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ABSTRACT

Power quality requirement is one of the most imprtissues for power distribution system. Voltagg and

swells are major power quality issue in distributisystem due to non linear loads and supercondyctavices
use in power electronics converters. To compentase problems, custom power devices are used.yTihea
custom power device DVR is used to compensate mag\aell but it required real power and reactivewss

injection in to distribution system. Real power uggd external energy storage device whereas regagiower
generated within the DVR. Capacity of storage wdtides the ability of DVR to compensate voltagg Ja

increase the compensation capacity of systemptper proposed the Interline dynamic voltage restamoncept.
IDVR consist of several DVRs, when one of the DMRpensates for voltage sag appearing in that feati¢he

same time others DVRs replenish the energy in ¢henmon DC link dynamically. The three phases IDV&esy
for high voltage is design with space vector puisadulation technique for generation of referenagmnal. The
close loop control scheme is also add the effettiss in the system while modeling and simulatioimtefline

dynamic voltage restorer. The simulation resultsaoted for IDVR are analyzed and presented to shiosy
effectiveness and efficiency of the proposed IDysRem.
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INTRODUCTION

Power quality is of great importance in distribatisystem, power quality can be essentially infleehby an
important factor like quality service. In presend,emost of the power quality problems are dueiti@mnt fault
conditions [1, 2]. These several different fauleets are spikes or surges, sags, swells, outager wand
overvoltage, harmonics, flicker, frequency deviasipelectrical noise, etc. Distribution system iaimty affected
by voltage sag and swell. Voltage sags can caus&lynby lightning strokes faults on the transmissior
distribution system or by switching of loads widrde amounts of starting current such as motaasstormers
and huge dc power supply [3]. The voltage swellntyadccurs due to energizing of capacitor bankstdwn of
large loads, unbalanced faults, transients and p&eguency surges.

There are different types of custom power devicesduin electrical power network to improve powenlgy
disturbances. Each of the devices has its own snant limitations. For example, the dynamic voltagstorer
(DVR) is preferred over the static var compensé8WC) because the SVC unable to control active pdieev
[4]. DVR also has a higher energy capacity compaecethe SMES and UPS devices. Furthermore, the 3/R
smaller in size and cost is less compared to othetom power devices. Based on these reasons DVibss
popular and useful device presently. But the coreaton capability of particular DVR, especially for
compensating long duration voltage sags, dependhernergy storage device [5]. This storage céipabimits
the compensation of long duration voltage sag &ffely. To solve this, several DVRs are conneciedtiear a
common DC-link is used to protect sensitive loadsnf voltage sags in distribution system, this cphdg named
as interline dynamic voltage restorer (IDVR) [6, This IDVR system would reduces the cost of thetao power
device, as sharing a common dc link as reducingdthénk storage capacity significantly comparedhat of a
system whose loads are protected by bunch of DViRs separate energy storages [8]. It also compensiie
long duration voltage sag effectively. The IDVR t&ys is implemented in the next section as per IEEE9 and
IEC 60050 standards. In these standards the voftagéas defined as a decrease in RMS voltage frdnid0.9
per unit, for duration of 0.5 cycles to 1 minutémiarly, voltage swell is defined as an increaseRMS voltage
from 1.1 to 1.8 per unit of the fundamental frequewith duration from half cycles to one minute.
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OPERATING PRINCIPLE OF IDVR

The IDVR system consists of several DVRs in diffégrdistribution feeders sharing a common dc-linktwo-
feeder IDVR system illustrated in fig. 1 employsot®VRs connected to two different feeders with eliént
voltage level and are originating from two grid stations [3]. When one of the DVRs in this systeampensates
for voltage sag, the other is operates in powesftontrol mode to refill dc link energy storage ahiis exhausted
due to the real power taken by DVR working in thdtage-sag compensation mode [9, 10]. Due to aebtadtr
distance between two feeders, it is practical Bua® that the voltage sag in Feeder 1 would hdessar impact
on Feeder 2. Therefore these two feeders can t&dayad as two independent sources and are coreisgpto
the Thevenin’'s equivalent impedances ZL1 and ZLineeted to the buses one and two of their respettrders
asinfig. 1. ZL1 and ZL2 are calculated basedrenfault level.
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Fig. 1 Schematic diagram of an IDVR in atwo feeder system

