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Abstract: A single-switch parallel resonant converter for
induction heating is simulated and implemented. The circuit
consists of an input LC-filter, a bridge rectifier and a
controlled power switch. The switch operates in the soft
commutation mode and serves as a high frequency
generator. The output power is controlled via switching
frequency. A steady state analysis of the converter
operation is presented. The experimental results are
compared with the simulation results.
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1. Introduction

Static frequency converters have been extensively
applied in industry as a source of medium —frequency
power supply for induction heating and melting
installations. They are applied in all branches of the
military, machine-building industries, for jewellery,
smithy heating, domestic heating , cooking devices and
other purposes.

The ordinary circuit of an AC-AC converter for
induction heating, typically includes a controlled
rectifier and a frequency controlled current source or a
voltage source inverter. It is a well known fact that the
input rectifier does not ensure a sine wave input
current, and is characterized by low power [1-3].
Recently many studies of high power factor rectifiers
with a single switch have been made [4-5]. These
schemes are also characterized by a close to sine wave
input current. Three phase AC to DC converters with
improved power quality is given by [7]. High
frequency voltage fed inverter with phase shift control
for induction heating is given in [8-10]. The above
literature does not deal with embedded implementation
of the AC to AC converter fed induction heater. In the
present work, an embedded controlled AC to AC
converter is introduced and implemented.

In the scheme (Fig.1) of the AC-AC converter there
are two main advantages: It is characterized by a high
power factor and a sine wave input current, and On the
other hand, the inverter circuit is constructed with a
single controlled switch, which serves as a high-
frequency generator for induction heating.

Fig.1. Single switch AC-AC converter

2. Principle of operation
The operating principles of the circuit

are illustrated by Fig.2 .
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Fig. 2. Equivalent Circuits

The theoretical waveforms are shown in Fig.3.We
suppose the switching frequency is much higher than
the input line frequency and in the analysis we
arbitrarily chose the time interval where vin>0.

2.1 Interval 1: t0<t<t1

The equivalent circuit is shown in Fig.2a. Four
diodes D1-D4 and the switch S are off. In this interval
the capacitor C charges up practically linearly at a rate
and a polarity corresponding to the instantaneous input
voltage vin.
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Fig.3. Ideal Switching Waveforms

2.2 Interval 2: t1<t<t2

The equivalent circuit is shown in Fig.2b. Two
diodes D1, D3 and the switch S are on. In this interval
the capacitor C discharges via the circuit C-D1-S-Lr-
load-D3. This interval ends when the capacitor voltage
reduces to zero.

2.3 Interval 3: t2<t<t3

The equivalent circuit is shown in Fig.2c. All the
diodes and the switch S are on. In this interval the
current flows through switch S via two parallel bridge
branches. This interval ends when the switch current
decreases to zero. At this moment the switch turns off
and the process starts from the beginning.

3.Operation analysis

An analysis of the circuit operation is based on the
commonly accepted assumption that all circuit
components are ideal. The approximate analytical
calculations are based on two additional assumptions:
the switch current can be approximated by a semi
sinusoidal, and the load power is determined by the
first harmonic of the load voltage. In this converter
optimal range of normalized parameters was chosen.
The maximum normalized value of switch voltage is
(v¥*swmax = vswmax / vB =4 — 5) . To provide these
values it is necessary to choose the following ranges of
the normalized circuit parameters:
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Evaluation of the relationship between input and
output voltages Mg = Vo/Vin
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This relationship is expressed in Fig. 3.a.



Fig. 3.a. Factor Mg against parameters Ro* & ws*

The values of duty cycles D1 and D may be calculated
from the plot Fig.3.b.
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Fig.3.b. Duty cycle against parameters Lr*, os*

The values of duty cycles D1 and D may also be found
from the approximate polynomial expressions

D, ~(3258-36.7w, —33.4w, —25.4R,
+220.R, +7T4R »,)107

D~ (-88.3-4455L —15.50, +175.10,
+19.3R, +725L ., —10.3R, )10

4. Simulation Results

The AC to AC converter fed induction heater is
simulated using the matlab simulink and the results are
presented here. The circuit model of the AC-AC
converter is shown in Fig.4a.. Scopes are connected to
measure output voltage, driving pulses and capacitor
voltage.
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Fig.4a. simulation Circuit

Fig.4b. Driving pulses

Fig.4c. Voltage across Switch ‘S’ (V)



Fig.4d. Current through Switch S’

Switching pulses are shown in Fig 4b.Voltage and
current waveforms of the switch are shown in Fig.4c &
Fig 4d respectively. Output of converter is shown in
fig. 4.e.

Fig. 4¢. Output voltage
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Fig 4.g 89C2051 based control circuit

The ATMEL 89C2051 based control circuit is
shown in Fig. 4.g. Atmel microcontroller 89C2051
was used to generate driving pulses for the MOSFET
switches. They are amplified using the driver IC

IR2110. The gate signal is connected to port pin P1.0.
Various steps involved in the firing pulse generation is
shown in Fig.4.h. In the flow chart delay1 is reflecting
the turn on interval of switch during which pulse will
be logic 1, whereas delay2 reflecting the turn off
interval of switch during which pulse will be logic 0.
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Fig.4.h Flow chart

The comparison on the performance of conventional
AC-AC converter and single switch AC-AC converter
is presented in Tablel. The results confirm that the
single switch converter delivers the better performance
than any other converter in achieving the better
efficiency.

