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Abstract

This paper is related to the development of a
computational  program that simulates power
converters as rectifiers, cycloconverters, choppers and
mverters, to be used in classroom by students of
power Electronics in Universities and Technical
Schools.

Mathematical equations, that define the operation of
this power COnverters, were determined and used in the
program, that allows load valucs and control modes
modifications with good results in simuiation time and
2 very simple operation that makes the program
suitable for students use.

Introduction

Power Electronics has getting an important
place in the control of industrial systems and became
oe of the most important areas in Electrical
Engineering.

In the 70’s and specially in the 80’s, the
industrial use of power converters experienced an
outstanding performance with the development of new
power semiconductors (MOSFET, GTO and IGBT)
and new circuits topologies that allows more efficient
energy control.

. The necessity of weight reduction, efficiency
Merease and energy conservation in electrical power
Processing, has lead to a great production of
- Tesearches in power electromics area, all over the
world,
) Therefore, with the electronic use in industries
Increasing, the necessity of electronic teaching, in
technical schools or universities, with tools that allow
good studies of topologies and operation modes of
Power converters by the students is increasing too.
Qne of this tools is the computer, which using
. Ymulation programs, leads to the possibility of

circuits analysis, which is not possible to study in
laboratory, due to security or financial questions.

The voltage and current waveforms observation
in a circuit, using the computer, can provide a better
comprehension of its behavior. Simulation can be used
to substitute laboratory experiments, specially during
the first studies of power electronics circuits, or during
the preparation of laboratory works.

Observing voltage and current waveforms from
a computer simulation accomplishes some of the same
objectives as those of a laboratory experience. In a
computer simulation, all of the circuit’s voltages and
currents can be investigated, usually much more
efficiently than in a hardware laboratory. Variations in
a circuit performance produced by a change in
components or operating parameters can be
accomplished more easily with computer simulation
than in laboratory. In a laboratory exercise, problems
may arise with components, equipment, and wiring,
wich detract from the primary objective of
understanding the operation of a circuit, and, in some
instances, a laboratory experiment is not pratical.
High-power equipments may not be available for
student use, and suitabie instrumentation must be
employed for power measurements and spectrum
analysis [5].

In this way, several computational programs
have been developed to simulate power electronics
circuits. Programs as PSPICE, Electronic Workbench
and PROSCES are examples of this kind of programs.
The majority of this programs are concerned with the
complete power converters simulation - steady-state
and transitory analysis - specially to develop
researches in new topologies or control modes for
them. This interest has lead to complex models used in
the simulations, that needs simplifications to be used
by beginners students in Power Electronics.

In order to simplify the use of a simulation
program in Power Electronic classes of the Regional
University of Blumenau - FURB, a simplified power
electronics circuits program has been developed in the

~e



Fe3- Series resonant DC/DC converter circuit

. R L C
_
- +E il(t) vC(t) +Vo
R QOwo eI
- Vo

Fig. 4 - Seﬁes resonant DC/DC converter model
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where:

¥AB(t) = inverter output voltage
L{t) = resonant inductor current
vo(t) = resonant capacitor voltage
E = input voltage
Vo= output voltage
0= harmonic order
= small resistance from the inductor coil

The angle ¢ is obtained from the expression
(7), when wt = @, iL(t) = 0. The resultant expression is
solved numerically by the Newton-Raphson method.

With these expressions, the series resonant
converter behavior can be simulated with switch
frequencies above and below the resonant frequency.

Program Organization

The language C was chosen to be used in the
computational program because of its many facilities
to build graphics on computer screen, atlowing better
presentation to the program and a good interface
between program and user.

The program is divided in two main parts:

1. CIRCUIT SELECTION MENU: where is possible
to choose the power electronics circuit to be
simulated;

FUNCTION SELECTION MENU: where is
possible to select one of the following functions:

a) HELP {F1]

b) TOPOLOGY PRESENTATION [F2]

¢) DATA INPUT [F3]

d) SIMULATION RESULTS [F4]

¢) WAVEFORMS SELECTION [F5]

f) GRAPHICS ZOOM [F6]

g) AVERAGE AND RMS VALUES [F7]

h) RESULTS HARDCOPY [F3]

i) RETURN TO MAIN MENU [F9]

18]

Examples

The simulation results for a single-phase half-
wave diode rectifier with inductive load and for 2
series resonant converter obtained with the program
developed are presented with the more important
screens.

