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ARTICLE INFO ABSTRACT

Considered one of the most essential problems of power quality, Voltage Sag is
related to renewable based distributed generation (DG) units. Using two types of
compensators: Distribution Static, also known as (D-STATCOM) and Static VAR,
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Voltage sag
D-FACTS also known as (SVC), this paper handles the issue of voltage sag. Modeling and
g\%ATCOM simulation of hybrid PV-Wind system is proposed in this study. The proposed

system is examined under voltage sag incident caused by two factors: a sudden
heavy load and faults that are related to short circuit, e.g., single line to ground,
double line to ground and three phases to ground faults. A hybrid wind-PV system
is presented using MATLAB/ SIMULINK software package. According to the
simulation results, the voltage sag is effectively mitigated after using D-
STATCOM, which shows efficient voltage recovery compared with SVC.

usually related to system faults, energizing of
transformers, loading a heavy load and starting of

1. Introduction

Given the fact that renewable energy sources
including photovoltaic (PV) systems and wind
turbines to the power grid have increased worldwide
in terms of their interconnection, power quality has
been of utmost importance and gained a lot of
interest. Conventional distribution systems contain a
primary feeder, secondary feeders, distribution
substation, voltage regulators, and distribution
transformers. Modern power systems are integrated
with renewable energy sources. Fluctuations in
renewable energy may affect the process of
measuring voltage quality, which is one of the
implicit requirements for acceptable operation of the
system.

Voltage sags (VS) , voltage swell, interruptions,
harmonics and flickering are regarded as the
problems predominantly associated with power
quality [1]. VS has gained much attention because it
occurs frequently in power systems due to many
reasons. VS has negative effect on the operation of
the end user equipment [2]. VS is defined as voltage
decrease from 0.1 to 0.9 per unit in rms voltage for
duration between 0.5 cycle to 1 minute [3]. VS are
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large induction motors. Fig. 1 shows the voltage
signal with sag. sensitive equipment is affected by a
fault in the transmission line ranging up to hundreds
of kilometers away from the fault.
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Fig. 1. Voltage Sag

Power quality problems cost unexpected power
failures, equipment overheating, damage to sensitive
devices, electronic communication interference,
increased system losses, decreased efficiency, need
for over sizing of installations and many more [4].

Addressing power quality problem is very much
primary requirement to deliver clean and
standardized power to the consumers. Harmonics and
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load imbalances can be cleared effectively using
DSTATCOM or static VAR compensator (SVC). For
example, DSTATCOMs are applied for
compensating  harmonic  pollution and load
imbalances in the system [5].

Despite the fact that power electronic converters, in
compliance with the power quality issues, can be
used to merge renewable energy sources with the
electric grids, such converters are accompanied with
high switching frequency and can add extra harmonic
to the system. Depending on voltage source converter
(VSC) and a d.c link capacitor, Flexible AC
Transmission System (FACTS) controllers have
emerged. FACTS controllers can be used to manage
the parameters and variables of distribution system,
e.g., terminal voltages, and fast and effective voltage
angles. They provide both an excellent regulation in
the distribution power systems and immediate
solution to power quality disturbances. As per
requirement, FACTS controllers can function as
injecting or absorbing reactive power to a system.
One of the main advantages of FACTS controllers is
that it helps improve system dynamic behaviour and
enhance system reliability [6]. In [7], although the
researchers, via a controller known as compensatory
fuzzy neural network with an asymmetric
membership function (CFNN-AMF) for enhancing
the regulation of d.c voltage and power quality, have
suggested a D-STATCOM, the dynamic reply of the
controller is perceived as moderate.

Recently developed to reduce the problems
caused by power quality in the systems of
distribution, the distribution FACTs (D-FACTS) or
custom power devices, using DSTATCOM, SVC
and unified power quality conditioner (UPQC) are
the major enabling D-FACTSs devices to solve such
problems [8]. It also helps implement the filters that
are associated with series and shunt active power.
This is because UPQC is used to make up for the
defects related to voltage and for modifying current
harmonics. It selects reactive power injection rating
and direction designated as UPQC in order for the
voltage to be compensated to a desired value, i.e. 1
p.u, is both analytically and mathematically derived
and discussed as using phasor diagram method [9].
The devices mentioned above are used to reduce the
losses in a more efficient and effective way. The
devices are mounted and fixed near the distribution
network, more specifically near the load. Gathered in
chain with the supply source, the disturbances
associated with the voltage can easily be softened by
using the dynamic voltage restorer (DVR). It also
decreases the distortion of the voltage waveform
[10]. Moreover, when the power supply is regulated
and moving without interruption, UPQC is capable of
protecting a single load because UPQC features
sensitivity. There are many examples of facilities that