Table I Performance comparison

Input Output voltage Efficency
voltag in volts in %
e Convent- | Single Conve- Single
in -ional switch -ntional switch
volts converter | converter | converter | converter
180 129.6 152.4 71.6 84.4
200 144.1 169.4 72 84.7
220 158.2 186.4 72 84.7
240 173 203.5 72.1 84.8




When the proposed converter and the previously
developed one are operating under the condition of
maximum output power , the power loss analysis is
shown in table-II. The power loss dissipation of the
newly developed converter is comparatively lower
than the previously developed one.

Table II Power losses analysis in the circuit components

Devices and Power dissipation

components Newly Previously
developed developed

Switch 49W 6OW

Filter inductor 18W 25W

IH load S8W S8W

Bridge rectifier 23W 27TW

5. Experimental Verification

The single-switch AC-AC converter was built and
tested at 230V. The experimental setup of the AC to
AC converter is shown in Fig.5. The circuit parameters
are R0=60Q; LO0=150uH; C0=2.35uF; Lr=22uH;
Li=8.0mH; Cin=0.94puF and the switching frequency
®S=(62-113) x103 s-1.The experimental waveform of
the output voltage is shown in Fig.6. The input voltage
and current are shown in Fig.7. It implies power factor
is close to unity. The output power control was also
checked and its dependency on the switching
frequency is shown in Fig.8. The output power
increases with an increase in the switching frequency.

Fig. 5. Hardware layout
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Fig.8. Output power v/s switching frequency

6. Conclusion

An embedded controlled AC-AC converter circuit
for induction heating has been simulated and tested.
The converter input current is practically sinusoidal
and its power factor is close to unity. The circuit
topology is very simple since it includes only one
power switch. This switch operates in a soft
commutation mode. The converter provides a wide-
range power control. This converter has advantages
like reduced hardware, reduced stresses and high
power density. The simulation and experimental results
demonstrate the actual converter capability to control
the heat. The experimental results agree closely with
the simulation results.

References

1. DAWSON,F.P., and JAIN,P.: ‘A comparison of load
commutated inverter system for induction hearting
and melting applications’. IEEE Tans. on Power
Electron., 1991, 6, pp. 430-441.

2. CHUDNOVSKY, V., AXELORD, .B., and
SHENKMAN, A. : * An approximate analysis of a
starting process of a current source parallel inverter
with a high-Q induction heating ‘, IEEE Trans. on
Power Electron., 1997, 12, pp 294-301.

3. KAMLI, M., YAMAMOTO, S., and ABE, M.: * A 50-
150 kHz half bridge inverter for induction heating
applications’, IEEE Trans. on Power Electron.,



1996, 43, pp 163-172.

4. JANG, Y., and ERICSON, R.W.:  New single switch
three phase high power factor rectifier using
multiresonant zero-current switching’, IEEE Trans.
Power Electron., 1998, PE-13, pp. 718-726.

5.ISMIL, E.H., OLIVEIRA, C.M., and ERICSON, R.W.:
‘ A low distortion three phase multiresonant boost
rectifier with zero current switching.” IEEE Trans.
Power Electron., 1998, PE -13, pp. 718-726.

6. Singh, B.; Singh, B.N.; Chandra, A.; Al-Haddad, K;
Pandey, A.; Kothari, D.P.: A review of single-phase
improved power quality AC-DC converters. IEEE
Trans. Ind. Electron., Vol. 50, No. 5, October 2003,
pp. 962-981.

7. Singh, B.; Singh, B.N.; handra, A.; Al-Haddad, K;;
Pandey, A.; Kothari, D.P.: A review of three-phase
improved power quality AC-DC converters. IEEE
Trans. Ind. Electron., Vol. 51, No. 3, June 2004, pp.
641-660.

8. Mollov, S.V.; Theodoridis, M.; Forsyth, A.J.: High
frequency voltage-fed inverter with phase-shift
control for induction heating, |IEE Proc.-Electr.
Power Appl., Vol. 151, No. 1, January 2004, pp. 12-
18.

9. J.M. Burdio, F.Monterde, J.R. Garcia, “ A two
output series-resonant inverter for induction heating
cooking appliances,” IEEE Tarns. Power Electron.,
vol.20, no.4, pp 815-822, Jul.2005.

10.J. Acero, R. Alonsjo, and J.M. Burdio “ Modeling of
planar spiral inductors between two multilayer
media for induction heating applications,” |IEEE
Trans.Magn., vol.42,n0.11, pp 3719-3729, Nov.
2006..

11.B.Saha, K.Y. Suh, S.K. Kwon, and M.Nakaoka,
“Selective dual duty cycle controlled high frequency
inverter using resonant capacitor in parallel with an
auxiliary reverse blocking switch,” J.Power
Elecctron., vol.7, no.2, pp118-123, Apr. 2007.

12.RajKumar “Ann based over-modulated space
vector pulse width modulator for vcim drives
,Journal of Electrical Engineering, Volume 8 /2008
Edition 3.

13.Jammuna V, Rama Reddy S “Ann controlled
energy saver for induction motor drive
“,Journal of Electrical Engineering, Volume 8
/2008 Edition 4.

Mr. D.Kirubakaran has obtained M.E.
degree from Bharathidasan University
in 2000. He is presently doing his
research in the area of AC-AC
converters for induction heating. He
has 10 years of teaching experience. He
is a life member of ISTE.

Dr. S. Ramareddy has obtained M.E.

degree from Anna University in
1989. He has done his research in the
area of resonant converters in the
year 1995. He has 2 years of
industrial experience and 18 years of
teaching experience. He is a life
member of IE, IETE, ISTE, SSIR, SPE. He has
authored text books on power Electronics and
Electronic circuits. He has published 20 papers in the
area of power electronics and FACTs.




	1D.Kirubakaran         2S.Rama Reddy

