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ABSTRACT

The rapidly vanishing conventional energy sources (fossil fuels) have put an alarming energy
crisis situation in front of the world. Moreover, the deteriorating environmental conditions have
moved world’s attention towards nonconventional green energy sources. Amongst the various
available renewable energy sources, the SPV (Solar Photovoltaic) generation systems are gaining
importance because of abundance of sun, low maintenance, modular structure and possibility of
small generation plants at the roof tops. The SPV generation systems can be broadly classified
into two main categories which are standalone and grid interfaced. The energy storage systems
(generally batteries) are the inherent requirement of the standalone systems to match the
instantaneous power balance, which adds to the extra cost and frequent maintenance in the
standalone system. Therefore, battery-less grid interfaced SPV generation systems are more
preferred where the grid in available.

The increasing energy crisis has not only given promotions to renewable energy sources but
also to the efficient electrical equipment. Most of these equipments use power electronic
converters to achieve high efficiency and compact structure. However, the rapid increase in
power electronic converter based loads has given rise to serious power quality problems such as
poor power factor, harmonics in AC mains current, neutral current, voltage distortion etc. in the
distribution system. Therefore, the energy crisis and the power quality problems are the two
prime issues of the modern distribution system.

This research work aims at the design, control and implementation of various single-phase and
three-phase system configurations for SECSs (Solar Energy Conversion systems). All the system
configurations are simulated in MATLAB based environment and the laboratory prototypes of

them are built to validate the simulation results. This research work mainly focuses on the SPV



generation systems connected in the distribution system. In order to deal with the problem of the
energy crisis, the various PV inverters are proposed in this work which are classified depending
on their connection to AC distribution system (single-phase or three-phase) and number of power
conversion stages (single-stage or two-stage). In case of two-stage systems, the first stage is a
boost converter which serves for MPPT (Maximum Power Point Tracking) and the second stage
is a grid tied VSC (Voltage Source Converter). The selection of system configuration depends on
the requirements of the end user. The problem of voltage fluctuations is quite common in the
weak distribution system. Therefore, simple, intuitive and improved control algorithms for the
PV inverters, are developed such that the PV inverter is capable of operating under wise range of
voltage variation. These PV inverters feed the sinusoidal current at unity power factor with
respect to CPI voltage. In case of two-stage PV inverters an adaptive DC link voltage based
control structure has been presented which has shown improvement in performance in terms of
reduction of switching losses, high frequency ohmic losses and reduction of ripple content in the
output current.

In addition, the SPV energy is not available almost two third period of the day in a typical SPV
generating system and its power converter is not utilized when there is no solar PV energy and
normally it is switched off in order to reduce its losses. This leads to poor utilization of the
power converters involved in the grid interfaced SPV system. Therefore, in order to improve the
utilization factor of the SPV generation system multifunctional SECSs are proposed in this work.
The multifunctional SECSs are the ones which not only feed the solar PV energy into the grid
but also help in power quality improvement at the CPl (Common Point of Interconnection). In
these multifunctional SECS, the grid tied VSC not only serves for transferring the generated SPV

power into the distribution system but also for additional features such as harmonics mitigation,

Vi



reactive power compensation, grid currents balancing and neutral current elimination depending
on the circuit configuration. A total of six system configurations for multifunctional SECSs are
presented in this work which includes single-stage and two-stage single-phase and three-phase
multifunctional SECSs. The three-phase multifunctional SECSs are further classified into three-
wire and four-wire grid tied multifunctional SECSs. An adaptive DC link voltage based control
approach is proposed for all two-stage single-phase and three-phase multifunctional SECSs. The
performance of adaptive DC link based control approach is found satisfactory for all the features
of the multifunctional SECS. Moreover, the performance improvement in terms of reduction in
losses and ripple current is observed. Simple, intuitive and improved control approaches are
proposed for all these SECSs. Moreover, the performance evaluation for all system
configurations of SECS has been carried out under non-ideal grid conditions. This work is
expected to provide a good exposure to design, development and control approach for shunt grid

tied PV inverters and multifunctional SECSs.
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Dynamic performance of single-stage three-phase PV inverter for (a)-(b) decrease in
insolation level from 1000 W/m? to 500 W/m?, (c)-(d) increase in insolation level
from 500 W/m?to 1000 W/m?.

