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ABSTRACT
The main objective of this research work is to develop a simple simulation model, cost effective and efficient
brushless DC (BLDC) motor drive for solar photovoltaic (SPV) array combined with wind energy fed water
pumping system. The maximum sun irradiance and Wind energy is utilized according to the availability. The speed of
the BLDC motor is controlled through a variable DC link voltage of VSI. An appropriate control of zeta converter
through maximum power point tracking (P&O MPPT) algorithm offers soft starting of the BLDC motor. In this
Maximum power point tracking is achieved by using Perturbation and Observation (P&O) method, also known as
hill climbing method, is popular and most commonly used in practice because of its simplicity in algorithm and ease
of implementation. The voltage stress can be reduced by employing zeta converter. Power factor can be improved
and fourth order harmonics can be reduced. The proposed water pumping system is designed and modeled such that
the performance is not affected under dynamic conditions. The suitability of proposed system at practical operating
conditions is demonstrated through simulation results using MATLAB/ Simulink followed by an experimental
validation.
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I. INTRODUCTION
Renewable energy sources in recent years brought a drastic change in few decades in which solar energy and wind
energy proved to be a viable source which is used for various applications such as emergency lighting, water heaters,
smart grid, and industrial application and so on. The sources of renewable such as wind and solar are cost effective
and the availability is abundance. The water pumping, a standalone application of the SPV array generated
electricity is receiving wide attention now days for irrigation in the fields, household applications and industrial use.
Lot of research work has been carried out in the field of Computer Applications to Electrical Engineering [1-26].
This paper brings a new dimension of utilizing both solar and wind energy. Although there are several researches
carried out in solar and wind using DC-DC converter for DC motors this paper exhibits combined renewable energy
sources employing zeta converter topology fed water pumping in association with a permanent magnet brushless DC
(BLDC) motor. This combined energy source is not explored precisely so far to develop such kind of system.
However, the zeta converter has been used in some other SPV based applications. Moreover, a topology of SPV
array combined with wind energy fed BLDC motor driven water pump with zeta converter has been reported and its
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significance has been presented with experimental validation. This paper mainly concentrates on solar array than
wind energy but the utilization of renewable sources can still move on with better efficiency. The merit of BLDC
motor contribute soft switching which is challenging task .The zeta converter can contribute to develop a SPV array
fed water pumping system possessing a potential of operating satisfactorily under dynamically changing
atmospheric conditions. The BLDC motor has high reliability, high efficiency, high torque/inertia ratio, improved
cooling, low radio frequency interference and noise and requires practically no maintenance [27-40]. The zeta
converter exhibits following advantages over other converter topologies which include buck, boost, buck-boost
converters and Cuk converter when employed in SPV based applications.The zeta converter has been proved for
reduced voltage stress and also improves the power factor with Total harmonic reduction. Zeta converter may be
operated to increase the output voltage or decrease the output voltage. The property of increasing or decreasing the
output voltage offers a boundless region for maximum power point tracking.
These merits of the zeta converter such as power factor improvement, reduced voltage stress are favorable for
proposed SPV array fed water pumping system. An Perturbation and Observation (P&O) MPPT algorithm is used to
operate the zeta converter such that SPV array always operates at its maximum power point even though the
irradiance changes. The existing method explore SPV array based DC motor driven water pump is based on a
configuration shown in Fig. 1. A DC-DC converter is used for tracking the maximum irradiance level of the SPV
array. The two phase currents are sensed along with Hall signals feedback and this is used to control the BLDC
motor, which results in increased cost. The control scheme used to control the speed of BLDC motor includes
complexity and increased cost which is not appreciable.

