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               Abstract- Regenerative braking systems (RBS) are the effective method of recovering the energy  produced and at the 

same time it will decrease the waste gases and brake emissions of vehicles. This system is based on the principle of converting the 

kinetic energy produced by the mechanical energy of the motor       ..  into electrical energy. The converted electrical energy is stored in the 

battery for later use. This braking system must meet maximum energy recovery criteria by performing its function safely within the 

shortest braking distance. This study was conducted to provide more relevant information about regenerative energy systems. These 

systems provide economic benefits as fuel savings and prevention of material loss. Their use also contributes to a clean environment and 

renewable energy sources, which are among the most important issues on the global agenda. A brake-pad assembly, mounted 

concentrically with the hub of a ground-engaging wheel, is actuated upon braking to supply frictional engagement between the hub and 

clutch mechanism, while applying a decelerating torque to the wheel. The special braking mechanism is selectively held in position by a 

rider-controlled clutch mechanism, to accumulate energy over several braking events. Vehicles driven by electric motors use the motor 

as generator when using regenerative braking and its output is supplied to an electrical load. The transfer of energy to the vehicle provides 

the braking effect and regenerate power. 

   Key words: Regenerative braking, motor generator, Energy recovery. 

 Ⅰ. INTRODUCTION 

The regenerative braking system is the method which converts the kinetic energy into the electrical energy with the help of motor 

generator. In a conventional braking system, the motion is stopped by absorbing kinetic energy by friction by making the contact of 

the moving body with a frictional rubber pad (called brake liner) which causes the absorption of kinetic energy. This energy dissipates 

as heat into surroundings .The kinetic energy is wasted.  Each time brakes are applied, the momentum gets absorbed to re-accelerate, 

the vehicle has to start from scratch, redeveloping it using power from the engine. Thus, it will ultimately result in the wastage of 

energy. A regenerative brake is an energy recovery mechanism that slows a vehicle by converting its kinetic energy into another form, 

which is used immediately or stored until needed. Thus, the generated energy during the braking is sent back into the supply system 

(in the case of electric trains), whereas, in battery electric and hybrid electric vehicles, the electrical  energy is stored in a battery or 

bank of capacitors for later use. Energy can also be stored by compressing air or in a rotating flywheel. 

1.1 CONVERSION OF KINETIC ENERGY INTO ELECTRICAL ENERGY 

The most common form of regenerative brake involves using an electric motor as an electric generator. This works by converting 

electric energy into mechanical energy, which is then used to accelerate the vehicle. When an external force is applied to activate 

the motor, it acts as a generator and generates electricity. This electricity is then used for storage in the battery and reducing the 

speed of the car with the regenerative resistance of the electric motors. There are some methods which convert kinetic energy into 

electrical energy  such as Electromagnetic,  Flywheel,  Electromagnetic flywheel , Spring , Hydraulic  

 1.2Electromagnetic   

   In Electromagnetic system, the drive shaft of the vehicles is connected to an electric generator, which uses magnetic fields to restrict 

the rotation of the drive shaft, slowing the vehicle and generating electricity. In the case of electric and hybrid vehicles, the electricity 

generated is sent to the batteries, giving them a recharge. Electromagnetic system shown in Figure 1 
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Figure 1 Electromagnetic system 

  

  1.3 Flywheel  

     In Flywheel Regenerative Braking System, the system collects the kinetic energy of the vehicle to spin a flywheel that is connected 

to the drive shaft through a transmission and gear box. The spinning flywheel can then provide torque to the drive shaft, giving the 

vehicle a power boost Flywheel Regenerative Braking System shown in Figure 2 

  

                                                                              Figure 2 Flywheel Regenerative Braking System  

 1.4 Hydraulic   

      The Hydraulic Regenerative Braking System slows the vehicle by generating electricity which is then used to compress a fluid.  

Nitrogen gas is often chosen as the working fluid. Hydraulic Regenerative Braking Systems have the longest energy storage capability 

of any system, as 6 compressed fluid does not dissipate energy over time. Hydraulic assisted RBS as shown in figure 3 

  

  

Figure 3 Hydraulic assisted RBS 
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  1.5 Electromagnetic flywheel  

      Electro flywheel regenerative brake is a hybrid model of electromagnetic and flywheel Regenerative Braking System. It shares 

the basic power generation methods with the electromagnetic system; however, the energy is stored in a flywheel rather than in 

batteries. In this sense, the flywheel serves as a mechanical battery, where electrical energy can be stored and recovered. Due to the 

long life of flywheel batteries compared to lithium-ion batteries, electric flywheel Regenerative Braking System is the more cost-

effective electricity storage method.  

