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ABSTRACT
The aim of this paper to presents the capabilities of custom
devices of power qualities problems at low voltage distributed
grid. Power quality is the most concerning problem these days so
that many researchers have worked on new techniques and
methods for the improvement of these issues. Voltage sags and
swell are one of the foremost serious power quality issues, which
happens within the power grid owing to the extensively used of
power electronics control devices with the domestic or industrial
loads. These power quality problems are mainly occur due to
Fault at distribution level, sudden increase of loads and
instantaneous starting of motor. To mitigate this power quality
issues shunt and series compensating devices are extensively used
at the distribution gird. Such custom devices like D-Statcom and
DVR are used to maintain the current and voltage profile under
desirable limits and exchange the active and reactive power at
unbalance conditions. In this work, D-STATCOM and DVR has
been modeled and simulated in MATLAB/SIMULINK for
improving the power quality of distribution systems with static
non-linear loads and the detailed disturbance conditions and
their results are discussed.

Keywords—Power quality; D-Statcom; DVR; Voltage Sag
and Swell; Distribution feeeder

I.

INTRODUCTION

In India, power quality is a very serious issue for the
utilities in the power system. So the utility system has
responsibilities to maintain the voltage and currents profile in
a specified magnitudes or frequency and get ready to supply
for their customers. Generally electric power system is defined
in three functional blocks – generation unit, transmission unit
and distribution unit. In the past years generation and
transmission unit has mainly consider for power quality
improvement and power stability so to meet the system
parameter with the normal condition, very highly efficient
instruments are installed in the both units. The stability of
distribution unit was not a serious issues due to the less uses of
controlling devices with load bus, but currently power quality
of distribution grid is most concern issues for all the electrical
engineer and researcher. Distribution system is the last or main
part of power system and directly connected to the customers

So the power quality issues mainly occur in this section due to
extensively uses of different types of appliances. All these
appliances have controlled by the electronics devices so that
the rate of interruption or failure in the distribution network is
incase about 90%.
In the earlier days, the major focus for power system
reliability was on generation and transmission only as these
more capital cost is involved in these. But now a day’s
distribution systems have begun to receive more attention for
reliability assessment. Initially for the improvement of power
quality or reliability of the system FACTS devices like static
synchronous compensator (STATCOM), static synchronous
series compensator (SSSC), interline power flow controller
(IPFC), and unified power flow controller (UPFC) etc are
introduced. These FACTS devices are designed for the
transmission system. But now a day’s more attention is on the
distribution system for the improvement of power quality,
these devices are modified and known as custom power
devices. The main custom power devices which are used in
distribution system for power quality improvement are
distribution static synchronous compensator (DSTATCOM),
dynamic voltage Restorer (DVR), active filter (AF), unified
power quality conditioner (UPQC) etc.
A distribution static compensator or DSTATCOM is a fast
response; solid-state power controller device that provides
flexible voltage control at the point of coupling (PCC) and
their voltage source converter (VSC) is a power electronic
device which is connected in parallel with the utility
distribution feeder to overcome the power quality problem. If
it is coupled with energy storage system (ESS), it can
exchange both active and reactive power with the distribution
system by varying the amplitude and phase angle of the
converter voltage with respect to the system voltage. The
result is a controlled current flow through the interfacing
inductance between DSTATCOM and the distribution system.
In this thesis work, among the different custom power devices,
the role of DSTATCOM has been investigated to improve the
quality of power under different conditions.
A DVR inject only voltage in series connected
distribution feeder and compensate the voltage sags and swells
on the load side at fault condition. A DVR is connected in
series with the distribution feeder by using a voltage injection
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transformer. The low voltage winding is connected to the
voltage converter and control by the PWM technique. Here the
main purpose of a DVR is to maintain the voltage level and
reactive power supply at the load bus in disturbance condition;
it remains as a stand-by mode or by pass the converter in the
healthy condition. So the DVR is only operating when sag is
detected, and injects a series voltage of the required magnitude
to compensate load voltage at pre fault value. The amplitude
and phase of the injected phase voltages are controlled in such
a way to eliminate any detrimental effects of a bus fault to the
load voltage.

phase in the output voltage of D-Statcom so that it easily
control the reactive power flow in the system.

II. POWER QUALITY PROBLEMS
The power quality related problems are present in all
electrical equipment due to the frequently used of power
controlling and microcontroller based devices. These devices
have only the reason to the produce of instantaneous
disturbances, failure of equipment, interruption in
communication and data interruptions in distribution network.
Power quality problems has a larger range of disturbances
such as voltage sags, swells, flickers, harmonic distortion,
noise, over-voltage, under-voltage, impulse transients, and
interruptions. These problems disturbed the performance or
efficiency of electrical equipment and also affect the
generation unit.

