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= ABSTRACT : A solar pumping model is proposed in this paper using a Brushless DC (BLDC) motor. Zeta converter is used
as a DC-DC link between the voltage source inverter and the PV array. Zeta converter enables soft starting of the BLDC motor
and the speed control is achieved by simple variation of DC link voltage, thereby eliminating the need for complex switching
circuitry. Zeta converter belongs to the class of buck-boost converter hence offers a wide range of operating voltage. The
proposed model is simple and cost-effective so it can be practically implemented with minimum cost. The proposed model is

tested for its suitability in the MATLAB/Simulink environment.
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#1. INTRODUCTION

The consumption of electricity has increased exponentially in
the past few decades. It has increased the pressure on non-
renewable fossil reserves all around the world. The pollution
level has increased to its peak. Electricity is an essential
component for the growth and development of a nation. A
country like India where the majority of the population
depends on the agricultural sector usually faces the issue of
frequent power cuts or power failure. Most of the power is
being diverted to the industries and cities.

The use of solar energy can prove to be a suitable and
sustainable solution to this problem. Solar energy is the
cleanest and most abundant green energy available around the
world.[1] The initial installation cost is however high but in
the long run, it becomes economical as it has zero running
charges and minimum maintenance cost. Indian farmers can be
benefitted from the implementation of solar irrigation
structures. It would ensure a continuous supply of water for
the crops and the elimination of electricity bills.

The proposed PV solar irrigation system uses a centrifugal
pump coupled to a BLDC motor fed by a DC-DC Zeta
converter.[2] The rugged performance characteristics of the
BLDC motor such as high efficiency, reliability, easy and
smooth speed control, high torque to inertia ratio and
negligible maintenance makes it a suitable choice for the
pumping application.[3] Zeta converter serves several
advantages over other DC-DC converters which makes it a
suitable choice. The Zeta converter is a buck-boost converter

hence offers a wide range of operating voltage for the
application. This feature is exploited for the smooth starting of
the BLDC motor. [4] This converter topology has an inductor
at its output terminal which makes the output current smooth
and ripple-free. It has minimum switches hence the switching
losses are minimum and operates in the continuous conduction
mode. Zeta converter unlike other buck-boost converters does
not operate in the inverting mode i.e., the output voltage never
changes its polarity. This reduces the need for additional
circuitry and reduces the complexity of the circuit [5]. To
ensure that the system operates at peak power MPPT
technique using Perturb and Observe algorithm is used.

# 2. SYSTEM CONFIGURATION AND
OPERATION

The proposed system broadly has the following major parts i.e.,
PV array, Zeta converter, \oltage Source Inverter, BLDC motor
with an inbuilt encoder coupled with the centrifugal pump. The
proposed prototype with major blocks is depicted in figure 1.
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Figure 1: Prototype of the solar pumping model.

The PV array generates the electrical energy (which depends
on the amount of irradiance and atmospheric temperature) is
fed directly to the Zeta converter. This energy is then
forwarded to VSI with minimum possible losses as the
converter has only one switching part.[2] The voltage at the
output remains fairly constant. To ensure that the maximum
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power is extracted from the PV array MPPT technique is used.
The Perturb and Observe algorithm uses voltage and power as
the input to generate the duty cycle, which in turn is fed to the
pulse generator. The switching pulses are generated to control
the MOSFET (Metal Oxide Semiconductor Field Effect
Transistor) of the converter. The VSI converts the input DC
into AC and feeds the motor-pump combination.[6] The
inbuilt encoder in the BLDC motor generates the switching
signal for the VSI. This ensures switching at the fundamental
frequency which reduces the switching losses thereby
enhancing the efficiency of the system.[7]

:3. DESIGN OF PROPOSED
TOPOLOGY

The pumping topology is designed with the specification such
that it fulfils the need of irrigation application. The power of
the BLDC motor used is 2 KW and that of a centrifugal pump
is 1.5 KW. The other sub-stages of the system are designed”
such that it meets the power requirement of the motor-pump
combination.

3.1 Design of PV array

The solar panel contains a network of photovoltaic cells
connected in series and parallel fashion. PV cell is a hon-linear
device as its purely made up of semi-conductor elements such
as silicon and germanium. The electrical model of the PV cell
is shown in figure 2.
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Figure 2: Electrical model of solar cell

The set of equations governing the current produced by the
above electrical model is given as
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Figure 3: 1-V Characteristics of solar cell

International Journal of

Electrical and Electronics Research (IJEER)
Review Article | Volume 9, Issue 3 | Pages 84-88 | e-ISSN: 2347-470X

P(W)

Figure 4: P-V Characterstics of solar cell

Here, is insolation current, is reverse saturation current, is
cell voltage and is the thermal voltage which depends on
temperature. Hence the performance of PV cells mainly
depends on two factors, temperature and solar irradiance. This
is shown in figures 3 and 4.

