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ABSTRACT

Charging batteries of light electric vehicles require chargers with high efficiency and a high-power factor. To
meet this need, this paper presents a bridgeless single-power-conversion battery charger composed of an isolated step-
up AC-DC converter with a series resonance circuit. The bridgeless configuration reduces the conduction losses
associated with the input diode rectifier, and the series-resonance circuit reduces the reverserecovery losses of the
output diodes by providing zerocurrent switching. In addition, direct and series-resonance current injection enables
bidirectional core excitation by the transformer, thereby allowing high power capability. The control algorithm derived
from feedback linearization is also developed, which allows the proposed charger to correct the power factor and
regulate the output power in a single-stage power conversion. This simple circuit structure leads to high efficiency and a
high-power factor. The theoretical concepts of the proposed charger are verified experimentally using a 1.7 kW
prototype.

Index Terms— existing system, proposed system, modes of operation, Matlab, driver circuit ,microcontroller.

1 INTRODUCTION

Charging batteries of light electric vehicles require chargers with high efficiency and a high-power factor. To
meet this need, this paper presents a bridgeless single-power-conversion battery charger composed of an isolated step-up
AC-DC converter with a series resonance circuit. The bridgeless configuration reduces the conduction losses associated
with the input diode rectifier, and the series-resonance circuit reduces the reverserecovery losses of the output diodes by
providing zerocurrent switching. In addition, direct and series-resonance current injection enables bidirectional core
excitation by the transformer, thereby allowing high power capability. The control algorithm derived from feedback
linearization is also developed, which allows the proposed charger to correct the power factor and regulate the output
power in a single-stage power conversion. This simple circuit structure leads to high efficiency and a high-power factor.
The theoretical concepts of the proposed charger are verified experimentally using a 1.7 kW prototype.

2. AIM OF THE PROJECT

For the conversion of AC- DC conversion usage of electrical vehicles we attain a higher efficiency. That AC-
DC conversion consist of AC- source, rectifier circuit. The rectifier circuit consist of two diodes which is responsible for
AC-DC voltage conversion. There will be an inverter circuit is present. This is responsible for DC-AC conversion. That
inverter circuit will consist of two switches which means MOSFET switches. For that switching device we will give
pulse for that, based on the pulse the DC voltage conversion is achieved. By using the transformers, we will increase the
voltage level, which means step-up transformers is used. On the transformer side again, we connect the rectifier circuits
for the AC-DC voltage conversion. There will be a filter circuit is used. That filter circuit will consist of LC- filter which
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is used for the pulsating output voltage into clear voltage which means DC- voltage. This is the long conversion method
to get the higher DC voltage.

3. EXISTING SYSTEM

In the existing system we use the AC-DC converter for electrical vehicles with normal transformer. A
rectifier is an electrical device that converts alternating current which periodically reverses direction, to direct
current (DC), which flows in only one direction. The process is known as rectification, since it "straightens” the
direction of current. By using the transformer, it proposed charger, which consists of an isolated bridgeless step-up
AC-DC converter with a control algorithm for PFC control and to regulate the power output. The bridgeless
configuration reduces conduction losses and heat-management problems related to the bridge diode. The series-
resonance circuit of the secondary side provides bidirectional core excitation, which enables high power capacity
and zero- current switching (ZCS), thereby reducing the reverse-recovery problem of the output diodes. In addition,
because the input energy is directly distributed to the output energy without an energy buffer, efficiency is improved.
To achieve a high-power factor without additional PFC circuit, we develop a control algorithm derived from
feedback linearization.
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4. PROPOSED SYSTEM

In the proposed system we use the transformer-based AC-DC Converter. The proposed system of the AC-DC
converter is clearly shown and the modes of operation is also clearly explained
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4.1. MODES OF OPERATION

In the AC-DC converter the modes of operation will be classified into two types namely. One is positive half cycle
and negative half cycle. Come to the positive half cycle there will be 6 modes of operation in the AC-DC converter.
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4.1.1. MODE 1(OF POSITIVE HALFCYCLE)

Mode |

Fig. (a) shows the operation modes during Ts for a positive half line period. S1 is controlled with the duty ratio D.
The conduction times of S1 and S2 are DTs and (1 — D) Ts, respectively. When S1 is turned ON, the input current ii
flows through Lb, D1, and S1. When S1 is turned OFF, the input current ii flows through Lb, D1, Cd, S2, and DS 2.

