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Improving Power Quality of
Renewable Energy Source by
Using UPQC Based on Cascaded
Multilevel Topology

S. Boobalan*, R. Dhanasekaran**

Abstract: In Renewable energy source, power quality was very essential factor in the power transmission area.
Power quality is protecting all electrical and electronic componentsin various fields of instruments like medical,
industrial, househald applicationsand controlling instruments. A techniqueisachieving to make constant parameters
at deviation of load side such asmagnitude of real and reactive power, magnitude of voltage and current fluctuation
and power factor correction by UPQC. In this paper we have concentrateto improve good power factor, stability of
supply voltage variations, harmonics reduction, etc. this technique construct by DVR, DSTATCOM, cascaded
multilevel inverter and DC-link capacitor. The power quality problem such as SAG-SWELL through athree phase
Unified Power Quality Conditioner (UPQC) under unbalanced and distorted load conditions. it can be overcome
power quality problems at the point of common coupling on transmission network (distribution system) under
unbalanced and distorted |oad conditions.

Keywords: UPQC (Unified Power Quality Conditioner), PCC (Point of Common Coupling), THD (Total Harmonic
Distortion), APF (Active Power Filter), EMI (Electro Magnetic Interference), CPWM (Cascaded Pulse Width
Modulation).

1. INTRODUCTION

Themodernpower electronicsand digital control technology of renewable energy sourcesareriseto connect in
thedistribution systems. In generd voltagefluctuationisaffecting the power qudity (PQ), sag-swell problemsare
involving inthe transmission section, because of the nonlinear loads and unbalanced loads have degraded inthe
power distribution network. A custom power device has been expected for enhancing the quality and reliability of
electricd transmitting power.

Unified PQ conditioner (UPQC) isusedto protect the electrica and electronic goodswhich consst of series
& shunt inverters connected back-to-back intransmission line and dealswith unbalance of voltage & current.
Simultaneoudy UPQC can act asshunt and seriesactive power filters. The seriesactivefilter of UPQC iscalled as
dynamic voltagerestorer (DVR). It canmaintainthe output voltage constant to theload deviation. The shunt active
filter of UPQC iscalled asdistribution static compensator (DSTATCOM), and it isused to compensate |oad
reactive power. Thevoltage and current phase differenceisnil meansit make unit power factor. Voltage rating of
dc-link capacitor largely influencesthe compensation performance of an activefilter.

2. LITERATUREREVIEW

The varioustypes of pulse width modulation (PWM) controlled methods are explained in this paper such as
Single-pulse modulation, Sinusoidal pulse width modulation (Carrier based Pulse Width M odulation Technique)
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and Multiple pulsemodulation. space vector pulsewidth modulation (SV PWM) techniqueisimprovesthe quality
of the current and reduce the torque rippleininduction motor drive while maintaining the other performance
characteristicsof thesystem.[ 1] The DC-Link voltage balancing capability of the method used to maintain power
qudlity ineach H-bridge and smplifying the control structure. [2]. Inanother proposed topology helpsto matchthe
shunt and seriesactivefiltersof the UPQC. It iscombination of capacitor and inductor circuit activefilter, the
neutral point isconnected with DC-link voltage, it isavoid fourth terminal in voltage sourceinverter. So that
switching frequency reduced.| 3]-[5] aUPQC with cascaded multilevel inverter is proposed to reduce voltage sag
problems, unbaance and load power factor intransmisson digtribution system by multilevel UPQC. Inthistechnique
transformer isreplaced by UPQC applied and it isone of its advantages.[6]-[10]. In another onediscussesthe
control strategy of the UPQC withafocusontheflow of instantaneousred power and reactive power insdethere
are limitations on the rating and a phase difference for the voltage sag effectively and economically by using
minimum active power.[11]-[ 13].

