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Abstract: Conventional PFC circuits in EV (Electric Vehicle) battery chargers have efficiency limitations. To overcome this
issue, there were losses associated with the DBR, hence a bridgeless single-ended primary inductance converter (SEPIC) with
improved power quality is presented in this project. The input current drawn by the charger shows a unity power factor operation
in a complete switching cycle. Due to the elimination of DBR, conduction losses are significantly controlled. The overall
performance of the proposed bridgeless SEPIC converter is analyzed with the help of various operating modes. The EV battery is
charged at constant current/ constant voltage control mode, which provides satisfactory results for improved efficiency and
inherent PFC, thus improving the overall performance of the charger.

Keywords: EV, DBR, SEPIC, Power Factor, Voltage Control, Battery, Charger, Switch.

L. INTRODUCTION
Due to the expanding trend of eco-friendly design, LED lighting is gaining support in lighting applications. As a result, the power
quality of LED lighting has emerged as a critical topic in power electronics. Figure 1.1 is a block schematic of a typical LED
lighting system. A high alternating current voltage is passed through an ac/dc PFC stage, which rectifies the alternating current to
direct current, and the PFC control delivers high-quality power for the LED lighting system. The input of the dc/dc converter is the
output of the ac/dc PFC stage, and the output of the dc/dc converter creates a low-input voltage for the LED lighting module, which
normally requires an input voltage ranging from 12V to 50V. As illustrated in Figure 1.1, the PFC stage is required and critical.

AC input AC/DC DC/DC DC output
PFC Converter

High Voltage Low Voltage
110 to 230Vac 12to 50Vde

Fig 1: Block diagram of the LED system
Power factor is expressed as follows:
PF = cos(Tita)
where: (Tita: phase difference between input current and input voltage)
The PFC stage is also critical in avoiding input power loss. Input power loss may be caused by input current harmonics. A PFC
aligns the input current and voltage sine waves. When PF is 1.0, the input current is exactly in phase with the input voltage, with
little current distortion. Because of the low power loss, the system can be extremely efficient.
The second reason for the present focus on PFC is to meet international standard criteria such as EC-62000-3-2. The single-ended
primary-inductance converter (SEPIC) is a DC-to-DC converter topology that generates a positive regulated output voltage from an
input voltage that ranges between the output voltage and zero. When the designer uses voltages (e.g., 12 V) from an unregulated
input power supply, such as a low-cost wall wart, this form of conversion comes in handy. Unfortunately, the SEPIC topology is
difficult to understand and requires two inductors, resulting in a huge power supply footprint. Several inductor manufacturers have
recently begun providing off-the-shelf linked inductors in a single package at prices just marginally higher than a similar single
inductor. Active power factor correction (PFC) circuits are extensively used in ac-dc converters and switched-mode power supplies
to meet the demand for high efficiency and reduced harmonic pollution. In general, these converters comprise a full-bridge diode
rectifier on an input current channel, resulting in conduction losses on the full-bridge diode, which are worse at the low line.
Bridgeless converters have lately been introduced to reduce or eliminate the full-bridge rectifier and hence their conduction losses.
The SEPIC has been intended to improve power factor correction in ac systems in order to attain a high-power factor. A portion of
the SEPIC input voltage and current has been utilized, lowering the amount of lower-order harmonics and producing a high-power
factor.
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For high power factor under conditions of universal input voltage, a new bridgeless PFC SEPIC converter has been developed. via
integrating this topology into the DCM SEPIC derived converter, a novel PFC topology has been produced via the valley-fill circuit.
The issue with the bus capacitor voltage being dependent on output load was resolved, and excessive voltage stress under light load
was avoided. By combining SEPIC compression with a CUK PFC converter, two innovative single phase bridgeless rectifiers with
little input current distortion and low conduction losses have been created. The obtained SEPIC converter efficiency has increased
due to the smaller inductor size. Due to the constantly rising number of electronic devices, there is a growing need to improve the ac
system's power quality. equipment. Power factor correction (PFC) research became a hot topic in power electronics, and substantial
efforts have been made on the advancements of the PFC converters in order to decrease harmonic contamination in power lines and
increase transmission efficiency. In fact, as more stringent power quality requirements and strict limits on the total harmonic
distortion (THD) of input current are imposed, PFC circuits are becoming required on single-phase power supplies. Single-ended
primary inductor converter is referred to as a SEPIC.

It is a particular kind of DC-DC converter that is utilized in numerous other applications, including DC power supply, electronic
ballasts, telecommunications, and battery chargers for mobile phones. Due to zero voltage switching and synchronous rectifier
operation, it features low switching and conduction losses. The single-ended primary inductor converter, often known as SEPIC, is
used to boost, buck, or maintain the supply voltage. By altering the duty cycle of power switches like MOSFETSs, IGBTs, GTOs,
etc., the SEPIC output can be managed. It has an extra benefit over conventional buck-boost converters in that the output is not
inverted (the output has the same polarity as the input). In order to relate energy from input to output and enable true shutdown,
series capacitors are used.

