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Abstract
Improving the electrical voltage in distribution networks during
the occurrence of disturbances leads to solving one of the
Received: 25/9/2023 problems of electrical power quality. The presence of
Accepted: 17/12/2023 sophisticated power electron elements helped alleviate power
quality problems, Therefore, the use of a Distributed Dynamic
‘@@@@ Voltage Regulator (DDVR) provides the most economical
solution for improving Voltage disturbances by injecting
Copyright: Damascus  Voltage into the system compared to commonly used
University-  Syria, The  compensators.
authors retain the copyright — This study proposes the use of a DDVR to improve voltage
under a disturbances in distribution networks. The study conducted
CC BY- NC-SA modeling of a DDVR with a Voltage Source Converter - VSC
in a MATLAB/Simulink environment in the presence of a
distributed solar PV generation source.
The results of the study showed cases of voltage disturbances
(droop, bulge, interruption), and how the load voltage
waveform was significantly improved whether the disturbances
were symmetrical or asymmetrical. The study also
demonstrated the good environmental impact of introducing
distributed generation and the extent of its reduction in CO2
emissions.
Keywords: Distribution networks, Distributed Generation
(DG), Distributed Dynamic Voltage Restorer (DDVR), Voltage
disturbances, the environmental impact.
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Introduction:

The Loads voltage source is susceptible to
various disturbances, which impact connected
loads within the network. These disturbances
can cause voltage sags or voltage swells; this
will negatively affect other grid connected
loads. Voltage asymmetry is resulted from
unbalanced phase loading; it is a common
issue in distribution networks. Power quality
problems related to voltage (sags, swells,
interruptions, etc.) is one off the most
disturbance, which have a considerable impact
on consumers.

To overcome this problem, Distributed
Dynamic Voltage Restorers (DDVR) could be
used. A DDVR is connected in series between
the load and the source through coupling
transformers. It injects voltage at the Point of
Common Coupling (PCC) to improve the
supply voltage waveform and address voltage-
related disturbances.

1.Previous Studies:

Voltage is defined as a decrease in the
effective value (RMS) of voltage at some
point from the network to value between 0.1
[pu] and the value of 0.9 [pu] under nominal
frequency during a time ranging half a cycle
and 1 min at the binding point of the
pregnancy, or the distributed generator. This
decline in the value of the voltage represents
most of the electric energy quality problems.
That are studied in this field (Eltamaly et
al.,2018,61).

Poor power quality can lead to power outages,
causing damage to circuit breakers, and thus
damaging sensitive equipment such as
electronic devices and control systems in
production lines.

This leads to increased installation expenses
losses, which leads to incurring large
expenses and stopping the production line.
(Meena et al.,2017,1363).

Voltage disturbances (sag and swell) are
considered one of the main causes of poor
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quality of electrical supply due to their
frequent occurrence in electrical supply
networks (Munoz ,2007,277) o
Bollen,2000,8).

Voltage disturbances (sag and swell) due to
the power supply have been defined during
the period of high power demand and
operation of large loads such as large motors
and transformers (Katole et al.,2017,717).
Several methods are employed to address
voltage sag issues, such as using static
capacitors to improve voltage quality and
compensate for reactive power in the network.
Inductive reactors are also employed to
consume reactive power in the network during
periods of low load. Additionally, Thyristor
Switched Capacitors (TSC) and Thyristor
Controlled Reactors (TCR) have been used, as
well as Static VAR Compensators (SVCs),
providing greater flexibility in reactive power
compensation control. To mitigate harmonics,
passive filters have been utilized (Schipman et
al.,2010,10).

However, these traditional methods suffer
from various drawbacks, including their
substantial physical size, the possibility of
resonance, and, most importantly, their fixed
compensation, which limits their effectiveness
in performing their functions.

2. Impact of  Distributed

Generation (DG) Integration:

The integration of distributed electrical
generation into distribution networks carries
both positive and negative technical effects.
DG allows control over active and reactive
power flows in the network, contributing to

voltage  regulation  (223¢2018¢ jmlw).

However, The large penetration rate of
distributed generators in the distribution
network is one of the main problems that
causes the voltage level of the supply
connected to the generator to. rise above the
permissible limits. This research employs
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DDVR to compensate for voltage network
interruptions, ensuring the quality of voltage
sources. The study will focus on utilizing
DDRV to regulate the voltage, when the
system has distributed generation.

It should be mentioned to the environmental
impact of distributed generation, like as
photovoltaic generation with the capacity of
6608 watts and a voltage of 889 volts, which
in turn leads to reducing polluted emissions of
the environment, the most important of which
is the low CO2 gas emissions.

