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Abstract: AC-DC Converters are the key component in the battery chargers of PHEV (Plug-in Hybrid Electric Vehicles). Most
commonly used AC-DC PFC (Power Factor Correction) topologies in PEHV battery chargers are conventional PFC boost converter,
bridgeless PFC boost converter and interleaved PFC boost converter. To overcome the disadvantages of the above mentioned topologies
bridgeless interleaved (BLIL) PFC boost converter was developed. The conventional PFC boost converter and bridgeless interleaved
PFC Boost topology were designed and simulated using MATLAB/SIMULINK. Conventional PFC Boost Converter was designed for
interval D=0.6 and bridgeless interleaved topology were designed for two duty intervals D>0.5 and D<0.5.The input performance
parameters such as THD (Total Harmonic Distortion) and power factor for the two topologies were obtained and comparison were made
between the two topologies. The input supply voltage used for both the converters are 230V.
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1. Introduction

A plug-in hybrid electric vehicle utilizes rechargeable
batteries, or another energy storage device, that can be
restored to full charge by connecting a plug to an external
electric power source [2]. The most common charger
architecture includes an AC input filter, AC-DC PFC
topology [3] and DC output filter as shown in Fig.1. Proper
selection of AC-DC PFC topologies is essential to meet the
regulatory requirement for input current harmonics and
implementation of power factor correction at the input.
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Figure 1: PHEV Charger Architecture

In Section Il a review of common AC-DC PFC topologies
used in PFC battery chargers are done. Novel bridgeless
interleaved (BLIL) boost topology is described in Section
I11. Design and simulation result of conventional PFC boost
converter and BLIL PFC is given in section IV. In section V
simulation results of two converters are given.

2.Common AC-DC PFC Topologies

The conventional PFC boost converter, bridgeless PFC boost
converter and interleaved PFC boost converter are the
common AC-DC PFC topologies used in PHEV battery
chargers. The review of the above mentioned three
topologies are provided in the following sections.
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2.1 Conventional PFC Boost Converter
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Figure 2: Conventional PFC boost converter

It has a diode bridge rectifier at the input which is used to
rectify the input AC voltage into DC voltage. This rectified
voltage is given to the PFC boost converter where the input
voltage gets stepped up. It has two modes of operations.
During the first mode, the switch will be closed. During this
time the inductor will get charged to its peak value of
voltage (V) [4]. During this time the capacitor will maintain
the output voltage.
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When the switch is open, inductor will discharge to the load.
With this topology, the output capacitor ripple current is
very high [8] and is the difference between diode current and
the dc output current. Furthermore, as the power level
increases, the diode bridge losses significantly degrade the
efficiency.
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2.2 Bridgeless PFC Boost Converter

During the positive half cycle, Q; and Q, are turned on, the
inductors will get charged through the path: Supply-L;-Q;-
Q. (body diode)-L, -Supply. When the switches are turned
off, the inductors discharge through the path: Supply-L;-D;-
Load-Q, (body diode)-L,-Supply.During the negative half
cycle the voltage across the inductor L, and L; will rises as
the current flows through the path: Supply-L,-Q,- Q; (body
diode) L;-supply. When the switches are turned off, the
inductors L, and L; will discharge through the path: L,-D,-
Load-L,-supply.The disadvantages of this topology are it
introduces increased EMI and floating input line with respect
to the PFC stage ground [5].
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Figure 3: Bridgeless PFC boost converter

2.3 Interleaved PFC Boost Converter
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Figure 4: Interleaved PFC boost converter
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The interleaved boost converter, illustrated in Fig. 3, consists
of two boost converters in parallel, operating 180° out of
phase [7].Since the two converters are connected out of
phase with each other the ripples will cancel each other and
the ripple content will get reduced. So the size of filter can
be reduced. The input current is the sum of the current
through the two inductors. It has two switches Q; and
Q..During the first half cycle the switch Q, will be on, the
inductor Lg; will get charged. When the switch Q; is off the
inductor will start to discharge through the diode Dg;.During
the negative half cycle the same operation will happen but
the switch Q,, Lg, and Dg, will operate. One significant
drawback of the interleaved boost PFC converter is that
similar to the boost PFC converter, loss will be high due to
the input diode bridge.
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3.Bridgeless Interleaved PFC Boost Converter

It has the same device count as the interleaved boost
converter. BLIL boost converter uses 4 fast diodes and 4
MOSFETSs in which losses will be less and efficiency will be
high[1]. The circuit diagram of the BLIL boost converter is
shown Fig.5. The circuit operation can be divided into
positive half cycle and negative half cycle operation. The
operations of the converter mainly depend upon turn on/turn
off of the switches. So the circuit operation depends on the
duty cycle (D) of the converter. The detailed circuit
operation for the positive half cycle and negative half cycle
(D<0.5 & D>0.5) operation is given in the following
sections.
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Figure 5: BLIL PFC boost converter
3.1. Positive Half Cycle Operation

During the positive half cycle, the switch Q; and Q, turn on,
inductors L; and L, get charged (energy stored) through the
path: L;-Q:- Q, (body diode)-L, and back to supply. When
the switch Q; and Q. turn off, inductors L, and L, discharges
(energy released) through the path: L;-D;-Load-Q, (body
diode)-L, and back to supply. The supply voltage along with
the voltage across the inductor will appear across the load
which will produce a boosted voltage across the load.