1. SYSTEM ANALYSIS

A. SEPIC Converter

To improve the efficiency of the conventional boost-type power factor correction (PFC) converters with the diode bridge circuit, the
PFC converters of the bridgeless category are often used. Due to no series-connected switches and no short-through risks, the dual-
boost half-bridge (DBHB) circuit is used as the PFC converter in this paper. In order to simplify the conventional two-loop control
scheme and reduce the number of sensors, the behaviors of the DBHB PFC converter are studied and its equivalent single-switch
model is developed. In addition, the proposed method is able to balance capacitor voltages naturally without adding any voltage-
balancing control loop. An 800W DBHB PFC prototype is implemented to evaluate the control performance. Both simulation and
experimental results are provided to demonstrate the proposed current sensor-less control method.

Proposed
Current

Sensorless
Control

Fig 2: Existing Block Diagram

The single-switch model for DBHB PFC converter has been developed. The current sensor-less control method for DBHB PFC
converter has been proposed and implemented in this paper. The integrator-type voltage controller is able to regulate the output
voltage and balance the capacitor voltages. The proposed control strategy effectively achieves PFC function in steady-state
condition and transient condition. Moreover, the capacitor voltages can be naturally balanced by the proposed control method. From
the simulation and experimental results of 800W prototype converter, the proposed current sensor-less control method is
demonstrated. Dual-boost half-bridge (DBHB) PFC converter with the proposed current sensor-less control For PFC application, the
conventional two-loop control with the inner current loop and the outer voltage loop can be used to control all the converters in Fig.
1 where it needs to sense the DC-link voltage, the AC voltage and the inductor current. It is noted that the two-loop control can also
be used in the half-bridge converters, but it needs to include third control loop to balance both capacitor voltages.
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Therefore, total four sensors (three voltage sensors and one current sensor) are needed to implement the half-bridge PFC converter.
In digital PFC control, the current is conventionally feedback by the current sensor and Analog-to-Digital converter (ADC) with
high resolution and high bandwidth. To reduce the cost, some control methods had been proposed in. In the current sensing methods
using only comparators without real A/D converter were proposed. Furthermore, the control methods proposed in rebuilt the current
feedback signal from the sensed voltages. An adaptive inductor model and the adaptive nonlinear current observer were developed
to estimate the current, individually. All the above methods can be classified into two-loop current sensor-less control methods.

B. Proposed System

Due to increasing concerns on the power quality, power factor correction (PFC) has become an important issue in light-emitting
diode (LED) lighting applications. A boost converter is one of the most well-known PFC topologies, due to its simple circuitry,
simple control scheme and small number of passive components. Even though a boost converter is recognized as a typical PFC
converter, its output voltage must be higher than its input voltage.

AC SUPPLY

BL SEPIC CONVERTER

12V DC SUPPLY
lac,Vac DRIVER CIRCUIT OUTPUT VOLTAGE
' (TP 350) FEEDBACK

5V DCSUPPLY
’ DSPIC 30F2010
MICROCONTROLLER [

Fig 3: Proposed Block Diagram

This feature is disadvantageous because the device requires an additional buck-stage for LED lighting systems. As an alternative to
the boost converter, a single-ended primary-inductor converter (SEPIC) allows output voltage to be lower or higher than the input
voltage. Thus, the SEPIC converter is gaining popularity as a LED driver because it does not require additional power conversion
stage. However, designing a controller to meet stability requirements and international standards is quite challenging for SEPIC
converters. Additionally, if the digital controller is adopted for its built-in communication features, creating a digitally controlled
SEPIC converter would be even more challenging. This thesis focuses on the state-space averaging modeling of the SEPIC PFC
converter and the design of controllers based on both analog and digital controls with precise modeling. The proposed SEPIC
converter incorporates RC damping circuits to avoid the instability, and thus the entire SEPIC converter becomes a 5th order
system. After verification of the circuit model, the controller was designed with analog transfer functions and converted to and the
discrete domain for digital controller implementation. Bridgeless SEPIC PFC converter prototype was built accordingly to verify the
design. The ZVS & ZCS topology reduces the switching loses with the help of resonant networks. In addition to the current loop
controller design for stability, a Fuzzy logic compensator for is introduced and derived for better waveform quality. Simulation
results and experiment results are also presented to verify the complete controller with feed-forward compensation. The Microchip
digital signal peripheral Interface controller DSPIC30F2010 controller was adopted for digital controller implementation.