System Configuration for single-stage three-phase three-wire grid tied
multifunctional SECS.

Block diagram of constant DC link voltage based control approach for single-stage
three-phase three-wire multifunctional SECS.

Estimation of in-phase component of load current from extracted fundamental
current.

Salient internal signals for the proposed control approach.
MATLAB modeling for single-stage three-phase grid tied multifunctional SECS.

Hardware configuration of DSP with power circuit of single-stage three-phase three-
wire multifunctional SECS.

Simulated performances of a single-stage three-phase multifunctional SECS under
linear loads at CPI.

Steady state performance under balanced linear loads, (8)-(C) Vsab With iga, iLa, Ivsca
respectively, (d) power drawn from grid (Pg), () power drawn by load (P.), (f)
power supplied by VSC Pysc.

Steady state performance under unbalanced linear loads (a-C) Vsa With igs, igh and ig,
(d-f) Veap With iLa, i1p, ivc, (0-1) Vsap With iysca, ivscp and ivsce, (j-1) grid, load and VSC
current THD, (m-n) power drawn from grid, power drawn by load.

Performance of single-stage three-phase three-wire multifunctional SECS under
disconnection of linear load (a) CPI voltage with grid currents, (b) CPI voltage with
load currents, (c) CPI voltage with VSC currents, (d) DC link voltage, CPI voltage,
PV array current and VVSC current.

Performance of single-stage three-phase three-wire multifunctional SECS under
inclusion of linear load (a) CPI voltage with grid currents, (b) CPI voltage with load
currents, (c¢) CPI voltage with VSC currents, (d) DC link voltage, CPI voltage, PV
array current and VSC current.

Simulated performances of single-stage three-phase three-wire multifunctional SECS
under nonlinear loads at CPI.

Test results of grid interfaced SPV under balanced non linear load (a-C) Vsa, With i,
ILa and ivsca, (d-f) THD of ig,, iLa and ivsca, (9-h) power drawn from, power supplied
to the load, power supplied by the VSC.

Steady state performance of three-phase three-wire multifuctional SECS under
unbalanced nonlinear loads (a)-(C) Vsap With iga, igh, Tgc (d)-(F) Vsap With ipg, ivp, Iic, (9)-
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Fig. 11.15
(a-d)

Fig. 11.16
(a-d)

Fig. 11.17

Fig. 11.18
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Fig. 11.22
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Fig. 11.23
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Fig. 12.1

Fig. 12.2

Fig. 12.3
Fig. 12.4

Fig. 12.5

(1) Vsan With ivsca, Ivsch, Ivsce, (J)-(1) harmonics spectrum of various currents iga, i,
Ivsca, (M) power drawn from grid (Pg), (n) power drawn by load (Py).

Performance under disconnection of nonlinear load (a) CPI voltage with grid
currents, (b) CPI voltage with load currents, (c) CPI voltage with VSC currents, (d)
DC link / PV array voltage, CPI voltage, PV array current and grid current.

Performance under inclusion of nonlinear load (a) CPI voltage with grid currents, (b)
CPI voltage with load currents, (c) CPI voltage with VSC currents, (d) DC link / PV
array voltage, CPI voltage, PV array current and VSC current.

Simulated performance of the multifunctional SECS under sudden change in solar
intensity from 1000 W/m? to 500 W/m?.

Experimentally recorded MPPT performance in steady state condition at (a)
1000W/m?, (b) 500W/m>.

Performance parameters under decrease in insolation from 1000 W/m? to 500 W/m?
(@) CPI voltage with grid currents, (b) CPI voltage with load currents, (c) CPI
voltage with VVSC currents, (d) DC link voltage, CPI voltage, PV array current and
VSC current.

Performance parameters under increase in insolation from 500 W/m? to 1000 W/m?
(@) CPI voltage with grid currents, (b) CPI voltage with load currents, (c) CPI
voltage with VVSC currents, (d) DC link voltage, CPI voltage, PV array current and
VSC current.

Simulated performances of single-stage three-phase three-wire multifunctional SECS
during with constant DC link voltage based control for (a) under voltage, (b) over
voltage.

Experimental performance during nominal to under voltage (a) CPI voltage with grid
currents, (b) CPI voltage with load currents, (¢) CPI voltage with VSC currents, (d)
PV array voltage, CPI voltage, PV array current, and VSC current.

