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Abstract— Generally, in most of the cars, conventional 

friction brakes are used to stop or control the speed of cars 

while it is in motion. During the running condition, the car 

having lots of kinetic energy, when the brake is applied, this 

kinetic energy is losses by heat energy due to the friction 

between the brake shoe and brake plate. Thus this extra 

power loss reduces the overall efficiency of the vehicle. This 

type of heat losses of energy can be limit by use of 

regenerative braking system known as RBS. Generally, the 

main objective of regenerative braking system is to recover 

as much as possible torque while brakes are being applied. 

The kinetic energy of vehicle can be stored in another form 

of energy. In regenerative braking system, energy can be 

converted by means of generator, dynamometer, alternator, 

pump, compressor or flywheel or in other storage 

devices.Now a day the regenerative braking system is 

applied to many hybrid vehicles. But due to the complexity 

of design it can be applied to limited cars only. In this case, 

by using alternator or dynamo, the kinetic energy of the 

wheel, can be converted into the electric energy which is 

wasted while applying brakes. 

Key words:  Regenerative Braking System, Conventional 

Braking System, Electric D.C. Generator           

I. INTRODUCTION 

A. Introduction of Conventional Vehicle and Braking 

System: 

The demand for higher efficiency from the automobile 

vehicle and their associated accessories has increased in last 

few years due to the continuous increase in fuel price, 

increased pollution rate due to emission from vehicle. It is 

common practice to use high grade fuel, efficient 

transmission system, braking system, aero foil design and 

modified engine design to increase efficiency, life of vehicle 

and decrease pollution rate. In the last few years, due to 

updating the technology economy of vehicle has raised. 

Especially in conventional automobile vehicle a big part of 

energy losses in the repetitive braking in city traffic. These 

losses are by means of heat loss and it leads to more fuel 

consumption. 

B. Introduction of Regenerative Braking System: 

For hybrid vehicle and locomotives regenerative braking 

system technology is consider to be one of the most 

advanced technologies which expected to have good 

contribution into automobile and environment 

improvements. Hybrid vehicle and locomotives have 

efficient transmission, higher mechanical efficiency etc. by 

using the different advanced technologies like regenerative 

braking system. By using regenerative braking system in 

automobiles it enables us to recover the kinetic energy of the 

vehicle to some extent that is lost during braking. 

 
Fig. 1: Simple Layout of Regenerative Braking System 

This technology of regenerative braking controls 

the speed of the vehicle by converting the portion of the 

vehicle’s kinetic energy into another useful form of energy. 

The energy produced could be stored as electrical energy in 

the automobile battery or as mechanical energy in flywheels, 

which can be again used by the vehicle.  

Regenerative braking is one of the emerging 

technologies which can prove very beneficial. The use of 

regenerative braking system in a vehicle not only results in 

the recovery of the energy but it also increases the efficiency 

of the vehicle and save energy which is stored in battery. 

Regenerative braking system has wide scope for further 

development and energy savings. The use of more efficient 

systems could lead to huge saving in the economy of any 

country. In the automobile vehicle many accessories and 

mountings, such as braking system, power transmission 

system, radiator, gear box, engine components, tires, 

flywheel etc. are used. Parts like braking system, engine 

components and transmission system in which heat loss 

occurs. To increase overall efficiency of the vehicle heat 

loss must be reduced and this can be achieved by different 

techniques. Regenerative braking is one of them which 

reduce heat loss in braking and recover the kinetic energy of 

the vehicle. 

II. RESEARCH OBJECTIVES 

The main objective is to increase the overall efficiency and 

performance of the vehicle. 

Another objective of regenerative breaking system 

is to recover as much as possible torque while brakes are 

being applied. 

This technology of regenerative braking controls 

the speed of the vehicle by converting a portion of the 

vehicle’s kinetic energy into another useful form of energy. 

The energy so produced could then be stored as 

electrical energy in the automobile battery, or as mechanical 

energy in flywheels, which can be used again by the vehicle. 
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III. WORKING OF REGENERATIVE BRAKING SYSTEM 

When a vehicle is running on the road, vehicle has kinetic 

energy, which is simplydefined as the energy something 

possesses because it is in motion. When we apply the 

brakes, kinetic energy of vehicle dissipate as heat in case of 

conventional friction type brakes but in case of regenerative 

braking systems use their electric motors to slow down the 

car and generate electrical energy (hybrids still have 

conventional friction brake systems that are used at higher 

deceleration rates).In Hybrid vehicles regenerative brakes 

are the most common, and electric vehicles can reverse the 

flow of power through their electric motors backwards to 

slow down the vehicle. In one of those disciplines of 

engineering coincidences, electric generators are the same as 

electric motors. When we apply a current to a motor it turns 

and converts electric energy into mechanical torque and 

when we apply a mechanical torque to the motor it induces 

electric current so it can be used as a generator. By using 

this phenomenon we can convert the kinetic energy in to the 

electric energy. Use this collected energy into the battery 

and, the next time we step on the accelerator, some of the 

energy we just saved is used to get motion of car and it can 

also use in electric equipment. We can store the energy in 

form of kinetic energy by using auxiliary flywheel. 

