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(57) ABSTRACT 

In a power conversion device according to the present 
invention, an AC power Source Voltage Signal Vac which is 
the instantaneous value of AC power Source 1 detected by a 
power Source Voltage detection circuit comprising a trans 
former 5, rectifier 6 and A/D converter 7 is averaged by an 
averaging circuit 9 and an average AC power Source Voltage 
Signal Vave is output. This average AC power Source Voltage 
Signal Vave and AC power Source Voltage Signal Vac are 
compared in comparator 8 and, if their deviation is more 
than a prescribed value, a power Source Voltage drop detec 
tion signal PSFS is output. Spurious detection of power 
Source Voltage drop resulting from the effect of power Source 
fluctuations can thereby be prevented. 
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POWER CONVERSION DEVICE WITH POWER 
SOURCE VOLTAGE DROP DETECTION UNIT 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application claims benefit of priority to Japa 
nese Application No.JP 2001-26889 filed Feb. 2, 2001, the 
entire content of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a power conversion 
device and more particularly relates to a power conversion 
device wherein control is arranged to be maintained in Stable 
fashion by detecting occurrence of power Source Voltage 
drop with high Sensitivity without any possibility of Spurious 
detection. 

0004 2. Description of the Related Art 
0005 FIG. 1 illustrates the construction of a thyristor 
Leonardo device provided with a power Source drop detec 
tion circuit. 

0006. In FIG. 1, a thyristor converter 2 constituted of a 
converter for converting AC power from AC power Source 
1 to any desired DC voltage and an inverter for regenerating 
the generated power from DC electric motor 3 constituting 
the load to AC power Source 1 is connected to AC power 
Source 1. 

0007 When a thyristor converter 2 is performing regen 
erative operation, if Voltage drop or shutdown etc. of AC 
power Source 1 occurs, there is a possibility of loss of 
commutation, leading to a short-circuit fault; a power Source 
Voltage drop detection circuit 4 is therefore provided in 
order to perform a prescribed protective action on detecting 
a drop in the Voltage of AC power Source 1. 
0008 Power source voltage drop detection circuit 4 out 
puts a power Source Voltage drop detection signal PSF S 
(Power Source Fall Signal) by inputting to comparator 8 
from the System of AC power Source 1 an AC power Source 
Voltage Signal Vac detected by a power Source Voltage Signal 
detection circuit comprising transformer 5, rectifier 6 and 
AC/DC converter 7, and a power Source Voltage detection 
Signal VpSf (this signal means Setting value). 
0009. When power source voltage drop detection signal 
PSFS is activated, the thyristor Leonardo device performs 
a prescribed protective action. 
0.010 However, in a conventional power source voltage 
drop detection circuit 4 as described above, there are the 
following problems. 

0.011 The system of AC power source 1 fluctuates, influ 
enced by the Season and the operating condition of large 
capacity loads connected to the Same System. 
0012 Fluctuations of this AC power source 1 have the 
following effects on power Source Voltage drop detection 
circuit 4. 

0013 For example, if the voltage of the system of AC 
power Source 1 drops due to increase in the load of a large 
capacity load in the same System, the difference between 
power Source Voltage detection signal VpSf and AC power 

Aug. 8, 2002 

Source Voltage Signal Vac diminishes, with the result that the 
margin in respect of power Source Voltage detection is 
eliminated; if the Setting of power Source Voltage detection 
Signal VpSf is raised in order to raise the detection Sensitiv 
ity, there is a possibility of Spurious detection. 
0014 For example, the power source voltage drop detec 
tion signal PSFS when the detection level is taken as 85% 
is indicated by A in FIG. 2; however, as shown in this 
Figure, although occurrence of shutdown can be detected, if 
the Voltage of the System of AC power Source 1 drops by 
15% or more due to power source fluctuation this results in 
Spurious detection even if no shutdown occurs. 
0015. Also, if the voltage of the system of AC power 
Source 1 rises due to decrease in the load of a large capacity 
load, the AC power Source Voltage Signal Vac also rises, So 
detection of drop of the power Source Voltage at the original 
detection level becomes impossible. 

