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Abstract- Power quality is an important issue in distribution
network system. In present day, the industrial equipment is
primarily based on electronic component such as rectifier,
thyristors together with programmable sensing controllers
and power electronic drives. These devices are very sensitive
to instabilities and end up less tolerant to power quality
issues. In the industrial and commercial equipment, voltage
sags are serious and most common problems. By reactive
power injection at the point of common coupling, balanced
voltage is achieved. Several custom power devices are utilized
to improve the quality of power but DVR is efficient and gives
quick response, high reliability and cost is low. In this paper,
we proposed a new scheme to control the self-supported
dynamic voltage restorer (DVR) and different compensation
techniques and operating modes are discussed.

In this scheme, three phase harmonic filter (double
tuned) is used to moderate harmonics, generated by voltage
source converter (VSC). DVR operates within minimum
energy rating. Capacitor is utilized as energy storage device
during compensating the disturbance. Three phase
programmable source is used to generate the disturbances
within supply voltage. Through DVR, compensating the supply
voltage harmonics the total harmonic distortion (THD) is
minimized at load bus. By using a reduced-rating DVR, the
reimbursement of the voltage dip, voltage swell, and
harmonics is demonstrated. DVR works as enforced
commutated VSC that inserts a dynamically required
controlled voltage in series with the supply voltage through
injection transformer for improving the load voltage. Parks
Transformation is used to convert the voltages from rotating
vectors to the stationary frame. The load voltage is sustained
sinusoidal and in phase by inserting properly required
compensation voltage through DVR. Extensive experiments
are performed on MATLAB platform to analyze the
performance of the proposed scheme.

Keywords- Harmonics, Dynamic voltage restorer, voltage source
converter, Power quality, voltage sag, synchronous reference frame
theory.

1. INTRODUCTION

Power quality complications are increased in present-day
because the use of sensitive and precarious load equipment
such as arc furnaces, food product manufacturing, and steel
manufacturing processes [3], [23]. Sinusoidal waveform of the
supply voltage is affected by many power quality abnormal
conditions. Transients, voltage sag, voltage swell, interruption
and other distortions affect the power system distribution
network and performance of their equipment piece. Custom
power expedients are used to afford fortification against the
power quality complications [1], [33]. The quality of power is
majorly affected by many factors such as non-linear loads,
interruptions, transients, voltage sags, voltage swells,
waveform distortion, voltage fluctuations, and long duration
over voltage, capacitance switching and electrical noise [10].
The inductive loads which work on the principle of induction,
causes poor power factor. The various type inductive loads are
electric-arc and induction furnaces [16], [17]. Power electronic
components, thyristor installation for D.C. motor control and
in electro-chemical processes causes the power quality (PQ)
disturbances. Electrical discharge lamps, welding machines,
transformers, single phase and three phase motors cause the
poor power factor [13]. Earlier active power factor correction
(APFC), passive power factor correction (PPFC), hybrid filter,
static compensator (STATCOM) techniques have been used to
solve the poor power quality, power factor problem and
minimization the overall losses [21].

Solid state Custom power devices are used in power system
network to provide compensation and improve voltage profile



[9]. It is mainly of three types: a) DVRs - series connected b)
distribution  static compensator (DSTATCOM) shunt-
connected [10] ¢) unified power quality conditioner (UPQC) -
a permutation of series and shunt-coupled [2]-[6].

Westinghouse Corporation manufactured world’s first DVR
for the Electric Power Research Institute (EPRI) [12]. DVR is
linked in series stuck between the supply and severe load at
point of common coupling (PCC) [5]. Required compensating
voltage can be injected using DVR to sustain supply voltage
[14], [21]. It is solid state custom device that is used for
mitigating voltage disturbances such as interruption, voltage
sag, waveform distortion, voltage swell [8], [14]. It is also
helpful in the distribution system for unsymmetrical fault by
injecting voltage through the series transformer into the
system [22] [36].