SIMULATION FOR VOLTAGE SAG COMPENSATION IN AN IDVR SYSTEM

Fig.2 shows the simulation model of proposed systensist of a space vector pulse width modulat®vViRWM)
inverter, its control system, injection transformth the turn ratio 1:1 and the DC link or eneigggrage device.
The principle of operation is described in Fig.heTprogrammable three phase source is connectbde® phase
load through DVR in order to generate sag. Wherldhad on the feeder one is increased load voltageedses. If
decrease in voltage is less than 90% of nominahyel the voltage sag is detected by reference gemeslock.
Where the three phase a, b, ¢ sag voltage is tiansh to the dq0 transformatiomA PID (proportional integral
derivative) controller determines an error valuetss difference between a decrease in voltage araded three
phase voltage. The controller attempts to minintheeerror by adjusting the process through usero&aipulated
variable and generate start and stop triggeringepfdr PWM inverter. The DC-link is connected te thverter for
injection of appropriate active power with the helpinjection transformer. At the same time DVR tivothis
system operated on the power flow control modeefenish dc-link voltage [11]. Table | contain thgstem
specifications with their respective values andused will implement MATLAB/SIMULINK model. As systn is
design to analyze the performance distribution déedvhving rating of 33KV and 66KV feeder. Feedee @ of
33KV rating and feeder 2 in fig. 2 is of 66 KV rragi According to line ratings the impedances aezluthe values
of these impedances are stated in the table |. dimpensate the voltage appearing on these two feeder
simultaneously the DC-link storage of high capaaeity required. In this system the storage capa¢i8b000V is
used. As the filter is connected to inverter stiettansformer of 1:1 ratio is used.

The pulse for the inverter can be generated usargpws pulse width modulation techniques. In theppsed
system, the pulse for the switch is generated uSMBWM [12]. This is operated on special switchgggjuence of
the upper three power transistors of a three-ppageer inverter [13-14]. To implement of this tedun is done
one the voltage sag is detected, for detectinydtfiage sag feed forward dqO transformation is Us&el6]. This
transformation gives the information of the dethase shift of the voltage sag with start and énd.t

49



Sarode and Shah Euro. J. Adv. Engg. Tech., 2015, 2(7):48-55
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Eq. 1 use to the transform the three phases atdathe dqO. In this transformation, phase a igraWith d-axis that
is in perpendicular with the g-axis. TH# Is defined by the angle between phase a and sl-&kie control scheme
for the proposed system is based on the error Islygtsveen the reference voltage and the measuretnia
voltage [17-18].
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Fig.2. Simulation model of proposed system
Table-1 System Parameters
Specifications Values Specifications Values
supply voltage of feederl(ph-ph) 33000V resistasfdeederl 0.1Q
Supply voltage of feeder 2(ph-ph) 66000V inductaofcieederl 1.0001e-6
dc-link capacity 35000V Resistance of feeder 2 500Q
Injection transformer turn ratio 1:1 Impedanceeasder2 800e-3
Frequency 50 Hz

50



Sarode and Shah Euro. J. Adv. Engg. Tech., 2015, 2(7):48-55

RESULTSAND DISCUSSION

The simulations are performed on the IDVR systemguMATLAB/SIMULINK. System performance is analyzed
for compensating voltage sag with different sag anell values so as to achieve rated voltage atrgioad.
Various cases of different load condition are cdeed to study the impact of DC storage on sag ensgtion.

These various voltages sag and swell compensatisescare discussed below:

Voltage Sag Compensation using IDVR System for Feeder 1

Case |: A three phase fault is created by introducing I@adAs a result voltage sag of 10% is generate@ Th
transition time for the fault is considered fron3 @ec to 0.8 sec. The simulation result without DdGRpensation
technique for feeder 1 is shown in fig.3. The unpensated voltage, the compensated voltage, injectiage in
the feeder 1 and the three phase load voltage shofighn 3. When the load increases in such way thatvoltage sag of
10% is appears on the 66 KV feeder. It is compeddayehe IDVR successfully this are shown in figThe dc-link of
capacity 35KV is capable of mitigating voltage sddeeder 2 and feeder 1 at a same time. The stimnleesults

shows in fig.3 and 4 are stated that the IDVR camspé&e the voltage sag of 10% on feederl and 2.
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Fig. 4 Voltage sag compensation by IDVR in 66KV
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Case I1: Three phase fault is created via the three phdsdo& .Which results in voltage sag of 20%. The
transition time is from 0.3 sec to 0.8 sec as shawfkig. 5. The simulation results without compeitsa are
shown in the Fig.5. The compensating voltage sagsaderl of IDVR with dc-link voltage. The samesuk is

obtained in case of feeder 2
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Fig.7 Voltage swells compensation in feeder 2
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Voltage Swells Compensation using IDVR System for Feeder 1

Case |: For voltage swell creation the three phase loazliisoff. So that the load on the system is deazand
load voltage is increases. The transition timetfar fault is considered from 0.3 to 0.8.The simalatesult are
shows the compensation voltage, uncompensatedgeoliaad 2 injected voltage and the injected vetéy
inverter. The result shown in Fig.6 is for voltagyeell of 20%.

