to the n-side
devices respectively. Compensating voltages are outputted
in the voltage compensating circuits N1 to N3 1n the same
manner. The maximum compensating voltage becomes
xVnl.

The above description shows an 1deal operation 1n no con-
sideration of a change of voltage 1n any charging capacitor
11. Actually, however, there 1s a limit 1n the capacitor capac-
ity. Accordingly, there occurs a sag (voltage dip) in the
charging capacitor 11. For example, assume that there
occurs a sag 1n the charging voltage Vp3 of the charging
capacitor 11p3. In this case, when a binary signal (D1 to D3)
as described above 1s formed by use of the voltage 1nstanta-
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6

neous dip control circuit 16 shown 1 FIG. 2 so that the
voltage compensating operation 1s carried out, distortion
occurs 1n the generated compensating voltage due to the sag
of the charging voltage Vp3 as shown 1n FIG. 4.

Therefore, the A/D conversion with which the binary sig-
nal 1s outputted from the A/D converter 27 shown 1n FIG. 2
1s preferably carried out in consideration of the sag of each
charging capacitor 11. Such A/D conversion will be
described below.

FIG. 5 1s a configuration diagram showing the details of
the A/D converter 27 for carrying out A/D conversion in
consideration of the voltage dip 1n each charging capacitor

11. In FIG. 5, there are provided comparators 50 (50-1, 50-2,
50-3), and arithmetic circuits 51-1, 51-2 using arithmetic
processors. In addition, the charging capacitor 11 in each of
the voltage compensating circuits P1 to P3 and N1 to N3 has
a voltage detector for monitoring a voltage. Detected voltage
values V3, V2 and V1 are supplied to the A/D converter 27.
In this case, 1t 1s assumed that V3, V2 and V1 are detected
voltage values of the charging capacitors 11p3, 11p2 and
11p1 of the p-side devices respectively (see FIG. 1).

As shown 1n FIG. §, first, the output V3in of the error
amplifier 26 1s compared with the voltage V3 by the com-
parator 50-3. The bit signal D3 1s formed to be 1 when
V3in=V3 and 0 when V3in=V3. Next, in the arithmetic
circuit 51-2, the relation V21in=V31n-V3 is established when
D3 i1s 1, and the relation V2in=V31n 1s established when D3
1s 0. Here, V21n designates a voltage failing in compensation
when a compensating voltage 1s outputted in the signal state
of D3. Next, V2in and V2 are compared with each other 1n
the comparator 50-2, and the bit signal D2 1s outputted.
Next, V1in 1s operated 1n the arithmetic circuit 51-1 1n the
same manner as V2in. V1in designates a voltage short of
compensation when a compensating voltage 1s outputted 1n
the signal state of D3 and D2. Finally, V1in and V1 are
compared with each other in the comparator 30-1, and the bat
signal D1 1s determined.

In such a manner, when the output of the error amplifier
26 1n which the voltage dip amount of the power system has
been amplified 1s A/D-converted nto a binary signal (D1 to
D3) by the A/D converter 27 as shown in FIG. 5, respective
bit signals of the binary signal are determined on the basis of
check with the detected voltage values V3, V2 and V1
obtained by detecting the voltages of the charging capacitors
11 at any time. Accordingly, the signal for selectively oper-
ating the voltage compensating circuits P1 to P3 and N1 to
N3 1s determined in accordance with the voltage states of the
charging capacitors 11 so that accurate compensation can be
achieved. Thus, even 1f there occurs a sag 1n any charging
capacitor 11, there occurs no distortion 1n the compensating
voltage. Consequently, the electrostatic capacity values of
the charging capacitors 11 can be reduced.

Further, the total compensating circuit 120 constituted by
the plurality of voltage compensating circuits N1, P1, N2,
P2, N3 and P3 connected 1n series 1s connected 1n series to
the power system directly 1n the first embodiment.
Accordingly, a large-scale transformer as used 1n the related
art 1s not required. In addition, the high-speed mechanical
steady-state short-circuit switch 8 1s provided to be con-
nected in parallel with the total compensating circuit 120 so
that the steady-state short-circuit switch 8 makes electric
continuity to bypass the current when the system voltage VO
1s normal. Accordingly, the apparatus loss becomes substan-
tially zero at the normal time. The cooling unit may have low
capacity so that the apparatus as a whole can be made low 1n
cost and small 1n size.

On the other hand, when the system voltage dips
instantaneously, a combination 1s selected, by digital grada-




US RE40,528 E

7

tion control, from the plurality of voltage compensating cir-
cuits N1, P1, N2, P2, N3 and P3 having the charging capaci-
tors 11 charged to different voltages respectively. Thus,
voltage compensation 1s carried out by the total sum of the
output voltages so that fine-tuned voltage compensation can
be achieved. As a result, an output filter can be omitted or
reduced in scale. In addition, although a response delay cor-
responding to the band of the output filter occurs in the case
of PWM control generally used, voltage can be compensated
for 1n real time 1n this embodiment because the control sys-
tem adopts digital gradation control. Thus, voltage compen-
sation can be achieved with higher accuracy.

In addition, the voltages charged in the charging capaci-
tors 11 1n the respective voltage compensating circuits P1 to
P3 and N1 to N3 are selected 1n the relationship Vn3=2x
Vn2=2x2Vnl (similar relationship 1s applied to p).
Accordingly, the compensating voltage can be controlled by
gradations at an equal interval and with high accuracy.

Further, the charging capacitors 11 can be charged gradu-
ally through the charging transformer 200 connected to the
power system at the normal time of the system voltage.
Accordingly, 1t 1s suificient that the charging transformer
200 has low capacity. The charging circuit becomes small 1n
scale and low 1n cost. In addition, charging 1s carried out
automatically so that the apparatus 1s simplified.

In the embodiment, V3, V2 and V1 used 1n the A/D con-
verter 27 were set to detected voltage values of the charging,
capacitors 11p3, 11p2 and 11pl on the p-side devices
respectively. However, when the magnitude of the voltage
dipping instantaneously 1s substantially constant regardless
of the polarity of the system voltage, the absolute values of
voltages detected on either the p-side devices or the n-side
devices may be used because the voltage states of the respec-
tive charging capacitors 11n on the n-side devices change
substantially in the same manner as those on the p-side
devices.

Alternatively, two A/D converters 27 for the p-side
devices and the n-side devices may be provided to receive
detected voltage values of corresponding charging capaci-
tors 11 and generate binary signals (D1 to D3) respectively.
In this case, one of output signals from the two A/D convert-
ers 27 1s selectively used correspondingly to the output of
the polarity judging circuit 29 (see FIG. 2). Thus, compensa-
tion with higher accuracy can be achieved.

Furthermore, voltage detectors may be provided for the
p-side devices and the n-side devices respectively. In this
case, either the p-side voltage detector or the n-side voltage
detector 1s selectively used correspondingly to the output of
the polanty judging circuit 29 so that the detected voltage
value of the selected voltage detector 1s used.

Further, although one steady-state short-circuit switch 8
was provided in the output terminal of the total compensat-
ing circuit 120 and in parallel with the total compensating
circuit 120 1n the first embodiment, one steady-state short-
circuit switch 8 may be provided i1n the output terminal of
cach of the voltage compensating circuits P1 to P3 and N1 to
N3 and 1n parallel therewith respectively, as shown in FIG. 6.
Alternatively, one steady-state short-circuit switch 8 may be
provided 1n the output terminal of each compensating unit
110 constituted by a pair of voltage compensating circuits P
and N. Even when a plurality of steady-state short-circuit
switches 8 are provided 1n such a manner, the control system
1s similar to that in the case where one steady-state short-
circuit switch 8 i1s provided. At the normal time, all the
steady-state short-circuit switches 8 are closed to bypass all
the voltage compensating circuits P1 to P3 and N1 to N3. At
the time of a voltage dip of the power system, all the steady-
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state short-circuit switches 8 are opened so that the voltage
outputs from the voltage compensating circuits P1 to P3 and
N1 to N3 compensate for the voltage dip of the power sys-
tem.