Experimental performance during nominal to over voltage (a) CPI voltage with grid
currents, (b) CPI voltage with load currents, (¢) CPI voltage with VSC currents, (d)
PV array voltage, CPI voltage, PV array current, and VSC current.

System Configuration for two-stage three-phase four-wire grid tied multifunctional
SECS.

Block diagram of constant DC link voltage based control approach for three-phase
four-wire multifunctional SECS.

Block diagram of adaptive DC link voltage based control approach for three-phase
multifunctional SECS.

Salient internal signals of the control approach.

MATLAB modeling for two-stage three-phase four-wire grid tied multifunctional
SECS.
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Fig. 12.6

Fig. 12.7

Fig. 12.8
(a-f)

Fig. 12.9
(a-d)

Fig. 12.10
(a-d)

Fig. 12.11

Fig. 12.12
(a-t)

Fig. 12.13
(a-d)

Fig. 12.14
(a-d)

Fig. 12.15

Fig. 12.16
(a-b)

Fig. 12.17
(a-d)

Fig. 12.18
(a-d)

Hardware configuration of DSP with power circuit of three-phase four-wire
multifunctional SECS.

Simulated performances of a two-stage three-phase four-wire multifunctional SECS
with constant DC link voltage based control approach under linear loads at CPI.

Steady state performance under balanced linear loads, (8)-(C) Vsap With iga, ira, Ivsca
respectively, (d) power drawn from grid (Pg), () power drawn by load (P.), (f)
power supplied by VSC Pysc.

Performance under removal of linear load with constant DC link voltage based
control approach (a) CPI phase voltage with grid currents, (b) CPI voltage with load
currents, (c) CPI voltage with VSC currents, (d) CPI voltage with neutral currents.

Performance under inclusion of linear load with constant DC link voltage based
control approach (a) CPI phase voltage with grid currents, (b) CPI voltage with load
currents, (c) CPI voltage with VSC currents, (d) CPI voltage with neutral currents.

Simulated performances of a two-stage three-phase four-wire multifunctional SECS
with constant DC link voltage based control approach under nonlinear loads at CPI.

Performance under unbalanced nonlinear loads (a)-(d) Vsap With ipq, ivp, iLc and ipp,
(e)-(h) Vsap With ivsca, ivsch, ivsce and ivscn, (i)-(I) Vsab With iga, ign, ige and ign, (M) )
power supplied by the grid (n)-(p) power supplied by three phases of VSC, (q)-(r)
load power for phase-a and phase-b, (s)-(t) Harmonics spectra for load current and
grid current.

Performance under removal of nonlinear load with constant DC link voltage based
control approach (a) CPI phase voltage with grid currents, (b) CPI voltage with load
currents, (c) CPI voltage with VSC currents, (d) DC link voltage with neutral
currents.

Performance under addition of nonlinear load with constant DC link voltage based
control approach (a) CPI phase voltage with grid currents, (b) CPI voltage with load
currents, (c) CPI voltage with VSC currents, (d) DC link voltage with neutral
currents.

Simulated performance of the three-phase four-wire multifunctional SECS with
constant DC link voltage based control approach for sudden change in solar intensity
from 1000 W/m? to 500 W/m’.

Experimentally recorded MPPT performance in steady state condition at (a)
1000W/m?, (b) 300W/m>.

Performance parameters under decrease in insolation (a) CPI voltage with grid
currents, (b) CPI voltage with load currents, (c) CPI voltage with VSC currents, (d)
PV array voltage, PV array current, DC link voltage and VSC current.

Performance parameters under increase in insolation (a) CPI voltage with grid
currents, (b) CPI voltage with load currents, (c) CPI voltage with VSC currents, (d)
PV array voltage, PV array current, DC link voltage and VSC current.
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Fig. 12.19
(a-b)

Fig. 12.20
(a-d)

Fig. 12.21
(a-d)

Fig. 12.22

Fig. 12.23
(a-f)

Fig. 12.24
(a-d)

Fig. 12.25
(a-d)

Fig. 12.26

Fig. 12.27
(a-t)

Fig. 12.28
(a-d)

Fig. 12.29
(a-d)

Fig. 12.30

Simulated performances of three-phase three-wire multifunctional SECS during with
constant DC link voltage based control for (a) under voltage, (b) over voltage.

