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Abstract-Power quality problems are becoming a major issue.
Every utility company consumer desires to receive steady-state
voltage, i.e. a sinusoidal waveform of constant frequency as
generated at power stations, but the influence of disturbances in
the shape of sags and swells, interruptions, transients and
harmonic distortions which affect power quality, resulting in loss
of data, damaged equipment, and augmented cost. The most
powerful voltage disturbance is the sag voltage. In this paper, a
Dynamic Voltage Restorer (DVR) is proposed for sag voltage
compensation. It is cost-effective and protects critical loads in a
good manner from balanced or unbalanced sag voltage. Control
strategy (such as a PI controller) is adopted with DVR topology
and the performance of such a device with the proposed
controller is analyzed through simulation in MATLAB/Simulink.
Three types of faults are utilized, which are available in
MATLAB/Simulink pack, for obtaining the sag voltage. The
specific range of total harmonic distortion percentage is also
discussed. After the result validation of the DVR topology in
MATLAB/Simulink, it has been seen that the proposed topology
is able to compensate the sag voltage of any type of fault and
reduce the unbalancing and voltage distortions of the grid.

Keywords-Dynamic Voltage Restorer (DVR); Voltage Source
Inverter (VS1); faults; power quality

1. INTRODUCTION

Globally, power quality problems are becoming a major
issue. The distribution system network supplies voltage to
consumers for utilization [1, 2]. Every consumer desires to
receive a steady state voltage, i.e. a sinusoidal wave form of
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constant frequency as generated at power stations but
disturbances produced on the distribution system [3] result in
distorted waveforms, which create a difficulty in the operation
of electrical and electronic equipment in industries risking
production loss, restarting expenses, and breakdown [4].
Voltage disturbances are sag and swell voltage, unbalance
voltage, voltage fluctuations, small and large interruptions,
harmonic distortions, and transients [5]. The most powerful
disturbance is sag voltage: it is defined as a decrease in voltage
from 10% to 90% for durations up to one minute [6]. Mostly
voltage sags are observed during the start of an induction
motor, the energization of a transformer, system faults, or non-
liner loads [7-9]. The problem of sag voltage can be avoided
through the application of voltage compensation devices such
as a Dynamic Voltage Restorer (DVR) [10, 11].

II.  DYNAMIC VOLTAGE RESTORER

DVR is a commonly used device for sag voltage
compensation. The DVR is connected in series to the sensitive
loads and adds the needed voltage when necessary. DVR
voltage sag compensation is a cost effective method applicable
in small and large loads up to 45SMVA or even larger [9]. DVR
is mainly composed of components such as the Voltage Source
Inverter (VSI), a voltage injection device, a filter, an energy
storage device, and a controlling device [12, 13]. Figure 1
shows the proposed DVR topology.
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Fig. 1. Proposed DVR

III.  DVR COMPONENTS

A. Energy Storage Unit

Through this commonly used in DVR topology unit, low
and high values of voltage are compensated and the efficiency
of DVR increases. Usually batteries, superconducting magnetic
and super capacitor energy storages are utilized as energy
storage units [12-14].

B. Voltage Source Inverter

This is the most valuable component in DVR topology. It
allows supplying the necessary voltage to the load for
compensation. VSI is composed of power electronic
components and has the capability of changing the direct
current (DC) into a sinusoidal current (AC) with the desired
amplitude, frequency and phase angle supplied by the energy
storage unit. VSI is switched ON through DC voltage supply of
small input impedance and output voltage is independent of
load current [9].

C. Filter

DVR is a non-linear device because of its semiconductor
components. This would result in distortion in the output
voltage waveforms. To avoid the problem of distorted wave
forms, a filter is employed to get distortion free voltage to the
load [9, 12, 15].

D. Voltage Injection Device

A voltage injection device such as the power transformer is
employed in DVR topology and connected with each phase
individually. Its main purpose is to add the needed voltage to
the load. Better performance and reliability of voltage injection
transformer is based on the selection of MVA rating,
impedance and turns ratio [9, 14].

E. By-pass Switch

Large current flows after the occurrence of fault on the
power system will result in excessive current flows through the
DVR, so it is essential to give another path to the current. This
can be achieved through the by-pass switch.

F. Controlling Device

The controller has an imperative role in any system. In
DVR, the controller is contributed to the role of an observer of
bus-bar voltage. If voltage sag is detected then it closes the by-
pass switch and the required voltage is added to the load.

