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Abstract 

 

This paper proposes a simple, cost 

effective and efficient brushless DC 

(BLDC) motor drive for solar photovoltaic 

(SPV) array fed water pumping system. A 

zeta converter is utilized in order to extract 

the maximum available power from the 

SPV array to run the BLDC motor .BLDC 

motor controlled by zeta converter using 

maximum power point tracking(MPPT) 

for soft starting of the BLDC motor i.e. the 

reduced current starting inhibits the 

harmful effect of the high starting current 

on the windings of the BLDC motor to 

drive a water pump which is attached to 

the shaft. The proposed control algorithm 

eliminates phase current sensors and 

adapts a fundamental frequency switching 

of the voltage source inverter (VSI), thus 

avoiding the power losses due to high 

Frequency switching. The project 

corresponding results will be plot on 

MATLAB using MATLAB/Simulink 

software .  

 

Keywords: BLDC motor, SPV array, 

Water pump, Zeta converter, VSI, MPPT. 
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1. lIntroduction 

 

Brushless ldc lmotor lare lsynchronous 

lmotors lwhich lare lgiven lsupply lwith lan 

linverter lwhich lconverts lthe lavailable ldc 

linto lac lwhich lis lgiven lto lwinding lof 

lmotor lwith lthe lassistance lof la lclosed-loop 

lsystem lcontroller. lBrushless ldc lmotor lis 

ladditionally lreferred lto las lelectronically 

lcommutated lmotor. lThere lare ltwo lways 

lto lregulate lthe lspeed lof lBLDC lmotor, lin 

lconventional lway lwe lfeed lthe lbldc lmotor 

lby lboost lconvertor, lthe ldc llink lvoltage 

l(output lof lboost lconvertor lor linput lof 

lVSI) lis lmaintained lconstant lwith lthe 

lassistance lof lboost lconvertor. lSwitches lof 

lVSI lare lcontrolled lby lPWM lfor lspeed 

lcontrol. lNow lthis lsort lof lconfiguration 

lhave ldrawback lof lhigh lswitching llosses 

las lwe lare lusing lswitching lof lVSI 

lswitches lfor lspeed lcontrol lwhich lvaries 

lconsistent lwith lPWM lswitching lfrequency. 

lthe lopposite land lbetter lway lis lsupplying 

la lvariable ldc lvoltage lto lVSI lat linput lfor 

lspeed lcontrol lof lbldc lmotor; lthis lenables 

lVSI lto lwork lin lfundamental lswitching 

lfrequency lfor lachieving lspeed lcontrol lof 

lbldc lmotor. lThe lvariable ldc-link lvoltage 

lis lachieved lby lemploying la lzeta lconvertor 

lwhich lis loperated lin ldiscontinuous 

linductor lcurrent lmode loperation. 

 

Solar lphotovoltaic l(PV) lpanels luse 

lcells lcontaining la lsemi-conductor lmaterial 

lto lcapture lthe lsun's lenergy land lconvert 

lradiation linto lelectricity. lWhen llight 



               ISSN (ONLINE): 2454-9762 

ISSN (PRINT): 2454-9762                                                                                                          
                                                                                                                   Available online at www.ijarmate.com  
                         
                              
                    International Journal of Advanced Research in Management, Architecture, Technology and   
                    Engineering (IJARMATE) 
                    Vol. 7, Issue 8, August 2021 

18 

 

lshines lon lthe lsemi-conductor lthe lelectrical 

lfield lacross lthe ljunction lbetween lthese 

ltwo llayers lcauses lelectricity lto lflow, 

lgenerating lDC l(DC). lPhotovoltaic lcells 

lare lconnected lelectrically lserial land/or 

lparallel lcircuits lto lsupply lhigher lvoltages, 

lcurrents land lpower llevels. lA lphotovoltaic 

larray lis lthat lthe lcomplete lpower-

generating lunit, lconsisting lof lany lnumber 

lof lPV lmodules land lpanels. 