Fig. 1 Conventional SPV fed BLDC motor driven water pumping system.
Moreover, usually a voltage source inverter (VSI) is operated with high frequency PWM pulses, resulting in an
increased switching loss and hence the reduced efficiency. Employing a Z-source inverter (ZSI) which replaces DCDC converter, results in promising high efficiency and low cost. Contrary to it, ZSI also necessitates phase current
and DC link voltage sensing resulting in the complex control and increased cost.
To overcome these problems caused by voltage stress in existing methodology and drawbacks of the control scheme
employed to control the speed of BLDC motor, a simple, cost-effective and efficient water pumping system based on
SPV array combined with wind energy fed BLDC motor is proposed, by modifying the existing topology to as
shown in Fig. 2. A zeta converter is utilized in order to extract the maximum power available from a PV array, soft
starting and speed control of BLDC motor coupled to a water pump. The Zeta converter with a single switch, has
very good efficiency and offers boundless region for MPPT. This Zeta converter is operated in continuous
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conduction and in Discontinuous conduction mode usually. Here the converter is operated in Continuous conduction
mode resulting in a reduced voltage stress on its power devices and components. However, the switching loss of VSI
is reduced by adopting fundamental frequency switching resulting in an additional power saving and hence an
enhanced efficiency. The phase currents as well as the DC link voltage sensors are completely eliminated, offering
simple and economical system without scarifying its performance. The speed of BLDC motor is controlled, without
any additional control, through a variable DC link voltage of VSI. Soft starting of BLDC motor is achieved by
proper initialization of MPPT algorithm of SPV array. The steps taken for cost effective of the proposed system
bring challenges by adding additional losses associated with VSI, BLDC such as electrical and mechanical losses
includes .Moreover these losses are compensated by implementing mppt algorithm for peak power utility.

Fig. 2 ZETA Converter based BLDC motor driven water pumping system.

II. ZETA CONVERTER BASED BLDC MOTOR DRIVEN WATER PUMPING SYSTEM
The structure of proposed SPV array fed BLDC motor driven water pumping system employing a zeta converter is
shown in Fig. 2. The proposed system consists of (left to right) a SPV array, a zeta converter, a VSI, a BLDC motor
and a water pump. The BLDC motor has an inbuilt encoder. The pulse generator is used to operate the zeta
converter. A step by step operation of proposed system is elaborated in the following section in detail. The SPV
array generates the electrical power demanded by the 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 Fig. 2.
Ideally, the same amount of power is transferred at the output of zeta converter 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 pulse generator generates, through P&O-MPPT algorithm, switching pulses for
IGBT (Insulated Gate Bipolar Transistor) switch of the zeta converter. The P&O-MPPT algorithm uses voltage and
current as feedback from SPV array and generates an optimum value of duty cycle. Further, it generates actual

164 | P a g e

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 the SPV array is accomplished. The VSI, converting DC output
from a zeta converter into AC, feeds the BLDC motor to drive a water pump coupled to its shaft. The VSI is
operated in fundamental frequency switching through an electronic commutation of BLDC motor assisted by its
built-in encoder. The high frequency switching losses are thereby eliminated, contributing in an increased efficiency
of proposed water pumping system.

A. Design of SPV Array
As per above discussion, the practical converters are associated with various power losses. In addition, the
performance of BLDC motor-pump is influenced by associated mechanical and electrical losses. To compensate
these losses, the size of SPV array is selected with slightly more peak power capacity to ensure the satisfactory
operation regardless of power losses. Therefore, the SPV array of peak power of Pmpp = 3.4 kW under STC (STC:
1000W/m², 25°C, AM 1.5), slightly more than demanded by the motor-pump is selected and its parameters are
designed accordingly. SolarWorld make Sunmodule® Plus SW 280 mono SPV module is selected to design the SPV
array of an appropriate size. Electrical specifications of this module are listed in Table I and numbers of modules
required to connect in series/parallel are estimated by selecting the voltage of SPV array at MPP under STC as, Vmpp
= 187.2 V.

The current of SPV array at MPP, Impp is estimated as,
Impp = Pmpp/Vmpp = 3400/187.2 = 18.16 A ………. (1)
TABLE I
SPECIFICATIONS OF SUNMODULE ® PLUS SW 280 MONO SPV
MODULE
Peak power, Pm (Watt)

280

Open circuit voltage, Vo (V)

39.5

Voltage at MPP, Vm (V)

31.2

Short circuit current, Is (A)

9.71

Current at MPP, Im (A)

9.07

Number of cells connected in series, Nss

60

The numbers of modules required to connect in series are as,
Ns = Vmpp/Vm = 187.2/31.2 = 6

(2)

The numbers of modules required to connect in parallel are as,
Np = Impp/Im = 18.16/9.07 = 2

(3)

Connecting 6 modules in series, having 2 strings in parallel, a SPV array of required size is designed for the
proposed system.
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B. Design of Zeta Converter
The zeta converter is the next stage to the SPV array. Its design consists of an estimation of various components
such as input inductor, L 1, 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,
D =

Vdc

= 200/(200+187.2)

=0.52

(4)

Vdc+Vmpp
where Vdc is an average value of output voltage of the zeta converter (DC link voltage of VSI) equal to the DC
voltage rating of the BLDC motor.
An average current flowing through the DC link of the VSI, Idc is estimated as,
Idc = Pmpp/Vdc = 3400/200 = 17 A

