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[RCUITUL DE CONTROL
NTRU CONVERTORUL DE

RE IGBT CU PUNTE H CU
LU DE FUNCTIONARE CU
. CIRCUIT CONSTANT
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: In lucrare se realizeazi o cercetare a

uitelor electronice care controleazd comutatoarele

§ -miconductoare din convertorul cu punte H in modul
dispozitiv de inductie. Functionarea circuitului de
determinatd de

pentru un convertor cu tranzistoare IGBT incércate cu
un rezervor rezomant serial si cu un ciclu de
Programul de  simulare

este folosit pentru realizarea

gircuitului electronic.

= CUVINTE-CHEIE:
~" convertor.

circuit de conmtrol, IGBT,

1.INTRODUCERE

- In aceastd lucrare este analizat un convertor
. de putere configurat cu punte cu tranzistoare
IGBT previzut cu rezervor rezonant serial

[1]. Deoarece tranzistoarele IGBT sunt
componente controlate de tensiune, circuitul
de control trebuie si genereze impulsuri de
tensiune de o anumiti latime {2]. In ceea ce
priveste functionalitatea, circuitul de control
poate fi de trei tipuri:

e Circuit de control cu ciclu de functionare

CONTROL CIRCUIT FOR H-
BRIDGE IGBT POWER
CONVERTER WITH CONSTANT
OUTPUT DUTY CYCLE

Goce Stefanov, University Goce
Delcev, Faculty of Electrical
Engineering, Radovis, R.Macedonia
Ljupco Karadzinov, University
Sv.Kiril and Metodius, FEIT, Skopje,
R.Macedonia
Dejan Milcevski, University Goce
Delcev, Faculty of Electrical
Engineering, Radovis, R.Macedonia

N

ABSTRACT : In the paper research for electronic
circuits that control the semiconductor switches in the
H-bridge converter in mode of induction device is
given. The operation of the power converter’s control
circuit is determined by the type of the switches in the
converter, converter’s operation mode and the output
load. A control circuit for a comverter with IGBT
transistors loaded with serial resonant tank and
constant duty cycle is designed in this paper. The
simulation program WORKBENCH is used for the
electronic circuit’s design. B

KEY WORDS : control circuit, IGBT, converter.

1. INTRODUCTION

In this paper a bridge configured power
converter with IGBT transistors loaded with
serial resonant tank is considered, [1]. Since
IGBT ftransistors are voltage controlled
components, the control circuit needs to
generate voltage pulses with a certain width
on its outputs, [2]. The control circuit in
terms of functionality can be divided into
three types:

» Constant duty cycle control circuit: the
converter output voltage has amplitude
equal to the DC link voltage and its duty
cycle is usually 1 (in this case the duty
cycle is the ratio of the output pulses
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constant: tensiunea convertorului are
amplitudinea egald cu tensiunea de
legiturad DC iar ciclul siu de functionare
este de obicei 1 (in acest caz ciclul de
functionare este raportul dintre durata
impulsurilor §i jumétate din pericada
tensiunii de putere la iesire). Asadar,
duratele impulsurilor pozitive si negative
ale tensiunii la iesire sunt identice §i sunt
egale cu o jumdtate de perioadd.
Convertorul functioneazd cu o valoare
constantd RMS a tensiunii la iegire, de
unde rezultd ci puterea la iegire a
convertorului  este constantd, dacd
circuitul de sarcind nu este variabil. Cand
convertorul funcfioneazi cu o sarcini in
mod de inductie al dispozitivului, puterea
la iesire a convertorului poate fi

controlatd prin variafia frecventei de
comutare, [2].

Circuit de control cu ciclu de functionare

variabil: tensiunea convertorului la iesire
are amplitudinea egald cu legitura DC,
dar durata impulsurilor la iesire este
variabild §i mai scurti de jumitate de
perioadi. Valoarea tensiunii RMS la
iegire este variabila. fn acest tip de
electronicdi de  control, puterea
convertorului la iesire psate fi controlatd
prin schimbarea ciclului de functionare cu
tensiunea la iegire al convertorului si
comutind frecventa, [3].