 

The lproposed lconverter lis 

lpredicated lon lDC-DC lConverter lto ltake 

lcare lof lthe lconstant loutput lvoltage. lHence 

lone lstage lZeta lconverter lis lproposed 

lwhich lis lemployed lfor lDC llink lvoltage 

lcontrol, lpower lfactor lcorrection land 

lbucking land lboosting lthe lvoltage. lit's la 

lnaturally lisolated lstructure. lA lZeta lis 

lanalogous lto la lBUCK l– lBOOST 

lconverter lbut lhas ladvantages lof lgetting 

lnon-inverted loutput l(the loutput lvoltage lis 

lof lan lequivalent lpolarity lbecause lthe 

linput lvoltage). lThe linductors land ltherefore 

lthe lcapacitors lalso lcan lhave llarge leffects 

lon lthe lconverter lefficiency land lripple 

lvoltage. lThis lconverter ltransfers lthe 

lenergy lbetween lthe linductance land 

ltherefore lthe lcapacitance lso las lto lvary 

lfrom lthe lvoltage lto la ldifferent l. lThe 

ltransferred lenergy lis lcontrolled lby 

lswitching ldevice lS(MOSFET). 

 
Fig.3.Schematic lDiagram lof lZeta lConverter 

The lINC-MPPT lalgorithm luses 

lvoltage land lcurrent las lfeedback lfrom 

lSPV larray land lgenerates lan loptimum 

lvalue lof lduty lcycle. lFurther, lit 

lgenerates lactual lswitching lpulse lby 

lcomparing lthe lduty lcycle lwith la lhigh-

frequency lcarrier. lDuring lthis lway, lthe 

lutmost lpower lextraction land lhence lthe 

lefficiency loptimization lof lthe lSPV 

larray lis laccomplished.  

  

2. lLITERATURE lSURVEY l 

 

1.Nevertheless, la lZeta lconverter l[5-9] 

lbased lMPPT lremains lunexplored lin 

lany lquite lSPV larray lbased 

lapplications. lAn lincremental 

lconductance l(INC) lMPPT lalgorithm lis 

lemployed lduring lthis ladd lorder lto lget 

lan loptimum lvalue lof lduty lcycle lfor 

lthe lIGBT(Insulated lGate lBipolar 

lTransistor) lswitch lof lZeta lconverter 

lsuch lthe lSPV larray lis lconstrained lto 

lwork lat lits lMPP. lVarious 

lconfiguration lof lZeta lconverters llike 

lself-lift lcircuit, lre-lift lcircuit, ltriplelift 

lcircuit land lquadruple-lift lcircuit lusing 

lvoltage llift l(VL) ltechnique lare 

lreported lin laforementioned ltopologies 

lhave lhigh lvoltage ltransfer lgain lbut lat 

lthe lvalue lof lincreased lnumber lof 

lcomponents land lswitching ldevices. 

lTherefore, lthese ltopologies lof lZeta 

lconverter ldon't lsuit lthe lproposed lwater 

lpumping lsystem. 

2. lAshta, lone lphase lsupply lis lgiven lto 

lthe lzeta lconverter lthrough ldiode 

lbridge lconverter. lrather lthan ltwo lstage 

lconverters, lone lstage lZeta lconverter lis 

lemployed lfor lDC llink lvoltage lcontrol 

land lpower lfactor lcorrection. lThe 

lcontrolled lvoltage lis lfed lto lvoltage 

lsource linverter. lthe lmost lobjective lof 

lthis lpaper lis lto lregulate lOutput lof 

lZeta lconverter lto lrealize lspeed lcontrol 

lof lBLDC lmotor 

 

 

 

 

 

 

 

 
 



               ISSN (ONLINE): 2454-9762 

ISSN (PRINT): 2454-9762                                                                                                          
                                                                                                                   Available online at www.ijarmate.com  
                         
                              
                    International Journal of Advanced Research in Management, Architecture, Technology and   
                    Engineering (IJARMATE) 
                    Vol. 7, Issue 8, August 2021 

19 

 

3. lIMPLEMENTATION: 

 
 

Figure l4: lBlock ldiagram lof lproposed 

lSPV-Zeta lconverter lfed lBLDC lmotor 

ldriver lfor lwater lpump 
 

 

 

Figure l5 l: lcircuit ldiagram lof lproposed 

lSPV-Zeta lconverter lfed lBLDC lmotor 

ldriver lfor lwater lpump 
 

The lSPV larray lgenerates lthe lelectric 

lpower ldemanded lthe lmotor-pump. 