Furthermore, although each compensating unit 110 was
constituted by a pair of voltage compensating circuits P and
N 1n the first embodiment, each compensating unit 110 that
can output positive and negative voltages may be constituted
by one voltage compensating circuit PN as shown 1n FIG.
TA or 7B.

In the example shown 1n FIG. 7A, a voltage compensating,
circuit PN1 has a full bridge inverter, and a charging capaci-
tor 18 as an energy storage unit. The full bridge inverter 1s
constituted by four semiconductor switching devices 17a to
17d 1n which diodes have been connected 1n anti-parallel. A
charging voltage Vpnl of the charging capacitor 18 1s con-
nected to the power system with either positive polarity or
negative polarity in accordance with the ON/OFF control of
the semiconductor switching devices 17a to 17d. On the
other hand, in the example shown i FIG. 7B, a voltage
compensating circuit PN1 has a half bridge inverter, an
instantaneous dip change-over switch, and charging capaci-
tors 21p1 and 21n1 as an energy storage unit. The half bridge
inverter 1s constituted by two semiconductor switching
devices 19p1 and 19n1 1n which diodes have been connected
in anti-parallel with each other. In the instantaneous dip
change-over switch, two semiconductor switching devices
20p1 and 20n1 i which diodes have been connected 1n anti-
parallel with each other are connected in series but in
reverse. The instantaneous dip change-over switch 1s con-
nected in parallel with the output terminal of the voltage
compensating circuit PN1. A compensating voltage with
either positive polarity or negative polarity 1s outputted 1n
accordance with the ON/OFF control of the semiconductor
switching devices 19 and 20.

Second Embodiment

Next, a second embodiment of the invention will be
described below 1n detail.

FIG. 8 1s a configuration diagram showing the details of
an A/D converter 27 according to a second embodiment of
the invention. As shown 1n FIG. 8, the A/D converter 27 has
predictive operation circuits 52 (52-1, 52-2 and 52-3) for
carrying out predictive operations on voltages of charging
capacitors 11 respectively. In addition, a system current of
the power system 1s monitored. A current value of the system
current and a corresponding bit signal of a digital signal (D1
to D3) which 1s an output from this A/D converter 27 are
supplied to each predictive operation circuit 52. In each pre-
dictive operation circuit 32, a voltage value of a correspond-
ing charging capacitor 11 1s predictively operated on the
basis of the current value of the system current and the sup-
plied bit signal (one of D1 to D3) of the digital signal. The
results of the operations in the respective predictive opera-
tion circuits 52 are outputted as predictive operated voltage
values V1x to V3x which are calculated voltage values. The
predictive operated voltage values V1x to V3x are supplied
to comparators 50 (50-1, 50-2 and 50-3) in place of the
detected voltage values V1 to V3 shown 1n FIG. 5 1n the first
embodiment. The other operations of the A/D converter 27
are similar to those 1n the A/D converter 27 shown 1 FIG. 5
in the first embodiment. Thus, the respective bit signals (D1
to D3) of the digital signal are outputted.

FIG. 9 shows an example of each predictive operation
circuit 32. Here, the predictive operation circuit 52-3 for
carrying out predictive operation on the voltage of a charg-
ing capacitor 11p3 (or 11n3) 1s shown representatively. In
the period 1n which the bit signal D3 of the digital signal 15 1,
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a voltage compensating circuit P3 outputs a compensating
voltage from the charging capacitor 11p3, and the current
value of the system current 1s supplied to an integrating cir-
cuit 34 and integrated therein. As a result, the voltage dip
amount of the charging capacitor 11p3 1s operated and out-
putted as the output of the integrating circuit 54. In a subtrac-
tor 55, the output of the mtegrating circuit 54 1s subtracted
from an 1nitial charging voltage set value Vp3 of the charg-
ing capacitor 11p3. Thus, a voltage predicative operation
value V3x of the charging capacitor 11p3 1s obtained.

When the output of the error amplifier 26 in which the
voltage dip amount of the power system has been amplified
1s A/D converted 1nto a binary signal (one of D1 to D3) by
use of the A/D converter 27 as shown 1n FIG. 8, the voltages
of the charging capacitors 11 are checked with the predictive
operated voltage values V3x, V2x and V1x calculated at any
time 1n such a manner by predictive operations. Thus, the
respective bit signals of the binary signal are determined.
Accordingly, in the same manner as in the first embodiment,
the signal for selectively operating the voltage compensating,
circuits P1 to P3 and N1 to N3 can be determined 1n accor-
dance with the voltage states of the charging capacitors 11 so
that accurate compensation can be achieved. Thus, even 1t
there occurs a sag in any charging capacitor 11, there occurs
no distortion in the compensating voltage. Consequently, the
electrostatic capacity values of the charging capacitors 11
can be reduced. Further, since calculated voltage values
based on predictive operations of the voltages of the charg-
ing capacitors 11 are used, no voltage detector 1s provided 1n
any capacitor 11. Accordingly, the effect can be obtained
with an apparatus configuration low 1n cost.

Third Embodiment

Next, a third embodiment of the invention will be
described below 1n detail.

FI1G. 10 1s a configuration diagram of a voltage fluctuation
compensating apparatus according to a third embodiment of
the invention. As shown 1n FIG. 10, a sag compensating unit
1s provided as well as the three compensating units 110
shown 1n FIG. 1 1n the first embodiment. The sag compen-
sating umt 110S has a configuration similar to that of any
other compensating unit 110. The sag compensating unit
110S 1s constituted by two sag voltage compensating circuits
PS and NS taking charge of generating positive and negative
voltages respectively. Each of the sag voltage compensating
circuits PS and NS has an instantancous dip change-over
switch 9 provided 1n parallel with an output terminal thereof,
an instantaneous dip compensating switch 10, a charging
capacitor 11 as an energy storage unit, and a charging diode
12 and a secondary winding 14 of a charging transformer
200 for charging the charging capacitor 11. A charging volt-
age of the charging capacitor 11 1s connected to the power
system through the instantaneous dip compensating switch
10 connected 1n series with the charging capacitor 11.

The voltage compensating operation 1n the voltage fluc-
tuation compensating apparatus 100 configured thus will be
described with reference to FIG. 11. In FIG. 11, there 1s
shown a driving signal Xps for an instantaneous dip com-
pensating switch 10ps 1n the sag voltage compensating cir-
cuit PS.

When a sag occurs 1n the charging voltage Vp3 of the
charging capacitor 11p3, wavelorm distortion occurs 1n the
compensating voltage as described previously. The sag volt-
age compensating circuit PS 1s operated to correct such
wavelorm distortion caused by the sag. That 1s, 1n FIG. 11,
when the voltage Vp3 dips to be equal to or lower than a
predetermined sag compensation change-over voltage, such
a voltage dip 1s detected, and the driving signal Xps 1s made
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1. Thus, the sag voltage compensating circuit PS outputs a
compensating voltage whenever the driving signal Xp3 1s 1.
The sag compensation change-over voltage 1s, for example,
set at the point where the voltage dip amount of Vp3 coin-
cides with the mnitial charging voltage value of the charging
capacitor voltage Vps of the sag voltage compensating cir-
cuit PS. As a result, the sag of Vp3 1s corrected by the sag
voltage compensating circuit PS so that the compensating
voltage has a wavetorm with less distortion.

FIG. 12 explains a voltage instantaneous dip control cir-
cuit 16 according to the third embodiment. For example, the
voltage mstantaneous dip control circuit 16 corrects the sag
of Vp3. The voltage instantaneous dip control circuit 16 1s
designed to use a comparator 56 and an AND circuit 57 to
allow the sag voltage compensating circuit PS to carry out
the voltage compensating operation when Vp3 becomes
equal to or lower than the sag compensation change-over
voltage. Accordingly, even when there occurs a sag in the
voltage of the charging capacitor 11, there occurs no wave-
form distortion. Consequently, the electrostatic capacity
value of the charging capacitor 11 can be reduced on a large
scale. Thus, the apparatus can be arranged at low cost.

