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O material do curso esta disponivel em:

1. Moodle para os alunos matriculados na disciplina.

2. Pagina do professor.
3. Canal no youtube do professor.

moodle

https://moodle.ifsc.edu.br
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Esta aula estd organizada em:

1. Conversdo de energia;
. Conversores estaticos;
Eletronica de poténcia;
Aplicagdes da eletronica de poténcia;
Softwares aplicados a eletronica de poténcia;
Integragdo com a informadtica.

Agenda
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Finalidade da conversdo de energia:
- Aplicag0es diferentes conforme a forma;
- Dificuldades de armazenamento;
- Dificuldades de transmissdo;
+ Alteragdo/adaptagdo de amplitudes, formas e quantidades:;
- Reaproveitamento de energia.
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http://www.portal-energia.com/fontes-de-energia/
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Conversores Estaticos
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Definigdo:
- Conversor rotativo: aquele converte energia usando mecanismos
moveis (gerador-motor-gerador):;

- Conversor estatico: dispositivo eletronico que converte energia
sem usar componentes moveis (giratorios).

Conversor Rotativo Conversor Estatico
Motor + Gerador Inversor de Frequéncia
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Conversores estdticos x eletronica de poténcia:
- Conversores estaticos: termo usado ho comec¢o do
processamento eletronico de energia, muito ligado a
acionamento de mdquinas elétricas e geragdo de eletricidade;

* Eletronica de poténcia: termo mais moderno e genérico, para
designar toda gama de dispositivos de poténcia que controlam o
fluxo de energia.

s, R Tl / A .

http://actytech.co.uk/power-electronic/
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___ Eletronica de Poténcia

Definicoes:
+ Eletronica de Poténcia € a tecnologia associada com conversdo eficiente, controle e
condicionamento de poténcia elétrica através de interruptores estaticos de uma
fonte disponivel na entrada numa saida dese jada;

+ Eletronica de Poténcia pode ser definida como uma ciéncia aplicada dedicada ao
estudo dos conversores estdticos de energia elétrica. Este dltimo pode ser
definido com um sistema, constituido por elementos passivos (resistores,
capacitores e indutores) e elementos ativos (interruptores), tais como Diodos,
Tiristores, Transistores, GTO’ s, Triacs, IGBT s e MOSFET s, associados segundo
uma lei pré-estabelecida.

- Entende-se que Eletronica de Poténcia é uma drea da Engenharia Elétrica que
tem a finalidade de estudar e construir conversores de poténcia visando o
controle de energia elétrica.
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Eletronica de Poténcia
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Multidisciplinaridade da eletronica de poténcia.
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Artigo do Prof.
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The Past, Present, and Future of Power Electronics
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Global Energy Scenario and Impact of
Power Electronics in 21st Century

Bimal K. Bose, Life Fellow, IEEE

tube electronics ( a
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Interesting to note that the s
In New York installed grid-con
mercury arc
motor traction In 193
rallways introduced mercy
eycloconverters for universal
traction drives almost at the
time (1931), The tirst thyvatror
converter based variablevolta
lable frequency synchronous
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US. Logan power station in 1!
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days, power electronics was
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Electronic Revolutions

After completing my studies
University of Wisconsin (1960),
back to India and introduced a
in industrial dectronics for t
time at my college. In those «
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Ab Power D gmined signifi-
cant maturity after several decades of dynamic evolstion of
power semicondector devices, converters, pulse width modulation
(PWM) techniques, electrical machines, motor drives, advanced
control, and simulation techniques. According to the estimate of
the Electeic Power Research Tnstitte, meghly 70% of electeieal
energy in the USA pow flows through power clectronics, which
will eventuslly grow to 100%, In the 21st century, we expest 1o
see the tremendous impact of power electronics not anly in global
indestrialization and general energy systems, but also In energy
saving, renewable enery systems, and electrichybrid vehicles.
The resulting impact in mitigating climate change problems Is
expected (o be enormous. This paper, in the beginairg, will discuss
the global energy scenario, climate chunge problens, and the
maethods of theie mitigation. Then, it will discuss the impact of
power electronics in energy saving, renewable energy systems,
bulk energy storage, and electrichybrid vehicles. Finally, it will
review several example applications before coming to conclusion
and future prognosis,

Index Terms—Climate change, electriohybrid vebicles, energy,
energy storage, future of power electronics, global warming, motor
drives, power deetrunics, resewable energy systems.