   1.6 Spring  

      The spring-loaded regenerative braking system is typically used on human powered vehicles, such as bicycles or wheelchairs. In 

spring Regenerative Braking System, a coil or spring is winded around a cone during braking to store energy in the form of elastic 

potential. The potential can then be returned to assist the driver while going uphill or over rough terrain.  

 

Ⅱ.  LITERATURE REVIEW 

 Zhengwei ma et. al., [1] Wrote that The authors propose an energy recovery strategy based on ideal braking force distribution and 

analyse its effectiveness under different braking strength. During driving, kinetic energy of the vehicle can be recovered under 

decelerating, braking, and coasting situations. In the regenerative braking of a HEV in coasting mode was investigated, and a braking 

energy motor braking strategy was proposed, which applied maximum braking torque to speeds above a certain threshold. The authors 

studied the coasting control for EV based on the driving feeling. There is a conflict between the braking energy recovery efficiency 

(RBS) of front-drive and rear-drive versions of electric vehicles (EVs) in terms of vehicle braking stability. The simulation results 

show that the proposed braking energy recovery strategy is able to effectively achieve the regenerative braking function under different 

braking conditions while ensuring the braking efficiency and braking stability Anurag Bhatt et. al., [2] Wrote that the kinetic energy 

is transmitted in the brakes through drive train and is directed by a mechanical system to the potential store during deceleration. That 

energy is held until required to the vehicle, wherein it is transformed back into energy and stored in the battery of the vehicle using 

the BLDC motor used in electric vehicles due to their robustness and high efficiency this paper they proposed BLDC motor, which 

has power saving and controllability relative to other motor drives. Theoretically in regenerative braking system there is 30% saving 

on the fuel consumption Shoeib Heydari et. al., [3] Wrote approach for dynamically detecting the lowest speed threshold at which 

regenerative braking is effective in electric vehicles (EVs). The control is based on real time sensing of the motor controller's link 

current. It shows how a dynamic low-speed cut off (LSCP) detection method is proposed for EV braking Different methods have been 

proposed to maximize the regenerative braking capability of electric vehicles (EVs) and hybrid vehicles (HEVs). The maximum 

energy that can be harvested through the regeneration process depends on the speed at which the vehicle is being driven. motor 

controller dc link current monitoring was proposed to overcome this 9 limitation and enable dynamic detection of LSCPS.so that 

vehicle controller unit (VCU) is required to determine the period of RBS. The result The maximum charging current at 10 Hz enable 

frequency is 37.51 A that it exceeds Warunchit Chueprasert et. al., [4] Wrote that aims to develop regenerative braking using pulse 

width module (PWM) control. The research will study electric braking systems. In this studied the development of various control 

systems for braking force during regenerative energy and electronic brake directly affects to the vehicle movement the limitation of 

battery pack in the first period when regenerative braking is enabled Emiliano Pipitone et. al., [5] Wrote that An electric kinetic 

energy recovery system (e-KERS) for internal combustion engine vehicle (ICEV) is presented, and its performance evaluated through 

numerical simulations. The KERS proposed is based on the use of a supercapacitor as energy storage, interfaced to a brushless machine 

through a properly designed power converter. Energy savings of the order of 20% were found, with a slight increase in vehicle weight 

(+2%) and with an overall commercial cost that would be compensated in 5 years thanks to the fuel economy improvement, to which 

corresponds an equal reduction of CO2 emissions Liang Zhang et. al., [6] Wrote Three typical braking distribution strategies are 

proposed for parallel hybrid vehicles, namely parallel, optimal sensory series and optimal energy recovery series braking strategy. As 

the actuator of mechanical and electric braking apart, the hydraulic actuator and the generator realise the baking process under the 

control of controllers. The management level is made up of an electronic controller unit, a battery management system, a motor 

controller, and a brake controller that communicate via the CAN protocol. We use MATLAB/Simulink simulation and analysis to 

validate the proposed control strategy. The effectiveness of the control strategy has been established. Downhill driving can be used to 

successfully recover energy from regenerative braking Soniya et. al., [7] Wrote The main aim that has been focus on having influence 

on brake energy that is usable is discussed. It helps in save energy and provide higher efficiency for a car. Electric Vehicles (EVs) use 

mechanical brake for the increase the roughness of wheel for the decelerate purpose. From the position of saving energy, the 

mechanical brake dissipate much energy, since the EV's kinetic energy is renewed to In electric energy. The easy to control motors 

are capable of regenerating. The controller I DCDC converter, which work as buck-boost converter. To control this a dc-dc controller 

is design, the controller decide that battery is full of charge and then, the charge is to supply to capacitor. The boost operation is used 

for acceleration while buck-operation is use for braking. It has the ability to save the waste energy up to 8-25%. Liang Li et. al., [8] 

