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Abstract—The paper presents a single-phase direct AC-AC
boost converter. The circuit of the converter is simple and it
has good performances, irrespective of the load nature. The
adequate functioning and high performance of the circuit (the
efficiency and waveform of the absorbed input current) were
tested both by simulation and experimentally.

Index circuit
conversion.

Terms—choppers, simulation, power

I. INTRODUCTION

AC-AC converters are currently used in numerous fields,
such as AC motor drives, adjustable AC sources, electric
transformers, output voltage waveform restorers etc. These
converters successfully replace alternative voltage variators
using SCRs or TRIACs. Since operation frequencies are
higher (over 20 KHz), there is no noise, filters are smaller in
size, the efficiency is higher and the current taken from the
grid is nearly sinusoidal.

The first AC-AC converters (AC choppers) subject to
analysis were buck converters [1]. References [2]-[4]
present improved PWM techniques, which increase the
power factor and eliminate certain harmonics. In [5], an
IGBT chopper with a SkHz frequency was analyzed by
simulation. Reference [6] presents a three-phase AC-AC
converter with nine IGBTs and [7] suggests a method for
evaluating three-phase AC-AC converters. In [8] and [9],
the proposed AC choppers are characterized by improved
switching and high efficiency, however the circuits are quite
complex. References [10] and [11] present AC choppers
with three-level converters and topologies using commercial
power modules. A high-performance single-phase AC
converter involving two inductances and four IGBTs is
presented in [12].

The paper presents a single-phase direct AC-AC boost
converter using only two IGBTs and one inductance (except
for the grid filter). The functioning equations presented are
used for design purposes. The converter can supply a
bidirectional power flow. The functioning frequency is 20
kHz, the efficiency is high and the input current is nearly
sinusoidal. This frequency was chosen since it goes beyond
the range of acoustic frequencies perceived by the human
ear and in order to be able to use IGBT’s. Certainly, a higher
switching frequency of the converter will determine lower
values for the inductances and capacitors in the circuit
presented. The simulation allowed us to test the adequate
functioning and to deduce the control characteristic of the
AC-AC boost converter. The circuit functions adequately
both for resistive and inductive loads.
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One of our purposes was the correction of the input
current waveform. Given that the supply voltage is
sinusoidal, the most favorable sampling is uniform
sampling, which we used in the paper, because the average
values of the voltage (therefore of the current) for various
sampling periods remain sinusoidal, which leads to the
minimization of the harmonics for the current supplied by
the power source. The circuit can be used when it is
necessary to increase the load voltage, especially for voltage
conversion from 110V to 220V, with some control
adjustments when the input voltage values vary in the range
+10%.

II. CIRCUIT ANALYSIS

Figure 1 presents the circuit of the single-phase AC-AC
boost converter comprising the L, and C; filter, the L,
inductor, the C capacitor connected in parallel with the load
impedance and two AC switches, each made up of four
diodes and one IGBT. The load impedance Z has the voltage
vy and the current i,. In fact, without the grid filter, the
circuit is a classic boost converter, except that the transistor
and the diode are replaced by two bidirectional current
switches.
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Figure 1. Single-Phase Direct AC-AC Boost Converter

Figure 2 presents the waveform of the v voltage and the
generation of the control signals of IGBTs S; and S,. If the
current through the L inductor is i > 0 for time intervals [0,
D711, it will flow through L, D, S; D, and for time
intervals [DT, T] it will flow through L, Ds, S, D4 and the
L, R load. If i <0 for time intervals [0, DT], the i current will
flow through Dj, S;, D,, L; and for time intervals [DT, T, it
will flow through the load circuit Dy, S,, D L;. The supply
of the R, L load is insured by capacitor C.
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Figure 2. The waveform of the v voltage and the generation of the control
signal for IGBTs

PWM control is used, where the switching durations of
the two switches are constant for all 7' switching periods,
similarly to the DC converters, and /= /T is the switching
frequency. The load impedance is:

Z= Rﬁqmn2,w=2nﬂ“ﬁn=%; (1)

m
The equations characterizing the functioning of the
converter are deduced under the following simplifying
hypotheses: the passive components are ideal, the power
devices are ideal switches, the v voltage on the C;capacitor
and v, voltage on the load are sinusoidal and remain
constant for a 7 period, and the load is purely resistive
(L=0). For an inductive load, the equations do not change
significantly.

v=+2-V-sinot
Vi :x/E-V-sinwtk = const, t, :(k—l)T+§ ()

Vor = V2. Vy -sin wt, = const.

