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flicker, interruptions, and disruption of the sinusoidal waveform. These issues
mostly affect industrial users with a variety of sensitive devices. These issues

could cause them to lose a great deal of money. If the voltage drop is greater than

the equipment's sensitivity threshold, the apparatus will break or sustain

Publication Issue damage. In order to address this issue among consumers, gadgets like the

Volume 9, Issue 6 Uninterruptible Power Supply (UPS), Static Synchronous Compensator
November-December-2023 (STATCOM), Active Voltage Restorer (AVR), and Dynamic Voltage Restorer
Page Number (DVR) have been developed. A DVR is the most efficient and productive bespoke
261-269 power device available. Thus, the goal of this work is to investigate how the DVR
functions while voltage swell and sag are being compensated for. A sample of the
distribution network will be used to investigate the DVR system. There are two
feeders in this network, and each feeder is linked to the balanced load. One of
the feeds has experienced a number of problems, including LG, LLG, and LLLG,
which have caused voltage to sag and swell. To simulate the system,
MATLAB/Simulink is selected as the software. By generating an output voltage
with the least amount of distortion and harmonic distortion possible, the
SVPWM-based approach can regulate the circuit with greater accuracy and
enhance the DVR's reaction. The parameters, various circuit topologies, and the
effects of power devices of components are discussed. The result of the
simulation was recorded and discussed.
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I. INTRODUCTION

In the competitive and deregulated power market of
today, the quality of electrical power is crucial. Like
power system service quality, it's similar. Power
quality problems and their remediation are a top
priority for electrical power utilities. Power system
malfunctions are the primary source of most PQ issues.
PQ problems include a broad spectrum of anomalies,
including flickers, harmonic distortion, voltage sags
and swellings, impulse transients, and interruptions.
Sensitive loads are readily interfered with by voltage

sags.

These days, a wide range of electronic devices are
susceptible to voltage dips. Variable speed drives,
robotics, controls, motor starting contactors, PLCs,
controlled power supply, control relays, and many
more are a few examples. A specialized power tool
called the Dynamic Voltage Restorer (DVR) is used to
remove supply-side voltage disturbances. Static Series
Compensator is an alternate term for DVR. When
voltage sags or swells are detected, a DVR's
fundamental function is to inject the proper voltage in
series with the supply via an injection transformer.
Both at the distribution and transmission levels, DVR
can reduce voltage. It was often put at the feeder for
the crucial load. In standby mode, DVR doesn't do any
switching. The sensitive loads are impacted by voltage
changes brought on by symmetrical three-phase faults
(LLL), unsymmetrical line-to-line (LL),
(LG), and double-line-to-ground (LLG)

failures. To lessen this issue, a dynamic voltage

line-to-

ground

controller, a type of power electronic device, is
employed. To make up for this and keep the voltages
at their nominal value, the DVR injects the
independent voltages. Controlling the proper phasor
amplitude and angle will allow the DVR to inject
power with null or little power for mitigating reasons.
On the other hand, the DVR begins to add the lost
voltage to the system when the system's voltage falls

or rises. Given the speed at which the events happen,

the DVR must be able to respond quickly enough to
restore the lost voltage to the systems and shield the
delicate load from harm. Applications ranging from
low to medium voltage can use DVR. The DVR system
combines the functions of a power circuit and a
control unit because it is a specialized power device.
The power circuit unit's DC link, or storage unit, and
the control unit's SVPWM control will be the main
subjects of the study. In order to reduce voltage sag and
swell, the DVR's operation will be simulated using
MATLAB/Simulink software.

balancing loads make up the distribution system,

Two feeder and
which is the subject of the simulations. At feeder A,
faults such LG, LLG, and LLLG have been used in order
to look at the sags event. After then, feeder B will
automatically experience a voltage sag or swell. As a
result, we looked at the use of DVR for SVPWM-based
voltage sag and swell control and mitigation under

various failure scenarios.

I1. DYNAMIC VOLTAGE RESTORER
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Fig - 1: Schematic of DVR

DVR is a series connected custom power device. Its
main function is the protection of sensitive loads from
any voltage disturbances except voltage outage. It
basically consists of power circuit and control circuit.
Four main components of the DVR circuit are: voltage
injection/booster transformer, harmonic filter, voltage
source inverter (VSI), and storage device or a DC

source.

e Voltage injection/booster transformer: The basic
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function of injection transformer is to increase the
voltage supplied by the filtered voltage source
inverter (VSI) output to the desired level while
isolating the DVR circuit from the distribution
networks.

