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ABSTRACT

Due to worldwide acceptance of net zero carbon emission policy and the subsequent necessity
to minimize carbon footprints of energy infrastructure, there is an accelerated growth of solar
photovoltaic (PV) array fed systems for several crucial applications like solar water pumping.
The domains like irrigation, residential/commercial buildings, forest conservation, livestock,
aquaculture and others are the potential beneficiary of solar water pumping systems. Besides,
the declining cost of PV technology and the availability of low-cost digital signal processors
have increased the number of installations of PV array fed water pumping systems. Meanwhile,
permanent magnet synchronous motor (PMSM) has emerged as a potential candidate for
driving solar water pumping systems due to its advantages like higher efficiency, higher torque
density and unity power factor operation over induction motors. In this research work, various

configurations of PMSM drive suitable for solar water pumping system.

In developed configurations of PMSM, the reverse-saliency is realized through introduction of
flux barriers along g-axis in rotor to minimize permanent magnet demagnetization risk. While
the developed topologies of PMSM operated solar water pumping system are broadly classified
into standalone and grid interfaced systems. The PV array and battery energy storage (BES)
are the two energy sources for standalone system. For such systems, a bidirectional power flow
controller is developed for controlling battery power based on weather conditions. This enables
delivery of constant water discharge for intermittent irradiation, thereby increasing utilization
of the system. Whereas, the grid is available as another energy source in addition to PV array
and BES for grid-interfaced system. Such a configuration facilitates on-demand water pumping
irrespective of availability of irradiation. For this system, the fundamental component of grid
voltage is extracted by using presented frequency locked loop (FLL). This enables the smooth
operation of system even under abnormal grid conditions as the power quality at grid terminals
is maintained in accordance to the IEEE-519 standard. Besides, a synchronization unit is added
to the grid interfaced system for seamless synchronization of water pumping system with grid.
For this purpose, the presented FLL based synchronizing controls are developed. Such a unit
facilitates interconnection and interoperability between water pumping system and grid so that

these two units work effectively, which thereby satisfies the IEEE 1547-2018 updated standard.

Besides, mechanical position sensor is eliminated from PMSM drive by using presented rotor
flux observer, which estimates speed and rotor position. The estimated speed and rotor position
are then used for implementing field-oriented control of PMSM drive. The elimination of

position sensor reduces cost and increases reliability of the solar water pumping system. Even
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a provision to supply power to local-loads of the system such as pressure boosters, cooling
fans, lighting load, fan-load and others is included into the system. Such a load is necessary
and unavoidable as it represents the auxiliary components of solar water pumping system,

which are necessary for smooth operation of the system.

The performance of the presented configurations of solar water pumping system and the
associated control techniques is analyzed by performing simulation on MATLAB/Simulink
platform. Several simulation results are acquired and reported for each topology during
starting, steady-state and dynamics under practical operating scenarios. Besides, an
experimental validation of all the presented topologies is carried out on the laboratory prototype

of the system, and the associated test results are reported.
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Representation of (a) dg-axes flux path, and (b) dg-axes simplified magnetic circuits
Configuration. (a) existing PMSM, and (b) presented RS-PMSM-WPB

dg-axes magnetic circuits. (a) existing PMSM and, (b) RS-PMSM-WPB

Rotor of RS-PMSM-WPB (a) with PB, and (b) without PB

RS-PMSM-WPB magnetic circuits. (a) with PB, and (b) without PB
RS-PMSM-WPB. (a) torque enhancement, and (b) phasor diagram

Main dimensions of RS-PMSM-WMB

Variation of (a) average torque, 7, (b) core-losses, P, (c) PM volume, Vpy with [,
and ¢, and (d) T, with Vpyr and P

Selection of PM dimensions on the basis of (a) average torque, Tsv, (b) coreloss, P,
and (c) volume of PM, Vpy. Variation of (d) saliency difference, dL with /,, and ¢,

Variation of (a) saliency difference, oL, (b) torque ripple, 67, and (c) average torque,
T,y with r; and d at different value

Variation of (a) saliency difference, oL, (b) torque ripple, 67, and (c) average torque,
T, with r; and d at b, = 2.5 mm

Values of (a) GCC, (b) GCG, (c) performance indices, and (d) design variables for
top five design sets

Flowchart of design and optimization process for RS-PMSM-WMB
RS-PMSM-WPB rotor. (a) PB thickness, #pp= 0 mm, and (b) tpp = 4mm

Influence of PB thickness, zpp on (a) inductances, (b) torque and torque ripple, (c)
instantaneous and, (d) average PM flux density

RS-PMSM-WPB rotor. (a) PB angle, 0,,= -4° mech., and (b) oy, = 4° mech.

Influence of PB angle, app on (a) inductances, (b) torque and torque ripple, (c)
instantaneous and, (d) average PM flux density

RS-PMSM-WPB rotor. (a) IB thickness, #/3= 1 mm, and (b) #3=5 mm

Influence of IB thickness, t;z on (a) inductances, (b) torque and torque ripple, (c)
instantaneous and, (d) average PM flux density

RS-PMSM-WPB rotor (a) IB inner radius, 7,=0mm, and (b) »—=Imm

Influence of IB inner radius, 7; on (a) inductance, (b) torque and torque ripple, (¢)
instantaneous, and (d) average PM flux density

RS-PMSM-WPB rotor with (a) IB rib, 4;3= 1 mm, and (b) 43— 8 mm

Influence of IB rib, A3 on (a) inductances, (b) torque and torque ripple, (c)
instantaneous PM flux density, and (d) average PM flux density

No-load performances. (a) Airgap flux density, B, (b) phase a back EMF, and (c) its
harmonic spectrum for RS-PMSM-WMB and CS-PMSM
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52
5.3

Direct and quadrature axes inductance variation with (a) peak current, /,,, and (b)
current angle, ¢ for RS-PMSM-WMB and CS-PMSM

Torque profiles. (a) Ta vs d, and (b) o7 vs 0 for RS-PMSM-WMB and CS-PMSM
where T, is average torque, o7 is torque ripple, and J is current angle

Variation of (a) saliency difference, dL, and (b) torque ripples, 07 with current angle,
o0 and peak current, /,, for RS-PMSM-WMB and CS-PMSM

A Flux line distribution at no-load. (a) RS-PMSM-WMB, and (b) CS-PMSM

Magnetic flux density distribution in rotor of (a) RS-PMSM-WMB, and (b) CS-
PMSM at rated load

(a) PM operating points, and (b) maximum torque, Tax versus peak current, /,, curves
of RS-PMSM-WMB and CS-PMSM

PM flux density plot at (a-b) 1, = 14A, (c-d) I, = 21A, (e-f) I, = 28A, and (g-h) I,, =
35A of RS-PMSM-WMB (a,c,e,g) and CS-PMSM (b,d,f,h)

PM flux density, B,» at point Q in (a) RS-PMSM-WMB, and (b) CS-PMSM under
different peak currents

(a) Torque vs speed, and (b) output power vs speed curves for both the RS-PMSM-
WMB and CS-PMSM

RS-PMSM-WMB. (a) Output Power, P, and (b) Efficiency, # maps

Mechanical analysis of presented RS-PMSM-WMB. (a)-(b) Von-Mises stress, and
(¢)-(d) Deformation at (a),(c) 3000 rpm, and (b),(d) 4500 rpm

RS-PMSM-WPB inductances with and without PB. Variation with (a) ¢, and (b) 7,

RS-PMSM-WPB average and reluctance torques with and without PB. Variation with
(a) 0, and (b) I

RS-PMSM-WPB torque ripple with and without PB. Variation with (a) d, and (b) 7,

Distribution of flux density in (a) conventional PMSM, and (b) presented RS-PMSM-
WPB at various peak current values

Flux density at center of PM in RS-PMSM-WPB and conventional PMSM for
different peak currents. (a) 10 A, (b) 15 A, (¢) 20 A, and (d) 25 A

RS-PMSM-WPB (a) airgap flux density plot, (b) back EMFs curves and (b) harmonic
spectrum

Variation of (a) stator hysteresis loss, (b) rotor hysteresis loss, (c) stator eddy-current
loss, (d) rotor eddy-current loss, (¢) PM eddy-current loss, and (f) copper loss with
current angle, J, and peak current, 7,