Experimental performance with constant DC link voltage control during nominal to
under voltage at CPI (a) CPI voltage with grid currents, (b) CPI voltage with load
currents, (c) CPI voltage with VSC currents, (d) PV array voltage, PV array current,
DC link voltage and grid current.

Experimental performance with constant DC link voltage control during nominal to
overvoltage at CPI (a) CPI voltage with grid currents, (b) CPI voltage with load
currents, (c) CPI voltage with VSC currents, (d) DC link voltage, CPI line voltage,
VSC current and grid current.

Simulated performances of a two-stage three-phase four-wire multifunctional SECS
with adaptive DC link voltage based control approach under linear loads at CPI.

Steady state performance under balanced linear loads, (a)-(C) Vsap With iga, ira, Ivsca
respectively, (d) power drawn from grid (Pg), () power drawn by load (P.), (f)
power supplied by VSC Pysc.

Performance under removal of linear load with adaptive DC link voltage based
control approach (a) CPI phase voltage with grid currents, (b) CPI voltage with load
currents, (c¢) CPI voltage with VSC currents, (d) DC link voltage with neutral
currents.

Performance under addition of linear load with adaptive DC link voltage based
control approach (a) CPI phase voltage with grid currents, (b) CPI voltage with load
currents, (c¢) CPI voltage with VSC currents, (d) DC link voltage with neutral
currents.

Simulated performances of a two-stage three-phase three-wire multifunctional SECS
with adaptive DC link voltage based control approach under nonlinear loads at CPI.

Performance under unbalanced nonlinear loads (a)-(d) Vsap With ipq, ipp, iLc and ipp,
(e)-(h) Vsap With ivsca, ivscn, ivsce and ivscn, (i)-(I) Vsab With iga, ign, ige and ign, (M) )
power supplied by the grid (n)-(p) power supplied by three phases of VSC, (q)-(r)
load power for phase-a and phase-b, (s)-(t) Harmonics spectra for load current and
grid current.

Performance under removal of nonlinear load with adaptive DC link voltage based
control approach (a) CPI phase voltage with grid currents, (b) CPI voltage with load
currents, (c) CPI voltage with VSC currents, (d) DC link voltage with neutral
currents.

Performance under addition of nonlinear load with adaptive DC link voltage based
control approach (a) CPI phase voltage with grid currents, (b) CPI voltage with load
currents, (c) CPI voltage with VSC currents, (d) DC link voltage with neutral
currents.

Simulated performance of three-phase four-wire multifunctional SECS with adaptive
DC link voltage for sudden change in solar intensity from 1000 W/m? to 500 W/m?.
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Fig. 12.31
(a-b)

Fig. 12.32
(a-d)

Fig. 12.33
(a-d)

Fig. 12.34
(a-b)

Fig. 12.35
(a-d)

Fig. 12.36
(a-d)

Fig. 12.37

Fig. 12.38

Fig. 12.39
(a-d)

Fig. 12.40

Fig. 13.1

Fig. 13.2

Fig. 13.3
(a-d)

Fig. 13.4

Fig. 13.5

Experimentally recorded MPPT performance in steady state condition at (a)
1000W/m?, (b) 300W/m>.

Performance parameters under decrease in insolation from 1000W/m? to 300 W/m?
(@) CPI voltage with grid currents, (b) CPI voltage with load currents, (c) CPI
voltage with VSC currents, (d) DC link voltage, PV array voltage, PV array current
and VSC current.

Performance parameters under increase in insolation from 300 W/m® to 1000W/m?
(@) CPI voltage with grid currents, (b) CPI voltage with load currents, (c) CPI
voltage with VSC currents, (d) DC link voltage, PV array voltage, PV array current
and VSC current.

Simulated performances of three-phase three-wire multifunctional SECS during (a)
under voltage, (b) over voltage.

Experimental performance with proposed adaptive DC link voltage control during
nominal to under voltage at CPI (a) CPI voltage with grid currents, (b) CPI voltage
with load currents, (c) CPI voltage with VSC currents, (d) PV array voltage, PV
array current, DC link voltage and grid current.

Experimental performance with proposed adaptive DC link voltage control during
nominal to overvoltage at CPI (a) CPI voltage with grid currents, (b) CPI voltage
with load currents, (c) CPI voltage with VSC currents, (d) DC link voltage, CPI line
voltage, VSC current and grid current.