This lelectric lpower lis lfed lto lthe 

lmotor-pump lvia la lzeta lconverter land 

la lVSI. lThe lSPV larray lappears las lan 

linfluence lsource lfor lthe lzeta lconverter. 

lIdeally, lan lequivalent lamount lof 

lpower lis ltransferred lat lthe loutput lof 

lzeta lconverter lwhich lappears las lan 

linput lsource lfor lthe lVSI. lIn lpractice, 

lthanks lto lthe lvaried llosses lrelated lto 

la lDC-DC lconverter, lslightly lless 

lamount lof lpower lis ltransferred lto lfeed 

lthe lVSI. lthe lheart lbeat lgenerator 

lgenerates, lthrough lINCMPPT 

lalgorithm, lswitching lpulses lfor lIGBT 

l(Insulated lGate lBipolar lTransistor) 

lswitch lof lthe lzeta lconverter. lThe 

lINC-MPPT lalgorithm luses lvoltage land 

lcurrent las lfeedback lfrom lSPV larray 

land lgenerates lan loptimum lvalue lof 

lduty lcycle. lFurther, lit lgenerates lactual 

lswitching lpulse lby lcomparing lthe lduty 

lcycle lwith la lhigh lfrequency lcarrier l. 

lduring lthis lway, lthe lutmost lpower 

lextraction land lhence lthe lefficiency 

lThe lVS, lconverting lDC loutput lfrom la 

lzeta lconverter linto lAC, lfeeds lthe 

lBLDC lmotor lto ldrive la lpump lcoupled 

lto lits lshaft. lThe lVSI lis loperated lin 

lfundamental lswitching lthrough lan 

lelectronic lcommutation lof lBLDC 

lmotor lassisted lby lits lbuilt-in lencoder. 

lThe lhigh lfrequency lswitching llosses 

lare lthereby leliminated, lcontributing lin 

lan lincreased lefficiency lof lproposed 

lwater lpumping lsystem. 

The ladvantages land ldesirable lfunctions 

lof lzeta lconverter land lBLDC lmotor 

ldrive lcontribute lto ldevelop lan leasy l, 

lefficient, lcost-effective land lreliable 

lwater lpumping lsystem lsupported lsolar 

lPV lenergy. lSimulation lresults lusing 

lMATLAB/Simulink land lexperimental 

lperformances lare lexamined lto 

ldemonstrate lhe lstarting, ldynamics land 

lsteady lstate lbehavior lof lproposed 

lwater lpumping lsystem lsubjected lto 

lpractical loperating lconditions. lThe 

lSPV larray land lBLDC lmotor lare 

ldesigned lsuch lproposed lsystem lalways 
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lexhibits lgood lperformance lno lmatter 

lsolar lirradiance llevel. 

 

.4. lRELATED lWORK: l 

 

 lthis ltechnique lconsists lof lvarious 

lmodules lwhich lis lemployed lduring 

lthis lproject lis ldiscussed lbelow: l 

a. lPHOTO lVOLTAIC lSYSTEM: 

 

Photovoltaic lsystems lresearch lseems 

llargely lto lbe ldivided linto ltwo, lfairly 

ldistinct lareas; lnamely larray lphysics, 

ldesign land loptimization, land lsolar 

lenergy lcon- lversion lsystems. lThis 

lpaper lisn't lconcerned lwith lthe 

lplanning lof lthe larrays lbut lrather lwith 

ldevelopment lof la lmodel lof lan larray 

lthat's luseful lfor lpower lelectronics 

lapplications. lBetter, lmore lefficient 

lconverter lsystems lcould lalso lbe 

ldeveloped lby lmatching lthe lcontrol land 

ldrive lrequirements lof lthe lconverter 

lsystem lto lthe lcharacteristics lof lthe 

larray. lenergy lspecialists loften lappear 

lto lnot lhave lsut1icient lexpertise lin 

lpower lelectronics lto lbe lready lto 

ldevelop ladvanced lconverter lsystems, 

lwhich lmay lmatch lthe linput 

lcharacteristic lof lthe lfacility lelectronic 

lsystem lto lthose lof lthe larray, lso las lto 

lform lbest luse lof lthe larray. lsamples lof 

lsuch lno loptimal lsystems lare loften 

lfound lwithin lthe lfield lof lsolar 

larray/battery lcombinations lfor lstand-

alone luse l[2--4] land lwithin lthe larea lof 

lutility linteractive lsystems. 