Harmonic filter: Basically filter unit consists of
inductor

(L) and capacitor (C). In DVR, filters are helpful to get a
sinusoidal wave out of the inverted wave by
SVPWM. This can be achieved by eliminating the
unwanted harmonic components generated by the

VSI actions.

Storage devices: The DVR needs real power for
compensation purposes during voltage disturbance
in the distribution system. In this case the real power
of the DVR must be supplied by energy storage when
the voltage disturbance exits. The energy storage
such as battery is responsible to supply an energy
source in DC form.

DC charging circuit: The DC charging circuit has two
main tasks; first task is to charge the energy source
after a sag compensation event. And the second task
is to maintain dc link voltage at the nominal dc link

voltage.

2.1 Voltage injection by DVR

Fig. 1 shows the schematic diagram of DVR systems.
The circuit located at the left of DVR represents the
Thevenin’s equivalent circuit of the system. The
system impedance (Zth = Rth +j Xth) depends on the
fault level of the load bus. When the system voltage
(Vth) drops, DVR system will inject a series voltage
VDVR using injection transformer. Thus the desired

voltage value at the load canbe maintained.

By using KVL,
Vi —Zydy +Vpyr =V,
Vovg + Vi, =V +Zyl),

Hence, the series injection voltage of DVR is,
Vorr=Vi+Zyl, =V

Where,
Pr+ijQL "
I [T]
When Vis considered as a reference,
Vovrsza = Vis0 + ZUsff — @ — Vst
Here, a,f and§ are the angle of  Vpvr, Ztn and Vi
respectively and @ is the load power factor angle with

QL
@ =tan! (—
G)
The complex power injection by DVR is
Spvr=Vpvr I1

2.2. Advantages of using DVR

Dynamic Voltage Restorer is the most efficient and
effective modern custom power device used in power
distribution network. Besides that, DVR also is lower
cost, small size and its fast dynamic response to the

disturbance.
2.3. Technical issue of using DVR

To improve PQ conventional compensation methods
such as passive filters, synchronous capacitors and
phase advancers were used. However the conventional
methods have many drawbacks such as resonance,
fixed level of compensation, bulky and electro-
magnetic interference. These disadvantages forced
researchers to undertake adjustable and dynamic

methods using custom power devices.

It is observed that the cell voltage and efficiency
present higher values for low current densities and
power densities. On the other side, for higher power
values, the voltage and efficiency have lower values.
Therefore, when the designer of the control system
wants to find the best operation point for the cell,
he/she must take into account efficiency and voltage
levels suitable for the application. Operating the
system with current at constant current resulting in

constant potential and power can be a good start.
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III. SPACE VECTOR PULSE WIDTH
MODULATION (SVPWM)
SVPWM helps to produce a vector of voltage that is
similar to the reference signal with the help of
different inverter switching modes. Fig. 2 is the
general view of a three-phase VSI model. Each phase
is represented as switch S for three-phase inverter
circuit ON-OFF. Here, SA(?); SB(¢) and SC(¢) are used

as the switching functions for the three phases,

= J% BJ@S - K%
Val2el K JH} gl&

Fig - 2: Three-phase inverter

The space vector of output voltage of inverter can be
expressed as V (SA, SB, SC) =2 Vdc (SA + « SB + o2
SC), where, Vdc is voltage of the Dc bus and « -ej120,
If we express the on state of the upper-arm with 1 and
the off state with 0, the on-off states of three phases
have eight combinations, correspondingly forming
eight voltage space vectors, as shown in Fig. 3. T refers
to the operation times of two adjacent non-zero
voltage space vectors in the same zone. Both V((000)
and V7(111) are called the zero voltage spacevector,
and the other six vectors are called the effective
vector with a magnitude of 2Vdc/3. For example,
when the output voltage vector V is within zone one,
it is composed of V4, V6, VO and V7 and can be
obtained by Vout = (T4V4)/T + (T6V6)/T

ON-OFF states of inverter are as shown in Table
1.

