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ABSTRACT 

The intention of this paper is to model a solar PV array employing zeta converter with incremental conductance MPPT method. A 
size-ably voluminous number of strategies have been proposed for tracking the maximum power point (MPP). To maximize the 
output power, a technique called maximum power point tracking (MPPT) is utilized in photovoltaic (PV) systems regardless of the 
ceaselessly varying weather conditions. Electrical attributes of the PV array output is used to specifically control the DC/DC 
converter, hence diminishing the intricacy of the system. The strategy is predicated on utilization of an incremental conductance of 
the PV array to decide an optimum operating current for the maximum output potency. Zeta converter is utilized mainly for 
incremental conductance MPPT technique and in turn stepping up the output potency as 180V. As a result of preferences in 
various areas a BrushLess DC (BLDC) motors are prescribed. The combination of both INC-MPPT and predictive current control 
strategy enhances the motor speed, cut down the switching losses of the converter and controlling of electronic commutation is 
effectively accomplished. 
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INTRODUCTION 

 

The most crucial energy asset and also essential supportable asset is the solar energy because the vast 

amount of solar energy is effortlessly accessible for energy generation. Since it is spotless, contamination free 

and unlimited, the PV systems have been utilized for a long time. The quantity of electric power yield by PV 

system relies on the climate conditions. Since solar cell VI characteristic is non linear, it is imperative to utilize 

a MPPT system for extracting maximal energy from the solar panel. 

Electric machines are a method for changing over energy. Motors are utilized to change over mechanical 

energy from electrical energy. In regular daily existence, electrical motors are generally used to power a large 

number of systems but a developing consideration towards BLDC drive has been examined in this paper [1]. 

Brushless DC (BLDC) motor is a perfect drive for low and medium power applications as a result of its high 

effectiveness, high torque/inertia ratio, high volume of energy, low maintenance requirement and an extensive 

variety of speed control. It is otherwise called electronically commutated motor as there are no mechanical 

brushes and commutator. An electronic commutation with the help of rotor position detected by Hall-Effect 

position sensor is utilized [2]. Consistently, the dc-dc converters are necessary to have stable output voltage 

regardless of changes under a variety of conditions. In addition, the closed loop controlled dc-dc converters 

possess over-current and over-voltage protection when they are regulated through current and voltage mode. 

The closed loop systems are more delicate to ecological condition than the open-loop system. In this way, it is 

basic to have a controller with low affectability to clamor and natural conditions [3]. The structural 
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configuration of solar  PV array fed BLDC motor having a wide consideration of working agreeably under 

different environmental conditions. 

The dc-dc converters are predominantly controlled in Voltage Mode Control (VMC) and Current Mode 

Control (CMC). The VMC has one closed loop where the yield voltage is determined and calibrated with the 

reference voltage [4]-[5]. The Current control mode consists of dual closed loop where the external loop utilizes 

the yield voltage as feedback signal. The internal closed loop provides feedback signal only by utilizing the 

inductor current [6]-[7]. Additionally current control mode have innate over-current protection and higher 

transmission than the voltage control mode [8]. The main feature of CMC is the most excellent mode of control 

for dc-dc converters. In any case, the additional current identifying block, which incorporates the current sensor, 

the voltage level shifting circuit, and the analog to digital converter (ADC) brings lack of quality and additional 

cost. For these, the sensorless current controlled dc–dc converter/ advanced current control technique, which 

operates in current control mode with all the previously mentioned points of interest and incredible possibilities 

however without requiring a current recognizing module. For the PCC, a calculation was explored in [9] to take 

out the inductor current trouble in current control modes. In any case, all together to keep up the current control 

loop stability, the particular system of current control mode with pulsewidth adjustment ought to be done, and it 

limits the adaptability of framework outline. Lai and Yeh additionally explored PCCbased peak current mode 

control in [10]. The viability to take out the unsettling influence in cycle by PCC with leadingedge PWM 

modulation system was checked by hypothetical Derivation. 