With interleaving, the same mode happens for the switch Qs
and Q,, but with 180° phase delay. When the switch Qs and
Q4 on, the inductor L; and L4 will get charged (energy
stored) through the path: supply-Ls-Qs-Q4 (body diode)-L4
back to the supply. When the switch Qs and Q, turn off,
inductors Lz and L, will discharge (energy released) through
the path: Ls-Ds-Load-Q, (body diode)-back supply. Since
the ripple current in two inductors L1 and L3 are in anti
phase with each other, the high frequency ripple will cancel
each other. This will reduce the ripple content caused due to
boost switching.

3.2. Negative Half Cycle Operation

During the negative half cycle, switch Q; and Q, turn on the
inductor L, and L, get charged (energy stored) through the
path: L,-Q»-Q; (body diode)-L; back to supply. When the
switches Q; and Q, turn off, inductors L; and L, will
discharge (energy released) through the path:Supply-L,-D,-
Load-Qy(body diode)-L,-Supply.
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With interleaving, the same mode happens for the switch Q;  4.2. BLIL PFC Boost Converter
and Q,, but with 180° phase delay. When the switch Qs and
Q. are on, the inductor L3 and L, will get charged (energy
stored) through the path: Supply-L4-Q4-Q3 (body diode)-L -
Supply. When the switch Qs and Q, turn off, inductors L3 and
L, will discharge (energy released) through the path: Supply-

L4-D4-Load-Q3 (body diode)-Ls-Supply.

The duty ratio is given by:

D - Yout ~Vin )
Vout

. . ) The value of capacitor and the inductor can be obtained from
4. De51gn and Simulations the relation below:

4.1. Conventional PFC Boost Converter Vout XD ©)

f x4V xR
The duty ratio is given by [4], [6]: i
Vout = Vi
D= w (2 AV-Ripple voltage (0-10% of output voltage)
out f- Frequency
R- Load resistance

The value of capacitor and the inductor can be obtained from . Capacitance

the relation below: _VinxD
Al x f 0
c = YourxD_ (3) Al-Ripple current (0-20% of the load current)
f x4V xR

AV-Ripple voltage (0-10% of output voltage)
f- Frequency

R- Load resistance

C- Capacitance

The converter is designed for the switching frequency of
66.666 KHz and duty ratio of 0.6.The parameter values are
tabulated as shown below.

| YinxD ) Table 2: Parameters of BLIL PFC Boost Converter (D>0.5)
Al x f Input Voltage 230V
Al-Ripple current (0-20% of the load current) Output Voltage 575V
Inductance 1.89*10°H
T able 1: Parameters of Conventional PFC Boost Converter Capacitance 3.44*10°F
Input Voltage 230V Resistor 52.27Q
Output Voltage 575V = Switching Frequency | 66.666KHz
Inductance 1.89*10"°H Dutv Rati 06
Capacitance 3.44*10°F Uy RENE :
Resistor 52.27Q
Switching Frequency 66.666KHz e ﬂ
Duty ratio 0.6 )
i o 7j|] o ;iOD' ﬂ o
’m ’ﬁ ! b 7 J e |

.
I I
[0 11
Ripplz Cumrert L

LEF10°3H

Coninious
ooy
oL
Z& 0 L[;om
J

D:” i . ]
— (54 [/p Supar € ny e
1 Curtent Vol s T S 270 |olee Yesveet T
0 ' [
;
n 230\4 o
Oied

[P vokage

i

3440°5F
17 0tm Volege Meastrenen:

I

e
[,
=3 i3

L I E
° 2 at ° —
llfi} [ «{EF & ﬂ{’& Q‘@ oy

oot

Figure 7: Slmulatlon of BLIL PFC boost converter (D>0.5)

Figure 6: Simulation of conventional PFC boost
converter
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Table 3: Parameters of BLIL PFC Boost Converter (D<0.5)
Input Voltage 230V
Output Voltage 383.33V
Inductance 1.25%10°H
Capacitance 3.44*10°F
Resistor 34.84Q
Switching Frequency | 66.666KHz
Duty Ratio 0.4
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Figure 8: Simulation of BLIL PFC boost converter (D<0.5)
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5.Simulation Results

The conventional PFC Boost Converter and BLIL PFC boost
converter were simulated using MATLAB/SIMULINK and

the resulting waveforms are as shown below.

Cunent

Figure 9: Input current and voltage waveform of
conventional PFC boost converter
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Analysis:
1. The total harmonic distortion was calculated to be 0.7882.

2. The power factor was obtained as 0.778.

Figure 10: Input current and voltage waveform of BLIL
PFC boost converter (D>0.5)
Analysis:
1. The total harmonic distortion was calculated to be 0.059
2. The power factor was obtained as 0.9982.

Figure 11: Input current and voltage waveform of BLIL
PFC boost converter (D>0.5)
Analysis:
1. The total harmonic distortion was calculated to be 0.078
2. The power factor was obtained as 0.996.

Table 4: Comparison of Input Performance Parameters

Converter THD PF
Conventional Boost 0.7882 0.7853
BLIL(D>0.5) 0.059 0.9982
BLIL(D<0.5) 0.078 0.9962
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Figure 12: Comparison of THD and power factor of two
converters
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6.Conclusions

The conventional PFC boost converter and BLIL PFC
boost converter were simulated using
MATLAB/SIMULINK. The comparisons between the
input performance parameters were made. It was found
the total harmonic distortion was lower for the BLIL PFC
boost converter and power factor is greater than the
conventional boost converter. Form this it is clear that the
BLIL PFC hoost converter is a better topology compared
to the conventional boost converter.
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