Table - 1: Inverter’s ON-OFTF states

State | SASB | SA-SB- | VA/V | VB/V | VC/V
SC SC dc dc dc
0 000 111 0 0 0
1 001 110 -1/3 -1/3 2/3
2 010 101 -1/3 2/3 -1/3
3 011 100 -2/3 1/3 1/3
4 100 011 2/3 -1/3 -1/3
5 101 010 1/3 -2/3 1/3
6 110 001 1/3 1/3 -2/3
7 111 000 0 0 0

Based on the principle of SVPWM, the Embedded
MATLAB functions for generating SVPWM
waveforms mainly include the sector selection model,
switching time calculator, time switching signal
of SVPWM

generator, and generation model

waveforms.

In the application of SVPWM method, first step is to
determine the voltage vector sector. For control
purpose a-f coordinate system is used to determine
the appropriate sector. When VB >0, A=1; when 3V«
+VB < 0, B=1; when 3V +VB <0,C=1. Then, the
sector containing the voltage vector can be decided
according to N = A+2B+4C, listed in Table 2

‘?2(010)

=y

Visaio)

-

‘-3(011)

‘?5(101)

Vicon

Fig - 3: Voltage space vectors
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Table - 2: Sector containing the voltage

vector vs N

Sector I II II1 v A\ VI

N 3 1 5 4 6 2

Table 3 lists the operation times of fundamental
vectors against N, where 71 and 7m refer to the
operation times of two adjacent non-zero voltage
space vectors in the same Z=T(-
3Va+VR)/(2Vdc), Y=T(3Va+VB)/(2Vdc),
X=2T[VB/2Vdc]. The sum of T1 and Tm must be

smaller than or equal to T (PWM modulation

zone.

period). The over saturation state must be judged: if
T1 + Tm > T; take T1 = T1[T/(T1 + Tm)]; Tm =
Tm[T/(T1 + Tm)].

Table - 3: Operating time of fundamental

By comparing the computed Tem1, Tem2 and Tem3
with the equilateral triangle diagram, a symmetrical
space vector PWM waveform can be generated. The
waveforms of PWM?2, PWM4 and PWM6 are obtained
by reversing those of PWM1, PWM3 and PWMS5,

respectively.

The SVPWM waveform in a sampling period is
shownin Fig. 4, Ts refers to sampling time, 70 refers to
the time of zero vector operation, 7k and 7k+1 refer to

the operation times of two adjacent non-zero voltage
space vectors in the same zone, then the resultant
torque increases to 3 times. The phase is switched to
the next in every 60 electrical degrees. The duration of
operation for each power electronic part is 120
electrical degrees. The exciting duration of each
winding is 240 electrical degrees: including 120
degrees for positive direction and 120 degrees for

negative direction.

vector
N 1 2 3 4 5 6 A\ r—i) An®)
L || [perre ] (o] (| [j|] (R
T1 7 Y -7 X X Y n_ | o g | | || |
A-T#H 4T 4T AT )T #T2-TA 4T-TH
BI-TA o] | BeTA B BTA B
Tm Y -X X Z Y | -Z erp-th | |enatd | |otote | |onane | [onads | |odme |
l L 1 .
C 1) g N
) ) ) An W AnE e | []A A
The relation between N and operating time of L || (|| (e (|| |-
switches is presented in Table 4. Ta = (T - T1 - Tm)/4, A | | #tata | | atara | | mna =] A
A | | romon| | Brata | | Enana| | enasa | | o
Tb=Ta+T1/2,and Tc=Tb + Tm/2, Tem1, Tem2 and ciall oiaJl o L op ]l om ]l G
| 1 ]
. . I o FT) Vi
Tcm3 are the operation times of the three phases

respectively.

Table - 4: Relation between N, Tcm, Ta, Th

and Tc
N 1 2 3 4 5
Temi Tb Ta Ta Tc Tc T
b
Tem?2 Ta Tc Tb T Ta | Tc
b
Tem3 Tc Tb Tc Ta T Ta
b

Fig — 4 : SVPWM waveform in a single sampling
period

IV. SIMULATION RESULTS

Fig. 5 shows the main circuit of distribution network
with installation of DVR systems. The load connected
to the system is balanced loads. The three phase fault

generator was placed at feeder A.
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Fig - 5: MATLAB/ Simulink model of distribution
networkwith DVR
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Fig. 6 shows the result of the simulation without
installation of the DVR system. When, a LLLG fault
applied at feeder A, the voltage sags occurred on
feeder B between 0.1-0.2 second. The event
occurred during the interval of time can be
considered as voltage sag because the periodof the
voltage sag is between 0.5 cycles until 1minute.
From this result, it means the next simulation of
distribution network installed with DVR system can
be proceeds by using the same value and
configuration of the fault occurred in the simulation.

