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A two stage battery charger for EV charging applications

V. Kalyanasundaram, S. George Fernandez, K. Vijayakumar, S. Vidyasagar
Department of Electrical and Electronics Engineering, SRMIST, India

Avrticle Info ABSTRACT

Article history: Electric power generation and consumption are indicating an unprecedented
. change in recent decades. Electrical power industry and transportation sector

Received Dec 25, 2019 lie at the core of this development and hence this change. This change is one

Revised Feb 27, 2020 of the major causes of polluting environmental and global warming.

Accepted Mar 12, 2020 So, to decrease the dependency on conventional fuels and greenhouse gas

emissions, countries around the globe are actively finding alternative energy

resources. It will help to develop clean and green energies to build a
Keywords: sustainable society. Simultaneously, energy utilization in the field of
. —— transportation is witnessing a change from fossil fuel to electricity-based
EV Ch_arglng app!lcatlons fuel. Electrified transportation system is a solution to endorse sustainable
Electrical power industry energy development and addressing environmental pollution, global warming
Transportation sector issues. In this paper, an EV battery charger is designed with a two-stage
MATLAB charging model to achieve good efficiency. The design is simulated by using

MATLAB simulation and compared with the existing model. The simulation

results show that the proposed model is superior to the traditional model.

Copyright © 2020 Institute of Advanced Engineering and Science.
All rights reserved.

Corresponding Author:

S. George Fernandez,

Department of Electrical and Electronics Engineering,
SRMIST, Chennai, India.

Email: George.electrix@gmail.com

1. INTRODUCTION

EV that we see today has stages of improvement and development, after being thoroughly identified
useful, it gained such popularity. The maintained changes in EV technologies are important to compete with
the dominant IC engines, so as to gain wider deployment. Researchers have been finding improving
technologies, especially for the power train, battery and charging infrastructure. Compatible with all
the electrical modes, Hybrid Electric Vehicles and can drive up to 40 miles. In converters as half bridge,
the electrical stress of semiconductors is modified in full bridge converter, which is further modified until
significant reduction is achieved. In full-bridge converters, soft switching is always required and can be
implemented. EV battery chargers with unidirectional or bidirectional power flow can be classified as
on-board and off-board. Unidirectional charging is a logical first step because it limits hardware
requirements, simplifies interconnection issues and reduces the degradation of batteries. The Chevrolet Volt
operates mainly as a series of hybrids. The Toyota Prius Plug-in Hybrid is a series parallel hybrid.
On the basis of same three basic power train architectures of conventional types of hybrid vehicles; a series
of HEVs are powered by electric motors only, whereas a parallel HEVs are powered by both its engine and
simultaneously operating electric motors, and a series-parallel hybrid operates in either mode. While a simple
plain hybrid vehicle only charges its battery from its engine, a plugged-in hybrid can get a significant amount
of energy from external sources to recharge its battery. The battery charger can be on-board or external to
the vehicle. The best way to explain the on board charger of the battery is using a rectifier to convert AC
power into DC power to charge the battery. The DC power is only required by the battery to charge.
There will be limitations in designing the onboard chargers such as the size, weight, cost. The charger of
the battery is usually external to the battery. To create a very powerful on board charger, proposed converter
is designed in a very accurate and easy way. It also helps easily handling the power capabilities. There is also
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schemes that will reduce the bulkiness and size of the battery. The propulsion system by using AC supply
uses this charging method. It also called Reductive Charging method.