3. Distributed Dynamic Voltage
Restorer (DDVR):

/s

r
voltag source | !
Vs L | |

series Injection
reeeeny - transformer

Filter

vsl |V

PV
Figure (1) A plan of the (DDVR)

The Distributed Dynamic Voltage Restorer
(DDVR) is a series device used to improve
electrical voltage and power quality in
electrical distribution networks. It is one of
the devices that belong to the family of
flexible alternating current transmission
systems (FACTS) and has become commonly
used as an effective solution to protect
sensitive loads from voltage disturbances (sag
and swell), due to its advantages, especially in
terms of cost. DDVR is an electronic device
used to inject the voltage and frequency to be
compensated. The compensation capacity of
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the DDVR depends on the maximum real and
reactive power should be injected, (stored in
capacity). The main function of the device is
to regulate the voltage across the load by
injecting additional voltage into the
transmission system. The location of the
dynamic distributed voltage compensator is
generally located at the distribution side, i.e.
between the distribution feeder and the load.
The structure of the DDVR comprises
injection transformers serially connected
between the load and the source, serial
smoothing reactors, and a Voltage Source
Converter (VSC) connected to a DC link
(capacitor or DC source). Wind and solar
Distributed Generation (DG) are integrated
into the distribution network to provide a DC
voltage source for compensating interruptions
that might occur in the network. The capacitor
alone cannot effectively compensate for
interruptions, as depicted in Figure (1).

The relationship of the compensated voltage
of the Distributed Dynamic Voltage Restorer
(DDVR):

Voovr = Vieaa + Zsline = Vs - (1)

Where:

Vppvr: Compensated voltage by DDVR

Vioaa: Desired load voltage

V;: Source voltage

Z: Transmission line impedance

I}ine: Line current

5.DDVR operation:

The DDVR unit can be operated in three
cases:

1. The first case: protection status.

2. The second case: Standby status..

3. The third case: the state of the
injection (Munoz ,2007,217); (Dugan et
al.,2006,71).

5-1. Protection status:

In the case of protection, the switching circuit
breaker is located between the DDVR and the
power system so that the compensation is
protected when a short circuit occurs from the
pregnancy side. Figure (2) explains the state
of protection.

4 10
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S1

source Load

S2 S3

Injection
transformer

Figure (2) protection state

5-2. Standby state (Vppyr = 0):

Measured
voltage

Conversion
Tod-q

Conversion
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Conversion
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Reference
voltage

Control
pulses

Conversion Error
Toahc signal

o

Injection
voltage

Figure (3) readiness state

In the case of the DDVR voltage is equal to
the source voltage, and therefore the feeding
of the compensation will not take place and
the load current will pass through the first
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winding of the injection adapter and the
secondary winding are limited. Figure (3)
explains the standby state

source Load
— Injecting
transformer
Fanannnat
‘T;J* Bypass switche s
Filter

Figure (4) Control scheme for Distributed
Dynamic Voltage Restorer (DDVR)

5-3. The state of the injection(Vppyr >
0):

In the event of injection, the required voltage
is injected when a disturbance occurred and
thus the DDVR is working.

6. Control of Distributed Dynamic

Voltage Restorer (DDVR):

This study proposes employing the
Synchronous Reference Frame (SRF) theory
to generate reference voltages (Katole et

al.,2017,216); (Ray et al.,2017,2). Through

the single-phase approach, three phase-shifted
sinusoidal waveforms are generated, each
offset by 120 degrees, as expressed in
Equations down. The primary voltage angle
(0) is obtained in the (d-q) coordinates
through a Phase-Locked Loop (PLL)
mechanism (Sathish Kumar et al.,2020,4208).
V, = sin(wt + 8)

Vg = sin(wt + 6 — 21/3)

Ve = sin(wt + 6 + 21t/3)

Transformation from abc to d-q coordinates is
performed using the Park transformation,
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based on the relationships (2), as depicted in
Figure (4). The conversion from abc to d-q
coordinates is achieved through the inverse
Park transformation.

co s(9+ )]

[ cos(8) cos(6- 2)

Uy Uy
[q——l sin () —sm(e——) —sm(6+ )|[ ]

N

2 2

Figure (5) Transformation from abc
coordinates to d-q coordinates

relying on the relations (3).