For the interval [0, DT], when §; is ON and S, is OFF:

di
b
t
. Vi
i, =1, +L—t 3)
1
VL :Vk

If we apply the i;; equation for t=DT, we obtain:

Q:[M[:Qm+§éDT

1
Do )

Lf
For the interval [DT, T, when S; is OFF and S, is ON:

Aiy =Ty = Iy, =
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Since it is a boost converter, the control characteristic
corresponding to a T switching period can be approximated
by the equation:

L =1y —

Vi
= — 6
Vok -D (6)

and the average value of the i current for a 7 period is

Vi

- Y% 7
(1-D)’R @)

I

Similarly, we obtain the following average values of the
currents for the bidirectional switches, corresponding to a 7
period:

/ Dy,
SIK =~ o5~
1-D)"R
(I-D) )
g =—k
26 = 1ZD)R

and the following values for the maximum repetitive

currents
Aiy, vy Dv,

= ) +
2 (-DyR 2Lf

)

Tsikn = Lsakm = Ig +
The maximum voltages collector-emitter for the two
IGBTs are:

Vi
1-D

Voixs =Vsakm = Vo = (10)
Taking into account the fact that v; voltages have a

sinusoidal variation, these are the final current and voltage

requirements. The average current through the S; switch is:

D 2\2¥
ISlavr = 2 (11)
(1-D)*> 7R
P ' 4 (12)
S2avr 1-D R

and the maximum repetitive currents are:

2 D2r

Tony =Iaryy = + : (13)
st = Lsaym (-D)YR  2Lf
The voltage stress of the IGBTs is:
J2r
Vsie =Vsam = (14)

1-D
The normalized current ripple results from equations (4)
and (7)
Ai, D(1-D)'R
Iy Ly

This equation is used in the design process for the
calculation of the L; inductance.

(15)
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The normalized ripple of the output voltage can be
calculated with the equation:

A _ D (16)
vo RCf

This equation lies at the basis of the calculation of the C
capacity connected in parallel with the load.

The calculation of the filter L,C; components [13] —[17]
requires the following data:

Line frequency f1;..

Minimal RMS voltage V,;,

Maximum RMS load current /,,,,

Lowest switching frequency f,min

Vmin

7 a7

The filter cutoff frequency f., is determined from the
attenuation needed at the carrier frequency (plus a margin of
6 ... 10dB), while at the same time providing minimal
attenuation at the line frequency.

Zy =

max

fcut > IOfL[ne (18)

The Lyand Cyvalues of the filter are calculated as follows:

Z, 1

= ,Co=——— 19
4 27Z'fcut ! 27Z'fcutZD ( )

III. SIMULATION RESULTS AND EXPERIMENTAL RESULTS

The adequate functioning of the circuit was tested by
simulation and experimental prototype. The load used in the
simulations and in the prototype is the same - a resistive
load: R=390 ohm,;

The components of the simulated circuit have the
following values: the grid filter is made up of L~=13mH,
C/=6uF, the boost inductance is L;=5 mH, and R=390Q for
load. The amplitude of the grid voltage is /55V and the
switching frequency is /=20KHz.

The simulations took into account the following values of
the duty cycle: D=0.4, 0.48, and 0.56. The paper presents
only some of the waveforms obtained, namely the most
representative ones. Thus, Figure 3 shows the waveforms of
the v,, grid voltage and of the v, load voltage, as well as the
waveforms of the i,, current supplied by the grid and the i,
load current for D=0.4.
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Figure 3. Waveforms of the v,, voltage, v, voltage, i,, current and #, current,

for D=0.4
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Figure 4 presents the same waveforms for D=0.48.
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Figure 4. Waveforms of the v,, voltage, v, voltage, i,, current and #, current,
for D=0.48

Figure 5 presents the same waveforms for D=0.56 . The
waveforms of the load voltage and current are nearly
2507

sinusoidal.
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Figure 5. Waveforms of the v,, voltage, v, voltage, i,, current and i, current,
for D=0.56
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The laboratory prototype presented in Figure 6 was built
and tested with the following parameters: input voltage V,,, =
110 V and f,, = 50Hz. The components of the power supply
filter are: L,=13mH, C/=6uF and the switching frequency is
=20 kHz.

Figure 6. Experimental setup
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The software was designed to be implemented on the
PIC16F684 microcontroller, made by the MICROCHIP
Company. It was chosen because it is cheap, easy to
program and use. Figure 7 presents the flowchart of the
software routine written in C programming language [18]
for the PIC16F684 microcontroller, which works at SMHz.

