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Abstract

In this study, a proposed AC - AC Converter has been implemented by using a single
switch conductor in parallel with electronic circuit. The proposed converter Consists of LRC
output filter and also input circuit consists of a bridge rectifier and RC filter. The circuit
have one controlled power switch operates in soft switching mode and serves as a high
frequency generator. Output power is controlled via switching frequency. This Circuit can be

used
investigated in this paper.

in industrial thermal applications. A detailed analysis of the models has been
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1. Introduction

The common circuit of an AC-AC
converter for thermal applications, in
general includes a frequency controlled
current source or a voltage source inverter
and a controlled rectifier. It is a famous fact
that the input rectifier does not ensure a sine
wave input current, and is characterized by a
low power [1,2,3]. Recently many studies of
high power factor rectifiers with a single
switch have been made [4,5]. These studies
are also characterized by a close to sine
wave input current. In addition ,the study of
the AC-AC converter for induction heating
is described[6]. The input circuit of the
converter is constructed similarly to the
input circuit, which also ensures a high
power factor. However the inverting circuit
IS constructed by
traditional mode with four controlled
switches. The above literature does not deal
with closed loop modeling and embedded

the implementation of AC to AC converter
fed induction heater. In the present work AC
to AC converter is modeled and it is
implemented using a Soft switching
controller. The present problem aims to
minimize the cost of induction heater system
by using an embedded controller[7].
In the proposed scheme show in figure(1)
there are two main advantages:
e Itis characterized by a high power
factor and a sine wave input current.
e On the other hand the inverter circuit
is constructed with a single
controlled switch, which serves as a
high-frequency generator  for
induction heating[8-9].

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

2.0Operation Fundamental
The complete schematic of proposed
topology is shown in figure(1); The theoreti-
cal waveforms are shown in figure(2).1n this
case the switching frequency is much higher

cooking devices and other purposes[10].

than the input line frequency and the
analysis arbitrarily chose the time interval
where vi,>0.
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Figure(1) The proposed AC-AC Converter Diagram

2.1. period 1: to-t;

The equivalent circuit is shown in
figure(3). The switch “S” and four diodes”
D1-D4” are turned-off . In this time the ca-
pacitor “C” charges up practically linearly at
a rate and a polarity corresponding to the
instantaneous input voltage “vi,”.

2.2 . period 2: t3-t;

This Interval is shown in figure(4). The
switch “S” and “Dj,D," are turned-on. At
this time the capacitor “C” is discharges via
the circuit “C-D;-S-Li-load-Ds”.  The

capacitor voltage reduces to zero at the end
of the period.
2.3. period 3: to-t3

All the diode and switch “S” turned-on
when this period started, as shown in
figure(5). The current through switch “S”
flows via two parallel bridge branches. At
the end of this interval, the switch current
decreases to zero, at this moment the switch
turns-off and the process starts from the
beginning.
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Figure (4) .The AC-AC Converter: period 2 Figure (5) .The AC-AC Converter: period



Journal of Basrah Researches ((Sciences)) Volume 37.Number 5 ((2011))

3. Analysis of Operation

The principle circuit operation analysis e The switch current can be
is based on the usually accepted approximated by a semi sinusoidal
assumption that all circuit components are waveform.

ideal. The approximate analytical In this converter optimal range of

calculations are based on two additional
assumptions:
e The load power is determined by

normalized parameters was chosen. The
maximum normalized value of switch
voltage is:

the first harmonic of the load (V*swmax = Vswmax / VB = 4 = 5).

voltage. To present these values, it is necessary to
choose the following ranges of the
normalized circuit parameters:

1/
[JL..C
T FNT
Li=—"=01-02; w;= =3-5;w;=11-19 1)

switch frequency and normalize frequency,
respectively . The evaluation of the

relationship between input and output

Note: means that the value is normalize.
Where (L,, L )and L, are output

inductances and normalize inductance and
or, ®s and «w_are resonance frequency,

voltages Mg = Vo/Vin
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This relationship is represented in figure(
6). The values of duty cycles D;and D may
be calculated from figure(7). The values of
duty cycles D; and D may also be found
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+19.3K, +7250 ) =10.3R, 0 107

from the approximate polynomial
expressions:

(6)
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Figure(6). Duty cycle against parameters Lr*, ms* and the gain (M)

025 we*

Figure(7). Relationship between the duty cycle D,D; and normalize frequency (. )
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4. Simulation Results

The AC-AC converter fed induction
thermal is simulated using matlab simulink
and their results are presented in this
section. The circuit topology of AC-AC
converter is shown in figure(8). oscilloscpe
are connected to measure output voltage,
driving pulses and capacitor voltage.
Voltage and current waveforms of the
switch are shown in figure(9) , figure(10)
respectively. Switching pulses are shown in
figure(11). High frequency AC output of
converter is shown in figure(12). A
disturbance is given at the input by using
two switches. Output voltage is sensed and
it is compared with the reference voltage.
The error signal is given to the controller.
Response of open loop system is shown in
figure (13).The output voltage of closed
loop system is shown in figure(14). The

disturbance is applied at 3.0 seconds. The
control circuit takes proper action to reduce
the amplitude to the set value and settles
after 0.5 seconds. Thus the closed loop
system reduces the steady state error.
Figure(15) shows the relationship between
the efficiency and the frequency of the
converter, the figure illustrate that the
efficiency is high at (1.7-20)KHz.

The output power and frequency
relationship is shown in figure(16) where
the power is high in high frequency range.
The single-switch AC-AC converter was
built and tested at 230V. The circuit
parameters are  Ry=60Q; Ly=150uH;
C0=2.35uF; L,=22uH; Li=8.0mH;
Cin=0.94uF and the switching frequency
os= (62-113) x103 s-1.
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Figure(8).The Proposed AC-AC Converter circuit diagram
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Figure(9). Voltage across S; (Vgs) waveform
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Figure(10). The current through S; waveform
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Figure(11). The switch pulses gate

Voltage(volt)

Time(second)

Figure(12). The AC Output Voltage
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Figure(14). The Output voltage of closed loop system
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Figure(15) . The Relationship between the Efficiency and Frequency

10

power 5

10

15

Frequency
KHz

20

Figure(16). Form shows the relationship between power output and frequency

5. Conclusion

A proposed AC-AC Converter has been
tested and simulated. The converter input
current is practically sinusoidal and its
power factor is close to unity. The circuit
topology is very simple since includes only
one power switch and also low-cost. This
switch operates in a soft switching mode.
The converter provides a wide-range
power control. This converter has many
advantages such as reducing the hardware
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