(5)

Then L1, L2 and C1 are estimated as,
L 1 = DVmpp

=

fswIL1
=

fsw IL2
DIdc
FswVC1

= 4.5*10-3≈5mH

(6)

= 4.7*10 -3≈5mH

(7)

=22µF

(8)

20000*18.16*0.06

L2 = (1-D)Vdc

C1 =

0.52*187.2

(1-0.52)*200

20000*17*0.06
=

0.52*17
20000*200*0.1

where fsw is the switching frequency of IGBT switch of the zeta converter; ∆IL1 is the amount of permitted ripple in
the current flowing through L 1, same as IL1 = Impp; ∆IL2 is the amount of permitted ripple in the current flowing
through L2, same as IL2 = Idc; ∆VC1 is permitted ripple in the voltage across C1, same as VC1 = Vdc.

C. Estimation of DC Link Capacitor of VSI
A new design approach for estimation of DC link capacitor of the VSI is presented here. This approach is based on a
fact that 6th harmonic component of the supply (AC) voltage is reflected on the DC side as a dominant harmonic in
the three phase supply system [41-63]. Here, the fundamental frequencies of output voltage of the VSI are estimated
corresponding to the rated speed and the minimum speed of BLDC motor essentially required to pump the water.
These two frequencies are further used to estimate the values of their corresponding capacitors. Out of these two
estimated capacitors, larger one is selected to assure a satisfactory operation of proposed system even under the
minimum solar irradiance level. The fundamental output frequency of VSI corresponding to the rated speed of
BLDC motor, ωrated is estimated as,
ω rated = 2π frated = 2π Nrated P = 2π * 3000*6
120

= 942 rad/sec.

(9

120

The fundamental output frequency of the VSI corresponding to the minimum speed of the BLDC motor essentially
required to pump the water (N = 1100 rpm), ωmin is estimated as,
ωmin = 2πfmin = 2π NP

= 2π *1100*6

= 345.57 rad/sec.

(10)
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120

120

where frated and fmin are fundamental frequencies of output voltage of VSI corresponding to a rated speed and a
minimum speed of BLDC motor essentially required to pump the water respectively, in Hz; Nrated is rated speed of
the BLDC motor; P is a number of poles in the BLDC motor.
The value of DC link capacitor of VSI at ωrated is as,
I

C

dc

17

2,rated =

=
6*ω

rated

*

V

dc

=

150.4 µF (11)

6*942*200*0.1

Similarly, a value of DC link capacitor of VSI at ωmin is as,
I

C

dc

17

2,mi =

=
6* ωmin * Vdc

= 410 µF (12)
6*345.57*200*0.1

where ∆ Vdc is an amount of permitted ripple in voltage across DC link capacitor, C2.
Finally, C2 = 410 µF is selected to design the DC link capacitor.

D. Design of Water Pump
To estimate the proportionality constant, K for the selected
water pump, its power-speed characteristics is used as,
2.89*103

P
K=

= 9.32*10−5

=
ωr

( 2π *3000/60)

where P = 2.89 kW is rated power developed by the BLDC motor and ωr is rated mechanical speed of the rotor
(3000 rpm) in rad/sec.
A water pump with this data is selected for proposed system.

III. CONTROL OF BLDC MOTOR BASED WATER PUMPING SYSTEM
The proposed system is controlled in two stages. These two control techniques, viz. MPPT and electronic
commutation are discussed as follows.

3.1 Perturb and Observe Algorithm
In this algorithm a slight perturbation is introduced by the MPPT system. Due to this perturbation, changes the
power of the module. If the power increases due to the perturbation then the perturbation is continued in that
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direction. After the peak power is reached the power at the next instant decreases and hence after that the
Perturbation reverses. When the steady state is reached the algorithm oscillates around the peak point. In order to
keep the power variation small the perturbation size is kept very small. The algorithm is developed in such a manner
that it sets a reference voltage of the module corresponding to the peak voltage of the module. A PI controller then
acts moving the operating point of the module to that particular voltage level. It is observed that there some power
loss due to this perturbation also it fails to track the power under fast varying atmospheric conditions. But still this
algorithm is very popular and simple. This algorithm is selected and certain changes are made in the present work.
The flow chart of the algorithm is shown in the Fig 3. As the perturbation size reduces, the controller takes more
time to track the MPP of SPV array. An intellectual agreement between the tracking time and the perturbation size is
held to fulfill the objectives of MPPT and soft starting of BLDC motor. In order to achieve soft starting, the initial
value of motor. In order to achieve soft starting, the initial value of duty cycle is set as zero. In addition, an optimum
value of perturbation size (∆D = 0.001) is selected, which contributes to soft starting and also minimizes oscillations
around the MPPT.