Explains that The proposed strategy can ensure vehicle safety during emergency braking situation and improve the recovery energy 

almost 17% compared with the conventional 10 strategy. There are two parts of braking system. The pneumatic braking system is 

composed of the air compressor, tank, braking valve, modulating valve, braking pan and pressure sensor. Every wheel is equipped 

with the modulating valves, so that every wheel can be controlled independently of the braking controller. The system is divided into 

three levels gathering each part. The vehicle controller is put in the highest level, which contains the integrated braking control strategy 

through model simulation. This Journal includes a simulation and HIL test to evaluate the safety and energy recovery capability of 

RBS with the proposed NMPC strategy. Chengqun Qiu et. al., [9] Wrote the design and control of a regenerative braking system for 

electric vehicles. The mechanism and evaluation methods of contribution brought by regenerative braking to improve electric vehicle’s 

energy efficiency are discussed and analysed by the energy flow. A new regenerative braking control strategy called ''serial 2 control 

strategy is introduced .They describe the energy flow on vehicle level with the regenerative brakes, and compare their efficiency to 

that of the battery during charging and discharging. They Find contribution ratio to regenerative braking energy transfer efficiency 

improvement and the contribution ratio to regenerative driving range. ChaofengPan et. al., [10] Wrote Rotational speed signals 
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acquisition and processing techniques are widely used in machinery. Obtaining accurate motor rotational speed signal will contribute 

to the regenerative braking force control steadily and realized higher energy recovery rate. Rotational speed sensor usually output 

signal in analog mode, analog signal is conditioned by circuit and suitable for measurement applications. Multiple channels of speed 

can be measured simultaneously using a multichannel ADC board, the ADC converts the analog speed signal into digital data. Motor 

rotational signals obtained during the sliding and Regenerative braking are precise and accurate, and the requirements for the 

regeneration braking control can be satisfied. Dongsheng Sun et. al., [11] Wrote about Dual-mode regenerative braking control 

strategy of electric vehicle based on active disturbance rejection control. The proposed regenerative braking control strategy can 

achieve higher regeneration efficiency under the dynamical limitation of battery charging current, which further expands the operating 

range of the regenerative braking system. strategy includes regenerative torque closed loop control mode and ADRC-based 

regenerative current closed-loop control mode which integrates charging safety, regeneration efficiency, and ride comfort. simulation 

and experiment prove the effectiveness of the control strategy, which can guarantee the safety of charging and the smoothness of 

braking. Pratik Bhandari et. al., [12] Wrote work done by the engine of the vehicle is reduced, in turn reducing the amount of energy 

required to drive the vehicle. The objective of our project is to study this new type of braking system that can recollect much of the 

car’s kinetic energy and convert it into electrical energy or mechanical energy. Regenerative braking converts a fraction amount of 

total 11 kinetic energy into mechanical or electrical energy but with further study and research in near future it can play a vital role in 

saving the non-renewable sources of energy. Mohamed N et. al., [13] Wrote about Low Vehicle Speeds Regenerative Anti-lock 

Braking System. The study is the first to assess enhancing regenerative braking performance at low speeds. The proposed system 

detects the type of the road condition and adapts braking performance with road condition. RABS comprehensive model is constructed 

using Matlab/Simulink simulation for optimization of the control system performance during braking on different terrains. The new 

RBS is simulated and practically tested at very low speed rates lower than 10 km/h. Jian Wu et. al., [14]: Du Wrote about hierarchical 

control strategy with battery aging consideration to solve the problem. In the up-level controller, the control targets 14 are to recover 

more energy and minimize aging of the battery in general braking mode, and ensuring the vehicle braking safety in 15 emergency 

braking mode at the same time. The low-level controller receives the commands of the up-level controller, and 16 controls the 

pneumatic braking system and the electric motor (EM). Simulation tests are designed to indicate the effects of 18 regenerative braking 

on battery aging and the control effectiveness of the proposed method, and controller-inthe-loop tests are 19 carried out to verify the 