SUMMARY OF THE INVENTION 

0016. Accordingly, one object of the present invention is 
to provide a novel power conversion device comprising 
excellent means capable of detecting power Source Voltage 
drop even if the power Source is affected by Seasonal 
fluctuation and/or the operating condition of a large capacity 
load connected to the same System, without being affected 
thereby. 

0017. This object is achieved by a power conversion 
device having the following construction. 
0018 Specifically, a power conversion device according 
to the present invention that converts power from a power 
Source to any desired Voltage, comprises: 
0019 averaging means (unit) for obtaining an average 
power Source Voltage Signal by averaging the power Source 
Voltage signal; and 
0020 power source voltage drop detection means (unit) 
that compares the average power Source Voltage Signal 
obtained by this averaging means (unit) and the instanta 
neous value of the power Source Voltage Signal and outputs 
a power Source Voltage drop detection Signal on detection of 
drop of the power Source Voltage by this deviation becoming 
more than a fixed value. 

0021 With the present invention, spurious detection of 
power Source Voltage drop produced by the effects of power 
Source fluctuation Such as Seasonal fluctuation can be pre 
vented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0022. A more complete appreciation of the present inven 
tion and many of the attendant advantages thereof will be 
readily obtained as the same becomes better understood by 
reference to the following detailed description when con 
sidered in connection with the accompanying drawings, 
wherein: 

0023 FIG. 1 is a block diagram illustrating the construc 
tion of a prior art example, 
0024 FIG. 2 is a timing chart given for purposes of 
comparing the power Source Voltage drop detection action of 
the prior art example with a first embodiment of the present 
invention; 
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0.025 FIG. 3 is a block diagram illustrating the construc 
tion of a power conversion device according to a first 
embodiment of the present invention; 
0.026 FIG. 4 is a block diagram illustrating the construc 
tion of a power conversion device according to a Second 
embodiment of the present invention; 
0.027 FIG. 5 is a block diagram illustrating the construc 
tion of a power conversion device according to a third 
embodiment of the present invention 
0028 FIG. 6 is a block diagram illustrating the construc 
tion of a power conversion device according to a fourth 
embodiment of the present invention and 
0029 FIG. 7 is a block diagram illustrating the construc 
tion of a detail of a power conversion device according to a 
fifth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0030) Referring now to the drawings, wherein like ref 
erence numerals designate identical or corresponding parts 
throughout the several views, and more particularly to FIG. 
3 thereof, one embodiment of the present invention will be 
described. 

0031. In the following Figures, including the Figures 
illustrating the prior art, the same reference Symbols indicate 
the same parts or corresponding parts. 

First Embodiment 

0.032 A power conversion device according to a first 
embodiment of the present invention is described with 
reference to FIG. 3. 

0033. In FIG. 3, an AC power source of voltage signal 
Vac constituting the instantaneous value of AC power Source 
1 detected by a power Source Voltage detection circuit 
comprising transformer 5, rectifier 6 and A/D converter 7 is 
input to an averaging circuit 9 and an average AC power 
Source Voltage Signal Vave is output from averaging circuit 
9. 

0034 Power source voltage drop detection signal PSFS 
is output by comparing this average AC power Source 
Voltage Signal Vave and the AC power Source Voltage Signal 
Vac which is the instantaneous value of AC power source 1 
and inputting the deviation of these and power Source 
Voltage detection signal VpSf to comparator 8. 
0035. For example, if the detection level is taken as being 
85% of the average AC power Source Voltage Signal Vave, if 
the deviation of average AC power Source Voltage Signal 
Vave and AC power Source Voltage Signal Vac is more than 
15% of the mean AC power Source Voltage Signal Vave, 
power Source voltage drop detection signal PSFS is output 
(the output signal of comparator 8 changes from “1” to “0”) 
and a drop in the AC power Source Voltage can thereby be 
detected. 