In paper [2], authors have discussed the power quality
improvement by indirect control of capacitor supported DVR.
Self-supported DVR controlling based on Reactive Power
Theory (IRPT) [4] and Instantaneous Symmetrical Component
Theory (ISCT) [10] are also related schemes in this area. In
paper [5], authors have used DVR to restore a balanced
sinusoidal voltage of preferred amplitude to deal with the
phase of voltage unbalanced and distorted wave. There is no
requirement of any active power for compensation after the
injected voltage through DVR in quadrature [2], [3]. In steady
state condition, the absorbed and supply power is zero. The
DVR install at consumer point is used to compensate
harmonics and regulate the terminal voltage. It provides
protection to the consumer critical and sensitive loads [2], [4]
and also full fill the power quality standard IEEE-519 [1]-[5].

2. Different Control Strategies in DVR

There are a number of strategies to enforce DVR for power
quality improvement inside the distribution system and device.
Other DVR applications that encompass strength power flow
manipulate, reactive power reimbursement, in addition to
restrained responses for PQ difficulties. Inverter is an
imperative factor of the DVR. The overall performance of the
DVR is without delay affected to the manage stratagem of
inverter. The inverter control approach consists of two types
of control. First is linear control and second is non-linear
control.

Linear control utilized to controlling the DVR, the
linear control method is taken as feed forward control which is
computed the injected voltage between the pre-sag and during
the sag voltage. This technique based on state space vector to
give the quick time response by using close loop poles. The
feedback control techniques based on state space vector,
which can be installation closed-loop poles with the intention
to make quicker time response [12]. Feed forward and
feedback- control approach carried out by vector-control
strategies. Multi-loop control method is a manipulate scheme
within grid network voltage and load end side voltage, so it is
able to improve voltage reimbursement effect. The feedback

control in composite-control is design to consider double-loop,
it is able to improve device stability [33]. The control
technique within inductor current feedback and feed forward
load contemporary is designed without series transformers
consequently the sizes and price of the DVR is decreased.

Non-linear controlling approach is used in DVR and
it has adaptive and self-organizing capability. This control
approach can display the nonlinearity which is mainly based
on enter input and output result is without any detail of
mathematical model. Usually ANN controlling may be
categorized into two types; first is feed-forward neural
networks and second is feedback-neural network. Structure
based ANN are local approximation neural networks and
neuro-fuzzy network [25].

Non-linear control consist different types of control which are
ANN control, fuzzy logic control and space vector pulse width
modulation (SVPWM) control.

ANN control approach can display the nonlinearity
which is mainly based on enter and output result is without the
detail mathematical model. Normally ANN controlling may be
categorized into two types; first is feed forward neural
networks and second is feedback neural network. Structure
based ANN are local approximation neural networks and
Neuro-fuzzy network [36].

Fuzzy logic scheme is used for controlling the DVR
for voltage injection. Its design view point deviates from all of
the preceding approaches through information in controller
layout. Data information is extracted from fuzzy set and used
to controlling the DVR. It is an attractive choice while specific
mathematical equations or formulations are not feasible. This
control approach has an advantage because controller’s
capability is to lessen the mistake and transient over reach of
PWM [34-38].

In 1980s, Japanese scholars described the SPWM
manipulate method which is utilized to controlling the motor
variable speed drives. It is used to generating the signals for
eliminate the sag problems. The primary thinking is to
implement a VSI space vector of the switch to become quasi
circular rotating magnetic substance in place of the authentic
SPWM, so enhanced overall performance of the exchange is
established in low switching frequency situations [31]. For
controlling and detection voltage sag of single phase in the
distribution system, Instantaneous Value Comparison Method
is generally used.