are known as places with sensitive load. Such places
include: hospitals, healthcare centers, transportation
facilities and areas for broadcasting news. Except in
[11], however, the placement of UPQC and its impact
at a certain node among the remaining ones is not
investigated yet. This is where the impact of UPQC
assignment on undervoltage mitigation of distribution
networks is studied. But work is limited to UPQC
static shunt compensation, and the effect of UPQC
assignment on reducing power loss as well as
improvements in line load capacity and voltage
stability have not been studied. Constant transfer
offset regardless of load demand and UPQC location
in the network is not a realistic approach.

In reference [12], the researchers assess and draw a
comparison between two things: the classic standard
technique and the DC vector control technique, using
VSC-based D-STATCOM, to monitor the reactive
power and support the network voltage. The
proposed D-STATCOM control technique takes
advantage of the optimal control design, which relies
on a Pl controller or PID integration, which is a fuzzy
and adaptive-control technique. However, the
classical control design performs poorly under the
extremely operating conditions. In [13], by
comparing the different setting methods, used to
calculate the parameters gain of the D-STATCOM
controller in the presence of a large probability
uncertainty in both the incoming the electrical energy
from wind station and the demand of reactive power,
thus the performance of the D-STATCOM voltage
reactive power control is examined. The reactive
power request, which is managed by D-STATCOM,
is used to modify the transient voltage in a very short
time. In the above paper, only numerical simulations
are given to show and prove the control algorithm.
The researchers in [14] proposed a new compensation
method using D-STATCOM in order to improve the
voltage of electrical grid and enhance the transient
stability of fixed speed wind turbines in electrical
interconnected power systems. In this study, it is
shown that the powerful control technology is used in
a decentralized system (STATCOM + energy storage
system) by enhancing the ultra-low voltage handling
ability of constant speed of wind turbines. As with
[15], the researchers could calculate and compare two
techniques (conventional and modern control) for
controlling the reactive power and regulating the
network voltage using D-STATCOM. In [16, 17], the
performance of D-STATCOM for different values of
its controller gain was examined in order to regulate
the short-time of transient voltage during high
variation of wind turbine load. D-STATCOM select
the appropriate magnitude and direction of the
reactive power that require to modulate the voltage.
In this paper it is proposed to mitigate the voltages
sag effects using DSTATCOM and SVC for a hybrid
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renewable energy system and under varying
conditions.

2. Distribution Flexible a.c Transmission System
(D-FACTYS)

2.1.  Static VAR compensator (SVC)

SVC is defined as a shunt-connected VAR
generator that is primarily used to improve voltage
control and stability. It acts as an injection/absorption
of reactive energy from/to the system. It is a parallel
combination of thyristor controllable reactors (TCR)
and thyristor switched capacitors (TSC). lIsolated
static compensators (SVC) are used to reduce flickers
and are also used to reduce voltage sag, voltage
amplification, synchronous asynchronous oscillations
and, in the case of fluctuating loads, to smooth out
power  oscillations  [18].  Insulated  steam
compensators are also used to mitigate power quality
in rail feed system, arc furnace, rolling mills, and
asynchronous generator system with load fluctuations
[19, 20].

2.2. Distribution static compensator

DSTATCOM is an important device in electric
power system, when compared with other kinds of
devices, it can solve voltage sag, bulge (swell),
harmonic distortion, oscillation, flickering, three-
phase voltage imbalance and other power quality
problems [21], therefore, it has the with great interest
in the distribution system and development trend of
reactive power compensation and power quality
control at present [22-24].

DSTATCOM has powerful function and
excellent  performance regarding fast load
compensation, thanks to small size, low noise, very
fast response and many more. With the rapid
development of power systems, DSTATCOM will be
an important component of modern distribution
systems because it will solve the most of power
quality issues and will use instead of traditional SVC.

Finally, it was shown that with respect to
simulation, the proposed D-STATCOM for very fast
load compensation has a wide response rate and
unique a small size [25]. DSTATCOM is applied to
enhance the electrical reactive power compensation
of the constant speed induction motor in thermal
power plant [26]. By setting two simple PI controllers
at a common coupling (PCC) point, three-phase load
voltage compensation was achieved [27, 28].

