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Abstract: In this paper different voltage infusion schemes are introduced and a new method is used to reduce the rating of the
Voltage Source Converter (VSC) used in DVR. A new control scheme is proposed to control the capacitor upheld Dynamic
Voltage Restorer (DVR). Synchronous reference frame theory (SRF) is used for the control of DVR. The control of DVR is
explained with reduced-rating VSC. The SRF theory is used for the transformation of voltages from rotating vectors to
stationary frame. The compensation of Voltage dip and swell is explained with reduced rating DVR.
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Nomenclature

1) DVR - Dynamic voltage restorer

2) DSTATCOM- Distribution static compensator

3) UPQC - Unified power quality conditioner

4) IRPT - Instantaneous reactive power theory

5) PSB - Power System Block

6) SMES - Superconducting magnet energy storage
7) FACTS - Flexible AC Transmission Systems

8) BESS - Battery Energy Storage Systems

9) Vbwr - The desired load voltage magnitude

10) Zy, - The load impedance.

11) I, . The load current.

12) Vi ] The system voltage during fault condition
13) Vpqg ] Active components of the PCC voltage
14) Vpq ] Reactive components of the PCC voltage
15) iq . Direct axis

16) i ] quadrature axis

17) Vi . Terminal voltage

L. INTRODUCTION

Now a days, there is a heavy usage of sensitive and critical hardware components such as Programmable logic Controllers (PLCs),
Personal Computers (PCs) and Adjustable Speed Drives (ASDs) etc. so Power Quality (PQ) problems are discussed in this
literature. Some of the PQ problems are Voltage dips, VVoltage swells, Harmonics, Interruptions, and Spikes etc. A dip is a decrease
to between 0.1 and 0.9 p.u in rms voltage or current at the power frequency for durations from 0.5 cycle to 1.0 minute. Some of the
causes for the dips are turning on heavy loads, loose or defective wiring and faults or short circuits, severe weather especially
lightning, tree limbs. Whereas A swell is defined as an increase to between 1.1 and 1.8 p.u in rms voltage or current at the power
frequency for durations from 0.5 cycle to 1.0 minute. Some of the causes for the swells are switching off of a large loads, capacitor
banks energizing and transfer of loads from one power source to another. To mitigate all the above problems we use Custom Power
Devices (CPDs).Even though there are many custom power devices DVR and Distribution Static Compensator (DSTACOM) are the
most effective devices. Both DVR and DSTATCOM are based on the VSC principle. But, in this paper we deal only with DVR.
Therefore, DVR is a device which infuses voltage in series with the system voltage. The control and performance of a DVR with
reduced rating VSC is presented in this paper. The SRF theory is used for the control of the DVR.
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Il. OPERATION OF DVR
The schematic of a DVR connected system has appeared in Fig. 1(a). The voltage Vi,; is embedded with the end goal that the load
voltage Vieag 1S Steady in magnitude and is undistorted, in spite of the fact that the supply voltage Vs isn't consistent in magnitude
or is distorted[8]-[24]. Fig. 1 (b) Presents phasor diagram for DVR using various infusion schemes of the voltage. V| (pre-sag) is a
voltage over the critical load before the dip condition. Amid the Voltage dip, the voltage is reduced to V, with a phase edge of. Now,
DVR infuses voltage in order to maintain the magnitude of the load voltage at pre-dip condition[9] . The voltage infusion®. is
elucidated in four different ways. Vi shows the infused voltage in phase with supply voltage. With Vi, the magnitude of the load
voltage stays same yet it leads V; by a small angle. In Viy; the load voltage holds the same phase from that of the pre-dip condition,

which might be an optimum angle considering the energy source.
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Fig. 1. (a) Basic circuit of DVR
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Fig. 1. (b) Phasor diagram of the DVR voltage infusion schemes.

