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ABSTRACT: Hybrid power sources combining various combinations of fuel cell, solar and battery are popular in 

automotive systems, in renewable energy conversion systems, and in the fuel cell-based residential systems.This project 

presents a bi-directional converter applied in electric bike. A PWM plus Phase-Shift (PPS) control for non-isolated high 

gain soft-switching bidirectional dc – dc converter (HSBDC). The phase-shift angle is used to control the direction and 

amount of power flow of the bidirectional DC–DC converter while the duty cycle is used to balance the voltage between 

two high voltage side (HVS) capacitors., which transfers the energy stored in battery for driving motor, and can recycle the 

energy resulted from the back electromotive force (BEMF) to charge battery by changing the operation mode. 

 

KEYWORDS-- Regenerative Braking , Bidirectional Dc-Dc converter, Dc Motor, Microcontroller. 

 

I. INTRODUCTION 
 

Here we proposed regenerative breaking for DC motor to reuse the kinetic   energy. Due to the increasing concern for 

environment protection and the uncertainty about oil reserves, nowadays electricity is playing a key role as an alternative 

energy source in the automotive sector. Using an Electric Vehicle (EV) reduces significantly the daily traveling costs 

because the maintenance and operation costs of these vehicles are lower than the conventional ones. Everywhere dc 

motors are used in large applications, the use of drives are very necessary for the smooth running and operating of these 

motors. The DC motor drives are used mainly for good speed regulation, frequent starting, braking and reversing. Before 

enlisting the practical applications of the drives used for DC motors, we will discuss about the different operation of drives 

for different purpose The DC motor controlled by the DC voltage source and depending upon the amount of voltage the 

regenerative voltage is stored in the battery. The Bidirectional DC - DC converter have two switches, one inductor and 

one relay will present on the circuit. And bidirectional Dc-Dc converter allows both motoring and regenerative breaking 

operation.  

 

The bidirectional Dc-Dc Converter regulates the speed of the DC motor and charging of the battery will be controlled by 

PWM plus Phase-Shift (PPS) control. The switches and relay are control the Bidirectional flow and buck boost operation 

of the converter. In the motoring operation converter will boost the voltage from the source. And the regenerative 

operation the converter will be buck the voltage and store to the battery .And mode selection switches is used to select 

either motoring or regenerative mode. Regulated power supply provides required voltages to the microcontroller. Dc 

signal condition system is connected on both the side of motor. It is used to manipulate analog signal for the process of 

next stage where it converts analog signal into digital signal. And send the value to the microcontroller it will display the 

value. Next the gate driver will accept low power from the controller and produce high current the capacitors transfers the 

energy stored in battery for driving motor, and can recycle the energy. 
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LITERATURE SURVEY 
 

From traditional application in dc motor drives, new applications of BDC include energy storage in renewable energy 

systems, fuel cell energy systems, hybrid electric vehicles (HEV) and uninterruptible power supplies (UPS). It not only 

reduces the cost and improves efficiency, but also improves the performance of the system. Several bidirectional DC-DC 

converters suited for various applications have been     reviewed, as the major focus of this   paper. [1] 

               

This paper develops a bi-directional converter for electrical vehicle battery testing that has fast dynamic response for 

meeting various battery test requirements. The proposed converter consists of two bi-directional stages, including a front 

end and second stage. The front end is a three-phase AC-DC converter under charging mode operation. [2] 

An accurate power loss model for a high-efficiency dual active bridge converter, which provides a bidirectional electrical 

interface between a 12-V battery and a high-voltage (HV) dc bus in a fuel cell car, is derived. This paper describes the main 

reasons why the conventional method fails and documents the different steps required to predict the power losses more 

accurately. [3] 

                 

The proposed converter circuit provides low voltage stresses across the switches, higher step-up and step-down voltage 

gains and efficiency is also high when compared to conventional boost/buck converter. The proposed control circuit 

controls the charging and discharging of the battery. The operating principle and steady state analysis for the step-up and 

step-down modes are discussed only in continuous conduction mode. [4] 

 

A novel, low-loss, constant-frequency, zero-voltage switching  (ZVS) modulation strategy for bidirectional, cascaded, 

buck–boost dc–dc converters, used in hybrid electrical vehicles or fuel cell vehicles (FCVs), is presented and its benefits 

over state of-the-art converters and soft-switching solutions are discussed in a comparative evaluation. To obtain ZVS 

with the proposed modulation strategy, the buck and boost inductance is selected and the switches are gated in a way that 

the inductor current has a negative offset current at the beginning and the end of each pulse period. [5]  

           

A pulse width modulation-voltage source inverter (PWM-VSI) is used for variable speed permanent magnet synchronous 

motor (PMSM) drives. The PWM-VSI fed PMSM has two major disadvantages. Firstly, the PWM-VSI DC-link voltage 

limits the magnitude of the PMSM terminal voltage. As a result, the motor speed is restricted. Secondly, in a low speed 

range, the PWM-VSI modulation index declines. This is caused by a high DC-link voltage and a low terminal voltage ratio. 