Circuit de control cu salt de rispuns: acest
circuit  monitorizeazd  funcjionarea
convertorului  misurdnd  variabilele,
tensiunea si curentul la iesire , iar in cazul
devierii lor de la valorile definite, se iau
misurile necesare pentru a le corecta.
Acest tip de circuit de control permite
functionarea convertorului cu un punct
constant de functionare, independent de
modificirile din ciclul de functionare [4].

Fiecare dintre aceste trei tipuri de circuit de
control are avantajele si dezavantajele sale.
Primul tip asiguri posibilitatea unui control al
dispozitivului cu inductie simpld fird a
modifica variabilele la iegire. Este adecvat

duration and the half period of the output
voltage). So, the positive and negative
pulse durations of the output voltage are
identical and they are equal to the half
period. The converter works with a
constant RMS value of the output voltage,
hence the output power of the converter is
constant, if the output load is not variable.
When the converter works with a load in
induction device mode, the output power
of the converter can be controlled via
varying the switching frequency, [2].

Variable duty cycle control circuit: the

converter output voltage has amplitude .

equal to the DC link also, but the output
pulses duration is variable and shorter
than the half period. The output voltage

RMS value is variable. In this type of -
converter output :

control electronics,
power can be controlled with changing

the converter’s output voltage duty cycle :

and the switching frequency, [3].

Control circuit with a feedback loop: this
circuit monitors the operation of the

converter by measuring the output
variables, voltage and current, and in case
of their variance from the defined values,
it takes appropriate action to correct them.
This type of control circuit enables
converter operation with  constant
operating point, independent of the
changes in the output load [4].

Each of these three control circuit types has
its advantages and disadvantages. The first

type provides opportunity for a simple -

induction device control without changing the
output variables. It is suitable for melting

metals processes, and especially suitable for -

handlers who have more experience with
induction heat treatment of metals.
The second type of control circuit generates
more harmonics when it operates. Their
reduction is associated with additional costs
that increase the total cost of the device,
The third type of control circuit is particulatly
suitable for applications in which constant
temperature distribution is required in some
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ntru procesele de topire a metalelor si in
~special pentru lucratorii care au mai multa
experientd cu tratamentul la cald prin inductie
d metalelor,
E Al doilea tip de circuit de control genereazi
I mai multd armonie atunci cnd functioneazi.
Reducerea lor este asociati cu costuri
suplimentare care cresc costul total al
dispozitivului.
Al treilea tip de circuit de control este potrivit
mai ales pentru aplicatiile in care distributia
constanti a temperaturii este necesari in
anumite zone ale metalului supus incilzirii
prin inductie. Are costuri mai mari de
productie decét primele dou tipuri.
Care dintre cele trei tipuri de circuite de
control va fi ales depinde de procesul de
tratament la cald §i de costurile pentru
realizarea sa. Primul tip de circuit de control
este potrivit in special pentru topirea
metalelor sau pentru procese de tratament
termin numai pentru un anumit tip de metal
datoritd costurilor reduse de constructie. Al
doilea tip di posibilitatea de modificare a
tensiunii la iesire §i deci puterea la iesire nu
necesitd includerea unui transformator, ci
creste influenta armonica. Al treilea tip este
. -potrivit in special pentru sudarea prin inductie
- dar este asociat cu un pret ridicat.

2. CIRCUIT DE CONTROL CU
~CICLU DE FUNCTIONARE
CONSTANT

Acest circuit este folosit pentru a genera
impulsuri pentru comutatoarele din puntea de
putere, [2]. Deoarece circuitul al trebui si
actioneze convertorul cu ciclul de functionare
1, acesta genereazi impulsuri cu lifime
constanti cu durata egald cu jumitatea
perioadei frecventei de comutare, Diagrama
unui convertor cu un astfel de circuit este
prezentatd in figura 1.

areas of the metal part subjected to induction
heating. It has greater production costs than
the first two- types.
Which one of the three types of control
circuits will be chosen depends on the
process of heat treatment and the costs for its
construction. The first type of control circuit
is especially suitable for metal melting or
thermal treatment processes only for a certain
type of metal due to lower construction costs.
The second type gives the opportunity to
change the output voltage, and hence output
power, and doesn’t require embedding a
mains transformer, but increases the
harmonic influence. The third type is
especially suitable for induction welding and
soldering applications, but it is associated
with a higher price.