Vinja Is where the infused voltage is in quadrature with the current, and this case is appropriate for capacitor-upheld DVR as this
infusion includes no dynamic power. In any case, a minimum possible rating of the converter is accomplished by Vi .

IIl. CONTROL OF DVR
The compensation for sags employing a DVR should be possible by infusing or absorbing the real power or the reactive power[17].
Though, if the voltage infusion is in phase with current, DVR infuses real power, and therefore a battery is required at the dc bus of
the VSC. While the voltage infusion is in quadrature with the current, at a fundamental frequency the compensation is done by
reactive power infusion and the DVR is with a self-upheld dc bus. The control procedure embraced ought to consider the
confinements, for example, the voltage infusion capacity (converter and transformer rating) and optimization of the span of energy
storage.
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A. Control of Capacitor-supported dvr for Voltage Sag and Swell Compensation
Fig. 3 signifies DVR mechanism which utilizes Synchronous reference frame (SRF) theory[23]. Source voltages of phase-a, phase-
b and phase-c are transformed into dqO reference frame using Park’s transformation is as follows:

Vi = (213) (Vg sin(ot) + Vg, sin(ot - 27/3) + Vg sin(ot + (21/3))) 1)
Vsq = (2/3) (Vsa cos(ot) + Vg, cos(mt-2m/3) + Vs cos(ot+(2n/3)) 2
Vs = (113)(Vea + Vg + Vs ) (3)

load voltages (Vi ,Vib ,Vic) are changed over to the rotating reference frame abc - dgo conversion utilizing park’s transformation
with unit vectors(sin ©,cos ©) determined utilizing a phase -locked loop as

Via = (213)(Via sin(wt)+ Vi sin(ot-21/3)+V ¢ sin(ot+(27/3))) (4)
Vig = (2/3)(Va cos(at)+ Vi, cos(ot-2n/3)+V . cos(ot+(2n/3)) (5)
Vie = (U3)(Via+ Vi + Vi) (6)
The reference load voltages in dqo (Vigref » Vigref » Viorer ) are given as

Vidret = (2/13)(VLarer sin(ot)+ Viprer sin(ot-2/3)+V er sin(wt+(27/3))) (7)
VLqref = (2/3)(V Larer cos(0t)+ Viprer cos(@t-27/3)+V crer cos(ot+(2m/3)) (8)
Vioret = (1/3)(Viaret + Vibrer + Vicrer ) 9
By using dqo - abc transformation, the reference DVR voltages are given as

Viwaret = (Vdvrdref Sin(mt)+ Vdvrqref COS(O)t)+ Vavroref ) (10)
Vawbret = (Vdvrdref sin(cot-Z‘it/ 3)+Vdvrqref COS((,Ot-(Z‘It/ 3)""Vdvroref) (11)
Vawcret = (Vdvrdref Sin(mt+27t/ 3)+Vdvrqref COS(COH'(ZW/ 3)"'Vdvroref) (12)

The error amongst the reference and actual DVR voltages within the rotating reference frame is regulated, by discrete PWM
generator.

Reference DVR voltages (Vavraret » Vaurbret: Vavrerer), actual DVR voltages( Vgyra » Vavb, Vawe) are used as a part of a Pulse width
modulation (PWM) controller to produce pulses to VSC. The PWM controller is worked with an exchanging frequency of 10KHZ.

B. Configuration of three-phase three leg voltage source inverter

The schematic diagram of Three-phase three leg VSI used in DVR is shown in Fig. 4. It consists of six power semiconductor
switches each with antiparallel diode and two identical dc capacitors. This configuration is suggested in distribution system for the
absence of dc component in load. This VSI configuration consists of less number of switches and three legs have independent
control.
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Fig. 3. Control block of the DVR that uses the SRF method of control.
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Fig. 4. Schematic of three-phase three leg DVR topology