IV. DVR OPERATING MODES

The DVR operates in three modes [9, 16], which are
presented below.

A. Standby Mode

The DVR is not supplying voltage to the load during this
mode but due to transformer reactance it may inject some
voltage for voltage drop compensation [9].

B. Protection Mode

Faults on the power system result in the flow of heavy
currents which result in damaging the DVR [9]. So, protection
of the DVR is necessary by using protective devices such as
breakers [17, 18].

C. Injection Mode

When a voltage sag is sensed, the DVR comes into
operation very quickly [15] and the required voltage value is
added to the load. In this way, the voltage sag is compensated

[9].
V. VOLTAGE INJECTION TECHNIQUES

There are four voltage injection techniques employed in
DVR topology [19]:

A. Pre-sag Technique

This technique is superior, because through it, the voltage
difference before and after the sag is added to the load but it
needs an energy storage unit of large capacity because of the
un-controlled injected active power.

B. Phase Advance Technique

In this technique, DVR use of real power is trimmed-down
through the reduction in power angle.

C. Voltage Tolerance with Minimum Energy Technique

In this technique, we can retain the load voltage in the
patience area of less variation of voltage magnitude.

D. In-phase Voltage Injection Technique

In this technique, the non-variable value of load voltage is
achieved despite different phase angles of pre-sag and load
voltage due to in-phase association of the added voltage with
supply voltage.

VI. PROPOSED METHODOLOGY

A. Voltage Sag Calculation

Source voltage and source reactance (V; and X;) are shown
in the equivalent circuit in Figure 2 and loads such as Z; and Z,
are supplied through two feeders named F; and F,. Under
normal operating condition, the supply current I; and pre-sag
voltage at the common coupling point are shown in (1):

Vpre sag (1 )

V e sa,
15—11+12— L H+
Z2+XF2

Zy+Xpy
where Z is the impedance of the load, X5 is the feeder reactance
magnitude, and [ is the supply current. When abnormal
conditions occur (fault on feeder F;) the result is the flowing of
large load and supply current. Equations (2)-(3) show the
supply voltage and fault current at the common coupling point.
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Vs = Vs - Is,faulth (2)

Vsa Vsa
Is,fault:X_Fi7 ﬁ (3)

It has been seen that, the voltage across F> is decreased
because of the large voltage drop, also called sag voltage,
produced across the X (source reactance). Figure 3 shows the
equivalent circuit where the DVR is connected and adds the
needed voltage V,yr to the critical load to compensate the
value of sag voltage.

VPCC F1
XF1
Fault |

! .

F2

Is Xs
Vs

XF2

Fig. 2. Sag voltage calculation.
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Fig. 3. Voltage injection through the DVR.
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Fig. 4.

Proposed one line diagram.

Figure 4 shows the one line diagram of the 11kV, 50Hz
power system, which generates voltage, the three winding
power transformer of star grounded/delta/delta, which supplies
voltage to two transmission lines. These two transmission lines
supply voltage to two distribution systems and these two
supply voltages are stepped down to 0.4kV through the
distribution transformer which is connected in star and delta.
The faulty feeder where different faults will occur at point X is
connected through bus-A and the neighboring feeder where
sensitive loads are connected is represented by bus-B. The

DVR performance is authenticated by applying different types
of faults with 130ms fault time.

B. Voltage Total Harmonic Distortion

Power quality (system output voltage) is well defined
through Total Harmonic Distortion (TDH) method. A 5% or
less voltage TDH is acceptable when the voltage magnitude is
up to 69kV. The border line for single frequency voltage
harmonic is 3% [21]. Equations (4)-(5) show the voltage TDH
calculated at the common coupling point, where the harmonic
number is symbolized by % and the phase order is symbolized
by p, so p is equal to a, b, ¢ [22, 23].

THDy, +THDy, +THD,

THD, = - @)

THD,, = YER22V2phase o140 (05)
p 1%}

C. Voltage Sag Indice

Sag voltage and recovered voltage quality is pointed-out
through sag voltage indices which are very sensitive to voltage
disturbances and provide a precise response on the
performance of the system. The below mentioned indices are
also conversed in simulation outcomes.

1) Detroit Edison Sag Score (SS):

For contracts between utilities and customers, the first
utilized index was s Detroit Edison Sag Score. It is defined by
[24]:

S§=1

_Va+vsb+vc ©6)
where V,,V, and V, are the phase voltages. If we get the

outcome of SS% near to 0, then we can say that, after sag
voltage compensation, the recovered voltage is better.