2. CONSTANT DUTY CYCLE
CONTROL CIRCUIT

This circuit is used to generate the gate pulses
for the switches in the power bridge, [2].
Since, the circuit should drive the converter
with duty cycle 1, it generates constant width
pulses with duration equal with the half
period of the switching frequency. The block
diagram of a converter with such circuit is
shown in the figure 1.

Annals of the ,Constantin Brincusi” University of Targu Jiu, Engineering Series, Issue 3/2010

191




Analele Universitatii “Constantin Brincusi” din Targu Jiu, Seria Inginerie, Nr. 3/2010

[hlbrdze (%
= Uee

| halfbeidge 1 _:Ehaifbddge'l :

[ o [ ]

FlHME

control circuie

referemefremmT '

EQ*-equivalent cireit from heating device

Figure 1. Block diagram of a converter with constant duty cycle control circuit

Circuitul de control genereazi impulsuri
pentru modulele IGBT din convertor si le
trimite la circuitul de acfionare. In afara de
trimiterea de semnale, circuitul de control de
asemenca primeste semnale.de control de la
circuitul de actionare care determind starea
tranzistoarelor din convertor (tranzistor pornit
sau oprit, sau raporteazi un semnal de
eroare). Deoarece topologia puntii H are
patru module de putere IGBT, circuitul de
control genereazi patru impulsuri de directic
si primeste patru semnale de raspuns de la
circuitul de actionare. Un circuit de control al
convertorului este prezentat in figura 2.
Circuitul contine un circuit oscilator obfinut
cu intrerupdtorul IC 555, implementat cu
contor de 4 biti IC 4024, circuit separator
tampon implementat cu IC 4049 s 4
dispozitive de cuplare optice de tipul 4N26
pentru cuplarea circuitului de actionare.

The control circuit generates the pulses for 1

the IGBT modules in the converter and sends
them to the driver circuit. The control circuit
besides sending signals, it also receives
control signals from the driver circuit which
determine the status of the transistors in the
converter (transistor on or off, or reports an
error signal). Since the topology of the H-
bridge has four IGBT power modules, contro}
circuit generates four steering pulses and
receives four feedback signals from the driver

circuit. A converter control circuit is givenin

the figure 2. The circuit consists of an
oscillator circuit obtained with the timer IC
555, divider by 2 implemented with the 4-bit
counter IC 4024, buffer-splitter circuit 3
implemented with the IC 4049 and 4 optical
coupling devices type 4N26 for the driver
circuit coupling.
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of T1.

4 1ca

puise for gate
of IGBT

144
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Eéﬁégg :

Figure 2. Constant duty cycle control circuit for the H-bridge converter

recvenfa oscilatorului pentru circuit din
gura 2 este calculatd cu urmétoarea ecuatie:

1 1
Jee =7 =139
39%(R, + P)C,
Impulsurile din oscilator sunt trimise la
vizor prin 2, IC2. Scopul s3u este si
egalizeze cele doud jumait#ii ale perioadei
~impulsurilor  oscilatorului.  Separatorul
“tampon primeste impulsurile de la divizor si
le amplificd. Trimite cele doud impulsuri

Oscillator frequency for the circuit in the
figure 2 is calculated with the following
equation:

1

Joe =T =139, 2 P)C,

)

1
T

The pulses from the oscillator are sent to the
divider by 2, IC2. Its purpose is to equalize
the two half periods durations of the
oscillator pulses. The buffer-splitter receives
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neinversate la iegirile sale, la doud dintre
dispozitivele de cuplare optice. Impulsurile
inversate sunt trimise la celelate doud
dispozitive de cuplare optice. lesirile
dispozitivelor de cuplare optice sunt acum
semnale izolate i sunt trimise la circuitul de
actionare. Pe aceste iegiri sunt obtinute
semnalele G pentru Tl, G pentru T2, G
pentru T3 §i G pentru T4. O pereche de astfel
de semnale este defazatid cu 180 ° fafd de
cealalta pereche de semnale la iegire. Formele
de unde ale acestor semnale obtinute prin
simulari in programul WORKBENCH sun
redate in figura 3. Figura aratd ci semnalele
G al lui T1 §i G al lui T2 sunt defazate cu 180
° fats de semnalele G al lui T3 si G al lui T4.
Asadar, ele fac ca circuitul de actionare si
porneascd §i perechile corespunzitoare ale
tranzistorilor convertorului cu fazi defazatd
cu 180 °, alternand astfel tensiunea la iesire la
fiecare jumdtate de perioadd.

