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1. INTRODUCTION

To get unity power factor and reduced total harmonic distortion (THD), power factor correction
(PFC) is needed. High power quality is required for power supply systems in order to fulfil the international
standards such as IEEE-519/ IEC 61000-3-2/ EN 61000-3-2. Approximately 25% of overall electrical energy
is used in the world for lighting purpose. Incandescent bulb consumes much power and currently these bulbs
have been replaced by LEDs to reduce the energy consumption. LED offer many advantages such as:
extremely long life, i.e. 10,000 hours, extreme robustness as there is no glass component or filament , no
external reflector, modular construction, relatively high efficiency, no UV or IR output and they can be
dimmed smoothly from full output to zero state [1]. Requiring the achievement of long service life of the
LED lamps, there is always a need for a stabilised DC current source to supply the LEDs [2]. Switched mode
DC-DC converters are used to convert unregulated dc input into a controlled dc output at a desired voltage
level.

The active PFC is the commonly used method for power factor correction to achieve a unity power
factor and less harmonics in the supply current [3]. Normally the active PFC circuit consists of bridge
rectifier and DC-DC converter. During turn on, probably three semiconductor devices will be in conduction.
This gives conduction losses across diode bridge and reduces the system efficiency, Significant conduction
loss, caused by the forward voltage drop across the bridge diode, considerably reduces the converter’s
efficiency, especially at a low line input voltage [4]. In order to increase the efficiency, bridgeless PFC
circuits are designed. However, losses due to large number of semiconductors are reduced by removing the
diode rectifier in the supply side. Recently, several bridgeless PFC rectifiers have been introduced to improve
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the rectifier power density and/or reduce noise emissions via soft-switching techniques or coupled magnetic
topologies [5].

A bridgeless PFC circuit allows current to flow through less number of switching devices.
Accordingly, conduction losses are considerably reduced and higher efficiency can be obtained. There are
mainly two types of DC to DC converters namely isolated and non-isolated [6].Some converters do not have
any isolation transformers between source and load side namely the classical buck, boost, buck-boost and cuk
converter. Another type is DC to DC converters with isolation. A transformer is provided for the isolation
between the input and output stage. The DC to DC converter is again divided into two types based on polarity
of transformer core excitation [7]. Commonly used DC to DC converters with isolation are Fly back
converter Forward converter, Full bridge converter, Half bridge converter and Push-Pull converter etc .From
the above different types of converter power factor correction is done for following converters namely AC-
DC Cuk rectifier, Flyback converter & Interleaved SEPIC Converter.

2. AC-DC CUK RECTIFIER
2.1. Bridge cuk rectifier

Figure 1 shows the bridged cuk circuit. In this converter, the output voltage can be increased or
decreased according to variation in duty ratio. The cuk converters have better efficiency and reduced noise.
It is used for applications such as automotive, consumer-electronics, electric drives and renewable systems.
The single phase AC voltage is given to the diode bridge rectifier. Then the power is transferred from the
rectifier to the cuk converter [8-9]. The energy flow is bidirectional in the cuk converter. The cuk converter
consists of two inductors, two capacitors, switch used as transistor, diode. It consists of an input voltage
source Vs ,a MOSFET switch S1, an anti-parallel diode D, a capacitor C1 for transferring energy, a capacitor
C2 for storing energy, two inductors L1 and L2, and a load resistor R. Let V1 and V2 be the voltages across
the capacitors C1 and C2, respectively [10]s. Let I1 and 12 be the currents through the inductors L1 and L2,
respectively. When Switch S is ON, the circuit is in charging mode. When Switch S is open, the circuit is in
discharging mode. The inductor on the input acts as a filter for the dc supply, to prevent large harmonic
current. Cuk converter has the characteristics of both Buck and Boost Converter.
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Figure 1. Bridged CUK rectifier

2.1.1. Design Equation for Cuk Converter

e =—~(D|1-D) (1)
Baa= 2 @)
Byp= 22 3)
Ayer= % )