2) Voltage Sag Lost Energy Index (VSLEI)

This type of index provides the lost energy (W) when a
reduction in voltage is observed for short duration. The same is
applied to the load as shown in (7):

W=3pV=3,T, x(1-—2—)** (7)

Vnominal

where P =a,b,c , V, is the phase voltage during the
occurrence of sag and T, is the sag period (ms) for every phase
[25]. When the calculations are carried out for the three phases,
the required energy is added to the phases individually.

3) Phase Voltage Unbalance Rate (PVUR)
PVUR [25] is given by:

Maximumyg

PVUR = X100 (8)

avg

where V; shows the variation in phase voltage from V4.

VII. DVR CONTROL ALGORITHM

In this study, the PI controller is proposed for the DVR and
Parks transformation dq, method is used for the generation of
the reference voltage as shown in (9) to the series voltage
source inverter to search for and maintain the load side voltage
at its actual value. w represents the angular frequency (rad/s).
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Through this method, the three phase voltages are easily
controlled because of the transformation from three phase to
two voltage components (V4 and V) while the zero sequence
components of phases abc are neglected. As shown in control
block diagram in Figure 5, free wave distortion is basically
generated through a Phase Locked Loop (PLL) circuit [26].

v [ 2sin wt ZSin(wt—z?n) 251n(mt+2?n) v

d ] , .
v, =§ 2 coswt 2cos(a)t—£) 2cos(a)t+?”) v, (9)
Vo 1 1 1 V.

PLL
vd
)
abc/dqo va N —~ Pl Dqolabe

Vref (dgqo frame)

The DVR controller is employed to observe the load
voltage on bus-bar and the load voltage components are
compared with dg components. When the voltage is trimmed-
down, an error signal is produced between the measured and
the reference voltage to activate the controller whereas the
output signal is produced from the proposed controller to add
the needed voltage to the load. In-order to get a distortion-free
output voltage, it is necessary to add a filter. In this study, a LC
low pass filter is proposed for the suppression of harmonic
distortion and switching signals of 5.5kHz for frequency
modulation are considered. Pulse Width Modulation (PWM)
technique is used for VSI for the production of three 50Hz
phases at load terminals. An IGBT switching device for VSI is
selected for the study of the DVR operation.

Fig. 5. DVR controller scheme.

VIII. SIMULATION RESULTS

The controller’s performance under harmonic distortions
and non-linear load is analyzed by applying three conditions in
MATLAB simulation scenarios. The applied mathematical
statistics is available in [26]. The three fault conditions which
are applied to the system to evaluate the performance of DVR
are presented in Table I and are discussed below.

TABLE L. FAULT CONDITIONS
Condition Fault Type
Condition I Three phase to ground fault

Condition II
Condition IIT

Double line to ground fault
Single line to ground fault

e Fault condition I: Under this fault condition, the system will
be in type A voltage sag. The value of voltage sag is equal
in the three phases (balanced voltage sag condition).

e Fault condition II: Under this fault condition, the system
will be in types E, F, and G sag voltage depending on the
transformer connection between fault point and bus. If the
measured bus is with D /Y, transformer then the observed
sag voltage is of the F type.

e Fault condition III: Under this fault condition, the system
will be in types B, C, and D sag voltage, depending on the
value and direction of healthy phases. When a change in
direction is observed with no change in magnitude, then we
can say that the system is under voltage sag of C-type.

TABLE II. DVR SYSTEM STRICTURE
S.No Strictures Value

1 Line resistance 1.0Q
2 Line inductance 5.8mH
3 Line frequency 50Hz
4 Phase voltage of the load 220V
5 Per phase power of the load 100Ws
6 Per phase inductive power of the load 0.3kVar
7 Per phase capacitive power of the load | 0.6kVar
8 Turns ratio of injection transformer 1:1
9 DC voltage 200V
10 Filter inductance 70mH
11 Filter resistance 0.20Q
12 Filter capacitance 5.0puF
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Fig. 6 Voltage vs time in faulty feeder at fault condition I.
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Fig. 8. Voltage compensation vs time at fault condition I.
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Fig. 9. Voltage vs time of faulty feeder at fault condition II.