 
Fig. 2: Working layout of Regenerative Braking System 

A. A Review on – ―Comprehensive Efficiency Modeling of 

Electric Traction Motor Drives for Hybrid Electric Vehicle 

Propulsion Applications‖: 

The electric traction motor drive is the integral component 

in determining the efficiencyof a regenerative braking 

system, as it is the part of the system that actually recovers 

the energy from braking. But, as the electric motor of the 

vehicle, it also provides the power in the form of electrical 

energy to the vehicle’s wheels, generating torque, and 

allowing the vehicle to propel forward. When considering 

the electric traction motor drive in a hybrid or electric 

vehicle, many considerations must be taken into account to 

maximize the motor’s efficiency. In the propulsion of hybrid 

and electric vehicles, it is expected that the traction motor be 

utilized throughout the entire range of velocities and torques 

that the vehicle can achieve. Thus, the motor must be able to 

handle relatively frequent starting and stopping and rapid 

acceleration rates, which requires the motor to be able to 

produce a large amount of torque at all speeds. High torque 

density, or the ratio of the torque produced by the motor to 

the mass of the motor system, is greatly desired. A 

lightweight electric traction motorwith a high torque output 

will certainly help maximize a motor’s efficiency. Other 

attributes such as controllability and stability are required 

for a successful electric traction motor, and thus, the motor 

must be tested at all possible combinations of torques and 

velocities that the motor is capable of.
[1] 

B. A Review on – ―How Regenerative Braking Works‖: 

Regenerative braking is by no means a simple process. For a 

hybrid vehicle, the basic theory is as such the internal 

combustion engine produces chemical energy from the fuel, 

a generator then acts to use this chemical energy to produce 

electrical energy that the electric traction motor drive will 

use to provide a torque to the wheels, propelling the vehicle 

forward. When the vehicle brakes, the opposite occurs and 

the wheels provide a negative torque to the electric traction 

motor, which causes the motor to run in reverse enabling it 

to act as a generator and produce energy that is then utilized 

to charge the car’s battery.[2] 

 
Table 1: Power Output of Engine with and Without 

Regenerative Braking 

IV. DESIGN REQUIREMENTS OF REGENERATIVE BRAKING 

SYSTEM 

There are many requirements that need to be met to produce 

a product that is both feasible and optimal. There are also 

some constraints, both geometric and engineeringthat also 
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need to be satisfied. The following list describes these 

requirements and constraints: 

A. Store Energy While Braking 

This is the main requirement and the overall objective of the 

device and must be suitable to meet the customer’s needs. 

B. Return Energy to Start Up 

Once the energy is stored in the device, it is necessary to 

have a simple way to release this energy back to the user in 

a positive way. This can be accomplished with an innovative 

system. 

C. Must Fit On a Car 

This is one of the most difficult constraints to achieve and 

most important because we are dealing with such confined 

spacing. 

D. Good Stopping Range 

The stopping range is important because this product needs 

to be usable in real life situations. This component can be 

optimized to have the shortest stopping distance using 

dynamic analysis. 

E. Good Stopping Force 

The force required to stop is dependent on the stopping 

range and the comfort levels of the rider. It is also related to 

the possible dynamo/alternator features. 

F. Inexpensive and Affordable 

This product must be able to make a profit and be desirable. 

The driving force for the price can be directly related to the 

dynamo/alternator’s size and supporting accessory. 

G. Safe to User and Environment Friendly 

Safety is always a very important aspect whenever there is a 

consumer product. This requirement will be addressed after 

the initial design is created. 

H. Profitable 

Profit is usually the main motivation for the start of any 

company; therefore this is one of the parameters that will be 

optimized. 

I. Reliable 

It is important to have a product that is reliable and this 

requirement will affect the long term business image and 

needs to be maintained in high regards. 

J. Manufacturability 

In order to make anything profitable, it needs to be 

manufacturability, hence the important of having a product 

that can be made easily and cheaply. 