0.036 The power source voltage drop detection signal 
PSFS in this case is indicated by Bin FIG. 1, but, as shown 
in this Figure, as the detection point in the case of this 
embodiment it is arranged for detection to occur at 85% of 
the average AC power Source Voltage Signal Vave; thus, 
although occurrence of Shutdown or drop of the AC power 
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Source Voltage Signal Vac, which is the instantaneous value 
of the system of AC power source 1, by more than 15% of 
the average AC power Source Voltage Signal Vave is 
detected, there is no possibility of occurrence of Spurious 
detection thereof as in the prior art example shown by A in 
FIG. 2, when the AC power source voltage signal Vac, 
which is the instantaneous value of AC power Source 1, 
drops by more than 15% due to power source fluctuation. 

Second Embodiment 

0037 Next, a power conversion device according to a 
Second embodiment of the present invention is described 
with reference to FIG. 4. In this second embodiment, a 
Short-period averaging circuit 10 is added to the construction 
of the first embodiment shown in FIG. 3. 

0038. In FIG. 4, the AC power source voltage signal Vac 
of AC power Source 1 detected by a power Source Voltage 
detection circuit comprising transformer 5, rectifier 6 and 
A/D converter 7 is input to averaging circuit 9 and the 
average AC power Source Voltage Signal Vave is output from 
averaging circuit 9. 
0039) Power source voltage drop detection signal PSFS 
is output by comparing this average AC power Source 
Voltage signal Vave and the Short-period average AC power 
Source Voltage Signal Vave 1 averaged by Short-period 
averaging circuit 10 that averages the AC power Source 1 in 
a time that is Sufficiently shorter than that of averaging 
circuit 9, and inputting this deviation and the power Source 
voltage detection signal VpSf to comparator 8. By “a time 
that is sufficiently shorter' is meant that the ratio thereof 
with respect to that of the averaging circuit 9 is of the about 
order of 10:1. 

0040. That is, when the deviation of the average AC 
power Source Voltage Signal Vave and the short-time average 
AC power Source Voltage Signal Vave is more than a fixed 
value, power Source Voltage drop detection signal PSFS is 
output (the output signal of comparator 8 changes from “1” 
to “0”)and the voltage drop of the AC power source voltage 
can be detected. 

0041. With this embodiment, power source voltage drop 
detection operation can be performed with even leSS prob 
ability of Spurious detection due to the influence of power 
Source fluctuation than in the case of the first embodiment. 

Third Embodiment 

0042 A power conversion device according to a third 
embodiment of the present invention will next be described. 
In this third embodiment, a rate of Voltage drop detector and 
an OR circuit (that is to say, a logical OR circuit) are added 
to the construction of the first or Second embodiment, So that 
it is arranged to detect drop of the AC power Source Voltage 
with the addition of the condition that the drop of AC power 
Source voltage is determined to be abrupt. FIG. 5 illustrates 
an example of the case of a construction in which a rate of 
voltage drop detector 11 and an OR circuit 20 (logical OR 
circuit 20) are added to the construction of the second 
embodiment illustrated in FIG. 4. 

0043. In FIG. 5, the AC power source voltage signal Vac, 
which is the instantaneous value of the AC power Source 1 
detected by a Voltage detection circuit comprising trans 
former 5, rectifier 6 and A/D converter 7, is input to rate of 
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Voltage drop detector 11 and power Source Voltage rate of 
change Signal dv/dt is output when the AC power Source 
Voltage Signal Vac drops with a rate of drop of more than a 
Set value. 

