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Abstract— When a conventional vehicle applies it brakes, 

kinetic energy is converted to heat as friction between the 

brake pads and wheels. This heat is carries away in the 

airstream and the energy is effectively wasted The total 

amount of energy lost in this way depends on how often, how 

hard and for how long the brakes are applied. Regenerative 

braking refers to a process in which portion of the kinetic 

energy of the vehicle is stored by a short  term storage system. 

Research on control strategy is one of most important topics 

of regenerative braking and can be roughly categorized into 

two types according to the propose of research. One is to 

enhance the braking performance and   driving comfort. The 

other is to improve the regenerative efficiency and to save 

resources. Regenerative braking system can convert the 

kinetic energy into electrical energy with help of electric 

motor. And it can also convert the kinetic energy into 

mechanical energy, which is supplied to the vehicle whenever 

it is needed, with the help of a flywheel.        
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I. INTRODUCTION 

Regenerative braking is one of the emerging technologies 

which can prove very beneficent. The use of  regenerative 

braking in a vehicle not only results in the recovery of the 

energy but it also increases the efficiency of vehicle(in case 

of  hybrid vehicles) and saves energy, which is stored in the 

auxiliary battery. 

For electric vehicle its power source is batteries. The 

mileage is still a "curse" for development of electric vehicle. 

As one of the major factors to decide the driving mileage, the 

battery technology has made great development, but due to 

restriction of technology and economic factors, recently there 

will be no big breakthrough. So another major factor to 

reduce energy consumption and improve driving mileage, the 

research of brake energy recovery technology has become 

popular and braking energy can be up to 50% of the total 

energy to drive according to related literature. The driving 

mileage will be increased if the part of waste energy can be 

reused. Almost the present research concentrates on 

regenerative braking in many of electric vehicles (EV), 

hybrid electric vehicles (HEV), and plug-in hybrid electric 

vehicles. A mass of solutions in regenerative braking system 

control have been carried out. For example braking strategies 

based on the fuzzy control to pursue high regenerative 

efficiency and good braking performance. The simulation 

results indicated that both regenerative braking control 

strategies could increase the fuel economy for HEV and 

improve vehicle stability and others have carried out research 

studies in this field as well. Nevertheless, pieces of the 

literature devoted to hydraulic hybrid vehicle (HHV) are 

relatively strategy for passenger cars based on dividing the 

accumulator  volume into two parts, one for regeneration and 

the other for road decoupling. a fuzzy torque control strategy 

based on vehicle load changes for real-time controlling the 

energy distribution in PHHV. Though they proposed a 

methodology of braking to improve the fuel economy in a 

typical urban cycle, the braking characteristics were not 

investigated deeply. What is more, the efficiency of brake 

energy recovery and the distribution of braking force were not 

considered and optimized at all. The design of regenerative 

braking strategy in HHV remains a problem yet. Compared 

with electrified vehicles, HHV has some advantage, 

particularly for vehicles containing hydraulic equipment on 

board. For instance, hydraulic accumulator is of higher power 

density and ability to accept the high rates and high 

frequencies of charging and discharging Besides, the service 

life of a hydraulic accumulator as the storage is more than a 

battery. Therefore, HHV has a greater potential than 

electrified vehicles, and the research on that makes much 

sense. 

II. PROBLEM STATEMENT 

To study the different methods of utilization of frictional 

energy developed during braking processes in various 

vehicles 

III. EXPERIMENTATIONS 

S.G.Patil, R. M. Singh,S. Tripathi ,R.Jakhar[1] performed 

study which deals with Once we make this cycle which is 

enough capable of generating electricity which can charge a 

mobile with help of a mechanical system. All we have to do 

is spread words about this innovation and market it in a right 

direction, for example, if a student in pune starts using this 

bicycle he will be able to charge his own phone every day 

without using the conventional electrical source instead he’ll 

be using all his energy with help of which he pedaled and at 

the same time he can be able to charge his parents phone in 

home. A phone charging uses at least 4- 5 units of electricity 

per day per phone. So by saving this electricity per day we’ll 

be ultimately saving the electricity by reducing its usage in 

conventional way and thus reducing the carbon footprints. So 

we just need to do the marketing of such product on a large 

scale. A. Regenerative braking system 

In order to understand the concept of R.B.S. and its 

impact on vehicle energy performance, a simple example is 

presented: Consider a 300 kg (~ 661lbs) vehicle moving at an 

initial speed of 72 km/h(~ 45mph).Now, on braking the 

vehicle to a speed of 32 km/h(~ 2 mph) the amount of energy 

spent is around 47.8 kJ using the equation given below,    

Ek =(1÷2) MV2 

Where, Ek: Kinetic Energy of the vehicle;                       

m:Mass of the vehicle and  v: Velocity of the vehicle.                                          

Ideally, this is the amount of energy available for capturing at 
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each instance of braking. If regenerative braking was used on 

such a vehicle it would be able to capture this amount of 

energy and reuse this same energy which would otherwise 

have been lost in the form of heat, sound etc. Now, even if we 

suppose that the efficiency of the brake is 25% of this, there 

would still be an amount of 11.85 kJ (25% of 47.8kJ) of 

energy available at each braking instance, which shows the 

amount of energy that can be utilized for beneficial causes. 