Figure1. Single line diagram of D-STATCOM

III. SYSTEM CONCEPT & MODELLING
A. D-STATCOM
A D-Statcom is a simple Statcom or synchronous
condenser which is used to regulate the voltage level at
distribution grid at fault condition. It is comes in the category
of solid state electronics switch and consist of either IGBT or
GTO, a coupling transformer, storage device and voltage
controller. A single line diagram of a DSTATCOM is shown
in fig.4.4. In the distribution grid a DSTATCOM is connected
at the point of coupling where the voltage sags and swell
problems is concern.
D-Statcom is basically worked on the principle of
synchronous machine so that it is effectively exchange the real
power and control the reactive power flow in the load bus as
per lagging or leading load condition. When any fault (i.e. line
to ground fault, line to line fault, double line to ground fault)
occur at load bus the voltage and current profile are disturbed
so that the flow of reactive power are unbalance but it does not
any effect of the working of D-Statcom. Now D-Statcom has
start to compensate the current and voltage at the load bus.
Here the unbalance load current is compare to the reference
value and error signal is fed into the PI controller to generate
the triggering pulse to the IGBT converter. So this way of
switching pattern of IGBT converter by PWM technique are
simple and reliable to improve the power quality in the load
bus. The output voltage of VSC are coupled with load bus by
coupling transformer so to effectively control the output
voltage to make a suitable adjustment of the magnitude and

Figure2. Schematic diagram of D-STATCOM

B. DVR (Dynamic Voltage Restorer)
Dynamic Voltage Restorer is consisting of a
semiconductor switch either IGBT or GTO, a battery bank or
energy storage device and an injection transformer. A DVR is
connected in series in between distribution feeder and
sensitive load. The main function of a DVR is to mitigate the
voltage sags and swell which are produce by using the
semiconductor control device and appearing a fault at load
side. In other words DVR is protecting the sensitive load by
undesirable voltage sag and swell. The concept of DVR to
inject the controlled voltage and active power to series
connected distribution feeder. The injected voltage produced
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by the line commutated three phase voltage controller with
sinusoidal PWM techniques. It also exchanges the reactive
power between the distribution grid and DVR controller.
In normal condition DVR only supplied the voltage to
recover the controller losses only but in the unbalance
condition or during the fault condition DVR voltage controller
compare the grid voltage to normal voltage level and
compensate the unbalance voltage to the desirable limits or
prefault voltage. The magnitude and phase of injected voltage
by transformer are mainly controlled by the PI controller
during the fault condition, firstly disturbed load voltage wave
is passing through the system analyzer and compare with the
reference voltage wave, so the generated error signal is control
the PI controller, further generated controlling signal is help to
trigger the IGBT inverter or voltage controller. In this
compensating voltage harmonics are present due to the zero
and negative sequence component which is removed by
passing through the harmonic filter before injected to the
distribution grid. Hence the DVR is regulated the voltage level
and improve the stability of load bus under the fault condition

V.

TEST SYSTEM PARAMETERS

A simulation model of distribution grid with nonlinear load
is designed in the MATLab R2009 as shown in the figure 9.
This model can be tested with given system parameter in
Table 1. In this purposed test model two identical 400kv
distributed feeder is consider, in which one of the feeder is
connected to DSTATCOM /DVR and the second one is kept
as it. This test system is analyzed with non linear load and
linear load under different fault conditions, which are single
line to ground fault, double line to ground fault and three
phase fault.
TABLE 1.
System
Quantities
Source

Convertor

Linear Load

Non Linear Load

System Parameter
3-phase, 11kV rms (phase-phase),
50Hz, 500MVA, Short circuit
level(VA), 11kV Base voltage,
X/R= 0.5.
IGBT based, 3-arms, 6-pulse
400V rms (phase-phase), 50 Hz,
10kW, 10kVar.
Non-linear Resistance (100Ω),
Inductance (50m ), 400V rms (phase-phase),
50 Hz.

Transformer

Nominal power 200kVA, 50Hz,
Δ/Y/Y(grounded)11000/400/400V,
(R1/R2/R3,L1/L2/L3) =
(0.002/0.002/0.002,0.08/0.08/0.08)
p.u.

Controller

Kp = 0.5 Ki = 50 sample time = 50s

Figure3. Single line diagram of D-STATCOM

A. Test model with D-STATCOM

IV. PV ENERGY STORAGE SYSTEM
In power system custom devices is normally regulate the
voltage level by using energy storage battery. So these
batteries have needed to recharge frequently when used to
compensate the long transmission line under fault condition.
Sometime it has to fail to supply the suitable amount of energy
so to overcome this problem photo voltaic energy storage
system comes in trends. PV panels are regularly charge the
battery and maintain the energy level as per requirement.
In this type of control strategies photo voltaic D-Statcom
are more efficient and reliable to exchange the real power and
control the reactive power supply during the night time as well
as daytime. It also concerns the voltage or current profile of
the distribution grid.
Figure 4. Matlab Test Model with DSTATCOM
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B. Test model with DVR

Figure7. LLLG fault with compensate in p.u.

