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This lecture aims to explain _| what power electronics is, ] the basic ideas of
how power electronics works, and ] at a high level how engineers design power-
electronic systems.
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1 What is power electronics?

Intuitively, power electronics involves the application of electronics to the condi-
tioning of electrical power. More precisely,

Definition 1: Power electronics [ ,Sec. 1.1], [ , Sec. 1.1]

.. 1s the study of electronic circuits intended to control the flow of electrical
energy, or equivalently the conversion of electric power, and which handle
power flow at levels much higher than individual device ratings.

In the definition above,

¢ We can see the central role of conversion, which can be defined as the modification
of one or more parameters of electrical energy by means of electronic devices,
without significant power losses [RRCV15, p. 1].

e We can also see three areas of electrical engineering: electronics, power, and
control.

In fact, back in 1974, Dr. William E. Newell from Westinghouse Research Labora-
tories described power electronics as “a technology which is interstitial to all three
of the major disciplines of electrical engineering: electronics, power, and control”;
see Figure 1 and [New74].


https://dictionary.cambridge.org/dictionary/english/interstitial

e JI00IDOODOO deals with the solid-
state devices and circuits for perform-
ing signal processing and control to

meet some specified functional objec-
tives [Ras14, p. 26].

e [JUOOD deals with static and rotating
power equipment for the generation,
transmission, and distribution of elec-
tric energy.

e JO0000O0 deals with the design/syn-
thesis of feedback controllers for
achieving desired transient and
steady-state closed-loop character-
istics, the most important of which
being energy-efficiency (i.e., the ratio
of output power to input power, see
[New74], [Ras14, p. 26], [EM20, (1)]).

* Energy-efficiency is of fundamental
1mportance, because without it, imple-
mentation becomes impractical.
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Figure 1: Power electronics is interstitial
to three major areas of electrical engi-
neering [New74, Fig. 1].

* Newell’s view is widely shared today [BM11].

* These days, power electronics includes applications of circuit theory, control the-
ory, electronics, electromagnetics, microprocessors (for control), and heat trans-
fer [Har11] — this explains why this course is an Honours-level course.

Coming back to the definition of power electronics in relation to conversion, there
are four types of conversion [Blal8, EM20]:

e 10000 conversion refers to the conversion of a DC input Symbols:
voltage to a DC output voltage having a larger or smaller |=
magnitude, possibly with opposite polarity, or with isola-
tion of the input and output ground references.

This conversion typically works by “chopping” the input
voltage by switching some semiconductor device periodi-
cally on and off; the switching action will be discussed in
more details in Sec. 2. Hence, a DC-DC converter 1is also
called a chopper or switching regulator [Ras14, p. 31].

Detail: Convention and terminology

Sometimes, XC-YC (take X as A or D, Y as A or D) is written as xc-yc (i.e., in
lower case, e.g., in [EM20]), or as XC/YC (e.g., in [LY18]), or as XC-to-YC (e.g.,
[Trz16]).

A direct current is also called a unipolar current.




Detail: Converter symbols

The converter symbols shown here were generated using CircuiTikZ. This
ETEX package provides a set of macros for typesetting electrical and electronic
networks.

CircuiTikZ was initiated by Massimo Redaelli in 2007 for the Elettrotecnica
courses at Politecnico di Milano, Italy, and is now widely used in research and
academia for drawing professional-looking circuit diagrams.

e JO0OO conversion, also called rectification, refers to the [~
conversion of an AC voltage to a stable DC output voltage. =
An AC-DC converter is also called a rectifier. Arectifier can (Single-phase AC)
be oY

0 uncontrolled, where the transferred power depends only
on source and load parameters; or

(Three-phase AC)

0 controlled, where the transferred power depends not only
on source and load parameters but also switching param-
eters [Harl1, Sec. 3.9].

An example of an uncontrolled rectifier is a mercury arc
rectifier, the invention of which at the dawn of the twenti-
eth century gave birth to power electronics [Trz16, p. 2].

e [10O0IOO conversion, also called inversion, refers to the con- [=
version of a DC voltage to an AC output voltage of control- ~
lable magnitude and frequency. A DC-AC converter is also  (Single-phase AC)
called an inverter. =

A
(Three-phase AC)
e JO0OO conversion refers to the conversion of an AC input [~

voltage to an AC output voltage of controllable magnitude
and frequency. Three types are discernible: (Single-phase AC)

~Y

~Y

0 An AC voltage controller converts the voltage but not the ~
frequency [Har11, Ch. 5].

(Three-phase AC)
0 A cycloconverter converts both the voltage and fre-
quency [Bos20, p. 155].

0 A matrix converter 1s a forced-commutated cyclocon-
verter with inherent four-quadrant operation consisting
of a matrix of bidirectional switches such that there is
a switch for each possible connection between the input
and output lines [Iyel9, p. 1].


https://github.com/circuitikz/circuitikz
https://youtu.be/lOTxDPf3sEU
https://youtu.be/lOTxDPf3sEU
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N-5TQIJGEPN "OBMPH %FWJDFTJT GSFFBOE QPQVMBS C

41*$& CBTFE UPPMT IBWF CFFO QPQVMBS JO UIF FMFDI
USPOJDT DPNNVOJUJFT CVU CZUIFNTFMWFT UIFZ EF
TIJHO



Y14*. GSPN1PXFSTJN*OD OPXQBSUPG"MUBJS JTJOD:
QPXFS FMFDUSPOJDT DPNNVOJUZ

SIFDPNQBOZ BMAPITEMMWMHMPQNFOU #PBSET GPS SBQJE

Y1-&34GSPN 1MFYIJNJT VTFECZ TPNF WFOEPST MJLF *O
UFOTIWFMZ



Y. "5-"# 4INVMIXGSPN .BUISPSLTJT XIBU XFVTFJO UIJT DPF
N*UTVQQPSUT NPEFM CBTFE EFTJHO
N*UTVQQPSUT NVMUJ EPNBJO NPEFMJOH BOE TINVMBI
N*U TVQQPSOUWFPGCILD*$& OFUMITUT JOUP 4IJNTDBQF CI
N*UJT TVQQPSUFE CZ NBKPSIBSEXBSFWFOEPST



N*UDPNFT XJUI B SIJDIDPMMFDUJPO PG MFBSOJOH SFT
JPXFWFS XFOFFEBOBEEJUJPOBM UPPM GPS 1$# MBZP



&YBNQMFT PG IBSEXBSFUPPMT
YO1"- 35 5FDIOPMPHJFT

Y5ZQIPPO )*-



Y*OEJWIJEVBMFMFDUSPOJDTWFOEPSTTVDIBT "## "OBM
.JDSPTFNJ /BUJPOBM 4FNJDPOEVDUPST /91 0/ 4FNJD
USPOJDT $PSQEGRSBBUJPAXUIFNFOT 45.JDSPFMFDUSPOJD
NFOWIPTIJCB &MFDUSPOJD %FWJDFT 4AJH SBAH £FINPIDPRD
UPSPMGTQBOGE NPSF MJBBFEROQ < N > TFMMEFWJIDFT

NAPNFPGUIFNTFMM FWBMVBUJPO CPBSET BOE EFWFM

NSFYBT*OTUSVNFOUTBEEJUJPOBMMZQSPWIJIEFTB XFB
JOHSFTPVSDFTBOE SFGFSFODF EFTJHOT
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