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Abstract 

The iquasi-Z-source iinverter i(qZSI) iwith  ithe iproposed  ibattery  ioperation  ican  ibalance ithe iturbulence iof iphotovoltaic i(PV) ipower iinjected ito  

ithe iload ias iin ithe iexisting  itopology,  ibut iovercomes ithe ilimitations iin ithe irating,  isize iand ilife iof ibattery. iThis ipaper iproposes ia inew itopology 

ithat iis ioptimized  ifor ioff igrid iapplications.  iThe icharacteristics iof ithe iproposed  iidea iare ianalyzed  iin i detail. iIn ithe iproposed  imodel, ivoltage 

iboost iand iinversion  iare iintegrated iin ia isingle-stage iinverter. iA iprototype iis ibuilt ito iexperiment ithe iproposed  icircuit  iand ito itest ithe icontrol 

imethods. iThe iresults iobtained  iare iverified iwith  ithe itheoretical ianalysis iand iproves ithe ieffectiveness iof ithe iproposed  icontrol iof ithe 

iinverter’s iinput iand ioutput ipower iand  ibattery  ipower. iThe iPV ipanel iand ienergy-stored  iqZSI, isetup iused iin ithe iexperiment idemonstrates  

ithree ioperating  imodes ithat imake iit isuitable ifor ioff igrid iapplications. 

 

 

1. Introduction 

The irapidly  iincreasing  ienvironmental idegradation  iacross ithe iglobe iis iposing  ia imajor  ichallenge ito idevelop 

icommercially  ifeasible ialternative  isources iof ielectrical ienergy  igeneration.  iThus, ia ihuge iresearch  ieffort iis ibeing  iconducted 

iworldwide ito icome iup iwith ia isolution  iin ideveloping  ian  ienvironmentally  ibenign  iand ilong-term isustainable isolution  iin ielectric 

ipower  igeneration. iThe imajor iplayers iin irenewable ienergy  igeneration  iare iphotovoltaic i(PV), iwind  ifarms, ifuel icell, iand 

ibiomass. 

 

These idistributed  ipower  igeneration  isources iare iwidely  iaccepted  ifor imicro  igrid  iapplications.  iHowever, ithe 

ireliability  iof ithe imicro igrid  irelies iupon ithe iinterfacing  ipower  iconverter.  iThus ithe iproper ipower  iregulation  ifrom ithe 
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interfacing  i power  i converter  i will i ensure i a i stable i and i reliable i micro  i grid  i system. i Thus i this i paper  i focuses i on i the 

iproposal iof ia inew iclass iof iinterfacing  iinverter,  ithe iquasi-Z-source iinverter  i(qZSI)  ifor ioff-grid iapplications. 

 

There iare iseveral ipower  iconverter  itopologies iemployed iin iPV isystems; ieach iof ithem  iwith idifferent  icharacteristics: 

itwo-stage ior isingle-stage, iwith  itransformer  ior itransformer  iless, iand iwith ia itwo-level ior imultilevel  iinverter. iSingle-stage 

iinverters iare imore idesirable iwhen  icompared  ito ithe itwo-stage imodels idue ito itheir icompactness, ilow icost, iand ireliability. 

iHowever, ithe iconventional iinverter  ihas ito  ibe ioversized  ito icope iwith ithe iwide iPV iarray  ivoltage ichanges ibecause ia iPV ipanel 

ipresents ilow ioutput ivoltage iwith  ia iwide irange iof ivariation  ibased ion  iirradiation  iand itemperature,  iusually  iat ia irange iof i1: i2. iTo 

iinterface ithe ilow ivoltage ioutput iof ian iinverter  ito ithe igrid, ia ibulky  i low-frequency  itransformer iis inecessary  iat ithe icost iof ia ilarge 

isize, idecrease iin  iefficiency, iloud  iacoustic inoise,  iand ihigh  icost.  iThe itwo-stage iinverter  iapplies  ia  iboost idc/dc iconverter  iinstead  

iof ia itransformer  iin iorder  ito iminimize  ithe irequired  iKVA  irating  iof  ithe iinverter  iand iboost ithe iwide irange  iof ivoltage ito ia iconstant 

idesired ivalue. iUnfortunately,  ithe iswitch iin ithe idc/dc iconverter ibecomes ithe icost iand iefficiency  ikiller iof ithe isystem. iFor isafety 

ireasons, isome iPV isystems  ihave ia igalvanic iisolation, ieither iin ithe  idc/dc iboost iconverter  iusing  ia ihigh-frequency  itransformer, 

ior iin ithe  i ac  ioutput iside iof ia iline  ifrequency  itransformer.  iBoth iof ithese iadded  igalvanic iisolations  iincrease ithe icost  iand isize iof 