3. PROPOSED SYSTEM

Inthistopology, the system neutral point hasbeen connected to the negative terminal of the dc busalong with the
feedback capacitor C, inserieswith inductance of the shunt activefilter. Thistopology isreferred to asmodified
topology. The passive capacitor Cf hasthe capability to supply apart of the reactive power required by theload,
and theactivefilter will compensate the balance reactive power and the harmonics present in theload.

Theaddition of cgpacitor in serieswithinductor of the shunt activefilter will reducethedc-link voltagerequirement
and consequently reducesthe average switching frequency of the switches. It isfound that the modified topology
has lessaverage switching frequency, lessTHDsin the source currents, and load voltageswith reduced dc-link
voltage ascompared to the conventional UPQC topology.

Thefilter isconnected in pardlel with dioderectifier and tuned at seventh harmonic frequency. Although an
elegant work, thedesignis specific to the motor drive gpplication, and the reactive power compensation is not
considered, whichisanimportant aspect in UPQC applications. In case of the three-phase four-wire system,
neutral-clamped topology isused for UPQC. It aso hasthe capability of compensating thevoltage sag/swell as
well asvoltage regulation and harmonic compensation at the Point of Common Coupling. Thistopology enables
theindependent control of each leg of boththe shunt and seriesinverters, but it requires capacitor voltage balancing.

In, four-leg VSl topology for shunt active filter has been proposed for three-phase four-wire syssem. This
topology avoidsthe voltage balancing of the capacitor, but the independent control of theinverter legsisnot
possible. To overcome the problems associated with the four-leg topology, in existing systemaT connected
transformer and three-phase V SC based DSTATCOM isused. However, thistopology increasesthe cost and
bulkiness of the UPQC because of the presence of extratransformer. In this paper, a UPQC topology with
reduced dc-link voltageis proposed. Thistopology conssts of capacitor in serieswith theinterfacing inductor of
the shunt activefilter and it minimized size, cost and hence to reducethe overall harmonicsof thetransmission
network.

3.1. Unified Power Quality Conditioner

The general block diagram of UPQC isshowninfigure 1 here UPQC is connected between source and load.
Therearetwo inverters, oneisseriesand other isshunt inverter. Theinductance and capacitanceis connected with
the seriesinverter. I n between the shunt and seriesconverter dc link capacitor isused.

The DC sourcemay be Battery or fud cell or rectified fromAC source. The seriesinverter convertsAC supply
to DC output. Thisconverter isused to diminatevolage variation of theline supply. Thereactive power iscontrolled
by this converter. The shunt inverter converts DC supply to AC output. This converter is used to eliminate a
sective harmonicsin theline current.theinverter output isinjected through shunt transformer into line. Inverter has
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Figure 1: Basic Block Diagram of UPQC

more harmonicsit should be removed with help of L Cfilter circuit. It givestheAC supply to rectifier. Theinput Sde
having oneinductivefilter. It isused to improvethe input power factor. Cascded Multilevel inverter isto generate
ac output voltageit isused to run ac motor and any appliance required for ac voltage.

3.1.1. Operating Principle of Upqc

In normal condition, the reactive power did not affect to theload side because of unified power flow throughthe
entire section. Itsshown onfigure 2(a). The shunt activefilter isactivated on unified power quality condition. The
reactive power flow during the entire operation of unified power quality conditioner isshown inthe Figure 2(b).

The voltage sag is occur in the condition of k < 0 and the terminal voltageislessthanload voltage (V, < Vi) If
PSR ispostive cycle means power flow through the activefilter to theload. At the time of sag, flow of power isless

thanthe normal rated power. Thuswe can say that therequired active power istakenfromthe utility itself by taking
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Figure 2: Overall Reactive Power Flow
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Figure 3: Overall Active Power Flow during Sag Condition
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more current so asto maintain the power balancein the network and to keep the dc link voltageat desired level
Ps -source power travel to the load on during voltage sag condition, Psr’ -seriesinjected power by APF. The sum
of source power and injected seriespower isneeded to compensate load power (Ps’+ Psr”) during sag period
and to maintainthe normal working condition. Psh’ - power absorbed by shunt APF during voltage sag condition.
The output of the seriesand shunt inverter power isequd. P’ = Psh’ Theoverall active power flow during sag
conditionisshownin Figure 3.