Presented double-stage PV array fed PMSM drive based water pumping system with
the provision to deliver power to local loads

Conventional double-stage PV array fed PMSM drive based water pumping system

Presented single-stage solar PV array fed PMSM drive based water pumping system
with the provision to deliver power to local loads
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Conventional single-stage PV array fed PMSM drive based water pumping system
[lustration of basic concept behind incremental conductance based MPPT algorithm
Flowchart of incremental conductance based MPPT algorithm

Pictorial representation of actual and observed rotor flux in PMSM

(a) Pure integrator based estimation of rotor flux, and (b) Bode curve of pure
integrator

(a) LPF based observation of rotor flux, and (b) Bode curve of LPF
ANF based observation of rotor flux

Bode curve of ANF

Improved ANF based observation of rotor flux

Bode curve of improved ANF

Bode curve of G¢(s) at w.~=314rad/s, 3we, Swe, and 7w,

Presented AMNEF based observation of rotor flux

Bode curve of presented AMNF structure

Bode curves of presented AMNEF structure and existing filters

Flux loci of (a) Pure integrator, (b) LPF, (c) ANF, (b) IANF and (c) presented AMNF
structure under DC disturbance

Flux loci of (a) Pure integrator, (b) LPF, (c) ANF, (d) IANF and (e) presented AMNF
structure under harmonic disturbance

Control for generation of switching pulses for motor-side VSI
Control for generation of switching pulses for load-side VSC
Flowchart of incremental conductance based MPPT algorithm

MATLAB/Simulink based model of double-stage solar PV array fed PMSM drive
with local loads for water pumping system

MATLAB/Simulink based model of single-stage solar PV array fed PMSM drive with
local loads for water pumping system

Experimental setup

(a) Schematic diagram of signal conditioning circuit for voltage sensors, and (b)
voltage sensor board as developed in laboratory

(a) Schematic diagram of signal conditioning circuit for current sensors, and (b)
current sensor board as developed in laboratory

(a) Schematic diagram of isolation and amplification circuit for gate drivers, and (b)
optocoupler based isolation and BJT based amplification board as developed in
laboratory
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542

(a) Architecture of dSPACE-1202 based DSP, and (b) photograph of dSPACE-1202

Starting and steady-state performances of double-stage PV array fed PMSM driven
water pumping system at 1kW/m?. (a) PV array/load parameters, and (b) PMSM
parameters

Starting and steady-state performances of double-stage PV array fed PMSM driven
water pumping system at 0.5kW/m?. (a) PV array/load parameters, and (b) PMSM
parameters

Dynamic performances of presented double-stage PV array fed PMSM driven water
pumping system for irradiation change from 1kW/m? to 0.5kW/m?. (a) PV array/local-
load parameters, and (b) PMSM parameters

Dynamic performances of presented double-stage PV array fed PMSM driven water
pumping system for irradiation change from 0.5kW/m? to IkW/m?. (a) PV array/local-
load parameters, and (b) PMSM parameters

Starting performances of presented double-stage PV array fed PMSM driven water
pumping system at (a,c) 1kW/m?, and (b,d) 0.5kW/m?

Steady-state performances of presented double-stage PV array fed PMSM driven
water pumping system at (a-¢) 1kW/m?, and (f-i) 0.5kW/m?

Dynamic performances of presented double-stage PV array fed PMSM drivein wa}ter
pumping system for irradiation change from 0.5kW/m? to 1kW/m?. (a) @,,.., @, » P
,émﬁ; (b) Ipv, ima, imb, ime; (€) Ppv, Vev, Ipv, Vics (d) Ipv, ima, Vi, iz and () @,,,, Vb,

A

ima, 0

me

Dynamic performances of presented double-stage PV array fed PMSM driven water

pumping system for irradiation change from 1kW/m? to 0.5kW/m>. (a) @, , ¢Zmr , ¢Zma
,émﬁ; (b) 1pv, ima, imb, ime; (€) Ppv, Vv, Ipv, Vbc; (d) Ipy, ima, vi, i and (€) @,,., Vbc,

in1a, 0

me

[lustration of MPPT performance on /py-vs-Vpy curve for presented double-stage PV
array fed water pumping system at (a) 1kW/m?, and (b) 0.5kW/m?

Starting and steady-state performances of single-stage PV array fed PMSM driven
water pumping system at 1kW/m?. (a) PV array/load parameters, and (b) PMSM
parameters

Starting and steady-state performances of single-stage PV array fed PMSM driven
water pumping system at 0.5kW/m?. (a) PV array/load parameters, and (b) PMSM
parameters

Dynamic performances of presented single-stage PV array fed PMSM driven water
pumping system for irradiation change from 1kW/m? to 0.5kW/m?. (a) PV array/local-
load parameters, and (b) PMSM parameters

Dynamic performances of presented single-stage PV array fed PMSM driven water
pumping system for irradiation change from 0.5kW/m? to 1kW/m?. (a) PV array/local-
load parameters, and (b) PMSM parameters
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6.1
6.2
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6.7

6.8

6.9

6.10

6.11

6.12

6.13

6.14

6.15

Starting performances of presented single-stage PV array fed PMSM driven water
pumping system at (a-b) 1kW/m?, and (c-d) 0.5kW/m?

Steady-state performances of presented single-stage PV array fed PMSM driven water
pumping system at (a-d) 1kW/m?, and (e-h) 0.5kW/m?

Dynamic performances of presented single-stage PV array fed PMSM driven water
pumping system for irradiation change from (a-d) 0.5kW/m? to 1kW/m?, and (e-h)
vice-versa

[lustration of MPPT performance on /py-vs-Vpy curve for presented single-stage PV
array fed water pumping system at (a) 1kW/m?, and (b) 0.5kW/m?

Double-stage solar PV array and BES fed PMSM-pumping system with local loads

Double-stage solar PV array and BES with BDC fed PMSM-pumping system with
local loads

Single-stage solar PV array and BES with bidirectional converter fed PMSM-
pumping system with local loads

Control of bidirectional converter for double stage system
Control of bidirectional converter for single-stage system

MATLAB/Simulink based model of double-stage solar PV array and battery fed
PMSM drive with local loads for water pumping system

MATLAB/Simulink based model of double-stage solar PV array and battery with
bidirectional DC-DC converter fed PMSM drive with local loads for water pumping
system

MATLAB/Simulink based model of single-stage solar PV array and battery with
bidirectional DC-DC converter fed PMSM drive with local loads for water pumping
system

Experimental setup

Starting and steady-state performances of double-stage PV array and battery fed
PMSM drive with local-loads for water pumping system at 1 kW/m?

Starting and steady-state performances of double-stage PV array and battery fed
PMSM drive with local-loads for water pumping system at 0.5 kW/m?

Dynamic performances of presented double-stage PV array and battery fed PMSM
drive with local-loads for water pumping system for irradiation change from {I-to-
0.5} kW/m?

Dynamic performances of double-stage PV array and battery fed PMSM drive with
local-loads for water pumping system for irradiation change from {0.5-to-1.0}kW/m?

Performances of presented double-stage PV array and battery fed PMSM drive with
local-loads for water pumping system during shut-down of pumping unit at 1kW/m?

Performances of presented double-stage PV array and battery fed PMSM drive with
local-loads for water pumping system during shut-down of pumping unit at 0.5 kW/m?
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6.26
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6.28

6.29

6.30

Starting performances of double-stage PV array and battery fed PMSM drive with
local-loads for water pumping system at irradiation of (a,c) 1.0 kW/m?, and (b,d) 0
kW/m?

Steady-state performances of double-stage PV array and battery fed PMSM drive with
local-loads for water pumping system at irradiation of (a-c) 1 kW/m?, and (d-f) 0.5
kW/m?

Dynamic performances of double-stage PV array and battery fed PMSM drive with
local-loads for water pumping system for change in irradiation from (a-d) {0.5-to-
1.0} kW/m?, and (e-h) vice-versa

Dynamic performances of double-stage PV array and battery fed PMSM drive with
local-loads for water pumping system for change in irradiation from (a-c) {0.0-to-
1.0} kW/m?, and (d-f) vice-versa

Dynamic performances of presented system for irradiation change from (a) {0.5-to-
1.0} kW/m?, and (b) vide-versa when pumping is not required

[lustration of MPPT performance on /py-vs-Vpy curve for presented double-stage PV
array and battery fed water pumping system at (a) IkW/m?, and (b) 0.5kW/m?