With the aforestated look into examination, to acknowledge current observer with sensor less current 

control, an exact framework modelling was executed. But, it is excessively intricate. Subsequently to make the 

framework straightforward, an input voltage feedforward current observer interms of computational intricacy 

was built up [11]. Here, it viably taking out the effect of input voltage fluctuations however current estimation 

error is generally vast because of overlook of the parasitic parameters. A broadened kalman filter based current 

observer was assembled to upgrade the current estimation precision [12]. An overwhelming model to enhance 

the current control execution was explored. The current estimation blunder happens because of the impact of 

parasitic parameters. In the previously mentioned research achievements, parameter variation issues and voltage 

loop steady-state errors are not discussed. To decide parasitic parameters, an extra signal testing module is 

required, which improves the current estimation all the more precisely [13]. The end goal to get a more exact 

current estimation error, the grouping of PI controller is presented from the PCC controller. The mix impact of 

voltage loop PI controller is nullified by zero at origin, to diminishing the output voltage steady state error. The 

another issue is that the impact of parasitic parameters can bring about the framework shaky. This issue can be 

tackled by online parameter estimation [14-16]. In segment III.D PCC, is intended to self correcting the output 

voltage steady state error can take out the zero at the starting point created by PCC controller to accomplish no 

ouput voltage steady state error without considering any parasitic parameters. 

Already buck, boost and buck-boost converters have been utilized to improve PV system efficiency by 

transferring the generated ouput power from PV array to load [17]. Zeta Converter with the presence of output 

inductor provides the constant current with ripple free. Eventhough combination of similar type of components 

as a Cuk converter, the zeta converter functioning as non-inverting buck-boost converter. This main feature 

prevent occurrence of additional circuits for negative voltage sensing henceforth minimising intricacy and 

restrain the system response [18]. A zeta converter which conveys directed yield voltage with power quality and 

to enhance proficiency. The advanced framework is controlled in two phases, viz. INC-MPPT and PCC 

technique. 

Different MPPT techniques have been considered in PV power applications. The previous pertub and 

observe (P&O) and hill climbing strategies [19-21], tracks the maximum power point (MPP) by more than once 

incrementing or decrementing the yield voltage at the MPP of the PV module. The execution of the strategy is 

generally basic, yet it can't track the MPP when the irradiance differs rapidly with time. 

Likewise, it might bring about framework clamour over the extreme power points because of impact of 

estimation commotion. The incremental conductance strategy [22] -[23] is too frequently utilized as a part of PV 

frameworks. This strategy tracks the MPP by looking at the incremental and prompt conductances of the PV 

array. It requires less conversion time, and the direct control of duty cycle is accomodated with this work. 

 

Block Diagram Of Proposed System: 

The combination of series and parallel solar cells is a Solar PV Array. The sun's solar energy is changed 

over specifically into electrical energy under the event of photoelectric impact. The advanced system is 

implemented by solar PV array fed BLDC motor employing zeta converter is shown in Fig. 1. The proposed 

system comprises of a solar PV module, a zeta converter, a three phase inverter, BLDC motor. The input energy 

source for the zeta converter is the solar PV array. The zeta converter belongs to a buck-boost converter family 

functioning as a non-inverting buck-boost converter is the closest to the solar PV array to pull out the peak 

available power henceforth encouraging the delicate beginning of BLDC motor. The three phase inverter which 

is fed by the output of zeta converter. AC power conveyed to the load is changed over from DC to AC by an 
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inverter. Different sorts of MPPT calculations have been considered in PV power applications. The more 

accurate incremental conductance MPPT Algorithm (INC-MPPT) is regularly utilised as a part of PV system 

particularly when irradiation fluctuates with time and temperature. 

By taking the electrical operating point of the PV module (voltage and current) as feedback from solar PV 

array, INCMPPT algorithm produces an optimum duty cycle. The pulse width generator generates the switching 

pulses by comparing the duty cycle with a high frequency carrier wave which is required to turning on the 

switch of converter. 

 

 
Fig. 1: Block diagram of proposed system 

 

Predictive current control method enhances the system pick up and improves the transient response speed. 

Predictive current controlling method is preferred because of self correcting nature of system output voltage 

error henceforth helpful in tuning the duty cycle of the zeta converter. 

 

A. PV system modeling: 

Before the next century over or start of the one century from now, the conventional energy sources are 

exhausting and may be depleted. Renewable energy is the only solution to meet the energy crisis. Among them 

solar energy's potential is high which exceeds the world's aggregate demand. Solar energy has the most 

noteworthy capability of 1016 watts on earth's surface. 