Using (1)-(4) the simulation parameters are calculated. The Input voltage =2 4V, Output voltage =
48V, Supply frequency = 50HZ, Switching frequency=50KHZ, Duty cycle = 0.5, Inductor L1 = 7.5x1075,
L2 =2.5x1075 and Capacitor C1 = C2 = 1pF

2.1.2. Simulation results of bridged cuk converter
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The simulation results of bridged Cuk Rectifier are shown in Figures 2-4.
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Figure 4. FFT analysis of supply current of bridged cuk rectifier

From Figure 2, it is clear that the input line current is almost in phase with the input line voltage.
Figure 3 shows the output voltage waveform. Figure 4 shows the line current harmonic spectrum and the
calculated value for power factor is 0.9724.

2.2. Bridgeless cuk rectifier

Figure 5 shows the proposed bridgeless Cuk topology. In this converter consists of single input stage
for both the positive and negative half cycles of the line voltage. The circuit consists of three capacitors, four
inductors, two MOSFET switches and four diodes. In the output end, the load is resistive to maintain a unity
power factor [11-13]. It has two stage of circuits connected to the input side each stage operates during each
half cycle of input voltage. The bridgeless converter uses two switches (S1& S2). S1 is turned on/off during
the positive half-line cycle while S2 is switched on/off during the negative half cycle. The converter has high
power factor when operating in discontinuous inductor conduction mode (DICM) because the line current is
proportional to the input voltage. The proposed modified Cuk rectifier is designed for the following operating
point: peak input voltage of 24Vrms, line frequency of 50 Hz, output voltage of 48 V and switching
frequency of 50 kHz.

Figure 5. Bridgeless cuk rectifier
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2.2.1. Simulation results of bridgeless cuk rectifier
The simulation results of Bridgeless Cuk Rectifier are shown in Figures 6-8.
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Figure 6. Supply voltage and supply current of
bridgeless cuk rectifier
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Figure 8. FFT analysis of supply current of bridgeless cuk rectifier

Figure 7.Output voltage of bridgeless cuk rectifier
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From Figure 6, it is clear that the input line current is in phase with the supply line voltage. Figure 7
shows the output voltage waveform. Figure 8 shows the line current harmonic spectrum and the calculated
value for power factor is 0.9832

Table 2. Comparison of bridge & bridgeless cuk converter

Parameter Bridged cuk converter  Bridgeless cuk converter
Displacement factor 0.9726 0.9869
Supply power factor 0.9724 0.9832

Supply thd 23.97% 8.73%

From the Table 2, it is clear that the power factor of bridgeless cuk converter is high when compared
to the bridged cuk converter. The supply THD is also less for bridgeless cuk converter.

3. FLYBACK CONVERTER
3.1. Bridged flyback rectifier

Figure 9 shows the bridged Fly back converter. This is one type of isolated converters used for both
low and moderate power level. The circuit consists of front end bridge followed by fly back topology. The
circuit consists of diode bridge rectifier, MOSFET switch, isolated transformer, diode, capacitor and resistor.
The isolation between the control switch and load is provided by transformer. A fast switching device (‘S1°),
like a MOSFET, is used with fast dynamic control over switch duty ratio (ratio of ON time to switching time-
period) to maintain the desired output voltage [14].

In the circuit the winding leakage inductances should be neglected. On- state voltage drops of
switches and diodes are neglected. The windings, the transformer core, capacitors etc. are assumed loss-less.
The input dc supply is also assumed to be ripple-free [15]. The energy is stored in the primary Lp inductance
of the transformer during the time the power switch is on, and transferred to the secondary output when the
power switch is off. If n = Np / Ns is the turns ratio of the transformer Flyback topology is dedicated to
multiple low cost output SMPS as there is no filter inductor on the output.
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Figure 9. Bridged flyback converter

3.1.1. Design equation of flyback converter
Setting a flyback voltage Vor

Vor = Vo X Np/Ns=Ton/ToffxVin

Np _ Vor
Ns Vo

®)
(6)

Calculating the secondary winding inductance Ls

_ (Vout+Vf)x(1-Duty)2

LS
2xlomaxXfswmax
Vor
DUTY = —
Vin+Vor

(M

®)

Calculating the secondary winding inductance Lp

Lp = Lg X (Np|Ns)2

)

Employing the equations (5)—(9), the converter is designed and the parameters are The Input voltage
=24V, Output voltage =48V, Supply frequency=50HZ, Switching frequency=50KHZ, Duty cycle=0.5, and

Capacitor C1= C2=2200x107°F.