Fig 3 . Simulated Performance of Proposed System

3.2 Electronic Commutation of BLDC Motor
The BLDC motor is controlled using a VSI operated through an electronic commutation of BLDC motor. An
electronic commutation of BLDC motor stands for commutating the currents flowing through its windings in a
predefined sequence using a decoder logic. It symmetrically places the DC input current at the centre of each phase
voltage for 120°. Six switching pulses are generated as per the various possible combinations of three Hall-effect
signals. These three Hall-effect signals are produced by an inbuilt encoder according to the rotor position.
A particular combination of Hall-effect signals is produced for each specific range of rotor position at an interval of
60° . The generation of six switching states with the estimation of rotor position is tabularized in Table II. It is
perceptible that only two switches conduct at a time, resulting in 120º conduction mode of operation of VSI and
hence the reduced conduction losses. Besides this, the electronic commutation provides fundamental frequency
switching of the VSI, hence losses associated with high frequency PWM switching are eliminated. TETRA
115TR9.2, a motor power company make BLDC motor with inbuilt encoder is selected for proposed system
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TABLE. II, SWITCHING STATES FOR ELECTRONIC COMMUTATION
OF BLDC MOTOR
Hall Signals

Switching States

Rotor
position θ(o)

H3

H2

H1

S1

S2

S3

S4

S5

S6

NA

0

0

0

0

0

0

0

0

0

0-60

1

0

1

1

0

0

1

0

0

60-120

0

0

1

1

0

0

0

0

1

120-180

0

1

1

0

0

1

0

0

1

180-240

0

1

0

0

1

1

0

0

0

240-300

1

1

0

0

1

0

0

1

0

300-360

1

0

0

0

0

0

1

1

0

NA

1

1

1

0

0

0

0

0

0

IV RESULTS
Performance evaluation of proposed SPV array fed BLDC motor driven water pump employing a zeta converter is
carried out using simulated results. The proposed system is designed, modeled and simulated considering the
random and instant variations in solar irradiance level and its suitability is demonstrated by testing the starting,
steady state and dynamic behavior as estimated.

Fig.4 Starting and steady state performances of the proposed SPV array based Zeta converter fed BLDC
motor drive for water pump (a) SPV array variables, (b) Zeta converter variables, and (c) BLDC motorpump variables.
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Fig. 5 Dynamic performances of the proposed SPV array based Zeta converter fed BLDC motor drive for
water pump (a) SPV array variables, (b) Zeta converter variables

Fig. 5 Dynamic performances of the proposed SPV array based Zeta converter fed BLDC motor drive for
water pump (c) BLDC motor-pump variables.
However, a small pulsation in Te results in due to the electronic commutation of the BLDC motor. As the solar
irradiance level alters, all the BLDC motor – pump indices vary in proportion to the solar irradiance level as shown
in Fig. 5(c). The BLDC motor always attains a higher speed than 1100 rpm, a minimum speed required to pump the
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water at a minimum solar irradiance level of 200 W/m2. Performance of BLDC motor-pump is not deteriorated by
weather conditions and it pumps the water successfully. The performance of developed system is tested for solar
irradiance level varying from 400 W/m2 to 1000 W/m2.
The recorded ppv-vpv and ipv-vpv characteristics shown in Figs. 6(a) and (b), respectively at 1000 W/m2 and 400
W/m2 verify excellent performance of MPPT. A tracking efficiency for both irradiance levels is observed more than
99% is shown below

Fig. 6 (a) (b) MPPT performance at (a) 1000 W/m2, (b) 400 W/m2

V. CONCLUSIONS
The SPV array-zeta converter fed VSI-BLDC motor-pump has been proposed and its suitability has been
demonstrated through validation. The proposed system has been designed and modeled appropriately to accomplish
the desired objectives and validated to examine various performances under starting, dynamic and steady state
conditions. The zeta converter quickly changes its mode of operation following the validated to examine various
performances under starting, dynamic and steady state conditions. The performance evaluation has justified the
combination of zeta converter and BLDC motor for SPV array based water pumping. . The system under study has
shown various desired functions such as MPP extraction of the SPV array, soft starting of BLDC motor, fundamental
frequency switching of VSI resulting in a reduced switching losses, speed control of BLDC motor without any
additional control and an elimination of phase current and DC link voltage sensing, resulting in the reduced cost and
complexity.