Incidentally, although all the description 1n the embodi-
ment was made on the p-side devices, similar rules are
applied to the n-side devices. The sag 1n Vn3 1s corrected by
the sag voltage compensating circuit NS.

Further, although description was made on the case where
the sag in the voltage of the charging capacitor 11p3, 11n3
was corrected, a sag voltage compensating circuit for cor-
recting a sag of another charging capacitor 11 may be pro-
vided.

Fourth Embodiment

A Tourth embodiment of the mvention will be described.
In this the fourth embodiment, description will be made on a
method for setting the voltages of the charging capacitors 11
in the respective compensating units 100.

Since each charging capacitor 11 has only a limited elec-
trostatic capacity, a sag 1s sure to occur. When the sag
increases, a voltage that can be compensated for 1s reduced.
Therefore, a high charging voltage 1s set for the charging
capacitor 11 1n advance so as to be able to compensate for
the voltage dip amount of the system voltage even 1if there
occurs a sag. For example, on the assumption that the maxi-
mum voltage dip amount in a voltage dip of the system
voltage (within a predetermined duration) 1s AVmax, the
respective voltages are set as follows.

Vp3, Vn3>(AVmax/7)x4
Vp2, Vn2>(AVmax/7)x2

Vpl, Vinl>(AVmax/7)x1

In some way of setting, there 1s a possibility that the relation-
ship among the respective voltages 1s shifted slightly from
the relationship of 2*-fold (K=0, 1 or 2) as described above.
If the voltages are approximately in the relationship of
2*-fold, there is no fear that the accuracy of the compensat-
ing voltage 1s lowered.

By setting the voltages thus, even 1f there occurs a sag in
the charging capacitors 11, an adequate compensating volt-
age can be secured though the voltage 1s lowered.
Consequently, the electrostatic capacity values of the charg-
ing capacitors can be designed to be small so that the appa-
ratus can be achieved at low cost.

Fifth Embodiment

Next, a fifth embodiment of the invention will be

described. In this the fifth embodiment, description will be
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made on a method for setting the electrostatic capacity val-
ues of the charging capacitors 11 1n the respective compen-
sating units 100.

As described previously, since each charging capacitor 11
has only a limited electrostatic capacity, a sag 1s sure to
occur. Accordingly, for example, when the same electro-
static capacity value 1s selected from each of the charging
capacitors 11, the charging capacitors 11 have sags with
substantially the same magnitude. However, since the ratios
of the sags to their initial charging voltages are different, the
relationship of approximately 2*-fold in the voltages is bro-
ken. Therefore, the electrostatic capacity values are selected
as follows. Incidentally, for example, Cpl designates the
clectrostatic capacity value of the charging capacitor 11p1.

Cpl1(Cnl)=2xCp2(Cn2)
Cp2(Cn2)=2xCp3(Cn3)

In such a manner, each of the electrostatic capacities of
the charging capacitors 11 1s set to be lowered as its charging,
voltage increases. Thus, the relationship of approximately
2*_fold is also given to the electrostatic capacity values. As a
result, when the same current flows 1nto the charging capaci-
tors 11, the ratios of sags to their initial charging voltages
coincide with one another, so that the relationship of
approximately 2*-fold is kept in the relationship among the
voltages of the charging capacitors 11 when there occurs a
sag. Accordingly, even 1f there occurs a voltage sag, accurate
voltage compensation can be achieved.

Incidentally, the electrostatic capacity values of the

respective charging capacitors 11 may be selected as fol-
lows.

Cpl1(Cnl1)=2xCp2(Cn2)
Cp2(Cn2)=2xCp3(Cn3)

By such setting, the voltage of the charging capacitor 11
having a low charging voltage 1s difficult to dip even if the
same current flows into the respective charging capacitors.
Thus, the relationship of approximately 2*-fold becomes dif-
ficult to break, so that accurate voltage compensation can be
achieved even 11 there occurs a voltage sag.

Sixth Embodiment

Next, a sixth embodiment of the invention will be
described.

When the apparatus specifications are determined, 1t 1s
generally necessary to take into consideration the maximum
guaranteed voltage dip value 1n the customer 3 at the time of
an 1nstantaneous dip. For example, when the maximum
guaranteed voltage dip value 1s Vz, it 1s necessary to carry
out voltage compensation with which the voltage dip amount
of a voltage supplied to the customer 3 becomes not higher
than Vz.

Now assume that the minimum voltage Vpl, Vnl of the
charging capacitor 11 1s set to be higher than this guaranteed
voltage dip value Vz. In this case, when the remaining com-
pensating voltage predicted after D2 and D3 are determined
1s not higher than V1, even if 1t 1s not lowered than Vz, D1
will not be set to 1, for example, 1n the A/D conversion of the
A/D converter 27 shown in FIG. 5. Accordingly, although
the voltage fluctuation compensating apparatus 100 has an
ability to supply voltage, the voltage supplied to the cus-
tomer will be lower than that at the normal time by Vz or
more.

Thus, description will be made below on the A/D conver-
s10n 1n the case where the minimum voltage Vpl, Vnl of the
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charging capacitor 11 1s set to be larger than the guaranteed
voltage dip value Vz.

FIG. 13 1s a configuration diagram showing the details of
an A/D converter 27 according to the sixth embodiment.

As shown 1n FIG. 13, the output V3in of the error ampli-
fier 26 1s compared with the voltage V3 by a comparator
50-3. A bt signal D3a 1s formed to be 1 when V3in=V3 and
0 when V3in<V3. Next, in an arithmetic circuit 51-1, the
relation V2in=V31n-V3 1s set when D3a 1s 1, and the rela-
tion V2in=V31n 1s set when D3a 1s 0. Here, V2in designates
a voltage failing 1n compensation when a compensating volt-
age 1s outputted 1n the signal state of D3a. Next, V2in and V2
are compared 1n a comparator 30-2, and a bit signal D2a 1s
outputted. Next, V1in 1s operated i an arnthmetic circuit
51-2 1n the same manner as V2in. V1in designates a voltage
short of compensation when a compensating voltage 1s out-
putted 1n the signal state of D3a and D2a. Next, V1in and V1
are compared 1n a comparator 50-1, and a bit signal D1a 1s
determined.

Next, a voltage AV failing in compensation when the
respective voltage compensating circuits P and N operate in
accordance with a thus-determined digital signal (Dla to
D3a) and output compensating voltages 1s obtained by an
arithmetic circuit 58. The relation add=1 1s set 1n an arith-
metic circuit 59 when AV=Vz, and added to the binary
number designated by the digital signal (Dla to D3a) 1n a
logical operation circuit 60.

For example, on the assumption that Dla=1, D2a=0 and
D3a=0, the following logical operation 1s executed when

add=1.

001+1=010

As a result, a signal of D1=0, D2=1 and D3=0 1s output-
ted.

In such a manner, when AV=Vz, the digital signal (D1 to
D3) 1s determined 1n the arithmetic circuit 39 so as to obtain
a compensating power added with a voltage corresponding
to the minimum voltage Vpl (Vnl) of the charging capaci-
tors 11. Thus, the voltage dip amount of the voltage supplied
to the customer 3 becomes not higher than Vz.

In this embodiment, the function of supplying the cus-
tomer 3 with a voltage not smaller than a voltage value
obtained by subtracting Vz from the voltage at the normal
time operates by priority even 1f the minimum voltage of the
charging voltage of the capacitors 11 1s set to be larger than
the guaranteed voltage dip value. As a result, the voltages of
the charging capacitors 11 1n the respective voltage compen-
sating circuits P and N can be set to be high so that the
clectrostatic capacities of the charging capacitors 11 can be
reduced. Although the voltage supplied to the customer 3
may be higher than a normal value when such control 1s
performed, there 1s no problem 1f the increase of the voltage
1s small.

Seventh Embodiment

Next, a seventh embodiment of the invention will be
described.