Switching transient for shunt grid interfaced VSC.

Basic principle for reduction in ripple current by keeping DC link voltage near to
amplitude of grid voltage.

VSC currents for phase a with (a) proposed DC link voltage structure, (b)
conventional DC link voltage structure, (c)-(d) grid current for phase a with (c)
proposed DC link voltage structure, (d) conventional DC link voltage structure.

Extra power fed by the VSC using proposed control approach under CPI voltage
variation.

System  Configuration for four-wire tied

multifunctional SECS.

single-stage  three-phase grid

Block diagram of decoupled adaptive noise detection based control approach for
three-phase four-wire multifunctional SECS.

Salient internal parameters of proposed control approach (a)-(b) estimation of
average power consuming component (lg) and it intermediate signals, (c)-(d)
estimation of reference grid currents using lyc.

MATLAB modeling for single-stage three-phase four-wire grid tied multifunctional
SECS.

Hardware configuration of DSP with power circuit of single-stage three-phase four-
wire multifunctional SECS.

XXXl



Fig. 13.10
(a-d)

Fig. 13.11
(a-d)
Fig. 13.12
Fig. 13.13
(a-i)

Fig. 13.14
(a-t)

Fig. 13.15
(a-d)

Fig. 13.16
(a-d)
Fig. 13.17

Fig. 13.18
(a-b)

Fig. 13.19
(a-d)

Simulated performances of a single-stage three-phase four-wire multifunctional
SECS under variation of linear loads at CPI.

Steady state performance under balanced linear loads (a) power drawn by load (P.),
(b) power supplied by VSC Pysc, (c) power drawn from grid (Pg).

Behavior of SECS under unbalanced linear load (a)-(d) Vsap With iy, iip,iLc,ivn, (€)-(h)
Vsab with iVSCay iVSCb,iVSCCyiVSCm (l)'(l) Vsab with iga, igb,igc,ign-

Steady state power shared during unbalanced linear load (a)-b) power consumed by
the loads, (c) power drawn from the grid, (d)-(f) power supplied by the VSC.

Performance of single-stage three-phase four-wire multifunctional SECS under
disconnection of linear load (a) CPI phase voltage with grid currents, (b) CPI voltage
with load currents, (c) CPI voltage with VSC currents, (d) DC link / PV array
voltage with neutral currents.

Performance of single-stage three-phase four-wire multifunctional SECS under
inclusion of linear load (a) CPI phase voltage with grid currents, (b) CPI voltage
with load currents, (c) CPI voltage with VSC currents, (d) DC link / PV array
voltage with neutral currents.

Simulated performances of a single-stage three-phase four-wire multifunctional
SECS under nonlinear loads at CPI.

Behavior of SECS under balanced nonlinear load, (a)-(C) Vsap With ipa, Ivsca, isa (d)-
(f) harmonic spectra for i, ivsca, isa respectively, (9)-(i) Vsap With iLn, ivscn, isn.

Performance under unbalanced nonlinear loads (a)-(d) Vsap With ipq, ip, ic and ipp,
(8)-(h) Vsan With ivsca, ivsch, vsce and ivscn, (i)-(1) Vsab With liga, ign, ige and igy, (M) )
power supplied by the grid (n)-(p) power supplied by three phases of VSC, (q)-(r)
load power for phase-a and phase-b, (s)-(t) Harmonics spectra for load current and
grid current .

Performance of the system under disconnection of nonlinear load (a) CPI phase
voltage with grid currents, (b) CPI voltage with load currents, (c) CPI voltage with
VSC currents, (d) DC link / PV array voltage with neutral currents.

Performance under addition of nonlinear load with constant DC link voltage based
control approach (a) CPI phase voltage with grid currents, (b) CPI voltage with load
currents, (c) CPI voltage with VSC currents, (d) DC link / PV array voltage with
neutral currents.

Simulated performances of the single-stage three-phase four-wire multifunctional
SECS for sudden change in solar intensity from 1000 W/m? to 500 W/m?.

Experimentally recorded MPPT performance in steady state condition at (a)
1000W/m?, (b) 500W/m>.