3. Operating Modes of DVR

There are three operating modes of DVR which are given as-
1. When voltage sag/swell on the line

2. Normal operation mode

3. In case of fault

When voltage sag/swell on the line: The DVR inserts
the distinction among the pre-sag (Vpre-sag) and the sag
voltage (Vsag), the requirement of actual power from the
energy storing device together with the reactive power.
Because of dc power storage and the voltage injection



transformer ratio the most capability of DVR is restrained.
The value of the inserted voltage may be controlled separately
in case of three single phase DVR. The inserted voltages are
complete synchronize at the required frequency and the phase
angle [12].

Normal operation mode: In balanced condition that
means any power quality problems is not occurs in distribution
system or there is no sag appears with the system then
dynamic voltage restorer will not produce supply voltage to
the load. DVR will be not operating in a standby-mode when
the energy storing device is fully charged [25] [30]. It operates
in the self- charging mode. Battery and capacitor generally
used as storage device for power and it can be charged either
from the power source itself or through a different source.

In case of fault: In this condition, which occurs in the
power distribute network then a bypass switch commonly used
as crosshar switch may be initiated and it's going to pass the
inverter circuit that allows protecting the electronic component
of the inverter.

4. DVR Compensation Techniques

The DVR should make sure the unchanged load voltage with
minimum power dissipation for injection. The characteristic of
load determines the required control approach to inject
compensation voltage. The techniques for injection of missing
voltage can be divided into four groups.

1. Pre-sag compensation method

2. In-phase voltage injection method

3. Energy optimization compensation method

4. Voltage tolerance method with minimum energy injection

Pre-sag  compensation  method: In  pre-sag
compensation technique, the magnitude and the phase angle
are compensated by the DVR. Vpre-sag shows the condition
before the sag and Vsag is the sag voltage during the sag [25].
Osag is the angle between the Vpre-sag and Vsag. Vinj is
injected voltage and 0inj is injected angle which is inserted
through transformer by the DVR. The variance of the sag and
pre-sag voltage restores the magnitude and phase-angle to the
normal condition as pre sag condition as shown in fig.1

Fig.1. Phasor diagram of pre-sag compensation method

The dynamic voltage restorer injected voltage Vinj and
phase angle 0inj to be compensated may be calculated by
this equation [12], [25].
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Alternative method to determine the Vinj by using this
equation;

’Vinj ‘ = IVprefsag | - |Vsag |
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(4)
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Some non-linear loads are very sensitive for phase angle
jumps. It is far the best strategy to restore the sensitive voltage
for the load to getting desired phase angle and voltage
magnitude because the nominal pre-sag voltage [24-26]. In
single phase vector diagram, the perfect restoration is carried
out. High capacity power storage devices are required when
inserted active power is uncontrollable [12]. This method is
requiring the active power during the reimbursement. If the
variations in three phases are uneven in nature then cannot be
restore and sustain the phase jump [28].

In-phase voltage injection method: This technique is
utilized to reimburse any sort of voltage sag irrespective
unbalanced phase jump. In case of disturbance, the active
power is injected by DVR to the system [12].Vinj by DVR is
in phase with Vsag. It is suitable for minimum required
voltage in the DVR operation. The minimum value of Vinj is
carry out when the active power is zero by having the phasor
of Vinj is perpendicular to the IL phasor. In this method, the
Vinj amplitude is minimum which is injected by DVR for
certain voltage sags. The voltage magnitude is compensated
and restores required voltage magnitude. Vinj is in-phase with
supply voltage as present in figure 2.

VPre—sag

Vinj—inphase !

Fig.2. Phasor diagram of In-phase compensation method

It is very simple for execution and easy to manipulative the
DVR compensating voltage, which is calculated by this
equation.

VbvR = Vinj

'Vinj ‘ = |Vpre—sag | - |Vsag |

(6)
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The phase angle between pre-sag and load voltage are distinct
but the maximum crucial standards for power quality, which is
the constant value of load voltage, is satisfied. Active power is
required at some point of reimbursement like that in Vpre-sag
reimbursement technique [12].

Energy optimization compensation method: Pre-sag
and in-phase compensation approach injects the active energy
to loads. The I_ and load voltage are set in system and only
alteration with phase of Vsag. This method makes the
injection active power zero [12] [29]. So that it will decrease
using real power the voltages are inserted at phase-angle of
90° to supply current as presented in figure 3.

