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Abstract - This Project concentrates on the photovoltaic array 
fed, sustained water pumping framework utilizing three phase 
induction motor. The objective of this project is to design a 
Zeta converter with Sinusoidal Pulse Width Modulation 
(SPWM) technique and an Intelligent fuzzy based Maximum 
Power Point Tracking (MPPT) control technique is utilized. 
The benefits of the Zeta converter over the other conventional 
converters include lower output-voltage ripple and easier 
compensation. 

The proposed work consists of solar panel, MPPT controller, 
zeta converter, three phase inverter and three phase induction 
motor. The zeta converter is used to achieve the maximum 
power from the PV array and get constant DC output. The DC 
bus voltage is maintained by controlling the motor speed. The 
centrifugal pump is driven by three phase induction motor. 
The size of the PV array and motor rating are selected such 
that the water can also be pumped during the varying 
temperature and irradiance level. The simulation results are 
obtained using MATLAB/SIMULINK environment and 
validated for the effectiveness of the study. 
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1. INTRODUCTION  

The reduction in the cost of power electronic devices in near 
future invites to use the solar photovoltaic generated 
electrical energy for various applications. The water 
pumping, a standalone application of the solar photovoltaic 
array-generated electricity, is receiving wide attention 
nowadays for irrigation in the fields, household applications, 
and industrial use. The zeta converter in association with an 
induction motor is found to be good technique to develop 
renewable energy based water pumping system.  

The zeta converter has been used in some other SPV-based 
applications [1]–[3]. Moreover, a topology of SPV array-fed 
Induction motor-driven water pump with zeta converter has 
been reported and its significance has been presented more 
or less in [4]. Nonetheless, an experimental validation is 
missing and the absence of extensive literature review and 
comparison with the existing topologies has concealed the 
technical contribution and originality of the reported work.  

The advantages of both zeta converter and induction motor 
can contribute to develop a Solar PV array-fed water 
pumping system possessing a potential of operating 

satisfactorily under dynamically changing atmospheric 
conditions. The induction motor has high efficiency, high 
reliability, high inertia/torque ratio, low radio frequency 
interference and noise, improved cooling, and requires 
practically very less maintenance [5]. 

A zeta converter exhibits the following advantages over the 
conventional buck, boost, buck–boost converters, and Cuk 
converter when employed in SPV-based   applications. 
Belonging to a family of buck–boost converters, the zeta 
converter may be operated either to increase or to decrease 
the output voltage. Unlike a classical buck-boost converter 
[10], the zeta converter has a continuous output current. The 
output inductor makes the current continuous and ripples 
free 

 

Fig-1: proposed frame work 

2. CONFIGURATION OF PROPOSED SYSTEM 

The structure of proposed solar powered water pumping 
framework is shown in Figure 1. The proposed system 
consists of (left to right) a Solar PV array, a zeta converter, a 
VSI, a induction  motor and a water pump. V/F control of 
induction motor, fuzzy MPPT controller. 

3. OPERATION OF PROPOSED SYSTEM 

The SPV array generates the electrical power demanded by 
motor-pump. This electrical power is fed to the motor-pump 
via a zeta converter and a VSI. The SPV array appears as a 
power source for the zeta converter as shown in Figure 1. In 
ideal case the zeta converter output is same as the output 
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coming out from solar PV array which appears as an input 
source for the VSI. In practice, due to the various losses 
associated with a DC-DC converter, slightly less amount of 
power is transferred to feed the VSI. The FUZZY-MPPT 
controller uses voltage and current as feedback from solar 
PV array and generates an optimum value of duty cycle. 
Further, it generates actual switching pulse by comparing 
the duty cycle with a high frequency carrier wave. In this 
way, the maximum power extraction and hence the 
efficiency optimization of SPV array is accomplished. The 
VSI, converting DC output from a zeta converter into AC, 
feeds the induction motor to drive a water pump coupled to 
its shaft. V/F control for the induction motor implemented 
for good performance. The efficiency of the proposed system 
is improved and high frequency switching losses are 
eliminated. 