When the voltage dip amount 1n the power system 1s com-
paratively small, only a voltage compensating circuit (for
example, P1 or N1) having a charging capacitor 11 with a
low charging voltage operates. Then, a voltage sag occurs 1n
only such a charging capacitor 11 so that the charges are
consumed suddenly.

In this the seventh embodiment, when the voltage dip
amount 1s small as described above, the voltage sag of the
charging capacitor 11 with a low charging voltage 1s sup-
pressed by use of the charges of other charging capacitors 11
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with higher charging voltages. This operation will be
described below with reference to FIG. 14.

When a voltage compensating operation 1s carried out by
the voltage compensating circuits P and N selected in accor-
dance with the three-bit digital signal (D1 to D3), there are 7
combinations as voltage gradations S whose values are 1, 2,
3, 4, 5, 6 and 7. To achieve such a voltage gradation
instruction, a logic table 62 shown in FIG. 14 1s created. In
the logic table 62, each bit (D1, D2, D3) of the digital signal
can take both the values of —1 and +1. Incidentally, the logi-
cal value +1 1n the logical table 62 designates a discharging
operation, and -1 designates a charging operation. For
example, 1n the voltage fluctuation compensating apparatus
100 as shown 1n FIG. 1, when a required compensating volt-
age 1s positive 1n the case where the system current and the
system voltage have the same phase, the voltage compensat-
ing circuits P and N are selectively operated so that the
P-side charging capacitors 11p discharge when the logical
value 1s +1 and the N-side charging capacitors 11n charge
when the logical value 1s —1. That 1s, the voltage compensat-
ing circuit P whose output voltage has the same polarity as
that of the system voltage carries out a discharging operation
(+1). On the other hand, the voltage compensating circuit N
whose output voltage has a reverse polarity to that of the
system voltage carries out a charging operation (—1). Thus,
the voltage obtained by subtracting the charging voltage
from the discharging voltage 1s outputted as a compensating
voltage from the total compensating circuit 120.

That 1s, as 1s understood from the logical table 62, three
combinations of binary signals can be chosen when 1 1is
outputted as the voltage gradation value S. For example, the
voltage of a compensating unit 110 (voltage compensating
circuit P1, N1) corresponding to D1 can be either charged or
discharged. For example, assume that the compensating unit
110 operating 1n accordance with D1 1s referred to as a unit
1, the compensating unit 110 (voltage compensating circuit
P2, N2) operating 1n accordance with D2 1s referred to as a
unit 2, and the compensating unit 110 (voltage compensating,
circuit P3, N3) operating 1n accordance with D3 1s referred
to as a unit 3. To increase only the voltage of the charging
capacitor 11 of the unit 1, 1-(2) 1s chosen. To increase the
voltages of the charging capacitors 11 of both the unit 1 and
the unit 2, 1-(3) 1s chosen. To reduce the voltage of the
charging capacitor 11 of the unit 1, 1-(1) 1s chosen. Here,
units increased 1n voltage are designated as V1A (unit 1) and
V2A (unit 2). That 1s, when V1A 1s 1, the voltage of the unit 1
1s 1creased. In short, the voltages of the units 1 to 3 can be
adjusted by selecting the bit signals (D1, D2 and D3) of the
digital signal in accordance with their S values and units to
be increased or decreased 1n voltage. The voltage to be com-
pensated 1s always generated as an alternating current. With
respect to one AC period, it 1s therefore possible to adjust the
voltages of both the P-side charging capacitors 11 and the
N-side charging capacitors 11.

Incidentally, 1n the case where each compensating unit
110 outputs both positive and negative voltages from one
charging capacitor 18pn as shown 1 FIG. 7A, when a
required compensating voltage 1s, for example, positive in
the case where the system current and the system voltage
have the same phase, the compensating unit 110 operates so
that the charging capacitor 18pn discharges when the logical
value 1s +1 and the charging capacitors 18pn charges when
the logical value 1s —1.

Next, description will be made on A/D conversion from
the voltage dip amount of the system voltage 1into a binary
signal constituted by bit signals (D1, D2 and D3) 1n the
logical table 62 as described above.
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An A/D converter 27a shown in FIG. 14 carries out the
same operation as the A/D converter shown 1n FIG. 5. Bit
signals D1a, D2a and D3a are outputted from the A/D con-
verter 27a. A value of a voltage gradation S using the bit
signals D1a, D2a and D3a 1s operated 1n an arithmetic circuit
61, and supplied to a logical table 62. The voltage gradation
instruction operation 1n the arithmetic circuit 61 1s S=D3ax
4+D2ax2+D1a. In addition, 1n an arithmetic circuit 63, a
voltage increase signal V1A 1s set to 1 when a voltage V1 1s
lower than a voltage obtained by dividing a monitored volt-
age V3 by 4. Further, a voltage increase signal V2A 1s setto 1
when a voltage V2 1s lower than a voltage obtained by divid-
ing the monitored voltage V3 by 2. That 1s, when the voltage
increase signal V1A 1s 1, the voltage of the charging capaci-
tor 11 1n the unit 1 1s lower than 1ts binary condition when
the voltage of the charging capacitor 11 in the unit 3 1s used
as reference. Thus, the voltage of the charging capacitor 11
in the unit 1 has to be increased. The case where the voltage
increase signal V2A 1s 1 means a similar thing with respect
to the charging capacitor 11 1n the unit 1. The signals V1A
and V2A are supplied to the logical table 62. In the logical
table 62, a binary signal (D1, D2 and D3) in the column
corresponding to the S value and the signals V1A and V2A 1s
chosen.

In such a manner, bit signals (D1, D2 and D3) can be set
so that the voltages of the respective charging capacitors 11
are not shifted from the relationship of approximately
2*_fold. Thus, accurate compensation can be always carried
out. Further, when the compensating voltage 1s 1n any volt-
age level, not the charges of the charging capacitors 11 1n
only a part of the voltage compensating circuits P, N but the
charges of the charging capacitors 11 in all the voltage com-
pensating circuits P, N can be used etlectively. Accordingly,
even when a low compensating voltage continues for a long
time, voltage compensation can be carried out surely con-
tinuously over a long time. As a result, the electrostatic
capacity values of the charging capacitors 11 can be set to be
small so that the apparatus can be arranged at low cost.

Bighth F

Embodiment

Next, an eighth embodiment of the ivention will be
described.

FIG. 15 1s a configuration diagram of a voltage tfluctuation
compensating apparatus according to the eighth embodi-
ment. As shown 1n FIG. 15, three voltage compensating cir-
cuits P1, P2 and P3 for outputting positive voltages and one
voltage compensating circuit NO for outputting a negative
voltage are connected in series to the power system. The
voltage compensating circuits P1, P2 and P3 are arranged in
the same manner as those shown 1n the first embodiment, so
that the voltages of the respective charging capacitors 11
have the relationship of approximately 2*-fold. The voltage
compensating circuit N0 outputs a voltage which 1s equal to
the total sum of output voltages of the three voltage compen-
sating circuits P1, P2 and P3 and whose polarity 1s reverse
thereto.

That 1s, the absolute values of the voltages of respective
charging capacitors 11 have the following relationship:

Vp3=Vp2x2=Vplx4
Vn0=(Vpl+Vp2+Vp3)

Most voltage dips of the system voltage occur due to
short-circuit or ground fault in some place of the system
caused by lightning or the like. Thus, a voltage to be com-
pensated 1s AC. Therefore, compensating voltages are out-
putted from the respective voltage compensating circuits P1
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to P3 and N0 so as to generate an AC compensating voltage.
By a combination of these voltage compensating circuits P1
to P3 and NO, an AC voltage can be generated as follows. On
the assumption that Vpl=1V, signals as shown 1n the table of
FIG. 16 may be used to set the compensating output ranging
from -7 V to 7V. Here, a control signal D1 operates the
voltage compensating circuit P1. When the control signal D1
1s 1, 1t shows a state that the voltage compensating circuit P1
should output 1ts compensating voltage. Similarly, a control
signal D2 operates the voltage compensating circuit P2, a
control signal D3 operates the voltage compensating circuit
P3, and a control signal D0 operates the voltage compensat-
ing circuit NO.

