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Abstract— This paper proposes a flexible D-STATCOM (Distribution Static Compensator) and its new controller system, 
that be able to mitigate both unbalanced faults and fault under islanded condition and operate as a Distribution Generator 
(DG), when it supplies power to sensitive loads while the main utility source is disconnected (i.e., it is under islanded 
operating condition). Thus D-STATCOM operates same as flexible DG (FDG) and consequently, it is called Flexible D-
STATCOM (FDSTATCOM). In this paper, the 12-pulse FD-STATCOM configuration with IGBT is designed and the 
graphic based models of the FD-STATCOM are developed using the MATLAB/ Simulink program. The performance of 
FD-STATCOM is to mitigate voltage sag problems and to improve distribution system performance under unbalance faults 
such as L-L & D-L-G faults and supplies power to sensitive loads under islanding condition. The reliability and robustness 
of the control schemes in the system response to the voltage disturbances caused by faults under islanded operating condition 
are obviously proved in the simulation results. 
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I. INTRODUCTION 
 
Voltage sag is a minimal duration reduction or 
sudden fall in RMS voltage, and it is caused by a 
short circuit, overload or while starting the electric 
motors. Voltage sag generally, observed when the 
RMS voltage falls between 10 and 90 % of nominal 
voltage from half to one full time cycle. Now a day 
power distribution system has an ever growing 
demand. Loads at various distribution sides like 
domestic utilities, commercial have become intolerant 
to voltage disturbances. One of the most acute 
problems that regularly occurred in distribution side 
feeders is voltage drip or voltage sag. This voltage 
sag is mainly caused by the flow of real and reactive 
power in distribution system. Voltage can be 
enhanced and power losses can be lower by installing 
custom power devices at suitable location. These 
devices work best at improving the reliability and 
quality of power flow in low voltage distribution 
networks. Custom power equipment’s have the 
capability to provide better improvement for current 
interruption and voltage regulation within a 
distribution system. Distribution generator (DG) 
installations are at excessive demand due to their 
advantage of customizing the distribution system. 
Generally, DGs are installed at grid with the help of 
inverters and their main role is to supply active power 
into the grid. These sources are designed to supply 
active power or in some other cases both active and 
reactive power based on the necessity. With Flexible 
DG systems it is feasible to perform integrated 
functions like harmonic mitigation, unbalance 
mitigation, zero sequence component suppression 
schemes, and etc. The future trends in power 
electronic devices (like converters) make the 
performance of such numerous functions feasible. A 

DG is indicated to be islanded when it deliver power 
to some loads while the main utility source is 
detached. While interconnecting the DG with the 
distribution system proper detection of the islanded 
state of that DG is important. With the increase in 
penetration rate of distribution systems on DGs, the 
new interface control strategy is being proposed [1].  
Solar Photo Voltaic (PV) is an striking form of 
renewable energy generation, as it can be comfortably 
installed to generate electricity that is utilized by local 
loads, with any surplus power being feedback in to 
the grid. It is a certified technology and the costs have 
slide down greatly to the point that the end cost of 
electricity is similar to tariffs charged by distributors. 
The technological evolutions and cost reductions 
have been driven by large scale development and cost 
reductions have been driven by large scale 
development of the solar PV in various countries. 
The concatenation of Renewable Energy (RE) in the 
electricity network offers various difficult tasks like 
power quality (PQ), power flow control, voltage and 
frequency stability, alternative specifications for 
simulation tools, and the adaptation of Grid 
Standards. Solar PV plants are associate to the grid 
via inverters make use of pulse width modulation 
(PWM). The switching character of the PV can result 
in loss of power quality in the interconnection 
network, potentially resulting in grid guideline 
contraventions. Because of that reason, control 
systems need to be redesigned by considering the 
network parameters, grid regulations, and condition 
of the PV plant. 
In distribution systems the major issue is to control 
the reactive power compensation. Due to increase in 
the reactive current the losses in a distribution system 
also increases and thus it reduces systems power 
factor and also reduces the capability of active power 
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and can create high amplitude changes in the load 
side voltage [2-3]. Different techniques have been 
used to mitigate voltage sags. Few of the traditional 
methods use capacitor banks, parallel feeders, and 
uninterruptable power supplies (UPS). Even though 
the power quality problems are not completely solved 
because of uncontrollable reactive power and high 
costs of new feeders and UPS. 
This paper proposes a flexible D-STATCOM 
designed to operate in two different modes. Initially it 
can mitigate voltage sags caused by unbalanced 
faults. Furthermore, it can reduce voltage sags which 
are caused by three phase open circuit fault and 
detaching the main power source which is in an 
islanding condition. 
The D-STATCOM has arisen as a reassuring device 
to contribute solutions not only for voltage sag 
mitigation but also turn to be a guide for other power 
quality solutions like voltage stabilization, flicker 
suppression, power factor correction, and harmonic 
control [4]. D-STATCOM generates a balanced three 
-phase voltage or current and has the potential to 
regulate the magnitude and phase angle [5]. Unlike 
the Unified power flow controller (UPFC) that 
consists of two parts which are series and shunt, these 
were used to manage the flow of active power from 
one part to the other. But flexible DG consists of only 
one part, which has a supply of the active power from 
DG system. A control strategy had been presented in 
[6] and [7] where they have been confer a PWM 
based control scheme that requires RMS voltage 
values and no reactive power measurements are 
necessary. In addition, Clark and park 
transformations are not necessary in this method. 
Even though they have analyzed that voltage 
sag/swell mitigation is due to load variation and there 
is no knowledge of balanced and unbalanced faults. A 
lookup table is used in [8] and [9] to detect the 
proportional gain of PI controller, which is 
established only on trial and error mechanism of 
control strategy. But in this paper, fuzzy based 
controller is used for mitigating the voltage sags 
which are caused by unbalanced faults. Then the 
robustness and reliability of the suggested method is 
more than the above mentioned methods. In this test 
case the D-STATCOM is connected in shunt type to 
the network and the system is improvised for 
mitigating voltage distortions and the consequences 
of system faults on the sensitive loads are analyzed 
and the mitigation of voltage sags are explored and 
simulated.  
 