0044) This power source voltage rate of change signal 
dv/dt is added to the output condition of power Source 
voltage drop detection signal PSF S, So power Source Volt 
age drop detection is only performed when it is ascertained 
that the drop of the power Source Voltage is abrupt. 
0.045 Specifically, the power source voltage drop detec 
tion signal PSFS is output from OR circuit 20 (the output 
of OR circuit 20 is “0”) only when the power source voltage 
drop detection signal PSFS is being output from compara 
tor 8 (output signal of comparator 8 becomes “0”) and power 
Source rate of Voltage change Signal dv/dt is being output 
(when output signal of rate of Voltage drop detector 11 has 
become “0”), So power Source Voltage drop detection is only 
executed when it is ascertained that the drop of the power 
Source Voltage is abrupt. 
0046) Thus, by arranging that the power source voltage 
drop detection is only executed when is it is ascertained that 
the drop of power Source Voltage is abrupt, it is possible to 
prevent Spurious detection of drop of power Source Voltage 
being caused by a gradual drop of Voltage resulting from 
load fluctuation of the AC power Source System. 
0047. It should be noted that this could be put into 
practice in the same way by adding a rate of Voltage drop 
detector 11 and OR circuit 20 to the construction of the first 
embodiment shown in FIG. 3. 

Fourth Embodiment 

0.048 Next, a power conversion device according to a 
fourth embodiment of the present invention is described. In 
this fourth embodiment, large capacity loads connected to 
the same AC power Source System are monitored by adding 
an A/D converter, comparator and OR circuit to the con 
Struction of the first or Second embodiment; thus the con 
dition is added of restricting the detection of a drop of AC 
power Source Voltage to that occurring when there is an 
increase in large capacity loads. FIG. 6 illustrates an 
example wherein A/D converter 17, comparator 18 and OR 
circuit 20 are added to the construction of the second 
embodiment shown in FIG. 4. 

0049. In FIG. 6, system load increase signal PINC is 
output by inputting to comparator 18 an amount of load 
signal POWER (kW) from large capacity load 12 connected 
with the same AC power Source System as AC power Source 
1 and system load increase reference P REF. By adding this 
System load increase signal P INC to the output condition of 
power Source Voltage drop detection signal PSFS, execu 
tion of power Source Voltage drop detection is restricted to 
the case where it is ascertained that the drop in power Source 
Voltage is due to increase in load of large capacity load 12 
connected with the same AC power Source System. 
0050. That is, the output signal of large capacity load 12 
is supplied to comparator 18 through A/D converter 17 as 
load amount signal POWER (kW) and is compared with the 
system load increase reference P REF. If the load amount 
signal POWER (kW) is more than the system load increase 
reference P REF, the system load increase signal PINC is 
output (output signal of comparator 18 becomes “1”). 
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Execution of power Source Voltage drop detection is 
restricted So that, even if power Source Voltage drop detec 
tion signal PSFS is output from comparator 18 (the output 
signal of comparator 18 is “0”), if the system load increase 
Signal P INC is output (output signal of comparator 18 is 
“1”), the power source voltage drop detection signal PSFS 
is not output from OR circuit 20 (output signal of OR circuit 
20 does not become “0”). 
0051. In this way, by restricting power source voltage 
drop detection when it is ascertained that this is due to 
increase in load, above the prescribed amount, of large 
capacity load 12 connected to the same AC power Source 
System, it is possible to prevent increase in load of large 
capacity load 12 from causing Spurious detection of power 
Source Voltage drop produced by Voltage drop of AC power 
Source 1. 

0052. It should be noted that this could likewise be 
implemented by adding A/D converter 17, comparator 18 
and OR circuit 20 to the construction of the first embodiment 
shown in FIG. 3. 