For observing voltage sags, each fault condition is applied
to the system for 130ms. Table III shows the outcome when the
voltage sag is not compensated. Table IV shows the outcome
when the voltage sag is compensated after the application of
the DVR. It has been seen that, THDV% and PVUR% are as
per [25]. So it is observed that the proposed topology is suitable
for sag voltage compensation under three conditions (in
condition 1-50%, in condition II-24.2% and in Condition III-
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1.85%). Figures 6—14 show the voltage waveforms (faulted,
un-compensated and compensated voltage waveforms) under
the three fault types.

TABLE IIL SYSTEM OUTCOME AFTER VOLTAGE SAG OCCURENCE

Fault condition
1 11 111
THDya 4.20 3.20 0.94
THDypy, 8.10 8.15 0.98
THDy.y, 8.61 2.90 0.44

Stricture

THDyq, 6.95 4.80 0.80
PVURy, 8.94 16.32 1.48
55y, 50.01 24.23 1.87

VSLEI, 47.48 17.20 0.02

TABLE 1V. SYSTEM OUTCOME AFTER VOLTAGE SAG
COMPENSATION
. Fault condition
Stricture I I I
THDy a9, 0.48 0.99 0.57
THDypy, 1.79 1.7 0.56
THDyq, 1.70 1.10 0.010
THDy, 1.29 1.25 0.38
PVURy, 0.50 0.70 0.02
SSy, 1.99 0.69 0.23
VSLEL, 0.0020 | 0.000320 | 0.0000020
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Fig. 10.  Un-compensation of voltage in volts versus time at condition-I1I.

Fig. 11.  Compensation of voltage vs time at fault condition II.
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Fig. 12.  Voltage vs time of faulty feeder at fault condition III.

Figure 15 shows the voltage THDV% of the energy storage
capacity. It has been seen that the smallest value of voltage
THDVY% is achieved by the utilization of 200DC voltage. The
Variation of SS% according to the change of energy storage
capacity is shown in Figure 16. It has been seen that 200DC
voltage is a suitable choice which attains the lowest SS%.
Figure 17 shows the PVUR% according to the change in
produced energy after the compensation as per change of
storage capacity. It has been seen that 130DC voltage is the

smallest voltage which is able to meet the terms of the IEEE
Standard 112-1991 with less than 2% of phase unbalance rate.

° 0.02 0.0a 0.06 o.08 0.1 0.12 0.1a o.16 o.18 02
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Fig. 13.  Un-compensation of voltage vs time at falut condition III.
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Fig. 14.  Compensation of load voltage vs time at fault condition III. The
DVR is connected to the linear load.
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Fig. 15.  Variance of THDV% in competition with energy storage.
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Fig. 16.  Variation of SS% in competition with energy storage .
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Fig. 17.  Variation of PVUR% in competition with energy storage.

TABLE V. SYSTEM OUTCOME AFTER VOLTAGE SAG OCCURENCE
WITH LINEAR AND NON LINEAR LOADS
Stricture Fault condition

1 11 111
THDy 4, 5.49 3.97 4.39
THDy,, 7.49 9.68 5.67
THDy 9.60 3.35 5.58
THDyy, 7.52 5.67 5.19
PVURy, 7.90 14.58 1.24

S5So, 50.63 30.99 12.00
VSLEI, 47.73 18.57 0.57

www.etasr.com Soomro et al.: Simulation-based Analysis of a Dynamic Voltage Restorer under Different Voltage Sags ...



Engineering, Technology & Applied Science Research

Vol. 10, No. 4, 2020, 5889-5895 5894

TABLE VL SYSTEM OUTCOMES AFTER VOLTAGE SAG
COMPENSATION WITH OF LINEAR AND NON LINEAR LOADS

Stricture Fault condition

1 11 111

THDy,q, 0.83 2.39 1.17
THDyyy, 1.83 3.02 1.07
THDy.q, 1.96 1.30 1.63
THDy, 1.53 2.23 1.29
PVUR,, 0.51 1.35 0.13
SSy, 2.03 2.20 0.31
VSLEL, 0.001 0.0069 0.000

IX. CONCLUSION

Voltage sag is a critical problem which affects a
distribution system network causing loss of data, damaging
equipment, reducing production loss, and increasing cost. In
this paper, a Dynamic Voltage Restorer is proposed for voltage
sag compensation as a cost effective solution that protects
critical loads in a good manner from balanced or un-balanced
voltage sag. Control strategy (i.e. a PI controller) is adopted
within the DVR topology and the performance of such a device
with the proposed controller is analyzed by simulations in
MATLAB/Simulink. After getting the simulation outcome of
DVR under three fault conditions, it has been concluded that
the proposed DVR scheme is effective for voltage sag
compensation. The robustness of the proposed PI controller is
observed under linear and non-linear loads and it is concluded
that the PI controller is most suitable for linear loads or for
loads with small value of voltage distortion.

