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Abstract

Thequasi-Z-sourceinverter (qZSI) withtheproposedbattery operationcanbalance theturbulence of photovoltaic (PV)powerinjectedto
theloadasintheexistingtopology,butovercomesthelimitationsintherating, sizeandlife ofbattery. This paper proposes anew topology
thatis optimized foroffgrid applications. The characteristics of the proposed ideaare analyzedin detail. Inthe proposed model, voltage
boostand inversion are integrated in a single-stage inverter. A prototype is built to experiment the proposed circuit and to test the control
methods. The results obtained are verified with the theoretical analysis and proves the effectiveness of the proposed control of the
inverter’s input and output power and battery power. The PV panel and energy-stored qZSI, setup used in the experiment demonstrates
threeoperatingmodesthatmakeitsuitable foroffgridapplications.

1. Introduction

The rapidly increasing environmental degradation across the globe is posing a major challenge to develop
commercially feasible alternative sources of electrical energy generation. Thus, a huge research effort is being conducted
worldwidetocomeupwithasolutionindevelopinganenvironmentallybenignandlong-termsustainablesolutioninelectric
power generation. The major players in renewable energy generation are photovoltaic (PV), wind farms, fuel cell, and
biomass.

These distributed power generation sources are widely accepted for micro grid applications. However, the
reliability ofthe micro grid relies uponthe interfacing power converter. Thus the proper powerregulation fromthe
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interfacing power converter will ensure a stable and reliable micro grid system. Thus this paper focuses on the
proposalofanewclassofinterfacinginverter, thequasi-Z-sourceinverter (qZSI) foroff-gridapplications.

Thereareseveral powerconvertertopologiesemployedin PV systems; each ofthemwithdifferentcharacteristics:
two-stage or single-stage, with transformer or transformer less, and with a two-level or multilevel inverter. Single-stage
inverters are more desirable when compared to the two-stage models due to their compactness, low cost, and reliability.
However, the conventional inverter has to be oversized to cope with the wide PV array voltage changes because a PV panel
presents low output voltage withawiderange of variation based onirradiation and temperature, usually atarange of 1: 2. To
interfacethelowvoltageoutputofaninvertertothegrid,abulky low-frequencytransformerisnecessaryatthecostofalarge
size,decreaseinefficiency,loudacousticnoise,andhighcost. Thetwo-stageinverterappliesaboostdc/dcconverterinstead
ofatransformerinordertominimizetherequired KVAratingoftheinverterandboostthewiderange ofvoltagetoaconstant
desiredvalue. Unfortunately, theswitchinthedc/dcconverterbecomesthecostandefficiencykillerofthesystem. Forsafety
reasons,some PV systemshave agalvanicisolation, eitherinthe dc/dcboostconverterusing ahigh-frequency transformer,
orinthe acoutputsideofaline frequency transformer. Bothoftheseadded galvanicisolations increase the costand size of
the whole system, and decrease the overall efficiency. Transformer less topology is deserving attention because of its
increased efficiency,reducedsize, weightandprice forthe PV system. The Z-source inverter (ZSI), as asingle- stage power
converter with a step-up/down function, allows a wide range of PV voltages, and has been reported in applications in PV
systems.Itcanhandlethe PV dcvoltage variationina widerange withoutoverratingthe inverter, atthe same time it can carry
out voltage boost and inversion simultaneously in a single power conversion stage, thus minimizing system cost and
reducing component count and cost, and improving the reliability. Recently proposed quasi Z-source inverters have some
newattractiveadvantagesthatwillmakethePV systemmuchsimplerandloweritscostbecauseit: 1)drawsaconstantcurrent
fromthe PV panel,sonoadditional capacitor forfilteringis needed;
2)featureslowercomponent(capacitor)rating;and3)reducesswitchingripplestotheP Vpanels.
Intheexistingtopology,theenergy-storedqZSIshowninFig. 1 hasthebatteryconnectedinparallel withthe capacitor
C1.