Fifth Embodiment 

0053 Next, a power conversion device according to a 
fifth embodiment of the present invention will be described. 
In this fifth embodiment, by adding a power Source drop 
detection voltage memory, Single-shot multivibrator, hold 
ing circuit and comparison circuit to the construction of the 
first or Second embodiment, it is arranged that on detection 
of power Source Voltage drop, the instantaneous value of the 
AC power Source Voltage Signal or averaged power Source 
Voltage Signal obtained by averaging the AC power Source 
Voltage Signal or the short-period averaged AC power Source 
Voltage Signal obtained by averaging over a short period that 
is Sufficiently short with respect to the average power Source 
Voltage are Stored in memory and the held power Source 
Voltage drop detection is reset at the timepoint where the 
instantaneous value of the AC power Source Voltage Signal 
or the Signal averaged over a Sufficiently short time with 
regard to the average power Source Voltage returns to the 
memory value or thereabove or to a value obtained by 
adding a bias value to the memory value or thereabove. FIG. 
7 shows the construction of a portion of the power Source 
Voltage drop detection circuit 4 in an example in which 
power Source drop detection Voltage memory 13, Single-shot 
multivibrator 14, holding circuit 15 and comparator 19 are 
added to the construction of the first embodiment shown in 
FIG 3. 

0054. In FIG. 7, the power source voltage drop detection 
reset signal PSF RST obtained by inputting to comparator 
19 the AC power source voltage Vac, which is the instan 
taneous value of AC power Source 1 and the Voltage Signal 
Vmem on detecting drop of power Source Voltage, obtained 
by Storing in power Source Voltage drop detection Voltage 
memory 13 the AC power Source Voltage Signal Vac on 
power Source Voltage drop detection or the average power 
Source Voltage Signal Vave obtained by averaging the AC 
power Source Voltage Signal on detection of power Source 
voltage drop (FIG. 7 shows the case where the AC power 
Source Voltage Signal Vac is employed) is used as the means 
for resetting the power Source Voltage drop detection Signal 
PSFS, which is the output signal of holding circuit 15 that 
holds the output Signal from comparator 8. 
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0.055 That is, the AC power source voltage signal Vac in 
the event of power Source Voltage drop (when the output 
signal of comparator 8 has become “0”) is stored in memory 
circuit 13 as Voltage Vmem on detection of power Source 
Voltage drop. Thus, AC power Source Voltage Signal Vac, 
which is the instantaneous value of the AC power Source 1 
is input to comparator 19, comparator 19 compares this AC 
power Source Voltage Signal Vac with the Voltage Signal 
Vmem on power Source Voltage drop detection or with a 
value obtained by adding a biasing quantity BIAS to the 
Voltage Signal Vmem on detection of power Source Voltage 
drop (FIG. 7 shows the case where comparison is made with 
the value obtained by adding the biasing quantity BIAS to 
the Voltage Signal Vmem on detection of power Source 
voltage drop); and, when the AC power Source Voltage 
Signal Vac becomes more than the Voltage Signal Vmem on 
detection of power Source Voltage drop or the value obtained 
by adding the biasing quantity BIAS to the Voltage Signal 
Vmem on detection of power Source Voltage drop, power 
source voltage drop detection reset signal PSF RST is 
output (the output signal of comparator 19 becomes “0”). 
Power source voltage drop detection signal PSFS held in 
holding circuit 15 is reset by applying this power Source 
voltage drop detection reset signal PSF RST to reset termi 
nal R of holding circuit 15 as a pulse Signal for resetting, 
through single-shot multivibrator 14. 
0056. In this way, when the AC power source voltage 
Signal Vac, which is the instantaneous value of the AC power 
Source 1, is reset to at or above a prescribed value from the 
low condition, the detection of power Source Voltage drop 
which was held can be reset. 

0057. It should be noted that this could be implemented 
in the same way by adding power Source drop detection 
Voltage memory 13, Single-shot multivibrator 14, holding 
circuit 15 and comparator 19 to the construction of the 
Second embodiment shown in FIG. 4. 

0.058 As described above, with the present invention, 
even when the power Source is affected by Seasonal fluc 
tuations or due to the operating condition of large capacity 
loads connected with the same System, power Source Voltage 
drop detection can be excellently achieved without being 
influenced thereby; a power conversion device can thus be 
provided wherein Stable control can be maintained. 
0059 Further, specifically, according to the present 
invention, power Source Voltage drop detection operation 
can be achieved with little likelihood of spurious detection 
due to the influence of power Source fluctuation. 
0060) Further according to the present invention spurious 
detection of power Source Voltage drop produced by gradual 
Voltage drop resulting from for example load fluctuation of 
the power Source System can be prevented by performing 
power Source Voltage drop detection operation only when it 
is ascertained that the drop of power Source Voltage is 
abrupt. 