As a result, the distortion of the voltage command and the stator current are increased. [6] 

                  

 An ever-increasing demand to increase the switching frequency, power density, efficiency and dynamic performance of 

switch-mode power converter, the development of soft-switching technology has taken an accelerated pace. This paper 

provides a review on the development of soft-switching power converters for electric vehicle (EV) propulsion and recent 

research trends will also be discussed, with emphasis on soft-switching converters for dc motor drives, soft-switching 

inverters for ac motor drives and soft-switching converters for switched reluctance motor (SRM) drives. [7] 

               

  In this paper, a linear model for describing the Li-ion battery charging response is developed. Then a Phase-Locked 

Battery Charger (PLBC) mathematical model is built, and its s-domain transfer function is also derived. The stable, safe 

and fast charging conditions of the PLBC are discussed and many criteria are proposed. After that, a complete design 

procedure is presented for designing a fast and safe PLBC. [8] 

                

The valve-regulated lead-acid battery has been the workhorse of standby applications for several decades. Float charging is 

normally implemented in these systems. However, float charging tends to overcharge the battery, causing water loss and 

grid corrosion which shorten the service life of the battery. This limitation may be avoided by using cell voltage 

equalization and temperature-compensated interrupted charge control (TCICC). Cell voltage equalization reduces the 

voltage distribution range over many cells, which, in turn, means that there are fewer cells with either overvoltage or under 

voltage, both of which shorten the life of the battery. [9] 
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               State-of-charge (SOC) determination is an increasingly important issue in battery technology. In addition to the 

immediate display of the remaining battery capacity to the user, precise knowledge of SOC exerts additional control over 

the charging/discharging process, which can be employed to increase battery life. This reduces the risk of over-voltage and 

gassing, which degrade the chemical composition of the electrolyte and plates. The proposed model in this paper 

determines the SOC by incorporating the changes occurring due to terminal voltage, current load, and internal resistance, 

which mitigate the disadvantages of using impedance only. [10] 

 

II. PROPOSED SYSTEM 
 

A. BLOCK DIAGRAM 

 
 

FIG. 1. BLOCK DIAGRAM OF DEVELOPMENT OF REGENERATIVE BREAKING CONCEPT FOR 

ELECTRICAL VEHICLES ENHANCED WITH HALF BRIDGE CONVERTER 

                 

Dc motor will run by the fuel energy and when the relay is in normally closed condition voltage passes by and reaches 

converter .Bidirectional Dc-Dc converter are being increasingly used to achieve power transfer between two dc power 

sources in either direction. DC-DC converters are electronic devices used whenever we want to change DC electrical 

power efficiently from one voltage level to another. They are needed because unlike AC, DC can’t simply be stepped up or 

down using a transformer. As mode selection switch differentiate motoring and regenerative mode. Microcontroller 

displays the reading helps to know voltage lag when buck operation. Whereas the mode selection switches will perfume the 

conversion operation. And finally the Dc motor will runs based on the operation. 

 

B. MICROCONTROLLER 

             The microcontroller is the heart of the power saving unit, which get the data from sensor and driver the control 

circuit. It is an integrated chip that is often part of an embedded system. The microcontroller includes a CPU, RAM, 

ROM, I/O ports and timers like a standard computer but they are designed to execute only a single specific task to control 

a single system they are much smaller and simplified so that they can include all the functions required on a single chip. 

Other than the normal Microcontrollers PIC Family supports more features. It has PWM inside the chip itself which allow 

us to vary the duty cycle of DC motor drive. 
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C. DC MOTOR 

      Here Dc motor is 12volt motor and can run at a speed of 3000rpm. Dc motor consume 2Amps current. Here an 

external power is applied it acts as a DC generator where it slows down and recharge battery. Both motoring and 

regenerative operation will occur. While motoring process the dc motor will run at high speed and in regenerative 

operation motor will slows down. 

 

D. BIDIRECTIONAL DC-DC   CONVERTER 

         The bidirectional dc-dc converters are being increasingly used to achieve power transfer between two dc power 

sources in either direction. There are two mode of operation in this converter one is boost and other is buck. It has an 

capacity of 200micro Henry. The input current in buck is discontinuous and whereas output current is continuous  

 

E. BATTERY 

    Here the main use of battery is to accumulate charge and to provide when voltage falls below the rated value.6volt 

battery of 4.5amp is used. Dc battery is connected to the relay based on the relay operation the battery either charges or 

discharges. In boost operation the battery will start charge from its nominal value. And in buck operation the battery will 

discharges its energy. 

 

F. TRANSFORMER  

. All the electronic components starting from diode to Intel IC’s only work with a DC supply ranging from _+5v to _+12. 

We are utilizing for the same, the cheapest and commonly available energy source of 230v-50Hz and stepping down, 

rectifying, filtering and regulating the voltage.  

 

III. SOFTWARE REQUIRMENT 
 

   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. MATLAB features a family of add-on application-specific solutions called toolboxes. It help us to manipulate the 

value with simple process. It provides   2-D and 3-D graphics functions for visualizing data. Areas in which toolboxes are 

available include signal processing, control systems, neural networks.  MATLAB engines incorporate the LAPACK and 

BLAS libraries, embedding the state of the art in software for matrix computation. 

MATLAB is a high-level language and interactive environment that enables to perform computationally intensive tasks 

faster than with traditional programming languages such as C, C++, and FORTRAN. 

 

IV. FLOW CHART 
 

The overall operation of the project is depicted in this Flowchart. At first supply is on and it checks the battery voltage and 

also input dc voltage. If both Dc voltage and if its available then motoring operation will start. In this condition the input 

voltage will charge the battery and then to converter and finally to motor. And if it is regenerative breaking then 

regenerative mode will start. And the voltage will flow from motor to the battery where the energy is stored in the battery. 

The value of pulse width modulation increase based on the reference voltage PWM increases if reference voltage is greater 

than output voltage and decreases if reference voltage is lesser than output voltage 
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V. CONCLUSION 

 

The major objective of this paper is to design and to implement a bi-directional converter applied for electric bike. Three 

power switches are just required in the proposed converter, which integrates motor driver and battery charger, not only 

recycle energy to battery to improve system performance, but also reduce component count to reduce theoverall cost. And 

then, a driving, charging and electric capacity estimation strategies are all embedded in proposed the system to promote 

system reliability. 

A prototype model of the system is developed in laboratory and detailed experimental studies are carried out. It is 

observed that the experimental results are consistent with the simulation results. 
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