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Abstract : The power quality issues are the great extent due increasing usage of non-linear
loads, unexpected switching of heavy loads. One of the effective modern custom power
devices to mitigate such voltage disturbance problems of sensitive loads in the area of
distribution system is the Dynamic Voltage Restorer (DVR). The primary advantage of the
DVR is keeping the users always on-line with high quality constant voltage maintaining the
continuity of production. In this paper analyze with Photovoltaic based DVR which inject
voltage with Artificial Neural Network (ANN) that protects a sensitive load from the power
quality issues as voltage sag under unbalanced loading conditions such as linear and non-
linear. DVR consists of Voltage Source Converter (VSC), injecting transformer and the DC
link capacitor or external energy source along with other parts of the distribution system are
simulated using MATLAB/ SIMULINK.

Introduction

Recently, power quality problems become a major concern due to rapid growth of industrial energy
need, utilization of sensitive and non linear loads in the house holds demands installation of number of
generating stations makes complex transmission system and distribution systems [1]. The power quality
problems like voltage sag, swell, harmonic, unbalance and flicker can be reduced by good power quality
equipments there always a demand. In order to maintain best electrical supply should have constant magnitude
in voltage and frequency waveform.By injecting voltage at thecommon coupling point gives voltage support to
the load. To achieve this voltage support at the load, install mechanically switched shunt capacitors in the
primary terminal of the distribution transformers. In this common method, data acquisition (SCADA) system
and supervisory controlsignals will schedule the mechanical switching with some timing schedule or with no
switching at all. The main drawback of this system is to cannot be compensated high speed transients. Time
frame of the mechanical switching is limited. Within this limit some power quality problems are not corrected.
Due to cost effect tap changing transformers may not be used.
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DVR is powerful custom device based on power electronic components connected in series with
sensitive load to inject the appropriate/desired voltage to load bus. The main parts of DVR is consists of three
single-phase Voltage Source Inverters (VSI), an energy storing unit, passive harmonic filters, and injection
transformers. The system can be controlled by control strategy which has three sections: an estimation unit, a
compensation strategy and a switching pattern, permit the DVR to inject three-phase controllable voltages of
essential amplitudes and phase angles to maintain the load bus voltage in appropriate waveform during power
quality problems [2, 3]. When frequency changes occurs in the feeders DVR combined with ac/ac converter
mitigate the power quality problems [4, 5]. Based on the load characteristics only the DVR mitigate the voltage
sags. In the literature there are three conventional sag mitigation techniques are available. These arein-phase,
pre-sag and optimized energy. Each has distinct quality to mitigate sag [6]. Unlike UPS, the DVR is specifically
designed for large loads ranging from a few MVA up to 50MVA or higher [7]. Phase-Locked Loop (PLL) [8-
10] is used to track the frozen angle and amplitude of the positive sequence component can be compared with its
reference value to inject the voltage in the pre-sag compensating strategy. By reducing injecting voltage is
observed in the optimized control strategy and transient distortions can also be reduced in the load side [11].
Battery can be eliminated by using multi-line DVR to control multiple feeders [12-14]. DVR combined with PI
controller is used to mitigate power quality problems. The improper tuning of gain values leads increase in
settling time of the system stability and the continuous usage of controller with fixed Pl parameters leads to
reduce the life time of DVR [15].

In this paper explains the DVR coupled with PV system to mitigate the sag and 3™ harmonics occurred
in the distribution system. The MATLAB/SIMULINK based simulated results were presented to validate the
effectiveness of the proposed real power injected along with PV for DVR.

Dynamic Voltage Restorer

The basic block diagram of DVR along with PV system is shown in Fig. 1. It consists of PV system
supply DC voltage which is maintained in the DC link capacitor. The DC voltage is converted in AC by using
Voltage Source Inverter (VSI). The inverter switches are basically fired by a sinusoidal Pulse Width Modulation
(PWM) technique.

A specially designed injection transformer is used to feed voltage in to common coupling point of the
feeders and also limits transient energy from primary side. Filter circuits are performed to get quality voltage to
feed into injection transformer.

Control scheme

The controller output when compared at PWM signal generator results in the desired firing sequence.
The sinusoidal voltage Vontror IS phase-modulated by means of the angle 6 or delta as the modulated three-phase
voltages are given by
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Fig. 1. Block diagram of proposed DVR system
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The modulated angle is applied to the PWM generators in phase A. The angles for phases B and C are
shifted by 120° and 240°. In this work ANN controller is taken as control technique and only voltage magnitude
is taken as a feedback parameter in the control technique.

Avrtificial Neural Network (ANN) Controller

In this work, a trained ANN is used to find the output injected voltage for the nonlinear system. The
ANN is used to estimate the optimal injected voltage in real time, which corresponds to maximum powerat any
given input distortion voltage. The data set used to train the ANN is obtained from conventional control results.
Fig. 2 ANN based DVR system of inverter control system. In this work, data set consists of 1250 patterns of
system input and out voltage, which has divided into two sub-databases, 70%, of the samples are used to train
the ANN, and the rest 30% are second-hand to test and validate the network. The performance is measured by
calculating the mean- square error in Eq. (4).

