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ABSTRACT

Water pumps in irrigation sector as well as domestic and industrial sectors have been benefitted
by the introduction of renewable source based power production. An induction motor is quite
popular for PV fed water pumping because of its robustness, ruggedness ease of operation and its
capability to work in hazardous environment. Scalar control has long been in use for speed control
as it requires no sensor. However, its unstable operation and unfavorable sustained oscillation in
lower speed range is the matter of concern. Therefore, in this work, mechanical sensorless control
of an induction motor drive is investigated with fast speed control and better stability. Moreover,
some issues related to its low efficiency is solved by optimizing the motor flux and minimizing
the total loss in partial loading condition. The system is made simplified and cost-effective by
reducing the number of voltage and current sensors and all parameters are estimated through DC
link voltage and DC link current. The system possesses a maximum power point tracking (MPPT)
of the PV array by introducing a DC-DC boost converter between the PV array and a VSI, feeding
the motor. The work is extended towards an elimination of DC-DC converter and a single stage
PV array fed induction motor drive is also investigated for water pumping.

The recurrence in PV power generation leads to an unreliable water pumping in a PV based
pumping system. This problem is aggravated when there is a bad climatic condition. In all these
conditions, the system is underutilized as the pump is not operated at its full capacity and sometime
leads to complete shutdown. This problem is resolved by an external power backup in the form of
a battery storage with a bidirectional buck-boost converter, in a PV-pumping system. In addition
to it, an attempt is made for integrating unidirectional and bidirectional converters to the utility
grid. The bidirectional power flow control based topology offers an additional merit of feeding

power to the utility grid by the installed PV array, in case the water pumping is not required. The



prime attention is to achieve an uninterrupted and full volume of water delivery irrespective of the
operating conditions, whether day or night. These proposed techniques with PV array provide a
practical solution for electricity generation and an economic liberty for the consumer through sale
of electricity.

All these proposed configurations are modeled and simulated in MATLAB/Simulink
environment by using Simpower system toolbox to study the performance during various
environmental conditions realized by change in insolation and the operability of the system is
justified during starting, dynamic and steady state conditions. Simulated results are verified
through test results obtained from hardware implementation using a developed prototype in the
laboratory. The applicability and commercial potential of proposed systems are justified by their

in depth analysis based on efficiency, cost, simplicity and performance.

Vi
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Technique
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PV
PMSM
DC
BLDC
MPPT
VSI
PQ
THD
IEEE
PD
SVM
VSC
PFC
NASA
MNRE
BIS
IEC
CEC
M
PMSM
SRM
SyRM
P&O
InC
SEPIC
CSC
MRAS
EMF
PI
ANN
FOC
AC

LIST OF ABBREVIATIONS

Photovoltaic

Permanent Magnet Synchronous Motor
Direct Current

Brushless DC

Maximum Power Point Tracking

Voltage Source Inverter

Power Quality

Total Harmonics Distortion

Institute of Electrical and Electronics Engineers
Positive Displacement

Space Vector Modulation

Voltage Source Converter

Power Factor Correction

National Aeronautics and Space Administration
Ministry of New and Renewable Energy
Bureau of Indian Standards

International Electrotechnical Commission
Clean Energy Council

Induction Motor

Permanent Magnet Synchronous Motor
Switched Reluctance Motor

Synchronous Reluctance Motor

Perturb and Observe

Incremental Conductance

Single Ended Primary Inductor Converter
Canonical Switching Cell

Model Reference Adaptive System
Electromotive Force

Proportional Integral

Artificial Neural Network

Field-Oriented Control

Alternating Current
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BES
IMD
IGBT
DSP
DSO
CpPU
ADC
DAC
SPS
DTC
SOC
UvT
STC
LPF
PLL
DRAM
SOGI
ISOGI

Battery Energy Support

Induction Motor Drive

Insulated Gate Bipolar Transistor
Digital Signal Processor

Digital Signal Oscilloscope
Central Processing Unit

Analog to Digital Converter
Digital to Analog Converter

Sim Power System

Direct Torque Control

State of Charge

Unit Vector Template

Standard Temperature and Pressure
Low Pass Filter

Phase-Locked Loop

Dynamic Random Access Memory
Second Order Generalized Integral

Improved Second Order Generalized Integral
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LIST OF SYMBOLS

