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Voltage Sag Mitigation Using Direct Converter Based DVR
without Error Signal

Abstract- Dynamic voltage restorer is considered to be one of the best device to compensate voltage sag and swell. Recently the DVRs based on
direct converters are very popular and works are getting published for various topologies and modulating techniques to explore the efficiency and
worth of the same. In this paper, the direct converter is realized using only two bidirectional switches, in order to mitigate voltage sag. The voltage
required to compensate the voltage sag is taken from the same phase where the voltage sag has occurred. The direct converter is connected
between the line in which the voltage sag has occurred and the series transformer. In the conventional PWM generation technique, the supply
voltage is measured and compared with the reference voltage in order to find out the voltage sag and the error voltage signal. This error signal will
be compared with the carrier to generate the PWM pulses. Though already papers have been published to mitigate voltage sag using direct
converter, in this paper, as one of the efforts to show the flexibility of the direct converter based DVR, the voltage sag is mitigated without measuring
the supply voltage and without generating the error signals, since the power required to mitigate the sag is taken from the phase where it occurred.
Ordinary PWM technique is used to control the bidirectional switches. In this proposed methodology the DVR is able to compensate 22% of voltage
sag. The simulation is carried out in Matlab Simulink and the results are presented for verification.

Streszczenie- Dynamiczny restorer napiecia jest uwazany za jedno z najlepszych urzadzen do kompensacji zapadéw i wzrostéw napiecia. Ostatnio
bardzo popularne sg rejestratory DVR oparte na konwerterach bezposrednich i publikowane sg prace dla réznych topologii i technik modulacji w celu
zbadania ich wydajnosci i wartosci. W niniejszym artykule przeksztattnik bezposredni jest realizowany przy uzyciu tylko dwoéch dwukierunkowych
przetgcznikow, w celu ztagodzenia zapadu napiecia. Napiecie wymagane do skompensowania zapadu napiecia jest pobierane z tej samej fazy, w
ktorej wystapit zapad napiecia. Przetwornik bezpos$redni jest podfgczony miedzy linig, w ktérej wystapito zapad napiecia, a transformatorem
szeregowym. W konwencjonalnej technice generowania PWM napiecie zasilania jest mierzone i porownywane z napigeciem odniesienia w celu
okredlenia zapadu napigecia i sygnatu bfedu napiecia. Ten sygnat bfedu zostanie poréwnany z no$nikiem w celu wygenerowania impulsow PWM.
Chociaz opublikowano juz artykuty majgce na celu ztagodzenie zapadu napigcia za pomocg bezposredniego konwertera, w tym artykule, jako jeden
z wysitkbw majgcych na celu pokazanie elastyczno$ci rejestratora opartego na bezposrednim konwerterze, zapad napiecia jest tagodzony bez
pomiaru napiecia zasilania i bez generowania sygnatéw btedu , poniewaz moc wymagana do ztagodzenia zwisu jest pobierana z fazy, w ktérej
wystapit. Do sterowania przetgcznikami dwukierunkowymi wykorzystywana jest zwykta technika PWM. (Lagodzenie zapadéw napiecia za pomoca

DVR opartego na bezposrednim konwerterze bez sygnatu bledu)

Key Words- Dynamic Voltage Restorer, Voltage Sag, Direct Converter, Series Transformer, Mat lab Simulink, Without Error Signal
Stowa kluczowe- Dynamiczny przywracanie napiecia, zapad napiecia, konwerter bezposredni, transformator szeregowy, bez sygnatu btedu

Introduction

To mitigate power quality issues like voltage sag, swell,
flicker, harmonics, etc. [1], we have many devices both on
the transmission side and distribution side. Flexible AC
devices are used on transmission side [2] while Custom
Power Devices are used on distribution side [3, 4] to
improve the power quality of the power system. On
distribution side we have devices like UPS, static transfer
switch, motor-generator set, shunt active filters and DVR
[5]. The DVR considered to be a most efficient and
economic device to improve the power quality on the
distribution side as it works when there is power quality
issue arises, occupies less space, less weight, less
maintenance, etc [6-9].