u [ cos (0) -sin (0) 1] u

a 2n . 2n d
[ub] =] cos (9-?) - sin (6-?) 1 [uq 4)
Ve [cos (0+Z) -sin(6+) 1J to

The control pulses are generated by PWM,
which features a frequency of a fixed
separation and connection, but its dynamic
characteristics are not good compared to the
non-liner control  techniques (Jena et

al.,2010,28); (Mishra et al.,2013,343). or no-

liner methods such as the fixed delay package,
which is one of the best non-written
techniques, and it is characterized by the
speed of response and ease of implementation
and provides good dynamic features

compared to linear methods.

comparison of the AV-error signal,
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In order to obtain the control pulses where the
which
represents the difference between the size and

the reference voltage on the one hand and the
voltage attached by the Viy candidate on the

other hand (Ezoji et al.,2009,157).
7. Modeling the System with

@lstributed Dynamic Voltage
Restorer and Distributed
Generation:

The model included Distributed Dynamic
Voltage  Regulator  uses MATLAB/
SIMULINK.

Iy Vp

Ia ‘\’ra

Ic .\/.C

Figure 6 System model with Distributed
Dynamic Voltage Restorer (DDVR) model and
Distributed Generation (DG
In this research, the work of the proposed
system was simulated in a capacity system
that contains parameters shown in the

table(1).
Table(1) System Element Parameters Used

Network Voltage 380 Volts
Frequency 50 Hz

Phase Voltage Peak 311 Volts

Value
PV-System Voltage 899 Volts
Transformer Turns Ratio 11
R=12Q

Load Impedance L =35 mH

. R=0.01 Q
Line Impedance L=1mH

Distributed generation was connected to the
electrical distribution network at 380V level,

6 <10
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which is a matrix of photovoltaic cells that
have the specifications shown in the figure
(7).

Armay ype: 1Saltech 18TH-215;
31 series modules; 1 parallelstrings
I

| | |

y
0 n i i} (11} L] ri]
Volga()

i L] 0 ] 10 ]
Valiage V)

Figure (7) Parameters of the Photovoltaic Panel
Matrix (Power-Voltage-Current) at
Temperature 25°C
As for the specifications of the photovoltaic

panels used, they are shown in the table (2).

Table (2) Specifications of Used Photovoltaic

Panels
Model 1Soltech }:STH_ZlS_
Maximum Power 21315 W
Open Circuit 36.3V
Voltage (Voc)
Voltage at Maximum 29V
Power point (Vmp)
Current at Maximum 7.35A
Power point (Imp)
Short-circuit Current 7.84 A
(Isc)

8-Results and Discussion:

Multiple disturbance scenarios (symmetric
and asymmetric) were modeled and simulated,
including voltage sag, voltage swell, and
voltage interruption, using
MATLAB/Simulink/SimPowerSystems tools.

Bousheh, Salman
Network voltage curves voltage, compensated
voltage, and load voltage were plotted using
MATLAB.

8-1. Symmetric Disturbance Case:
Subsection A: Voltage Sag Case:

The disturbance was simulated when three-
phase fault occurred near the generator, as
shown in Figures (8,9,10). The voltage sag
case was processed from time (s) 0.08 to (s)
0.16. The curves illustrate network voltage, In
this case, the DDVR begins to inject the
voltage in the system, the injection voltage
will maintain the stability of the system, and
prevent load disconnection.

n

Figure (8) Network voltage

|1

Figure (9) compensated voltage from DDVR
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-

Figure (10) Load voltage

Secondly: Subsection B: Voltage Swell Case:
The disturbance was simulated by generating
the fault using a three-phase fault generator,
as shown in Figure (9). The voltage swell case
was processed from time (s) 0.08 to (s) 0.16.
The curves illustrate network voltage,
compensated voltage from the DDVR, and
load voltage during this fault.

- DDVR, and load voltage during this case.
¢ [ [ [ I [ [ | [

{ ‘ |
Wi

I
Figure (12) compensated voltage from DDVR

T T T T T T T

Figure (13) Load voltage
8-2. Asymmetric Disturbance Case:
The disturbance was simulated by generating
the fault using a three-phase fault generator,
as shown in Figure (10). The asymmetric
disturbance case of a single-phase interruption
was processed from time (s) 0.06 to (s) 0.12.

7 The curves illustrate network voltage, In the

case of a malfunction in the power system, the
DDVR begins to inject the voltage in the

. system, the value of the right voltage will
' maintain the stability of the system to
. maintain the

load wvoltage from the
disturbances, compensated voltage from the

2
Figure (14) Network voltage

Figure (15) compensated voltage from DDVR

8110



Improving Voltage in the Presence of Distributed Generation Using the...