Vinpps Vimp Solar PV voltage (V) of one module and one array at MPP
Tpp, Inp Solar PV current (A) of one module and one array at MPP
Vocas Voe Open-circuit voltage (V) of one module and one array
Lsca, Ise Short-circuit current (A) of one module and one array

Vv, Ipy Solar PV array voltage (V) and current (A)

Nser, Npar Number of series and parallel modules

Py Solar PV power of one array at MPP

D Duty ratio

fs Switching frequency of boost inductor

Tsw Time period of VSI

L Boost inductor

Al Ripple allowed in converter current

Vi, It Boost inductor voltage (V), inductor current (A)

Vb, Viw Diode voltage, switch voltage in boost converter

Cac DC link capacitor

Ve, Vaci DC link voltage, maximum ripple allowed in DC link voltage
Lac DC link current

a Overloading factor

ia Motor phase current

Vp, VL Phase voltage, line voltage of induction motor

m Modulation index

Vs, Lvsi Voltage rating of VSI, current rating of VSI

Ky and K; Voltage safety factor, current safety factor

Ki Pump constant

P Rated power of induction motor

wst, we.and w,  Slip speed, synchronous speed and motor speed in rad/s
Wref Reference speed

w1, 2 Speed components for reference speed calculation

Sa, Sp and Sc¢ Switching function of VSI

Va, Vb and ve Phase voltages (V) of induction motor
Va, VB Voltages in a-f domain
ia, Ip Motor currents in a-f domain
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l//(l’ V/ﬁ’ V/S

Wars Yprs Yr
Lr’ LS’ Lm

Llr, Lls
Ry, Ry
Vies

Vo Vas
gy s Iy,

iy, i,

T, T,

P

T
ia'yip'sic
Oe

Ty

Licp, Lnr

T,

P,

Ry

n

IA(t,), I(t.)
Lary Lbr, Ler
Dbat

v,

bat

Jsob
Lbb
AIbat
Sbous S
wL

Va

D>
fva

L

Ai,,

Fluxes in a-f domain, resultant flux

Rotor fluxes in stationary reference frame, resultant flux
Rotor inductance, stator inductance and mutual inductance
Rotor leakage inductance, stator leakage inductance

Rotor resistance, stator resistance

Reference voltage (V)

Reference d-axis flux (Wb), actual d-axis flux (Wb)
Reference d-axis current (A), actual d-axis current (A)

Reference g-axis current (A), actual g-axis current (A)

Reference developed torque (Nm), estimated developed torque (Nm)
Number of poles

Signal sampling period

Reference motor phase currents (A)

Flux angle

Pump torque (Nm)

Decoupling component of current (A), magnetizing current component (A)
Rotor time constant

Total power loss in induction motor (W)
Magnetizing resistance ()

Efficiency (%)

Instantaneous components of reconstructed current
Reconstructed motor phase currents

Duty ratio of bidirectional buck-boost converter
Battery voltage

Switching frequency of buck-boost converter

Boost inductor of bidirectional buck-boost converter
Ripple allowed in the battery current

Bidirectional buck-boost converter switches
Fundamental frequency (rad/s)

Average input voltage of PFC boost converter

Duty ratio of PFC boost converter

Switching frequency of PFC boost converter

PFC boost inductor

Ripple allowed in PFC boost inductor current
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Ry, Gy

I'vw2

L

Jow-g

v,

Ci, 2

Vab, Vbcs Vea
+ + +

Vvt Voero Veal
+ + +

uabl ’ ubcl ’ ucal

VC]) VCZ

. * . * . *

lg] ) lg2 ) lg3

ig], igZ, ig3

P1, P2, P3

Vs,

Li

Jss

e,e,

C()C

st, ch

Resistance (€2) and capacitance (uF) of RC filter

Switching time of PFC boost converter

Boost inductor for Vienna converter

Switching frequency of Vienna rectifier

Average voltage of Vienna rectifier

DC link capacitances of Vienna rectifier

Three-phase grid line voltages

Positive sequence voltages of three-phase grid

Unit template of positive sequence voltages of three-phase grid
C1 and C» capacitor voltages

Reference three-phase grid currents

Three-phase grid currents

Switching logics of Vienna rectifier

Grid voltage (V), grid current (A) of single-phase utility grid
Interfacing inductor

switching frequency of VSC

Back-EMF in d-g domain

Cut-off frequency

Gains of ISOGI
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