The voltage compensating operation by the voltage fluc-
tuation compensating apparatus arranged thus will be
described below with reference to FIG. 17. Incidentally, it 1s
assumed that the system voltage and the system current have
the same phase.

As shown 1n FIG. 17, a voltage Vn0 of a charging capaci-
tor 11n0 dips during the negative voltage compensating
operation. On the contrary, a voltage Vp3 of a charging
capacitor 11p3 dips during the positive voltage compensat-
ing operation while the charging capacitor 11p3 1s charged
with charges so as to restore its voltage when the voltage
compensating circuit P3 1s operated during the negative volt-
age compensating operation. Voltages Vpl and Vp2 of
charging capacitors 11p1 and 11p2 are similar to the voltage
Vp3. In such a manner, the voltages of the charging capaci-
tors 11 other than the charging capacitor 11n0 in the voltage
compensating circuit N0 have no change 1n terms of one AC
period.

In this embodiment, the compensating voltage output can
be controlled with gradations from -7 to 7 by three voltage
compensating circuits P1, P2 and P3 for outputting positive
voltages and by one voltage compensating circuit NO for
outputting a negative voltage. Thus, voltage compensation
with high accuracy can be achieved with a remarkably sim-
plified and low-cost apparatus configuration. Further, the
sags of the charging capacitors 11 1n the voltage compensat-
ing circuits P1, P2 and P3 do not cause distortion in the
compensating voltage. The electrostatic capacity values of
those capacitors can be selected to be much smaller than that
of the charging capacitor 11n 1n the voltage compensating
circuit NO which has the minimum voltage. Thus, the appa-
ratus as a whole becomes low 1n cost.

In each of the first to eighth embodiments, the charging
capacitors in the voltage compensating circuits respectively
have the charging voltages of approximately 2*-fold (K=0, 1,
2, ... ) with respect to the smallest charging voltage value
(absolute value) of the charging voltages. However, the ratio
of the charging voltages maybe a combination of another
voltage charging ratio. The system can be optimized because
the combination of the charging voltage ratio of the relation-
ship of the 2*-fold does not allow overlap of the charging
voltages chargeable to the load.

In each embodiment, the capacitors are used as the energy
storage units. However, for example, batteries may be used
as the energy storage units in place of the capacitors.

(1) As described above, a voltage fluctuation compensat-
ing apparatus according to the imnvention includes a plurality
of voltage compensating circuits connected in series to a
power system. The voltage compensating circuits include
capacitors respectively having charging voltages different
from one another and in relationship of approximately
2*-fold (K=0, 1, 2, . . .) with respect to the smallest charging
voltage value (absolute value) of the charging voltages. The
voltage compensating circuits convert DC voltages charged
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in the capacitors mto AC voltages and output the AC volt-
ages respectively. The charging voltage values of the capaci-
tors respectively 1n the voltage compensating circuits are
used as bit signals for a reference value so as to check the
voltage dip amount of the power system with the reference
value and therefore A/D convert the voltage dip amount nto
a binary signal. A desired combination 1s selected from the
plurality of voltage compensating circuits in accordance
with the binary signal so that the total sum of output voltages
of the selected voltage compensating circuits compensates
tor the voltage dip of the power system. Thus, by an appara-
tus configuration prompted to reduce 1n cost and size, the
compensating voltage can be controlled with gradations at
an equal 1nterval so that fine-tuned and high accurate voltage
compensation can be carried out.

(2) Moreover, according to the invention, in the voltage
fluctuation compensating apparatus as i1n (1), the charging
voltage values of the capacitors respectively used as a refer-
ence value for A/D converting the voltage dip amount are
detected voltage values obtained by detecting voltages of the
respective capacitors at any time. Accordingly, the voltage
dip amount can be A/D converted into a binary signal in
accordance with the voltage states of the charging capacitors
so that accurate compensation can be achieved. As a result,
distortion in the compensating voltage can be suppressed so
that the electrostatic capacities of the charging capacitors
can be reduced.

(3) Moreover, according to the invention, in the voltage
fluctuation compensating apparatus as 1n (1), the charging
voltage values of the capacitors respectively used as a refer-
ence value for A/D converting the voltage dip amount are
calculated voltage values. A system current of the power
system 1s monitored, and the calculated voltage values are
calculated at any time by predictive operations of voltage dip
amounts of the capacitors on the basis of the current value of
the monitored system current. Accordingly, by a low-cost
apparatus configuration, the voltage dip amount can be A/D
converted 1nto a binary signal 1n accordance with the voltage
states of the charging capacitors so that accurate compensa-
tion can be achieved. As a result, distortion in the compen-
sating voltage can be suppressed so that the electrostatic
capacities of the charging capacitors can be reduced.

(4) Moreover, according to the invention, in the voltage
fluctuation compensating apparatus as in any one of (1) to
(3), charging voltages of the respective capacitors 1n the volt-
age compensating circuits are set so that an available maxi-
mum output voltage of a total compensating circuit consti-
tuted by all of the voltage compensating circuits connected
in series exceeds a maximum voltage dip amount 1n the
power system. Accordingly, even if a voltage dip occurs 1n
any charging capacitor, the compensating voltage can be
secured so that the electrostatic capacities of the charging
capacitors can be reduced.

(5) Moreover, according to the invention, in the voltage
fluctuation compensating apparatus as in any one of (1) to
(4), respective electrostatic capacities of the capacitors in the
voltage compensating circuits are set to be substantially
equal to or higher than 2*-fold (K=0, 1, 2, . . . ) of the
smallest electrostatic capacity value of the electrostatic
capacities, and to be lowered as charging voltages of the
capacitors increase. Accordingly, even 1f a voltage dip
occurs 1n any charging capacitor, accurate voltage compen-
sation can be achieved.

(6) Moreover, according to the mvention, in the voltage
fluctuation compensating apparatus as in any one of (1) to
(5), when the voltage dip amount 1s A/D converted into the
binary signal, 1 1s added to the binary signal so that the
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smallest charging voltage value of the capacitors 1s added to
the total sum of the output voltages from the voltage com-
pensating circuits determined in accordance with the binary
signal, 1n the case where the total sum of the output voltages
1s not higher than a voltage value obtained by subtracting a
predetermined voltage amount from the voltage dip amount.
Accordingly, the voltage supplied to the load can be secured

to be not lower than the voltage value obtained by subtract-
ing a predetermined voltage amount from the voltage dip
amount. Further, the voltages of the charging capacitors can
be set to be high so that the electrostatic capacities thereof
can be reduced.

(7) Moreover, according to the mvention, in the voltage
fluctuation compensating apparatus as i1n (1), there 1s pro-
vided a sag voltage compensating circuit connected 1n series
to the power system together with the voltage compensating
circuits. The sag voltage compensating circuit converts a DC
voltage charged 1n a capacitor into an AC voltage and out-
puts the AC voltage. When 1t 1s detected that voltages of the
capacitors respectively 1n the voltage compensating circuits
dip to be not higher than a predetermined value, the sag
voltage compensating circuit 1s operated 1n accordance with
operations of the voltage compensating circuits so that the
sum of output voltages of the voltage compensating circuits
and an output voltage of the sag voltage compensating cir-
cuit compensates for the voltage dip of the power system.
Accordingly, even 1f a voltage dip occurs 1n any charging
capacitor, distortion 1n the compensating voltage can be sup-
pressed so that the electrostatic capacities of the charging
capacitors can be reduced on a large scale.

(8) Moreover, according to the ivention, in the voltage
fluctuation compensating apparatus as 1 (1), the voltage
compensating circuits selected in accordance with the binary
signal can include ones whose output voltages have a polar-
ity reverse to the voltage polarity of the power system.
Capacitors respectively in voltage compensating circuits
whose output voltages have the same polarnty as the power
system are discharged 1n operation, while capacitors respec-
tively i voltage compensating circuits whose output volt-
ages have a reverse polarity to the power system are charged
in operation. Accordingly, the charges of the charging
capacitors can be utilized effectively so that the period for
keeping voltage compensation can be prolonged.