REFERENCES
[1] Nithiyananthan.K and Pransu jain,(2015) „Logixpro Based Scada Simulation Model For Packaging System In
Dry Ice Plant‟ International Journal of Electrical And Computer Engineering, Asia.Vo1 5, No2.443-453.
[2] Priyankamani, Nithiyananthan.K, PratapNair,(2015)‟Energy saving hybrid solar lighting system model for small
houses‟, World Applied Sciences Journal, Asia,Vol 33 No 3, PP: 460-465.
[3] Low Kak Hau, Gowrishankar, Nithiyananthan.K,(2015)‟Development of prototype model for wireless based
controlled pick and place robotic vehicle‟ TELKOMNIKA Indonesian Journal of Electrical Engineering, Asia,
Vol 14 No 1 April 2015, pp 110-115.

171 | P a g e

[4] Pavithern,Raman Raghuraman, Pratap Nair, Nithiyananthan.K,(2015)‟Voltage stability analysis and stability
improvement of Power system‟ International Journal of Electrical and Computer Engineering, Asia, Vol 5,
No2,pp 189-197 April 2015.
[5] Nithiyananthan.K and S.Nithya, (2015) „Analysis of Energy consumption for Digital Serial Interfaces in low
Embedded Systems Processors‟ International Journal for Electronics and Electrical Engineering,USA, Vol 3,
No1,pp 1-6 Feb 2015.
[6] Nithiyananthan.K and Ramachandran.V (2014) „Effective Data compression model for online power system
applications‟, International Journal of Electrical Energy, USA, Vol2, No2, pp 138-145 June 2014.
[7] Nithiyananthan.K, Ramachandran.V (2013) „Distributed Mobile Agent model for multi area power systems online state estimation‟, International Journal of Computer Aided Engineering and Technology, Inderscience
publications, USA, Vol. 5, No. 4,300-310.
[8] Nithiyananthan.K and Ramachandran.V „(2013) Versioning –based service oriented model for multi are power
systems on-line Economic load dispatch‟ Computers and Electrical Engineering, Elsevier Publications,USA
Vol39, No 2, pp433-440.
[9] Nithiyananthan.K and Ashish Kumar Loomba (2011) „MATLAB/SIMULINK based Speed control model for
converster controlled DC drives‟ International Journal of Engineering Modelling, Croatia, EUROPE, Vol. 24,
No 1-4, pp.49-55.
[10] Nithiyananthan.K, Ramachandran.V (2011) „Location independent distributed model for on-line load flow
monitoring for multi – area power systems‟ International Journal of Engineering Modelling, Croatia, EUROPE,
Vol. 24, No 1-4, pp.21-27.
[11] Nithiyananthan.K, Elavenil.V(2011) „CYMGRD Based Effective Earthling Design Model For Substation‟
International Journal for Computer Applications in Engineering Sciences Asia,Vol. I, No 3, pp.341-346.
[12] Nithiyananthan.K, DonJacob (2011) „A correlation among Potential Fields, Dempster-Shafer, Fuzzy Logic and
Neural Networks based intelligent control systems‟ International Journal for Computer Applications in
Engineering Sciences, Asia,Vol. I, No 3, pp. 347-354.
[13] Nithiyananthan.K, Ramachandran.V (2010) „Enhanced Genetic Algorithm Based Model For Power Systtem
Optimal Load Flow‟ International Journal for Computer Applications in Engineering Sciences, Asia,Vol. I, No
2, pp.215-221.
[14] Don Jacob, Nithiyananthan.K, (2009) „ Smart and micro grid model for renewable energy based power system‟
International Journal of Engineering Modelling, Croatia, EUROPE, Vol. 22, No 1-4, pp.89-94.
[15] Nithiyananthan.K, Ramachandran.V, (2008) „A plug and play model for JINI based on-line relay control for
power system protection‟ International Journal of Engineering Modelling, Croatia, EUROPE, Vol. 21, No 1-4,
pp.65-68.
[16] Nithiyananthan.K, Ramachandran.V, (2008) „A distributed model for Capacitance requirements for self-excited
Induction generators‟ International Journal of Automation and Control, USA, Inderscience publications, Vol 2,
No4, pp 519-525.
[17] Don Jacob, Nithiyananthan.K, (2008) „Effective Methods for Power System Grounding‟ WSEAS Transactions
on Business and Economics, USA. 30-642