Starting and steady-state performances of double-stage PV array and battery with
bidirectional converter fed PMSM drive with local-loads for water pumping system
at 1 kW/m?

Starting and steady-state performances of double-stage PV array and BES with BDC
fed PMSM drive with local-loads for water pumping system at 0.5 kW/m?

Dynamic performances of double-stage PV array and BES with BDC fed PMSM
drive with local-loads for water pumping system for irradiation change from {1-to-
0.5} kW/m?

Dynamic performances of double-stage PV array and BES with BDC fed PMSM
drive with local-loads for water pumping system for irradiation change from {0.5-to-
1} kW/m?

Performances of presented double-stage PV array and BES with BDC fed PMSM
drive with local-loads for water pumping system during shut-down of pumping unit
at 1kW/m?

Performances of double-stage PV array and BES with BDC fed PMSM drive with
local-loads for water pumping system during shut-down of pumping unit at 0.5kW/m?

Starting performances of presented double-stage PV array and battery with BDC fed
PMSM driven water pumping system at solar irradiation of (a) 1.0kW/m?, and (b)
0.0kW/m?

Steady-state performances of presented double-stage PV array and battery with BDC
fed PMSM driven water pumping system at irradiation of (a,c) 1kW/m?, and (b,d)
0.5kW/m?

Dynamic performances of presented double-stage PV array and battery with BDC fed
PMSM driven water pumping system for irradiation change from (a-c) {0.0-to-
1.0}kW/m?, and (d-f) vice-versa
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6.41

6.42

6.43

6.44

6.45

Dynamic performances of presented double-stage PV array and battery with BDC fed
PMSM driven water pumping system for irradiation change from (a-d) {0.5-to-
1.0} kW/m?, and (e-h) vice-versa

Dynamic performances of presented system for irradiation change from (a) {0.5-to-
1.0} kW/m?, and (b) vide-versa when pumping is not required

[lustration of MPPT performance on /py-vs-Vpy curve for presented double-stage PV
array and BES with BDC fed water pumping system at (a) 1kW/m?, and (b) 0.5kW/m?

Starting and steady-state performances of single-stage PV array and battery with
bidirectional converter fed PMSM driven water pumping system at 1.0 kW/m?

Starting and steady-state performances of single-stage PV array and battery with
bidirectional converter fed PMSM driven water pumping system at 0.5 kW/m?

Dynamic performances of single-stage PV array and BES with BDC fed PMSM
driven water pumping system for irradiation change from {1-t0-0.5} kW/m?

Dynamic performances of single-stage PV array and BES with BDC fed PMSM
driven water pumping system for irradiation change from {0.5-to-1.0} kW/m?

Performances of presented single-stage PV array and BES with BDC fed PMSM
driven water pumping system during shut-down of pumping unit at 1kW/m?

Performances of presented single-stage PV array and BES with BDC fed PMSM
driven water pumping system during shut-down of pumping unit at 0.5kW/m?

Starting performances of presented single-stage PV array and battery with BDC fed
PMSM driven water pumping system at irradiation of (a,c) 0kW/m?, and (b,d)
1kW/m?

Steady-state performances of presented single-stage PV array and battery with BDC
fed PMSM driven water pumping system at irradiation of (a-c) 1kW/m?, and (d-f)
0.5kW/m?

Dynamic performances of single-stage PV array and BES with BDC fed PMSM
driven system for irradiation change from (a-d) {0.5-to-1.0} kW/m?, and (e-h) vice-
versa

Dynamic performances of presented single-stage PV array and battery with BDC fed
PMSM driven water pumping system for irradiation change from (a-d) {0.0-to-1.0}
kW/m?, and (e-h) vice-versa

Dynamic performances of presented system for irradiation change from (a) {0.5-to-
1.0} kW/m?, and (b) vide-versa when pumping is not required

[lustration of MPPT performance on Ipy-vs-Vpy curve for presented single-stage PV
array and BES with BDC fed water pumping system at (a) 1kW/m?, and (b) 0.5kW/m?

Single-phase grid-interfaced double-stage solar PV array fed PMSM drive with local-
loads for water pumping system

Single-phase grid-synchronized single-stage solar PV array fed PMSM drive with
local-loads for water pumping system

Control scheme based on presented AMNF-FLL for generation of switching pulses
for grid-side VSC
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Block diagram of ANF-FLL

Frequency response of ANF structure

Frequency response of Ge(s) at w.=314rad/s, 5w, and 7w
Block diagram of presented AMNF-FLL structure

Frequency response of (a) Gaunrp(s), and (b) Gamnry(s)
Control for generation of switching pulses for motor-side VSI

AMNEF-FLL based voltage control scheme for generation of switching pulses for grid-
side VSC during islanded-mode

(a) AMNEF-FLL based seamless control to synchronize water pumping system with
grid, and (b) Control for matching phase-angle and frequency of load voltage with the
phase-angle and frequency of grid-voltage

MATLAB/Simulink based model of single-phase grid-interfaced double-stage solar
PV array fed PMSM drive with local loads for water pumping system

MATLAB/Simulink based model of single-phase grid-synchronized single-stage
solar PV array fed PMSM drive with local-loads for water pumping system

Experimental setup

Starting and steady-state performances of (a) G, Ipy, Vpr, Ppy, Vpc, and (b) iubem, @m,
@, vi, ir when PV array alone feeding the system

Steady-state performances of (a) vg, ig, iz, Up, wr, (b) Pe, VDC, iabem, ®m, Ge, and (c)
THD of i; when grid alone feeding the system

Steady-state performances of (a) G, Ipy, Vey, Ve, ig, (b) Wr, ir, iabem, Wm, Be, and (c)
THD of i; when both the PV array and grid feeding the system

Steady-state performances of (a) G, Iry, Vey, Vg, ig, (b) Wr, tp, ir, VDC, wm, and (¢) THD
of i; when PV array feeding the utility grid

Dynamic performances of (a) G, Ipy, Vey, Vg, ig, (b) Wr, iL, iabem, m, e, and (c) THD
of i, for transition from PV array alone feeding the system to grid alone feeding the
system

Dynamic performances of (a) G, Ipy, Vey, vq, ig, (b) Wr, iL, iabem, @Om, O, and (c) THD
of i, for transition from PV array alone feeding to both the PV array and grid feeding
the system

Dynamic performances of (a) G, Ipy, Vpy, Ve, ig, (b) wr, Up, iz, Vbc, wm, and (¢) THD
of i; when PV array feeding the utility grid for change in irradiation from (1.0-to0-0.5)
kW/m?

Performance curves of vy, iy, Wr, Up, wnm, during (a) voltage sag, and (b) recovery from
voltage sag when grid alone feeding the system along with (¢) THD in i

Performance curves of vg, ig, Wr, Up, wm, during (a) voltage swell, and (b) recovery
from voltage swell when grid alone feeding the system along with (c) THD in i,
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Starting and steady-state performances when solar PV array alone feeding the system
(1rradlat10n 1S l.OkW/mz). PI‘OﬁleS Of (a) Wme, ima, IPV, th, (b) PPV, Pg, Qme, iL (C) Vg,
Ipy, ig, iL, (d) ig, Ipv, ima, 1L, and (e) Ome, Ipv, Hme, Ima

Starting and steady-state performances when both utility grid and PV array feeding
the system (irradiation is 0.5kW/m?). Profiles of (&) @me, ima, Iy, Wig, (b) Ppy, Pq, Ome,
ir, (C) Vg, Ipy, ig, ir, (d) ig, Ipy, ina, iL, and (e) Wme, Ipy, Hme, ima

Steady-state performances when grid alone feeding the system (irradiation is
0kW/m?). Profiles of (a) vq, Ipy, ig, iz, and (b) ig, Ipy, ima, ir

Steady-state behavior when PV array feeding grid at (a) 1kW/m?, and (b) 0.5kW/m?
MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Dynamic performances of system for transition from (a-b) PV alone feeding the
system to grid alone feeding the system, and (c-d) vice-versa

Dynamic performances of system for change in irradiation from (a-d) {1.0-to-
0.5}kW/m?, and (e-h) vice-versa

Dynamic performances when PV array feeding grid for change in irradiation from (a)
{1.0-t0-0.5} kW/m?, and (b) vice-versa

Performance of grid parameters under (a,c) voltage sag, and (b,d) recovery from
voltage sag at (a-b) 0.5kW/m?, and (c-d) OkW/m?