Figure5. Matlab Test Model with DVR

VI. SIMULATION RESULTS
Figure8. THD graph for LLLG fault without compensate

A. Power Injection with D-STATCOM in grid
In this case, different faults (LG, LL & LLLG) are
considered for both the feeders supply power to nonlinear
load. Consider the value of fault resistance is 0.001 ohm and
the ground resistance is 0.001 ohm. The fault is created for the
duration of 0.3s to 0.6s. The output waveform for the load
current with compensation and without compensation is
shown in Figure-5.2, Figure-5.3 respectively. Here it is clear
from the output wave shapes that the phase current is
disturbed when the fault is created and magnitude of current
also increasing during the fault duration in the uncompensated
feeder. So, here these unbalance condition of the system is
reduced by connecting the DSTATCOM and it also improve
the power factor of the distribution grid.
i. LLLG faults with and without compensation
In this case a LLLG fault is considered for both the
feeders and the fault resistance is 0.001 ohm and the resistance
to ground is 0.001 ohm. The fault is created for the period of
0.3s to 0.6s. Output waveforms of the load current with
compensation and without compensation are shown in Figure10(a) and Figure-10(b) respectively.

Figure9. THD graph for LLLG fault without compensate

ii.

LL faults with and without compensation

In this case a LL fault is considered for both the feeders
and the fault resistance is 0.001 ohm and the resistance to
ground is 0.001 ohm. The fault is created for the period of 0.3s
to 0.6s. Output waveforms of the load current with
compensation and without compensation are shown in Figure10(a) and Figure-10(b) respectively

Figure10: LL fault without compensate in p.u.

Figure6. LLLG fault without compensate in p.u.
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output wave shapes that the phase voltage is disturbed when
the fault is created and magnitude of voltages also increasing
during the fault duration in the uncompensated feeder. So,
here these unbalance condition of the system is reduced by
connecting the DVR and it also improve the active power flow
in the distribution grid.

Figure11. LL fault with compensate in p.u.

iii. LG faults with and without compensation
In this case a LG fault is considered for both the feeders
and the fault resistance is 0.001 ohm and the resistance to
ground is 0.001 ohm. The fault is created for the period of 0.3s
to 0.6s. Output waveforms of the load current with
compensation and without compensation are shown in Figure10(a) and Figure-10(b) respectively

i. LLLG faults with and without compensation
In this case a LLLG fault is considered for both the feeders
and the fault resistance is 0.001 ohm and the resistance to
ground is 0.001 ohm. The fault is created for the period of 0.3s
to 0.8s. Output waveforms of the load current with
compensation and without compensation are shown in Figure10(a) and Figure-10(b) respectively

Figure14. LLLG fault without compensate in p.u.
Figure12. LG fault without compensate in p.u.

Figure15. LLLG fault with compensates p.u.
Figure13. LG fault with compensate in p.u.
Table 2. THD & Power factor for D-STATCOM
Fault in Distribution Line
without Compensation

Fault in Distribution Line
without Compensation

LLLG
Fault

LL
Fault

LG
Fault

LLLG
Fault

LL Fault

LG
Fault

THD
(%)

27.29

25.13

27.29

2.08%

2.42

2.08

Power
Factor
(%)

96.47

96.98

96.47

99.97

99.97

99.97

Table
Head

ii. LLLG faults with and without compensation
In this case LL fault is considered for both the feeders and the
fault resistance is 0.001 ohm and the resistance to ground is
0.001 ohm. The fault is created for the period of 0.3s to 0.8s.
Output waveforms of the load current with compensation and
without compensation are shown in Figure-10(a) and Figure10(b) respectively

B. Power Injection with DVR in grid
In this case, different faults (LG, LL & LLLG) are
considered for both the feeders feeding nonlinear load.
Consider the value of fault resistance is 0.001 ohm and the
ground resistance is 0.001 ohm. The fault is created for the
duration of 0.3s to 0.8s. The output wave for the load voltage
with compensation and without compensation is shown in
Figure-5.2, Figure-5.3 respectively. Here it is clear from the
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VII. CONCLUSION & FUTURE SCOPE

Figure17. LL fault with compensate

iii. LLLG faults with and without compensation
In this case a LG fault is considered for both the feeders and
the fault resistance is 0.001 ohm and the resistance to ground
is 0.001 ohm. The fault is created for the period of 0.3s to
0.8s. Output waveforms of the load current with compensation
and without compensation are shown in Figure-10(a) and
Figure-10(b) respectively.

In this present work analyzed the performance of two
different FACTs devices such as D-STATCOM and DVR
under various fault condition and the simulation of test model
gives the satisfactory result. This test model followed the
traditionally behaviour of D-STATCOM and DVR such that
D-STATCOM control the flow of reactive power but DVR
compensate the voltage sag and voltage flicker in distribution
load network. There are also compares the THD level or
Power factor of feeder with compensate and without
compensate condition, clear the impact of voltage or current
injection. According to IEEE 519 THD value doesn’t exceed
5% under balance condition and the result of test model are
follows this parameters
The present work can be also extended to design the
controller of DSTATCOM/DVR like using the fuzzy
controller; artificial intelligence based adaptive controller and
space vector technique.
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