(9) Moreover, according to the mvention, in the voltage
fluctuation compensating apparatus as 1n (8), a logical table
for converting the binary signal into a binary value in which
cach bit value 1s set to 1 when a capacitor 1s discharged and
—1 when a capacitor 1s charged 1s created for selecting a
combination of the voltage compensating circuits. When a
voltage dip 1s detected 1n a capacitor 1n the voltage compen-
sating circuits, a binary value indicating a mode 1n which the
detected capacitor can be charged in chosen from the logical
table 1 accordance with the detected state so that each
capacitor 1n the voltage compensating circuits selected 1n
accordance with respective bit values of the binary value 1s
charged when the bit value corresponding to the capacitor 1s
1 and discharged when the bit value corresponding to the
capacitor 1s —1. Accordingly, accurate voltage compensation
can be always carried out. In addition, the charges of the
charging capacitors can be utilized eflectively so that the
voltage compensation can be carried out surely continuously
over a long time. Further, as a result, the electrostatic capaci-
ties of the charging capacitors can be reduced.

(10) According to the invention, 1n the voltage fluctuation
compensating apparatus as in (8), an output voltage of one of
the voltage compensating circuits has a first polarity while
output voltages of the other voltage compensating circuits
have a second polarity reverse to the first polarity. The abso-
lute value of a charging voltage of a capacitor i the first-
polarity voltage compensating circuit 1s substantially equal
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to the absolute value of the total sum of charging voltages of
capacitors in the other second-polarity voltage compensat-
ing circuits. A desired combination of the second-polarity
voltage compensating circuits and the first-polarity voltage
compensating circuit are selectively operated when the volt-
age of the power system has the first polarity. On the other
hand, a combination of only the second-polarity voltage
compensating circuits 1s selectively operated when the volt-
age ol the power system has the second polarity.
Accordingly, high accurate voltage compensation can be
achieved with a remarkably simplified and low-cost appara-
tus configuration. In addition, the electrostatic capacities of
the charging capacitors 1n the second-polarity voltage com-
pensating circuits can be reduced.

What 1s claimed 1s:

1. [A voltage fluctuation compensating apparatus for sup-
pressing fluctuation of a voltage supplied to a load, compris-
ing:] A power output apparatus which outputs power to a
load, comprising:

[a detection/control portion for detecting a voltage dip in a

power system, and controlling power feeding 1n accor-

dance with detection of a voltage dip; and

a plurality of voltage compensating circuits connected to
the power system 1n series, each of the voltage compen-
sating circuits including a plurality of energy storage
units respectively having charging voltages different
from one another, the voltage compensating circuits
converting DC voltages of the respective energy storage
units into AC voltages and outputting the AC voltages,
wherein
the charging voltages of the energy storage units 1n the
voltage compensating circuits are used as bit signals
for a reference value to check a voltage dip amount
of the power system with the reference value and to
convert the voltage dip amount into a binary signal,
and

a combination of the voltage compensating circuits 1s
selected from the plurality of voltage compensating
circuits 1n accordance with the binary signal so that a
sum of output voltages of the voltage compensating
circuits selected compensates for the voltage dip of
the power system.}

a series connection of a plurality of power output circuits

each connected to a power storage unit stoving power;
and

a control circuit which controls the power output circuits
so that voltage having repeated predetermined peak
values is output from the series connected power outpiit
cirvcuits to the load,

wherein the control circuit controls the power output cir-
cuits to transfer power from a higher voltage power
storage unit of one power output circuit to a lower volt-
age power storage unit of another servies comnnected
power output circuit while outputting the voltage hav-
ing the repeated predetermined peak values.

2. [The voltage fluctuation compensating apparatus
according to claim 1, wherein the energy storage units 1n the
voltage compensating circuits respectively have charging
voltages of approximately 2* (where K=0, 1, 2, . . .) times a
smallest charging voltage of the charging voltages.] The
power output apparatus accorvding to claim 1, further com-
prising:

a voltage level detecting circuit that detects a voltage level
of each of the power storage units and provides an out-
put indicating the detected voltage level of each of the
power storage units to the control circuit,

wherein the contrvol circuit controls the power output cir-
cuits to provide the voltage of the repeated predeter-
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mined peak values to the load based on the output indi-
cating the detected voltage level of each of the power
storage units from the voltage level detecting circuit.

3. [The voltage fluctuation compensating apparatus
according to claim 1, wherein respective the energy storage
units are a plurality of capacitors.] A power output apparatus
which outputs power to a load, comprising:

a series connection of a plurality of power output circuits,
and at least one of the power output circuits connected
to a power storage unit stoving power,; and

a control circuit which controls the power output civcuits
so that voltage having vepeated predetermined peak
values is output from the series connected power outpiit
civcuits to the load

wherein the control circuit controls the power circuits to
transfer power from a higher voltage power output cir-
cuit to a power storage unit of a lower voltage power
output circuit of another servies connected power output
circuit while outputting the voltage having the repeated
predetermined peak values.

4. [The voltage fluctuation compensating apparatus
according to claim 3, wherein the charging voltages of the
capacitors used as a reference value for converting the volt-
age dip amount into a binary signal are detected voltages
obtained by detecting voltages of the respective capacitors at
any time.] 7he power output apparatus according to claim 3,
wherein the voltage of the repeated predetermined peak val-
ues output from the series connected power output circuits to
the load has a first polarity and a second polarity opposite to
the first polarity.

5. [The voltage fluctuation compensating apparatus
according to claim 3, wherein] The power output apparatus
according to claim 3, wherein the voltage of the repeated
predetermined peak values output from the series connected
power output circuits has a value of approximately 2
(where K is an integer of 0 or larger) times a value of a
voltage output from a minimum power output circuit produc-
ing a smallest absolute value of voltage compared to a level
of voltage output from the other series connected power out-
put circuits.

[a system current of the power system is monitored; and

the charging voltages of the capacitors used as a reference
value for converting the voltage dip amount mnto a
binary signal are voltages calculated at any time by
predicting voltage dip amounts of the capacitors based
on the system current monitored.}

[6. The voltage fluctuation compensating apparatus
according to claim 3, wherein charging voltages of the
respective capacitors in the voltage compensating circuits
are set so that an available maximum output voltage of a
total compensating circuit constituting by all of the voltage
compensating circuits connected 1n series exceeds a maxi-
mum voltage dip amount in the power system.}

[7. The voltage fluctuation compensating apparatus
according to claim 3, wherein respective capacitances of the
capacitors 1n the voltage compensating circuits become
lower as the charging voltages of the capacitors increase.]

[8. The voltage fluctuation compensating apparatus
according to claim 7, wherein respective capacitances of the
capacitors in the Volta%e compensating circuits are, at least,
approximately equal 2

(where K=0, 1, 2, . . . ) times the smallest of the capaci-

tances.]