Fig.1Existingenergy-storedqZSIforPVpowergeneration.

G
Al
Fdl
ﬂ iD, T Vet ">
+ =75 2 5
4 VN > O
Vin +1G 1 R ._,gg
- V(-| ™ — 3 3 3 a
l-"CII N H}

2. NewqZSI-Batterytopology

Fig. 1showstheexistingenergy-stored qZSItopology wherethebattery isconnected in parallel with the capacitor
C1,whereasintheproposedthebatteryisconnected asshowninFig. 2 leading toanew topology. The proposed modelsince
optimized for direct load applications, it primarily focuses on the uninterrupted power supply to the connected load. It has
three different cases in doing so, they are: 1) PV panel generates the power required to support the load and charge the
battery;2)ifPV panel powerbecomes insufficient then the battery supportsthe load.3)ifboth PV panel powerandbattery
powerbecomeinsufficientthentheloadissuppliedwiththe ACmains.

Thus the proposed model achieves in providing continuous power the connected load at the same time keeps in
check the battery voltage so thatitdoesn’t go beyond the threshold limit which causes deterioration in recharging ability of
thebattery.
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Fig.20ptimizedenergy-storedqZSIforPVoff-gridapplications.

3. OperatingmodesofqZSI

Thetwomodesofoperationofaquasiz-sourceinverterare:
(1) Activemode
(2) Shootthroughmode

3.1 Activemode
Inthenon-shootthroughmodeoractivemode, theswitchingpatternforthe QZSlissimilartothatofVoltage Source

Inverter (VSI). The input dc voltage is available as DC link voltage input to the inverter, which makes the QZSI behave
similartoaVSlinthismode.
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Fig.3.Equivalentcircuitof QZSIin Activemode

3.2 Shootthroughmode

In this mode, switches of the same phase in the inverter bridge are switched on simultaneously for a very short
duration. The source howeverisn’t short circuited when attempted to do so because ofthe presence of LC network (quasi),
that boosts the output voltage. The DC link voltage during the shoot through states, is boosted by aboost factor, whose
valuedependsontheshootthroughdutyratioforagivenmodulationindex.
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Fig.4 Equivalentcircuitof QZSIin Shootthroughmode

4. Designofquasinetwork
4.1 Designoflnductor

Inactivemode, the capacitorvoltageisalwaysequaltotheinputvoltage. Sothereisnovoltageacross theinductor,
whereas in the shootthrough mode, the inductor current increases linearly and the voltage across the inductorisequal tothe
voltageacrossthecapacitor. Theaveragecurrentthroughtheinductorisgivenby,

I =P/Vqc (1)
(3.11)

WherePisthetotalpowerandV jcistheinputvoltage.

The maximum current occurs through the inductor when the maximum shoot-through happens, that
resultsinmaximumripplecurrent. Inordertolimittheallowableripplecurrentwithin4A andthemaximum currentwithin
10.67Athedesignwassomadethatonly30%currentrippleoccurthroughtheinductorsduringmaximumpoweroperation

Foraswitchingfrequencyof10kHz,theaveragecapacitorvoltagesis,

Ve=(1-To/T)*V4/(1-2To/T) (2) (3.12)
Substitutingthevaluesintheinductanceequation,theaveragecapacitor voltagewouldbe300V.Sotheinductancemustbeno
lessthan

L=L,=(0.1*¥10*300/10.67)=3mH
4.2 DesignofCapacitor

The main function of the capacitor is to absorb the voltage ripple and maintain a fairly constant voltage. During
shoot-through the capacitor charges the inductors and the current through the capacitor equals the current in the
inductor. Thereforethevoltagerippleacrossthecapacitoris,

VL (avg) TSTH(1/C) 3)

Thecapacitorvoltagerippleis0.17%.
Substitutingtheabovevaluesintheequation,therequiredcapacitancewasfoundtobe

C=6.67*0.1*10(300*0.0017)=3.401
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Therefore the impedance network of the Quasi Z-Source inverter consists of inductorsof3mHandcapacitorsof1000uF.