0061 Yet further according to the present invention spu 
rious detection of power Source Voltage drop produced by 
Voltage drop generated by increase of load of large capacity 
loads connected to the same power Source System can be 
prevented. 

0.062 Yet further according to the present invention the 
held power Source Voltage drop detection can be reset when 
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the power Source Voltage is reset to at or above a prescribed 
value from a dropped condition. 
0063. Obviously, numerous additional modifications and 
variations of the present invention are possible in light of the 
above teachings. It is therefore to be understood that within 
the Scope of the appended claims, the present invention may 
be practiced otherwise than as Specially described herein. 
What is claimed is: 

1. Power conversion device that converts power from a 
power Source to any desired Voltage, comprising: 

averaging unit that obtains an average power Source 
Voltage Signal by averaging Said power Source Voltage 
Signal; and 

power Source Voltage drop detection unit that compares 
Said average power Source Voltage Signal obtained by 
Said averaging unit and an instantaneous value of Said 
power Source Voltage Signal and outputs a power Source 
Voltage drop detection signal on detection of drop of a 
power Source Voltage by a deviation becoming more 
than a prescribed value. 

2. Power conversion device that converts power from a 
power Source to any desired Voltage, comprising: 

averaging unit that obtains an average power Source 
Voltage Signal by averaging Said power Source Voltage 
Signal; 

Short period averaging unit that obtains a short-period 
average power Source Voltage Signal by averaging Said 
power Source voltage Signal over a time which is short 
in relation to Said average power Source Voltage Signal 
obtained by Said averaging unit; 

power Source Voltage drop detection unit that compares 
Said average power Source Voltage Signal obtained by 
Said averaging unit and Said short period average power 
Source Voltage Signal obtained by Said short period 
averaging unit and outputs a power Source Voltage drop 
detection signal on detection of drop of a power Source 
Voltage by a deviation becoming more than a pre 
Scribed value. 

3. Power conversion device according to claim 1 or claim 
2, 

wherein Said power Source Voltage drop detection unit 
comprises rate of Voltage drop detection unit that 
detects a rate of power Source Voltage drop and, when 
drop of a power Source Voltage is detected by Said 
deviation becoming more than a certain prescribed 
value, outputS Said power Source Voltage drop detection 
Signal only when Said rate of drop detected by Said rate 
of Voltage drop detection unit is more than a Set value. 

4. Power conversion device according to claim 1 or claim 
2, 

wherein Said power Source Voltage drop detection unit 
comprises load increase detection unit that detects 
increase of load of large capacity loads connected to a 
Same power Source System and, even when drop of Said 
power Source Voltage is detected by Said deviation 
becoming more than a certain prescribed value, if 
increase of Said load of more than a prescribed amount 
is detected by Said load increase detection unit, restricts 
output of Said power Source Voltage drop detection 
Signal. 
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5. Power conversion device according to claim 1 or claim 
2, 

wherein Said power Source Voltage drop detection unit 
comprises: 
holding unit that holds detection of drop of power 

Source Voltage by Said deviation becoming more than 
a prescribed value; 

memory unit that Stores an instantaneous value of Said 
power Source Voltage Signal or said average power 
Source Voltage Signal or said short-period average 
power Source Voltage Signal when drop of Said power 
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Source Voltage is detected by Said deviation becom 
ing more than a prescribed value; and 

resetting unit that resets holding of Said power Source 
Voltage drop detection by Said holding unit when 
Said instantaneous value of Said power Source Volt 
age Signal or said power Source Voltage Signal aver 
aged over a short period is reset to at or above a value 
Stored by Said memory unit or at or above a value 
obtained by adding a biasing quantity to a Stored 
value. 