[9. The voltage fluctuation compensating apparatus
according to claim 3, wherein, when the voltage dip amount
1s converted into the binary signal, 1 1s added to the binary
signal so that a smallest charging voltage of the capacitors 1s
added to a total sum of the output voltages from the voltage
compensating circuits determined in accordance with the
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binary signal, if the sum of the output voltages 1s not higher
than a voltage value obtained by subtracting a pre-
determined voltage amount from the voltage dip amount.}
[10. The voltage fluctuation compensating apparatus
5 according to claim 7, further comprising a sag voltage com-
pensating circuit connected to the power system 1n series,
together with the voltage compensating circuits, the sag volt-
age compensating circuit converting a DC voltage of a
capacitor into an AC voltage and outputting the AC voltage,
wherein, when 1t 1s detected that voltages of the respective
capacitors 1n the voltage compensating circuits dip and are
not higher than a predetermined value, the sag voltage com-
pensating circuit 1s operated 1n accordance with operations
of the voltage compensating circuits so that a sum of output
voltages of the voltage compensating circuits and an output
15 voltage of the sag voltage compensating circuit compensates
for the voltage dip of the power system.]
[11. The voltage fluctuation compensating apparatus
according to claim 3, wherein

10

the voltage compensating circuits selected 1n accordance

20 with the binary signal include voltage compensation
circuits having output voltages with a polarity reverse
to voltage polarity of the power system; and

the respective capacitors in the voltage compensating cir-
cuits having output voltages with the same polarity as

25

the power system are discharged, in operation, while
the respective capacitors in the voltage compensating
circuits having output voltages 1n reverse polarity to the
power system are charged, in operation.}
[12. The voltage fluctuation compensating apparatus
30 according to claim 11, wherein

a logic table 1s created for selecting a combination of the
voltage compensating circuits;

the logic table converts the binary signal into a binary
value in which each bit value 1s set to 1 when a capaci-
tor 1s discharged and —1 when a capacitor 1s charged;
and

35

when a voltage dip 1s detected 1n one of the capacitors 1n
the voltage compensating circuits, a binary value 1ndi-
cating a mode 1n which the detected capacitor can be
charged 1s chosen from the logic table 1n accordance
with the detected state so that each capacitor in the
voltage compensating circuits selected 1 accordance
with respective bit values of the binary value 1s charged
when the bit value corresponding to the capacitor 1s 1
and discharged when the bit value corresponding to the
capacitor is 4.]

[13. The voltage fluctuation-compensating apparatus

according to claim 11, wherein

an output voltage of one of the voltage compensating cir-
cuits has a first polarity while output voltages of other
voltage compensating circuits have a second polarity
reverse to the first polarity;

absolute value of a charging voltage of the capacitor hav-
ing the first polarity 1s approximately equal to an abso-
lute value of a sum of charging voltages of the capaci-
tors having the second-polarity;

a combination of the voltage compensation circuits hav-
ing the second-polarity and the voltage compensation
circuits having the first-polarity are selectively operated
when the voltage of the power system has the first
polarity; and

a combination of only the voltage compensation circuits
having the second-polarity voltage compensating cir-
cuits 1s selectively operated when the voltage of the
power system has the second polarity.]
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: October 7, 2008

INVENTORC(S) . Akihiko Iwata et al.

It is certified that error appears in the above-identified patent and that said Letters Patent Is
hereby corrected as shown below:

After “What 1is claimed 1s:”, delete Column 18, Line 15 through Column 20, Line 65.

Column 18, Line 15, Claim 1 after “What 1s claimed 1s:” msert

--1. A voltage fluctuation compensating apparatus for suppressing fluctuation of
a voltage supplied to a load, comprising:

a detection/control portion for detecting a voltage dip in a power system, and
controlling power feeding in accordance with detection of a voltage dip; and

a plurality of voltage compensating circuits connected to the power system in
series, each of the voltage compensating circuits including a plurality of energy storage
units respectively having charging voltages ditterent from one another, the voltage
compensating circuits converting DC voltages of the respective energy storage units 1nto
AC voltages and outputting the AC voltages, wherein

the charging voltages of the energy storage units in the voltage compensating
circuits are used as bit signals for a reference value to check a voltage dip amount of the
power system with the reference value and to convert the voltage dip amount into a
binary signal, and

a combination of the voltage compensating circuits is selected from the plurality
of voltage compensating circuits in accordance with the bimary signal so that a sum of
output voltages of the voltage compensating circuits selected compensates for the
voltage dip of the power system.

2. The voltage fluctuation compensating apparatus according to claim 1,
wherein the energy storage units in the voltage compensating circuits respectively have
charging voltages of approximately 2* (where K=0, 1, 2, . . .) times a smallest charging
voltage of the charging voltages.

3. The voltage fluctuation compensating apparatus according to claim 1,
wherein respective the energy storage units are a plurality of capacitors.

4. The voltage fluctuation compensating apparatus according to claim 3,
wherein the charging voltages of the capacitors used as a reference value for converting
the voltage dip amount mto a binary signal are detected voltages obtained by detecting
voltages of the respective capacitors at any time.
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5. The voltage fluctuation compensating apparatus according to claim 3,
wherein

a system current of the power system 1s monitored; and

the charging voltages of the capacitors used as a reference value for converting
the voltage dip amount into a binary signal are voltages calculated at any time by
predicting voltage dip amounts of the capacitors based on the system current monitored.

6. The voltage fluctuation compensating apparatus according to claim 3,
wherein charging voltages of the respective capacitors 1 the voltage compensating
circuits are set so that an available maximum output voltage of a total compensating
circuit constituted by all of the voltage compensating circuits connected in series
exceeds a maximum voltage dip amount in the power system.

7. The voltage fluctuation compensating apparatus according to claim 3,
wherein respective capacitances of the capacitors in the voltage compensating circuits
become lower as the charging voltages of the capacitors increase.

8. The voltage fluctuation compensating apparatus according to claim 7,
wherein respective capacitances of the capacitors in the voltage compensating circuits
are, at least, approximately equal 2" (where K=0, 1, 2, . . .) times the smallest of the
capacitances.

9. The voltage fluctuation compensating apparatus according to claim 3,
wherein, when the voltage dip amount 1s converted into the binary signal, 1 1s added to
the binary signal so that a smallest charging voltage of the capacitors 1s added to a total
sum of the output voltages from the voltage compensating circuits determined in
accordance with the binary signal, if the sum of the output voltages 1s not higher than a
voltage value obtained by subtracting a pre-determined voltage amount from the voltage
dip amount.

10. The voltage fluctuation compensating apparatus according to claim 7,
further comprising a sag voltage compensating circuit connected to the power system in
series, together with the voltage compensating circuits, the sag voltage compensating
circuit converting a DC voltage of a capacitor into an AC voltage and outputting the AC
voltage, wherein, when it 1s detected that voltages of the respective capacitors in the
voltage compensating circuits dip and are not higher than a predetermined value, the sag
voltage compensating circuit 1s operated 1n accordance with operations of the voltage
compensating circuits so that a sum of output voltages of the voltage compensating
circuits and an output voltage of the sag voltage compensating circuit compensates for
the voltage dip of the power system.
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11. The voltage fluctuation compensating apparatus according to claim 3,
wherein

the voltage compensating circuits selected in accordance with the binary signal
include voltage compensation circuits having output voltages with a polarity reverse to
voltage polarity of the power system; and

the respective capacitors in the voltage compensating circuits having output
voltages with the same polarity as the power system are discharged, in operation, while
the respective capacitors i the voltage compensating circuits having output voltages 1n
reverse polarity to the power system are charged, 1n operation.

12. The voltage fluctuation compensating apparatus according to claim 11,
wherein

a logic table 1s created for selecting a combination of the voltage compensating
CIrCults;

the logic table converts the binary signal into a binary value in which each bit
value 1s set to 1 when a capacitor 1s discharged and -1 when a capacitor 1s charged; and

when a voltage dip is detected in one of the capacitors in the voltage
compensating circuits, a binary value indicating a mode in which the detected capacitor
can be charged 1s chosen from the logic table in accordance with the detected state so
that each capacitor 1n the voltage compensating circuits selected 1in accordance with
respective bit values of the binary value 1s charged when the bit value corresponding to
the capacitor is 1 and discharged when the bit value corresponding to the capacitor 1s 4.

13. The voltage fluctuation-compensating apparatus according to claim 11,
wherein

an output voltage of one of the voltage compensating circuits has a first polarity
while output voltages of other voltage compensating circuits have a second polarity
reverse to the first polarity;

absolute value of a charging voltage of the capacitor having the first polarity is
approximately equal to an absolute value of a sum of charging voltages of the capacitors
having the second-polarity;

a combination of the voltage compensation circuits having the second-polarity
and the voltage compensation circuits having the first-polarity are selectively operated
when the voltage of the power system has the first polarity; and

a combination of only the voltage compensation circuits having the
second-polarity voltage compensating circuits 1s selectively operated when the voltage
of the power system has the second polarity.
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14. A power output apparatus which outputs power to a load, comprising:

a series connection of a plurality of power output circuits each connected to a
power storage unit storing power; and

a control circuit which controls the power output circuits so that voltage having
repeated predetermined peak values 1s output from the series connected power output
circuits to the load,

wherein the control circuit controls the power output circuits to transfer power
from a higher voltage power storage unit of one power output circuit to a lower voltage
power storage unit of another series connected power output circuit while outputting the
voltage having the repeated predetermined peak values.