Fig. 3. Phasor diagram of energy optimization compensation method

Reactive power is generated during compensation through
VSI. It keeps the apparent power at constant and decrease
the reactive power of network. It is not requirement of
active power during reimbursement and it is minimized the
inserted energy. Therefore high capacity power storage
device is not required when the requirement of real power
is minimized. It increases the magnitude of Vinj and
consequently the apparent power of the compensator. The
restore voltage is achieved at the point of coupling where
critical load is connected.

Voltage tolerance method with minimum-energy
injection: The angle of phase and magnitude of improved load
voltage inside the area of load voltage tolerance are present in
Fig. 4. The phase-angle jump and voltage-drop on load may be
tolerated by load. Normally the voltage value among 90%-
110% of nominal voltage and phase angle variation between
5%-10% of ordinary state do not disturb the operation
characteristics of loads [12], [32]. The significance and phase
are controlling parameters of this technique to acquire the
minimum power injection.

Load Voltage Tolerance
Area

\ bresag
| voltage

Fig. 4. Phasor diagram of voltage tolerance method

The voltage tolerance-area is dependent on load. Some
loads are sensitive for phase-angle shift and other loads are
sensitive to voltage magnitude variations. The operating
point is determined by considering the load characteristic.
The voltage tolerance method can sustain the load voltage
in the tolerance area with minor change of voltage
magnitude by injecting smaller active power than other
methods.

5. Operation of DVR

The scheme of self-supported DVR is used to compensate,
regulate and protect from sag, swell, distortion, or unbalanced
condition in supply voltage [10]. This paper produces
controlling and enactment of DVR validated through a
minimal-voltage synchronous reference frame theory (SRFT)
based controller scheme is used for DVR.

Three phase
critical and
sensitive
load

Fig. 5. Schematic diagram of self- supported DVR

The diagram of self-supported DVR is present in Fig. 5. Three
phase voltage source Vi, Vg, Vi denotes three-phase supply,
Z,, Zy and Z; represents the series source impedance.
Terminal voltages (Vyy, Vi5,Vic) denotes power quality
abnormal conditions. DVR inserts required reimbursing
injected voltages (V,4, V.5, V.c) Which pass through series
injection transformer. Subsequently we achieve undistorted
load voltages (V. 4, Vi5, Vi) at load terminal. DVR practices a
series injected transformer to introduce voltage (Vinj) in
series along with source voltage. In series injected
transformer, low voltage side of transformer is connected with
the VSC and high voltage side of transformer winding is
associated with load [18], [15]. A capacitor VCy,. is used as
storage device in DVR. The ripple filter consist the
inductor(Lr), capacitor (Cr) and resistance (Rr) to eliminate
the harmonics, ripples and higher switching frequency in VSC
[16], [20], [23]. The main task of Harmonic filter (double
tuned) is eliminating the harmonics which are presented in
compensating voltage, generated by the VSC.

M

Fig. 6. Self- supported DVR phasor diagram for voltage sag compensation [2]



Fig. 6 represents the operation of DVR in the form of phasor
diagram for compensation of voltage sag. This sag appears in
supply voltage. In this figure V, (pre-sag) and I, represent
load terminal voltage and current respectively, during pre-sag
condition.

The supply voltage (V) is worse in magnitude of pre-sag
circumstance after sag occurrence. The injected voltage (V)
through the DVR is used to sustain the load voltage (V) at the
evaluated magnitude. Injected voltage has two constituents,
Vea and V.. The voltage (V) in-phase with current is to
control dc bus voltage and satisfy the power loss in VSC. The
voltage in quadrature (,) with current is to normalize the
load voltage at constant magnitude [2]. Proposed DVR takes
out the requisite reference voltage to remunerate presence of
harmonics and unbalanced source voltage [2], [23-27].

