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SIMULAREA PE COMPUTER A
TOPOLOGIILOR
CONVERTORILOR DE
REZONANTA FOLOSITI LA

FIERBATOARELE CU INDUCTIE

M-r. Goce Stefunov
Universitatea ,, Goce Delcev-Stip, Facultatea
de Electrotehnicid* R Macedonia

REZUMAT: Lucrarea  prezintd  rezultatele
comparafiei dintre topologia convertorului in punte si
a convertorului in semipunte cu circuit rezonant in
serie, obinut prin simularea pe computer. Rezultatele
simuldrii  prezintd  diferenfele din  proiectarea
convertoarelor in punte §i a converfoarelor in
semipunte cu circuit rezonant in serie. Una dintre
aplicatiile primare ale configuratiei la convertorul in
punte cu circuit rezonant in serie este modul
dispozitivului de inductie pentru incdlzirea metalelor.
Pentru puterea si frecventa la iesire a convertorului cu
sarcind rezonantd in serie, simuldrile sunt efectuate in
programul PowerSim, [10]. La finalul lucrdrii sunt
prezentate rezultatele din programul de simulare
semikron, Semisiel [11], pentru o topologie a
convertorului in punte cu modul IGBT,

Cuvinte  cheie:
convertor in punte, dispozitiv de inductie

1. INTRODUCERE
Fierbitoarele cu inductie din gospodirie sunt

realizate din bobini de cupru asezatd sub o
tavd fero-magneticd conform figurii 1(a).

Figura 1. (a) Inductor tavd, (b) Circuit
echivalent L-R

Bobina de inductie este conectati la o sursi
de curent de frecventd medie (3-100 kHz)
care produce un cimp magnetic alternant,

simulare, - PowerSim,

COMPUTER SIMULATION ON
THE TOPOLOGIES OF
RESONANT CONVERTERS USED
IN INDUCTION COOKERS

M-r. Goce Stefanoy
University ,, Goce Delcev-Stip,
Electrotechnical faculty R.Macedonia

ABSTRACT: The paper are given the results of the
comparison between the topology of Jull bridge and
half bridge converter with serial resonant circuit,
obtained by computer simulation, Results  of
simulations should show the differences in the design
of full bridge and half bridge converters burdened
with serial resonant circuit. One of the primary
applications of configuration to the bridge converter
with serial resonant circuit is mode of induction device
Jor heating the metals. For defined output power and
Jrequency of converter with serial resonant load the
simulations are made in the program PowerSim, [10].
On the end of the paper are given the results Jrom the
simulation project program of semikron, Semisiel [11],
Jor one topology on full bridge converter with IGET
module.
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convertor, induction device

1. INTRODUCTION

Domestic induction cookers are made up of a
copper coil placed below a ferromagnetic pan
as shown in figure 1(a).

La Ry
O}
Figure 1. (a) Pan-Inductor, (b) L-R

equivalent circuit .
The induction coil is connected to a medium
frequency (3-100 kHz) power source
producing an alternating magnetic field,
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AC from the power source

Figura 2. Aranjarea tipicd a fierbitoarelor cu
inductie :

Aceleasi specificafii sunt necesare pentru a
compara doud topologii ale convertorului si
sunt discutate dupd cum urmeaza:

o Tensiunea la intrare (Vrms): Tensiune la
intrare de 230 V a fost aleasi pentru
comparatie.

e putere maximd la iesire (Pmax): Au fost
presupuse puteri maxime la iesire de 6000 W
si 4000 W.

e [Frecventa de comutare (fsw): O frecventi
de comutare de 30 kHz a fost presupusi
pentru realizarea puterilor maxime. De
asemenea, au fost folosite dispozitive IGBT
pentru toate dispozitivele .

2.1. Topologia punte

Topologia punte este cea mai completd si
caz, este analizatid topologia punte cu o
sarcind rezonantd in serie LRC (figura. 2.3).
Urmitoarele caracteristici au fost presupuse
pentru realizarea la putere maxima la iesire:

e Unda dreaptd: deoarece asigurd cea mai
mare tensiune rms in sarcind (Vout), ecuatia
2.1).

® Frecventa de comutare egald cu
Jrecventa oscilatiei sarcinii, ecuatia (2.2),
deoarece furnizeazd factorul de putere pentru
sarcind la frecventa de comutare este unu.

o In figura 2.4 i figura 2.5 sunt prezentate
rezultatele simulérii lucrnd in programul de
simulare PowerSim [10] pentru convettorul
punte cu convertor rezonant RLC.
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Figure 2. Typical arrangement of induction
cookers

The same design specifications are needed to
compare the two converter topologies and
they are discussed as follows:

* Input voltage (Vrms): One input voltages
230 V were chosen for the comparison.

o Maximum  output  power (Pmax):
Maximum output powers of 6000 W and
4000 W were assumed.

