
International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249-8958 (Online), Volume-9 Issue-2, December, 2019 

3227 

Retrieval Number: B3656129219/2019©BEIESP 
DOI: 10.35940/ijeat.B3656.129219 
Journal Website: www.ijeat.org 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Abstract-The design and analysis of higher efficiency non 
isolated DC-DC converter for Electric Vehicles is presented. A 
Battery Charging System (BCS) plays a key role in achieving fast 
charging and higher efficiency. The BCS integrates acascaded 
DC-DC converter and a bidirectional PWM converter. In order 
to achieve more reliability and stiff voltage, aCascaded buck-
boost converter which is partitioned with the help of a capacitor 
is integratedand to achieve higher efficiency with less number of 
switches, a bidirectional PWM converter used There are various 
PWM techniques, among them hysteresis and sinusoidal pwm 
technique are used. The output voltage obtained after both the 
operations (boost and buck) is given to the battery or load. 
Simulation is done in MATLAB and the results are analyzed 
with PI controller and without PI controller in this paper. 

Keywords—Electric Vehicle,BCS,DC-DC converter, 
cascaded Buck-Boost converter, Bi-directional PWM converter, 
PI controller, MATLAB/ SIMULINK. 

I. INTRODUCTION 

Global climatic conditions and Fossil Fuel depletion are 
advancing in the environment. Based on the concerns 
regarding climatic conditions and environmental pollution 
issues arises from fossil fuel energy sources, many 
researches had developed another dimension of vehicles to 
reduce pollution.Apart from these, we can see that in recent 
years a large number of advanced techniques came into 
existence, so in order to minimize these issues. Concerning 
these issues and advanced techniques from industries, and 
by using applications of green energy, renewable energy 
sources an Electric Vehicle (EV) is designed[1-3].Countless 
studies have undergone to improve the efficiency and 
Power density of an Electric Vehicle and succeeded in it.  
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                                    Fig 1.1 

The core component in EV is Battery, which determines the 
Vehicle capability, so to improve the battery performance, 
much more research had done[4].Now-a-days, as a 
worldwide there is a huge demand of electric vehicles for 
their advantages and capabilities in the market. The origin 
of electric vehicle type is started from simple plug-in 
electric vehicle charging methods, which are good for safety 
where the problems are exposed plugs and damaged cables. 
There are four kinds of power conditioning units(PCUs) 
coupled to the battery, high-voltage dc–dc converters 
(HDCs), propulsion inverters, on-board chargers(OBCs) for 
high-voltage batteries (the propulsion battery), and low-
voltage dc–dc converters (LDCs) for auxiliary batteries in 
between the range 12–24 V. The normal way of 
approaching the EV PCUS is to use the housing and the 
cooling system[5]. By combining the reactor with a lower 
case and incorporating connectors, the number of 
components was decreased and the power efficiency of the 
Toyota Prius III was increased. 
In this paper a battery charging system is analyzed which 
integrates a Non-Isolated On-Board Charger. A Non-
Isolated DC/DC Converter is designed to improve the 
efficiency of an Electric Vehicle. A Cascaded buck-boost 
converter is partitioned with a capacitor i.e., before the 
capacitor in the converter boost operation and after the 
capacitor in the converter is buck operation is done and a 
bidirectional PWM converter is used for rectification and an 
inverter operation is performed during reverse feedback[6]. 
The output voltage obtained after both the operations (boost 
and buck) is given to the battery or load. This operation is 
done with PI controller and without PI controller in this 
paper. By using PI controller, a sinusoidal current 
waveform is generated by creating two bands to the 
reference current waveform with the help of hysteresis 
PWM technique, which results in higher efficiency[7]. 
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II. PROPOSED CONVERTER 

Topology 1: (Without PI controller) 
In this circuit cascading concept is used. In base paper a 3-
stage cascaded buck boost converter with 9 switches is 
used.  
But giving pulses to those switches becomes complex. So 
instead of using rectifier alone, a bidirectional pwm 
converter is used and a cascaded buck-boost converter with 
the help of a partitioned capacitor is used. 
 The bidirectional converter acts as a rectifier and the output 
of the rectifier is given to the cascaded converter i.e., for the 
boost converter initially and the voltage gets boosted till 
this stage, later the capacitor acts as a partition or a 
separator between two legs of switches and the boosted 
voltage will be across capacitor, that capacitor acts as a 
source to  buck Converter  the desired Output voltage is 
supplied to  battery with fundamental frequency.  