L INTRODUCTION

T IS well known that power electronics is based on high

efliciency and fast-swilching silicon pawer semiconducior
switches, such as diode, thyristor, triac, gate turn-off thyris-
tor (GTO), power MOSFET, insulated gate bipolar transisior
(IGBT), and inlegrated gate-commutated thyristor (IGCT), and
their applications include de and sc regulsied power supplies,
uninterruptible power supply (UPS) systems, electrochemical
processes (such & electroplating, electrolysis, anodizing, and
metal relining), heating and lighting control, electronic weld-
ing, power line static volt ampere reactive (VAR) compensatars
[SVC, static var generator, or stalic synchronous compensator
(STATCOM)] and flexible ac transmission systems (FACTS),

systems, home appliances, peper and textile mills, pumps and
compressors. rolling and cement mills, machine tools and
robotics, variable-speed constant-frequency systems, etc. The

! 1 appl of pawer electronics in global industri
alization are bringing a kind of industrial revolution in the 21st
century which has been somewhat unprecedented in history. We
have already seen how computer,

mation
remote counti
communicatio
the whole world close logether into s globel villsge. Truly,
we now live in a global society, where the nations in the
world are being increasingly interdependent. What happens
wday in Indis or Egypt, for example, affects the USA and
vice versa. In the present trend, it is expected that future wars
in the workd will be fou, in economic fronl rather than
in military front. In the global marketplace, free from trade
barriers, all the nations in the world will face Gerce industrial
competitiveness for survival and prosperity of living standard.
an environment, power electronics with motion coatrol
Moreover, as
Lhe energy price incresses and emvironmental regulsions are
tghtened, pow: jectromics applications will spread in every
corner of industrial,
serospace, military, and wtility systems. The role of power
electronics in this era will be as important & that of computers,
ion, and s . if not more.

It may be relevant to mention bere that the suthor receatly

published two survey papers [1], [2] of which the

comprehensive and mainly deals with the di
systems. The technology advancement and trends are brielly
reviewed in the “Fulure Scenario™ of Section V1 which can be

active harmonic filters (AHFs), HVde systems, p
(PV) and fuel cell (FC) converiers, dc and ac circuit break-
ers, high-frequency healing, energy storage, and do
drives. Motor drive ares may include applications
ers and peripherals, solid-sisle motor starters, Lransportation
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= y o the second pper [2].

1I. ENERGY SCENARIO

Let us discuss, in the beginaing, with the 5y
scenario [6]-{9]. We have come a long way in the history of
our industrial civilization. Prior to indusirial revolution, which
started in 1785, we were essentially in the muscle age when
our energy primarily came from human and animal muscles.
In those days, world popul
unsophisticated, and the environment was relatively clean.
mechanical age, or the age of steam and heal engines, started
with industrial revolution. Then, the electrical age started in
the lme nineleenth century by the commercial svailsbility of
electricity and. particularly, by the inventica of commercial
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Doing Research in Power Electronics

o you do research In power
electronics? Are you a profes
sor or graduate student in a uni-

versity o an engieer in an industrial

research labaratory? Pawer electron
ics research is not different from any
other area of engineering or scientific
research. For doing research, we dis-
cipline and dedicate our mind 10 make
inventions or generate new knowledge
that helps to sobve our problems and
contribute 10 the advancement of our
civilization in a broad perspective. The
sincerity, purity, and tranguility of cur
mind, possibly blended with some spir-
ituality, help us concentrate our mind
for doing research. Research accom
plishment gives supreme satistaction
of mind. Note that doing research and
learning always 50 together. Learning
is essentially a litelong process. Albert

Einstein said that we cease to learn

cely when we die.

How does our brain function for
doing research? The humar brain, the
thirking machine with a biclogical neu.
ral network that gives us natural intelli-
gence, is the most complex machine on
earth. Neurcblologists have attempted
to understand the structure of the
brain and its functioning over a pro-

property of each cell. The intelligence
of the beain is thus distributed in the
cells of the whole neural network. The
supervised learning from our educa
tion canditions the junction impedanc.
©s 10 acquire knowledge in a specific
domain, such as power electronics. It
is interesting to note that cur brain
does not have a ike central

electronics? B is a complex and inter.
disciplinary technology that basically
deals with the conversion and control of
electrical power using switchingmode
power semicanductor devices. The ap-
plications of power electronics inchude
regulated dc and ac power supplies,
electrochemical  processes,  beating

memory. The neural network has the
ability to Imterpolate or extrapolate this
knowledge 1o create new knowledge.
The brain has the additional cognitive
capability to invent, which we do not
really understand.