2. LITERATURE SURVEY

To provide high quality of service to each and every the customers, it is important that the numbers
of chargers installed are large. Also for this purpose, it is mandatory to model and design the car in a very
significant. MAP also known as Markov Arrival Process unlike the probability distribution method has been
used in this proposed scheme. To have the stochastic design of the Electric Vehicle Fast charging
infrastructure, a new method that estimates quantitatively has been used up. The methods of data
interpretation like using histograms, bar graphs pie chart etc has been used up to collect data. The input data
for such interpretations is basically the quantitative empirical data for the proposed modeling scheme.
For eg the number of cars that come for charging, the number of slots allotted, the number of slots
unoccupied, the time that a vehicle takes to get full charge, etcin earlier studies and researches, the method
that was used was inappropriate because they used to utilize the continuous time data rather than discrete
data. Now with this new study, the discrete steps can be analyzed carefully and thus make the converter work
nicely. In this paper we have proposed an accurate study based on the observed data involving Markov
Arrival Process method in discrete steps. Also, we have taken three moments that are used in probability
distribution curve and then studied their correlation with regression along with the observations that are in
discrete form and discrete time intervals [1-4]. Studying discrete time method is better than continuous time
method has already been proven above work. To develop the plan for expanding the network of station so
that PHEV can be easily accepted in the local market thus increasing its market share, the U.S. Department of
energy's vehicle technologies office, the national renewable energy laboratory (NREL) and the City of
Columbus, ohio, have played a very vital role.

A model called NREL’s Electric Vehicle Infrastructure Projection also called EVI-Pro was
developed so that the consumers may get attracted to the benefits of electric vehicle and get concerned with
the environmental problems and consequently adopt PHEVS. It is revealed through some researches 350
plugs of second level and four hundred plugs of the same level at locations involving nonresidential areas and
multi-unit dwellings. It was called Columbus' primary goal of PEVs. This analysis finds that while consumer
demand for fast charging is expected to remain low (due to modest anticipated adoption of short-range
battery electric vehicles), a minimum level of fast charging coverage across the city is required to ease
consumer range anxiety concerns by providing a safety net for unexpected charging events. Sensitivity
analyses around some key assumptions have also been performed; of these, consumer preference for PHEV
versus BEV and for their electric driving range, ambient conditions, and availability of residential charging at
multi-unit dwellings were identified [5-8]. The most difficult decision that comes in making involves
the various communities, individuals, companies, markets, etc. The cost of plug in hybrid electrical vehicle
supply equipment and its complexity poses more problems in installing the infrastructure. By having a
well-planned low price installation of charging station infrastructure, the customers will like the plug in
electric vehicle and will get attracted in purchasing them. The market value will increase and the penetration
will be deeper of electric vehicle which will benefit the engineers as well as the investors. The miles driven
will be increased electrically which will form a huge base in the market place. The shares of the vehicles in
the market and among investors will increase. This will increase the customer base and expand in the market
rapidly. Today conventionally the studies focus on increasing the growth of electric vehicles. The rate in
which petroleum resources are depleting is alarming. The role of charging infrastructure will help in
providing the acceleration for EVs growth. The main objective is the development of charging infrastructure.

Finally the current markets are assessed and the correlation between the public focus and
the adoption of Electric Supply equipment is studied. Conclusion of the report ends with a discussion on
the methods, operation, planning, impact, economy of the growth of the Plug-in Hybrid Electric Vehicle
charging supply equipment and infrastructure [8-12]. The customers should be encouraged to use the fast
charging stations not at the high peak hours of the day when large traffic is present. This will also enhance
less investment in the waiting spots. The structural profile of loads can be changed of Plug in Hybrid Electric
Vehicle. By managing the coordination between the charging spots and waiting spots for the customers,
the charging stations can be utilized in a maximum way possible. This will reduce the cost of investment in
the project. The new technology called SOMC spot also called single output multiple cables is focused in this
paper. The second stage of the proposed model involves a simulation procedure that has certain probability
figures, in which coordinated charging is simulated, so that the programming of given charging is considered.
The verification of the effectiveness of the given proposed model is studied by researching the residential
parking lot. This case study has great potential in reducing the annual investment on the fast charging station
based on SOMC spot technology. It will be managed by having a coordination by providing the proper
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charging services [13-17]. With the main focus on maximizing the investment on the infrastructure for
charging station this proposed paper displays an optimized based approach which is driven by data. The taxi
driver can be spotted and allocated a nearby charging station even when they are stuck in traffic or are
travelling in some remote places. For managing the charging traffic and congestions, the given design based
on M/M/x/s queuing theory is adopted so that the probability can be estimated so that the charges of the taxi
can be found out at their places in dwell. One of the solver called Garobi Solver can be used to calculate