3.1.2. Simulation results of bridged flyback converter
The simulation results of bridged Flyback converter are shown in Figures 10-12.
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Figure 10. Supply voltage and supply current of
bridged flyback converter

(2]
=]

888

Output Voltage(V)
-
(=]

(=]

0 2 4 6 8 10
Time(Sec)

Figure 11. Output voltage of bridged flyback converter
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Figure 12. FFT analysis of supply current of bridged fly back converter

From Figure 10, it is clear that the input line current isalmost in phase with the input line voltage.
Figure 11 shows the output voltage waveform. Figure 12 shows the line current harmonic spectrum and the
calculated value for power factor is 0.75.

3.2. Bridgeless Flyback Rectifier

Figure 13 shows the circuit configuration of improved bridgeless flyback rectifier with bidirectional
switch. Bidirectional switch cell is added for the rectification process. Bidirectional switch cell is formed by
the back to back connection of two MOSFET switches[16-17].A few more circuit components are added to
the conventional flyback rectifier circuit in order to compensate the elimination of four bridge diodes. Mainly
three modifications are done in the circuit. Bidirectional switch cell, Dual transformer output windings &
Adding D2 to the secondary side
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Figure 13. Bridgeless flyback converter

3.2.1. Simulation results of Bridgeless Flyback converter

The simulation results of bridgeless Flyback converter are shown in Figures14-16. Figure 14, it is
clear that the input line current almost in phase with the input line voltage in sinusoidal manner. Figure 15
shows the output voltage waveform. Figurel6 shows the line current harmonic spectrum and the calculated
value for power factor is 0.854. it is clear that the power factor of bridgeless fly back converter is high when
compared to the bridged fiyback converter as shown in Table 4. The supply THD is also less for Bridgeless
Flyback Converter.
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Figure 14. Supply voltage and supply current of Figure 15. Output voltage of bridgeless flyback
bridgeless flyback converter converter
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Figure 16. FFT analysis of supply current of bridgeless flyback converter

Table 4.Comparison of bridge & bridgeless flyback converter

Parameter Bridged flyback converter  Bridgeless flyback converter
Displacement factor 0.7665 0.8648
Supply power factor 0.75 0.854

Supply thd 21.09% 16.25%

4. INTERLEAVED SEPIC CONVERTER
4.1. Bridged interleaved sepic converter

Interleaving of DC-DC converter is widely used in power supplies and power factor correction
circuits. Since in high power application, the voltage and current stress of the gadget can go past the limit
with the goal that the power gadget can't deal with. In this case, paralleling the devices can provide the
solution, but one major concern of this solution is the current sharing and voltage sharing. There is another
arrangement, which is paralleling the converters rather than power gadgets [18]. By paralleling the converters
i.e., the interleaved converter is proposed as it leads to cancellation of ripple at the input and output side.
Single-ended primary-inductor converter (SEPIC) is a buck-boost derived converter, which could step down
and step up the input voltage. The fundamental preferred standpoint of interleaving is the decrease of input
current and yield reduced voltage ripple [19]. Open loop operation of both bridge and bridgeless Interleaved
Sepic converter is carried out.
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Figure 17. Bridged Interleaved Sepic Converter

Design Equation for interleaved sepic converter

Output Voltage V, = (T:i;) (10
Boost inductor L1, L2 = bvin (1)
Fs@aLi
. . _ Dbvdc
Intermediate Capacitor C1.C2 = Rra@ved] (12)
. _ (1-D)vdc
Output filter inductor L3, L4 = [siLo)] 13)