Single phase half wave diode rectifier
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Technological Research Instiute of FURB -
IPT/FURB.

This program simulates controlled and non-
controlled AC/DC converters, DC/DC and DC/AC
converters, presenting their circuits and more
important waveforms, with a simple conception,
allowing its use in theoretical classes or in the
preparation of laboratory classes, by students of
Power Electronics in Electrical Engineering courses or
Technical courses. With its use, can be studied the
operation basic principles of classical static

converters, more employed in industrial process.

Circuit Modeling and Mathematical Expressions

The choice of a circuit model depends upon
the objectives of the simulation. If the goal is to
predict the behavior of a circuit before it is built,
components should be modeled in detail. However, if
the goal is to study a circuit 1o gain an understanding
of the principles of operation, component models
should be kept as elementary as possibie. In some
cases, devices can be modeled as ideal components
[5]. So, in this program the switches were always
considered as open circuits in off-state and short
circuits in on-state.

In general, the mathematical expressions were
determined through a research on classical Power
Electronics literature as the references [1], [2] and [3],
and in some cases on recent publications about
converters analysis [6], [7], where can be found the
basic expressions that define the operation modes of
the converters under study, as the load and switches
voltages and currents.

For the controlled and non-controlled AC/DC
converters, the load and switches average and RMS
current and voltages, were determined, to be used as
design parameters to laboratory experiments.

As example of the expressions used in the
program, the mathematical equations of two different
converters simulated by the program are presented
below.

Single phase half- wave diode rectifier

The first topic in the Power Electronics course
is the single phase half-wave rectifier.

In this case, the circuits were analyzed for the
different operating steps, where their switches were
substituted by the mode! equivalent to its conduction
state (on-off). For each step were deduced the voltage
‘and current expressions that defined the behavior of
the circuit during the time period under analysis.
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Fig. 1 - Single phase half-wave diode rectifier
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Fig. 2 - Single phase half-wave diode rectifier mode.
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Circuit analysis: ¥
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For 0 < wt < B period: i
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For B < wt < 2x period: ‘*f
&

v(t) = v2Vo sen(wt) "

vi(t)=0

()= 0

vp(t) = 2vo sen{wt)
where:

v(t) = input voltage

VL(t) = load voltage

ir(t) = current and diode current
vD(t) = diode voltage

Vo = RMS input voltage

B = current extinction angle
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The angle B is determined from the expf%?ﬂ‘;m

.

(3). When wt = 8, ir(wt) = 0. The resultant expressior
is solved numerically by the Newton-Raphson meth"d‘

Series resonant DC/DC copverter
The circuit was analyzed using an e .

method or model, the frequency domain model [65EE

to voltage and current expression deduction.
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Fig. 5 - Circuit Selection Menu
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Fig. 6 - Function Selection Menu
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Fig. 8 - Data Input Screen
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Fig. 9 - Simulations Results Screen
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Fig. 7 - Topology Presentation Screen
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Geries Resonant Converter
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Fig. 11 - Topology Presentation Screen
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Fig. 12 - Data Input Screen
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Fig. 13 - Simulations Results Screen
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CONCLUSIONS

. The program has presented a good performance
I tests made with Power Electronics students of

FURB, with a very simple utilization in comparison
with other simulations programs as PROSCES and
PSPICE. This happened because this program was
made to be a dedicated program for students, to be
used in basic Power Electronics courses.

The next step of this work is the determination
of the main equations that define the operating mode
of others DC/DC, DC/AC and AC/AC converters,
with the definition of the most important waveforms to
the basic study of these converters.

Other points under study are the increment of
the graphic presentation of the program, in order to
simplify the use of the program in classroom, the
development of the program in Windows environment.

Finally, there are ideas to link the program to a
components data record in order to allow the choice of
the best components to be used in the devices design,
and intreduce electric drives simulation.
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