Linear Program of Integers by using regression and logarithmic transformations. These kind of

transformations and mathematical relations are used conventionally to allocate the charger. The GPS [18-22]

technology that is used in today’s world is applied and the data is collected. The following results are

the basic findings that are included:

a) The spots of the charging infrastructure is determined by the dwelling structure of the fleet of the taxis.

b)  The number of chargers required in the charging stations is reduced and their utilization increases when
the places are made for the customer comfort for example the waiting stands for them.

c) The parking spots and the chargers in the fast charging infrastructure are quantified by comparing
the installation of as much as chargers possible and the waiting spots for the customers [6]. The given
report raises a very important question regarding the need of the Hybrid Electric Vehicle in today’s
world. The EVSE or the Electric Vehicle Supply equipment which is also called the charging equipment
for the Plug in Hybrid Electric Vehicles is an important part of the design and needs a special focus
while designing it. The current initiatives are enhanced by analyzing this proposed converter
comprehensively which forms a basis for charging infrastructure of PHEV.

Consequently some non-residents networks which are basically the workplaces or public places in
the United States of America were analyzed. They gave an estimation required quantitatively. The result was
that they finally support the adoption of charging equipment of Electric. The analysis provides guidance to
public and private stakeholders who are seeking to provide nationwide charging coverage, improve the EVSE
business case by maximizing station utilization, and promote effective use of private/public infrastructure
investments. The analysis is organized around the non-residential EVSE network required to meet consumer
coverage expectations and to satisfy consumer demand in high-PEV-adoption scenarios. The charging
infrastructure needs to be built basically where the people generally travel, at remote places. It can be any
type of geographical areas. The main cosmopolitan cities are fundamentally the cities like New York,
Beijing, Singapore, and Delhi, Norway etc where they have already adopted various techniques as an attempt
to lure citizens in buying the electric vehicle supply [23-25]. Further, a charging method is proposed
according to which the person handling the vehicle is instructed to make the energy demand in limit.
The execution of the proposed converter system allows the electric vehicle charging stations to handle as
much customers without wasting their time standing in the queue The maximum accuracy of the given
converter model is analyzed via simulation in MATLAB. Finally, the existing service providers for charging
the electric vehicles will be able to use this technology. The future investors that want an efficient design to
invest will also be able to understand the need of such design [8, 9]. Because of the advantages EVs gain
more advantage and it the infrastructure need is must [10-12].

3. EXISTING SYSTEM

Generally, the most popular topology used in pre-regulators of power factor correction circuit is a
boost converter. It is basically due to the boost converters that can have continuous input current that to track
down the changes in line voltage using average control techniques in the current mode. The boost converters
are manipulated to force the input current. Conventional one stage boost converter is shown in Figure 1.
The inductor ripple current (AIL1) is directly seen at the converter’s input and will require EMI filter to meet
certain requirements. The current (11) at the output of the diode is discontinuous and the capacitor present at
the output (Cout) must filter out. The ripple current in the capacitor present at the output (Icout) is very high
in this topology and is the difference between 11 and the current (lout) of the dc output. A conventional single
stage boost converter is shown in Figure 1.
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Figure 1. Conventional one stage boost converter

