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< > | Power Electronics CASTELLAZZI Alberto

2023 1

Power electronicsisafield of research for converting and controlling electric power using semiconductor
devices. This course aims to provide students with an understanding of the fundamentals of power conversion/
control technology and to develop their application. First, the basic theory of power conversion using
switching circuits, including the operation of switching elements and circuits, is explained in detail. Then, the
fundamentals of various power conversion and control technologies and their applications to motor control

are explained in Japanese and English.

Students will understand the fundamentals of power el ectronics based on electrical/electronic circuits, and
semiconductor engineering, and be able to develop their applications.

1

2

3

4  DCIDC (1/2)

5  DC/IDC (2/2)

6 ,

7

CASTELLAZZI

8 DCIAC /
PWM

9 /-

10 /




. Outline of electrical energy engineering and power electronics
. Fundamental of switching circuits (1/2)

. Fundamental of switching circuits (2/2)

. DC/DC converters (1/2)

. DC/DC converters (2/2)

. Theory of power modulation

. Midterm feedback and examination

~Nooab~wNBE

8. Rectification and inversion; single-phase two-level (2L) inverter (DC-AC converter) with sine-triangle
PWM (neutral point and full-bridge version; comparison and discussion)

9. Three-phase 2L inverter; hints at voltage/current-frequency control; hints at space-vector modulation
techniques

10. Design exercise (simulation-based) on single-phase and three-phase 2L inverter using sine-triangle PWM;
discussion on Power Factor and its implications

11. Multi-level inverters: neutral point clamped, flying cap, and hybrid; hints at the Modular Multi-Level
Converter (MMC)

12. Passive and active single-phase and multi-phase rectifiers; power factor considerations, power factor
correction circuits (with simulation-based exercise)

13. Direct AC-AC (matrix) conversion

14. Electro-magnetic compatibility; differential and common mode filtering

15. Feedback

Electric circuits, Electronic circuits, Electric Machinery Fundamentals

[ ]

Castel azzi
80%, 20%

Thefirst half (by Professors Susuki and Mochiyama) and the second half (by Professor Castellazzi) request

the report and quizzesindividually. The grade will be considered by the results of reports, quizzes, and
examinations. The rate of examinationsis 80%, and others are 20%, basically.

[ ]

L ecture notes will be prepared in PandA.




isbn{ }{ 4254227450} ;
isbn{ }{ 4621033964} ;
N0.9 (2012). ibid{}{ BB04266554}
(2005) isbn{ }{ 4901683217}

( Panda )

Students are strongly recommended to study the contents before each class by the lecture note prepared on
PandA.
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< > |Mathematicsfor Electrica and Electronic Engineering 1

[ ]

We study solutions of partial and ordinary differential equations, such as trigonometric functions, Bessel
functions, Legendre functions. As applications of these eigen functions, we study Fourier series, Fourier and
Laplace transforms, which are mathematical bases of electrical engineering and electronics, plasma physics,
and quantum mechanics.

[ ]

Understanding mathematical methods for description of physical phenomena evolving in space and time.

[ ]

1st and 2nd lectures:

Classification of partial differential equations(PDE).

Derivation of ordinary differential equations (ODE) from typical PDE in Cartesian coordinates, polar
cylindrical coordinates, and circular spherical coordinates.

3rd and 4th lectures:

Series solutions by Frobenius method; trigonometric, Bessel, and Legendre functions. Singular points for
ODE; Wronskian; linear independence of solutions; second solution

Sturm-Liouville Theory

5th and 6th lectures. Self-adjoint ODE; Hermitian operator; Sturm-Liouville theory Green's Function Method,
Green's function method to solve nonhomogeneous equation, Bessel Functions

7th and 8th lectures:

MATLAB Demonstration (vibrating membrane, EM wave radiation), generating function, Bessel series;
application to frequency modulation. Hankel functions; 3D Helmholtz equation in spherical coordinates,
spherical Bessel functions

9th and 10th lectures:
L egendre functions; generating functions; boundary value problems; associated L egendre polynomials,
Fourier Series

11th and 12th lectures:

Properties of Fourier Series, Gibbs Phenomenon

Fourier Transform, Fourier integral, Fourier transforms of Gaussian and derivatives, Dirac delta function,
Solutions of wave equation and diffusion equation

13th and 14th lectures:
Laplace Transform, inverse Laplace transform, initial value problems of ODE

15th lecture: Confirmation of understanding by aterm exam and Q& A




Calculus, Vector Analysis, Complex Variables, and English listening comprehension at the level of VOA
special English.

[ ]

The grade is determined by adding the scores of report assignments (5 points x 13 times) and aterm exam
(100 points). If the total score exceeds 100 points, the scoreis given as 100.

[ ]

Arfken, Weber, and Harris  Mathematical Methods for Physicists Elsevier 1SBN:978-0-12-384654-9
(Available at publisher's site with the e-Journa authentication system of Kyoto University. The URL will

be shown on KULASIS))

Some of the lecture notes will be posted on KULASIS before the lectures, others are distributed in the

lectures.

[ ]

Report assignments are announced at every lecture, and the report should be submitted by the deadline set
before the next lecture.

Many students cannot use mathematical English expressions properly, and they cannot communicate at
international meetings. For helping students to build the ability of mathematical English, most of the lectures
are given in English.
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J.P.Keener: Principles of Applied Mathematics, Westview Press
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C. Kittel  Introduction to Solid State Physics, 8th ed. Wiley
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Waste and Harris  CMOS VLSI Design: A Circuits and Systems Perspective Addison Wesley I1SBN:
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