REFERENCES

[1] S.Hazarika, S. S. Roy, R. Baishya, and S. Dey, “Application of dynamic
voltage restorer in electrical distribution system for voltage sag
compensation,” International Journal of Engineering Science, vol. 2, pp.
30-38, 2013.

[2] F. Jandan, S. Khokhar, Z. Memon, and S. Shah, “Wavelet based
simulation and analysis of single and multiple power quality
disturbances,” Engineering, Technology & Applied Science Research,
vol. 9, no. 2, pp. 3909-3914, Apr. 2019.

[3] J. M. Lozano, J. M. Ramirez, and R. E. Correa, “A novel dynamic
voltage restorer based on matrix converters,” in 2010 Modern Electric
Power Systems, Sept. 20-22, 2010.

[4] R. Pal and S. Gupta, “Topologies and Control Strategies Implicated in
Dynamic Voltage Restorer (DVR) for Power Quality Improvement,”
Iranian Journal of Science and Technology, Transactions of Electrical
Engineering, vol. 44, no. 2, pp. 581-603, Jun. 2020, doi:
10.1007/s40998-019-00287-3.

[5] D. Patel, A. K. Goswami, and S. K. Singh, “Voltage sag mitigation in an
Indian distribution system using dynamic voltage restorer,” International
Journal of Electrical Power & Energy Systems, vol. 71, pp. 231-241,
Oct. 2015, doi: 10.1016/j.ijepes.2015.03.001.

[6] M.Ramasamy and S. Thangavel, “Photovoltaic Based Dynamic Voltage
Restorer with Outage Handling Capability Using PI Controller,” Energy
Procedia, vol. 12, pp- 560-569, Jan. 2011, doi:
10.1016/j.egypro.2011.10.076.

[7] A. Chauhan and P. Thakur, Power Quality Issues and Their Impact on
the Performance of Industrial Machines, Anchor Academic Publishing,
2016.

[8] “IEEE Recommended Practice for Monitoring Electric Power Quality,”
in IEEE Std 1159-2019 (Revision of IEEE Std 1159-2009), pp. 1-98, 13
Aug. 2019, doi: 10.1109/IEEESTD.2019.8796486.

[91 V. K. Ramachandaramurthy, A. Arulampalam, C. Fitzer, C. Zhan, M.
Barnes and N. Jenkins, “Supervisory control of dynamic voltage

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

restorers,” in [EE Proceedings - Generation, Transmission and
Distribution, vol. 151, no. 4, pp. 509-516, 11 July 2004, doi: 10.1049/ip-
2td:20040506.

E. Babaei, M. F. Kangarlu, and M. Sabahi, “Compensation of voltage
disturbances in distribution systems using single-phase dynamic voltage
restorer,” Electric Power Systems Research, vol. 80, pp. 1413-1420,
2010.

M. Faisal, M. S. Alam, M. I. M. Arafat, M. M. Rahman and S. M. G.
Mostafa, “PI controller and park's transformation based control of
dynamic voltage restorer for voltage sag minimization,” 2014 9th
International Forum on Strategic Technology (IFOST), Cox's Bazar,
2014, pp. 276-279, doi: 10.1109/IFOST.2014.6991121.

P. T. Nguyen and T. K. Saha, “Dynamic voltage restorer against
balanced and unbalanced voltage sags: modelling and simulation”, /[EEE
Power Engineering Society General Meeting, 2004, Denver, CO, USA,
2004, pp. 639-644, vol. 1, doi: 10.1109/PES.2004.1372883.

J. G. Nielsen and F. Blaabjerg, “A detailed comparison of system
topologies for dynamic voltage restorers,” in [EEE Transactions on
Industry Applications, vol. 41, no. 5, pp. 1272-1280, Sept.-Oct. 2005,
doi: 10.1109/T1A.2005.855045.