This energy is roughly, neglecting all losses, enough to 

accelerate a car from 0 km/h to around 32 km/h). This stored 

energy using R.B.S. can be reutilized for different purposes, 

either to help improve performance or fuel efficiency, in 

either case assisting in ‘Load Sharing’  

In this whole process, R.B.S. also essentially 

Functions as a brake   system. But due to heavy Torque 

demands at emergency braking situations   R.B.S. alone 

would not be sufficient; hence it                                                                                                                                              

needs to be a system supplemental to existing proven friction 

braking  Siddharth K. Patil [2]   performed study which deals 

with Working of Regenerative Braking using Electric Motor 

The working of the regenerative braking system depends 

upon the working principle of an electric motor, which is the 

important component of the system.     

 
Generally the electric motor, is actuated when 

electric current is passed through it. But, when some external 

force is used to actuate the motor (that is during the braking 

process) then it behaves as a generator and generates 

electricity. That is, whenever a motor is run in one direction 

the electric energy gets converted into mechanical energy, 

which is used to accelerate the vehicle and whenever the 

motor is run in opposite direction it functions as a generator, 

which converts mechanical energy into electrical energy. 

This makes it possible to employ the rotational force of the 

driving axle to turn the electric motors, thus regenerating 

electric energy for storage in the battery and simultaneously 

slowing the car with the regenerative resistance of the electric 

motors This electricity is then used for recharging the battery. 

The energy (mechanical) stored in the flywheel is directly 

given to the vehicle so as to boost its acceleration 

instantaneously, whenever needed. Generally, the method of 

transmission of energy directly to the vehicle is more efficient 

rather than storing it in the battery, as it does not consists of 

the conversion of energies. As, during the recharging of 

battery, mechanical energy is converted into electrical energy 

and during discharging electrical energy is converted into 

mechanical energy. So, due to these conversions transmission 

loses occur and the efficiency reduces. As, in the other case, 

there are no transmission loses since mechanical energy 

stored in the flywheel is directly transferred to the vehicle in 

its original form. Because of the instant energy supply and 

high efficiency these type of system is used in F-1 cars.   

GouYanan[3] explained The Structure and Working 

Principle of Regenerative Braking System Figure is a front-

wheel drive vehicle regenerative braking structure diagram. 

When the electric vehicle spending up, the motor controls the 

current output by the battery through the sensor signal, and 

then its speed is adjust for providing power. The motor 

becomes generator when electric vehicle braking, transmits 

the electric power which is converted by the motor to the 

battery, recharging the battery. Energy recovery system 

working schematic diagram is shown in Figure . The 

hardware structure includes permanent magnet motor, 

controller, three-phase controlled bridge rectifier filter 

circuit, inverter, three-phase bridge rectifier circuit and so on. 

When the control signal changes from 1.0 V to 3.5 V, the 

controller controls permanent magnet motor rotating work, 

driving vehicle, when the value below 1.0 V, control energy 

recovery system works and generates  electromagnetic 

braking force and finally realizes the driving wheel braking. 

The specific work flow for the electric vehicle energy 

recovery system is that the controller controls the permanent 

magnet motor together with three-phase controlled bridge 

rectifier filter circuit working through wire connection, the 

rectifier filter circuit converts the three-phase alternating 

current produced by the permanent magnet motor to direct 

current, and then the direct current is delivered to the inverter. 

Power batteries control the output frequency of inverter 

through feedback signals; the inverter controls permanent 

magnet motor to rotate and produces three phase alternating 

current which is converted into direct current through rectifier 

circuit at last. 

 
Fig. 1: Front Wheel Drive Vehicle Regenerative        

Braking System Structure Diagram 

 
Fig. 3: Energy Recovery System Working Schematic 

Diagram 
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1) Three-phase bridge rectifier circuit; 2- power type 

permanent magnet motor; 3- inverter; 4- three-phase 

controlled bridge rectifier filter circuit; 5- three-phase 

line; 6-permanet magnet motor; 7-shaft; 8- vehicle 

driving wheels ; 9- controller; 10-power battery; 11- 

negative grounding end. 

Tao Liu [4] Vehicle control model is the core of 

control strategy. Based on the requirement of driving cycle, 

the total torques are distributed among engine, hydraulic 

accumulator, hydraulic pump/motor, and the friction brake 

system reasonably. Vehicle control model consists of 

regenerative braking system, energy release system, and 

active stamping system, as shown in Figure 9. 

Based on the algorithm above, the model of braking 

force distribution on hydraulic hybrid vehicles is set up in 

Matlab/Simulink and shown in Figure 10.      