=2 ®

Where, p= number of training data entries; y = ANN output vector; v = desired output. For a set of input
parameters, a well-trained ANN would give as an output, the reference voltage that is very close to the desired
value, giving an error almost zero.
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Fig. 2. ANN based DVR system

The control system of the general configuration typically consists of a voltage correction method
which determines the reference voltage that should be injected by DVR and the VSI control which is in this
work consists of PWM with ANN controller.



C.Vimalarani et a/ /International Journal of ChemTech Research, 2018,11(04): 107-115. 110

Neural Network(d)
ld (et i)

'ul'latu: m Neural Network(q)

I b —wix{1]} {1}

VAlpha Vbeta m

dg0
abc—wUref Pulses
sin_cos

Discrate

dqﬂ_tn_ahl; PWM Generator
ansformation

v:h{pj Sin, Cos

3-phase PLL

Fig.3. ANN controller

The controller input is an error signal obtained from the reference voltage and the value of the injected
voltage. DVR Control strategies fall mainly in one of the two categories namely linear control methods and
Non-linear control methods. The control of the proposed DVR is based on ANN controller shown in Fig. 3. The
PWM signal generator controls the DVR inverter to generate the required injected voltage.

C. Parameters of DVR test system

System parameters are listed in Table 1. Load voltage is sensed and passes through a sequence analyzer.
The magnitude is compared with Vr. System comprises of 11 kV, 50 Hz generator, feeding transmission lines
through a three-phase, three-winding transformer connected in A/Y/Y, 11000/400/400V. In this test system, two
similar loads with different feeders are considered. One of the feeders is connected to DVR and the other is kept
as itis.

This test system is analyzed under SLG fault condition. The proposed system configuration of DVR is
composed by a 100V, 60 Hz generation system, feeding two transmission lines through a 3- winding inductive
filer connected.

The MTG system output is the three phase voltage further rectified and it is given to the DC link of
DVR. To verify the working of DVR for voltage compensation, both linear & nonlinear loads are connected at
the distribution end.

The DVR is simulated to be in operation only for the heavy load condition. Thus, DVR will be inserted
in series with the load to help improving the supply voltage before to be fed by load.

Table I. Parameters of DVR

S.No Parameters Values

1 Source Voltage 100V

2 No. of bridge arms 3

3 Transition time 0.2510 0.3 sec
4 Snubber resistance 0.1 mQ

5 Breaker resistance 0.0001Q

6 Line frequency 60Hz

Simulation Models and Results

In this SIMULINK model, systems with two parallel feeders are considered. In both the feeders further
similar loads are connected. ANN controller simulation detailed control system shown in Fig. 4. In one feeder
DVR is connected in series with line and the other feeders is kept as it is. The simulations are performed on the
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DVR test system using MATLAB/SIMULINK. The system performance is analyzed to compensate the load
voltage in distribution networks under SLG fault condition. Third order harmonic load conditions are considered
to study the impact of DVR in distribution system.
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Fig. 4. Simulation Model of DVR Test System

Simulink model of the test system with Non-linear load
Third order harmonics, sag and 3ph fault with non-linear load

Here the fault resistance is 0.001 ohm and the ground resistance is 0.001 ohm. Voltage sag from 0.1s to
0.2s.The fault is created for the duration of 0.254s to 0.3s.

The PV out voltage and inverter load current shown in Fig. 5.The output waves for the load voltage
without and with compensation are shown in Fig.6. (a)—(c), single phase voltage and current simulation output
of harmonic ,sag and fault shown in Fig. 7. The ANN Controlled PV injected real power frequency spectrum of
source voltage. Injected voltage and load voltage with compensation is shown in Fig. 8-10.

Here it is clear from the output wave shapes that the voltage in the phase where fault is created is
increasing during the fault duration in the uncompensated feeder. When DVR is connected in the system the
unbalancing is reduced.
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Fig. 5. (a) PV voltage (V), (b) load current (A)
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Fig. 8. Frequency Spectrum source voltage
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Fig. 9. Frequency Spectrum injected voltage
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Fig. 10. Frequency Spectrum load voltage

Conclusion

In this paper, DVR has been modeled and simulated in MATLAB environment with ANN controller.

The performance of DVR has been analyzed for varying linear loads, non-linear loads. DVR has been found to
regulate voltage under varying load condition and load unbalancing. It is clear from comparison of THD
analysis for different types of loads under SLG fault condition that DVR reduces harmonics from load voltage
very effectively and makes it smooth. Hence, it is concluded that DVR has a huge scope in improving power
quality in distribution systems.
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