5. Controlstrategy

The QZSI configuration has six active vectors when the DC voltage is impressed across the load and two zero
vectors whentheload terminalsare shorted through either lower or upper two switches. These switching states
and their combinations have been spawned many PWM control schemes. Sinusoidal PWM is the most commonly used
PWM technique in the VSI. On the other hand, QZSI has additional zero vectors or shoot through switching states that are
forbiddenintraditional VSI. Inordertoboostthe output voltage, the shootthroughstateshouldalwaysbe followed byactive
state. Thisrequirement may be met by the complimentary operations ofthe switches withinaleg. The simpleboostcontrol
method used here employs two constant voltage envelopes which are compared with the sine carrier wave. Whenever the
magnitude ofsine carrier wave becomes greater than or equal to the positive constantmagnitude envelope (or)lesser thanor
equaltothenegativeconstantmagnitudeenvelope,pulsesare generated whichcontrolthe shootthroughdutyratio D,,. These
serve as the firing signals for the switches inthe inverter. This control technique has shoot through states spread uniformly
whichmakesoutputfreeoffrequencyripples.

Vp

s ST U U | [ HH T
U AU W E R R
s L - H TR W TR TLETE
IR i
sWs ,:Jii—L:Ji I 7—L:J—_—L7

S A

Fig.5.SchematicofSinePWM

The sine wave carrier PWM provides high shoot through duty ratio than the triangular wave carrier, for the same
modulation index, that results in reduced voltage stress on the device and gives high peak output voltage. The use of sine
carriersuppressestheharmonicsthatresultsinreductionof THDinoutputvoltage.

G= OutputpeakACvoltage

DClinkvoltage (4)
Vs
Viink =7, ®)
Vs
V.. =MB* (©6)

Where ViyiistheDClinkvoltageofinverter
Vacisthepeakacoutputvoltage
Bistheboostfactor

Mismodulationindex
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Theboostfactorisgivenby,

1 1 1

B = = = 7
=T 1—2%) 1-2Do )

whereDoistheshootthroughdutyratioofQZSI Toistheshootthroughinterval Tistheswitchingcycle.

WhensinewavecarrierPWMisimplemented forcontrol, theshootthroughdutyratio,theboostfactorandvoltagegain
ofQZSlIarederivedas

D =2=1-% sin-1M (8)
0 T T
B=_"
4sin~1 M—n (9)
_ ™
" 4sin-1M-z (10)

Itisobservedthatsine carrier PWM giveshigh shootthrough dutyratiocomparedtotriangular carrier, forthe same
modulation index, which reduces the voltage stress on the device and gives high peak output voltage. The simple boost
control method has shoot through states spread uniformly which makes output free of low frequency ripples and the use of
sinecarrierwavehasresultedinreduced THDinoutputvoltage.

6. Simulationresult

The block of the proposed model is shown in fig.6, from which it’s evident that the thyristors shown in fig.2 are
bidirectionalinfunctionandhencestatedasconverter. Thesinglephaseconverterworksasinverterinthe | &2andasrectifierin
case3oftheproposedsystemoperation.
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Fig.6BlockDiagram
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ForthepurposeofsimulationthePVpanelwasreplacedbyDCsource.

Fig.90utputcurrentwaveform

| |
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7. Conclusion

Thispaperproposesanewtopology forenergystored QuasiZ-source Inverterthatismoresuitable forPhotovoltaic
power systems thatare directly connected to load. The three operating modes of the proposed model make sure thatthe power
supplytotheloadisuninterrupted andsatisfiestheloadrequirement. A prototypefortheproposed model hasbeen developed
andits simulation and experimental results shown in this paper clearly demonstrate the effectivenessofthistopology forPV
powersystemsdirectlyconnectedtotheload.
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