IV. DEMONSTRATING AND SIMULATION
The DVR connected system comprises of a three-phase supply, three phase critical loads, and the series infusion transformer plotted
in Fig. 2 is demonstrated in MATLAB/SIMULINK with a sim control system tool compartment and is plotted in Fig. 5.An
unbalanced load of phase-a, R =150Q, L = 100mH, phase-b, R = 75 Q, L = 100mH, phase-c, R = 50 Q, L = 100mH. taken. The
Simulation study parameters are given in the appendix

D
006
powergui
4;'”»5
Source Voltages

Gotod

1
total load voltages
- of4 V% »
u ) total load currents3
' . " e P
b i U]
- < ¢ ¢ - ’_‘ Vpee —9':
Three-Phase T )
M , -
Programmable Source Mesnmment b » oad voltage
Voltage Source g
lade_unbalanced
Load Measurement e !
load currents
3-phase unbalanced Load

2
A2
24+
B2
2

c2

Three-Phase T/F

3
3lE
S

B1
c
c

A1

|||'-—' B1

Actusl DVR Voltages

m? el ass
al=
.|}_._.
Conn3 .1

onn
Conn2

Subsystemd

o 2
5 5
Flem5 FremZ

Fig. 5 MATLAB-based model of the Capacitor-upheld DVR-connected system.
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Fig. 6 Control block of DVR that uses SRF method of control.

From the Fig. 6 we can conclude that the actual and reference DVR voltages are regulated by the discrete PWM generator with a
unit delay. The control calculation for the DVR is presented in Fig. 3 is likewise executed in MATLAB. The reference DVR
voltages are gotten from sensed PCC voltages (Vsa, Vb, Vec) and load voltages(V 4, Vip , Vie) - A PWM controller is utilized over the
sensed and reference DVR voltages to produce the gate signals to VSC. The capacitor — upheld DVR represented in Fig.4 is
likewise executed in MATLAB

V. PERFORMANCE OF THE DVR SYSTEM
The performance of DVR is clarified for various supply voltage disturbances, for example, voltage swell and dip. Fig. 7 (a) and Fig.
8(a) describes the transient performance of the system underneath swell and dip conditions. A swell in supply voltage is observed at
0.03-0.05 seconds with an excess magnitude of 80v and dip in the supply voltage is observed at 0.02-0.04 seconds with a decreased
magnitude of 80V. The load voltages are plotted in Fig. 7 (c) and Fig. 8 (c) for both swell and dip conditions, which exhibits the in-
phase Voltage infusion by DVR. The load voltage is kept up sinusoidal by injecting appropriate compensation voltage by the DVR.
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Fig. 7 (b) Voltage compensated by the DVR during swell.
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Fig. 8(b) Voltage injected by the DVR during dip.
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Fig. 8(c) Load voltage.

VI. CONCLUSION

The task of a DVR has been clarified with another control system utilizing different voltage infusion plans. A mechanism is
proposed to control the capacitor upheld DVR. The mechanism of DVR is explained with a reduced rating VSC. Using the unit
vectors, the reference load voltage is evaluated and the mechanism of DVR has been achieved, which limits the error of voltage
injection. SRF theory is used to change the voltages from rotating vectors to the stationary frame. A correlation of the performance
of the DVR with various plans has been performed with a reduced rating VSC including a capacitor upheld DVR. It is inferred that
the Voltage infusion in phase with the PCC voltage brings about the minimum rating of DVR however at the cost of an energy
source at its dc bus. From the simulation results it is concluded that mitigation of voltage dip and swell is achieved by using
capacitor-upheld DVR
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Appendix
AC phase voltage 230V rms(Ph-Ph),60HZ
Un-balanced load phase —a,R =150Q, L =100mH

phase — b, R =75Q,L =100mH
phase —c,R =50Q, L =100mH

Ripple filter values C, =1uF.R, =0.00002Q, L, = 20mH
PWM switching frequency 10KHZ
Series transformer Three-phase transformer of rating
10000KVA,200V/200 V.
PLL gain 1/330
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