4.1.2. MODE 1(POSITIVE HALFCYCLE
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In the mode-2 positive half cycle Mode 2 [t1, t2]: Att =t1, S1 is turned OFF. The primary current ip charges CS 1
and discharges CS 2. The voltage VS 2 across S2 decreases from Vd to zero, while the voltage VS 1 across S1
increases from zero to VVd. The magnetizing current iLm and boost inductor current iLb are considered constant
because the time interval during this mode is negligible compared to Ts. As long as the switch S2 is turned ON
before the magnetizing current iLm changes its direction, ZVS of S2 can be assured. At the secondary side, the
output filter inductor current iLo freewheels through both output diodes Do 1 and Do 2. The output diode current
iDo 1 decreases while the output diode current iDo 2 increases.

5. MATLAB

MATLAB is a high-performance language for technical computing. It integrates computation, visualization,
and programming in an easy-to-use environment where problems and solutions are expressed in familiar

mathematical notation. Typical uses include
1. Math and computation
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2. Algorithm development

3. Data acquisition

4. Modelling, simulation, and prototyping

5. Data analysis, exploration, and visualization

6. Scientific and engineering graphics

7. Application development, including graphical user interface building.

A common attribute of these systems is their use of power electronics and control systems to achieve their
performance objectives. Sim Power Systems is a modern design tool that allows scientists and engineers to rapidly
and easily build models that simulate power systems. Sim Power Systems uses the Simulink environment, allowing
you to build a model using simple click and drag procedures. Not only can you draw the circuit topology rapidly, but
your analysis of the circuit can include its interactions with mechanical, thermal, control, and other disciplines. This
is possible because all the electrical parts of the simulation interact with the extensive Simulink modeling library.
Since Simulink uses MATLAB as its computational engine, designers can also use MATLAB toolboxes and
Simulink block sets. Sim Power Systems and Sim Mechanics share a special Physical Modeling block and
connection line interface.

You can rapidly put Sim Power Systems to work. The libraries contain models of typical power equipment
such as transformers, lines, machines, and power electronics. These models are proven ones coming from textbooks,
and their validity is based on the experience of the Power Systems Testing and simulation Laboratory of Hydro-
Québec, a large north.

6. DRIVER CIRCUIT

6.1 OPTO-COUPLER

We know from our tutorials about Transformer that they can not only provide a step-down voltage, but they
also provide “electrical isolation” between the higher voltages on the primary side and the lower voltage on the
secondary side.

In other words, transformers isolate the primary input voltage from the secondary output voltage using
electromagnetic coupling by means of a magnetic flux circulating within the iron laminated core. But we can also
provide electrical isolation between an input source and an output load using just light by using a very common and
valuable electronic component called an Optocoupler.

In other words, transformers isolate the primary input voltage from the secondary output voltage using
electromagnetic coupling by means of a magnetic flux circulating within the iron laminated core. But we can also
provide electrical isolation between an input source and an output load using just light by using a very common and
valuable electronic component called an Optocoupler.

Optocoupler are available in four general types, each one having an infra-red LED source but with different photo-
sensitive devices. The four optocoupler are called the Photo-transistor, Photo-Darlington, Photo-SCR and Photo-
Triac.

In other words, transformers isolate the primary input voltage from the secondary output voltage using
electromagnetic coupling by means of a magnetic flux circulating within the iron laminated core. But we can also
provide electrical isolation between an input source and an output load using just light by using a very common and
valuable electronic component called an Optocoupler.

