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Abstract

This paper presents a combination of power factor correction
converter using Flyback converter and Full-bridge dc-dc converter
in series connection. Flyback converter is operated in discontinuous
conduction mode so that it can serve as a power factor correction
converter and meanwhile Full-bridge dc-dc converter is used for dc
regulator. This converter system is designed to produce a 86 Volt of
output voltage and 2 A of output current. Both simulation and
experiment results show that the power factor of this converter
achieves up to 0.99 and meets harmonic standard of IEC61000-3-2.

Keywords: Flyback Converter, Full-bridge DC-DC Converter, Power
Factor Correction.

1. INTRODUCTION

Generally, electronic equipments need a dc power source. However, the
power source provided by electric grid is an ac power source. Therefore, its
needs a rectifier circuit which is used to transform the AC power source to
the DC power source. The rectifier circuit requires a capacitor as filter to
reduce the output voltage ripple. But, the usage of capacitor causes the
current harmonics and the current distortion, so that the rectifier circuit has
a low power factor.

To reduce the harmonics and to improve the power factor can be done
by several methods. The first method is adding a large inductor filter [1]. But,
this method is not commonly used because the rectifier circuit is heavier,
because it works at low frequency of 50-60 Hz. A good method is adding pre-
regulator of power factor correction converter known as two stages power
factor correction converter. The most common two stages power factor
correction converter used are boost converter [2], [3], buck converter [4], [5],
buck-boost converter [6], [7] and other types of dc-dc converter [8], [9]. Two
stages power factor correction converter can produce sine input current, low
harmonics and high power factor.
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This paper presents and develops a new configuration of two stages
power factor correction converter combining Flyback Converter and Full-
bridge dc-dc converter in series connection. This configuration is designed to
produce high power factor and low input current harmonics that meets the
international harmonic standard of IEC6100-3-2 [10].

The block diagram of the two stages power factor correction converter
proposed is shown in Figure 1.
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Figure 1.Block diagram of the proposed of two stages power factor correction
converter

2. CONVERTER CONFIGURATION

Circuit configuration of the two stages power factor correction
converter proposed in this paper is shown in Figure 2. This configuration
uses a Flyback converter as a pre-regulator of power factor corrector. The
Flyback converter is series connected to a Full-bridge dc-dc converter in two

stages.
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Figure 2. The block diégram of system

Based on the block diagram as seen in Figure 2, the converter system
uses two converters. They are Flyback converter and Full-bridge dc-dc
converter in series connection. The complete circuit is shown in Figure 3.

The Flyback converter operates in discontinuous conduction mode.
Hence, if the converter operates in discontinuous conduction mode, the
converter will have a high power factor [11], [12].

Basically, Flyback converter, which is shown in Figure 4(a), is used as
power factor corrector and operates in discontinuous conduction mode. It
has an magnetizing inductor (Lm) and other components. An input current
and a magnetizing current waveforms of Flyback converter is shown in
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Figure 4(b). This converter has an input resistance (R;) that is calculated from
the input voltage Vi and the input current i;) at one switching period.
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Figure 3. The circuit of AC-DC PFC Converter using combination of Flyback
Converter and Full-bridge DC-DC Converter
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Figure 4. (a)Flyback converters in discontinuous conduction mode; (b) Waveform
of inductor magnetizing and input current

The input resistance of the converter system can be calculated using
Equation 1:

V;(z)
B2 (1)

1 "
ligy

According to Figure 4(b), the input current is determined in Equation 2:

lz’ DT

. 2 Im

Ly :T (2)
where irnis magnetizing inductor current, D is the duty ratio and T is the
switching period. The magnetizing inductor current can be calculated by
Equation 3:
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Vo |sin (01‘|DT
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where K(t)|sm a)z‘|is the input voltage. If the Equation 3 is substituted into

Equation 2, the input current become as Equation 4:

V. |sin @t|DT
B M , ,
21 _ Viplsin DT

m

T 2L

m

(4)

iy =

Finally, Equation 4 is substituted into the Equation 1, thus the input
resistance is determined in Equation 5:

Vo _ 2L,
By= = (5)

Ly DT

The Equation 5 shows the resistance (R;) depends on the value of
magnetizing inductance, switching period, and duty ratio. If the Flyback
converter operates in discontinuous conduction mode and in constant duty
ratio, the input resistance becomes constant. Therefore, the shape of the
input current waveform ij follows the shape of the input voltage waveform
Vip and the Flyback converter becomes as power factor corrector.

After processing Flyback converter as PFC converter, to obtained
output voltage regulation, the Full-bridge dc-dc converter is connected on the
converter system. The circuit of the Full-bridge dc-dc converter is shown in
Figure 5 and it is designed in continuos mode operation. The Full-bridge dc-
dc converter is designed using Equation 6 to Equation 8.

