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Abstract: To improve driving ability of electric vehicle. Regenerative braking system (RBS) are an effective  method of recovering 
the energy released and at the same time reducing the exhaust and brake emissions of vehicle. This method is based on the 
principle of converting the kinetic energy created by mechanical energy of the motor into electrical energy and the converted 
electrical energy is stored in battery for later use. These system provide economic benefits via fuel saving. This use also contribute 
to a clean environment and renewable energy source. 
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I. INTRODUCTION 
Due to the rapid increase in the World population, the number of vehicle is also rising, serious threats to the environment and human 
health brought about by vehicle related emission include air pollution, global warning, and the rapid depletion of petrol resources. 
These problem force countries to take measures to ensure clean air, energy savings, and novel energy application. In addition, the 
resulting worldwide energy crisis compels nations to turn to alternative energy sources and to retain maximum energy from existing 
resources. Regenerative braking systems are among these important energy saving applications. 
In EVs, this is one of the most important units for saving fuel and energy. Although this unit has the same characteristics as in 
conventional vehicles, it enables the storage of the vehicle’s energy during driving and braking .This braking energy stored in the 
system can be reused. Therefore, these vehicles are in high demand due to the alarming increase in air pollution and petrol prices. 
These vehicles have the advantages of low emission, low noise, and  high energy efficiency. 
Another major disadvantage of purely EVs is the use of batteries as the only energy source, which causes problems because of long 
charging time, low specific power, and the inability to meet the short-term power requirements of the vehicles. Therefore, the 
acceleration, climbing, braking performance, and energy recovery efficiency of the motor are seriously affected and the power 
requirements of the advantage of the EV  is that as the energy storage system, the battery  has high energy density and a very large 
storage capacity. Moreover, advanced battery technology offers a longer service life for batteries. In this way, EVs use the RBS to 
increase energy efficiency by recovering some of the braking energy. The high cost of batteries and the limitations of their use in 
heavy vehicles are also disadvantages of these new-generation vehicles. 
 

II. EFFORTS TOWARDS POLLUTION CONTROL 
Not only does regenerative braking improve fuel efficiency in EVs, but also it can be adapted for the ICEV to help lower vehicle 
emissions. When we switch to petrol vehicles into electrical vehicles it help keep your town and your world clean. In general EVs 
produce fewer emissions that contribute to climate change and smog than conventional vehicles. Most of Emissions are emitted 
through the tailpipe, through evaporation from the fuel system, and during the fuel process. direct emissions include smog- forming 
pollutants (ex-nitrogen oxide), other pollutants harmful to human health, and greenhouse gases, primarily carbon dioxide. All-
electric vehicles produce zero direct emissions, which specifically helps improve air quality in urban areas. 
 

III. THE STRUCTURE WORKING PRINCIPLE OF REGENERATIVE BRAKING SYSTEM 
In recent times, electric vehicles have received much attention as an alternative to traditional vehicles powered by internal 
combustion  engines running on non renewable fossil fuels, The most common form of Regenerative brake involves using an 
electric motor as an electric generator. The most common form of Regenerative brake involves using an electric motor as an electric 
generator. The working of the regenerative braking system depends upon the working principle of an electric motor, which is the 
important component of the system. Electric motor gets activated when some electric current is passed through it. But ,when some 
external force is applied to activate the motor , then it behaves as a generator and generates electricity.  
Regenerative braking is braking method that provides charge to the battery by converting the mechanical energy of the motor and 
kinetic energy into electrical energy. In regenerative braking mode the vehicles slows down on an incline. When force applied to the 
brake pedal. the vehicle slows down and the motor runs in the opposite direction.  
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When the operating in opposite direction ,the engine acts as a generator and converts torque energy into electrical energy. Which 
results in regenerating electric energy for storage in the battery and simultaneously reducing the speed of the vehicle with the 
regenerative resistance of the electric motors. This electricity is then used for recharging the battery. 

