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Power electronic, electronic
components which used in
high power control (power
diodes, thyristor and power
transistors) pevison of single-
phase rectifier circuits by

using diodes.

Three phase rectifier circuits
by using diodes, output
voltage waveform, diode
current waveform, output
voltage equation in case of
resistance lode.

Using the transistor as
switch, regions of operation,
transistor as a switch (cut off

and saturation).

Power transistor in (off)and
(on) state, improvement of
(off) and (on) time by using
speed up capacitance,

practical problems.

Unipolar junction transistor,
construction, theoretical
operation, using the
transistor as  relaxation

oscillator practical example.

operational amplifier,

description of operational




amplifier (op-amp) as
asparate components, zero

detector, comparator.

The use of op-amp as actable
multivibrator and a
monostable  multivibrator,
photo conduction cells, photo

diodes.

Light - emitting diodes
(LED), photo transistors, the
use of optical comparator in

power electronic circuits.

Thyristor, construction,
characteristic, curves for a
thyristor, thyristor
conduction in  forward
biasing, thyristor family,
thyristor representation as a

double transistor circuit.

Thyristor conduction
methods, conduction throw
the gate minimum gate
current causing conduction,
conduction time, conduction
due to high forward voltage
rectifier (dv/dt)

DIAC, TRIAC
characteristics, practical

applications,  thyristor,

triggering methods,

triggering on DC and AC

current, pulse triggering




types

thyristor triggering circuit,
DC and AC triggering

circuits.

Pulse  current triggering
circuit, relaxation oscillator,
zero detector, comparator
with a stable and monostable
multivibrators (operational

amplifiers and timer).

Thyristor general application
introductory, AC to DC
inverter DC to AC inverter,
DC to DC inverter, AC to AC
inverter, phase controlled
halfwave  rectifier  with
resistance and inductance
load output current and
voltage waveform, output

voltage equations

Half controller full wave
rectifier fully controlled,
resistance and inductance

load, generated wave forms,

output voltage equation for

freewheeling diode.

Regenerating fully controlled
inverters, examples, DC

motor speed control.




Three face inverters, output
voltage wave form with,
triggering pulses and

equations.

Thyristor protection from
the high-rate change in
current and voltage,
protection from the transient
change in source voltage,
fully protection circuit from
all possible faults due to

current and voltage.

DC to AC inverters methods
of forcing the thyristor to get
off.

Parallel and series inverter,
single and three phase,
control methods in charging

frequency and  voltage,

output wave forms.

Inverter application,
emergency power supply,
single phase DC motor speed

control.

Three phase motor control
by using a constant ratio of

variation frequency and




voltage.

Choppers, DC to DC inverter
frequency constant, line

constant

Types of choppers, DC motor

speed control.

AC to AC inverter, single
phase voltage regulator,

three phase voltage regulator

General application on single
and three induction motor

speed control due to the

change in stat or voltage,

using the closed loop
feedback circuit to control
the slippery rings of AC

motor.

Cyclic inverter, AC to DC
cyclic inverter, DC to DC

cyclic inverter.




AC to AC cyclic inverter

control block diagram.

Using amplitude modulation

for speed control.

Using polar transistor for AC

motor speed control .
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® Power electronics handbook, Third edition,
Muhammad H. Rashid, Elsevier,2011.
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® Power Electronics Basics, YuriyRozanov,
Sergey E. Ryvkin, EvgenyChaplygin, Pavel
Voronin, CRC Press, 2015

® Introduction to Power Electronics, Paul H.

Chappell, Artech House, 2014.
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Define renewable and non-
renewable energy sources,
Identify different types of
renewable energy systems.

Understand the working
principle of a photovoltaic
cell, Compare the structural,
electrical, and  material
properties of various PV

cells.

Understand the generation of
electric current in a material

when exposed to light.

Analyze performance under
various conditions, Simulate

PV behavior in software.




Calculate Fill Factor (FF),
Estimate Maximum Power
Point (MPP), Design
protection  devices (e.g.,

circuit breakers)

Operating at MPP maximizes
system efficiency and energy
harvest, Environmental
conditions constantly change
(irradiance, temperature), so
the MPP also shifts.

Plot I-V and P-V curves
under different irradiance
and temperature, Compare
results across different PV

technologies

Observe effects of partial

shading on a series-connected

string, Compare I-V and P-V
characteristics of each

configuration.

Compare I-V curves before
and after cleaning a panel,
simulate  shading  using
obstacles; measure power

drop and hot spot formation.




Identify when and where to
use bypass vs

Understand diode

blocking
diodes,
and

symbols, orientation,

effects in circuit diagrams.

Stores excess energy
generated during the day for
use at

night or during

outages, Provides
uninterrupted power during

grid failures.

Synchronizes with the utility
grid and feeds excess solar
power back to the grid.
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The primary function of a solar
charge controller is to regulate the
voltage and current coming from
the solar panels to ensure that the
batteries are charged in the most

efficient and safe manner.
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Selecting the right cables is

crucial to the overall
performance, efficiency, and
safety of a photovoltaic

system.
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Proper cleaning of the solar

panels to prevent dust,
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debris, and dirt buildup
which can reduce efficiency,
Use of protective coatings or
installation ~ methods  to
safeguard against
environmental wear such as
moisture, hail, or extreme

weather.

Understand the construction
and function of PV modules,
distinguish between different
types of PV technologies,
classify various types of PV
systems based on their
configuration and

application.

Understand the structure
and function of standalone
PV systems, Apply sizing
techniques and safety
standards for isolated

installations.

Understand the architecture
and function of home-based
grid-connected PV systems,
Design PV systems optimized
for residential consumption

with or without storage.
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Understand the
configuration and
components of on-grid PV
systems, Assess the economic

and environmental benefits
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of on-grid systems.

Differentiate between
standalone, hybrid, and grid-
connected PV  systems,
Understand the design and
components of hybrid

renewable energy systems.

Understand the design and
operation of large-scale grid-
connected  solar  farms,
Explain the technical
requirements for
interconnecting solar farms | .(gJal)
to the grid.

Define power factor and
explain its significance in
electrical systems, Identify
causes of low power factor in
PV and conventional

systems.
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e James P. Dunlop, Photovoltaic Systems,

American Technical Publishers, Latest
Edition.
A widely used textbook that covers PV

fundamentals, components, and system (obaall) Az 1) @) pall o1

design with practical examples.

Roger A. Messenger and Jerry Ventre,
Photovoltaic Systems Engineering, CRC
Press, 3rd Edition.




Focuses on the engineering aspects of PV
systems, including performance analysis and
design.

Solar Energy International (SEI), Solar
Electric Handbook: Photovoltaic
Fundamentals and Applications, SEI, Latest
Edition.

A practical guide with a strong focus on real-
world PV installation and system design
practices.

Duffie, J. A., & Beckman, W. A., Solar
Engineering of Thermal Processes, Wiley,
4th Edition.

Useful for understanding solar radiation and

energy modeling concepts.
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Solar Energy — Elsevier

Publishes research articles on solar radiation,
materials for solar cells, and system
performance.

Progress in Photovoltaics: Research and
Applications — Wiley

High-impact journal covering advanced research
in PV technologies and applications.
Renewable Energy — Elsevier

Covers broader renewable topics, including
photovoltaic systems and hybrid energy
solutions.

IEEE Journal of Photovoltaics — IEEE
Peer-reviewed journal focused on the science

and engineering of PV systems.
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