172 | P a g e

[18] Nithiyananthan.K, Manoharan.N Ramachandran.V, (2006) „An efficient algorithm for contingency ranking
based on reactive compensation index‟ Journal of Electrical Engineering, Romania, EUROPE Vol 57, No 1-4,
PP 1-4.
[19] Nithiyananthan.K and Ramachandran.V,(2005) „Component Model Simulations for Multi - Area power system
model for on-line Economic Load Dispatch‟ International Journal for Emerging Electric Power Systems, I art no
1011.
[20] Nithiyananthan.K and Ramachandran.V, (2005) „RMI based distributed model for multi-area power system online economic load dispatch‟ Journal of Electrical Engineering, Romania, EUROPE Vol 56, No 1-2, PP 41-44.
[21] Nithiyananthan K. and Ramachandran V. (2004), „Remote Method Invocation based Distributed Model for
Multi - Area Power System Load flow monitoring in XMLised environment‟, International Journal for
Engineering Simulations, United Kingdom, EUROPE, Vol 5, No1, pp.32 – 37.
[22] Nithiyananthan K. and Ramachandran.V. (2004), „RMI based distributed database model for multi-area power
system load flow monitoring‟, International Journal for Engineering Intelligent Systems, United Kingdom,
EUROPE. Vol 12, No 3,pp.185 – 190.
[23] Nithiyananthan K. and Ramachandran V. (2003), „Component Model for Multi - Area Power Systems on - line
Dynamic Security analysis‟, Iranian Journal of Electrical and Computer Engineering, Tehran, IRAN, Vol. 2, No.
2, pp. 103-106. .
[24] NithiyananthanK.and Ramachandran V. (2003), „RMI Based Multi Area Power System Load Flow
Monitoring‟, Iranian Journal of Electrical and Computer Engineering, Tehran, IRAN, Vol. 3, No.1, pp. 28-30.
[25] Nithiyananthan K. and Ramachandran V. (2003), „Distributed Mobile Agent Model for Multi - Area on-line
Economic Load Dispatch‟, Journal of Electrical Engineering, Romania, EUROPE, Vol. 54, No. 11-12, pp.316319.
[26] Nithiyananthan K. and Ramachandran V. (2002), „EJB based component model for distributed Load flow
monitoring of multi - area power systems‟, International Journal of Engineering Modelling, Croatiai, EUROPE,
Vol. 15, No 1-4, pp.63-67.
[27] Kok Soon Tey and S. Mekhilef, “Modified Incremental

Conductance Algorithm for Photovoltaic System

under Partial Shading Conditions and Load Variation,” IEEE Trans. Ind. Electron., vol.61, no.10, pp.5384-5392,
Oct. 2014.
[28] M. Ouada, M.S. Meridjet and N. Talbi, “Optimization Photovoltaic Pumping System Based BLDC Using
Fuzzy Logic MPPT Control,” International Renewable and Sustainable Energy Conference (IRSEC), 7-9 March
2013, pp. 27-31.
[29] Mahir Dursun and Semih Ozden, “Application of Solar Powered Automatic Water Pumping in Turkey,”
International Journal of Computer and Electrical Engineering, vol.4, no.2, pp. 161-164, 2012.
[30] A. Terki, A. Moussi, A. Betka and N. Terki, “An Improved Efficiency of Fuzzy Logic Control of PMBLDC for
PV Pumping System,” Applied Mathematical Modelling, vol. 36, issue 3, pp. 934-944, March 2012.
[31] S. A. K. H. Mozaffari Niapour, S. Danyali, M.B.B. Sharifian and M.R. Feyzi, “Brushless DC Motor Drives
Supplied by PV Power System Based on Z-Source Inverter and FL-IC MPPT Controller,” Energy Convers. and
Manage., vol.52, no. 8–9, pp.3043-3059, Aug. 2011.