The voltage swell is occur in the condition of k > 0 and the terminal voltage is greater than load voltage
(V> Vi, If PSR is negative cycle means power flow through the activefilter and load. At thetime of swell, flow
of power isgreater than the normal rated power. Thuswe can say that therequired active power istaken fromthe
utility itself by taking more current so asto maintain the power balance in the network and to keep thedc link
voltage at desred level
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Figure 4: Overall Active Power Flow during Swell Condition

Ps’-source power travel to theload on during voltage swell condition. Psr’ -seriesinjected power by APF. The
difference of source power and injected shunt power is needed to compensate load power (Ps’- Psr”) during
swell period and to maintain the normal working condition. Psh’ - power absorbed by shunt APF during voltage
swell condition. Consequently the output of series and shunt inverter power isequal (Ps’=Psh’). The overal
active power flow during swell conditionisshownin Figure4.

If the conditionisk=0and V. =V , meansthere will not beany real power exchangethrough unified power
quality conditioner. Thisisthe normal operating condition. The overal active power flow isshownin Figure5

Ps-power supplied by the source to theload during voltage swell condition. Psr-power injected by seriesAPF
insuchaway that sum Ps’ = Psr” will bethe required load power during norma working condition. Psh - power
ddlivered by shunt APF during voltage sag condition. Consequently the output of seriesand shunt inverter power

isequal (Psr = Psh).
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Figure 5: Active Power Flow during Normal Working Condition
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3.2. DSTATCOM

A DSTATCOM isareactive power compensating device which can either inject or absorb reactive power onthe
transmission line it consists of Voltage Source Converter (V SC) along with aDC link capacitor as shownin
figure®6.
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Figure 6: Basic structure of DSTATCOM

If the output voltage of VSCisequal to AC terminal voltage. It generate reactive power whereasif VSC
voltageisgreater than terminal voltageit can absorb reactive power. By usng D-STATCOM, the power factor
correctionisalso employed. So withtheusage of DSTATCOM to makethevoltage & current inphase with each
other and to makevoltage regulation isimproved and to become power factor asunity.

Theshunt injected current |, canbewrittenas,

V; -V,
|sh:||__|s:||__(TZ—L) @
T
=12 )
The complex power injection of the D-STATCOM can be expressed as
S =V lg ©)

Where,

l,, — Shuntinjected current

Z. - Systemimpedance
S, — Complex Power

sh

4. SAGand SWELL fault

Thebasic transmisson network structure as showninfigure 7 Thisisthe genera view fromgenerating stationto
load, which hasatransmission line of 100 kilometer. Herewe are creating aSag & Swell fault manually at the
time period of 0.3 to 0.5 seconds & time period of 0.7 to 0.9 seconds by closing the PhaseA. the sag parameter
changedin smulation of MATLAB and itsshown infigure 8 and the swell parameter changed in smulation of
MATLAB and itsshowninfigure 9. After execute of smulation result the output of voltageand current waveform
isshownin figure 10, here in between duration of 0.3t0 0.5 & 0.7 to 0.9 sec have more fluctuation in the
voltage and currentswave forms. Simulation graph of the magnitude of voltageand current at fault occur areais
clearly intimate in Figure 11. And how the real power and reactive power getsdistorted at the Sag-swell Fault
time period, isnoticed infigure 12. Thenthe Total Harmonic Distortion has measured the duration of sag-swell
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fault occur in the transmission line. The percentage of THD is very large amount of percentage (58.79%)
present. Thiswill be rectified using the unique device called as UPQC as mentioned in figure 13. The above
faultsarerectifying by our proposed method. The general smulation diagramof our proposed isshowninfigure
14. Theeleven level cascaded multilevel inverter inject to the active and reactivefilter components. ThisEleven
level inverter usedin theboth DVR and DSTATCOM and itsshown in figure 15 and corresponding output
wave formis shown infigure 16. Then Simulation circuit diagram of Phase Opposition Disposition PWM is
showninfigure 17. ThisPWM technique used inour circuit and rectify the sag-swell problem. These rectified
output voltage and current at thetime of Sag-swell Fault showninfigure 18. Wecan seethat thedistortioninthe
time period from 0.3 second to 0.5 second due to the Sag fault hasbeen compensated by using UPQC similarly
0.7 t0 0.9 sec swell fault aso rectified by our proposed method. The Magnitude wave form of voltage and
current isshowninfigure 19, smultaneously we have measured the magnitude wave form of real power and
reactive power injectsat faulted areaillustratedin Figure 20.After using our proposed system of UPQC inthe
Transmission line and analyzing the Total Harmonic Distortion we can found that the harmonic level inthe
Transmission line has been reduced to 1.66% asshowninfigure 21.