real-time calculation performance. Jonathan Nadeau et. al., [15] Explains novel controller design for a dual electro-hydraulic 

regenerative brake system featuring on/off solenoid valves which track an ‘‘ideal’’ brake force distribution. As an improvement to a 

standard brake force distribution, it can provide the reach of the maximum braking adherence and can improve the energy recovery 

of a rear-wheel-drive electric vehicle. The improvement in energy recovery is possible with the complete substitution of the rear 

hydraulic brake force with a regenerative brake force until the reach of the electric powertrain constraints. It is done by performing a 

proper brake pressure fine regulation through the proposed variable structure control of the on/off solenoid valves provided by the 

hydraulic platform of the vehicle stability system. CS Nanda Kumar et. al., [16] Wrote that a rear-wheel-driven series hybrid electric 

vehicle which has a mechanically operated friction brake system is studied. A new cooperative control of regenerative braking and 

friction braking called ‘combined braking’ is proposed for this vehicle configuration. A mechanism to adjust the proportions of 

regenerative braking and friction braking was proposed. under urban driving and across the Modified Indian Driving Cycle and vehicle 

road testing results show that the proposed combined braking can regenerate more than twice the braking energy of conventional 

parallel braking  Najmuddin M Jamadar et. al., [17] Wrote that , mechanical braking mechanism results in friction which in turn, 

into heating losses and reduces the efficiency of EV. regenerative braking system (RBS) and energy management system are employed 

in addition to mechanical braking for increasing the braking efficiency of the EV system. They presents a review of regenerative 

braking and braking energy management techniques by considering different driving situations and road conditions. Yang yang et.al., 

[18] Wrote about Dynamic Coordinated Control for Regenerative Braking System and Anti-Lock Braking System for Electrified 

Vehicles Under Emergency Braking Conditions. The method of logic threshold control combined with phase plane theory to analyse 

the relationship between the slip rate and the braking torque during the ABS braking process and to obtain the composition rule of the 

braking torque required for ABS braking. Based on this rule, a control strategy to coordinate RBS and ABS when triggering ABS is 

proposed to improve the efficiency of braking energy recovery. Studied the ABS for the emergency conditions how it works and it 

uses advantage of it. Yogesh Abhale et. al., [19] Explains about how the regenerative braking system works. The braking is improved 

by using flywheel, DC-DC converter, ultracapacitor as well as super capacitor. The principle and various types of controllers have 

been studied to improve energy saving of electric vehicles Qinghai zaho et. al., [20] Explains Control Strategy of Hydraulic 

Regenerative Braking of Electro hydraulic Hybrid Electric vehicles. By using the numerical simulation the research is done. The 

electrohydraulic hybrid transmission system is studied. According to the operation mechanism of the electric hydraulic hybrid electric 

vehicle, the power transmission system structure of the electric hydraulic hybrid electric vehicle is deeply explored and vehicle model 

was built. By considering all the above-mentioned journals, as per our knowledge we observed that the using regenerative braking 

system in the vehicles we can minimize the energy lost and save the energy which can be used further. Then the vehicles efficiency 

will be increased 

Ⅲ.  METHODOLOGY USED FOR RBS 

In this the methodology involved in the Regenerative braking system and its results. It requires sufficient momentum in the vehicle, 

a system capable of storing energy, a controller to turn ON or OFF the process of regeneration, and frictional braking to stop the 

vehicle when regenerators fail or during an emergency. Regenerative braking systems may not suffice the basic requirement of 

braking system alone due to limitation of energy dissipation at very high power. To co-exist with electrical regenerative braking 

systems, a hybrid braking system can be formed, with many design configurations and control strategies. Regenerative brakes are 

electric vehicles that convert kinetic energy into electric energy which can be stored in a battery and reused later .Electric trains, 

cars, and other electric vehicles are powered by batteries connected to motors, which turn the wheels and provide us with kinetic 

energy. When we stop and hit the brakes, electronic circuits cut the power to the motors, so the motors work like generators and 

start producing electricity instead of consuming it. This energy is returned to the batteries and can be reused when we start off again. 