15. The power output apparatus according to Claim 14, wherein the power
storage units each store power having different values.

16. The power output apparatus according to Claim 14, wherein the voltage of a
predetermined value output from the series connected power output circuits to the load
has a first polarity and a second polarity opposite to the first polarity.

17. The power output apparatus according to claim 16, wherein each of the
power output circuits includes a full bridge circuit containing switching devices.

18. The power output apparatus according to Claim 17, wherein each of the
switching devices includes a semiconductor switching device in which a diode 1s
connected in anti-parallel.

19. The power output apparatus according to claim 14, wherein the control
circuit controls the power output circuits so that, in a predetermined period, power
output from a predetermined power output circuit becomes equal to power stored in the
power storage unit connected to the predetermined power output circuit.

20. The power output apparatus according to claim 19, wherein the
predetermined period has periodicity.
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21. The power output apparatus according to claim 19, wherein the power
output circuits are controlled so that the voltage of the first polarity and the voltage of
the second polarity are alternately output, and the power output from the predetermined
power output circuit becomes equal to the power stored in the power storage unit
connected to the predetermined power output circuit in an overall period including a
first period portion when the voltage of the first polarity is output and a subsequent
second period portion when the voltage of the second polarity is output.

22. The power output apparatus according to Claim 14, wherein the higher
voltage power storage unit has a larger absolute value of stored voltage compared to the
absolute value of voltage stored by the lower power storage unit.

23. The power output apparatus according to claim 14, wherein the voltage of a
predetermined value output from the series connected power output circuits has a value
of approximately 2" (where K is an integer of 0 or larger) times a value of a voltage
output from a minimum power output circuit producing a smallest absolute value of
voltage compared to a level of voltage output from the other series connected power
output circuits.

24. The power output apparatus according to claim 14, wherein

the power output circuits include a first power output circuit which outputs
voltage of a first polarity and a second power output circuit connected to the higher
voltage power storage unit which outputs voltage of a second polarity; and

the control circuit transfers power from the higher voltage power storage unit of
the second power output circuit into the lower voltage power storage unit connected to
the first power circuit during a period of outputting the voltage of the second polarity.

25. The power output apparatus according to claim 24, wherein the power
output circuits include a plurality of first power output circuits and the second output
CIrcuit.

26. The power output apparatus according to claim 25, wherein an absolute
value of the voltage output from the second power output circuit 1s larger than the
absolute value of a sum of voltages output from the first power output circuits.
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27. The power output apparatus according to claim 25, wherein the control
circuit controls the first power output circuits and the second power output circuit so
that the power output from a predetermined first power output circuit becomes equal to
the power stored in the power storage unit connected to the predetermined first power
output circuit.

28. The power output apparatus according to claim 27, wherein the control
circuit controls the first predetermined power output circuit and the second power
output circuit to alternately output the voltage of the first polarity and the voltage of the
second polarity, and the power output from the predetermined first power output circuit
becomes equal to the power stored in the power storage unit connected to the
predetermined first power output circuit in an overall period including a first period
portion when the voltage of the first polarity is output and a subsequent second period
portion when the voltage of the second polarity i1s output.

29. The power output apparatus according to Claim 25, wherein the higher
voltage power storage unit has a larger absolute value of stored voltage of the power
storage units connected to the first power output circuits.

30. The power output apparatus according to claim 25, wherein the voltage
output from the first power output circuits has a value of approximately 2" (where K is
an integer of O or larger) times a value of voltage output from a minimum power first
power output circuit having a smallest level of voltage of the first power output circuits.

31. The power output apparatus according to claim 24, wherein a period of
outputting the voltage of the first polarity 1s of equal time duration to and alternates with
the period for outputting the voltage of the second polarity.

32. The power output apparatus according to claim 31, wherein each of the
period of outputting the voltage of the first polarity and the period of outputting the
voltage of the second polarity has a period portion with a gradually increasing level of
voltage and a period portion with a gradually decreasing level of voltage.
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33. The power output apparatus according to claim 14, further comprising:

a voltage level detecting circuit that detects a voltage level of each of the power
storage units and provides an output indicating the detected voltage level of each of the
power storage units to the control circuit,

wherein the control circuit controls the power output circuits to provide the
voltage of the repeated predetermined peak values to the load based on the output
indicating the detected voltage level of each of the power storage units from the voltage
level detecting circuit.

34. The power output apparatus according to claim 33, wherein the control
circuit controls the power output circuits so that, in a predetermined period, the power
output from a predetermined power output circuit becomes equal to the power stored in
the power storage unit connected to another power output circuit.

35. The power output apparatus according to claim 34, wherein the control
circuit controls the power output circuits so that, in a predetermined period, a first
period portion of outputting the power from the predetermined power output circuit is
equal to a second period portion of transferring power into the another power storage
unit.

36. The power output apparatus according to claim 34, wherein the
predetermined period i1s defined based on a period of one cycle of the voltage output
from the series connected power output circuits to the load.

37. The power output apparatus according to claim 36, wherein the
predetermined period 1s of a duration equal to the duration of a period of one cycle of
the voltage of a predetermined value output from the series connected power output
circuits to the load.

38. The power output apparatus according to claim 33, wherein each of the
power output circuits includes a full bridge circuit containing switching devices.
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39. The power output apparatus according to claim 38, wherein each of the
switching devices includes a semiconductor switching device in which a diode 1s
connected 1n anti-parallel.

40. The power output apparatus according to Claim 14, wherein the power
output circuit transters energy output from the power output circuit to the power storage
unit connected to the at least one other power output circuit, based on voltage level of at
least one power storage unit.

41. The power output apparatus according to Claim 14, wherein the energy
output from the power output circuit becomes equal to the energy stored in the power
storage unit 1n a predetermined period.

42. A power output apparatus which outputs power to a load, comprising:

a series connection of a plurality of power output circuits, and at least one of the
power output circuits connected to a power storage unit storing power; and

a control circuit which controls the power output circuits so that voltage having
repeated predetermined peak values 1s output from the series connected power output
circuits to the load,

wherein the control circuit controls the power circuits to transfer power from a
higher voltage power output circuit to a power storage unit of a lower voltage power
output circuit of another series connected power output circuit while outputting the
voltage having the repeated predetermined peak values.

43. The power output apparatus according to Claim 42, wherein the voltage of
the repeated predetermined peak values output from the series connected power output
circuits to the load has a first polarity and a second polarity opposite to the first polarity.

44. The power output apparatus according to Claim 42, wherein the control
circuit controls the power output circuits so that, in a predetermined period, power
output from a predetermined power output circuit with the power storage unit becomes
equal to power stored 1n the power storage unit connected to the predetermined power
output circuit.
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45. The power output apparatus according to Claim 44 wherein the power
output circuits are controlled so that the voltage of the first polarity and the voltage of
the second polarity are alternately output, and the power output from the predetermined
power output circuits with the power storage unit becomes equal to the power stored in
the power storage unit connected to the predetermined power output circuit in an overall
period including a first period portion when the voltage of the first polarity 1s output and
a subsequent second period portion when the voltage of the second polarity 1s output.

46. The power output apparatus according to Claim 42, wherein the high
voltage power output circuit outputs a largest absolute value of voltage compared to the
absolute value of voltage output by any other power output circuit.

47. The power output apparatus according to Claim 42, wherein the voltage of
the repeated predetermined peak values output from the series connected power output
circuits has a value of approximately 2" (where K is an integer of 0 or larger) times a
value of a voltage output from a minimum power output circuit producing a smallest
absolute value of voltage compared to a level of voltage output from the other series
connected power output circuits. --

Signed and Sealed this

Seventh Day of July, 2009

), . (.20

JOHN DOLL
Acting Director of the United States Patent and Trademark Olffice
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