DVR is a series compensator, which is used to add the
compensating voltage in series with the line voltage in order
to mitigate voltage sag, swell, harmonics, flicker, etc. A
conventional DVR has an energy storage device ( which
may be a battery bank or capacitor or super capacitor), an
inverter to convert the DC power in the energy storage
device to AC power and a series transformer to inject the
AC power generated by the inverter, in series with the line
voltage. When a power quality issue occurs on the supply
side, the inverter synthesis the required compensating
voltage by taking power from the energy storage devices
and injects the compensating voltage in series with the line
voltage using the series transformer [10-12]. The
compensating range and duration of mitigation of voltage
sag and swell, of this topology is based on the rating of the
energy storage devices. This conventional DVR has
disadvantages like heavy weight, volume, uneconomical,
more maintenance due to the presence of energy storage
devices [13-15]. In order to overcome, these disadvantages,

recently DVRs based on direct converters are proposed. In
this topology, the energy storage devices are not used.
Instead the power taken from the supply side itself to
mitigate the power quality issues. As the power is taken
form the supply side to mitigate the power quality issues,
this topology uses direct converters to synthesis the
compensating voltage. A series transformer is used to inject
the output voltage of the direct converter, in series with the
line voltage. So when a voltage sag or swell occurs, the
direct converter will synthesis the required compensating
voltage by taking power from the supply side and the
compensating voltage is added in series with the line
voltage using the series transformer . As this topology didn’t
used energy storage devices, it is not having disadvantages
like topology based on energy storage devices. The
compensating range and the mitigating duration of this
topology is based upon the direct converter topology,
modulating techniques and the availability of input voltage
for the direct converter [16-20].

In the literature, very few publications are available for
the DVRs based on the direct converters as it is a recent
technique. Out of those publications, the topology
presented in [21, 22] can mitigate 50% of voltage sag and
100% of swell by taking power from the same phase. The
topologies presented in [23, 24] can mitigate 33% of voltage
sag and 100% of voltage swell by taking power form the
different phases. Though the topologies in [25-27] are
based on direct converters, they can mitigate voltage sag,
swell and also single outage. Based on the modulating
techniques, the voltage sag and swell compensating range
could be improved is proved in [28, 29]. So far in all the
DVR topologies based on either direct converters or energy
storage devices, the voltage sag is mitigated by measuring
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the supply voltage and comparing it with the reference
signal. From the comparison, error signal will be generated
and this error signal will be compared with the carrier signal
to generate the PWM pulses to control the switches to
synthesis compensating voltage. In this paper, mitigation of
voltage sag without generation of error signal is proposed
as this topology is based on direct converter and it is taking
power from the same phase to mitigate voltage sag and
swell.

Topology and control algorithm of the DVR

The DVR consists of a direct converter with two
bidirectional switches Sa and Sg, LC filter and a series
transformer of turns ratio 1:1. For simplicity only one phase
is considered out of three phases as power is taken from
the same phase to mitigate the voltage sag.
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Fig. 1. Topology of the DVR

In the conventional control algorithm, the RMS value or
the peak value of the supply voltage is measured and
subtracted from the rated voltage. From this comparison
error signal will be obtained. This error signal is converted
into per unit value and then compared with the carrier signal
to generate the PWM pulses for the switches. In this
proposed control algorithm, a potential transformer (PT) is
used to step down the supply voltage. The turns ratio of the
PT is peak value of the supply voltage to 1. For example if
the supply side rated peak voltage is (rms 220 v) 311 volts
then turns ratio of the transformer is 311:1. If the supply
side rated peak voltage is (rms 110)156 volts then the turns
ratio of the transformer is 156:1. So the output voltage of
the PT is in per unit value expressed in percentage of the
rated supply voltage. The output voltage of the PT is
rectified using a full wave uncontrolled rectifier and filtered
using LC filter of value 2 milli Hendry and 15 micro farad.
The output is a pure DC voltage which is compared with the
carrier signal of 4000 Hz. It is better to use a precision
uncontrolled full wave rectifier (using operational amplifiers
in actual practice), as the ordinary full wave uncontrolled
rectifier (using diodes) is having voltage drop across the
diodes while rectification. The amplitude of the carrier signal
is 1 per unit.

In the conventional PWM generation, the supply voltage
is measured. By comparing the supply voltage magnitude
with the reference signal, error signal is generated. This
error signal is compared with the carrier signal to generate
the PWM for the switches. When the error signal is more
than or equal to the carrier signal, the PWM will be in ON
state. Otherwise the PWM will be in off state.

In the proposed algorithm, the supply voltage is not
measured and it is not compared with the reference signal.
But the supply voltage is stepped down to 1 per unit using a
potential transformer, and rectified using a uncontrolled
precision rectifier. The carrier signal amplitude is kept at 1
per unit.

Under normal condition, when the supply voltage is at
rated value, the DVR should be in off condition. i.e. the
switch Sg should be in closed condition and Sa should be in
open condition. When the supply voltage is at rated value,

the output voltage of the rectifier is at 1 volt. The magnitude
of the carrier signal is also at 1 unit. The PWM will be
generated when the carrier is more than the rectifier output
voltage. Under normal condition, the magnitude of both
carrier signal and the rectifier output voltage are equal to 1.
So the PWM will not be generated or the duty ratio of the
PWM is zero. This PWM signal is given to the switch Sa
and the same signal is complimented using a NOT gate and
given to the switch Sg. The switch Sa is open and the
switch Sg is closed. The secondary of the series
transformer is short circuited and the injected voltage is
zero. The load voltage is maintained at the rated value as
the supply voltage is also at rated value.