Feeder A voltage with LLLG [ault without DVR
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Fig - 6: Load voltage for feeder A and B respectively
without DVR (LLLG fault)

Fig. 7 shows that the DVR successfully compensated
the voltage sag at feeder B produced due to a LLLG
fault onfeeder A. Voltage during the 0.1-0.2 second
restored back to the nominal value and voltage

injected by DVR is also observed.

Load voltage at feeder B for LLLG fault with DVR
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Fig - 7: Load and injected voltage at feeder B with
compensation by DVR (LLLG fault)

Fig. 8 shows load voltage at feeder A and B when a
LLG fault occurred at feeder A, the voltage sag is

observed on feeder B.

Feeder A voltage with LLG fault without DVR
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Fig - 8: Load voltage for feeder A and B respectively
without DVR (LLG fault)

Fig. 9 shows that the DVR successfully compensated
the voltage sag at feeder B produced due to a LLG fault

on feeder A.
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Load voltage at feeder B for LLG fault with DVR
4 ' '
YV AV A AV A AV W
M UMMM AR N i
s VIV TTTT]
& WWWIWWIRAWANWAWA VWAV
| |

abe (V)

A0 |
0 0.0 01 013 02 025 03

" Injected voltage at feeder B for LLG fault with DVR

3
-~ —Pham_
3 I e
5 CO0CO00000000 GO0k Phasec]
J-:‘ U"\L"\L"\L“\XJ"\L i &’x—\ 7 i S‘C'
> I /

B

=50

=

0.0 0.l 015 02 02 03
Time {sec)

Fig - 9: Load and injected voltage at feeder B after
compensation by DVR (LLG)

Feeder A voltage with LG fault without DVR
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Fig - 10: Load voltage for feeder A and B respectively
without DVR (LG fault)

Fig. 11 shows that the DVR successfully compensated
the voltage sag at feeder B produced due to a LG fault

on feeder A.

Load voltage at feeder B for LG fault with DVR
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Fig - 11: Load and injected voltage at feeder B after
compensation by DVR (LG)

Fig. 12 shows load voltage at feeder A and B when a
voltage swell is produced through the source voltage

magnitude control.

Feeder A voltage with Swell without DVR
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Fig - 12: Load voltage for feeder A and B respectively
without DVR (Swell)

Fig. 13 shows that the DVR successfully compensated
the voltage swell at feeder B and the voltage injected
by DVR is also represented.
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Fig - 13: Load and injected voltage at feeder B after

compensation (Swell)

CONCLUSION

In this paper, mitigation of voltage sag and swell using
DVR is presented under fault conditions. In order to
investigate whether the DVR is able to deal with this
problem, MATLAB/Simulink is used to simulate the
system and mitigate the voltage sag and swell. Based
on the simulation that had been dome, it can be
proved that DVR is the dynamic fast response devices
that able to overcome the issues with the use of
SVPWM method. DVR is able to mitigate voltage
during sag as well as swell and output voltage after
compensation is in range of the nominal value. The
simulation was implemented by wusing the
distribution network where the effectiveness of the
DVR system is better compared to the transmission

network.

REFERENCES

[1]. C.Tu, Q. Guo, F. Jiang, H. Wang and Z. Shuai,
"A Comprehensive Study to Mitigate Voltage
Sags and Phase Jumps Using a Dynamic Voltage
Restorer," in IEEE Journal of Emerging and
Selected Topics in Power Electronics, vol. 8, no.
2, pp. 1490-1502, June 2020.

[2]. A. Parrefio Torres, P. Roncero-Sianchez, J.

Vazquez, F. ]. Lopez-Alcolea and E. J. Molina-

Martinez, "A Discrete- Time Control Method for
Fast Transient Voltage-Sag Compensation in
DVR,"in IEEE Access, vol. 7, pp. 170564-170577,
2019.

N. G. El Sayed, G. El-Saady, E. A. Ibrahim and M.
A. Mohamed, "Dynamic Voltage Restorer for
Enhancing Distribution Systems Power Quality,"
2019 7th International Japan-Africa Conference
on Electronics, Communications, and
Computations, (JAC-ECC), Alexandria, Egypt,
2019, pp. 210-215.