Microcontroller initialization
- ADC
— Ports
- PWM

\ 4
Main Software Routine
— read ADC input

— update PWM values
according to ADC input

A

Figure 7. Flowchart of the software implemented on the microcontroller

At the beginning, the program variables are initialized, as
well as some internal blocks of the microcontroller (ADC:
Analog to Digital Converter, Ports: Input/Outputs Ports,
PWM: Pulse Width Modulation). The program implemented
on the microcontroller is aimed at obtaining two 20KHz
PWM signals, which are complementary to each other, at the
output pins P1A (pin 5) and P1B (pin 6) with no dead-time
[19]. Since the experimental part was designed with the
purpose of proving the concept of the power circuit, we
chose the direct method of changing the duty cycle in
accordance with the readings of an analogical voltage at pin
AN2 (pin 11), where a potentiometer was installed.
Depending on the analogical voltage read at this pin, the
duty-cycle of the PWM signals from pins P1A and P1B is
modified in order to get different PWM values necessary for
testing the power circuit [20].

Using the microcontroller for the sole purpose of
obtaining two PWM signals (with no dead-time) with fixed
duty-cycle values is a rather complicated method; for the
sake of simplicity, we could use a common oscillator with
two complementary outputs. Nevertheless, we should
mention that when we need closed-loop functioning in order
to maintain constant the output voltage, the use of the
microcontroller is an advantage.

The PWM signals generated by the microcontroller are
applied to the two transistors S; and S, in Figure 1, by
means of two HCPL3180 optocouplers. They are meant to
separate the power circuit from the control circuit, insuring
thus the galvanic isolation between them as a safety measure
in case of malfunction.

As presented in Figure 6, the practical circuit is made up
of two boards; one of them includes the microcontroller, the
LCD, the drivers and the low-voltage supply circuit, and the
other one contains the power circuit analyzed, whose
schematic is presented in Figure 1.
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Figure 8(a) shows the waveforms of the v, voltage and of
the v,, voltage and Figure 8(b) shows the waveforms of the
i, current and of the i,, current for a duty factor D=0.4.
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Figure 8. a)Waveforms of the v, voltage, v,, voltage; b) Waveforms of the i,
current, and i,, current for D=0.4

Figure 9(a), 9(b) and Figure 10(a), 10(b) respectively,
show the same waveforms for D=0.48 and D=0.56.
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Figure 9. a)Waveforms of the v, voltage, v,, voltage; b) Waveforms of the i,
current, and i,, current for D=0.48
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Figure 10. a)Waveforms of the v, voltage, v,, voltage; b) Waveforms of the
i, current, and i,, current for D=0.56

Figure 11 shows the wvariations of the efficiency
depending on the D duty cycle, also based on the simulation
results. We notice thus that the efficiency is high for all the
values of D.

Efficiency curve in simulations and prototype (%)
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Figure 11 Variation of the efficiency depending on the D duty cycle.

For calculating the THD, total harmonic distortion of the
input current, the following equation was used:

Igy + 1 + 1
THDl _ 02 03 04 (20)
IOI

where [y, is the RMS value of the fundamental input current,
Iy, is the RMS value of the first harmonic of the input current
at a switching frequency of 20kHz, etc.

Figure 12 compares (prototype vs. simulation) the THD
analyses of the current supplied by the power source.
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Figure 12. THD analysis for the current supplied by the power source i,,

The input power factor PF can be determined directly
from the THD of the input current as follows:

cosQ (20)

where ¢ is the angle between the fundamental component
of the input current and the fundamental component of the
input voltage.

Figure 13 compares (prototype vs. simulation) the PF
analyses of the current supplied power source [21]

0.4 0.48 0.56 D
I prototype E=

simulation
Figure 13. PF analysis for the current power source i,,

IV. CONCLUSION

The paper presents a circuit of direct AC-AC boost
converter containing, beside the grid filter, two bidirectional
current switches, each made up of one IGBT, four diodes
and a boost inductance.

Switches were controlled by uniform sampling, with the
same duty cycle in all the switching periods. The resulting
control circuit is simple and the energy flow can be
bidirectional. The adequate functioning of the circuit was
tested by simulation, as well as on a laboratory prototype

The results allowed the identification of the control
characteristic and of the functioning efficiencies.
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The waveforms obtained for the load voltage and current
are very good. The supplied current is sinusoidal, therefore
the circuit can be used particularly for converting the RMS
voltage from 110V to 220V.
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