ithe iwhole isystem, iand idecrease  ithe ioverall iefficiency. iTransformer  iless itopology  iis ideserving  iattention  ibecause iof i its 

iincreased  iefficiency, ireduced  isize,  iweight iand iprice ifor ithe  iPV  isystem. iThe iZ-source iinverter  i(ZSI),  ias ia isingle- istage ipower  

iconverter  iwith ia istep-up/down  ifunction,  iallows ia iwide irange iof iPV ivoltages, iand ihas ibeen  ireported  iin iapplications iin iPV 

isystems. iIt ican ihandle ithe iPV idc ivoltage ivariation  iin ia iwide irange iwithout ioverrating  ithe iinverter,  iat ithe isame itime iit ican icarry 

iout ivoltage iboost iand iinversion  isimultaneously  iin ia isingle ipower  iconversion  istage, ithus iminimizing  isystem icost  iand 

ireducing  icomponent icount iand  icost, iand iimproving  ithe ireliability.  iRecently iproposed  iquasi iZ-source  iinverters ihave isome 

inew iattractive iadvantages ithat  iwill imake ithe iPV isystem imuch  isimpler  iand ilower  iits  icost  ibecause  iit  i:  i1) idraws ia  iconstant  icurrent 

ifrom  ithe iPV ipanel, iso ino iadditional  icapacitor  ifor ifiltering  iis ineeded; 

2) ifeatures ilower  icomponent i(capacitor) irating; iand i3) ireduces iswitching iripples ito ithe iPV ipanels. 

In ithe iexisting  itopology, ithe ienergy-stored  iqZSI ishown  iin iFig.1  ihas ithe ibattery  iconnected  iin iparallel iwith  ithe icapacitor 

iC1. 

Fig.1  iExisting  ienergy-stored iqZSI ifor iPV ipower  igeneration. 
 

 

 

 

2. New iqZSI-Battery  itopology 

Fig. i1 ishows ithe iexisting  ienergy-stored  iqZSI itopology  iwhere ithe ibattery  iis iconnected  iin iparallel iwith ithe icapacitor 

iC1, iwhereas iin ithe iproposed  ithe ibattery  iis iconnected  ias ishown  iin iFig. i2 ileading  ito ia inew itopology. iThe  iproposed  imodel isince 

ioptimized  ifor idirect iload  iapplications,  iit iprimarily  ifocuses ion ithe iuninterrupted  ipower  isupply  ito ithe iconnected iload. iIt ihas 

ithree idifferent icases iin idoing  iso,  ithey  iare: i 1) iPV ipanel igenerates ithe ipower  irequired  ito isupport ithe iload  iand icharge ithe 

ibattery; i2) iif iPV ipanel ipower  ibecomes iinsufficient ithen  ithe ibattery  isupports ithe i load. i3) iif iboth  iPV ipanel ipower  iand ibattery  

ipower  ibecome iinsufficient ithen  ithe iload  iis isupplied  iwith ithe iAC  imains. 

Thus ithe iproposed  imodel iachieves iin iproviding  icontinuous ipower  ithe iconnected iload  iat ithe isame itime ikeeps iin 

icheck  ithe ibattery  ivoltage iso ithat iit idoesn’t igo ibeyond  ithe ithreshold  ilimit iwhich  icauses ideterioration  iin irecharging  iability  iof 

ithe ibattery. 
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Fig.2  iOptimized  ienergy-stored iqZSI ifor iPV ioff-grid iapplications. 

 

3. Operating imodes iof iqZSI 

The itwo imodes iof ioperation iof ia iquasi iz-source iinverter iare: 
(1) Active imode 

(2) Shoot ithrough imode 

 

3.1 Active imode 

 

In ithe inon-shoot ithrough  imode ior iactive imode,  ithe iswitching  ipattern  ifor ithe iQZSI iis isimilar ito  ithat iof iVoltage iSource 

iInverter  i(VSI). iThe iinput idc ivoltage  iis  iavailable ias iDC  ilink  ivoltage iinput ito ithe iinverter,  iwhich  imakes ithe iQZSI ibehave 

isimilar ito ia iVSI iin ithis imode. 
 