K. Aesthetically Pleasing 

This is not a requirement that needs to be taken heavily, but 

the design should always have nice look about it, because 

looks will persuade the buyer. 

L. Modular 

Having a device that can be adapted to existing car is 

essential to sell the greatest number of units. This also can 

reduce other types of manufacturing costs. 

M. Should Not Hinder Normal Riding 

To have a successful accessory for a car, the ride should not 

feel a noticeable change in the driving performance or in the 

normal driving motion. A device that impedes the normal 

riding experience would be considered undesirable. 

N. Controlled Release 

The energy that is released back to the user must be done in 

a safe and manageable fashion. This can be a consideration 

after the prototype is completed. 

V. ANALYTICAL CALCULATION OF BRAKING LOSS IN 

VEHICLE 

We analytically calculate the loss of kinetic energy due to 

braking in the conventional car. For calculation of the 

kinetic loss we consider the one car model “Maruti Alto 

800”. 

 

Following is the analytical calculation of conventional car 

“Maruti Alto 800”.  

A. Specification of Alto 800[3]: 

Curb Weight: 695 Kg 

Gross Weight: 1185 Kg 

Fuel Tank: 35 Liters 

Frontal Area: 2.15 m
2 

Tyre Diameter: 12 inch 

Max. Torque: 69 Nm @ 3500 rpm 

Max. Power: 48 PS @ 6000 rpm 

Fuel Economy: 22.74    ⁄  

City Mileage: 13.3    ⁄  

Highway Mileage: 17.8    ⁄  

Overall Mileage: 15.55    ⁄  

Final Drive Ratio: 4.35 

1) Gear Ratio: 

 First Gear: 3.583 

 Second Gear: 2.166 

 Third Gear: 1.333 

 Forth Gear: 0.900 

 Reverse Gear: 3.363 

B. Calculating Kinetic Energy Loss by Taking Three 

Different Speeds of Vehicle: 

1) V1=25 m/s 

2) V2=40 m/s 

3) V3=60 m/s 

C. Resistance to the Motion of the Vehicle 

1) Air Resistance: 

Air offers resistance to the movement of a vehicle. Air 

resistance is expressed as: 

      = kaAv1
2 

            
=0.02688×2.15×25

2 

           
=36.12

 

      = kaAv2
2 

            
=0.02688×2.15×40

2 

            
=92.46

 

      = kaAv3
2 

           
=0.02688×2.15×60

2 

           
=208.05 
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2) Rolling Resistance: 

It is the resistance experienced between tyre and road, and 

the friction in transmission system in wheel bearings. It is 

expressed as 

  Rr= (a+bv)W 

  a=0.0112 

  b=0.00006 

  W=1185 kg 

  Rr1= (0.0112+0.00006×25)1185 

       = 15.0495 

  Rr2= (0.0112+0.00006×40)1185 

        = 16.116 

  Rr3= (0.0112+0.00006×60)1185 

        = 17.538 

a) Torque of Driving Wheel At Different 

Gearing Position: 

Tw = (g.r× a.r)×ηt×Te 

   Te  = 
     

   
 

         =69N.m @3500 rpm 

  Tw1= (3.583× 4.35)×0.92×69 

  = 989.40 Nm 

  Tw2= (2.166× 4.35)×0.92×69 

  = 598.11 Nm 

  Tw3= (1.333× 4.35)×0.92×69 

  = 368.091 Nm 

  Tw4= (0.900× 4.35)×0.92×69 

  = 248.52 Nm 

b) Force Due To Rolling Resistance: 

Force due to rolling Resistance = co. efficient of rolling 

resistance× mass of vehicle × g 

      = 0.015 × 1185 × 9.81 

     = 174.19 N 

 
Table 2: Rolling Friction Coefficient of Different Tire [4] 

D. Work Done: 

Over the course of driving one kilometer, this will require 

extra energy given by: 

  W = FRR × distance 

  = 174.19 × 1000m 

   =174190 Nm 

  = 174.19 kJ for each kilometer driven. 