Assume that d is duty cycle, then:

B N, xV,
2x N, xV, (6)
The filter inductor can be obtained from:
o= ar )

And, the filter capacitor is:

v
@ o (l—d)e—0o
o=l )XBZLOngVO (8)
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Figure 5. Circuit of Full-bridge dc-dc converter

3. SIMULATION AND EXPERIMENT

The prototype of AC-DC PFC Converter Using Combination of Flyback
Converter and Full-bridge DC-DC Converter that has been discussed
previously is designed with the parameters as seen in Table 1 and Table 2 to
meets the requirement of converter operation. Actually, this converter can be
implemented for power supply of all of electronics equipment. However, in
this paper, converter can be applied as battery charger. The battery used for
this experiment has a 72 Volt of voltage that consists of 6 pieces of 12 Volt of
battery. So, to comply the requirement of charging voltage, the output voltage
of converter system is set at 86 Volt.

To ensure the converter operates in a good performances, it is
simulated using SCAT K.460PRI software. The simulation circuit shown in
Figure 6 is built based on the circuit on Figure 3 and the parameters that
used in this circuit are declared in Table 1 and Table 2. The parameters
observed are input voltage, input current, harmonic spectrum, output
voltage, and output current.

Table 1. Parameters of Flyback PFC converter

Parameter Value
AC input voltage (V) 220 Volt
Output voltage (V,1) 120 Volt
Switching frequency (fs) 25 kHz
Switch Q; IGBT 1MBH60-100
Diode D; STTH60L06C
TransformerT,; Ni:N,=6: 4
Capacitor C,y 680 pF,450 Volt

Table 2. Parameters of Full-bridge dc-dc converter

Parameter Value
Input voltage (Vign)=Vo1) 120 Volt
Output voltage (Voz2) 86 Volt
Switching frequency (f3) 25 kHz
Inductor L, 866 uH
Switch Q2.5 IGBT 1IMBH60-100
Diode D>.s STTH60L06C
TransformerT,, N3:N4=16:14
Capacitor C,2 68 pF ,250Volt
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Figure 6. Simulation circuit of converter

The waveforms of the input voltage and the input current are shown in
Figure 7. Also, Figure 7 shows that the converter has high power factor of
0.9946, meets Harmonics standard IEC61000-3-2 class.
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Figure 7. Wavefoms of input voltage and input current and power factor (pF) of
converter

Futhermore, the converter is built using above parameters in real
circuit. Experiment about the circuit is done using power harmonic analyzer
Fluke 41B. The parameters that have been observed are the input current,
the input voltage, power factor, and current harmonic spectrum. Figure 8
shows the values of the input parameters which are measured by Fluke 41B
and Figure 9 shows the input current waveform, the input voltage waveform
and the current harmonic spectrum.
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Figure 8. Experimental data of the converter system
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Figure 9. Waveforms of the input voltage and current and the current harmonic
spectrum

According to Figure 8, maximum power factor measured by power
harmonic analyzer is 0.99 and the Total Harmonics Distotion of the input
current (THD;) is 3.5% to 8.2 %. The complete results of the experiment are
also presented in Table 3. Based on the data in Table 3, on the nominal
currect, it can be achived the highest power factor (near unity) and low
harmonics.

To know the converter meets harmonics standards, it is made a
comparison between the current harmonic spectrum of system testing and
harmonic standard of class A and class D. Figure 10(a) and 10(b) are shown
this comparation. According to its, the proposed converter system and meets
harmonics standards of IEC61000-3-2 class A so that it can be implemented
for power supply of audio equipment and dimmer circuit of incandescent
lamps. And also it has low harmonics input current meets the standards of
IEC61000-3-2 class D so that it can be implemented for power supply of
computers and monitors.

Table 3. Experiment result of the converter

Vi(v) | (A | Vo (V) | L(A) PF THDi (%)
220 1.12 86 2 0.99 3.5
220 0.9 86 1.8 0.99 4.8
220 0.81 86 1.6 0.98 5.2
220 0.7 86 1.3 0.97 5.2
220 0.57 86 1 0.97 5.9
220 0.46 86 0.8 0.95 8.2
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Figure 10. Comparison of input current harmonics of class A and class D

o

4. CONCLUSION

This paper presented about the combination of AC-DC Flyback
converter with full bridge dc-dc converter that has power factor corrector.
According to both simulation and experimetal results, this converter system
has a high power factor up to 0.99 and low harmonics input current and
meetsharmonics standard of IEC61000-3-2 class A and class D.
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