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Interactive Animation Program for Power Electronics Education and Self-Learning

Y. Nishida (Nihon Univ.), U. Drofenik (ETHZ) and J. W. Kolar (ETHZ)

Unique web-based interactive animation software for teaching and self-learning Power Electronics is introduced. This “iPES”
program has been written in Java and it demonstrates performance of several power converters in animation. The feature and

current contents have been introduced below.
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Interactive Interactive Power Electronics Seminar (iPES)
Power
Electronics  The following Java applets are part of the Introductory Course on Power Electronics taught by Prof
Seminar Kolar atthe ETH Zurich. The interactive and animated applets are used as aid for teaching in the
: classroom and are displayed using a laptop and a beamer. Furthermare, the applets do provide an
(iPES) opportunity for the students to experiment and learn at home mare efficiently. The course is available
on the Intermet for private Use and non-commercial use in classroom anly
NEws & Info
Idea, content and programming: Johann W. Kolar ant Uwe Drofenik
IPES Power Electronic Systems Latoratory (PES)
:Eggf‘e'“f" Swiss Federal Institute of Technology Zurich (ETH Zurich)
Advanced Japanenese translation Yasuyuki Nishida

Java 2 Applets Nihon University
Fac Jaeho Choi

Chunghbuk National University

Karean translation

Download

Chinese translation; Dehong Xu

Zhejiang University

iPES (Interactive Power Electronics Seminar)
The course will be upcated requlary with minor additions and corrections

iPES-Fields (Theory of Electric and Magnetic Fields)

e plan a course in IPES-style on basics of the theory of the electromagnetic field which is very
important but sometimes not treated in detail in fundamental power electronics courses. Here, we
wauld like to present some first results where we studied the performance of Java concerning fild-
calculations. We will add more applets with acvanced features in the future

iPES+ (Advanced Power Electronic Systems)

This is a collection of applets for power electronic systems of higher complexity employed in industry
today. The applets are designed to give an engineer 3 quick introduction into the system
characteristics and features in order to reduce the development time. Besides the applets other
resources like links to relevant papers and short technical summaries are provided. This new project
is denominated IPES+ and will be extended on a continuous hasis.

Cormments are welcome.

Last Change: May 06 2002
(C)2002 U, Drofenik, J. W, Kolar
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(1) Change the shape of the pulse by dragging the H

red points in the left-hand applet with the mouse

{2) Click with the mouse on one of the bars in the binl

right-hand applet. A selected bar changes its calor 0.

into blue. For unselecting click the bar a secand
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Three-
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Boost-
Type PFC
Rectifier
(AC/DC)

Vienna Rectifier 1

The Vienna Rectifier 1 is a unidirectional three-phase three-switch three-level PWM rectifier (AC/DC)

vienna Rectifier
Papers

Wienna Rectifier
Overview

wienna Rectifier
Design

IPES+
Home
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Three- Vienna Rectifier 1 - Design
Phase PFC
Boost- This applet can be used for a guick design of the Vienna Rectifier 1. The default values of the

Type component parameters are valid for the Power Module #xYS VUM 25 under the assumption of a

sericanductar junction temperature of 197 C Avery detailed description can be faund in the.
publication ("Design and Experimental Investigation of ._.") where the equations used for the
calculations in the applets are derived
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System Parameters:
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Attention: The definition of the modulation index M in the applet is different from that given in the
paper. Furthermare, the given efficiency s calculated neglecting 10sses due to the auxiliary power
SUpplY POWEr CONSUMTon, OUtIUL Capacitors, fans, gate drivers, etc. The actual efficiency might
therefore be slightly lower
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MOSFET - IGBT: The Power Module £X¥S VUM 25 employs Power MOSFETS where the losses are
characterized by rDZon, kTP and Coss. In case IGBTs are used as turn-off power semiconductars a
current independent component of the on-state voltage drop UFOS has to be considered by
specifying a value different from zero

Extremly high switching frequencies: The applet calculates the Iosses for switching frequencies
bielow 100kHz. We are currently working on a Vienna Rectifier 1 partly realized in SiG technology with
arated power of 10KW and a switching frequency of 500kHz in order to significantly reduce the
system volume. Specifications for the paprameters of the 1035 calculations will be provided with the
next update
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Interactive  Electrostatic Field

Power

Electronics Electrostatic Field: For changing

Seminar the position of a charge click

. and/or drag the charge with the

(iPES) rouse accordingly. The sum of all
electtical charges is assumed to

IPES-Fields be equal to 0. One charge is

Home emitting particles (having equal
polarity as the emitting source)
The trajectory of the moving
particles does give an impression
of the electric field lines

Field of an Electric Dipol: To
change the position of the charges
click andfor drag the charge with
the mause accordingly.
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Interactive  Rotating Magnetic Field

Power

Electronics  Rotating Magnetic Field: The

Seminar symbals "' and "0" shown in red

" do denate impressed currents of

(IPES) opposite directions in conductars
of infinite length oriented

IPES-Fields perpendicular to the drawing

Home plane. Always two conductors of
equal denomination can be
considered to for 3 single-pahse
wincing. The lines shown are
defined by constant values of the
magnitude H of the magnetic
field

Fit

(1) The symbaols "' and "0" shown in red denate impressed current of opposite directions. The
positions Of these CUITeNt SOLICES can e changed by dragging with the mouse. Changing the
position of the six wires does result in a distortion of the rotating magnetic field

(2) Dragging the red vertical time-marker with the mouse defines the actual current values in the
three single phase windings resutting in a total rotating magnetic field as shown at the left-nand side
By clicking the red text "RUN" with the mouse the time-marker shifts automaticalty resulting in a
rotating magnetic field

(3) By dragging the red oot on the phase current sine-wave in the time-nehavior applet the amplitde
of the phase currents can be changed resulting in a changing magnetic field intesity.

Remark: In the close neighbourhood of the wire the magnetic field does show a high magnitude
However, for the sake of clarity the applets only show the magnetic field up ta a given maximum value,
therefare, this part of the magnet field is not included
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