Performance parameters under decrease in insolation (a) CPI voltage with grid
currents, (b) CPI voltage with load currents, (c) CPI voltage with VSC currents, (d)
PV array / DC link voltage, CPI line voltage, PV array current and VSC current.
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Fig. 13.20
(a-d)

Fig. 13.21
(a-b)

Fig. 13.22
(a-d)

Fig. 13.23
(a-d)

Performance parameters under increase in insolation (a) CPI voltage with grid
currents, (b) CPI voltage with load currents, (c¢) CPI voltage with VSC currents, (d)
PV array / DC link voltage, CPI line voltage, PV array current and VSC current.

Simulated performances of single-stage three-phase four-wire multifunctional SECS
for fluctuations in voltage at CPI (a) from nominal to under voltage, (b) from
nominal to over voltage.

Experimental performance of single-stage three-phase four-wire multifunctional
SECS during nominal to under voltage at CPI (a) CPI phase voltage with grid
currents, (b) CPI phase voltage with load currents, (c) CPI phase voltage with VSC
currents, (d) PV array / DC link, CPI line voltage, PV array current and VSC current.

Experimental performance of single-stage three-phase four-wire multifunctional
SECS during nominal to over voltage at CPl (a) CPIl phase voltage with grid
currents, (b) CPI phase voltage with load currents, (c) CPI phase voltage with VSC
currents, (d) PV array / DC link, CPI line voltage, PV array current and VSC current.

XXXV



Table 4.1

Table 5.1

Table 6.1

Table 7.1

Table 8.1

Table 9.1

Table 10.1

Table 11.1

Table 12.1

Table 13.1

LIST OF TABLES

Design parameters of single-phase two-stage PV inverter for experimental
implementation.

Design parameters of two-stage single-phase multifunctional SECS for
experimental implementation.

Design parameters of single-phase single-stage PV inverter for experimental
implementation.

Design parameters of single-stage single-phase grid tied multifunctional SECS
for experimental implementation.

Design parameters of three-phase two-stage grid tied PV inverter for
experimental implementation.

Design parameters of three-phase three-wire two stage multifunctional SECS for
experimental implementation.

Design parameters of three-phase single-stage grid tied PV inverter for
experimental implementation.

Design parameters of single-stage three-phase three-wire multifunctional SECS
for experimental implementation.

Design parameters of two-stage three-phase four-wire multifunctional SECS for
experimental implementation.

Design parameters of single-stage three-phase four-wire multifunctional SECS
for experimental implementation.

XXXV



AC
ADC
CFL
CPI
DAC
DC
DFSOGI
DSP
D-STATCOM
FACTS
IGBTs
ILST
InC
LPF
MPP
MPPT
P&O

Pl

PLL
PV
PWM
SECS
SHTNF
SPV
SRFT
VSC

LIST OF ABBREVIATIONS

Alternating Current

Analog to Digital Converter

Compact Florescent Lamp

Common Point of Interconnection
Digital to Analog Converter

Direct Current

Double Frequency Second Order Generalized Integrator
Digital Signal Processor

Distribution Static Compensator
Flexible Alternating Current Transmission Systems
Insulated Gate Bipolar Transistors
Improved Linear Sinusoidal Tracer
Incremental Conductance

Low Pass Filter

Maximum Power Point

Maximum Power Point Tracking
Perturb and Observe

Proportional Integral

Phase Locked Loop

Photo Voltaic

Pulse Width Modulation

Solar Energy Conversion System
Second Harmonics Tuned Notch Filter
Solar Photo Voltaic

Synchronous Reference Frame Theory

Voltage Source Converter

XXXVil



Cbc

Ipv
Imppa
lvsc
IVSCmax
Ivscp
Ivscr
Ivsca
lvscr

Isw

iga, igb, igc, ign
igref

|garefy |gbrefy |gcref

LIST OF SYMBOLS

Over loading factor

DC bus capacitance of the VSC

Capacitance for ripple filter

Duty ratio of boost converter

Reference duty ratio of boost converter
Switching frequency

Short circuit current of single solar cell

MPP current of single solar cell

Short circuit current of SPV array

Ripple current in the input current of boost converter
Current in the DC link capacitor

PV array current

MPP current of SPV array

VSC current in single-phase system
Maximum current for VSC

Peak current for VSC

Peak ripple current for VSC

Active power component of VSC current
Reactive power component of VSC current
Current rating of IGBT switch

