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Abstract

A pumping system powered from Photovoltaic array is modeled and
simulated using Matlab Simulink. Detailed evaluation of energy
processing in Photovoltaic pumping system is presented. A low voltage
DC is stepped by using DC to DC Push -Pull converter. DC output
from the PV Cell is converted into high frequency AC using a Push
Pull Inverter. This is stepped up to 200v using a high frequency steps
up transformer. The output of step up transformer rectified using an
uncontrolled rectifier. The DC is converted into three phase AC using
inverter. Variable voltage variable frequency AC is applied to the
Induction motor. This drive has advantageous like utilization of non-
conventional energy and improved efficiency. The experimental results
are compared with simulation results.

1. Introduction

Photovoltaic technology is one of the most promising for distributed low-power
electrical generation. The steady reduction of price per peak watt over recent years and
the simplicity with which the installed power can be increased by adding panels are
some of its attractive features. Among the many applications of photovoltaic energy,
pumping is one of the most promising. In a photovoltaic pump-storage system, solar
energy is stored, when sunlight is available, as potential energy in a water reservoir and
consumed according to demand. There are advantages in avoiding the use of large
banks of lead-acid batteries, which are heavy and expensive and have one-fifth of the
lifetime of a photovoltaic panel. It is important, however, that the absence of batteries
does not compromise the efficiency of the end-to-end power conversion chain, from
panels to mechanical pump. A typical configuration of a battery less photovoltaic
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pumping system is shown in Fig. 1. The system comprises of the following
components: 1) photovoltaic panels; 2) DC/DC converter; 3) DC/AC Inverter; 4)
Induction motor; and 5) Centrifugal pump. The design of an effective photovoltaic
pumping system without the use of a battery bank represents a significant challenge. It
is necessary to deal with the effect of the stochastic nature of solar installation on the
entire energy conversion chain, including the nonlinear characteristics of photovoltaic
panels, Boost converter and the electromechanical power conversion device. In general
terms, it is necessary to obtain the best performance from each system component over
a wide input power range. Photovoltaic panels require specific control techniques to
ensure operation at their maximum power point (MPP). Impedance matching issues
mean that photovoltaic arrays may operate more or less efficiently, depending on their
series/parallel configuration [1], [2]. In this paper, a minimum number of series
connections are adopted. This means that a relatively high dc voltage gain (between six
and ten) is necessary to provide the drive voltage required by the induction motor. The
proposed system uses a push—pull converter and is based on the solution presented in
[3]. The choice for this specific DC/DC converter topology is basically dictated by the
requirement for galvanic isolation between the low- and high-voltage sides. Such a
requirement precludes the use of low-cost and high-efficiency converter topologies
[4]-[6]. A study of how the converter topology affects the MPP tracking (MPPT) of a
photovoltaic system is reported in [7] and [8]. In addition to its voltage-boosting
function, required for load matching, the DC/DC converter implements MPPT for the
photovoltaic array. Several MPPT methods have been described in the technical
literature [2], [9]. The above literature does not deal with modeling and simulation of
PV Powered Induction motor drive. This work proposes PV Cell for the control of
Induction motor.

2. Voltage Boost

The DC/DC converter boosts the photovoltaic panel voltage up to the value required to
drive an off-the-shelf induction motor. This is needed to accommodate the requirement
that relatively few photovoltaic panels be connected in series. The push—pull converter
topology ensures galvanic isolation between input and output voltages, as well as
provides the required voltage gain. The basic circuit diagram of the step-up converter
is shown in Fig.2. The operation of this converter relies on the time intervals in which
power switches g, and g, conduct. Fig. 3 shows a typical switching pattern for one
period T. In this figure, D denotes the duty cycle defined by

D =Ton/T D
Where T,, corresponds to the total time interval that both Switches conduct

(Ton=DT). The output voltage (E) depends on the input voltage (V), the duty cycle (D),
and the high-frequency transformer turns ratio (n), i.e.,
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E=[n/1-D]V (2

When designing a push—pull converter, it is convenient to select the transformer
turns ratio n such that duty cycle D does not vary in a wide range. At the same time,
high values for n should be avoided to ensure that the pulse width modulation (PWM)
voltage inverter operates with low modulation index.