Topology 2: (With PI controller) 

In this circuit a universal bridge and a cascaded buck-boost 
converter is used. A three-phase source is given to three-
phase voltage and current measurement and is connected to 
RL branch. The obtained voltage is given to universal 
bridge. Pulses to the MOSFET is given through gate signal. 
Controlling of pulses is required for this circuit so a source 
rectifier subsystem is designed. It is necessary to transform 
from three-phase to two-phase axes, a transformation block 
is used and the two phase voltages are given to a PI 
controller. As we required higher efficiency, reactive power 
should be zero and there are two modes in this circuit, 
forward mode and reverse mode. In two modes for 
individual pulses controlling source rectifier subsystem is 
created. During rectification, gain to the current control is 
gives as unity, whereas in inverter mode gain is taken as -1. 
After controlling of pulses the two-phase parameters are 
converted into three-phase parameters and is given to gate 
signal. 
In this circuit, a bidirectional converter and a cascaded 
buck-boost converter is used. The bidirectional converter 
acts as a rectifier and the output voltage is given to the 
boost converter and the voltage is boosted till this stage, 
later the capacitor acts as a partition between two legs of 
switches and the boosted voltage will be across the 
capacitor, the capacitor acts as a source to the buck 
converter and the desired output voltage is supplied for 
battery to charge.  

 
Fig: 2.1 Without PI control 

 
 

Fig:2.2  With PI controller 

III.SIMULATION RESULTS: 

 
S.No Specification Rating 

1 Input Voltage 100 Volts 
2 Voltage across C1 216 Volts 
3 Voltage across C2 700 Volts 
4 Voltage across C3 100 Volts 
5 Nominal Voltage of 

the induction machine 
300Volts 

 
Without PI controller: 

 
Supply voltage for DC/DC converter: 
 

 
Fig 3.1- voltage across capacitor1 

 
Source voltage=216V then Voltage across 
capacitor1Vc1=(0.9*Vin)=(0.9*240)=216V 
 
Voltage across C2(Boost Operation): 

 
Fig 3.2- Voltage across the capacitor2 

Duty ratio is taken as 70% depending on the input and 
output voltage Vc2=(Vc1/(1-D))=210/0.3=700V 
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Voltage across Load(Buck Operation): 

 
Fig 3.3-The above result shows the voltage across load 

after buck operation 
 

Vload=(Vc2*D)=(700*0.7)=490V 
 
With PI controller results: 
Charging mode: 

 

 
Fig:3.4 voltage across battery 

 
Up to step signal comes to 15, the bidirectional converter 
acts as a rectifier and the battery gets charged on the 
otherside i.e., after 15, the bidirectional converter acts as an 
inverter and the battery acts as a supply for the another load. 
Here load is considered as resistor. 

 

 

Fig: 3.5- current reference waveform 
A current waveform is generated by using a PI controller 
and voltage from utility is taken along with the required 
voltage. These voltages are compared and multiplied. 

 

 
Fig:3.6-Voltage across the capacitor C2 

In charging mode, the voltage across C2 is 700 volts and 
that voltage acts like a dc source to the buck converter 
which is at the load side. 

Is&Iref 

 

Fig:3.7- Complete operation of charging and 
discharging modes. 

 
First half of the graph indicates charging i.e., till 15 and 
from 15 it goes into discharging mode. Analysis of both 
voltage and current is shown in the above graph. 
 

 

Fig: 3.8-Voltage from the utility 
 

Voltage of 400 volts given to the bidirectional converter 
from the utility. 

 

 
Fig:3.9- voltage during discharging mode 

 
Till the step signal reaches to 15, it will be charging mode. 
From 15 it goes into discharging mode and the power is fed 
back to the load here resistor acts as a load. This indicates 
the availability of voltage in discharging mode also. Hence 
bidirectional converter acts as an inverter in discharging 
mode of operation.   
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IV. CONCLUSION: 

A  Bi-directional converter is designed for on-
board  charging of 480V battery and power supply to  drive 
system for an EV. Higher efficiency is achieved in charging 
mode owing to PWM control of bi-directional converter 
also a 2 stage cascaded dc/dc converter is implemented to 
further enhance the efficiency. the proposed system  is 
tested under charging and discharging modes. and 
simulation results are presented up to validate the efficiency 
and bidirectional power conversion of the system. 
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