b. lBLDC lMOTOR: 

BLDC lmotors lare lclassified linto ltwo 

lsub lcategories. lthe lprimary lcategory 

luses lcontinuous lrotor-position lfeedback 

lfor lsupplying lsinusoidal lvoltages land 

lcurrents lto lthe lmotor. lthe lperfect 

lmotional lEMF lis lsinusoidal, lin lorder 

lthat lthe linteraction lwith lsinusoidal 

lcurrents lproduces lconstant ltorque lwith 

lvery llow ltorque lripple. lThis lcalled la 

lstatic lmagnet lelectric lmotor l(PMSM) 

ldrives, land lis ladditionally lcalled la lPM 

lAC ldrive, lbrushless lAC ldrive, lPM 

lsinusoidal lfed ldrive, lsinusoidal 

lbrushless lDC ldrive, letc. lThe lsecond 

lcategory lof lPMBL lmotor ldrives lis 

lunderstood lbecause lthe lbrushless lDC 

l(BLDC) lmotor ldrive land lit's lalso 

lcalled la ltrapezoidal lbrushless lDC 

ldrive, lor lrectangular lfed ldrive. lit's 

lsupplied lby lthree lphase lrectangular 

lcurrent lblocks lof l120° lduration, lduring 

lwhich lthe lperfect lmotional lEMF lis 

ltrapezoidal, lwith lthe lconstant la lpart lof 

lthe lwaveform ltimed lto lcoincide lwith 

lthe lintervals lof lconstant lphase lcurrent. 

lThese lmachines lneed lrotor-position 

linformation lonly lat lthe lcommutation 

lpoints, le.g., levery l60°electrical lin 

lthree-phase lmotors. lThe lPMBLDC 

lmotor lhas lits llosses lmainly lwithin lthe 

lstatordue lto lits lconstruction; lhence lthe 

lwarmth lcan leasily lbe ldissipated linto 

lthe latmosphere. lbecause lthe lback lEMF 

lis ldirectly lproportional lto lthe lmotor 

lspeed land ltherefore lthe ldeveloped 

ltorque lis lnearly ldirectly lproportional 

lto lthe lphase lcurrent, lthe ltorque lare 

loften lmaintained lconstant lby la lstable 

lstator lcurrent lduring la lPMBLDC 

lmotor. lthe ltypical ltorque lproduced lis 

lhigh lwith lfewer lripples lin lPMBLDC 

lmotors las lcompared lto lPMSM. 
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lAmongst ltwo lsorts lof lPMBL lmotors, 

lPMSM lis, ltherefore, lpreferred lfor 

lapplications lwhere laccuracy lis ldesired 

le.g. lrobotics, lnumerical lcontrolled 

lmachines, lsolar ltracking letc. lHowever, 

lthe lPMBLDCM lare loften lutilized lin 

lgeneral land llow lcost lapplications. 

lThese lmotors lare lpreferred lfor lvaried 

lapplications, lthanks lto ltheir lfeatures lof 

lhigh lefficiency, lsilent loperation, 

lcompact lin lsize land llow lmaintenance. 