 
Fig1.Model of Effective Energy Recovery for E-Vehicle 

 
IV. EQUIPMENT 

A. Brushless Dc Hub motor 350 w 
B. PIC micro controller- 16F   
C. RELAY - SPDT 30A  
D. Relay Driver 16PIN UIN2003.  
E. Regulator IC 7805  
F. LCD display   
G. Capacitor input filter 1000 microfarad   
H. Capacitor for storage 5V - 220 F  
I. Battety Pack 26V 
J. 3phase bridge Rectifier 
K. Resistance 
L. Battery 

 
V. BLOCK DIAGRAM 

 

 
Fig.2 Block Diagram for Effective Energy Recovery For E-Vehicle 
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VI. WORKING 
Here, we are using brushless DC motor of 36 volts which is running with the help of battery power. Then the motor controlled 
through the controlled unit block diagram of electric vehicle system work in step such as charger battery, power controller and 
wheel. 
The PCB requires 12 v supply for its operation. We are using three batteries in series of 12 V 7.5A for supplying this capacitors. The 
PCB is connected to single battery. Initially, the LED screen displays battery voltage and acceleration percent. the microcontroller is 
program such that when the acceleration throttle is given more than 30 %, it relay pickup and the motor runs in motoring mode but 
as the acceleration drops below 30 % , it sends command to switch of relay and motor runs in generating mode.  
The LED display the voltage being used while motor runs in motoring mode and as the throttle drops below 30 %  the voltage being 
generated by the motor in generating mode. The generated voltage is stored in separate battery pack which can be later used to 
supply the motor by simply switching between main battery and battery pack. 
             

VII. OBSERVATION TABLE 
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ED  
BATTERY 
PACK 
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1. 
 

 
37.5 

 
0 

 
28 

 
0 

 
2. 
 

 
36.5 

 
2 MIN 

 
27.9 

 
2 MIN 

 
3. 
 

 
36.4 

 
5 MIN 

 
28.5 

 
5 MIN 

 
4. 
 

 
36.3 

 
     10 
MIN 

 
27.9 

 
10 MIN 

 
5. 
 

 
36.2 

 
12 MIN 

 
28.4 

 
12 MIN 

 
6. 
 

 
37.2 

 
15 MIN 

 
29.6 

 
15 MIN 
 

 
VIII. CALCULATION 

A. Drag Force 
Average speed of vehicle = 40km/h  
Fd= cd * ½ *P* (v*v) A  
Fd = Drag force (N)  
cd = Drag coefficient  
P = density of fluid (1.2kg/m3 for air) 
v = flow velocity (m/s)  
A = frontal area of body (m2)  
A= 1.5m (Height)*0.4m (Width) 
A= 0.6m2 now,  
Fd = 0.9*1/2*(1.2kg/m3) *(11.11*11.11) *(0.6m2) 
= 39.99N 
Fd = 40 N 
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B. Power Required for Motor 
 P=Fr * v/n 
 P= power 
 Ft= Total force 
 n= Efficiency 
 P= (7.5+40) * 11.11/0.85 
 P= 530.32 w 
 
C. Rolling Resistance 
Fr = c*w 
C = Rolling Resistance coefficient  
W = m * a c = 0.002 on concrete c = 0.004 on asphalt  
Fr = 0.004*190*9.81 
Fr = 7.45 N  
 
D. Torque  
Circumference = 2*3.14*(Radios) 
= 2*3.14*0.25  
= 1.57m  
For one Revolution of wheel we will cover the distance of  
1.57 m  
For 40 km 
40(km/h) =40000 (km/s) 
= 40000/60 
= 666.6 (meter/minute)  
 
Wheel RPM = 666.6/1.57  
= 424.5 RPM 
D=0.5m 
R= 0.25m 
C= 2*3.14*r 
Motor RPM = gear ratio * wheel RPM  
= (Driven/Drive) * 424  
= (21/9) * 424  
Motor RPM = 1000 rpm  
Torque = 9.5488*Power/speed 
= 9.5488*530/989 Torque 
= 5.48 N-M maximum Torque (0-40km) in 20 sec  
 
