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Abstract— This paper proposes a bidirectional buck boost 

converter, which minimizes ripples in the input current and 

output voltage. This leads to reduce size of passive 

components with higher efficiency and more reliable system. 

An improved hybrid electric vehicle includes an internal 

combustion engine and an electric motor. The motor is 

operable as a generator to charge the batteries as needed and 

also for regenerative braking. The motor operates at 

significantly lower currents and higher voltages than 

conventionally and has a rated power at least equal to that of 

the internal combustion engine. In this manner a cost efficient 

vehicle is provided, suffering no performance disadvantage 

compared to conventional vehicles. 
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I. INTRODUCTION 

In recent years more and more countries vehicle industry 

showed interest towards HEV. There is a huge investment in 

internal combustion engine powered vehicles. So the 

transition to an all-electric mobile fleet appears to be 

desirable, but it is restricted due to several key technologies 

and business issues. Hybrid vehicles have several advantages 

over conventional vehicles and there are few models 

available in the market. From power electronics point of 

view, there has to be power chains in which two power 

circuits has to be developed. For hybrid vehicles, the batteries 

and the DC drive link may be at different voltages. Batteries 

are at low voltage levels and DC link may be at high voltage 

levels to have higher efficiency on the motor. Therefore, a 

good interfacing between the batteries and the drive DC link 

is essential. This interface handles power flow in between 

battery to motor, motor to battery, external generator to 

battery and grid to battery. The inverter drives the motor and 

the DC-DC converter between the battery and the high 

voltage bus. The designed   DC-DC converter should be bi-

directional so that the energy can flow from the battery to the 

DC link and from DC link to the battery. There is a 

tremendous effort in past decade to shift from conventional 

gasoline engines to hybrid electric vehicles. Designed 

converters maintains a constant DC link voltage when it is in 

motoring mode of operation and energy flow from DC link to 

battery when it is in generating mode of operation. Two DC 

sources are used in parallel using a coupled transformer to 

utilise the double input PWM DC-DC converter in high/low 

voltage sources. In order to implement the double-input 

PWM DC-DC converter for high/low voltage sources, input 

DC are combined in magnetic form by adding all the 

produced magnetic flux in magnetic core of coupled 

transformer. To combine two current fed full bridge DC/DC 

converters known as the concept of magnetic flux additivity. 

Buck and Boost converter do not have bidirectional power 

flow capability. Reverse current flow is not possible due to 

presence of diodes in their structures. Thus, a unidirectional 

DC-DC converter can be turned into bidirectional by 

replacing diodes with controllable switch. When the energy 

storage is placed on the high voltage side, it is of buck type. 

And similarly boost type DC-DC converter is to have energy 

storage on low voltage side. Switch cell should carry the 

current in both directions to realize the double sided power 

flow in bidirectional DC-DC converters  

II. PROPOSED SYSTEM 

A. Block Diagram Description 

The block diagram of hybrid electric vehicle system is 

divided into two parts and it is shown in fig 1. One is 

combustion engine part and the other is electrical drive part. 

 
Fig 1: Block Diagram of Hybrid Electric Vehicle 

In internal combustion engine part the mechanical 

energy produced by the engine is converted into electrical 

energy with the help of generator set arrangement. This 

generated power is normally greater than the battery capacity, 

so which is converted and regulated to required level of DC 

before storing it in battery arrangement. For this purpose 

rectifier and converter arrangement is used. 

In electrical drive part, the stored energy in the 

battery is stepped up and converted into ac voltage with the 

help of converter and inverter arrangement. This will provide 

the required AC power which is necessary to run the electric 

motor in the vehicle to provide the mechanical movement. 

B. Operation 

During the regular operating period the internal combustion 

engine is operated to produce the mechanical movement. In 

this condition the generator coupled with the gear 

arrangement of engine will produce electrical energy. Usually 

this energy is an AC power. So rectifier circuit is required to 

convert this AC voltage into DC. This generated DC power is 

now altered with the help of DC to DC converter to obtain 

low level of dc magnitude to safely store it in the battery 

arrangement. 

During the electrical motoring operation, the energy 

stored in the battery is stepped up to high value which is 

required to run the electrical motor. Now this DC voltage is 

converted into AC by inverter. Because usually the load 

motor is multiphase AC induction motor. 
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C. Design Calculation 

Passive element (Inductors and capacitors) have a 

consequence impact on converters performance, efficiency 

and their size. Design equations of bidirectional buck boost 

converters are given below: 
Vout

Vin

=
D

1 − D
                                  (1.1) 

C =
IoutD

2fs∆Vout

                                 (1.2) 

L =
VoutDTs

∆Il

                                  (1.3) 

Where, 

L  is the inductance,                                        

C  is the capacitance,                                      

D  is the duty ratio,  

Vout  is the output voltage,  

Vin  is the input voltage,  

fs  is the switching frequency,  

Ts  is the switching period,  

Δ Il  is the inductor current ripple,  

ΔV out  is the output voltage ripple. 

D. Simulation Model and Output Waveform 

 
Fig. 2: Simulink Model of Bidirectional DC-DC Converter 

 
Fig. 3: Output Voltage for 120V Input with Duty Ratio 50% 

 
Fig. 4: Torque for 120V Input with Duty Ratio 50% 

 
Fig. 5: Speed for 120V Input with Duty Ratio 50% 

 
Fig. 6: Torque for 110V Input With Duty Ratio 30% 

 
Fig. 7: Speed for 110V Input with Duty Ratio 30% 
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III. CONCLUSION 

Thus the Hybrid Electric Vehicle (HEV) uses an electric 

energy source (battery, ultra-capacitor) to assist the 

propulsion of the vehicle in addition to the primary energy 

source internal combustion engine (ICE) and to absorb the 

kinetic energy during braking. With the ever increasing gas 

price, the need for zero emission vehicles and much more 

matured electric drive technologies available. HEV becomes 

more attractive and possible for commercialization. This 

work deals with simulation of Bidirectional DC to DC 

converter fed PMDC motor drive. This converter can operate 

with steep conversion ratio, a soft-switching, a continuous 

inductor current, fixed switching frequency and low switch 

stresses. Model has been simulated using MATlab Simulink 

and output taken for various input voltages during boost and 

buck mode of operation was discussed. Results from 

simulation shows that the bidirectional operation of the 

converter which can be applicable for hybrid electric 

vehicles. 
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