173 | P a g e

[32] A. Shahin, A. Payman, J.-P. Martin, S. Pierfederici and F. Meibody-Tabar, “Approximate Novel Loss Formulae
Estimation for Optimization of Power Controller of DC/DC Converter,” 36th Annual Conference on IEEE
Industrial Electronics Society, 7-10 Nov. 2010, pp.373-378.
[33] K.H. Ahmed, M. S. Hamad, S.J. Finney and B.W. Williams, “DC-Side Shunt Active Power Filter for Line
Commutated Rectifiers to Mitigate the Output Voltage Harmonics,” IEEE Energy Conversion Congress and
Exposition (ECCE), 12-16 Sept. 2010, pp.151-157.
[34] W.V. Jones, “Motor Selection Made Easy: Choosing the Right Motor for Centrifugal Pump Applications,” IEEE
Industry Applications Magazine, vol.19, no.6, pp.36-45, Nov.-Dec. 2013.
[35] M.A.G. de Brito, L. Galotto, L.P. Sampaio, G. de Azevedo e Melo and C.A. Canesin, “Evaluation of the Main
MPPT Techniques f for Photovoltaic Applications,” IEEE Trans. Ind. Electron., vol.60,

no.3, pp.1156-1167,

March 2013.
[36] Qin Shihong, Wang Min, Chen T, Yao X, “Comparative Analysis of Incremental Conductance and Perturb –andObservation Methods to Implement MPPT in Photovoltaic System”,Electrical and Control Engineering
(ICECE), International Conference on, 2011.
[37] Roshan Rajiv, YadavYatendra, S Umashankar, DP Kothari, “Modeling and Simulation of Incremental
Conductance MPPT Algorithm Based Solar Photovoltaic System Using CUK Converter”, Energy Efficient
Technology For Sustainability (ICEETS), International Conference on, 2013.
[38] Kumar Yadav P, Thirumaligh S, Haritha G, “Comparison of MPPT Algorithm For DC-DC Converter Based PV
System”, International Journal of Advances Research in Electrical, Electronics and Instrumentation Engineering
Vol 1 Issue 1,2012.
[39] Suwannatrai P, Liutanakul P, Wipasuramonton, “Maximum power Point Tracking by Incremental Conductance
Method For Photovoltaic System With Phase Shifted Full Bridge dc-dc Converter”, The 8th Electrical
Engineering Electronics, Computer, Telecommunications and Information Technology (ECTI) Association of
Thailand-Conference, 2011.
[40] Mirbagheri S.Z, Mekhilef S, Mirhassani S.M, “MPPT With Inc. Conductance Method Using Conventional
Interleaved Boost Converter”, Energy Procedia 42,2013.
[41] RatnaIka P & M. Rifa‟I, “Maximum Power Point Tracking Control For Photovoltaic Using Neural Fuzzy”,
International journal of Computer and Electrical Engineering Vol.4 No. 1, 2011.
[42] Syahrel Emran Bin Siraj, Tan Yong Sing, Raman Raguraman, Pratap Nair Marimuthu, K. Nithiyananthan,
(2016) ‟ Application of Cluster Analysis and Association Analysis Model Based Power System Fault
Identification‟ , European Journal of Scientific Research, Europe,Vol No 138, No 1.50-55.
[43] SamsonRaja,R.Sundar, A.Amutha, Dr K. Nithiyananthan,
„Virtual State Estimation calculator model for Three Phase Power System Network‟, Journal of Energy and
Power Engineering, vol. 10, no. 8, pp. 497–503, USA. (2016)
[44] Umasankar and Nithiyananthan.K (2016)‟Environment Friendly Voltage Up-gradation Model For Urban
Electrical Distribution Power Systems‟, International Journal of Electrical and Computer Engineering, Asia, Vol
No 6, No 6.

174 | P a g e

[45] Tan Yong Sing, Syahrel Emran Bin Siraj, Raman Raguraman, Pratap Nair Marimuthu, K. Gowrishankar, and K.
Nithiyananthan (2016) “Cluster Analysis Based Fault Identification Data Mining Models for 3 Phase Power
Systems,” International Journal of Innovation and Scientific Research, vol. 24, no. 2, pp. 285–292,Asia.
[46] SekethVerma and Nithiyananthan. K (2016) „MATLAB Based Simulations Model For Identification of Various
Points in Global Positioning System‟, International Journal of Computer Applications, USA, Vol138, No13.1518.
[47] PratapNair and Nithiyananthan. K,(2016) „Feasibility analysis model for mini hydro power plant in Tioman
Island‟, International Journal on Distributed generation & Alternative Energy, U.K, Europe.Vol No 31 No 2,3654.
[48] PratapNair and Nithiyananthan. K,(2016) „Effective cable sizing model for buildings and Industries‟
International Journal of Electrical and Computer Engineering, Asia, Vol16, No1,34-39.
[49] S. Samson Raja, R. Sundar, T.Ranganathan, Dr K. Nithiyananthan, (2015)‟LabVIEW based simple Load flow
calculator model for three phase Power System Network, International Journal of Computer Applications, USA,
Vol132, No2.9-12.
[50] Tan

Yong

Sing,Syahrel,

Emran

bin

Siraj,

Raman

Raguraman,

PratapNair

Marimuthu

Dr.K.