Voltage swell compensation on feeder 2 which i$®KV are successfully achieved by the IDVR arevahan

fig.7. The voltage swell created on the both tredléss are fully compensated by the IDVR systenciffely are
shown in the fig.6 and fig 7.

Casell: The three phase swell is created on the botlfetbaer of the magnitude 27 % .transition timetFar fault
is considered from 0.3 sec to 0.8 sec as showig.i8fWhen voltage swell of 27% is created onfdelers 2 then
the voltage swell of that feeder is successfullmpensated by IDVR system and shown in fig. 9.
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Fig.9 Voltage 27% swells compensation result for 66 KV feeders.
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ANALYSISOF VOLTAGE SAG AND SWELL COMPENSATION TECHNIQUES

The power system shown in fig.1 is simulated in MAB/SIMULINK, for the case | with an addition of é&ml and
case Il with sudden cut off of load. During nornaglerating condition, there is normal flow of curtréhrough
load 1. At initial state, the load 2 is disconnéchem system during the time interval from 0 t8 8ec and no sag
is appearing in the system. During this intervhgére is voltage drop in the load voltage as shawfigi. 3. The
voltage drop occurs in the feeder when load 2 deddo the supply line at 0.3 sec. now the sagleroloccurs
during interval from 0.3 to 0.8 sec. therefore theation required for voltage injection is 0.5 s#ts required
voltage is supplied to the system by using the OkiRugh injection transformer. Whatever the sadetected is
compared with the reference voltage and then wki¢hhielp of PID controller the gate pulse is gemssta@nd sent to
inverter. Inverter injects the voltage in systenotiyh injection transformer. This injected voltagfeinverter is
shown in above fig. 3 to 9 and are named as injeetdtage. In case |, 10% voltage sag is appeahersupply
line for duration of 0.5 sec. this 10% decreaseadltage sag is compensated by injecting real pdween dc-link
and reactive power from inverter. At the same tthne feeder 2 DVR is operated on power flow coninolde to
maintain the dc-link voltage constant at 35 KV. Thiected voltage from load 2 to dc-link is shownfig. 3 to 9,
as per dc link requirement are named as voltagesadoad 2. If the sag appears on the both thesfedtien the
compensation of this voltage sag is completely ddpat on the dc-link storage device. The propogstem able
to compensate the simultaneous occurrences ofgekags on both the feeders but total 30% of velsay is
mitigated using this system.

The additional load is removed from the system.ats@c this is shown in fig. 6 to 9 and named a®mpensated
voltage. Then the voltage is increases suddenlly Bwease in voltage is compensated by the regiaraystem.
The voltage sag and swell are created on the sy$tenduration of 0.5 sec in all the cases and ratég

successfully using IDVR system. The proposed systéfiectively mitigates the sag and swell occursbmth

feeders. The analysis stated that the propose@myate able to mitigated voltage sag and swellau@ 7%

effectively. The created voltage sag and swellnaaétained in table Il with their respective feedsting. This sag
and swell are mitigated by proposed IDVR system.

Table -2 Percentage of Sag and Swell

%\Voltage sag %Voltage swell System voltage
10 20 33 KV
10 20 66 KV
20 27 33 KV
20 27 66 KV
CONCLUSION

In this paper, the simulation of IDVR is done usiMATLAB/SIMULINK software and its analysis has been
presented. Simulation results showed clearly th#opmance of the IDVR in mitigating voltage sag asdell
problems. The IDVR handled the situation withouy alifficulties and injected the appropriate voltagmmponent
to maintain load voltage at its nominal values.d8Bsn analysis of simulated system, it is suggetigidthe voltage
sag and swell up to 27 % are effectively compemshyethe IDVR. The effectiveness of the IDVR systam33KV
and 66KV lines is tested in SIMULINK model. In thested system it is observed that, after a pasicamount of
voltage sag, the voltage level at the load termileareased and it is successfully maintained aréssag value by
inserting IDVR. It is also concluded that the ID\éRectively works on different feeder of differematiings.
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