Being a switch-connected device, DSTATCOM
consists, in its simplest form, of three inductors, three
VSC legs with six IGBTs and DC power storage as
shown in Figure 2. D-STATCOM can be considered
as a very active synchronous capacitor, which supply
a variable voltage regulating bus interaction as D-

STATCOM is connected. Furthermore, D-
STATCOM could function as providing a very fast
power response or better response than a suppressor
[29]. The three-phase generated voltage is connected,
using a coupling reactor or coupling transformer, to
the electrical power system grid. The active and
reactive power flow between the distribution network
and DSTATCOM is allowed to be best regulated by
correct modulation of the phase and magnitude of the
DSTATCOM output voltage [30].
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Fig.2. D-STATCOM with the electrical power system.

If V, = V,, no active power or reactive power flow
between the grid DSTATCOM. When V, < Vi,
DSTATCOM will functions as a capacitive
reactance and generates capacitive reactive power
and the current flows from DSTATCOM to the
electric grid. If V;, > V,, DSTATCOM acts as an
inductive reactance. The reactive power absorbed via
D-STATCOM from the grid. The active power and
reactive power exchange between test system and
DSTATCOM equations are as follows.

VoecVst .
p= 2t ging @)
Xt
V2 VpecVe
Q= Z—ZC— —pj(ct St cosé (2)

where, V.. is the voltage magnitude at the point of
common coupling (PCC); Vi is the voltage of
DSTATCOM ; X, is the total line reactance; & is the
angle delta between bus voltages.

The injected current by the DSTATCOM is evaluated
as follows:
VSL'_V cC

e = =55 ®
The DSTATCOM rating can be determined, based on
the degree of imbalance and required reactive power
compensation. The DC bus voltage level is included
in the VSC model, which appears on the DC bus
capacitance and affects the switch rating. The
minimum voltage magnitude of DC bus in the VSC
of DSTATCOM must be greater than twice the
maximum (peak) phase voltage of the distribution
system [31]. The DC bus voltage is rated as:
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Vye = 200t ()
Where, The DC bus capacitor design is based on the
instantaneous power available to D-STATCOM
during the transient state. m is the generally assumed
modulation index of 1 or 0.8. The principle of energy
conversion is applied as follows:

1
ECdc (dec - decl) = 3Valt )

where, Cq4. is capacitor value; I is a phase current in
Amper; a is the over-loading factor; V is a phase
voltage in Volt; V., is the minimum d.c voltage
level; V,.is the nominal d.c voltage; t is the time
required for d.c bus voltage recovery.

Selecting the inductance (L;) of VSC is depended on
current ripple(l,,.), switching frequency (f;) and d.c
bus voltage (V;.) and evaluated as :

_ \/§mvdc
F 12afslcr (6)
At half the switching frequency, the setting of high-
pass filter is done and used for reduce the noise or the
switching ripples from the point of common-
coupling.

3. System Under Study

The model has a 0.6 MW solar connected electric
power system grid, a Dual Feed Induction Generator

DC/DC
Boost DC- DC/AC
Converter Link Inverter

260 V/
I11 KV

o JE < [Tl g

(DFIG) based on a 1.2 MW wind turbine and an R-L
load. The system is tested with and without D-
FACTS (SVC and DSTATCOM) during overloads
and short-circuit faults (one line - ground, double line
- ground and three lines - ground as shown in Figure
3.

Mechanical energy is converted by DFIG from an
aerodynamic system into alternating current electrical
energy, which is transmitted, via two paths, and then
to the belt. Whereas the main path is the directly
connected stator link, the secondary path is the
rotating circuit that supplies power through two series
transformers. The amount and direction of energy
flowing through the rotating circuit depends on the
point of operation of the induction machine. The
electrodynamic model of induction machines was
developed [33]. DFIG-based variable speed wind
turbines transmit power to the grid through two main
paths. It is noteworthy that most of the power is
transmitted through the stator and only a small part is
fed through the rotating circuit and the transformer.
The first transformer is known as the rotor side
transformer, and it is connected to the DFIG's rotor
coils. Known as the network bypass switch, the other
is connected to the network in the PCC via an AC
filter. The DC terminals of the two transformers are
combined with a DC shunt capacitor. The power
scheme of each transformer simply consists of a
three-legged VSI. However, from a control
perspective, different control systems based on
control functions can be applied to inverter switches.