Nithiyananthan,(2015)‟Local Outlier Factor Based Data Mining model for Three phase Transmission Lines
Faults Identification‟, International Journal of Computer Applications, USA Vol130, No2.17-23.
[51] S Hemavathi, K Nithiyananthan, (2017)‟ S Hemavathi, K Nithiyananthan Cloud Computing and Power
Systems Applications an overview; Advances in Natural and Applied Sciences, Asia, Vol 11, No 7,118-125.
[52] Swathi, Akalya, K.Nithiyananthan, (2017) „MATLAB based Simulations model of squirrel cage Induction
Generator‟ , IAETSD International Journal of Multee-Disciplinary Research, Volume 3, Issue 1,pp7885,Asia.
[53] Tan Yong Sing, Syahrel Emran bin Siraj, Pratap Nair, Raman Raguraman, K. Nithiyananthan,
(2017)‟ Cosine Similarity Cluster Analysis Model Based Effective Power System Fault Detection and
Identification,‟ International Journal of Advanced and Applied Sciences, Asia. Vol. 4, No. 3, pp 123-130.
[54] S. Samson Raja, R. Sundar, A.Amutha, K. Nithiyananthan, (2016)‟ Virtual Stability Estimator Model
for Three Phase Power System Network‟ , Indonesian Journal of Electrical and Computer Engineering,
Asia. Vol. 4, No. 3, pp. 520 ~ 525.
[55] Vijaya Dharani, Nandhini, Sundar, K.Nithiyananthan, (2016) „MATLAB based Simulations model for
Three phase Power System Network‟ , International journal for Research in Applied Science and
Engineering Technology, Vol. 4, no. 9, pp. 502-509,Asia.
[56] S. Samson Raja, R. Sundar, Dr A.Amutha, Dr K. Nithiyananthan, (2016)„Unit Commitment Calculator
Model for Three phase Power System Network‟ , International Journal of Power and Renewable Energy
Systems,. Vol 3 Issue 2, pp 37-42, USA.
[57] S. SamsonRaja, R. Sundar, A.Amutha, Dr K. Nithiyananthan, (2016) „Virtual State Estimation calculator
model for Three Phase Power System Network‟ , Journal of Energy and Power Engineering, vol. 10, No. 8, pp.
497–503, USA.

175 | P a g e

[58]

Umasankar.P and Nithiyananthan.K (2016)‟ Environment Friendly Voltage Up-gradation Model For Urban
Electrical Distribution Power Systems‟ , International Journal of Electrical and Computer Engineering, Vol
No 6, No 6. pp 2516-2525, Asia.

[59]

Tan Yong Sing, Syahrel Emran Bin Siraj, Raman Raguraman, Pratap Nair Marimuthu, K. Gowrishankar, and
K. Nithiyananthan (2016) “Cluster Analysis Based Fault Identification Data Mining Models for 3 Phase
Power Systems,” International Journal of Innovation and Scientific Research, vol. 24, no. 2, pp. 285–292,Asia.

[60] SekethVerma and Nithiyananthan. K (2016) „MATLAB Based Simulations Model For Identification of
Various Points in Global Positioning System‟ , International Journal of Computer Applications, USA,
Vol138, No13.15-18.
[61] PratapNair and Nithiyananthan. K,(2016) „Feasibility analysis model for mini hydro power plant in
Tioman Island‟ , International Journal on Distributed generation & Alternative Energy, U.K,Europe.Vol No
31 No 2,36-54.
[62] Syahrel Emran Bin Siraj, Tan Yong Sing, Raman Raguraman, Pratap Nair Marimuthu, Dr. K. Nithiyananthan,
(2016) ‟ Application of Cluster Analysis and Association Analysis Model Based Power System Fault
Identification‟ , European Journal of Scientific Research, Europe,Vol No 138, No 1.50-55.
[63] PratapNair and Nithiyananthan. K,(2016) „Effective cable sizing model for buildings and

Industries‟

International Journal of Electrical and Computer Engineering, Asia , Vol16, No1,34-39.

176 | P a g e