C. Circuit Diagram

D,
= o
-o"_i_:::_ C'_.: ‘]:C, +
:; ‘P
D | n i 30 cvin
™y ‘ po i
ok %o, 0y o)

Fig 4: Proposed Circuit Diagram
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The input AC voltage is given to the bridgeless SEPIC harmonics. This DC voltage is fed to the Single-phase inverter To reduce the
switching losses resonant converters are proposed. The figure shows the proposed system circuit diagram. The features of resonant
converters are zero current switching (ZCS), zero voltage switching (ZVS), and efficiency is high, size will be small and there are
no EMI problems. Resonant converters are successfully applied to AC power supplies for improving the power factor and heating,
DC power supplies for domestic and industrial applications. There are two types of basic resonant converters series and parallel RC.
The series RC has better part load efficiency and lack of DC blocking voltage of the transformer due to the series connected
capacitor in RC. But, its load regulation is poor and output voltage regulation is not possible in the no-load condition. But, the PRC
offers good no-load regulation and load efficiency is poor and lack of DC blocking of the transformer the AC L-C-L resonant
network formed with the components L1, C1 and L2, along with the planar transformer connected at output stage and it provide
isolation. The values of inductances and capacitance are chosen for the AC L-C-L resonant network are resonance at the output
frequency of MLI. Vx = V1 + V2 from above equation voltage acrossL1 will be V2 and the voltage across L2 will beV1.

The output current of AC L-C-L resonant network, 12, can be controlled by controlling the multilevel-inverter output voltage
V1.For, electroplating process require the power supply low voltage DC and high current DC, but multilevel inverter output voltage
is very high. So by using L-C-L resonant converter the output voltage can be reduces. Furthermore, the multilevel inverter output
voltage V1 is more compare to L-C-L network output voltage V2. But the, merit of L-C-L resonant converter is to maintain the
constant current source, that means current through L1 is equal to the current through L2i.e I1 = I2. Further, the output of AC L-C-L
resonant converter connected to primary winding of planar transformers. In order to increase the current levels, the planar
transformer connected in the shown in fig above. That means there are eight transformers connected in primary side series and
secondary side parallel with center tapped for isolation purpose. Primary windings are connecting in series the high voltage can be
distributed each of primary winding with an equal voltage distribution assured by connecting the secondary side windings in
parallel. Similarly, the parallel connection the high current to be distributed each of secondary winding with an equal current
assured by connecting the primary in series.

D. SEPIC Converter Design
It consist of two inductor and two capacitors. This inverter is a energy storage element and also a filtering element. ZSI is more
helpful to reduce the voltage and current ripples so that torque ripples can be reduced. Additional advantage provided by Z Source
network requires less capacitance and smaller size compared to traditional voltage source inverter and current source inverter. As
per reference paper [1] ,the peak dc link voltage can be expressed as,
Ven = BV,
1
= 1-2p, ¢
Where V, is Input Dc voltage and B is Boost factor B is determined by shoot through duty ratioD,,.
The Z source network capacitor voltage is determined by

1-D,

1-2D, Vo

Here V, is less thanV, this representing a high Z source capacitor voltage stress.

The z source network inductor current equals the average input current. The z source inductor current increases and the current
decreases. The z source ripple can be expressed as

Vo =V =1 =

. (1_D0)TVC Do(l_Do)TV;)
Al = =

L ~ 1-2D, L
I1I.  SIIMULATION RESULTS
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Fig 5: Input AC source voltage
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The figure 5 shows the input AC voltage is given to the proposed interleaved bridgeless SEPIC converter. The bridge less topology

will reduce the source current harmonics. This will increase the power factor of the system. The results indicate digital waveform of
source voltage.
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Fig 6: Input AC source voltage & current

The figure 6 shows the hardware results of both input voltage and current. Both are in phase. This is lead to unity power factor
operation.

DSO-X 20028, MY53100178:". .
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Fig 7: PWM pulse to the SEPIC converter

The Figure 7 shows the PWM pulses to the BL SEPIC converter, the first pulse is given to the not gate, and it is fed to the second
switch. The pulses are produced using fuzzy logic control technique. The PWM pulses are having 10KHz switching frequency.

DSO-X 20024, MY53100179
1 10.0v/

BW Limit

Fig 8: Output voltage of the SEPIC converter

The figure 8 shows the hardware output voltage of BLSEPIC converter. The fuzzy logic control technique is used to get constant
voltage.
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Fig 9: Output voltage of the Isolation transformer
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Figure 9 shows the output voltage of the isolation transformer, the inverter will produce square wave output voltage, the isolation
transformer will reduce the primary fault current.

DSO-X 20024, MY53100173;

BW Limit i Invert

Fig 10: Output voltage synchronous Rectifier

The figure 4.13 shows the output voltage of the synchronous rectifier. The synchronous rectifier will give constant voltage. The
synchronous rectifier will reduce the ripple contents also.

(AVA HARDWARE IMAGE

Fig 11: Hardware Prototype

V.  CONCLUSION
The proposed project inherits all the drawbacks of the existing system. The bridgeless topology reduces the source current
harmonics. The SEPIC converter maintains constant voltage to the load. The PI PWM topology achieves constant DC output
voltage with respect to load variation. The single-phase inverter will converter the DC to AC voltage, the isolation transformer will
reduce the primary side non isolated current. The synchronous rectifier can vary the output voltage of the DC side. The BLSEPIC
converter is used to achieve the good power factor correction and efficiency of the system.

VI. FUTURE SCOPE
1) The fuzzy logic controller output voltage still having oscillations. The Neuro fuzzy logic algorithm provides efficient results.
2) Instead of normal three level inverter, multi level inverter can reduce the THD in the output voltage.
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