Fig.3.Equivalent icircuit iof iQZSI iin iActive imode 

 

 

 

3.2 Shoot ithrough imode 

In ithis imode,  iswitches iof ithe isame iphase iin ithe iinverter  ibridge iare iswitched  ion isimultaneously  ifor ia ivery  ishort 

iduration.  iThe isource ihowever iisn’t ishort icircuited  iwhen  iattempted  ito ido iso ibecause iof ithe ipresence iof iLC inetwork  i(quasi), 

ithat iboosts ithe ioutput ivoltage.  iThe iDC ilink  i voltage iduring  ithe ishoot ithrough  istates, iis iboosted  iby  ia iboost ifactor,  iwhose 

ivalue idepends ion ithe ishoot ithrough iduty iratio ifor ia igiven  imodulation iindex. 
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Fig.4.Equivalent icircuit iof iQZSI iin iShoot ithrough imode 

 

 

4. Design iof iquasi inetwork 

4.1 Design iof iInductor 

In iactive imode, ithe icapacitor ivoltage iis ialways iequal ito ithe iinput ivoltage.  iSo ithere iis ino ivoltage  iacross ithe iinductor, 

iwhereas iin ithe ishoot ithrough  imode,  ithe iinductor  icurrent iincreases ilinearly  iand ithe ivoltage iacross ithe iinductor iis iequal ito ithe 

ivoltage iacross ithe icapacitor. iThe iaverage icurrent ithrough ithe iinductor iis igiven iby, 

 

IL i

= iP/Vdc (1) 

(3.11) 

 

Where iP iis ithe itotal ipower iand iVdc i

is ithe iinput ivoltage. 

The i maximum  i current i occurs i through  i the i inductor  i when i the i maximum  i shoot-through  i happens, i that 

iresults iin imaximum  iripple icurrent.  i In iorder ito ilimit ithe iallowable iripple icurrent iwithin i4A iand ithe imaximum i current iwithin 

i10.67A ithe idesign  iwas iso imade ithat ionly i30% icurrent iripple ioccur ithrough  ithe iinductors iduring  imaximum  ipower  ioperation 

 

For ia iswitching ifrequency iof i10 ikHz, ithe iaverage icapacitor ivoltage iis, 

 

 

VC i

= i(1-TO/T) i* iVdc i

/ i(1-2TO/T) i (2) (3.12) 

Substituting  ithe ivalues iin ithe iinductance  iequation, ithe iaverage icapacitor  i voltage iwould ibe i300V. iSo ithe iinductance  imust ibe ino 

iless ithan 

L1 i= iL2= i(0.1*10*300  i/ i10.67) i= i3mH 

 

4.2 Design iof iCapacitor 

The imain  ifunction  iof ithe icapacitor iis ito iabsorb  ithe ivoltage iripple iand imaintain  ia ifairly  iconstant ivoltage.  iDuring 

i shoot-through  i the i capacitor  i charges ithe i inductors i and i the i current i through  i the i capacitor  i equals ithe i current iin ithe 

iinductor. iTherefore  ithe ivoltage iripple  iacross ithe icapacitor  iis, 

 

Vc i

= i[IL(avg)TS] i* i(1/C) (3) 

The icapacitor ivoltage iripple iis i0.17%. 

Substituting  ithe iabove ivalues iin ithe iequation, ithe irequired icapacitance  iwas ifound ito ibe 

 

C i= i6.67*0.1*10(300*0.0017)=3.401 
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Therefore  i the i impedance  i network  i of i the i Quasi i Z-Source i inverter  i consists i of i inductors iof i3mH iand icapacitors iof i1000µF. 

 

5. Control istrategy 

 
The iQZSI iconfiguration  ihas isix iactive ivectors iwhen  ithe iDC ivoltage iis iimpressed  iacross ithe iload  iand itwo izero 

ivectors i when  ithe  iload  i terminals iare  i shorted  i through  i either i lower  i or  i upper  i two i switches. i These i switching  istates  

iand itheir icombinations ihave ibeen  ispawned  imany  iPWM icontrol ischemes. iSinusoidal iPWM  iis ithe imost icommonly  iused  

iPWM itechnique iin ithe iVSI. iOn  ithe iother  ihand, iQZSI ihas iadditional izero  ivectors ior ishoot ithrough  iswitching  istates ithat iare 

iforbidden  iin itraditional iVSI. iIn iorder  ito iboost ithe ioutput ivoltage, ithe ishoot ithrough istate ishould  ialways ibe ifollowed  iby iactive 

istate. iThis irequirement imay  ibe imet iby ithe icomplimentary  ioperations iof ithe iswitches  iwithin ia ileg. iThe  isimple  iboost  icontrol 

imethod  iused  ihere iemploys itwo  iconstant ivoltage ienvelopes iwhich  iare icompared  iwith ithe isine icarrier  iwave. iWhenever ithe 

imagnitude iof isine  icarrier  iwave ibecomes igreater  ithan ior iequal ito ithe ipositive iconstant imagnitude ienvelope  i(or)  ilesser ithan  ior 

iequal ito ithe inegative iconstant imagnitude  ienvelope,  ipulses iare igenerated  iwhich  icontrol ithe ishoot ithrough  iduty iratio  iDo. iThese 

iserve ias ithe ifiring  isignals  ifor ithe  iswitches iin ithe iinverter.  iThis icontrol itechnique ihas ishoot ithrough  istates ispread  iuniformly 

iwhich  imakes ioutput ifree iof ifrequency  iripples. 