Figure 3. Waveforms of the

Circuitul de control primeste semnale de
raspuns de la circuitul de actionare prin
circuitul de stare care defineste starca
tranzistoarelor din convertor. In caz de
supracurent, daci cele doud tranzistoare din
aceeasi jumitate de punte sunt pornite
simultan sau in cazul unei surse de energie
nepotrivite, aceste semnale opresc oscilatorul

the pulses from the divider circuit and:
amplifies them. It sends the two not inverted
pulses of its outputs, to two of the optical
coupling devices. The inverted pulses are sent
to the other two optical coupling devices. The
outputs of the optical coupling devices are
now isolated signals and they are sent to the
driver circuit. On these outputs the signals G
for T1, G for T2, G for T3 and G for T4 are
obtained. One pair of these signals is phase
shifted for 180 ° with respect to the other pair
of output signals. Waveforms of these signal
obtained by simulations in the program
WORKBENCH are given in the figure 3. The -
figure shows that the signals G of T1 and G~
of T2 are phase shifted for 180 ° with respect
to the signals G of T3 and G of T4. So, they
trigger the driver circuit to switch on and of -
corresponding pairs of converter transistors
phase shifted for 180 °, thus alternating the
output voltage each half period.

;

e
.

control circuit output signals

The control circuit receives feedback signal
from the driver circuit through the statt
circuit which defines the status of t
transistors in the converter. In case of ov
current, if the two transistors in a same hs
bridge are simultaneously switched on
improper power supply these si gnals stop t
oscillator via transistor Q, by resetting t

prin tranzistorul ©; resetand 555 IC. In 555 IC. In the figure 4 the status circuit
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jgura 4 este prezentat circuitul de stare.

copul siu este sd monitorizeze starea
| anzistoarelor din convertor §i si genereze
€ .=mnale de control pentru proces, (bobina de
§ inductie §i presiunea lichidului de ricire,
P fuxul §i temperatura), adicd semnale care
: condifiile de functionare din

exterior.  Circuitul de control primeste
£ mnale de stare ale circuitului de actionare a
B tranzistoarelor. Aceste semnale sunt primite
& 4 la dispozitivele de cuplare opticad IC8 -
IC11. Cind comutatoarele din convertor
. funcfioneaza adecvat (si niciunul dintre

semnalele externe nu este activat), existd un 0
logic pe iesirea S a RS (circuitul IC14) si
jesirea sa Q este de asemenca pe 0 logic. intr-
un astfel de caz, tranzistorul @; din circuitul
de control este oprit iar oscilatorul
implementat  cu circuitul 555 (IC1)
functioneazi (intrarea de resetare 4 este pe 1
Jogic). Dacd circuitul de actionare detecteazi
o eroare de functionare pe tranzistoarele
IGBT  (supracurent, daca cele doud
tranzistoare din aceeasi jumdtate de punte
qunt  pornite  simultan) dispozitivul
corespunzitor de cuplare opticd (unul dintre
circuitele IC8 - IC11) se opreste si colectorul
siu este setat la 1 logic. Acest 1 logic prin
una dintre portile OR ale IC12 seteazi
circuitul bistabil RS, i.e. jesirea sa Q este
setats la 1 logic. Acum, acest 1 logic porneste

tranzistorul @, care dezactiveaza oscilatorul
IC1 (intrarea de resetare 4 este pe 0 logic).
Asadar, oscilatorul nu mai genereazd
impulsuri de poartd pentru tranzistoare
(semnalele G ale T1, G ale T2,Gale T35i G
ale T4).