Performance of grid parameters under (a,c) voltage swell, and (b,d) recovery from
voltage swell at (a-b) 0.5kW/m?, and (c-d) 0.0kW/m?

Performance of grid parameters under voltage distortion. Profiles of (a) vg, Vea, ig, Wme,

Power quality performances when grid alone feeding the system under (a-d) normal
operation, (e-h) voltage sag and (i-1) voltage swell

Power quality performances when grid alone feeding system under voltage distortion.
(@) vg, ig, (b) Pg, (c) fundamental component of ve, (d) 3" harmonic of v, (e) 5"
harmonic of vg, (f) 7" harmonic of v, (g) fundamental component of iz, (h) 3™
harmonic of ig, (i) 5™ harmonic of i,, and (j) 7™ harmonic of i,

Starting and steady-state performances of (a,c) G, Ipy, Vpr, v, ig, wr, and (b,d) iasem,
@m, Oe, VL, ir, up, under GCM at constant irradiation of (a-b) 1 kW/m?, and (c-d) 0.5
kW/m?

Dynamic performances of (a,c) G, Ipy, Vpy, vq, ig, wr, and (b,d) iabem, Wm, e, Vi, iL, Uy
under GCM for change in irradiation from (a-b) 1.0kW/m?-to-0.5kW/m?, and (c-d)
vice-versa

Starting and steady-state performances of (a,c) G, Ipy, Vpr, ve, ig, wr, and (b,d) iasem,
@m, Oe, Vi, iL, up under IDM at constant irradiation of (a-b) 1 kW/m?, and (c-d) 0.5
kW/m?

Dynamic performances of (a,c) G, Ipy, Vpy, Vg, ig, wr, and (b,d) iabem, Wm, e, Vi, iL, Uy
under IDM for change in irradiation from (a-b) 1.0kW/m?-to-0.5kW/ m?, and (c-d)
vice-versa
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Performances of (a,c) vq, ig, Tsyn, Ge, Vv, and (b,d) vi, ir, v, es, u, for changeover
from (a-b) grid connected mode to islanded mode, and (c-d) vice-versa

Starting performances of system under GCM at (a,c) 1.0kW/m?, and (b,d) 0.5
kW/m?

Steady-state performances under GCM at (a-c) 1kW/m?, and (d-f) 0.5kW/m?
MPPT performances of PV array at (a) 1kW/m?, and (b) 0.5kW/m?
Power quality performances under GCM at (a-g) 0kW/m?, and (h-n) 0.5kW/m?

Dynamic performances of system under GCM for change in irradiation from (a-d)
{1.0-t0-0.5} kW/m?, and (e-h) vice-versa

Starting performances of system under IDM at (a,c) 1.0kW/m?, and (b,d) 0.5kW/m?
Steady-state performances under IDM at (a-b) 1kW/m?, and (c-d) 0.5kW/m?

Dynamic performances of system under IDM for change in irradiation from (a-b)
{1.0-t0-0.5} kW/m?, and (c-d) vice-versa

Performances of system for seamless mode transition from (a-d) GCM-to-IDM, and
(e-h) IDM-to-GCM.

Single-phase grid-interfaced double-stage solar PV array and BES fed PMSM drive
for water pumping system

Single-phase grid-interfaced double-stage solar PV array and BES with bidirectional
converter fed PMSM drive for water pumping system

Single-phase grid-interfaced single-stage solar PV array and BES with bidirectional
converter fed PMSM drive for water pumping system

Single-phase grid-interfaced double-stage solar PV array and BES fed PMSM drive
with local-loads for water pumping system

Single-phase grid-interfaced double-stage solar PV array and BES with bidirectional
converter fed PMSM drive with local loads for water pumping system

Single-phase grid-synchronized single-stage solar PV array and BES with
bidirectional converter fed PMSM drive with local-loads for water pumping system

MATLAB/Simulink based model of single-phase grid-interfaced double-stage solar
PV array and BES fed PMSM drive for water pumping system

MATLAB/Simulink based model of single-phase grid-interfaced double-stage solar
PV array and BES with bidirectional converter fed PMSM drive for water pumping
system

MATLAB/Simulink based model of single-phase grid-interfaced single-stage solar
PV array and BES with bidirectional converter fed PMSM drive for water pumping
system

MATLAB/Simulink based model of single-phase grid-interfaced double-stage solar
PV array and BES fed PMSM drive with local-loads for water pumping system
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MATLAB/Simulink based model of single-phase grid-interfaced double-stage solar
PV array and BES with BDC fed PMSM drive with local loads for water pumping
system

MATLAB/Simulink based model of single-phase grid-synchronized single-stage
solar PV array and BES with BDC fed PMSM drive with local-loads for water
pumping system

Experimental setup

Starting and steady-state performances of G, Vey, Ipy, ig, Ve, iabem, @m, Oe at (a)
1kW/m?, and (b) 0.5kW/m? when grid is available along with (¢) THD in i, at
0.5kW/m?

Dynamic performances of (a) G, Vey, Ipy, Ppy, Vpc, Ve, ig, and (b) up, W1, iabem, Om, e,
Ppmsm, Iy for change in irradiation from 1kW/m? to 0.5kW/m? when grid is available

Performance curves of vy, ig, tp, Wr, wnm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (¢) THD in i,

Starting and steady-state performances of G, Vpy, Ipv, VaEes, IBES, iabem, Wm, Oe at (a)
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Vpr, Ipv, Ppv, Vbc, Ve, Pes, and (b) Vaes, IEs, iabem,
@m, Oc, Ppmsm, I; for change in irradiation from 1kW/m? to 0.5kW/m? when grid is not
available

Starting [(a),(d)] and steady-state [(b)-(c), (e)-(f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the presence of
utility grid

Steady-state performance of system at (a) 1kW/m?, and (b) 0.5kW/m? when water
pumping is not required in the presence of utility grid

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Performance of (a) Ipy, Vg, ig, ima, (b) VDC, PPy, Pg, Pinv, and (c) Vpy, Ipy, Ppr, ig during
dynamics of solar irradiation when water pumping is required in the presence of utility
grid

Performance of (a) Vpc, Ppy, Pg, Pinv, and (c-d) Ipy, Vg, ig, ima, during dynamics of solar

irradiation when water pumping is not required in the presence of utility grid

Performance of wpe, vq, ig, Wtz under (a-b) voltage sag, and (c-d) voltage swell at solar
irradiation of (a,c) 0kW/m? and (b,d) 0.5kW/m?