II. PROPOSED FD-STATCOM 
 
The D-STATCOM arrangement incorporate of a 12-
pulse inverter design, a DC energy storage 
mechanism and a coupling transformer connected in 
shunt with AC system. The multilevel configurations 
are more sophisticated in use. 

 

 
Figure 1: Schematic representation of FD-STATCOM 

 
Fig.1 shows the simplistic model of the FD-
STATCOM. The predominant electronic block of the 
FD-STATCOM is the voltage source converter 
(VSC). At a fundamental frequency this VSC 
converts an input DC voltage into an AC output 
voltage. These output AC voltages incorporates with 
the reactance of the coupling transformer and also 
with the AC system and they are in phase [10]. With 
the satisfactory adjustment of the phase and 
magnitude of the FD-STATCOM output voltages 
allows the powerful control of active and reactive 
power interchanges between the FD-STATCOM and 
the AC system. 
 

 
Figure 1: 12-pulse inverter arrangement 

 
Fig. 2 exhibits the arrangement of a classic 12-pulse 
inverter which employs two transformers with their 
primaries connected in series. The first transformer is 
in Υ-Υ (star-star) connection and the second 
transformer is in Υ-Δ (star-delta) connection with 
their corresponding inverters. Each inverter designed 
to act as a 6-pulse inverter, with the Υ-Δ inverter is 
set to being delayed by 30 degrees with respect to the 
Υ-Υ inverter. The Insulated-gate bipolar transistors 
(IGBTs) of the recommended 12-pulse FD-
STATCOM are connected in anti-parallel with diodes 
for commutation effect and charging of the DC 
capacitor [11]. By that we will obtain a 30 degrees 
phase shift between the pulses and to decrease 
harmonics generated from the FDSTATCOM. 
 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-4, Issue-12, Dec.-2016 

Flexible D-STATCOM to Mitigate Voltage Sags Under Unbalanced Faults and Islanded Fault Condition 
 

12 

III. CONTROL STRATEGY 
 
Fig 3 shows the layout of FD-STATCOM control 
scheme. It is based on measurements of the Vrms 
(RMS Voltage) voltage at the load point. 
 

 
Figure 2: Control Scheme designed for the FD-STATCOM 

 
The fuzzy controller is used in this proposed model in 
order to obtain and compare the error signals. Unlike 
other controllers fuzzy control has no trial and error 
way of problem solving. It automatically sets the gain 
values for the inverters and thus compensates both 
error and change in error values. As the fuzzy 
controller has membership functions we can convert 
them as required. Fuzzy controller has set of rules and 
logics and works based on fuzzy tables. 
 