By 1st equation of motion  
V= u + at 
V = final velocity (m/s)  
U= initial velocity (m/s)  
a= acceleration (m/s2) 
T= time taken in (s) 
V= u + at 11.11= 0+ (a*20) a = 0.55 m/s Force  
 
F=M*a  
= 190*0.55  
= 104.5 N  
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Maximum Torque = F*r(radios)  
= 190*0.25 
= 26.125 N-M 
Maximum torque= 26.125N-M  
 
E. Ampere Hour (Ah) Required for Battery 
Battery voltage= 36 volt 
Motor Wattage= 350 w  
Discharging current = 350 / 36 
= 9.72Amp 
 
F. Power Consumption in one Hour 350w * 1 hr  
= 350whr 
But Efficiency of Battery is 80% 
Therefore, 
Power consumption in one hour = 350*1.16 
= 406 whr 
Now,  
(Ah) required = 406/36 
 = 11.27 A hr 
 
G. Electricity Consumption for Charging Battery  
Charging voltage = 54.6 volt 
Charging current = 26 Ah 
Power = 54.6*26 
= 1419.6 w 
Total Energy consume in 4 hours = 1419.6*4  
= 5678.4 wh  
 
One unit of electricity = 1000 wh 
Total unit consumption = 5678.4/1000 
= 5.67 unit 
Cost of charging = 5.67* 7 
 = 39.75 Rs 
 

IX.  REGENERATIVE  BRAKING EFFICIENCY 
conventional vehicles energy efficiency is only about 20%, with remaining 80 % of its energy is converted to heat through friction. 
The most incredible thing about regenerative braking is that it able to  capture as much as half of that wasted energy  put it back to 
work. This could reduce fuel  consumption by 10% to 25%. 
In future that may see the end of fossil fuel  reserves that  have provided us with energy for automotive and other technologies for 
many years, and in which fears   about carbon emissions are coming to a peak , this added efficiency is becoming increasinglZ 
important. 
 

X. EXPECTED OUTCOMES 
A. It should store energy while braking while braking  which is its primary objective. 
B. It should return the stored energy whenever required   easily. 
C. It should be compact and easy to install. 
D. It should provide adequate stopping /braking force to   the vehicle. 
E. Using concept of Electric vehicle result in better efficiency and also save lot of fuel in today's fuel deficit world. 
F. One can surly concluded that this concept will follow with even better efficiency and conversion rate. 
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XI. OBJECTIVE AND SCOPE 
Regenerative braking systems require further research to develop a better system that captures more energy and stops faster. As the 
time passes, designers and engineers will perfect regenerative braking systems, so these systems will become more and more 
common. All vehicles in motion can benefit from these systems by recapturing energy that would have been lost during braking 
process and thereby reducing fuel consumption and increased efficiency. Future technologies in regenerative brakes will include 
new types of motors which will be more efficient as generators, more powerful battery which can bear more frequent charging and 
discharging, new drive train designs which will be built with regenerative braking in mind, and electric systems which will be less 
prone to energy losses. Of course, problems are expected as any new technology is perfected, but few future technologies have more 
potential for improving vehicle efficiency than does regenerative braking. 
 

XII. CONCLUSION 
This study presents information about the principles and properties of regenerative braking systems. automation, electromechanical, 
and constructive studies have been carried out in this field in order to boost recovered Many energy efficiency and reduce operating 
costs. the most of the economic losses worldwide are caused by mechanical wear, the importance of regenerative braking systems 
has become better recognized. Safety, comfort, and economic aspects can be increased by developing these brake systems. 
Regenerative braking systems, currently in limited use in electric vehicles, can also be used in conventional braking or other motion 
control systems. When they are widely used, economic input can be obtained by the reduction of mechanical losses and energy 
savings can be achieved as a result of the recovered electrical energy. 
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