Nor Laili Ismail, Hizrin Dayana Mohd Hidzir,
Suresh Thanakodi, Nazatul Shiema Moh Nazar,
Pungut Ibrahim and Che Ku Muhammad Sabri
Che Ku Ali, “Modelling Voltage Sag Mitigation
using Dynamic Voltage Restorer and Analyzing
Quality AIP  Conference
Proceedings 1930, 020027 (2018); Published
Online: 02 February 2018.

P. T. Ogunboyo, R. Tiako and I. E. Davidson,

"Effectiveness of Dynamic Voltage Restorer for

Power Issue”,

Unbalance Voltage Mitigation and Voltage
Profile Improvement in Secondary Distribution
System," in Canadian Journal of Electrical and
Computer Engineering, vol. 41, no. 2, pp. 105-
115, Spring 2018.

S. V. R. Lakshmi Kumari, M. Uma Vani,
“Dynamic Voltage Restorer for Sag and Swell
Issues in Power System”, Indonesian Journal of
Electrical Engineering and Computer Science
Vol. 11, No. 3, September 2018, pp. 1243-1250.
Pradhan, Manik and Mishra, Mahesh. (2018).
Dual P-Q Theory based Energy Optimized
Dynamic Voltage Restorer for Power Quality
IEEE
Transactions on Industrial Electronics. PP. 1-1.
10.1109/T1E.2018.2850009.

S Priyavarthini, Aravind C K, C Nagamani, G

Improvement in Distribution System.

Saravana Ilango, “A PV fed Dynamic Voltage
Restorer for simultaneous Real power injection

and sag/swell mitigation in a Wind Farm”, River

Volume 9, Issue 6, November-December-2023 | http://ijsrcseit.com



Sushil Shankar More et al Int. ]. Sci. Res. Comput. Sci. Eng. Inf. Technol., November-December-2023, 9 (6) : 261-269

[13].

[14].

[16].

Valley Technologies, IET Power Electronics,
2018/09/28.

A. Kiswantono, E. Prasetyo and Amirullah,
"Mitigation Voltage Sag/Swell and Harmonics
Using DVR Supplied by BES and PV System,"
2018

Communications,

Electrical Power, Electronics,

Controls and Informatics
Seminar (EECCIS), Batu, East Java, Indonesia,

2018, pp. 36-41.

. X. Chen, L. Yan, X. Zhou and H. Sun, "A Novel

DVR-ESS- Embedded Wind-Energy Conversion
System," in IEEE Transactions on Sustainable
Energy, vol. 9, no. 3, pp. 1265-1274, July 2018.

. S. Kim, H. Kim and H. Cha, "Dynamic Voltage

Restorer Using Switching Cell Structured
Multilevel AC-AC Converter," in IEEE
Transactions on Power Electronics, vol. 32, no.
11, pp. 8406-8418, Nov. 2017.

. H. Sagha, G. Mokhtari, A. Arefi, G. Nourbakhsh,

G. Ledwich and A. Ghosh, "A New Approach to
Improve PV Power Injection in LV Electrical
Systems Using DVR," in IEEE Systems Journal,
vol. 12, no. 4, pp. 3324- 3333, Dec. 2018.
Soleiman Galeshi, Hossein Iman-Eini, “Dynamic
voltage restorer employing multilevel cascaded
H- bridge inverter”, IET Power Electronics, pp.
1-9.

K. Satyanarayana Avala

“Compensation Of Voltage Sag And Swell Using

Raju, Ramuluy,

Dynamic Voltage Restorer”, International
Research Journal of Engineering and Technology
(IRJET) e-ISSN: 2395- 0056, Volume: 02, Issue:

03, June-2015.

. A. M. Rauf and V. Khadkikar, "An Enhanced

Voltage Sag Compensation Scheme for Dynamic
Voltage Restorer," in IEEE Transactions on
Industrial Electronics, vol. 62, no. 5, pp. 2683-
2692, May 2015.

S. Jothibasu and M. K. Mishra, "A Control
DVR Based on
Characterization of Voltage Sags," in IEEE

Scheme for Storageless

. Nisha

Transactions on Power Delivery, vol. 29, no. 5,
pp- 2261-2269, Oct. 2014.

Prakash, Joffie Jacob, Reshmi V,
of DVR Performance
Sinusoidal and Space Vector PWM Techniques”,

“Comparison with

International Conference on  Magnetics,

Machines & Drives (AICERA-2014 iCMMD

Volume 9, Issue 6, November-December-2023 | http://ijsrcseit.com