PCC Bus Bar
11 KV

Sun power PV panel 600 KXW PV station
Rotor
( Generat :
Gear Box SSNerator 575V /11 KV
( | )Y \y
- & ) }
B I Converter |
11 KV /110 KV Electrical grid
1.2 MW wind far 100 MVA 2
wind farm 14 KM 110 KV .
N o=
I = H ——— A
S
VSI
11 KV /11 KV Transmission line
T__| o B
C2=F Q1

STATCOM

Fig.3. proposed Grid with PV/wind hybrid power system and D-STATCOM.
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Fig.4. Control scheme of rotor side converter.

Rotor side converter control is mainly used to control
the active power to extract the maximum power from
the wind. Furthermore, to control the reactive power
in order to maintain the magnetization level and
achieve the reactive power setting (ie operating at the
PF unity). Maximum power capture is achieved by
controlling the required mechanical power with the
rotation of the generator speed in its optimum
relationship according to the power signal feedback
idea based on the current mode control. Often the
generator speed control is achieved through the rotary
bypass converter as shown in Figure 4 which allows
the generator to adjust the rotational speed depending
on the optimum wind energy tracking [34, 35].

The PV station contains a lot of many electrically
PV modules and it is connected in series to reach the
high level of voltage. Also, in order to obtain the
required power capacity, a large number of PV series
are connected in parallel to form a PV array. In
addition, in order to obtain maximum power under
different solar radiation, each PV array is connected
to a DC/DC boost converter. Then, in parallel, the
photovoltaic arrays are linked with the main VSI.
Maintaining constant DC junction voltage, injecting
active power into the electrical grid, and achieving
the required reactive power are the main objectives of
VSI. This configuration is characterized by low
losses, cost-effectiveness, constant DC voltage, and
higher efficiency [36]. The electrical PV array
Modeling based on the Shockley diode is shown in
Fig. 5. The identical current-voltage relationship of
the PV can be calculated by [37].

Rs Ns
Np |
Yy ¥ Rsh Ns
N p \
Yy ¥

Np Iph Np Id

[ |
Fig.5. The equivalent circuit of PV array.

4. Simulation Results

The studied system is first examined against different
faults and its voltage level is recorded Table 1. In this
case voltage level is not accepted technically,
therefore, the system is reinforced by DSTATCOM
and SVC. After using SVC, the voltage has improved
to the accepted value even with over loading
condition as shown in Fig 6. But SVC failed to
improve the voltage to reach the accepted value
during short circuit faults as shown in Fig. 7. After
using D-STACOM during short circuit faults and
over loading both separately the voltage has
improved to the accepted value at each condition.
The voltage sag has reduced after using
DSTATCOM, furthermore, DSTATCOM shows
efficient voltage recovery compared with SVC as
shown in Figs. 6-9. and Table 1.
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4.1. The system without D-FACTS

In this study case, different faults are placed at the
PCC for 0.2 sec. In single line to ground fault case,
the voltage magnitude decreased from 1 pu to be 0.83
pu at the PCC voltage and indicated in Fig. 6. Also,
the voltage magnitude decreased to 0.7 pu in case of
double line to ground fault as shown in Fig. 7. In
three line to ground fault case, when the fault
resistance R,, = 0.5 Q the voltage decreased to 0.55
pu at the PCC voltage as indicated in Fig. 8. After
adding a heavy load to the system, the voltage
magnitude decreased to 0.8 pu as shown in Fig. 9.

4.2. The effect of SVC

In this study case, double line to ground fault and a
sudden heavy load are placed at the PCC. In double
line to ground fault case, the SVC has improved the
voltage magnitude from 0.7 to 0.75 (p.u) at the PCC
as indicated in Fig. 7. After connecting a heavy load
to the system with SVC at PCC the voltage
magnitude has improved from 0.8 to 0.98 pu as
shown in Fig. 9.

4.3. The DSTATCOM effect

The PCC voltages after compensation using the
modified DSATCOM become balanced and accepted
value at different short circuit faults and overloading
condition. In single line to ground fault case with
using DSTATCOM the voltage sag has improved to
accepted value as shown in Fig. 6. Also, the voltage
magnitude of the double and three line to ground
faults at PCC has improved to 0.99 pu and 0.96 pu
after using DSTATCOM as shown in Figs. 7, 8. In
the case of adding a sudden heavy load, the
DSTATCOM could raise the voltage magnitude from
0.8 pu to 1 pu as shown in Fig.9 and Table 1.
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Fig. 6. Single-line to ground voltage magnitude
with and without D-STATCOM.
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Fig. 7. Double line - ground voltage magnitude
with and without D-FACTS.
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with and without D-STATCOM.
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Fig. 9. The voltage magnitude during a sudden
heavy load with and without D-FACTS.