The PV array with a power rating of 2 KW is chosen. The
open-circuit voltage and short circuit current are 36.3 volts and
7.84 amps respectively. However, the peak value of voltage
and current is 29 volts and 7.35 amps. The required PV
voltage is assumed to be 180 volts. The no of modules to be
connected in series and parallel for the required power is
evaluated below.
The modules to be connected in parallel is:

vy, 180
np=—:”—,=¥=6.20~6 3)
Number of panels connected in series is:

| = Ppr_ 2000 4
e = 2 =15 11.11 (4)
ny=P=o=151~2 ©)]

i Table 1. PV panel specifications

Rated power of PV panel (Watts) 213
Open circuit voltage (volts) 36.3
Short circuit current (amps) 7.84
Peak voltage (volts) 29
Peak current (amps) 7.35
Module in series () 2
Module in parallel (n,) 6

3.2 Evaluation of ZETA converter

Zeta converter is a fourth-order DC-DC converter having two
inductors and two capacitors. It has only one switch which
makes its switching losses negligible. Usually, Zeta converters
are used for power applications below 5 KW. The electrical
circuit of the converter is shown in figure 5.
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Figure 5: Electrical model of ZETA converter
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The major components of the converter are two inductors Iy, I Here, I; is the input inductor, I, is the output inductor, Afy is
two capacitors ci, Cc,. The values of these inductors and  the switching frequency of the MOSFET. Ai; is the allowed
capacitors are evaluated such that the complete system  ripple content in the input current. Ai, is the ripple current in
operates in the continuous conduction mode. The output  the output. C, is the DC link capacitor which is estimated
voltage of the converter vdc is desired as 210 volts. When the ~ based on the upper and lower speed of the motor which is
solar panel operates under the normal specified condition it  taken as 3000 rpm and 1200 rpm.

produces around 180 volts. Based on these values the duty

cycle is obtained as: 3.3 Design of motor pump system
The BLDC motor of 2 KW rating with 6 poles and 3000 rpm
d = [ Vde } - [ z10 U] — 0.538 (6)  rating is selected. The torque-speed characteristics are used to
VetV 210+18

evaluate the motor constant.

The DC current flowing through the converter is
f 505 _
. = (r;:) = (W) =5116 %10 SNﬂI/[Tﬁd/SQC)Z (8)

iae = [22] = [555] = 952 ™

Where a;, is the inertia constant of the pump, t; is the rated

The other components are evaluated based on the duty cycle  load torque required and w,, is the mechanical speed of the

and the DC current. motor. The centrifugal pump is connected to the reservoir

model which serves the purpose of a well or water source and

Table 2. Parameters of ZETA converter the output discharge is connected to a constant pressure tank
that estimates the volume of water discharged.

Component Governing equation Parameter
value 3.4 MPPT control technique
L; d * vy, [ 0.538 # 180 4.53mH . . .
[ T ] = ] : MPPT technique ensures that maximum power is generated by
foo* pi 120000 = 1111+ 0.1

the PV panel that can be utilized by the system. Perturb and

Observe algorithm used closely monitors the variation in

L, (1—d)*vg| |(1—0538)+210 5.09mH output voltage and the corresponding power through a loop

foo * Al ]: 20000 *9.52*0.1] mechanism.[2] The present instantaneous power is compared

with the previous based on which the duty cycle is increased

] or decreased. If the power increases duty cycle remains in its

Ci [ d *lgc ] _[ 0538952 ] 12.19pF previous state however if the power decreases the control
fu* Avey ] 120000 +210 +0.1 mechanism reverses.
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Figure 6: Simulink model of solar pumping system
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The complete Simulink model of the system is shown in the figure
6. The two subsystems which are zeta converter block and
centrifugal pump block is shown in the figure 7 and 8.
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Figure 8: Simulink model of water pumping block

The parameters of the PV panel such as voltage, current and power
levels obtained by varying the irradiance level from 950W/m2 to
550W/m2 has been plotted in figure 9.
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Figure 9: Output parameter of PV panel
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The output voltage varies from around 200 volts to around 160
volts. Similarly, the power varies from rated 2000W to 1500W.
The variation of current is high at the initial stage due to the
uncharged capacitor, however, in a very short duration, the current
achieves the steady value of 9 ampere.

The Zeta converter is designed such that the output remains
constant at around 210 volts. However, due to losses across resistor
and diode, it remains constant at around 200 volts. The variation in
output voltage is very minimal thus making it a suitable choice for
the irrigation application.

TN

Figure 10: ZETA converter topology

Figure 11: Parameters of BLDC motor

The output of the Zeta converter is given to VSI which converts
the DC voltage into three-phase AC and then feeds it to the BLDC
motor. The parameters of the motor are plotted against the
variation in irradiance level. The speed remains fairly constant
around 3000 rpm. The torque is around 5 Nm.
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Figure 12: Parameters of centrifugal pump

The centrifugal pump connected to the BLDC motor runs at the
rated speed of 3000 rpm and pumps water from the reservoir
which models a well. The discharge is stable at around 3 to 3.5
liters per second. All the important output parameters of the system
are tabulated in the table 3.

Table 3. Output performance parameters of system

Irradiance | Vpv Ipv Ppv | rpm | discharge Zeta

voltage

(W/m?) (volts) | (amps) | (KW) (L/sec) (volts)
950 197.7 | 9.188 | 1.916 | 2751 3.28 201.1
850 194.6 9.177 1.787 | 2713 3.23 198.4
750 191.2 8.973 1.715 | 2641 3.15 193.0
650 1835 | 8942 | 1.641 | 2552 3.03 185.0
550 146.5 8.542 1.251 | 1992 2.73 148.8

5. CONCLUSION

The proposed solar water pumping model for irrigation purposes
using Zeta converter is designed and its suitability has been tested
for the desired application. The model is suitable for irrigation
purposes at a smaller scale which is suitable of small and marginal
farmers. The performance of the system can further be improved
by using filters to reduce the ripple content present in the output
voltage of the converter.

The proposed system is very useful for other low power
applications. As the converter gives a constant output voltage,
similar model can be used for building PV based charging units for
small electric vehicles, it can also be used in the design of power
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units of street lamps in rural areas.
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