6. DVR Control Scheme

The offered control-scheme for VSC of DVR is based on
SRFT or Parks Transformation. This scheme is used to
compensate the harmonic current to achieved waveform
sinusoidal, load voltage balancing and power factor
improvement at load voltage bus [2-5]. Terminal voltage (V;)
at PCC are rehabilitated to rotating reference frame using abc-
dq0 conversion by means of SRFT with unit vectors
(sin 8, cos ). For low pass filter (LPF) the synchronous frame
variables V, V, are used as input variables to generate voltage
reference in the synchronous frame [5]. When there is any
disruption occurs in distribution network system [7], the
source voltages turn into unbalanced voltage [22]. In
circumstance of unbalanced positive and negative sequence

Vo * PI
—_——————
de g Controller
Vie —of o |

\Y
vV, d
SA abc /'

V,

constituents appear in system and both components
prerequisite to be detected as a DC component and controlled
and extracted through LPF after dqO transformation [8], [9].
The components of dc voltage in term of direct and quadrature
axes are [3], [19].

V'0ia = ViapeVea ©)]
V*Lq = thDc—ch (10)
Where V*,; and V", represents the DC constituents of active
and reactive voltage of mention load voltages in d-q frame.
Viape and Vigp. represents the active and reactive power
respectively, which consistent to the source side. V.4 and V,
are discrete Proportional Integral (PI) controllers outputs
corresponding towards required active voltage element for
self-supporting DC bus voltage [28]. Reactive voltage
element is required for voltage regulation at load terminal. V,
is the computed magnitude of sensed voltage in per unit and
V*.p is reference magnitude of the load voltage in per unit.
The amplitude of load voltage at PCC is calculated from ac
load voltages [5], [17].

1

Vip = (2/3)2(VLA2 + Vig® + VY2 (11)
Synchronous reference frame theory (SRFT) is established on
instant values of the supply voltage [29]. It detects the
unbalanced voltage conditions during the disturbances [15].
The control scheme generates three phase reference voltage
toward the pulse width modulation (PWM) inverter. It
attempts to sustain the load voltage at its orientation value.
The voltage disturbances detected through evaluating the error
among supply voltage and reference significance. Where,
reference significance component is fixed at rated voltage
[10].
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Fig.7. Control scheme of self-supported DVR

The basic capabilities of a DVR controller are the finding of
voltage sag/swell activities in the system network and
computation of the correcting voltage producing of triggering

pulses to the sinusoidal pulse width modulation based dc-ac
inverter [35]. The controller is also utilized to alteration the
dc-ac inverter into rectification mode to charging the capacitor



within the dc power link inside the absence of voltage
sags/swells. The dqg0 technique offers the sag depth value and
also produce phase shift information with begin and
completion times [28], [32].

Low pass filter (LPF) is utilized to remove the harmonics and
also for oscillatory components of voltages. The synchronous
frame (SF) variables and are used as inputs for LPF to
generate voltage references, when there is any disruption
occurs with the system, [38] the voltages source go to the
unbalanced condition. In this condition both the positive and
negative sequence components appears in the system, and both
constituents must to be detected as a direct current component
and controlled. Both components extracted by using LPF after
dq0 transformation [40].
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Fig.8. PI Controller

Vsref.

Pl controller is used to improvement the tracking through
minimizing the instant error which occurs in between the

reference and real voltage and causes steady state error (egg)
to become zero [34]. PI controller consists the two terms as
K P (proportional gain) and K; (integral gain) and these

values should be correct, Pl controller produce an actuator
command signal that attempts to drive the error to zero with
proportional gain and steady state error (egg) with integral
gain[38], [40].

The offered control-scheme for VSC of DVR is based on
SRFT or Parks Transformation. This scheme is used to
compensate the harmonic current to achieved waveform
sinusoidal [34-38], load voltage balancing and power factor
improvement at load voltage bus. Terminal voltage (V;) at
PCC are rehabilitated to rotating reference frame using abc-
dg0 conversion by means of SRFT with unit vectors
(sin 8, cos 8). For low pass filter (LPF) the SF variables V,
are used as input variables to generate voltage reference in the
synchronous frame [32].