IV. PROPOSED CONTROL MEDTHOD 
 
A D-STATCOM is used to control voltage on a 25-
kV distribution network. Two feeders are used in this 
test system which is at 21 km and 2 km distance and 
circulate power to loads connected at buses B2 and 
B3. At bus B2 a shunt capacitor is attached for power 
factor correction. A 600-V variable load is connected 
at bus B3 through a 25kV/600V transformer which 
represents that the system absorbing continuous 
current changes, relying on the transformer 
energizing, and thus producing voltage sags. The 
magnitude of load current (variable) is controlled by 
setting the frequency at 5 Hz so that its apparent 
power ranges around 1 MVA and 5.2 MVA, while 
maintaining a 0.9 lagging power factor. This load 
dissimilarity will allow you to observe the capability 
of the DSTATCOM to mitigate voltage sag. 
The D-STATCOM controls voltage of bus B3 by 
generating or absorbing the reactive power. The 
leakage reactance of the coupling transformer leads to 
reactive power transfer. This coupling transformer 
generates a secondary voltage in phase with the 
primary voltage (network side) which is provided by 
a PV cell connected to the controller. We can use a 
battery or a capacitor connection to the PV for energy 
storage purpose. DSTATCOM works like an 
inductive element by absorbing reactive power when 
the bus voltage is greater than the secondary voltage. 
In reverse D-STATCOM behaves like a capacitor 

element by generating reactive power when bus 
voltage is lower than the secondary voltage. 
A D-STATCOM consists of a coupling transformer 
with rating 25kV/1.25kV. This transformer secures 
coupling between the distribution network and the 
inverter. A PWM inverter is replaced with a three 
equivalent voltage sources averaged around one cycle 
of the switching frequency (1.68 kHz) on the AC 
side. Hence harmonics which are produced by the 
inverter are not shown by this average model. The 
inverter is designed for charging the DC capacitor by 
the means of a current source on the DC side. The DC 
current (Idc) is evaluated so that the instantaneous 
power of the inverter at the AC inputs should remain 
equals the instantaneous power at the DC output. At 
the inverter output an LC damped filters are 
connected. Resistances are connected in series with 
the capacitors can deliver a quality factor of 40 at 60 
Hz frequency. 
A microfarad capacitor is used in this model which 
acts as a DC voltage source for the inverter. Voltage 
is controlled a voltage regulator at bus B3. In the test 
system Anti-aliasing filters are used for voltage and 
current acquisition. In the fuzzy controller a unit 
delay is attached. This parameter can minimize 
unwanted output behavior. Here the sample time for 
unit delay block is set to -1. The setting time -1 
means sample time is inherited. The programmed FIS 
(fuzzy interface system) file is imported to the 
workspace, thus on simulation it can rectify all the 
error and change in error values. The discrete sample 
time (Ts) is 40 microseconds for this system. 
 

 
Figure 3: Distribution system with FD-STATCOM integrated 

with PV and Fuzzy controller 
 

At the time of test, the D-STATCOM will respond to 
the step changes of the source voltage when the 
variable load is kept constant. Make sure that the 
regulation of the Variable Load is not in favor 
(Modulation Timing [Ton Toff] = [0.15 1] *100 > 
Simulation Stop time). The programmable voltage 
source can regulate the internal voltage of a 25-kV 
equivalent equipment in order to get initially floating 
(B3 voltage=1 pu and reference voltage Vref=1 pu) 
D-STATCOM. Set the voltage value at 1.077 pu in 
the programmable voltage source block. Some ranges 
of time delays are programmed at 0.2 s, 0.3 s, and 0.4 
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s to uninterruptedly increase the source voltage by 
6% and reversely decrease it by 6% and bring it back 
to its initial value (1.077 pu). 
Start the simulation and observe the phase voltage 
waveforms of the D-STATCOM (RMS voltages) on 
the scope. After an approximate 0.15 sec., transient 
we can obtain a steady state. The D-STATCOM is 
inactive at the initial source voltage conditions so that 
it unable to consume or provide reactive power to the 
network. At t = 0.2 s, the source voltage is increased 
by 6%. The D-STATCOM balances this increase in 
voltage by absorbing reactive power from the 
distribution network (Q=+2.7 Mvar). At t = 0.3 s, the 
source voltage is decreased by 6% from the value 
corresponding to Q = 0. The D -STATCOM should 
generate reactive power to maintain a 1 pu voltage (Q 
changes from +2.7 MVAR to -2.8 MVAR). 
 