Table 1. The voltage magnitude during short circuit faults and over
loading with and without D-FACTS

D-FACTS The Voltage magnitude (pu)
Single Double Three
line - line - phase - Over
ground ground ground loading
fault fault fault
Without 0.83 0.7 0.55 0.8
SVvC 0.88 0.75 0.6 0.98
DSTATCOM 0.99 0.99 0.96 1
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Conclusions

In this paper, modeling and simulation of SVC and

DSTATCOM equipped in hybrid PV-wind system is
presented by using MATLAB/ SIMULINK software
package. The proposed DSTATCOM is used for
reducing voltage sag caused by a sudden heavy load
and short circuit faults such as single line - ground,
double line - ground and three phases to ground
faults. According to the simulation results, the
voltage sag is mitigated after using DSTATCOM

further,

DSTATCOM shows efficient voltage

recovery compared with SVC.

References

10.

11.

12.

13.

14.

M.Tripathi, “A critical and comprehensive review on power
quality disturbance detection and classification”, Sustainable
Computing: Informatics and Systems, 2020. 28: p. 417-431.
H.M. Ahmed, “Mitigating voltage-sag and voltage-deviation
problems in distribution networks using battery energy
storage systems”, Electric Power Systems Research, 2020.
184: p. 106-294.

M. F. Alves,“Voltage Sag : An Overview of IEC and IEEE
Standards and Application Criteria”, Renewable and
Sustainable Energy Reviews, 1999: p. 585-589.

B.S. Rajpurohit and S.N. Singh, “A review on economics of
power quality: Impact, assessment and mitigation”,
Renewable and Sustainable Energy Reviews, 2018. 88: p.
363-372.

R. Rohouma, “D-STATCOM for harmonic mitigation in low
voltage distribution network with high penetration of
nonlinear loads”, Renewable Energy, 2020. 145: p. 1449-
1464.

P. Mahela and A. G. Shaik, “Topological aspects of power
quality improvement techniques: A  comprehensive
overview”, Renewable and Sustainable Energy Reviews,
2016. 58: p. 1129-1142.

K.H. Tan, “A Distribution Static Compensator Using a
CFNN-AMF Controller for Power Quality Improvement and
DC-Link Voltage Regulation”, Energies, 2018. 11(8): p.
1996-2013.

A.G. Shaik, “Power quality improvement in distribution
network using DSTATCOM with battery energy storage
system”, International Journal of Electrical Power and Energy
Systems, 2016. 83: p. 229-240.

N. Gowtham and S. Shankar, UPQC,“A Custom Power
Device for Power Quality Improvement”, MaterialsToday:
Proceedings, 2018. 5(1): p. 965-972.

S. Kumar, S. Rajasekar and P. A. Raj, “Power Quality Profile
Enhancement of Utility Connected Microgrid System Using
ANFIS-UPQC”, Procedia Technology, 2015. 21: p. 112-119.
M. Hosseini, H.A. Shayanfar and M. Fotuhi-Firuzabad,
“Modeling of unified power quality conditioner (UPQC) in
distribution systems load flow”, Energy Conversion and
Management, 2009. 50(6): p. 1578-1585.

H. doostabad, M.R. Khalghani, and M.H. Khooban, “A novel
control system design to improve LVRT capability of fixed
speed wind turbines using STATCOM in presence of voltage
fault”, International Journal of Electrical Power & Energy
Systems, 2016. 77: p. 280-286.

L. Fan, and Z. Miao, “Stability Control for Wind in Weak
Grids”, IEEE Transactions on Sustainable Energy, 2019.
10(4): p. 2094-2103.

M. Hossain, H.R. Pota and R.A. Ramos, “Improved low-
voltage-ride-through capability of fixed-speed wind turbines

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

using decentralised control of STATCOM with energy
storage system”, IET Generation, Transmission and
Distribution, 2012. 6(8): p. 719-730.

T.A. Haskew, “Control of VSC-based STATCOM using
conventional and direct-current vector control strategies”,
International Journal of Electrical Power and Energy
Systems, 2013. 45(1): p. 175-186.

A. Kumar, “Reactive power control in decentralized hybrid
power system with STATCOM using GA, ANN and ANFIS
methods”, International Journal of Electrical Power and
Energy Systems, 2016. 83: p. 175-187.