The direct quadrature zero transformation is basically an
extension of the Clarke-transform, which is applied on angle
transformation to convert stationary reference-frame to a
synchronous-rotating frame. The SRF can be allied to rotating
with the voltage (e.g. utilized in VSC) or with the current (e.g.
utilized in CSI) [25], [30].

2 ) . 2r . 2
Vy =3 Va sin(wt) +V,, 5|n(wt—?)+vC S|n(vvt+?) (12)

2 27 2r
Vg = 3 Va sin(wt) +V,, cos(wt - ?) +V cos(wt + ?) (13)

Vg = ;[va HV +V | (14)

Where Vy Vq and Vv are the direct axis voltage, quadrature

axis voltage and zero axis voltage respectively, w is rotation
speed (rad/sec) of the rotating frame, we have

Va =] Vg sin(wt) +V cos(wt) +v0] (15)
i . 2 27 i

Vb = Vd sin(wt —?) +Vq cos(wt —?) +Vp (16)
i} , , _

Vg = | Vg sin(wt + =) +Vq cos(wt + ) +V,, 17)
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Where V,, V, and V. are the three phase supply voltage of
phase A, B and phase C respectively.

Two PI controllers are used to determine the error between the
reference and actual required DVR voltage. In-phase and
quadrature components of injected essential voltage through
DVR are computed using PI controllers [4], [33]. The DC bus
voltage of DVR is controlled through a PI controller over
detected (V;.) and reference values (V;.*). Pl controller output
is taken into account because the amplitude (V4*) of the in-
phase element of insertion voltages (Veag™, Vega™, Veca™) The
amplitude (V,,*) of quadrature element of injection voltages
(Veag™ Verg™ Vecq™) of DVR through over the amplitude of
detected load voltage (V.p) [2]. The sensed values of load
voltages are used to obtain gating signals for the IGBT’s
(insulated gate bipolar transistors) of the VSC [36-38]. The
carrier (triangular) frequency is fixed at 6 kilohertz. The
compensation of power quality disturbances and harmonics in
supply voltage through gate pulsate switch the IGBT’s of VSC
in DVR [2-5], [26].

7. MATLAB Based Simulation Model of
DVR

Figure 4 shows the Simulink model of the DVR which are
connected in the system. Three phase programmable voltage
source is connected in series with source impedance. At the
PCC voltage, the disturbances is analyzed and simulate
through switched on an additional load. The load is considered
resistive within lagging power factor. The VSC output passes
through ripple filter and connected along with a transformer
[11], [16]. The selection of DC bus capacitor is based on
transitory energy necessity [27], and dc bus voltage is
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carefully chosen based on nearer injection voltage level [2],
[3]. Ripple contented in dc voltage is decided by DC capacitor
[4]. In the Appendix, system data are specified. The control
scheme for the DVR which is demonstrated in MATLAB

software is presented in Fig.3. The reference load voltages are
derivative from sensed supply voltage (V;), supply current (I,),
load voltage (V) and dc bus voltage of DVR.
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Fig. 9. MATLAB Simulink model of DVR connected system

8. Performance Of DVR System

The enactment of DVR for dissimilar supply conflicts is
verified under numerous operative conditions. In the Simulink
model of DVR, different two types disturbances are set on
three phase balanced source which causes or effects
unbalanced in three phases. First disturbance includes
harmonic order 2, amplitude value is 0.3 p.u, phase shift 0°

and sequence is zero. Second disturbance includes harmonics
order 2, phase shift 0°, amplitude 0.2 p.u, and sequence is
negative. Three phase programmable source is used to
generate disturbance and harmonics with supply voltage at the
terminal-bus.
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Fig. 10. Disturbance at Terminal voltage and balanced output at load voltage