Performance of grid parameters under voltage distortion. Profiles of (a) vg, vga, ig,
®me, and (b) Vgu-VS-Vgp
Power quality performances under (a-d) normal operation, (e-h) voltage sag and (i-1)

voltage swell

Power quality performances under voltage distortion. (a) vg, ig, (b) Py, (c) fundamental
component of vg, (d) ve: 3™ harmonic (e) vg: 5 harmonic, (f) vq: 7" harmonic, (g)
fundamental component of ig, (h) 3™ harmonic of ig, (i) 5 harmonic of ig, and (j) 7%
harmonic of ig

XXX1V



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

8.28

8.29

8.30

8.31

8.32

8.33

8.34

8.35

8.36

8.37

8.38
8.39

8.40

8.41

8.42

8.43

8.44

Starting [(a),(d)] and steady-state [(b)-(c), (e)-(f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the absence of utility
grid

Performance of (a) Ipy, VaEs, I8Es, ima, and (b) Vpc, Ppy, Vpy, Ipy during dynamics of
solar irradiation when water pumping is required in the absence of utility grid

Performance of (a) Ipy, Vaes, IBes, ima, and (b) Vbc, Ppy, Pinv, Pg during dynamics of
solar irradiation when water pumping is not required in the absence of utility grid

Starting and steady-state performances of Ipy, Vpy, Ipes, VBES, Ve, g, iabem, Om, at ()
1kW/m?, and (b) 0.5kW/m? when grid is available along with (¢) THD in i,

Dynamic performances of (a) G, Vey, Ipv, Ppv, Vbc, Vaes, IsEs, Ppes, and (b) vg, ig, up,
W, iabems Wmy ey Ppmsm Tor change in irradiation from (1.0-to-0.5) kW/m? when grid is
available

Performance curves of vg, ig, 1y, Wr, wm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (¢) THD in i,

Starting and steady-state performances of G, Vpy, Ipy, Vaes, IEs, Ve, labem, Om, at (a)
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Vey, Ipv, Py, Ve, Vaes, Ises, Pses, and (b) vg, ig, wr,
iabems Wmy Oy Ppmsm, 15 for change in irradiation from (1-to-0.5) kW/m? when grid is
not available

Starting [(a),(d)] and steady-state [(b)-(c), (e)-(f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the presence of
utility grid

Steady-state performance of system at (a) 1kW/m?, and (b) 0.5kW/m? when water
pumping is not required in the presence of utility grid

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Performance of (a,c) ig, PaEs, Vses, Ises, and (b,d) Vpy, Ipy, Ppy, iy during dynamics of
solar irradiation when water pumping is required in the presence of utility grid

Performance of Ipy, vg, ig, ims, during dynamics of solar irradiation from (a) (1-to-
0.5)kW/m? and (b) vice-versa, when water pumping is not required in the presence of
grid

Performance of wme, Wtg, i, v; under (a) voltage sag, (b) recovery from voltage sag,
(c) voltage swell and (d) recovery from voltage swell

Performance of grid parameters under voltage distortion. Profiles of (a) vg, vea, ig,
Wme, and (b) Vga‘VS‘Vgﬂ

Power quality performances under (a-d) normal operation, (e-h) voltage sag and (i-1)
voltage swell

Power quality performances under voltage distortion. (a) vg, ig, (b) Py, (c) fundamental
component of vg, (d) ve: 3™ harmonic, (e) ve: 5™ harmonic, (f) vg: 7™ harmonic, (g)
fundamental component of ig, (h) 3™ harmonic of ig, (i) 5 harmonic of ig, and (j) 7%
harmonic of i,
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Starting [(a),(c)] and steady-state [(b), (d)] performances of system at (a-b) 1kW/m?,
and (c-d) 0.5kW/m? when water pumping is required in the absence of utility grid

Performance of (a,c) Pses, Vpc, Ipv, Vaes, and (b) Vpc, Pey, Vey, Ipy during dynamics
of solar irradiation when water pumping is required in the absence of utility grid

Performance of Paes, Vbc, Iges, Vses during dynamics of solar irradiation from (a) (1-
t0-0.5) kW/m? and (b) vice-versa when water pumping is not required in the absence
of grid

Starting and steady-state performances of Ipy, Vpy, Ipes, VBES, Ve, g, iabem, Om, at ()
1kW/m?, and (b) 0.5kW/m? when grid is available along with (¢) THD in i,

Dynamic performances of (a) G, Vey, Ipv, Ppv, Vbc, Vaes, IsEs, Ppes, and (b) vg, ig, up,
W, iabems Wmy ey Ppmsm Tor change in irradiation from (1.0-to-0.5) kW/m? when grid is
available

Performance curves of vg, ig, 1y, Wr, wm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (¢) THD in i,

Starting and steady-state performances of G, Vpy, Ipy, Vaes, IEs, Ve, labem, Om, at (a)
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Vey, Ipv, Py, Ve, Vaes, Ises, Pses, and (b) vg, ig, wr,
iabems Wmy Oy Ppmsm, 15 for change in irradiation from (1-to-0.5) kW/m? when grid is
not available

Starting [(a),(d)] and steady-state [(b)-(c), (e)-(f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the presence of
utility grid

Steady-state performance of system at (a) 1kW/m?, and (b) 0.5kW/m? when water
pumping is not required in the presence of utility grid

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Dynamic performance of system for change in irradiation from (a-c) {1.0-to-
0.5'kW/m?, and (d-f) vice-vera, when water pumping is required in the presence of
utility grid

Performance of Vpc, Ipy, vq, ig during dynamics of solar irradiation from (a) (1-to-
0.5)kW/m? and (b) vice-versa when water pumping is not required in the presence of
grid

Performance of wme, Wtg, i, vo under (a-b) voltage sag, and (c-d) voltage swell at
solar irradiation of (a,c) 0kW/m?, and (b,d) 0.5kW/m?

Performance of grid parameters under voltage distortion. Profiles of (a) vg, vgq, ig,
a)me, aIld (b) Vg(x'VS'Vg[f

Power quality performances under (a-d) normal operation, (e-h) voltage sag and (i-1)
voltage swell

Power quality performances under voltage distortion. (a) vg, ig, (b) Py, (c) fundamental
component of vg, (d) 3" harmonic of vg, (€) 5™ harmonic of vg, (f) 7 harmonic of vg,
(g) fundamental component of i, (h) 3" harmonic of ig, (i) 5 harmonic of i,, and (j)
7™ harmonic of ig
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Starting [(a),(d)] and steady-state [(b)-(c), (e)-(f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the absence of grid

Performance of (@) ima, I8Es, Ipv, Vpr, and (b) Pges, Vey, Ipes, Vaes during dynamics of
solar irradiation when water pumping is required in the absence of utility grid

Performance of Ppy, Ipv, Ipes, Ppes during dynamics of solar irradiation from (a) (1-
to-0.5)kW/m? and (b) vice-versa when water pumping is not required in the absence
of grid

Starting and steady-state performances of G, Vpy, Ipy, Ve, ig, iL, iabem, @m, at (a)
1kW/m?, and (b) 0.5kW/m? when grid is available along with (¢) THD in i, at
0.5kW/m?

Dynamic performances of (a) G, Vpr, Ipv, Ppv, Vpc, up, wr, and (b) vq, ig, ir, iabems Om,
0., I, for change in irradiation from 1kW/m? to 0.5kW/m? when grid is available

Performance curves of vg, ig, 1y, Wr, wm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (¢) THD in i,

Starting and steady-state performances of Vey, Ipy, Vaes, Ises, Vi, iL, iabem, Wm, at (2)
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Vpy, Ipv, Ppy, Vpc, vi, ir, and (b) Vses, Iges, Pses,
iabem, @m, Oe, I; for change in irradiation from 1kW/m? to 0.5kW/m? when grid is not
available

Starting [(a),(d)] and steady-state [(b)-(c), (e)-(f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the presence of
utility grid

Steady-state performance of system at (a) 1kW/m?, and (b) 0.5kW/m? when water
pumping is not required in the presence of utility grid

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Performance of (a,c) vq, Ipy, ig, iz, and (b,d) Vey, Ppy, Vpc, Ipy during dynamics of
solar irradiation when water pumping is required in the presence of utility grid

Performance of vg, Ipy, ig, iz, during dynamics of solar irradiation from (a) (1-to-
0.5)kW/m? and (b) vice-versa when water pumping is not required in the presence of
grid

Performance of vy, ig, Wts, wme under (a) voltage sag, and (b) voltage swell

Performance of grid parameters under voltage distortion. Profiles of (a) vg, Veq, ig,
a)me, al’ld (b) Vg(x—VS—Vg[f

Power quality performances under (a-d) normal operation, (e-h) voltage sag and (i-1)
voltage swell

Power quality performances under voltage distortion. (a) vg, ig, (b) Py, (c) fundamental
component of vg, (d) 3" harmonic of vg, (€) 5™ harmonic of vg, (f) 7 harmonic of vg,
(g) fundamental component of ig, (h) 3 harmonic of ig, (i) 5™ harmonic of ig, and (j)
7 harmonic of i,
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Starting [(a),(d)] and steady-state [(b)-(c), (e)-(f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the absence of grid

Performance of (a,c) Vboc, Ipv, vi, i, (b) @me, IBES, imay Ome, and (c) Pry, Ve, Ipv Vpy,
during dynamics of solar irradiation when water pumping is required in the absence
of grid