S.K.Malode, R.H.Adware [5] researched on 

Regenerative braking is a brake method to use mechanical 

energy from the motor and convert kinetic energy to electrical 

energy and give back to the battery. In the regenerative 

braking mode, the motor slows downhill the car. When we 

apply force to pedal of brake, then car gets slow down and 

motor works in reverse direction. When running in invalidate 

direction motor acts as the generator and thus charge the 

battery as shown in figure  Thus in figure 1 the car which is 

running in normal condition where motor goes forward and 

takes energy from the battery. When using regenerative 

braking in electric vehicles, it reduces the cost of fuel, 

increasing the fuel financial system and emission will be 

lowered [9]. The regenerative braking system provides the 

braking force during the speed of vehicles is low, and hence 

the traffic stop and go thus deceleration required is less in 

electric vehicles.    

DR. S J CLEGG [6] performed study which deals 

with The idea of regenerative braking has been widely 

exploited in electrified railways by using the motors of trains 

as generators whilst braking  This concept has been utilized 

for many years  and within a  easing electrification of the 

railways many new trains have been designed with such 

systems in mind . The increasing availability of sophisticated 

electronic components  and improvements in control circuitry 

has improved the efficiency of regenerative braking on the 

railways. One article quotes a reduced electrical energy 

consumption of 37% Various computer simulations studies 

have modeled the effect of regenerative braking on power 

flow  and load flow  Complete metro systems have been built 

incorporating regenerative braking in Shanghai Vienna Sao 

Paulo Caracas  and Hamburg  In addition, the Japanese 

Maglev superconducting rail system also incorporates 

regenerative braking attempting to create a super-efficient rail 

system  For vehicles powered by ICE'S it is much harder to 

implement a regenerative braking system because unlike an 

electric motor the energy conversion processes involved in an 

ICE are irreversible. Additional equipment is therefore 

needed to both convert and store the energy. Such devices, 

which will be discussed later, include: Batteries 

Hydraulic/Pneumatic Accumulator Flywheel Elastomeric 

and in addition 

– Superconducting Fuel Cells  

– Solar  

– S Regenerative engines  

– Electric Vehicles 

Electrically driven vehicles can give a saving of 

energy if, with suitable control equipment, they can convert 

KE to electrical energy for storage and re-use . The drive 

motor of an electric vehicle can be made to operate as a 

general supplying a resistive load and braking torque to the 

wheels. In regenerative braking, the electric vehicle motor 

operates as a generator to charge the battery  The process is 

less efficient at low power because of the substantial fixed 

mechanical losses, thus regeneration is not possible at low 

speeds and must be supplemented by mechanical brakes. 

Research and development to find and improve 

electric vehicle batteries has been active since 1945 By 1994 

the lead acid was still the only commercially economical and 

viable battery technology suitable and is Ear from ideal 

Electric vehicles have limited range and relatively poor 

performance because of weight and volume of battery, and 

energy transfer rate and lifetime limitations. The constraints 

for high performance batteries are high specific energy 

density, high discharge rate or specific power and high 

number of deep discharge cycles (life cycles). At present all 

three together are mutually exclusive. The dilEcnlty in 

achieving high values for all these parameters has led to the 

suggestion that electric vehicles may best be powered by a 

pair of batteries. The main unit would be optimized for range 

(specific energy) and another for power ( s p a c power). The 

second unit would be recharged from the range unit during 

stops or less demanding driving . Batteries provide electrical 

power in DC form. An inverter is required to convert DC into 

AC suitable for driving an induction motor. A pulse width 

modulated inverter is the preferred controller which gives 

flexible, low harmonic output distortion Switching losses are 

reduced at high switching frequencies by the use of transistors 

as power switches. Low power applications require MOSFET 

switches and high power applications require IGBT switches. 

IGBT's are available in voltages up to 600 V and currents up 

to 750 A. Microprocessor control of the PWM inverter 

provides flexibility to incorporate optimizing strategies  The 

squirrel cage induction motor is the preferred machine for 

heavy duty, high speed transportation applications because of 

its rugged brushless motor. There is a concentrated research 

effort investigating chopper fed DC motors and switched 

reluctance motors  underregenerative braking conditions. 

Automobile applications require the motor to operate under 

full field and constant torque conditions from zero to base 

speed and under constant power (weak field) conditions from 

base speed to top speed. To reduce weight a high speed motor 

and fixed gears should be used. The power converter 

technology can be either pulse width modulation or direct AC 

to AC conversion [m, 611 with cyclmnverter techniques. For 

contactless power supplies, research is in progress on a bi-

directional DC to DC converter .The induction motor must 

operate in an adverse environment characterized by ambient 

temperatures between -30°C and 45°C and splashing of 

water, snow and dirt will occur. Furthermore, mosive 

atmosphere and vibration and shocks would be experienced. 

A block diagram of a front wheel drive electric vehicle is 

shown in figure. The induction motor has two stator 

windings, each connected to its own inverter. The inverters 

can be connected in series or parallel. During motoring, the 

series connection is used. During regenerative braking the 

parallel connection is used. If two motors are used in the 

vehicle each motor will have only one winding and one 
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inverter. Again the two inverters may be connected in series 

or parallel.    

IV. CONCLUSION 

The regenerative braking system used in the vehicles satisfies 

the purpose of saving a part of the energy lost during braking. 

Also it can be operated at high temperature range and are 

efficient as compared to conventional braking system. And 

also It is a pollution free method of storing energy that has 

many current and potential applications. 
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