WL
|
|

e
Figure (16) load voltage (single-phase
interruption case)

9. Conclusions:

1- The dynamic voltage compensator (DDVR)
played its role in compensating the load
voltage instantaneously in the presence of
distributed generation (DG).

2- The use of DDVR has greatly improved the
load voltage waveform in various disturbance
cases (symmetrical three-phase faults) or
asymmetrical faults, and this reflects

Funding information: This research is
Funded by Damascus University-Funder
No0.(501100020595)
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positively on loads, which are sensitive to
voltage disturbances.

3- Distributed generation helps improve
voltage in electrical distribution networks, and
DDVR regulates voltage in normal working
conditions and when there are voltage
disturbances.

4-This study provides useful knowledge for
researchers to develop the design of the
DDVR and its control system to reduce
voltage disturbances in electrical distribution
networks.

5- When a photovoltaic station with a capacity
of 6608 watts is connected to the network, this
will provide a capacity provided by traditional
thermal generation of approximately 11,233.6
kWh annually. This saves an amount of fuel
equal to 2.6 tons equivalent annually, and this
means reducing CO2 emissions by more than
7.8 tons during the year.

9110



Damascus University Journal for engineering sciences Ltigh aglall 3dias daaly ddae

Vo 42 number (3) -2026: 315-325 325 -315 :2026 — (3) 2l 424l

References:

[1] Ali Eltamaly, Abou-Hashema El-Sayed, Yehia. S. and Amer A. Elghaffar. Mitigation
Voltage Sag Using DVR with Power Distribution Networks for Enhancing the Power System
Quality. IJEEAS Journal. ISSN, Vol.1 No.2.0ct.2018, (2018), 2600 —749.

[2] K. Schipman &F. Delincé, “The importance of good power quality”, ABB, Report number:
1., 2010.

[3] H. Ezoji A. Sheikholeslami M. Tabasi M.M. Saeednia. "Simulation of Dynamic Voltage
Restorer Using Hysteresis VVoltage Control”. European Journal of Scientific Research 2009.

[4] Amit Meena; shirazul I; sandeep A; yogesh sona and sanjay tung. Design and control of
single-phase dynamic voltage restorer. IASJ, Vol.42,No. 8, Aug.2017, (2017). pp. 1363-1375.

[5]-2018i505I) gjsil il Aflly Al ) RIS b g0l gl Jas) A Lalllie ¢ uale

[6] Moreno-Munoz, Power Quality: Mitigation Technologies in a Distributed Environment.
London, U.K.: Springer-Verlag, 2007.

[7] R. C. Dugan, M. F. McGranaghan, and H. W. Beaty, Electric Power Systems Quality, 2nd
ed. New York, NY, USA: McGraw-Hill, 2006.

[8] M. H. J. Bollen, Understanding Power Quality Problems—Voltage Sags and Interruptions.
New York, NY, USA: IEEE Press, 2000.

[9] D.N. Katole, M.B. Daigavane, S.P. Gawande, P.M. Daigavane “Analysis, Design and
Implementation of single phase SRF controller for Dynamic Voltage Restorer under Distorted
supply condition". "Science Direct 2017.

[10] S. Ray, N. Gupta, R. A. Gupta. "Improved Single Phase SRF Algorithm for CHB Inverter
Based Shunt Active Power Filter under Non-ldeal Supply Conditions". IEEE 2017.

[11] R. Sathish Kumar , R. Kumar Singavarapu, B.Srinu. "ultra-capacitor for improving power
quality of distribution grid by an integrated dynamic voltage restorer".ISSN- 2394-5125 VOL 7,
ISSUE 11, 2020.

[12] A. K. Jena, B. Mohapatra, K. Pradhan. " Modeling and Simulation of a Dynamic Voltage
Restorer (DVR)" Department of Electrical Engineering National Institute of Technology
Rourkela, Odisha May 2010

[13] S. Mishra, B. Biswal, P. Roselyn. "Simulation and analysis of DVR for Mitigation voltage
sags and Swells ". Science Direct 2013.

[14] H. Ezoji A. Sheikholeslami M. Tabasi M.M. Saeednia. "Simulation of Dynamic Voltage
Restorer Using Hysteresis VVoltage Control”. European Journal of Scientific Research 2009.

10 &~ 10
http://journal.damascusuniversity.edu.sy/index.php/index/index
ISSN (online): 2789-6854



http://journal.damascusuniversity.edu.sy/index.php/index/index

