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Course Materials

e Textbook:

— Erickson and Maksimovic, Fundamentals of Power
Electronics, second edition, Kluwer Academic Publishers,
ISBN 0-7923-7270-0

— Available through campus bookstore, online vendors, or
online through UT libraries
* Course Website
— http://web.eecs.utk.edu/~dcostine/ECE481

— Includes lectures slides, handouts, supplemental notes,
homework assignments, course announcements

TENNESSEE o

Assignments

* Homework (40%)

— Due at beginning of class on date listed on Lecture
Schedule web page (Fridays)

— No late work accepted except in cases of
documented emergencies

— Collaboration is encouraged on all homework
assignments

= must turn in your own work
* Exams

— 1 Midterm: 25% of grade

— 1 Final: 35% of grade
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ECE 481 vs ECE 599

» Students enrolled in ECE 599 will have
additional homework and exam problems
* Grading
— Separate curving for ECE 481 and ECE 599

— Extra credit is added to final grade after any
curving
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Piazza Forum

* New resource for ECE 481 this semester
* Additional method for collaborating on HW
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How to Succeed in ECE 481

* Attend all lectures

— Participate; ask questions or ask for clarification
* Read textbook for clarification
* Complete all homework assignments

— Work together in-person or using Piazza

— Review and understand mistakes

— ~12 assignments for 40% of the grade
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Power Electronics Courses at UTK

Junior , Senior , Graduate
' I
I I
ECE 325 X A ECE 523 ECE 623
. ! ECE 481 , )

Electric Energy System | . || Power Electronics and Advanced Power

i Power Electronics |§ - . .
Components [ [ Drives Electronics and Drives

' I
1
1 I
| ECE 482 | ECE 525 ECE 625
|| Power Electronic || Alternative Energy Utility Applications of
| Circuits : Sources Power Electronics
1 I
i i
1 1
| | ECE 581 ECE 626
i i High Frequency Power Solid State Power
! : Electronics Semiconductors
i i
1 1
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Introduction

Power
input

Dc-dc conversion:
Ac-dc rectification:
Dc-ac inversion:

to Power Conversion

Switching
converter

Power
outpitt

] Control
input
Change and control voltage magnitude

Possibly control dc voltage, ac current

Produce sinusoid of controllable
magnitude and frequency

Ac-ac cycloconversion: Change and control voltage magnitude

and frequency

THE UNIVERSITY OF

TENNESSEE [g g

KNOXVILLE

UPS System

Example Server Power Distribution

[r———

{1 ... ServerRack

AC Distribution | |

8/17/2015



Example VRM Design

DC-DC Converier

THE UNIVERSITY OF

TENNESSEE [g g

KNOXVILLE

Example VRM Design
caeciemnn sl DC-DC Converter I L CRU.
: ' 10A | !
M Al —— M |
: R : + :
v, 1.05Q r !
12V ! | 15v 0 1
: : -
: : : .
V
R, =~ =150mQ
Vout :Vg IOutR ! out
R= Vg _Vout
Iout
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Variations in Load

e ___DCDCConverter _________ . __ CPU _

] | SA . :

i Vv - i i

: R : g} |

Q) e A
12V i | | |
] I 1 ]

V,

ou

=V, -1

R

out

V,, =12V -(5A)1.05Q)
V,, =6.75V

______________________________________
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Control is Invariably Required

A

T reference

Power Switching Power
input converter output
—)_ _)—
/Y
Control
input
Sfeedforward Sfeedback
Controller |
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Linear Regulator

DC-DC Converter

g
12V

Pin :Vglg ~Vg Iout
R, =(5A)12V)
P, =60W

=V, |

out — Yout ' out

=(5A)1.5V)

=7.5W

Linear Regulator

DC-DC Converter

12V

I:)in :Vglg ~Vg Iout
P, =(5A)12V)
P. =60W
BTN PYY.
P, 60W

=V

out

out

=(5A)1.5V)

=75W
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A High Efficiency Converter

Converter

>

ot

A goal of current converter technology is to construct converters of small
size and weight, which process substantial power at high efficiency
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Devices Available to the Circuit Designer

Resistors

Il
-

Capacitors

— EE— —
- -
L
. DT, T,
Linear- 8 s
mode Switched-mode
Magnetics Semiconductor devices
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Devices Available to the Circuit Designer

LY T

L
Linear- UL 15

mode Switched-mode

Resistors | Capacitors | Magnetics Semiconductor devices

Signal processing: avoid magnetics

Devices Available to the Circuit Designer

LY T
T

j DT, T,
Linear- 8 8
mode Switched-mode
Resistors | Capacitors | Magnetics Semiconductor devices

Power processing: avoid lossy elements
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Power Loss in an Ideal Switch