Figure 10 shows the performance of terminal voltage and load
voltage. Terminal voltage shows the disturbance or

unbalanced condition for time period 1 second to 1.5 second,  terminal voltage or load voltage in per unit. One per u

this time is set by three phase programmable source. X-axis
shows the simulation running time and Y-axis shows the

nit value



is 440V. At the terminal, voltage waveform is not sinusoidal
because of harmonic content and three phase A, B and phase
C is unbalanced. After the compensation through DVR the

load voltage waveform is sinusoidal achieved at load terminal.
DVR injected voltage for time period of 1 second to 1.5
second.
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Fig. 11. Disturbance at terminal current and balanced at load current

Figure 11 shows the performance of terminal current and load
current. Terminal current shows the disturbance or unbalanced
condition for time period 1 second to 1.5 second, this time is
set by three phase programmable source. X-axis shows the
simulation running time and Y-axis shows the terminal current
or load current in per unit. At the terminal, current waveform
is not sinusoidal because of harmonic content and three phase

A, B and phase C is unbalanced. In this figure the I, represents
terminal current at terminal point and I_ represents the load
current at load terminal. After the compensation through DVR
the load current waveform is sinusoidal achieved at load
terminal. DVR injected voltage for time period of 1 second to
1.5 second.
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Fig. 12. Phase A, B and phase C injected voltage

Voltages of different phases which are injected by DVR of
VSC is shown in figure 12. According the requirement of
voltage to compensate and balanced the voltage at the load

teminal at point of common coupling. Phase A, B and phase C
injected voltage (Vinj) is inserted for the time period 1second
to 1.5 second.
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Fig. 13. DC-Link voltage waveform at inverter



The capacitor is used as energy storage device for DVR of
VSC in Simulink model. Figure 13 presents the DC-link
voltage as well as capacitor voltage waveform at inverter. The
capacitor voltage value is fixed at 150V. DVR takes the
energy from the source as capacitor during the abnormal

condition for time period of 1second to 1.5 second which

shown in figure 13. Transient state condition occurs in DC-
link voltage for approximate 0.1 second because of fluctuation

occurs with the system.
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Fig. 14. Three Phase Injected Voltage

Figure 14 presents the three phase injected voltage during the
disturbance condition which is set in programmable source.
The X- axis shows the simulation running time and Y-axis
presents the voltage which value is set at 150 V. Phase A, B

and phase C as a three phase voltage inserted for time period
1 second to 1.5 second. Through this inserted voltage the
unbalanced condition can be mitigating and compensating
the harmonics which are present in supply voltage.

1.5

1

0.5

o

Vta(v)& VLa(v)

1.22
Time(sec.)

Fig. 15. Voltage at the terminal and load bus

Terminal voltage and load voltage variation shown in figure
15. The terminal voltage has the unbalanced condition and
much amount of harmonics and load voltage has sinusoidal
waveform with very low value of total harmonic distortion.

9. Fast Fourier Transform (FFT) Analysis
Of Simulation Result

At the load point the sinusoidal waveform is achieved which
is denoted by pink waveform and load voltage is denoted by
black waveform in figure 15. This figure shows that the
terminal voltage of phase A and load voltage of phase A.

Fourier transform converts waveform data in the time domain

into the frequency domain and vice-versa.
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Figure 16 shows the FFT analysis for Phase A at terminal
point (PCC). The waveform of terminal voltage of phase A
presents the waveform is not sinusoidal and has the total
harmonic distortion (THD) value is 25.17% which is very
high. The fundamental (50 Hz) is 1.186 at the time of
disturbance. The fundamental (50 Hz) shows the magnitude
value.
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Fig. 18. Terminal voltage of Phase B at PCC along with Harmonic spectrum