Int J Pow Elec & Dri Syst, Vol. 10, No. 3, Sep 2019 : 1510— 1519



Int J Pow Elec & Dri Syst ISSN: 2088-8694 a 1517

Output filter capacitor Co= lav/(2wAVdc) (14)

From the (11)-(14) the simulation parameters are calculated is given by Input voltage =24V, Output
voltage =48V, Supply frequency=50HZ, Switching frequency=50KHZ, Duty cycle=0.5, Inductor = L1, L2,
L3, L4=3.6mH and Capacitor C1, C2, C3, C4= 6.7 mF C0=3000mF.

4.1.1. Simulation results of bridged interleaved sepic converter

The Simulation results of Bridged Interleaved Sepic Converter are shown in Figures 18-20. Figure
18, it is clear that the input line current almost in phase with the input line voltage in sinusoidal manner.
Figure 19 shows the output voltage waveform. Figure 20 shows the line current harmonic spectrum and the
calculated value for power factor is 0.9349.
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Figure 19. Output voltage
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Figure 20. FFT analysis of supply current of bridged interleaved sepic converter

4.2. Bridgeless interleaved sepic converter

The bridgeless Interleaved SEPIC topology combines the feature of both the bridgeless topology and
the interleaved structure. Bridgeless configuration improves the efficiency as the high conduction loss caused
by the high forward voltage drop of the diode bridge is absent. So the heat management problem caused by
the input diode rectifier stage is also solved. The conduction losses are greatly reduced due to the presence of
fewer number of semiconductor devices in each conduction path. This topology uses two extra MOSFETs
and fast diodes, instead of the four slow diodes in the bridge rectifier stage. Thus this topology can exhibit
maximum efficiency due to the combined merits of interleaving and the bridgeless structure the interleaving
topology divides the current stress in the semiconductor devices and the ripple in the supply current is also
greatly minimized [20].

Figure 21. Bridgeless interleaved sepic converter
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4.2.1. Simulation results of bridgeless interleaved sepic converter

The Simulation results of Bridgeless Interleaved Sepic Converter are shown in Figures 22-24. As
shown in Figure 22, it is clear that the input line current almost in phase with the input line voltage in
sinusoidal manner. Figure 23 shows the output voltage waveform. Figure 24 shows the line current harmonic
spectrum and the calculated value for power factor is 0.9885.
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Figure 22. Supply voltage and supply current of Figure 23. Output voltage of bridgeless
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Figure 24. FFT Analysis of supply current of bridgeless interleaved sepic converter
Table 6 Comparison of bridge & bridgeless interleaved sepic converter
parameter bridge interleaved sepic converter bridgeless interleaved sepic converter
displacement factor 0.9351 0.9813
supply power factor 0.9349 0.9885
supply thd 21% 6.24%

From Table 6, it is clear that the power factor of bridgeless interleaved sepic converter is high when
compared to the bridged cuk converter. The supply THD is very less in the range of 6.24% for bridgeless
interleaved sepic converter as shown in Table 7.

Table 7. Comparison of ac-dc PFC topologies

Topology Power factor  Supply current thd
Bridgeless cuk converter 0.9832 8.73%

Bridgeless flyback converter 0.854 16.25%
Bridgeless interleaved sepic converter  0.9885 6.24%

5.  CONCLUSION

A comprehensive study and analysis of bridged and bridgeless AC-DC rectifier topologies have
been investigated in this paper. Analysis is done based on the performance parameters such as power factor,
supply current THD and displacement factor. From the above analysis, the power factor of bridgeless
Interleaved Sepic converter is 0.9885 which is approximately closer to the unity power factor when compared
with the other two topologies. The supply THD is also very less around 6.24% for the bridgeless Interleaved
Sepic converter which satisfies the IEC standards. Hence, it is clear that the bridgeless Interleaved SEPIC
converter shows a better performance for power factor correction applications.
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