Performance of Izgs, Ipv, ima, iz during dynamics of solar irradiation from (a) (1-to-
0.5) kW/m? and (b) vice-versa when water pumping is not required in the absence of
grid

Starting and steady-state performances of Ipy, Vpr, Ipes, VaEs, Ve, ig, ir, Wm, at (a)
1kW/m?, and (b) 0.5kW/m? when grid is available along with (c) THD in ig

Dynamic performances of (a) G, Vpr, Ipv, Ppy, Vbc, Vaes, Ises, Paes, and (b) vy, ig, iL,
Up, WT, Labem, Wm, Oc, for change in irradiation from (1.0-to-0.5) kW/m? when grid is
available

Performance curves of vy, ig, 4y, Wr, wm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (c¢) THD in ig

Starting and steady-state performances of Vey, Ipy, Vaes, IBes, Vi, ir, iabem, Wm, at ()
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Vpr, Ipv, Ppy, Vpc, Vi, iz, and (b) Vaes, IsEs, Paes,
iabem, @m, Oc, I, for change in irradiation from (1-to-0.5) kW/m? when grid is not
available

Starting [(a),(e)] and steady-state [(b)-(d), (f)-(h)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when utility grid is available

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Dynamic performance of system for change in irradiation from (a)-(c) {1.0-to-0.5}
kW/m?, and (d-f) vice-versa, when utility grid is available

Performance of wme, Wi, ig, v under (a) voltage sag, (b) voltage swell

Performance of grid parameters under voltage distortion. Profiles of (a) vg, Vga, ig,
®me, and (b) Vgu-VS-Vgp

Power quality performances under (a-d) normal operation, (e-h) voltage sag and (i-1)
voltage swell

Power quality performances under voltage distortion. (a) vg, ig, (b) Py, (c) fundamental
component of v,, (d) ve: 3™ harmonic, (e) ve: 5™ harmonic, (f) vg: 7™ harmonic, (g)
fundamental component of ig, (h) 3™ harmonic of ig, (i) 5 harmonic of ig, and (j) 7%
harmonic of i,

Starting [(a),(d)] and steady-state [(b)-(c), (e)-(f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when utility grid is not available

Performance of (a) Vpc, Ipv, Ies, Vaes, (b) Pey, Vbc, Ipy Vey, and (¢) Ppy, ima, imb, imc
during dynamics of solar irradiation when utility grid is not available

Starting and steady-state performances of Ipy, Ver, IEs, VBEs, Ve, ig, iL, m under GCM
at (a) 1kW/m?, and (b) 0.5kW/m?
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Dynamic performances of (a) G, Ipy, Vpy, Ppy, Ipes, Vaes, Pses, and (b) ve, ig, i1, tp,
W1, Labem, @m, O under GCM for change in irradiation from {1.0-t0-0.5} kW/m?

Starting and steady-state performances of Ipy, Vpr, Ipes, VaEs, Ve, ig, VL, ir, ®m under
IDM at (a) 1kW/m?, and (b) 0.5kW/m?

Dynamic performances of (a) G, Vpy, Ipv, Ppv, Vaes, Ises, Pses, and (b) vq, ig, vi, iz,
labem, Wm, Be under IDM for change in irradiation from {1.0-t0-0.5} kW/m?

Performances of (a) Ty, Og, 01 €9, Vv, up, and (b) vg, ig, vi, i1, Vg for changeover from
grid connected mode to islanded mode

Performances of (a) Ty, Oq, 01 €9, Vv, up, and (b) vy, ig, Vi, i1, Ve for changeover
from islanded mode to grid connected mode

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?
Steady-state performances under GCM at (a-c) 1kW/m?, and (d-f) 0.5kW/m?

Dynamic performances of system under GCM for change in irradiation from (a-c)
{1.0-t0-0.5} kW/m?, and (d-f) vice-versa

Steady-state performances under IDM at (a-c) 1kW/m?2, and (d-f) 0.5kW/m?

Dynamic performances of system under IDM for change in irradiation from (a-c)
{1.0-t0-0.5} kW/m?, and (d-f) vice-versa

Performances of system for seamless mode transition from (a-d) GCM-to-IDM, and
(e-h) IDM-to-GCM.

Three-phase grid-interfaced double-stage solar PV array fed PMSM drive with local-
loads for water pumping system

Three-phase grid-synchronized single-stage solar PV array fed PMSM drive with
local-loads for water pumping system

Control scheme based on AMNF-FLL for generation of switching pulses for grid VSC

Voltage control scheme for generation of switching pulses for grid-side VSC under
islanded-mode

Presented AMNF-FLL based synchronization scheme
Angle and frequency matching controller

MATLAB/Simulink based model of three-phase grid-interfaced double-stage solar
PV array fed PMSM drive with local loads for water pumping system

MATLAB/Simulink based model of three-phase grid-synchronized single-stage solar
PV array fed PMSM drive with local-loads for water pumping system

Starting and steady-state performances of (a) G, Ipy, Vpr, Ppy, Vpc, and (b) iubem, @m,
Oec, VLabe, iLave When PV array alone feeding the system

Steady-state performances of (a) Vease, igabes iLabes Upa, WT, (D) Pg, VDC, Labem, m, B, and
(c) THD of iy when grid alone feeding the system

Steady-state performances of (a) G, Ipy, Vey, Veabe, igabe, (D) WT, iLabe, Labems Wm, Ge, and
(c) THD of ige when both the PV array and grid feeding the system
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Steady-state performances of (a) G, Ipy, Vpy, Veabe, igabes (D) WT, Upas iLabe, VD, Om, and
(c) THD of iss when PV array feeding the utility grid

Dynamic performances of (a) G, Ipy, Vpr, Veabe, igabes (D) WT, iLabes labems @Om, Be, and (c)
THD of ig, for transition from PV array alone feeding system to grid alone feeding
the system

Dynamic performances of (a) G, Ipv, Vpy, Veabe, igabes (D) WT, iLabe, iabems @m, Be, and (c)
THD of iz, for transition from PV array alone feeding to both PV array and grid
feeding system

Dynamic performances of (a) G, Ipv, Vev, Veabe, igabes (D) WT, Upa, iLabes VDC, Om, and (C)
THD of iz, when PV array feeding grid for change in irradiation from (1.0-to-0.5)
kW/m?

Performance curves of (a-b) Vease, igabe, WT, Upa, ®m, during (a) voltage sag, and (b)
voltage swell when grid alone feeding the system along with (¢) THD in i, under
voltage sag, and (d) THD in i, under voltage swell

Starting performance of the system when solar PV array alone feeding the system
(lrradlatlon IS I.OkW/mz). Proﬁles Of (a) Cl)me, ]PV, eme, ima, and (b) ima, eme, th, iL

Steady-state performance of system when solar PV array alone feeding the system
(lrradlatlon IS l.OkW/mz). PI‘OfileS Of (a) Vga, Vgb, Vgc, iga, (b) Vga, iga, igb, igc, (C) IPV, ig,
ima, iLa, (d) ima, Vg, ig, iLa, and (e) Wme, [PV, eme, Ima

Starting performance of the system when both PV array and grid feeding the system
(irradiation is 0.5kW/m?). Profiles of (@) wme, Ipv, Ome, ima, and (b) ima, Ome, Wig, iLa

Steady-state performance of system when solar PV array alone feeding the system
Ima, iLa, (d) Ima, Vg, ig, iLa, and (e) Wme, IPV, Qme, Ima

Steady-state performance of system when grid alone feeding the system (irradiation
iS 0.0kW/mz). PI‘OﬁlGS Of (a) Vga, ng, Vgc, iga, (b) Vga, iga, igb, igc, (C) Vga, iLa, lLb, lLC,
(d) Ipy, lg, Ima, ILa, (C) Ima, Vg, lg, ILa, and (D Omes 1PV, Ome, ima

Steady-state performances when solar PV array feeding the utility grid at (a-b)
1kW/m?, and (c-d) 0.5kW/m?

MPPT performances of PV array (a) 1.0kW/m?, and (b) 0.5kW/m?