2.1 Push—Pull Gain

Acting as an adjustable-ratio DC transformer, the DC/DC converter allows impedance
matching between the panels and the motor that drives the centrifugal pump. The
choice of converter gain is most easily explained using an example. Consider the
following: 1) The electrical load is a 230 V/50 Hz 0.5 hp induction motor; 2) The
photovoltaic array is composed of ten 130 Wp panels arranged in a 2 (series) x 5
(parallel) layout; and 3) The losses are neglected. Fig. 4 shows the mechanical torque
of the motor, the pump characteristic (upper plot), and the motor efficiency (lower
plot) curves as functions of rotor (mechanical) speed. Assuming that the motor
operates at a constant volt/hertz ratio, the operating points are determined by the
intersection of the mechanical torque and load (pump) characteristic curves. Based on
the power level demanded by the load, it is possible to determine the numerical values
for the input and output push—pull voltages. For each operating point, therefore, it is
possible to recover values for the motor line voltage to determine the minimum
required DC-bus voltage, which corresponds to the push—pull output voltage. The
push—pull input voltage is the MPPT panel array voltage. Thus given the motor output
power, it is possible to numerically find the push—pull input voltage.

3. Simulation Results

Push Pull inverter system alone is simulated as shown in figure 3(a). The output of the
Push Pull inverter is stepped up using step up transformer. DC input voltage is shown
in figure 3(b). Drive pulses for S; and S; are shown in figure 3(c). It is 24 volts. This
voltage is stepped up to 220 volts as shown in figure 3(d).

Push Pull inverter based drive system is shown in figure4 (a). The transformer
output is shown in figure 4(b). The rectifier output voltage is as shown in figure4(c).
The driving pulses for M;, M2 and M3 are shown in figure 4(d). The phase voltage
applied to the motor is shown in figure 4(e). The voltages are displaced by 120
degrees. The phase currents are shown in figure 4(f). The speed response is shown in
figure 4(g). The speed increases and settles at 1460 rpm.
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Figure 3a: Push Pull DC to DC Converter.
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Figure 3b: DC input voltage.

tin seg

Figure 3c: Driving pulses for M; and M,
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Figure 3d: Transformer primary voltage.

s

: =
: - ml
| - @P_“ : ! - ‘.l \:J " jﬁ
N o3 == _“E i r@ [+ ] ):m
l:LB—L :g g |—4@_ E ‘ = @ '
ol ﬂ —— 3 3

Figure 4a: Three Phase Inverter with Motor load
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Figure 4b: Transformer secondary voltage.
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Figure 4c Rectifier output voltage.
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Figure 4d: Driving Pulses for M;, M, and M3
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Figure 4e: Phase Voltage waveforms.
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Figure 4f: Phase Current Waveforms.
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Figure 4g: Rotor Speed in RPM.

4. Experimental Results

The hardware of PV Powered Induction motor drive is fabricated and tested in the
laboratory. The experimental set up of the hardware is shown in figure 5a. This
consists of inverter board, Push Pull board and control board. The hardware of control
circuits alone is shown in figure 5b. The hardware of Push Pull Converter is shown in
figure 5c¢. This consists of two MOSFETS. The switching pulses for the Push Pull
Converter are shown in figure 5d. The pulses are displaced are displaced by 180
degrees. The output of the Push Pull Converter is shown in figure 5e. DC output of the
rectifier is shown in figure 5f. The phase voltage of the three phase inverter is shown in
figure 5g. The line voltage of three phase inverter is shown in figure 5h.
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Figure 5b:Control circuit.

Figure 5c:Push pull converter.
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Figure 5c¢: Input voltage waveform (48v).

Figure 5d: Switching pulse for push pull converter.

Figure 5e: Output voltage of Push pull converter. '
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Figure 5f: Rectifier output voltage waveform.

Figure 5g: Phase voltage of three phase inverter.

Figure 5h: Line voltage of three phase inverter.

5. Conclusion

This work has evaluated the strategy for utilization of PV Cells for induction motor
pumping. The electricity bill gets reduced since solar energy is utilized for agriculture
pumping. The Photo Voltaic powered three phase induction motor drive system is
successfully designed, modeled and simulated using matlab simulink. The concept of
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Photo Voltaic pumping is proposed. The simulation and experimental results of three
phase induction motor for Photo Voltaic pumping are presented. The simulation results
are in line with the theoretical results. The scope of this work is the simulation and
implementation of three phase PV Powered Induction motor drive system. The
experimental results are similar to the simulation results.
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