4. PROPOSED SYSTEM

The proposed converter circuit diagram is given in Figure 2. For the front-end converter and an
isolated full-bridge DC-DC converter used at the back end, an interleaved boost PFC circuit is used in
the proposed system. The two parallel CCM boost converters operate out of phase 180 degree.
Using the rectifier circuit, the source input ac is converted to dc. The dc input is given to the boost converter
that is interleaved. Inherently, the interleaved boost converter uses parallel semiconductors to reduce loss of
conductivity. It had two conventional boost PFC converters, each operating at half the load power rating,
to design the interleaved PFC converter. The full bridge inverter is used in the circuit with the zero voltage
switching. All the semiconductor switches are molded with a capacitor in parallel. The switches of
the inverters are working on the diagonal with 50% duty cycle. A transformer is used to isolate the converter
and the load. Through the inverter part, the dc source is converted into ac and it is transferred through
the transformer. Another bridge rectifier is used to converter the ac source into the dc source. The output
rectifier requires a clamp network consisting of DC, RC and CC to clamp the voltage ring due to
the capacitance of the diode junction with the transformer's leakage inductance.
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Figure 2. The proposed converter circuit diagram

The Power Factor Correction consists of Constant Current Mode boost converters that are
interleaved with each other in parallel, and operate out of phase from each other by 180 degrees. At the input
side the inductor currents in L1 and L2 are the sum of total current. The inductor ripple currents cancel each
other and thus reduce the ripples in input current as they are 180 degree out of phase. At around 50% duty
cycle, cancellation of inductor current ripples at maximum rate. The sum of the two diode currents in boost
converters is the total output capacitor current. The interleaving of converters reduces the ripple current in
output capacitor as the function of the duty cycle.
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As the duty cycle increases from 0 to 50% and so on to 100%, the sum of the two diode currents
reaches a constant value as DC. At last only output inductive filter is used to remove the ripples.
The front-end ac-dc rectifier is shown in Figure 3 and the circuit to get the desired output DC voltage is given
in Figure 4. The charger design and calculations details are provided in this section. Initially, 1 ampere of
output current ripple is assumed. The duty cycle loss and dead time loss of MOSFETSs was assumed to have a
duty ratio equal to 0.75 at starting. Finally, the ratio of primary to secondary turns of the transformer turns
is given as :

_ DeffXVin

n
t Vo

which is equal to 0.1125.Where input voltage Vin = 230V (rms) and output voltage Vout = 46V DC.

A planar customary ferrite transformer was designed using the transformer turns ratio primary to
secondary as 1000:150. The inductor value of was selected using

V‘
_ (%VO)XDEI‘)‘

o Algx2f

which is equal to 0.500uH. The value of the inductor Lrconnected in series with the primary of transformer is
given by,

_ neXVin(1-Defy)
R 4AIgxf;
which is equal to 80uH. With a snubber capacitor for passive to active leg, C = C1 = C2 = 200u. | critical is
given by lc=(V in )[2(C PA)/LT]1/2 ~ =233 A.
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5. RESULTS AND DISCUSSIONS
Supply Input Voltage is 230 volts which root mean square value. It is given to the converter circuit.

The Input voltage simulation in MATLAB is given in the following Figure 5. Output current of the converter
is approximately 1.8 amperes. The presented solution to charge the battery has the peak efficiency of around
95%. The design, operation and results of the battery charging are proposed in this paper. Output Voltage is
finally achieved to charge the battery. The voltage is around 46 Volts. The Front end converter and
the Backend AC-DC converter are isolated via a transformer. The secondary output is shown in Figure 6.

The gate pulse of the MOSFET is shown in Figure 7.
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Figure 5. The input supply voltage simulation
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Figure 6. The voltage of secondary winding of transformer
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Figure 7. MOSFETS gate pulse
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6. CONCLUSION

The desired outcome was observed with each section explained in detailed and the analysis is
proved with adequate simulation result. ZVS is executed in the well calculated manner in the full bridge
configuration. PWM switching and the synchronizing was the challenge which was successfully understood
and individually switched on/off for suitable overlapping of the diagonal MOSFETs of the full-bridge.
Since the voltage at the input is fed through sequence of network for various parameters rectification.
Inductor values at the primary side of interleaved is calculated and so the leakage inductance for proper zero
voltage switching. The output power is then used for charging the battery put at the terminal side. Full bridge
is the most acceptable and modifiable configuration converter for industrial application and the investigation
about it shows favorable outcomes.
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