Y. Mi, “Frequency and Voltage Coordinated Control for
Isolated Wind-Diesel Power System Based on Adaptive
Sliding Mode and Disturbance Observer”, IEEE Transactions
on Sustainable Energy, 2019. 10(4): p. 2075-2083.

G. Agrawal, “Enhancement of voltage profile by
incorporation of SVC in power system networks by using
optimal load flow method in MATLAB/Simulink
environments”, Energy Reports, 2018. 4: p. 418-434.

S. K. M Kodsi, C.A. Cafizares, and M. Kazerani, “Reactive
current control through SVC for load power factor
correction”, Electric Power Systems Research, 2006. 76(9-
10): p. 701-708.

E. Zhijun, “Hybrid simulation of power systems with SVC
dynamic phasor model”, International Journal of Electrical
Power & Energy Systems, 2009. 31(5): p. 175-180.

M.Singh, “Detection of Voltage Sag by Artificial Neural
Network and Mitigation using DSTATCOM?”, in Control and
Embedded Systems. 2012. p. 978-988.

A.G. Shaik, “A review of distribution static compensator”,
Renewable and Sustainable Energy Reviews, 2015. 50: p.
531-546.

A. Kumar, “Ilmpact of D-STATCOM Placement on
Improving the Reactive Loading Capability of Unbalanced
Radial Distribution System”, Procedia Technology, 2016. 25:
p. 759-766.

P.E Melin, “Analysis and control strategy for a current-source
based D-STATCOM towards minimum losses”, International
Journal of Electrical Power and Energy Systems, 2020. 116:
p. 105-132.

W. Chang and K. Yeh, “Design of D-STATCOM for Fast
Load Compensation of Unbalanced Distribution Systems”,
IEEE International Conference on Power Electronics, 2001.
10(1): p. 801-806.

M. Molinas and T. Undeland, “STATCOM-Based Indirect
Torque Control of Induction Machines During Voltage
Recovery After Grid Faults”, IEEE Transactions on Power
Electronics, 2010. 25(5): p. 1240-1250.

A. Amoozegar, “DSTATCOM modelling for voltage stability
with fuzzy logic PI current controller”, International Journal
of Electrical Power and Energy Systems, 2016. 76: p. 129-
135.

Y. Miao, “Research of Control Strategy of STATCOM in
AC/DC Hybrid Power System”, Energy Procedia, 2011. 12:
p. 437-442.

C. Kumar and M.K. Mishra, “A Control Algorithm for
Flexible Operation of DSTATCOM for Power Quality
Improvement in Voltage and Current Control Mode”, IEEE
International Conference on Power Electronics. 2012. p. 6.

A. Ghosh and A. Joshi, “Operation of a DSTATCOM in
voltage control mode”, IEEE Transactions on Power
Delivery, 2003. 18(1): p. 258-264.

G.S. Kumar, and D. Sreenivasarao, “Three- phase four
switch DSTATCOM topologies with special transformers for
neutral  current compensation and power quality
improvement”, IET Generation, Transmission &
Distribution, 2019. 13(3): p. 368-379.

A. R. Gidd and S. B. Jondhale, “Modelling, Analysis and
Performance of a DSTATCOM for Voltage Sag Mitigation in
Distribution Network”,Electronics and Informatics. 2019.

55


https://ieeexplore.ieee.org/author/37285958900

33.

34.

35.

36.

37.

Mohamed K.Hammad , et. al / Voltage Sag Enhancement of Hybrid PV-wind system using D-STATCOM and SVC

Y. Wang, “Dynamic Modeling and Control of DFIG-Based
Wind Turbines Under Unbalanced Network Conditions”,
IEEE Transactions on Power Systems, 2007. 22(1): p. 314-
323.

M. Aktarujjaman, “Control Dynamics of a Doubly Fed
Induction Generator Under Sub- and Super-Synchronous
Modes of Operation”, nternational Journal of Electrical
Power and Energy Systems. 2008. p. 110-119.

P. Singh, “Power Control of Doubly Fed Induction Generator
(DFIG) Using Back To Back Converters”, Advanced
Communication Control and Computing Technologies. 2014.
p. 73-77.

M. Brenna, “Dynamic analysis of a new network topology for
high power grid connected PV Systems”, Electric Power
Systems Research, 2010. 10(4): p. 978-985.

R. BENADL, “Sliding Mode Control of a Photovoltaic-Wind
Hybrid System”, Electric Power Systems Research, 2014.
14(2): p. 165-176.

56