* Switching frequency (fsw): A switching
frequency of 30 kHz was assumed for the
design for maximum powers. Also, IGBT
devices were assumed for all devices.

2.1. Full bridge topology

The full-bridge topology is the most
complete allowing many control possibilities.
In this case the full bridge topology with a
series resonant load LRC is analyzed (figure.
2.3). The following characteristics were
assumed for the design at maximum output
power:

* Square wave: since it provides the
highest rms voltage in the load (Vou),
equation (2.1).

o Switching frequency equal to natural
oscillation frequency of the load, equation
(2.2), since it provides that the power factor
for the load at the switching frequency is one.

» In the figure 2.4 and figure 2.5 are given
the results of simulation working in the
PowerSim simulation program [10] for full
bridge converter with RLC resonant
converter.
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b.)
Figura 8. Ic a.) si Uce b.) ale IGBT si Iout c.)
si Uout d.), pentru convertorul semipunte cu
sarcina RLC, Poutmax=6000W, few=30kHz

Valorile obfinute ale componentelor si
tensiunilor semiconductorilor pentru schitele
alese sunt prezentate in tabelul 2.2

d.)
Figure 8. Ic a.) and Uce b.) of IGBT and Tout
¢.) and Uout d.), for half bridge converter in
with  RLC  load, Poutmax=6000W,
fsw=30kHz

The values obtained of the components and
semiconductor stresses for the chosen
designs are shown in table 2.2

Tabelul 2,2
Tensiunile
Valorile componentelor semiconductorilor Valorile la iesire
Vrins Poutmax Le Ce Ucemax Iemax Uoutrms | Ioufrms
V) W) Re (Q) | (uH) .| (nF) Q) (A) v) (A)
230 4000 2.6 24 1148 207 78 145 16.2
230 6000 | 1.8 16.3 1732 207 116 145 24.5
Table 2.2
values of components semiconductor stresses output values
Vrms Poutmax Le Ce Ucemax Iemax Uoutrms | Ioutrms
™ W) Re (Q) | (uH) | (nF) M (A) 2! (A)
230 4000 2.6 24 1148 207 78 145 16.2
230 600018 16.3 1732 207 116 |. 145 24.5

Compararea topologiei semipunte cu cea
punte, ambele avand o performantd similara.
De fapt, schitele pot fi stabilite cu relatie
directd intre ele, conform tabelului 2.3.

Comparing the half bridge topology to the
full bridge one both have a very similar
performance. In fact, designs can be
established with a direct relation between
them, as are shown in table 2.3

Tabelul 2.3
Valorile componentelor Tensiunile semiconductorilor
Re Le Ce Ucemax Jemax
Punte/semipunte 1/4 1/4 4 1 4
Table 2.3
values of components semiconductor stress
Re Le Ce Ucemax Icmax
| half bridge/full bridge | 1/4 1/4 4 1 4
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tensiunea la intrare.

o Curentul este proportional cu puterea
solicitatd la iesire si invers proportionali cu
tensiunea la intrare. .

¢ Valorile capacitorului si inductoruluj sunt

invers  proportionale cu frecventa de
comutare,
o Valorile inductorului cresc odati cu

tensiunea la intrare §i invers proportionale cu
puterea necesard. Cu toate acestea, valorile
capacitorului cresc odati cu puterea si sunt
invers proportionale cu tensiunea dreapti.

e Convertorul punte funcfioneazi cu un
curent scdzut si necesitd mai multe module
de tranzistori de la convertorul semipunte,
pentru aceeasi putere la iesire.

* Presiunile semiconductorilor (Ic) modulelor
de tranzistori cu convertor semipunte sunt
mai mari decdt presiunea convertorului
semipunte,

*In convertorul semipunte, tensiunea si
curentul tranzistorului sunt aceleasi pentru
tensiunea la iesire.
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* Every output voltage depends on the Input
voltage.

* Currents are proportional to the required
output power and inversely proportional to
the input voltage.

¢ Capacitor and inductor
inversely proportional to the
frequency.

* Inductor values are increased with the
squared input voltage and are inversely
proportional to the required power, However,
capacitor values increase with the power
while they are inversely proportional to the
squared voltage.

¢ Full bridge converter is working with small
current and requires bigger number
transistors modules from half bridge
converter, for same output power.

e Semiconductor  stresses (Ie) of the
transistors modules with half bridge
converter is bigger than the stress of full
bridge converter.

¢ [n the half bridge converter the voltage and
current of the transistor are same on the
output voltage.

values are
switching
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