 

c. lZeta lConverter: 

Nowadays la ldc-dc lconverter lis lwidely 

lused las lpower lsupply lin lelectronic 

lsystems. lA lzeta lconverter lmay lbe la 

lfourth lorder ldc-dc lconverter lcapable 

lof lamplifying land lreducing lthe linput 

lvoltage llevels lwithout linverting lthe 

lpolarities. lthe lrationale lbeing lis lthat lit 

lincludes ltwo lcapacitors land ltwo 

linductors las ldynamic lstorage lelements. 

lCompared lwith la lCuk lor lSepic 

lconverters, lthe lZeta lconverter lhas 

lreceived lthe lsmallest lamount 

lattention.Among lthe lrenewable loptions, 

lsolar lPV lenergy lhas lbeen ldrawing 

lincreasing linterest lin lrecent lyears las 

lan lalternate land limportant lsource lof 

lenergy lfor lthe llonger lterm l. lSolar 

lcells ltransform lenergy lfrom lan 

lessentially lunlimited lsource l„the lSun‟ 

linto luseable lelectricity. lPV lsystems 

lconstitute lan lenvironmentally lfriendly 

lalternative lway lfor lenergy lproduction 

lusing lthe lenergy lfrom lthe lsun. lPV 

lsystem, lvirtually lzero lrunning lcost 

lenergy lis lthat lthe linput lsource lof 

lpower. 

They loperate lquietly lwithout lemissions, 

lalbeit lthe lload lincreases. lWith lrecent 

ldevelopments, lsolar lpower lsystems lare 

leasily lavailable lfor lindustrial land 

ldomestic luse lwith lthe ladded ladvantage 

lof lminimum lmaintenance. lHowever, 

lthe loutput lpower linduced lwithin lthe 

lphotovoltaic lmodules ldepends lon 

lradiation land ltemperature lof lthe lsolar 

lcells. lPhotovoltaic lmodules lhave la 

lreally llow lconversion lefficiency lof 

laround l15% lfor lthe lmanufactured 

lones. lBesides, lthanks lto lthe 

ltemperature, lradiation land lcargo 

lvariations, lthis lefficiency lare loften 

lhighly lreduced. lIn lfact, lthe lefficiency 

lof lany lsemiconductor lunit ldrops 

lsteeply lwith lthe ltemperature. 

In lorder lto lmake lsure lthat lthe 

lphotovoltaic lmodules lalways lact 

lsupplying lthe lutmost lpower las 

lpossible land ldictated lby lambient 

loperating lconditions, la lselected lcircuit 

lreferred lto las lMaximum lpoint lTracker 

l(MPPT) lis lused ltherefore, lto lmaximise 

lthe lefficiency lof lthe lrenewable lenergy 

lsystem, lit's lnecessary lto ltrace lthe 

lutmost lpoint lof lthe lPV larray. lIn 

lcommonest lapplications, lthe lMPPT 

lmay lbe la lDC-DC lconverter lcontrolled 

lthrough la ltechnique lthat lpermits 

limposing lthe lphotovoltaic lmodule 

loperation lpoint lon lthe lutmost lpoint 

l(MPP) lor lon lthe lbrink lof lit. lThe 

lproposed lscheme lconsists lof la lsolar 

larray l, la lzeta ldc- ldc lconverter, land 

lMPPT lcontroller. lduring lthis 

lMaximum lpoint ltracking lis lachieved 

lby lusing lPerturbation land lObservation 

l(P&O) lmethod, lalso lreferred lto las lhill 
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lclimbing lmethod, lis lpopular land lmost 

lordinarily lutilized lin lpractice ldue lto 

lits lsimplicity lin lalgorithm land 

ltherefore lthe lsimple limplementation. 

5.Results: 

 

 
 

 

 
 

6. lCONCLUSION: 
 

Mathematical lanalysis lof lZETA 

lconverter lis ladministered lfor ldesign 

lvalues lof lthe lcapacitor land linductor. 

lan leasy lpower l 

 

electronic lcontroller lfor linterfacing lPV 

larray lwith lthe lload lhas lbeen lsimulated 

lusing lZETA lconverter. lThe lsubsystems 

lof loverall lscheme llike lPV larray 

lmodel, lZETA lconverter lmodel lare 

lbuilt land ltested lindividually lbefore 

lintegrating lto lthe lgeneral lsystem. lA 

lmaximum lpoint ltracking lalgorithm lhas 

lalso lbeen lincorporated. lThe lsimulation 

lstudies lof lthe lproposed lscheme lMPPT 

lare ladministered land ltherefore lthe 

lresults lare lfurnished. lThe lvalues lof 

lparameters lused lfor lsimulation lare 

llisted. 
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