 

 

Fig.5. iSchematic iof iSine iPWM 

 

The isine iwave icarrier  iPWM  iprovides ihigh  ishoot ithrough  iduty iratio  ithan  ithe itriangular  iwave icarrier,  ifor ithe isame 

imodulation  iindex, ithat iresults iin  ireduced  ivoltage istress ion ithe idevice iand igives ihigh  ipeak  ioutput ivoltage.  iThe iuse iof isine 

icarrier  isuppresses ithe iharmonics ithat iresults iin ireduction  iof iTHD iin  ioutput ivoltage. 
 

𝐺 i= i

Output  ipeak iAC  ivoltage 

DC  ilink ivoltage 
(4) 

 

VLink = i

Vs 

2 
(5) 

 

Vac 
=  iMB i* i

Vs 

2 
(6) 

Where i VLink iis ithe iDC ilink ivoltage iof iinverter 

Vacis ithe ipeak iac ioutput ivoltage 

B iis ithe iboost ifactor 

M iis imodulation iindex 
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The iboost ifactor iis igiven iby, 
 

 

 

B i =  
1 

i

T1−T
0 

 
 

 

= 
1 

1−2
T0 

T 

 
 

 

= 
1 

1−2D0 

 

 
(7) 

where iDo iis ithe ishoot ithrough  iduty  iratio  iof iQZSI iTo iis ithe ishoot ithrough iinterval iT iis ithe iswitching  icycle. 

 

When  isine iwave icarrier  iPWM iis iimplemented  ifor icontrol,  ithe ishoot ithrough iduty  iratio, ithe iboost ifactor iand ivoltage igain  

iof iQZSI iare iderived  ias 

D i  i = i

T0 i = i 1 i− i

2 i

sin−1
 iM (8) 

0 T π 
 

B i = 
π 

4 isin−1 iM−π 

 

G i = 
πM 

4 isin−1 iM−π 

 

(9) 

 

(10) 

It iis  iobserved  ithat isine icarrier  iPWM igives ihigh  ishoot ithrough  iduty iratio  icompared  ito itriangular  icarrier,  ifor ithe isame 

imodulation  iindex, iwhich  ireduces ithe ivoltage istress ion ithe idevice iand igives ihigh ipeak  ioutput ivoltage.  iThe isimple iboost 

icontrol imethod  ihas ishoot ithrough  istates ispread  iuniformly  iwhich  imakes ioutput ifree iof ilow ifrequency iripples iand ithe iuse iof 

isine icarrier  iwave ihas iresulted  iin  ireduced  iTHD iin ioutput ivoltage. 

 

6. Simulation  iresult 

The iblock iof ithe iproposed imodel iis ishown iin ifig.6, ifrom iwhich iit’s ievident ithat ithe ithyristors ishown iin ifig.2 iare 

ibidirectional iin ifunction  iand ihence  istated  ias iconverter.  iThe isingle iphase iconverter  iworks ias iinverter  iin ithe i1 i& i2 iand ias irectifier  iin  

icase i3 iof ithe iproposed isystem ioperation. 

 

 

Fig.6 iBlock iDiagram 
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For ithe ipurpose iof isimulation ithe iPV ipanel iwas ireplaced iby iDC isource. 

 

 

 

 

Fig.7 iSimulation iBlock iDiagram 
 

Fig.8 iOutput ivoltage iwaveform 

 

 

Fig.9 iOutput icurrent iwaveform 
 

Fig.10 iD.C. ilink iVoltage 
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7. Conclusion 

This ipaper  iproposes ia inew itopology  ifor ienergy  istored  iQuasi iZ-source  iInverter  ithat iis imore isuitable ifor iPhotovoltaic 

ipower isystems ithat iare idirectly iconnected ito iload. iThe ithree ioperating imodes iof ithe iproposed imodel imake isure ithat ithe ipower 

isupply  ito ithe iload  iis iuninterrupted  iand isatisfies ithe iload  irequirement.  iA iprototype  ifor ithe iproposed  imodel ihas ibeen  ideveloped 

iand iits isimulation  iand iexperimental  iresults ishown  iin ithis ipaper  iclearly  idemonstrate  ithe ieffectiveness iof ithis itopology ifor iPV 

ipower isystems idirectly iconnected ito ithe iload. 
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