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Abstract— This paper describes a novel high frequency
ac voltage-regulator using a Single Ended Primary
Inductance Converter as power stage, and active power
factor correction through the use of variable hysteresis
control technique. The main advantage of this ac voltage-
regulator concerns with the smaller volume, and size
than the conventional ones. Nowadays, due to power
quality standards, high input power factor is a necessity
for power electronic converters to perform that the input
current total harmonic distortion (THD) fits into the
limits of the standards, like as IEC 61000-3-2 limits. It
should be noticed that the input current harmonics
content for the novel ac high frequency voltage-regulator
are in agreement with the requirements defined in the
IEC 61000-3-2 standards. This paper presents a complete
analysis, design and simulation results for a prototype
rated at 300W, operating with variable switching
frequency (30Hz until 90kHz), and 127Vrms of nominal
input and output voltages.
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[. INTRODUCTION

In the last years researchers have been developed active
control techniques to obtain input current THD limitation,
and almost unity input power factor for several power
electronics converters [1].

On the other hand, the use of high switching frequency
operation becomes an option to obtain high power density,
resulting in a volume, and size reduction for the converters
[2 until 8].

In this context, for the ac voltage regulators, the use of a
conventional structure, normally composed by a single-phase
autotransformer, or transformer, passive elements, and active
semiconductors operating at low frequencies, becomes a
problem to obtain agreement with the requirements of the
power quality standards.

However, additional problems are the volume and size of
these conventional structures that use low frequency control
techniques to obtain output voltage regulation [1, 2, 7, and
9.

In spite of the conventional ac voltage-regulators perform
high input power factor for linear loads applications, the
non-linear loads are increasing in the last decades for several
power electronics converters, mainly for electronic
information applications. So, the use of the conventional ac
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voltage regulator does not permit to obtain a high input
power factor, and low input current total harmonic distortion
for non-linear loads [1, 2, 7, and 9]. Therefore, active power
factor correction techniques are appropriated for this
application.

The use of a structure that operates at high switching
frequency additionally allows an increased in the power
density of the converter [9].

The proposed high frequency ac voltage-regulator uses a
SEPIC (Single Ended Primary Inductance Converter)
structure, allowing conditions to control the input current
shape through the sinusoidal hysteresis control technique to
ensure that the input current THD satisfies the requirements
of IEC 61000-3-2 standards, resulting in a high input power
factor for the converter. The load voltage regulation is
performed using a feed-forward control technique, and
digital control (VHDL) employing an EPLD device.

Therefore, the novel ac voltage-regulator performs high
input power factor, and reduced input current THD,
independent of the load type.

In this context, this paper presents a new 300W SEPIC ac
voltage-regulator, operating with variable switching
frequency (30kHz to 90kHz), and 127Vrms of nominal input
and output voltages.

II. THE NOVEL AC VOLTAGE-REGULATOR

The power stage diagram of the novel high switching
frequency ac voltage-regulator is shown in Figure 1, where
the ac switches S, and S, are bi-directional switching
elements. Each bi-directional switch is composed by two
switches implemented with MOSFETs connected in anti-
series.
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Figure 1- The power stage diagram of the AC/AC SEPIC
regulator.




The ac switches are composed by two semiconductor
devices (MOSFET), in an arrangement as shown in Figure 2.

In order to describe the operation of the proposed
structure, it is assumed that:

- All semiconductor devices are ideal,;

- The switching frequency is larger than the ac line
frequency;

- During a switching period, the input voltage is constant;

- The input voltage is considered purely sinusoidal;

- The reactive components are ideal.

Through the use of the above simplified conditions, the
converter can be analyzed in four stages of operation as
shown in Figure 3.

A. VARIABLE HYSTERESIS CONTROL TECHNIQUE

Figure 4 shows the variable hysteresis control technique
used to obtain high input power factor for the novel ac
voltage-regulator.

The control circuitry uses digital technique, employing
VHDL and EPLD devices to compose the signals for all
controlled semiconductors. The blocks diagram of this
control circuitry is shown in Figure 5.
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Figure 2 — Main AC switch S, arrangement, using power
MOSFET.

(¢) S;on — semi-cycle negative (d) S4on — semi-cycle negative
Figure 3 — Stages of operation for the novel ac voltage-regulator.
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Figure 4 — Variable hysteresis control technique,
using VHDL and EPLD devices.
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Figure 5 — Blocks diagram of control circuitry.

II1. DESIGN PROCEDURE AND EXAMPLE

The input and output data for the novel high frequency ac
voltage-regulator proposed are listed as follow:

Vi = 127V Sine =60Hz ; B, =300/,
Vo, =127V f.. =30kHz; . =90kHz ;
AILI =0.3524 ) AVCI =50V ) AVCZ =5V ) ‘fSpm =50kHz .

In the next steps one can verify the proposed design
procedure.

Step 1: Inductance values of the input filter (L,), and
accumulation inductor (L,).

The inductance (L) value of the input filter is given by
equation (1):

L Vinpe D )
YL AL
Where:
Vin =179.61V
rm? 0 5
Thus,
=5.108mH

Therefore, were adopted:
L 1= L2 =5.1mH
Step 2: Capacitance value (C,) of the accumulation filter

The capacitance C; value of the accumulation filter is
given by equation (2):

C=—"=——0 2
Lo, AV @
Where:
I, =2.4874
Thus,
C,=703.43nF
Therefore, was adopted:
C,=680nF

Step 3: Capacitance (C,) value of the output filter

The capacitance (C,) value of the output filter is given by
equation (3):
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nomin al

V2
v,

C2 — Orms,ominal (3)

2.f. AV,

Thus,
Cg = 6ufF
Therefore, was adopted:
C, =3x2.2uF (in parallel)
Figure 6 shows the designed power circuit used to verify
the performance of the proposed ac voltage-regulator,
through its simulation results.