When a voltage sag occurs, the supply voltage will be
less than 1 per unit. The magnitude of the carrier is 1 per
unit. As the supply voltage magnitude is less than the
carrier magnitude, PWM will be generated according to the
magnitude of voltage sag at the supply side. The generated
PWM signals are given to the switches Sa and Sg using a
NOT gate. According to the percentage of voltage sag, the
supply voltage magnitude changes, the magnitude of the
rectified voltage signal also changes, which in turn changes
the duty ratio of the PWM signals. So the compensating
voltages are generated according to the occurrence of
voltage sag. The generated compensating voltage is
injected using a series transformer in phase with the supply
voltage to mitigate the sag. In this paper, the reference
signal is not created. Supply voltage is not measured and
not subtracted from the reference signal. This
compensation technique is achievable using only analog
circuits without embedded systems.

Simulation results

The rated supply voltage is chosen as 230V RMS, the
turns ratio of the potential transformer is 325:1V, switching
frequency of the carrier is 4000 Hz, inductance and the
capacitance of the filter is 2 milli Hendry and 15 micro Farad
and the turns ratio of the series transformer is 1:1. When
the supply voltage is at rated condition, the DVR should not
generate any compensating voltage. The switch Sg should
be closed and the switch Sa should be open and the
compensating voltage injected through the series
transformer should be zero. This s shown in the figure 2.
From the result shown in the figure 2, it could be observed
that the compensating voltage generated by the DVR is
equal to zero and load voltage is maintained at 1 per unit
without harmonics. Figure 3 shows the voltage sag
compensation when the supply voltage has a sag of 10%.
The switches Sa and Sg are alternatively modulated in
order to synthesis the required compensating voltage and
the compensating voltage is added in phase with the supply
voltage through the series transformer.

Voltage sag compensation of 15% is shown in the figure
4. It is observed that though the supply voltage is at 0.85
per unit, the load voltage is maintained constant at 1 per
unit, as the DVR has generated the required compensating
voltage in phase with the supply voltage as shown in the
figure 4c.

Figure 5 shows the voltage sag compensation of 20%. It
could be observed that the load voltage is maintained
constant at 1 per unit. The highest compensating capacity
of 22% voltage sag is shown in the figure 6. It could be
observed that the supply voltage is at 0.88 per unit but the
load voltage is maintained constant at 1 per unit by the
compensating voltage synthesized by the DVR. The THD of
the compensated load voltage is found to be less than 1%
from 0% voltage sag to 22% voltage sag.
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Fig. 2. Operation of the DVR under Normal Condition, Supply
Voltage (b) Load Voltage, (c) Compensating Voltage Generated by
the DVR
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Figure 3. Voltage Sag Compensation of 10% by the DVR, Supply
Voltage (b) Load Voltage, (c) Compensating Voltage Generated by
the DVR

1 1 1 1 1

i

Vollage in Per Unit

o Lt 002 003 n.04 003 006 007 0.08 009 ol
Time (seeonds)

Fig. 4. Voltage Sag Compensation of 15% by the DVR, Supply
Voltage (b) Load Voltage, (c) Compensating Voltage Generated by
the DVR
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Fig. 5. Voltage Sag Compensation of 20% by the DVR, Supply
Voltage (b) Load Voltage, (c) Compensating Voltage Generated by
the DVR
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Fig. 6. Voltage Sag Compensation of 22% by the DVR, Supply
Voltage (b) Load Voltage, (c) Compensating Voltage Generated by
the DVR
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Conclusion

In this paper, a DVR based on direct converter is
realized with only two bidirectional switches to mitigate the
voltage sag. As the number switches used are only two,
generation of PWM pulses to control the switches are very
easy and less switching losses. Though many other DVR
based on direct converters are already proposed for the
mitigation of voltage sag, in all the works, an embedded
system is required to measure the supply voltage, compare
with the reference signal to generate the error signal and to
generate the PWM pulses for the switches by comparing
the error signal with the carrier signal. But in this paper the
supply voltage is not measured and not compared with the
reference signal to generate the error signal. Instead a new
control algorithm is proposed, in which the supply voltage is
expressed in per unit using a potential transformer and
uncontrolled rectifier. The output of the uncontrolled rectifier
is compared directly with the carrier signal to generate the
PWM pulses for the switches and to generate the
compensating voltages. With the proposed control
methodology, embedded systems are not necessary but
analog circuits are more than enough to synthesis the
compensating voltages. From the simulation results it could
be observed that proposed system can mitigate a voltage
sag of 22% with the THD less than 1%.
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