Fig-2: V/F control of induction motor 

3.1 Design of zeta converter 

The zeta converter design consists of an estimation of 
various components such as input inductor L1, output 
inductor L2 and intermediate capacitor C1. These 
components are designed such that the zeta converter 
always operates in CCM resulting in reduced stress on its 
components and devices. An estimation of the duty cycle, D 
initiates the design of zeta converter which is estimated as 
[6] 

D =                                       (1) 

Where vdc is an average value of output voltage of zeta 
converter (DC link voltage of VSI) equal to DC voltage rating 
of induction motor. Average current flowing through the dc 
link of VSI is given by 

           =                                                  (2) 

LI, L2 and c1 are estimated as, 

        = D *                   (3)   

                       = (1-D) *                           (4)                           

                      =                                (5)                                               

Where fsw is the switching frequency of IGBT switch of zeta 

converter,  is the amount of permitted ripple in the 

current flowing through L1, same as IL1 = Impp, IL2 is the 

amount of permitted ripple in the current flowing through 

L2, same IL2 = Idc,  is the amount of permitted ripple 

in the voltage across C1, same as Vc1 = Vdc. 

4. CONTROL OF PROPOSED SYSTEM 

4.1 Fuzzy MPPT Controller 

There are various algorithms that have been used to track 
maximum power point, this work proposed fuzzy controller 
to track MPP of PV system. Fuzzy logic deals with 
uncertainty in engineering by attaching degrees of certainty 
to the answer to a logical question. Commercially, fuzzy logic 
has been used with great success to control machines and 
consumer products. Fuzzy logic systems are simple to 
design, and can be understood and im-plemented by non-
specialists in control theory. Another advantage of these 
controllers in the field of MPPT that there output has 
minimal oscillations with fast convergence around the 
desired MPP. This technique allows perturbation in either 
the duty cycle or solar PV array voltage. The earlier 
application uses a PI (Proportional-Integral) controller to 
generate a duty cycle [8] for the zeta converter, which 
increases the complexity. 

 

Fig-3: Fuzzy controller structure for MPPT of PV system 
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Fig-4: Fuzzy rules for MPPT of PV system 

 

Fig-5: Fuzzy surface structure for MPPT of PV system 

4.2 V/F control of Induction Motor 

Synchronous speed can be controlled by varying the supply 
frequency. Voltage induced in the stator is 1∝  Ф𝑓where  Ф is 
the air-gap flux and f is the supply frequency. As we can 
neglect the stator voltage drop we obtain terminal voltage 
𝑉1∝Ф𝑓. Thus reducing the frequency without changing the 
supply voltage will lead to an increase in the air-gap flux 
which is undesirable. Hence whenever frequency is varied in 
order to control speed, the terminal voltage is also varied so 
as to maintain the V/f ratio constant. Thus by maintaining a 
constant V/f ratio, the maximum torque of the motor 
becomes constant for changing speed. As can be seen, when 
V/f Control is implemented, for various frequencies inside 
the operating region, the maximum torque remains the same 
as the speed varies. maximum torque while control in the 
speed as per our requirement. 

 

 

5. RESULTS AND DISCUSSION 

5.1 simulation of PV panel 

 

Fig -6: Simulink model of PV panel 

5.2. Zeta converter output result 

 

TIMES (S) 

Fig- 7: output voltage waveform 

 5.3 Inverter output voltage 

 

TIMES (S) 

Fig-8: inverter output voltage waveform 
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 5.4 Simulation Results for Induction Motor 

 

TIMES (S) 

Fig-8: motor output waveform of speed N(rpm) 

6. CONCLUSION 

The PV powered Induction Motor drive can be utilized to 
drive the pump. This drive utilizes VSI inverter for changing 
over the DC voltage obtained from the PV array to the 
sinusoidal AC voltage which is acquired by operating the 
MOSFET switches specifically designed with the assistance of 
SPWM pulses produced with help of Sine-triangle PWM 
system. To get the maximum power from the PV array the 
fuzzy MPPT controller is utilized for actualizing the MPPT 
calculation. For the better operation of the Induction motor 
V/F control procedure is likewise executed. From this work, 
it can be concluded that for rural zones where there is no 
power, there for satisfying the demand of water for 
irrigation and general use the PV supplied water pumping 
framework can be introduced. The PV fed water pumping 
system with the control techniques discussed in this project 
can be considered as an efficient system. 
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