The creative capability of the hu
man brain & tremendous. We use hardly
mare than 5% of our creative capabiity
foe doing research, and the remaining is
mastly “wasted" in the trivislity of our
daily thoughts. The research can be de-
fined as fundamental or basic type ard
applied or application ariented. Thomas
Edison, the wizard of applied experimen-
tal research i dectrical engcering, de-
fined genius as 1% inspiration and 95%
perspiration. Edison had 1043 US. pat-
ents even though he did not complete
his high school education. However,
accoeding to Charkes Steinmetz, the wiz-
ard of basic research, genius is defimed
a8 %% inspiration and 1% e

loeged period of time, but
extremely inadequate even today. The
nevral network [ 1] in cur brain consists
of the mterconnection of bifbons of new
rons or nerve cells, where the synaptic
junction of each input dendrite s flled
with neurctransmitter fluid. The im.
pedance of this junction contributes to
the intelligence or associativememory
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These are, of course, extreme examples
in the early days of engmeering re
search. A modern research project typi-
cally requires idea formulation—system
analysis-design-simulation study—and
validation by experiment. Finally, suffice
it to say that a good researcher should
also be a good i both

and lighting l, edectronic welding,
power Ine voltampere reactive (VAR)
and harmonic compensation, high-
voltage de (HVDC), flexible ac trans-
mission systems (FACTS), photovaltaic
(PV) systems, fuel cell power conver-
sions, high-frequency (HF) heating, and
motor drives. After several decades of
technology evolution, power electron-
ics applications have recently become
extremely important for epergy saving,
electric/hybeid vehicles, the smart grid,
renewable energy systems, and bulk
energy starage. besides the usual ap-
plications in industrial automation and
high-etticiency energy systems.

In general, daing research i power
electronics requires expertise in power
semiconductor and peripheral devices,
corverter circuits, control theares,
electrical machines, digital signal pro-
cessors (SPs), field peogrammable
gate arrays, power systems, and com.
puter-aided design and simulation tech-
niques. Recently, artificial intelligence
(A]) techniques, such as fuzzy logic
and artificial nevral networks (ANNs),
are advancing the frontier of power
electroess. Exch of these component
disciplines is advancing rapidly, thus
presenting greater challenges to power

wrking and speaking.
Now, et me fall back to power elec-
tronics. What s special about power

1 INDSTRIAL ELECTRONICS MAGATING B WARCH 2015

. A thorough
Kknowledge of the application environ-
ment is essential for doing research in a
power electronics project.

Bimal K. Bose, 2009, 2013, 2014 e 2105.
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1a 2 Desafios da

Fletronica de Poténcia no Brasil

Webinars Sobraep - Histéria e
desafios da Eletronica de

* Prof. Edison Robertc Cabral da Silva

Poténcia no Brasil com Prof.
Edison R. C. da Silva.

Webinar SOBRAEP 2020,

https://www.youtube.com/watch?v=rldESAHALfO
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Silicon Carbide - SiC.

How silicon carbide could help in the development of electri
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Eletronica de Poténcia
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Nitreto de Galio - GaN.
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AN ° AN °
. Eletronica de Potencia
Principio:
+ Os circuitos em eletronica de poténcia sdo denominados ndo-
lineares, pois utilizam os semicondutores como chaves, ligadas
ou desligadas.

Power Switching Power
mput converter outout
Conftrol
input
feedforward feedback
Controller

T reference




INSTITUTO FEDERAL Eletranica de POténCia

Objetivo maior:
- Busca da maxima eficiéncia.

AN
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Converter
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Primeiro computador Apple
(1976)

Notebook Apple atual
(2015)
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IPad Counterfeit

http://www.righto.com/2014/05/a-look-inside-ipad-chargers-pricey.html
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_____ Conversores Lineares x Chaveados

Exemplo: Fontes de tensdo lineares e chaveadas:
+ As fontes lineares convertem a tensdo alternada da rede em
tensdes continuas, normalmente de baixa amplitude, sem o uso
de componentes chaveados (comutados);

* Fontes chaveadas exercem a mesma funcdo, mas utilizando
componentes comutados (chaveados).

S
d

+ +
Vin = Rc 2 vou

Regulador Linear Regulador Chaveado
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Fontes de tensdo lineares x chaveadas:
- Fontes lineares: sdo mais robustas, simples e fdceis de projetar, podem
ser mais baratas ou hdo, sdo muito volumosas e pesadas.

* Fontes chaveadas: ndo sdo tdo robustas, mais dificeis de projetar e
consertar, podem ser mais baratas ou ndo, sdo pequenas e leves.

Fonte chaveada de 65 W

Fonte linear de 29 W




onm

L

. l INSTITUTO FEDERAL
SANTA CATARINA

Fontes de tensdo lineares x chaveadas:

Conversores Lineares x Chaveados

Tek Stop f

i 3
LT

.‘ | c S5V switch-mode i

@ 20.0mvah M 10.0us A Chl S 25.0mV
Tek Stop ‘ i ) 1152.00%
1
Linear Switch-mode | Comments

Size x v Typically 80% smaller

Weight x v Typically 80% lighter

Input Voltage Range x v 10% vs. up to 300% range

Efficiency x v Calculate it long term!