M. B. Kim, G. W. Moon, and M. J. Youn, “Synchronous PI decoupling
control scheme for dynamic voltage restorer against a voltage sag in the
power system,” 2004 IEEE 35th Annual Power Electronics Specialists
Conference (IEEE Cat. No.04CH37551), Aachen, Germany, 2004, pp.
1046-1051, vol. 2, doi: 10.1109/PESC.2004.1355565.

J. G. Nielsen, M. Newman, H. Nielsen, and F. Blaabjerg, “Control and
testing of a dynamic voltage restorer (DVR) at medium voltage level,”
IEEE Transactions on Power Electronics, vol. 19, no. 3, pp. 806-813,
May 2004, doi: 10.1109/TPEL.2004.826504.

C. Fitzer, M. Barnes, and P. Green, “Voltage sag detection technique for
a dynamic voltage restorer,” in Conference Record of the 2002 IEEE
Industry Applications Conference. 37th IAS Annual Meeting (Cat.
No.02CH37344), Oct. 2002, vol. 2, pp. 917-924 wvol.2, doi:
10.1109/1AS.2002.1042668.

L. A. Moran, I. Pastorini, J. Dixon, and R. Wallace, “A fault protection
scheme for series active power filters,” IEEE Transactions on Power
Electronics, vol. 14, mno. 5, pp. 928-938, Sep. 1999, doi:
10.1109/63.788498.

M. J. Newman and D. G. Holmes, “An integrated approach for the
protection of series injection inverters,” IEEE Transactions on Industry
Applications, vol. 38, no. 3, pp. 679-687, May 2002, doi:
10.1109/TIA.2002.1003417.

1. Y. Chung, D.J. Won, S. Y. Park, S. I. Moon, and J. K. Park, “The DC
link energy control method in dynamic voltage restorer system,”
International Journal of Electrical Power & Energy Systems, vol. 25,
no. 7, pp. 525-531, Sep. 2003, doi: 10.1016/S0142-0615(02)00179-5.

D. Francis and T. Thomas, “Mitigation of voltage sag and swell using
dynamic voltage restorer,” in 2014 Annual International Conference on
Emerging Research Areas: Magnetics, Machines and Drives
(AICERA/iCMMD), Jul. 2014, pp- 1-6, doi:
10.1109/AICERA.2014.6908218.

“IEEE Recommended Practice and Requirements for Harmonic Control
in Electric Power Systems, ” IEEE Std 519-2014 (Revision of IEEE Std
519-1992), pp. 1-29, Jun. 2014, doi: 10.1109/IEEESTD.2014.6826459.

S. H. E. A. Aleem, A. F. Zobaa, and A. C. M. Sung, “On the economical
design of multiple-arm passive harmonic filters,” in 2012 47th
International Universities Power Engineering Conference (UPEC), Sep.
2012, pp. 1-6, doi: 10.1109/UPEC.2012.6398664.

M. Balci, S. Abdel Aleem, A. Zobaa, and S. Sakar, “An Algorithm for
Optimal Sizing of the Capacitor Banks Under Nonsinusoidal and
Unbalanced Conditions,” Recent Advances in Electrical & Electronic
Engineering, vol. 7,  pp. 116-122, Dec. 2014, doi:
10.2174/2352096507666140925202729.

R. A. Barr, V. J. Gosbell, and I. McMichael, “A new SAIFI based
voltage sag index,” in 2008 13th International Conference on
Harmonics and Quality of Power, Oct. 2008, pp. 1-5, doi:
10.1109/ICHQP.2008.4668806.

www.etasr.com Soomro et al.: Simulation-based Analysis of a Dynamic Voltage Restorer under Different Voltage Sags ...



Engineering, Technology & Applied Science Research Vol. 10, No. 4, 2020, 5889-5895

5895

[25] “IEEE Standard Test Procedure for Polyphase Induction Motors and
Generators,” IEEE Std 112-1991, 1991, doi:
10.1109/IEEESTD.1991.114383.

[26] S.H. E. A. Aleem, A. M. Saeed, A. M. Ibrahim, and E. E. A. El-Zahab,
“Power Quality Improvement and Sag Voltage Correction by Dynamic
Voltage Restorer,” [International Review of Automatic Control
(IREACO), vol. 7, no. 4, pp. 386-393-393, Jul. 2014, doi:
10.15866/ireaco.v7i4.2160.

www.etasr.com Soomro et al.: Simulation-based Analysis of a Dynamic Voltage Restorer under Different Voltage Sags ...