V. SIMULATION RESULTS 
 
The test system comprises a 25kv transmission 
system. A balanced load is connected to the 600v 
secondary side of the transformer. Breaker.1 is used 
to regulate the operation time of the FD-STATCOM. 
A 12 pulse FD-STATCOM is coupled to the 
secondary winding by closing breaker.1 at 0.2 s, for 
maintaining the load RMS voltage at 1pu. A capacitor 
on the DC side of the FD-STATCOM provides 
storage capabilities. 
The simulations are performed for the cases where 
the FDSTATCOM is connected to or disconnected 
from the system. 
Here the simulations of the FD-STATCOM in are 
done under unbalanced fault and also islanded fault 
condition. In islanded condition three conductors are 
opened by breaker.2. The duration of the islanding 
condition are considered for about 0.1 s. in LL fault 
and DLG fault conditions the faulted phases are A 
and B and those fault durations are considered for 
about 0.3 s for these unbalanced faults. 
In the programmable voltage source the voltage 
parameter should be kept constant by that the variable 
load will get enabled for regulation. By those 
corrections you can notice how the D-STATCOM 
can mitigate voltage sag. In the Programmable 
Voltage Source block menu, change the "Time 
Variation of" parameter to "None". In the menu of 
Variable Load block, set the Modulation Timing 
parameter to [Ton Toff] = [0.15 1]. Lastly, in the D-
STATCOM controller, change the 
"Mode of operation" parameter to "Q regulation” and 
ensure that the reactive power reference value Qref 
(2nd line of parameters) is set to zero. In this mode, 
the D-STATCOM is in floating state and does not 
provide voltage correction. Run the simulation and 
observe voltages variations at buses B1 and B3 on the 
scope. Without D-STATCOM, B3 voltage varies 
between 0.96 pu and 1.04 pu (+/- 4% variation). 
Now, in the DSTATCOM Controller, change the 
"Mode of operation" parameter back to "Voltage 

regulation" and restart simulation. Observe on Scope 
that voltage fluctuation at bus B3 is now reduced to 
+/- 0.7 %. The D-STATCOM compensates voltage 
by injecting a reactive current modulated at 5 Hz and 
the voltage is varying between 0.6 pu capacitive 
when voltage is low and 0.6 pu inductive when 
voltage is high. 
As we mainly focused on the voltage sags in the 
distribution system, only load and RMS voltages are 
shown in the simulation results. Based on the purpose 
of the test we can go for Total Harmonic Distortion 
(THD), Active and Reactive values etc. 
Figs. 5 and 6 show the RMS and load voltages, for 
the instance when the system operates without FD-
STATCOM and under LL fault. 

 

 
Figure 5: RMS voltages without FD-STATCOM under LL 

fault 
 

 
Figure 6: Load voltages without FD-STATCOM under LL 

fault 
 
Figs. 7 and 8 show the FD-STATCOM connection to 
the distribution system. The voltage drop of the 
sensitive load point is mitigated using the proposed 
control method. The RMS voltage and load voltage 
values are obtained very effectively with this new 
method of voltage regulation. 
 

 
Figure 7: RMS voltages with FD-STATCOM under LL fault 
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Figure 8: Load voltages with FD-STATCOM under LL fault 

 
Figs. 9 and 10 show the RMS and load voltages at the 
load point, for the instance when the system is 
operated without FDSTATCOM under unbalanced 
DLG fault. 
 

 
Figure 9: RMS voltages without FD-STATCOM under DLG 

fault 
 

 
Figure 10: Load voltages without FD-STATCOM under DLG 

fault 
 
Figs. 11 and 12 show the compensated RMS and load 
voltages under DLG fault using suggested method. It 
was observed that the recommended method has 
properly reduced the voltage sag. 
 

 
Figure 11: RMS voltages with FD-STATCOM under DLG 

fault 

 
Figure 12: Load voltages with FD-STATCOM under DLG 

fault 
 
Figs. 13 and 14 show the RMS and load voltages 
respectively, for instance when the system operates 
without FDSTATCOM under islanded condition. 

 

 
Figure 13: RMS voltages without FD-STATCOM under 

islanded condition 
 

 
Figure 14: Load voltages without FD-STATCOM under 

islanded condition 
 
Figs. 15 and 16 show the compensated RMS and load 
voltages under islanded condition using suggested 
method. It is observed that the recommended method 
had correctly mitigated the voltage sag. 
 

 
Figure 15: RMS voltages with FD-STATCOM under islanded 

condition 
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Figure 16: Load voltages with FD-STATCOM under islanded 

condition 
 
CONCLUSION 
 
In this paper, a Fuzzy logic is used in the control 
system to obtain more efficiency and better results for 
fault mitigation (voltage sags). PV is used in the test 
simulation design we can replace PV with wind, fuel 
cells and other renewable sources. We can implement 
this simulation and can make further extension with 
the help of artificial neural networks and genetic 
algorithms to obtain much more efficiency, reliability 
and robustness to the distribution system. 
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