SV linear Reliability v %/ Component count method, demonstrated probably equal
T Ripple & Noise v %/ Up to 10,000 times - often possible to overcome though
| Transient Response v x Up to 100 times - necessary in specialized areas
eltettaebastistis gyttt gl tel Low leakage Current v X/ Often used in medical systems, switch-mode gaining share

152.00%

https://www.valuetronics.com/Manuals/Lambda 7%20linear versus switching.pdf
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TTTTTTTTTTTTTTTT Divisdo da Eletronica de Poténcia
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wmome Aplicagoes da Eletronica de Poténcia

Aplicagoes:
- Fontes chaveadas;

+ Controle de motores de corrente continua e alternada;
- Conversores para soldagem;

* Alimentagdo de emergéncia;

- Carregadores de bateria;

- Retificadores para eletroquimica;

* Transmissdo em corrente continua;

- Reatores eletronicos:

- Filtros ativos;

- Compensadores estadticos;

* Processamento de energias alternativas;

- Amplificadores de poténcia;

- Controles de temperatura;

- Entre outras.

Sistema elétrico de aeronaves
Microgeragdo Acionamento de motores



o, O0Ftware para Eletronica de Poténcia

Razoes para usar software especifico:
+ Complexidade dos circuitos eletronicos;
- Dificuldade de representar o mundo real;
* Possibilidade de uso indmeras vezes;
* Diminuigdo do custo de projeto;
- Aprendizagem via software;
- Outras....
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PSI \ « 'WhyFSIM? Videos

Products \
Application Models

Academia \
PSIM Support

\ SPICE Simulation and
\ SiC/GaN Models

MORF
HOW TO BUY i

www.powersimtech.com
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==lmm Software para Eletronica de Poténcia

ﬁMultisimLive FEATURES FRICING CIRCUITS © RESOURCES - LOGIN m

Discover Electronics
with Online SPICE Simulation

SIGN UP FOR FREE SEE HOW IT WORKS

https://www.multisim.com



https://www.multisim.com

o O0Ftware para Eletronica de Poténcia

ANTA CATARINA

Waol'ramAalphz.com WaolframCloud.com All Stes & Puhlic Hesourcas

WO L FRAM Products &Services ~+  Technologies ~~  Solutions v  Support&Leaming~ Company+ C Search
COMPFUIA N IAZETS KNOW )

WOLFRAM MATHEMATICA

The world's definitive system for modern techniczl computing
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For three decades, Mathematica has defined the state of the
art in technical computing—and provided the principal

www.wolfram.com
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Created by Andrey Ivashoyv in the scope of SMath project. Published oy smath.

SMath Studio SR

Summary | License | History | Reviews | FAQ

Tiny, powertul, free mathematica. program with WYSIWYG editor and

complete units of measurements support.
S It provides numerous computing features and rich user interface translated

into about 40 different languages. Application also contains integrated
mathematical reference book.

Download: version 0.99.6884 - Stable (re!eased at 2018-11-06) - recommended

i;.z_—] SMath Studio Desktop (2.23 MB) Downloads: 29784 of 641378

amsi

q@SMath Studio Desktop for Mono (1.36 MB)  Downloacs: 2555 of 75915

\ GETITON 4  Download onthe Ge: it trom
b Google Play ® App Store B Microsoft

Download: version 0.99.6975 - Beta (released at 2019-02-05)

i\'@m SMath Studio Desktop (2.23 MB) Downlozds: 18 of 641378

%SMath Studio Desktop for Mono (1.36 MB) Downloads: 1 of 75915

Application can be easily extended basec on your reeds. Built-in Extensions
Manager tool allows to get access to hundreds official and third-party
rescurces of the following types: usage examples, plug-ins, SMath Viewer
based applications, snippets, interface translations, interactive booxs,
handbooks and tutorials.

http://en.smath.info/forum
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14 ] Arduino - 0011 Alpha
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- ~ -
SICTYAL (P B B

1edPin = 13;

e . o
' nfs.wo..q,,q, I setup() In once, t ketch st
- s {
pinMoce(YedPin, OUTPUT); ers the ¢ T pin a
}
! Toop () it ar a Yer a0alf
{

f1gitalirite(ledPin, HIGH); v LE
"‘.“J:raw: /7 Wal1ts TOor a seCond
f1gitalNrite(ledPin, LOW); ets tf 1

felay (1000); \ts for v

=1 Arduino
=KX piecimila

wev argelng.ce

" PONER wmacac n @
W Grd W Di23nvs

http://www.arduino.cc
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Crossed Dipole Antenna

Solar Panel

ArduSat payload board:
Arduinos + sensor suite
_~with cameras

1U CubeSat Structu re

Electrical Power System

UHF Transceiver

Flight Control Computer —

https://www.ardusat.com/
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L Proxima Aula
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Componentes da eletronica de poténcia:
- Componentes passivos;

- Diodos, tiristores;
- Transistores.
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