 We can figure out how much fuel is required to 

drive one kilometer by using the efficiency formula: 

 Efficiency = 
           

          
 

 Efficiency = 
           

                 
 

Fuel energy input = 
           

          
 

                = 
      

     
 

                              = 766 KJ 

And to provide this amount of energy we need to use 

Energy per liters = 
          

           
 

 # of liters =
          

                 
 

                              = 
      

       
 

                              = 0.0239L 

0.0239L fuel is required to drive 1 km 

E. Kinetic Energy of Moving Object: 

Now we need to know how much energy it takes to get this 

mass moving again at difference velocity of vehicle. The 

kinetic energy of a moving object is given by KE = ½mv
2
, so 

the total kinetic energy required is 

  K.E1= 
 

 
          

          = 
 

 
              

          = 0.028   10
6
 J 

  K.E1=
 

 
          

          = 
 

 
              

          = 0.073148   10
6
 J 

  K.E1=
 

 
          

         = 
 

 
              

         = 0.16458   10
6
 J 

  

City Mileage = 13.3 km/L 

= 0.07518 L/km 

Empty Mass = 695 kg 

Let’s see how much work is done against air 

resistance for each kilometer a typical car driving at 

following different speed. 

Work done against air resist =
 

 
      

2
 

  W1= 
 

 
      

2 

  
  =

 

 
  1.3 kg/m

3  2.15   0.30   1000       

(6.944)
2    

                           
= 20.215 kJ 

  W2= 
  

 
      

2
 

               = 
 

 
  1.3 kg/m

3  2.15   0.30   1000   (11.11)
2
 

 = 51.75 kJ 

  W3= 
 

 
      

2
 

                  = 
 

 
  1.3 kg/m

3  2.15   0.30   1000   (16.66)
2
 

     = 116.46 kJ 

We can figure out how much fuel is required for 

each kilometer travelled using the efficiency formula: 

  Efficiency =
           

                 
 

 Fuel energy input (FI) =
           

          
 

   FI1= 
         

       
 

    = 88.89 kJ 

   FI2= 
        

       
 

      = 227.57 kJ 

FI3= 
         

       
 

                                  = 512.137 kJ 

And to provide this amount of energy we need to use 

 Energy per liters =
          

           
 

 # of liters = 
          

                 
 

For velocity, 
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1) # of liters = 
        

       
 

= 0.003L 

2) # of liters = 
         

       
 

= 0.0071L 

3) # of liters = 
          

       
 

= 0.016L 

So, 0.003L, 0.0071L, 0.016L to overcome air drag of the 

each kilometers that car travels 

F. Fuel Consumption Due To Acceleration: 

Subtracting the above figures from the total fuel 

consumption for the Alto car allows us to figure out the fuel 

consumption just for the repeated acceleration due to stop-

and-go driving. This gives 

Consumption = Total fuel – fuel due to rolling – 

fuel due to air drag 

For velocity, 

1) Consumption = 0.0752 – 0.023 – 0.003 

= 0.0492 L/km 

2) Consumption = 0.0752 – 0.023 – 0.0071 

= 0.0451 L/km 

3) Consumption = 0.0752 – 0.023 – 0.016 

= 0.0362 L/km 

This tells us that repeated acceleration is 

responsible for about following percentage of the Alto's city 

fuel economy 

For velocity 

            ,
      

      
 = 65% 

      

       
= 59.9% 

      

      
 = 48.2% 

From the above calculation we can say that, if we 

added regenerative braking system, we could recover above 

specified percentage of this energy, thereby saving (50%) 

(65%) = 32.5% (Because we can recover up to 50% of 

energy by using D.C. generator) at speed 25 m/s of the total 

city fuel economy! which suggests there may be some other 

complexities we haven't considered. However, we are 

reasonably close to this number and these savings are 

definitely something to get excited about. While these 

technologies have not yet been integrated into production 

gasoline cars, they have the potential to significantly 

improve their mileage. However regenerative braking is a 

common feature of electric and hybrid cars, and is one of the 

reasons for those vehicles' low fuel consumption. 

VI. ADVANTAGES 

 Increase of overall energy efficiency of a vehicle 

 Improve Performance 

 It reduces the Emission 

 Reduction in Brake Shoe Wear 

 Cuts down on pollution related to electricity 

generation in automobile 

 Increases the lifespan of friction braking systems 

 Smaller Accessories 

 Less use of traditional mechanical brakes leads to 

less wear over time 

VII. FUTURE SCOPE OF RESEARCH 

 In the battery storage regenerative braking system 

maximum 50% of energy can be recovered so by 

using new techniques this percentage can increase. 

 Charging speed of the batteries is low. It should be 

increase. 

VIII. CONCLUSION 

So from the above calculation and review we can conclude 

that the efficiency and performance of the conventional 

automobile vehicle can be improved by using the 

regenerative braking system. 

There are many scope of research in the 

improvement of technology and power storage system. 

By using this technology we can save large amount 

of fuel which is good for economy of country also. 
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