A typical solar cell is shown in Fig. 2. consists of a p-n junction is framed by joining n-type and p-type 

semiconductor materials like a diode. Solar cells act to light particles which thus straightforwardly changed over 

into electrical energy.  The graph illustrates the I- V and P-V relation of PV cell are shown in Fig. 3 and Fig. 4. 

The equivalent circuit of solar PV cell includes a current source (Iin), series resistance (Rse), and a diode 

[24]. The shunt resistance (Rsh) connected in parallel is very high, has an irrelevant impact and can be ignored. 

 

 
Fig. 2: Equivalent circuit of a PV cell 
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Fig. 3: P-V Characteristics of PV cell 

 

B. Zeta Converter: 

Nowadays huge majority of power converters employ frontend diode bridge rectifiers. This type of 

rectifiers draw pulsating currents which leave behind substantially low power factor and incredible measure of 

harmonics. 

 

 
 

Fig. 4: I-V Characteristics of PV cell 

 

The zeta converter, which is primitively the buck-boost type, can be viewed as a fly back type when an 

isolated transformer is incorporated. A segregated zeta converter has few focal points including safety at the 

output side, and adaptability for output adjustment. The circuit diagram of Zeta converter is shown in Fig. 5. 

The zeta converter functioning in Continuous Conduction Mode (CCM) has two phases of operation [25]. It 

composed of two inductors (L1,L2) in a coupled way. On account of using inductor L2 in series and capacitor 

Co in parallel at its output side, this assumes an imperative part to provide a smooth and ripple free output 

voltage. Likewise comprises of two capacitors (C1,Co) – one at its output side and another capacitor at the 

middle is alluded as flying capacitor/ AC coupling. Since it has only one switch which makes the entire system 

more ideal in view of lower switching losses. 

 

 
Fig. 5: Circuit diagram of zeta converter 

 

1) Ist Stage of Operation:  

 Initially this stage can be realised when switch is turned ON (closed) and starts conducting to supply 

energy to inductor L1. Here the diode is in OFF position. The stage I operation of Zeta converter is represented 
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in Fig. 6. In the meanwhile the current through the inductor L1 and L2 are drawn from the supply voltage V. 

Capacitor connected in series with L2 will get charged equal to the magnitude of output voltage and supply 

energy to L2. Because of this fact voltage across L1 is equal to V, so that the voltage across diode will be sum of 

input and output voltage. The current L1,L2 flowing through the inductor increases linearly. This stage is the 

charging stage. 

 

 
Fig. 6: I Stage of operation 

 

2) IInd Stage of Operation:  

At end of first stage of operation, discharging stage begins. The second stage of operation is represented in 

Fig. 7 and initiated when the switch is turned OFF (open) and diode D is in ON position/ starts conducting. The 

diode D will be forward biased due to the voltage across the inductor L1 has reversed polarity, while the current 

flowing through the inductor IL1 and IL2 decreases linearly. Thus allowing the stored energy in the inductor L1 

and L2 is transferred to capacitor C1 and C2 respectively. This stage of operation is known as the discharging 

mode since the load R acquires all the energy stored in the inductor L2. At this stage, don't have any energy 

circulation in the loop, which shows that rejection of harmonic distortion in the operation. 

 

 
Fig. 7: II Stage of operation 

 

Role of Tracking System: 

In general, the transition efficiency of PV system is as well low, particularly when different lighting 

conditions happens. In this way, tracking algorithms must be expected to operate the PV system with most 

extreme effectiveness and to track crest output power. As stated by maximum power point algorithm, the PV 

system delivers greatest accessible power, only when there is an unique operating point on P-V or I-V curve, 

called Maximum Power Point (MPP). 

 

C. Incremental Conductance MPPT Algorithm: 

The role of INC is to overcome the inconveniences of Perturb and Observe MPPT algorithm. The INC work 

towards the unique operating point called MPP and stop the direction of perturbation. The INC- MPPT 

algorithm employs the slope of the PV characteristics to find the MPP when the system experiences rapidly 

expanding and diminishing irradiance conditions. The flow chart for INC-MPPT Algorithm is drawn in Fig. 8. 