Dynamic performances of system for transition from (a-c) PV alone feeding the
system to grid alone feeding the system, and (d-f) vice-versa

Dynamic performances of system for change in irradiation from (a-d) {1.0-to-
0.5}kW/m?, and (e-h) vice-versa

Dynamic performances when PV array feeding grid for change in irradiation from (a-
b) {1.0-to-0.5} kW/m?, and (c-d) vice-versa

Performances under (a,c) voltage sag, and (b,d) recovery from voltage sag
Performances under (a,c) voltage swell, and (b,d) recovery from voltage swell

Power quality performances when grid alone feeding the system under (a-d) normal
operation, (e-h) voltage sag and (i-1) voltage swell
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Power quality performances at 500 W/m? under (a-d) normal operation, (e-h) voltage
sag and (i-1) voltage swell

Starting and steady-state performances of (a,c) G, Ipy, Ve, Veabe, igabe, Wr, and (b,d)
Labems Wmy Ocy Viabe, iLabe, Upa under GCM at irradiation of (a-b) 1 kW/m?, and (c-d) 0.5
kW/m?

Dynamic performances of (a,c) G, Ipy, Vey, Veabe, igabe, wr, and (b,d) iuvem, m, e, Viabe,
iLabe, Upa under GCM for irradiation change from (a-b) {1-to-0.5}kW/m?2, and (c-d)
vice-versa

Starting and steady-state performances of (a,c) G, Ipy, Ve, Veabe, igabe, Wr, and (b,d)
iabems Wmy Oy Viabe, iLabe, Upa Tor IDM at steady irradiation of (a-b) 1kW/m?, and (c-d)
0.5 kW/m?

Dynamic performances of (a,c) G, Ipv, Vey, Veabe, igabe, wr, and (b,d) iuvem, m, e, Viabe,
iLabe, Upa Tor IDM for irradiation change from (a-b) 1kW/m?-to-0.5kW/ m?, and (c-d)
vice-versa

Performances of (a,¢) Vea, igas Tsyns O, Vv, and (b,d) via, ira, Vep, €0, tpa for changeover
from (a-b) grid connected mode to islanded mode, and (c-d) vice-versa

Starting performances of system under GCM at (a-b) 1.0kW/m?, and (c-d) 0.5 kW/m?
Steady-state performances under GCM at 1kW/m?

Steady-state performances under GCM at 0.5k W/m?

MPPT performances of PV array at (a) 1kW/m?, and (b) 0.5kW/m?

Power quality performances under GCM at (a-d) 0kW/m?, and (e-h) 0.5kW/m?
Dynamic performances under GCM for change in irradiation from {1-to-0.5} kW/m?
Dynamic performances under GCM for change in irradiation from {0.5-to-1} kW/m?
Starting performances of system under IDM at (a,c) 1.0kW/m?, and (b,d) 0.5kW/m?
Steady-state performances under IDM at (a-d) 1kW/m?, and (e-h) 0.5kW/m?

Dynamic performances of system under IDM for change in irradiation from (a-d)
{1.0-t0-0.5} kW/m?, and (e-h) vice-versa

Performances of system for seamless mode transition from (a-d) GCM-to-IDM, and
(e-h) IDM-to-GCM.

Three-phase grid-interfaced double-stage solar PV array and BES fed PMSM drive
for water pumping system

Three-phase grid-interfaced double-stage solar PV array and BES with bidirectional
converter fed PMSM drive for water pumping system

Three-phase grid-interfaced single-stage solar PV array and BES with bidirectional
converter fed PMSM drive for water pumping system

Three-phase grid-interfaced double-stage solar PV array and BES fed PMSM drive
with local-loads for water pumping system
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Three-phase grid-interfaced double-stage solar PV array and BES with bidirectional
converter fed PMSM drive with local loads for water pumping system

Three-phase grid-synchronized single-stage PV array and BES with bidirectional
converter fed PMSM drive with local-loads for water pumping system

MATLAB/Simulink based model of three-phase grid-interfaced double-stage solar
PV array and BES fed PMSM drive for water pumping system

MATLAB/Simulink based model of three-phase grid-interfaced double-stage solar
PV array and BES with BDC fed PMSM drive for water pumping system

MATLAB/Simulink based model of three-phase grid-interfaced single-stage solar
PV array and BES with BDC fed PMSM drive for water pumping system

MATLAB/Simulink based model of three-phase grid-interfaced double-stage solar
PV array and BES fed PMSM drive with local-loads for water pumping system

MATLAB/Simulink based model of three-phase grid-interfaced double-stage solar
PV array and BES with BDC fed PMSM drive with local loads for water pumping
system

MATLAB/Simulink based model of three-phase grid-synchronized single-stage
solar PV array and BES with BDC fed PMSM drive with local-loads for water
pumping system

Experimental setup

Starting and steady-state performances of G, Vey, Ipy, ig, Ve, iabem, @Wm, Oe at (a)
1kW/m?, and (b) 0.5kW/m? when grid is available along with (¢) THD in i, at
0.5kW/m?

Dynamic performances of (a) G, Vey, Ipy, Ppv, Vpc, Ve, ig, and (b) up, W1, iabem, Om, e,
Ppmsm, Iy for change in irradiation from 1kW/m? to 0.5kW/m? when grid is available

Performance curves of vy, ig, tp, W, wm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (¢) THD in i,

Starting and steady-state performances of G, Vpy, Ipy, VaEes, IBES, iabem, Wm, Oe at (a)
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Vpr, Ipv, Ppv, Vpc, Ve, Pes, and (b) Vaes, IEs, iabem,
@m, Oc, Ppmsm, I; for change in irradiation from 1kW/m? to 0.5kW/m? when grid is not
available

Starting [(a),(d)] and steady-state [(b)-(c), (e)-(h)] performances of system at (a-c)
1kW/m?, and (d-h) 0.5kW/m? when water pumping is required in the presence of
utility grid

Steady-state performance of system at (a) 1kW/m?, and (b) 0.5kW/m? when water
pumping is not required in the presence of utility grid

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Performance of (a) Ppr, Ver, Ipy, iga, and (b) Ipy, Vg, ig, ims, during dynamics of solar
irradiation when water pumping is required in the presence of utility grid
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Performance of (a-b) Pry, Vpc, P, Pinv, and (c-d) Ipv, Vea, iga, ima, during dynamics of
solar irradiation when water pumping is not required in the presence of utility grid

Performance of vgq, iga, Wtg, @me under (a-b) voltage sag, and (c-d) voltage swell at
solar irradiation of (a,c) 0kW/m? and (b,d) 0.5kW/m?

Power quality performances of system under (a-d) normal operation, (e-h) voltage sag
and (i-1) voltage swell

Starting [(a-b),(c-d)] and steady-state [(c), (f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the absence of grid

Performance of (a) Ppr, Vbc, Ipv, Vey, and (b-¢) Vaes, Iges, Ipv, ime during dynamics
of solar irradiation when water pumping is required in the absence of utility grid

Performance of (a) Vpc, Ppr, Pg, Pinv, and (a) Vags, Ises, Ipv, ima during dynamics of
solar irradiation when water pumping is not required in the absence of utility grid

Starting and steady-state performances of Ipy, Vpy, Iges, VBEs, Ve, ig, labems 0m, at (a)
1kW/m?, and (b) 0.5kW/m? when grid is available along with (¢) THD in i,

Dynamic performances of (a) G, Vey, Ipv, Ppy, Vbc, Vaes, Ipes, Ppes, and (b) ve, ig, tp,
WT, Labemy Wmy Oc, Ppmsm for change in irradiation from (1.0-to-0.5) kW/m? when grid is
available

Performance curves of vy, ig, 4y, Wr, wm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (c¢) THD in ig

Starting and steady-state performances of G, Vpy, Ipy, VBEs, IBES, Ve, labem, @m, at (@)
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Ve, Ipy, Ppyv, Vpc, VBEs, Ises, Paes, and (b) vg, ig, wr,
iabems @my Ocy Ppmsm, Iy Tor change in irradiation from (1-t0-0.5) kW/m? when grid is
not available

Starting [(a),(e)] and steady-state [(b)-(d), (f)-(h)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the presence of
utility grid