Output of DC link PI controller

PV array feed forward contribution
Magnitude of active power component of load current
Amplitude of reference grid current

Sensed grid current in single-phase system
Sensed grid currents in three-phase system
Reference grid current in single-phase system

Reference grid currents in three-phase system

XXXVili



i

ih

iLav ILﬁ

ILay I, ILc ILn

lvsca, tvsch, Ivsce Ivscn

Id, I2fd, Idn

Id, IsHd, 1dn, IsHg, P10

iean i1::11 i2a, i?>a, ifa, ifp(a,b,c)

iea, Mla, |oa; SHa' ipa

Vbc
VDCref
VDCmin

VDCmax

Sensed load current in single-phase system

Harmonics component in sensed load current

Estimated fundamental currents by notch filter algorithm
Sensed load currents in three-phase system

VSC currents in three-phase system

Internal parameters of DFSOGI algorithm

Internal parameters of SHTNF algorithm

Internal parameters of ILST algorithm

Internal parameters of adaptive noise detection algorithm
Average active power component of load current
Reactive power component of load current

Proportional constant for P1 controller

Integral constant for P1 controller

Inductor for boost converter

Interfacing inductor for VSC

Interfacing inductor for neutral leg of VSC

Modulation index

Number of parallel solar cells

Number of series solar cells

MPP power of SPV array

Maximum power from a PV array under standard ambiance
condition

Power consumed by the load

Power supplied by the PV array

Power supplied by the VSC

Resistance for ripple filter

Switching time period

Nominal DC bus voltage

Reference DC link voltage

Minimum DC bus voltage

Maximum DC bus voltage

XXXIX



Vocr

Vin

Vinppc
Vinppa

Voc

Voca

Vpy

Vpvret

Vs

Vsmin
Vsmax

&

V;

Vsw

Vs

Vsas Vsby Vsc
Vsah, Vshe, Vsca
Vs1, Vs2
Vsa, Vsp

Ve

Up, Ug

Za, Ib, Zc
Zap, Zbp» Zep
Zag Zbg» Zeq
a p

Wo

¢

o

U

Peak to peak current ripple on DC bus voltage

Input voltage of boost converter

MPP voltage of single solar cell

MPP voltage of SPV array

Open circuit voltage of single solar cell

Open circuit voltage of SPV array

PV array voltage

Reference PV array voltage

Nominal CPI voltage

Minimum CPI voltage

Maximum CPI voltage

Estimated amplitude of single-phase CPI voltage
Estimated amplitude of three-phase CPI voltage
Voltage rating of IGBT switch

CPI voltage in single-phase system

CPI phase voltages in three-phase system

CPlI line voltages in single-phase system

Orthogonal voltages in single-phase control approach
Orthogonal voltages estimated by notch filter algorithm
Error voltage in DC link voltage control loop

Unit vectors for single-phase systems
Synchronization vectors for three-phase systems
In-phase unit vectors for three-phase systems
Quadrature unit vectors for three-phase systems
Internal parameters for ILST algorithm

Line frequency in rad/sec

Internal parameter for notch filter algorithm

Internal parameter for adaptive noise detection algorithm

Scaling factor in an adaptive DC link voltage control

x|



	Final Thesis Document.pdf
	`Front
	0-Cover Page
	1-Certificate
	1-Z
	2-Acknowledgement
	2-Z
	3-Abstract
	3-Z
	4-Table of content1
	4-Z
	5-List of Figs.
	5-Z
	6-List of tables
	6-Z
	7-List of abbrivations
	7-Z
	8-List of symbols1
	8-Z
	Chapter 1 draft 2
	Chapter 2 draft 2
	Chapter 3 draft 5
	Chapter 3-Z
	Chapter 4 draft 4
	Chapter 5 draft 2
	Chapter 6 draft 2
	Chapter 6-Z
	Chapter 7 draft 2
	Chapter 8 draft 1
	Chapter 8-Z
	Chapter 9 draft 2
	Chapter 9-Z
	Chapter 10 draft 1
	Chapter 10-Z
	Chapter 11 draft 1
	Chapter 12 draft 1
	Chapter 13 draft 1
	Chapter 13-Z
	Chapter 14-Draft 1
	Chapter 14-Z
	k1 References
	k1 References-Z
	k2 List of papers for thesis 5.3.2016
	k2 List of Z
	k3 Biodata