The task of MPPT to calculate reference voltage at which PV array compelled to operate. The reference voltage 

can be well-kept at MPP by holding increment or decrements to reference voltage. Once the reference voltage 

equals VMPP is accomplished, the activity of the PV module is kept at this point otherwise a change in current 

exists as a result of a change in weather conditions directing to a fluctuation in MPP. This technique is based on 

the slope of curve dI/dV that negative on the right of the MPP and positive on the left of the MPP and zero at 

MPP. 

 

The basic equations of this method are 

dI/dV = −I/V at MPP              (1) 

dI/dV > −I/V left of MPP             (2) 

dI/dV < −I/V right of MPP             (3) 
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Fig. 8: Flow chart of Incremental Conductance MPPT Algorithm 

 

 
 

Fig. 9: Power Vs Voltage for Incremental Conductance MPPT Algorithm 

 

D. Predictive Current Control Technique: 

The predictive current control (PCC) has the features of high robustness and high response speed. The 

generation of voltage and current from the PV module are the inputs to the MPPT controller. The scheme is 

combined of two control loops to estimate the reference voltage. The role of MPPT algorithm is to attain the 

maximum power. 

The Block diagram representation of Predictive Current Control technique is shown in Fig. 10. The outer 

loop is referred as voltage control loop, using a PI controller which calculate the reference current and as well 

regulates the input voltage given to the converter. The reference voltage generated by MPPT algorithm is given 

to PI controller which diminishing the error between reference voltage and voltage at the end of converter by 

change the duty cycle. Thus the direct control of duty cycle has been done. 
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Fig. 10: Block diagram of predictive current control technique 

 

Matlab/ Simulink Model Of Proposed System: 

The PV array with zeta converter based incremental conductance algorithm is implemented using 

MATLAB/ SIMULINK is shown in Fig. 11. SPV system generated voltage and current is fed to the zeta 

converter and converter output associated with the BLDC motor through inverter. A 24V solar panel is utilized 

to be standard for power systems. The Nominal Input Power Supply is 24V and motor output to one BLDC 

motor (24V, upto 25A) high frequency PWM output. 

An effective MPPT controller and replacing a conventional motor like the brushed DC or induction motor 

with a BLDC motor can accomplish a considerable energy saving in a standalone PV power system operating 

HVAC fans is presented in Ref. [26]. The voltage at the output of zeta converter is rely on the duty cycle. 

Therefore duty cycle of the zeta converter has been varied through Incremental Conductance MPPT algorithm, 

maximum voltage can be extracted. 

 

 
Fig. 11: Simulink model of proposed system 

 

E. Simulation result of zeta converter using INC MPPT algorithm: 

The voltage across the PV array is shown as 24V in Fig. 12 and gate pulses for zeta converter are also 

shown in Fig. 13. The simulation results of output voltage of zeta converter is about 180V are shown in Fig. 14. 
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Fig. 12: Simulink result of converter input voltage 

 

 
 

Fig. 13: Gate pulses of zeta converter 

 

 
 

Fig. 14: Simulation results of converter output voltage 

 

From the graph, it can be observe that zeta converter stepping up the output voltage level than input voltage 

level. 
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F. Simulation result of BLDC motor: 

The PV system with zeta converter performing INC MPPT controlling and three phase BLDC drive has 

been obtained with the help of simulation results. The stator phase current and stator back emf waveforms for 

load are shown in Fig. 15 and Fig. 16. 

 

 
 

Fig. 15: Simulation results of stator current 

 

 
 

Fig. 16: Simulation results of stator back emf 

 

 
Fig. 17: Simulation results of motor speed 
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The speed of the BLDC motor is boosted up to 1500rpm. From the event, it is clear that the utility of zeta 

converter increasing the voltage level for the correct activity of BLDC drive. 

 

Conclusions: 

The software implementation of PV model with a zeta converter based on MPPT controller, predictive 

current controller with three phase inverter and load as BLDC motor has been simulated with MATLAB/ 

SIMULINK. From the result, it should be noted that stress in switches is diminished and operates at high 

frequency. The utilization of predictive current control method has cut down the converter switching time. The 

energy stored during turn off at the output capacitor is recovered at turn on. Therefore circuit turn off losses will 

become reduced. The converter is used for INC-MPPT of PV array and predictive current control approach soft 

starting the BLDC motor easily. From the result, it is seen that the proposed system provides an output voltage 

of 180V. It can be concluded that the advanced system can provide an effective energy governance strategy in 

PV system implemented in remote areas. 
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