Steady-state performance of system at (a) 1kW/m?, and (b) 0.5kW/m? when water
pumping is not required in the presence of utility grid

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Performance of (a,c) Prr, Vey, Ipy, iga and (b,d) ima, Ipv, Vea, iga during dynamics of
solar irradiation when water pumping is required in the presence of utility grid

Performance of ina, Ipy, Vea, igs, during dynamics of solar irradiation from (a) (1-to-
0.5)kW/m? and (b) vice-versa, when water pumping is not required in the presence of
utility grid

Performance of wme, Wi, iga, Vea Under (a) voltage sag, (b) recovery from voltage
sag, (c) voltage swell and (d) recovery from voltage swell

Power quality performances of system under (a-d) normal operation, (e-h) voltage sag
and (i-1) voltage swell
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Starting [(a),(c)] and steady-state [(b), (d)] performances of system at (a-b) 1kW/m?,
and (c-d) 0.5kW/m? when water pumping is required in the absence of utility grid

Performance of (a,d) Pges, Vbc, Vaes, Ises, (b,e) Ppy, Vpc, Ipy,Vey and (c,f) @me, Ome,
Ipy, ima during dynamics of irradiation when water pumping is required in the absence
of grid

Performance of Ppy, Ipy, Pges, Ises during dynamics of solar irradiation from (a) (1-
t0-0.5) kW/m? and (b) vice-versa when water pumping is not required in the absence
of grid

Starting and steady-state performances of Ipy, Vpy, Ipes, VBES, Va, ig, labems Wm, at (a)
1kW/m?, and (b) 0.5kW/m? when grid is available along with (c) THD in ig

Dynamic performances of (a) G, Ve, Ipv, Ppy, Vpc, Vaes, 1pEs, Pses, and (b) vg, ig, up,
W1, iabem, Wm, Oc, Ppmsm for change in irradiation from (1-to-0.5)kW/m? when grid is
available

Performance curves of vy, ig, 4y, Wr, wm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (c¢) THD in ig

Starting and steady-state performances of G, Vpy, Ipy, VBEs, IBES, Ve, labem, @m, at (@)
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Ve, Ipy, Ppv, Vpc, VBEs, Ises, Paes, and (b) vg, ig, wr,
iabems @my Oy Ppmsm, Iy Tor change in irradiation from (1-t0-0.5) kW/m? when grid is
not available

Starting [(a),(d)] and steady-state [(b)-(c), (e¢)-(h)] performances of system at (a-d)
1kW/m?, and (e-h) 0.5kW/m? when water pumping is required in the presence of
utility grid

Steady-state performance of system at (a) 1kW/m?, and (b) 0.5kW/m? when water
pumping is not required in the presence of utility grid

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Performance of (a) ima, Ipv, Vea, iga, and (b) Vpc, Ipy, Ipes, ige during dynamics of solar
irradiation when water pumping is required in the presence of utility grid

Performance of (a,¢) ima, Iy, Vea, iga, and (b,d) wtg, Ipv, Ipes, ime during dynamics of
solar irradiation from (a-b) {1-t0-0.5}kW/m? and (c-d) vice-versa when water
pumping is not required in the presence of grid

Performance of wme, Wtg, igs, Voo under (a-b) voltage sag, and (c-d) voltage swell at
solar irradiation of (a,c) 0kW/m?, and (b,d) 0.5kW/m?

Power quality performances of system under (a-d) normal operation, (e-h) voltage sag
and (i-1) voltage swell

Starting [(a),(d)] and steady-state [(b)-(c), (e)-(f)] performances of system at (a-c)
1kW/m?, and (d-f) 0.5kW/m? when water pumping is required in the absence of grid

Performance of (a-b) Vpy, Ipy, IES, ima, and (c) Ppy, Ipy, PpEs, Ises during dynamics of
solar irradiation when water pumping is required in the absence of utility grid

Performance of (a-b) Ppr, Ipv, Pses, Ises, and (¢) Vey, Ipy, IBes, ima during dynamics of
solar irradiation from when water pumping is not required in the absence of grid
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Starting and steady-state performances of G, Vpr, Ipy, Ve, ig, iL, labem, Om, at (a)
1kW/m?, and (b) 0.5kW/m? when grid is available along with (¢) THD in i, at
0.5kW/m?

Dynamic performances of (a) G, Vpr, Ipv, Ppy, Vpc, up, wr, and (b) vg, ig, iz, iabem, Om,
0e, 1, for change in irradiation from 1kW/m? to 0.5kW/m? when grid is available

Performance curves of vg, ig, up, wr, wm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (c) THD in i,

Starting and steady-state performances of Vey, Ipy, Vaes, IsEs, Vi, ir, labem, Om, at (a)
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Vpr, Ipv, Ppy, Vpc, Vi, iz, and (b) Vaes, IsEs, Paes,
iabems Wm, Oe, I; for change in irradiation from 1kW/m? to 0.5kW/m? when grid is not
available

Starting [(a),(e)] and steady-state [(b)-(d), (f)-(i)] performances of system at (a-d)
1kW/m?, and (e-i) 0.5kW/m? when water pumping is required in the presence of grid

Steady-state performance of system at (a) 1kW/m?, and (b) 0.5kW/m? when water
pumping is not required in the presence of utility grid

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Performance of (a) Vga, imas igas ira, (b) Pryv, Vb, Vev, Ipv, (€) Ipv, igay imas ira, and (d)
Wme, 1PV, Ome, ima during dynamics of solar irradiation when water pumping is required
in the presence of utility grid

Performance of ima, Veu, iga> ira, during dynamics of solar irradiation from (a) (1-to-
0.5)kW/m? and (b) vice-versa when water pumping is not required in the presence of
grid

Performance of wnme, Wtg, ig, Ve, under (a) voltage sag, and (b) voltage swell
Power quality performances for (a-d) normal operation, (e-h) sag and (i-1) swell

Starting [(a),(d)] and steady-state [(b)-(c), (e)-(h)] performances of system at (a-c)
1kW/m?, and (d-h) 0.5kW/m? when water pumping is required in the absence of utility
grid

Performance of (a) Vpc, Ipv, Via, ira, (b) Ppy, Vbc, Ipy, Ver, and (¢) Ipy, IBES, ima, iLa

during dynamics of solar irradiation when water pumping is required in the absence
of grid

Performance of Ipy, I3Es, ima, ira during dynamics of solar irradiation from (a) {1-to-
0.5} kW/m? and (b) vice-versa when water pumping is not required in the absence of
grid

Starting and steady-state performances of Ipy, Vpr, Ipes, VaEs, Ve, ig, ir, Wm, at (a)
1kW/m?, and (b) 0.5kW/m? when grid is available along with (c¢) THD in ig

Dynamic performances of (a) G, Vpy, Ipv, Prv, Vpc, Vaes, Ies, Paes, and (b) vg, ig, iL,
Up, WT, iabem, @m, Oe, for change in irradiation from (1.0-to-0.5) kW/m? when grid is
available
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Performance curves of vg, ig, 4y, Wr, wm, during (a) voltage sag, and (b) voltage swell
at solar irradiation of 0.0kW/m? along with (¢) THD in i,

Starting and steady-state performances of Vpy, Ipy, Vaes, IBes, Vi, iL, iabem, Wm, at (2)
1kW/m?, and (b) 0.5kW/m? when grid is not available

Dynamic performances of (a) G, Vpy, Ipv, Ppy, Vpc, vi, ir, and (b) Vses, Iges, Pses,
iabem, Wm, O, I; for change in irradiation from (1-to-0.5) kW/m? when grid is not
available

Starting [(a),(e)] and steady-state [(b)-(d), (f)-(h)] performances of system at (a-d)
1kW/m?, and (e-h) 0.5kW/m? when utility grid is available

MPPT performances of PV array at (a) 1.0kW/m?, and (b) 0.5kW/m?

Dynamic performance of system for change in irradiation from (a-c) {1.0-to-0.5}
kW/m?, and (d-f) vice-versa, when utility grid is available

Power quality performances at solar irradiation of (a) 1kW/m?, and (b) 0.5kW/m?

Starting [(a),(e)] and steady-state [(b)-(d), (f)-(h)] performances of system at (a-d)
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