Figure 18 shows the FFT analysis for terminal voltage of
Phase B at terminal point (PCC). The terminal voltage at PCC
is distressed through switching on a resistive load. The
waveform of terminal voltage of phase B presents the
waveform is not sinusoidal and has the total harmonic
distortion (THD) value is 32.97% which is very high. The
fundamental (50 Hz) is 0.9058 at the time of disturbance. This
waveform achieved during the disturbance, and FFT analysis
is done at 50 Hz frequency.
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Fig. 20. Terminal voltage of Phase C at PCC along with Harmonic spectrum

Figure 17 presents the FFT analysis for magnitude value at 50
Hz frequency and THD value for load voltage of phase A at
the load terminal. The waveform of load voltage of phase A
presents the waveform is sinusoidal and has the total harmonic
distortion (THD) value is 0.85% which satisfy the IEEE 519
standard. The fundamental (50Hz) is 1.125 is the restore
magnitude after the compensation harmonics.
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Fig. 19. Load voltage of Phase B along with compensating Harmonic
spectrum

Figure 19 presents the FFT analysis for magnitude value at 50
Hz frequency and THD value for load voltage of phase B at
the load terminal. The waveform of load voltage of phase B
presents the waveform is sinusoidal and has the total harmonic
distortion (THD) value is 1.27% which satisfies the IEEE 519
standard. The fundamental (50Hz) is 0.9287 is the restore
magnitude after the compensation harmonics.
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Fig. 21. Load voltage of Phase C along with compensating Harmonic
spectrum

Figure 20 shows the FFT analysis for terminal voltage of
Phase C at terminal point (PCC). The waveform of terminal
voltage of phase C presents the waveform is not sinusoidal
and has the total harmonic distortion (THD) value is 32.97%
which is very high. The fundamental (50 Hz) is 0.905 at the



time of disturbance. This waveform achieved during the
disturbance, and FFT analysis is done at 50 Hz frequency.

Figure 21 presents the FFT analysis for magnitude value at 50
Hz frequency and THD value for load voltage of phase C at
the load terminal. The waveform of load voltage of phase C
presents the waveform is sinusoidal and has the total harmonic

Table 1: DVR Result Summary

Phase | Dist. Restored (Vt) (Vo)
Mag(p.u.), Mag(p.u.), THD | THD
peak peak (%) (%)

Phase | 1.186 1.125 25.17 | 0.85

A

Phase | 0.9056 0.9287 3297 | 127

B

Phase | 0.905 0.9511 3297 | 119

C

10. Conclusion

In this paper, the synchronous frame theory based control
scheme is proposed. The performance of DVR has been
endorsed by using MATLAB software through simulation.
The reference voltages for DVR have been attained indirectly
by take out the reference terminal voltage. Three-phase
harmonic filter (double tuned) is used in this Simulink DVR
model that reduces the harmonics generated by VSC. DVR
control strategies, functions, configurations and their
components are presented in this paper. DVR is utilized to
mitigate voltage sag and compensate harmonics because of
fast-response, compact in size and gives the efficient solution.
This paper deliberated abc to dgo control algorithm to produce
the pulses. SRFT based control scheme is design to
exceptional voltage reimbursement abilities. Effectiveness of
proposed method is examined using simulation through
MATLAB/SIMULINK software. DVR performance in
mitigating numerous power quality complications such as
voltage dip, unbalanced conditions and voltage swell, and has
been observed to be satisfactory and balanced voltage at the
load terminal. SRFT based controller works satisfactory and
compensate the harmonics and come across the power quality
standards such as IEEE-519.

11. Appendix

The constraints of the system considered in table:

Parameter name Value

Line Impedances Ls1mH,Rs1 Q

Load 5 kVA, 415V, pf.0.9lag
Ripple Filter CrluyF, Lr3.1mH, R/ 1Q
DC bus capacitance Cdc 1000pF
AC line voltage V,_, 440V, 50Hz
PWM switching frequency 6kHz

Transformer 10kVA, 150V/300V

distortion (THD) value is 1.19% which satisfies the IEEE 519
standard. The fundamental (50Hz) is 0.9511 is the restore
magnitude after the compensation harmonics.
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