Switch closed: v(1)=0

()

Switch open: () =0

V(1)

In either event: p(1) =v(r) i(r) =0

Ideal switch consumes zero power

Use of SPDT Switch
I et .
/ + +
Vg 2
v (1) R s
v v
V,=DV,
0
DT, ~(1-D)T,~ r
s!vfr('h
position; 1 2 1
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Controlling Duty Cycle

v g

%
L D = switch duty cycle
V,=DV, 0=D=1
0 o ,
- > T, = switching period
DT, ~(1-D)T, *> !
po;:;::);h 1 2 0 f, = switching frequency

=1/T,

DC component of v (1) = average value:

W R "
V.= T _L v(t) di =DV,

THE UNIVERSITY OF

TENNESSEE [g g

KNOXVILLE

Addition of Low Pass Filter

Addition of (ideally lossless) L-C low-pass filter, for
removal of switching harmonics:

1 i(r)
o _p - B0 ™ >~
i L
Vv 2
4 C_) v, (1) O R g vn
r
P, small

Choose filter cutoff frequency f, much smaller than switching
frequency f.

This circuit is known as the “buck converter”
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1
V e
’ T~ 0

Duty Cycle Control

“O

| i(1)

o _p — B £
//’ + I +
2 Low-Pass Hilter -

v (1) (o — S v
)
= -

V(o)

T,
vty dt =DV,
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Control System for Voltage Regulation

dty, T, '

b [ .
g modulator
Compensator

Reference
input

Power Switching converter Load
nput
dsl +
. + i R
« O x T
v
Sensor
” H(s) gain
T
Transistor Error
gate driver signal
Wi v
Pulse-width G(s)
By,
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Dynamic Performance

onverter Load
)
20A/DIV | r580Y
¥ g
Vour - - ,
50mV/DIV —— '
v
Sensor
- His) gain
I, Error
204/DIV signal
vidth| Ve ;
A I A ator [ G (5)
SusDIV e Compensator
EI[TU? 121V5V Reference |
LOAD RELEASE = 208 TO 0A AL
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Power Electronics Overview

j Circuit
theory Systems and
Solid-state control theory
physics slgnal
processnng

Simulation and Power

computing electronics
Electromagnetics
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Some Power Electronics Applications

¥ =

High-Speed Rail

+—— Power Transmission

THYRISTORS

H. Appliz
S o i Air Conditioning Microwave Ovens

Light Industry

2 e MOSFET Power Supplies

=L me
| 4

On-Board Power Generation / Conversion

Electric Vehicles

10 100 1k 10k 100k
Frequency (Hz)

Audio

/O

Interface

Baseband digital

25V
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Part I: Converters in Equilibrium

Principles of steady state converter analysis
Steady-state equivalent circuit modeling, losses, and efficiency
Switch realization

The discontinuous conduction mode

o> o 2 0D

Converter circuits

Fundamentals of Power Electronics 7 Chapter 1: Introduction
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Part I: Converters in Equilibrium

Inductor waveforms Averaged equivalent circuit
vifth Vv &y DR, 3.\1" 'Ry el
+— Df, —}+— DT, —* . 5
swirch
pasition; i | 2 1 -
iy i . .
i ’: inr) N Predicted efficiency
WOV v v [

i T

0 or, T, [

Discontinuous conduction mode

Transformer isolation

]
i)

Fundamentals of Power Electronics Chapter 1: Introduction
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Switch Realization: Semiconductor Devices

The IGBT collector

Fundamentals of Power Electronics 26 Chapter 1: Introduction
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Part Il: Converter Dynamics and Control

7 Ac modeling
8.  Converter transfer functions
9.  Controller design

10. Input filter design

11.  Ac and dc equivalent circuit modeling of the discontinuous
conduction mode

12.  Current-programmed control

Fundamentals of Power Electronics 29 Chapter 1: Introduction
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Part lI: Converter Dynamics and Control

Closed-loop converter system

Power Switching converter Losad
inpar

Averaging the waveforms

gt

S O 1

coveriom

irasivior acrual waveform w1
e driver r inclinding ripile
L]

aversiged waveforn <
with rigiple neglecied

Small-signal J_ N
averaged £ 1t ( ) 1din (SN ]
equivalent circuit T -

Fundamentals of Power Electronics 28 Chapter 1: Introduction
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Part Ill: Magnetics

13. Basic magnetics theory
14. Inductor design

15. Transformer design

Fundamentals of Power Electronics 31

Chapter 1: Introduction
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Part lll: Magnetics

transformer o r,m T the
design proximity
} effect

" & -
i
transformer '
size vs. 8 Ly
switching T
frequency .
Fundamentals of Power Electronics 30 Chapter 1: Introduction
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