IV. SIMULATION RESULTS

The main simulation results for the proposed ac voltage-
regulator, supplying linear and non-linear loads, are shown
in Figures 7 and 8.

One can verify that the input power factor for both
conditions of loads is almost the unity, and the input current
THD is reduced, independent of the load type. Therefore, the
novel ac voltage-regulator fits into the limits of the
IEC61000-3-2 standards.

It should be notice that, using variable hysteresis control
technique, the switching frequency will be variable.

Figure 9 shows details of the distortion at input current
during the zero-crossing of the references.

Figures 10 and 11 show details of the current through the
input inductor for different values of the instantaneous input
voltage. It can be observed in Figure 10(a) that the minimum
value of switching frequency is 30kHz, and its maximum
value is almost 90kHz, according Figure 10(b). Figures 11(a)
and 11(b) show that the switching frequency in the
maximum and minimum input voltage values is 50 kHz.

In spite of all circuit parameters have been designed for
30kHz, the total volume and size are reduced, in comparison
with the conventional ac voltage regulators.
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Figure 7 — Input current and voltage for linear load,
operating at nominal value.
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Figure 8 — Input current and voltage for non-linear load (switching-
mode power supply), operating at nominal value.
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Figure 9 - Details of the distortion at input current during the zero-
crossing of the references (I, and Iiyy).
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(a) Vin = 10V; switching frequency = 30kHz (minimum value).
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(b) Vin = 10V; switching frequency = 90kHz (maximum value).
Figure 10 — Details of the current through the input inductor, in the
positive semi-cycle.

It is important to note that the controller does not allow
that the switches operate for a voltage range of
+10V until =10V . This leads to a small input current drift, as
shown in Figure 9. During this interval, all switches are
turned off.

This constraint for the controller is to ensure that the
switching frequency (f) stays between 30 kHz and 90 kHz.
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(b) Vin=-180V; switching frequency = 50kHz (fsyea)-
Figure 11 — Details of the current through the input inductor, in the
positive and negative value peak of the input voltage.
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(a) S, commutations near maximum input voltage value (V;,= 180V).
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(b) S, commutations near zero input voltage value (Vi,= 0V).
Figure 12 — Details of the S; commutations near maximum and near
zero input voltage values.

Figures 12 and 13 show details of the S; and S;
commutations near maximum and near zero input voltage
values.

The proposed control is in closed-loop operation, in spite
of this, an example in open-loop operation, using VHDL
(MAXPLUS 1I), is shown in Figure 14.

Figure 15 shows simulation results for some cases of the
S; and S, commutations. Figure 15(a) shows that the value of
sample current is higher than the values of superior reference
current and memory current. In addition, the derived of
sample current is positive. In this case, the switch S, turns on
and S, turns off. Figure 15(b) shows that the value of sample
current is between inferior and superior reference currents,
and its derived is negative. In this case, the switch S, must
continues turned on.
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(a) S; commutations near maximum input voltage value (Vi,= 180V).
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(b) S; commutation near zero input voltage value (Vi,= 0V).
Figure 13 — Details of the S; commutations near maximum and near
zero input voltage values.
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Figure 14 — Blocks diagram of control circuitry, in open-loop
operation.

Figure 15(c) shows that the value of sample current is
lower than the values of the inferior reference current and
memory current. In addition, the derived of sample current is
negative. In this case, the switch S; turns on and S, turns off.

Figure 15(d) shows that the value of sample current is
between superior and inferior reference currents. In this case,
the switch S; must continue turned on.

Figure 16(a) shows that the value (in module) of sample
current is higher than the values (in module) of superior
reference current and memory current. In addition, the
derived of sample current is negative. In this case, the switch
S, turns on and S; turns off. Figure 16(b) shows that the
value (in module) of sample current is between superior and
inferior reference currents, and its derived is positive. In this
case, the switch S, must continue turned on. Figure 16(c)
shows that the value (in module) of the sample current is
lower than the values (in module) of the inferior reference
current and memory current. In addition, the derived of
sample current is positive. In this case, the switch S; turns on
and switch S, turns off.

Figure 16(d) shows that the value of sample current is
between superior and inferior reference currents. In this case,
the switch S; must continues turned on.
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Figure 15 - Details for the S; and S, commutations, due to the

proposed control technique.
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(d)

Figure 16 - Details for the S; and S, commutations, due to the

proposed control technique.
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(a) Harmonic Current Limits of the IEC 61000-3 -2 standards.
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Figure 17 — Harmonic current limits for the IEC 61000-3-2
standards and harmonic current amplitudes from the designed
example.

Figure 17 shows the harmonic current limits established
by the IEC 61000-3-2 standards, for class A equipments, and
the harmonic current content from the proposed converter.

From these simulation results, it can be observed that the
total harmonic current distortion from the proposed converter
satisfies the IEC 61000-3-2 standards.

V. CONCLUSIONS

This paper presented a novel high frequency ac voltage-
regulator with high input power factor, through the use of
variable hysteresis control technique.

The main advantage of this proposed converter is the low
input current THD, independent of the load type (linear, and
non-linear loads). In addition, through the use of the SEPIC
converter, operated at 30kHz of minimum switching
frequency value, the proposed regulator presents high power
density (low volume, and size), in comparison with the
conventional ones, that operate at low switching frequencies.

Using VHDL and EPLD devices, the control technique
and circuitry were simplified, reducing size and costs.

Therefore, through the use of this novel ac voltage-
regulator will be possible a compact converter and power
quality accomplishment with the requirements of the IEC
61000-3-2 standards.
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