Optocoupler are available in four general types, each one having an infra-red LED source but with different photo-
sensitive devices. The four optocoupler are called the Photo-transistor, Photo-Darlington, Photo-SCR and Photo-
Triac

In this application, the optocoupler is used to detect the operation of the switch or another type of digital
input signal. This is useful if the switch or signal being detected is within an electrically noisy environment. The
output can be used to operate an external circuit, light or as an input to a PC or microprocessor.
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6.2. AN OPTO TRANSISTOR DC SWITCH

As well as detecting DC signals and data, Opto-Triac isolators are also available which allow AC powered
equipment and mains lamps to be controlled. Opto-coupled triacs such as the MOC 3020, have voltage ratings of
about 400 volts making them ideal for direct mains connection and a maximum current of about 100mA. For higher
powered loads, the opto-Triac may be used to provide the gate.
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This document contains device specific information for the dsPIC30F4011/4012 device. The dsPIC30F devices
contain extensive Digital Signal Processor (DSP) functionality within a high

performance 16bit microcontroller (MCU) architecture block diagrams for the dsPIC30F4011 and dsPIC30F4012 de
vice.

7.2. DATA STORED

e The upper 32 Kbytes of data space memory can be mapped into the lower half (user space) of program space at
any 16K program word boundary, defined by the 8-bit Program Space Visibility Page (PSVPAG) register.

e This lets any instruction access program space as if it were data space, with a limitation that the access requires
an additional cycle.

e Moreover, only the lower 16 bits of each instruction word can be accessed using this method.
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The program address space is 4M instruction words. It is addressable by the 23-bit PC, table instruction Effective
Address (EA), or data space EA, when program space is mapped into data space, as defined by Table 3-1. Note that
the program space address is incremented by two between successive program words, in order to provide
compatibility with data space addressing.

User program space access is restricted to the lower 4M instruction word address range (0x000000 to
OX7FFFFE), for all accesses other than TBLRD/TBLWT, which use TBLPAG to determine user or configuration
space access. In Read/Write instructions bit 23 allows access to the Device ID, the User ID and the configuration
bits. Otherwise, the bit 23 is always clear. The upper 32 Kbytes of data space may optionally be mapped into any
16K word program space page. This provides transparent access of stored constant data from X data space, without
the need to use special instructions (i.e., TBLRDL/H, TBLWTL/H instructions).

Program space access through the data space occurs if the MS bit of the data space EA is set and program space
visibility is enabled, by setting the PSV bit in the Core Control register (CORCON). The functions of CORCON are
discussed in Section 2 DSP Engine. Data accesses to this area add an additional cycle to the instruction being
executed, since two program memory fetches are required. Note that the upper half of addressable data space is
always part of the X data space. Therefore, when a DSP operation uses program space mapping to access this
memory region, Y data space should typically contain state (variable) data for DSP operations, whereas X data space
should typically contain coefficient (constant) data. Although each data space address, 0x8000 and higher, maps
directly into a corresponding program memory address.

8. CONCLUSION

This paper proposes a high-efficiency bridgeless battery charger for light EVs and analyze its performance
both theoretically and experimentally. Eliminating the input bridge diode reduces the conduction losses, and the use
of a series resonance circuit provides ZCS and alleviates the reverse recovery problem for output diodes.
Bidirectional core excitation of the transformer leads to a higher power capability than conventional bridgeless
converters. Since the proposed charger applies the electrolytic capacitorless scheme with a sinusoidal-like dc current
on the batter side, the input ac power is directly transferred to the battery side and the efficiency is improved. In
addition, the proposed control algorithm enables the charger to correct the power factor and regulate the output
through single-power-conversion. With these advantages, the proposed charger offers high efficiency and high-
power quality. The maximum efficiency of 96.2% is achieved from the simple circuit structure and the soft-
switching features for the output diodes. Also, the use of the control algorithm gives a power factor of near unity for
a universal grid voltage. Therefore, the proposed charger with its control algorithm is an effective solution for EVs,
which require high charging efficiency, power factor, and a simple structure.
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