given. Its task is to monitor the status of the
transistors in the converter, and to generate
control signals for the process condition,
(induction coil and head sink coolant’s
pressure, flow and temperature), ie. the
signals that define the outside working
conditions. The control circuit receives
signals for the status of the transistors driver
circuit. These signals are received from the
optical coupling devices 1C8 - IC11. When
the switches in the converter are working
properly (and none of the external signals is
activated), there is a logical 0 on the S input
of the RS flip-flop (circuit IC14) and its Q
output is on logical 0, too. In such case, the
transistor O, in the control circuit is switched
off and the oscillator implemented with the
circuit 555 (IC1) runs (reset input 4 isona
logical 1). If the driver circuit detects an
operation error of the IGBT transistors (over
current, if the two transistors in a same half
bridge are simultaneously switched on) the
corresponding optical coupling device (one of
the circuits IC8 - IC11) switches off and its
collector is set to a logical 1. This logical 1
via one of the OR gates of IC12 sets the RS
flip-flop, i.e. its Q output is set to a logical 1.
Now, this logical 1 switches the transistor 0,

on, which disables the oscillator IC1 (reset
input 4 is on a logical 0). Thus, the oscillator
stops generating the gate pulses for the
transistors (signals G of T1, G of T2, Gof T3
and G of T4).
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Figure 4. Status circuit

Circuitul de control cu configurafia sa de
bazi din figura 2 ‘genereazi impulsuri cu:

Frecvefa egald cu jumditate din frecventa
oscilatorului care comutd de fapt frecventa
comutatoarelor din convertor.

Impulsurile de la cele patru iegiri au durata
egald cu jumitate din perioada de comutare.

Ciclul de functionare definit ca raportul
dintre durata acestor impulsuri cu jumditatea
de perioad2 este 1.

Formele de undi ale impulsurilor G ale T1
si G ale T2 sunt simultane §i cu faza defazata
cu 180 ° fafd formele de unde ale
impulsurilor G ale T3 si G ale T4, care sunt
de asemenea impulsuri simultane.

3. REZULTATE
EXPERIMENTALE

The control circuit with its basic 3
configuration given in the figure 2 generates 3
pulses with: 3

Frequency equal to half of the oscillator
frequency which is actually the switching
frequency of the switches in the converter. 3

The pulses from the four outputs have
duration equal to the half of the switching
period.

The duty cycle defined as the ratio of the
duration of these pulses with respect to the
half period is 1. 3

The waveforms of the impulses G of Ti '3
and G of T2 are simultaneous and 180 ° 3
phase shifted with respect to the waveforms 3
of the pulses G of T3 and G of T4, which are §
also simultaneous pulses. .

3. EXPERIMENTAL RESULTS
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whelul 1 prezintd parametrii circuitului
nant ai iegirii pe convertorul de putere
functioneazd in mod de cuptor de

In the table 1 are given parameter of the
resonant circuit of the output on the power
converter which working in mode of the
induction furmaces where is installing control
circuit description in this paper.

Table 1. Parameter values of the resonant circuit

Upc(V) | fo(KHz)

P (k)

L
(LH)

R
(9))

Creson

(uF)

266 | 264 | 0.21

e baza rezultatelor de mai sus §i a valorilor

arametrilor de sarcini a fost realizat un
‘circuit de control practic. Acest circuit de
“control practiceste prezentat in figura Sa. In
figura Sb este prezentatd oscilograma
‘tensiunii la iesire a convertorului.

Based on the results from above and resonant
load parameter values a practical control
circuit was constructed. This practical control
circuit is shown on the figure 5a. On the
figure 5b the output voltage oscillogram of
the converter is given.

b)

Figure S. Practical control circuit and output voltage oscillogram

3. CONCLUZIE

fn aceasta lucrare a fost descrisi realizarea
unui circuit care controleazd convertorul cu
punte H cu tranzistoare previzute cu un
rezervor rezonant serial si un ciclu de
functionare cu iegire constantd 1. Circuitul de
control prin circuitu! de actionare asigurd
tensiune simetrica la iegire a convertorului cu
punte H. Circuitul de control este practic
construit §i implementat intr-un convertor de
putere al dispozitivului cu inductie destinat

3. CONCLUSION

In the paper was described the design for a
circuit that controls a H-bridge converter with
IGBT transistors loaded with serial resonant
tank and constant output duty cycle of 1. The
control circuit via the driver circuit provides
symmetric square output voltage of the H-
bridge converter. The control circuit is
practically constructed and implemented in
an induction device’s power converter
intended for melting metal materials.
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topirii materialelor din metal.
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