4.1. Smulation of SAG-SWEL L Fault occur without UPQC
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Figure 7: Simulation circuit diagram of Sag & swell Fault occur without UPQC

4.2. SingleLine Sag Fault

Figure 8: Simulation parameter of single line sag fault

4.3. Singleline
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Figure 9: Simulation parameter of single line swell fault



Improving Power Quality of Renewable Energy Source by Using UPQC Based... 1439

4.4. Output Voltageand Current under Single Phase Fault Without UPQC

Figure 10: Simulation circuit diagram of Output Voltage and Current under Single Phase
Fault Without UPQC

4.5. M agnitudewaveform of Voltageand Current at Fault Condition

Figure 11: Simulation graph of Voltage and Current at Fault Condition

4.6. Real Power and Reactive Power at Fault Condition Without UPQC

Figure 12: Simulation graph of Real Power and Reactive Power at Fault Condition Without
uPQC
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4.7. THD Analysisat Fault Condition

Figure 13: THD Analysis at Fault Condition

4.8. Smulation of Rectifying the SAG-SWEL L Fault with UPQC circuit
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Figure 14: Simulation of Rectifying the Sag-swell Fault With UPQC circuit

4.9. Eleven Leve Inverter

i

Figure 15: Simulation of Eleven Level cascaded multilevel
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4.10. Eleven L evel Output

Figure 16: Simulation of Eleven Level cascaded multilevel output waveform

4.11. Phase Opposition Disposition PWM
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Figure 17: Simulation circuit diagram of Phase Opposition Disposition PWM

4.12. Output Voltageand Current Injectsat Fault Condition

Figure 18: Simulation Output Voltage and Current Injects at Fault Condition waveform
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4.13. M agnitudewaveform Voltageand Current

Figure 19: Simulation Magnitude wave form of voltage and Current

4.14. Real Power and Reactive Power I njectsat Fault Condition

Figure 20: Simulation wave form of Real Power and Reactive Power Injects at Fault Condition

4.15. THD AnalysisUsng UPQC
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Figure 21: Simulation view of THD Analysis Using UPQC
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5.

CONCLUSION

A modified UPQC topology for DVR & DSTATCOM system has been proposed in this paper, which hasthe
capability to compensatetheload at alower dc-link voltage under non-stiff source. Design of thefilter parameters
for the seriesand shunt activefiltersisexplained in detail. The proposed cascaded multilevel inverter based UPQC
topology with reduced dc-link voltage and it conssts of capacitor in serieswith theinterfacing inductor of the shunt
activefilter and hence to reduce the cost, bulkinessand overall harmonics of thetransmission network. Fromthe
study, it isfound that the modified topology hasless average switching frequency, lessTHDsfrom 58.79% to
1.66% inthe source currents, and load voltageswith reduced dc-link voltage as compared to the conventional

UPQC topology.
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