However, regenerative brakes take time to slow things down, so most vehicles that use them also have ordinary (friction) brakes 
working alongside. This is one reason why regenerative brakes don't save 100 percent of our braking energy. 
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3.1 WORKING PRINCIPLE OF REGENERATIVE BRAKING SYSTEM              

      Regenerative braking is a braking method that utilizes the mechanical energy from the motor by converting kinetic energy into 

electrical energy and fed back it the produced energy  into the battery source. Theoretically, the regenerative braking system can 

convert a good amount  of its kinetic energy to charge up the battery used for other electrical purposes in the vehicle  using the same 

principle as an alternator. In regenerative braking mode, it uses the motor to slow down the car. When the driver applies force to the 

brake pedal, then the electric motor works in reverse direction thus, slowing it. In the  Figure 4 Normal forward driving Figure 5: 

Regenerative action during braking The figure .4 shows the car in normal running condition where the motor is producing torque by 

taking energy from the battery. While running backwards, the motor acts as a generator and recharges the batteries as shown in figure 

5. By using regenerative braking, it vastly reduces the reliance on fuel, boosting fuel economy and lowering the emissions. The electric 

motor reverse direction becoming a generator which then stores the energy in vehicle battery Figure 6 wheel position while braking 

and accelerating. While the brake is applied on the vehicle the rotation of the motor is changes to reverse direction and it will works 

as the generator then the electrical energy is produced by the generator the produce energy is used for further purposes. 

 

  

. 

  

                    Figure 4 normal forward driving condition                                 Figure 5. regenerative action during braking condition 

 

Figure 6. wheel position while braking and accelerating 

 

Ⅳ.  FABRICATION 

The main objective of our paper is to design and implement a regenerative braking system that helps to regenerate the amount of 

energy wasted during braking with the help of generator  that energy is stored back in the battery which can be used for further 

driving. Our goal is to design and implement a regenerative braking system that will handle the task described For the testing the 

model is made , it is made of the following parts. A new model of regenerative braking in EV is presented in this paper. The 

modelling of every component is presented with their corresponding parameters The construction of the RBS involves D.C. Motor 

and Generator, Brake wheel ,Battery, LED, Electrical wires, Wood Screws ,Clamps. By using all the parts the model of regenerative 

braking system is produced. First the wooden plank is cut to the required dimensions for plank and stands. Wooden pieces of the 

required size are cut for the stand and the spindle. The main motor is fixed with the stand using a clamp and screws. The braking 

motor is attached to the spindle using a clamp and screws The main stand is fixed with the base and a spindle stand is fixed to the 
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base .The spindle is attached to the spindle stand. LEDs are connected to the braking motor with the wires.  The main motor is 

supported by an additional spindle. The brake wheel is attached to the motors. The DC generator is an electrical machine whose 

main function is to convert mechanical energy into electricity.   One of the two motors is used as the main motor. This is connected 

to the gear using a spindle shaft. The motor’s tip is connected to a gear which can be meshed with the braking gear. It has a capacity 

of 12v.   One of the brake wheels (gears) is connected to the main motor. It is in continuous motion along with the wheel of the 

vehicle. The battery is used to run the motor, then the wheel will start rotates. The battery specifications are 12volts 1.5 Ampers. It 

can store the energy and generate the energy when required.  These are used in order to show the power generated from the 

regenerative brakes. Wood for making the frame for the system. The wood is used to make the needed frame. After the assembly 

of all the parts the motor will be started running with the help of the battery. The battery will produce 12v ,1.5 amps .while the 

brake pedal is pressed against the wheel the motor is acts as the generator and produces the energy and it will be stored in battery 
or used for light, electrical parts in the vehicles. Fig 7 shows the final testing model working. 

 

Figure 7 Testing  model of RBS 

 Ⅴ.  RESULTS AND CALCULATIONS  

 5.1 results  

The Tables 1 shows the results of the testing of the model of regenerative braking system 

            TABLE 1 

r 

 

 In the first trail While the motor runs at a speed of 500 rpm ,the brake wheel pressed against the wheel then the rpm will be 

decreased and the energy is produced in the form of electrical energy in 7.12 volts. In the second trail While the motor runs at a 

speed of 1000 rpm ,the brake wheel pressed against the wheel then the rpm will be decreased and the energy is produced in the form 

of electrical energy in 14.10 volts. This shows that when the vehicle runs at high speed the energy produced is also more 

S.NO RPM BEFORE BRAKE 

PEDAL 

PRESSED 

RPM AFTER 

BRAKE PEDAL 

PRESSED 

VOLTAGE 

1 500 460 7.12 

2 1000 870 14.10 
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 5.2calculations  

. Regenerative braking has a similar energy equation to the equation for the mechanical flywheel. Regenerative braking is a two-step 

process involving the motor/generator and the battery. The initial kinetic energy is transformed into electrical energy by the 

generator and is then converted into chemical energy by the battery. This process is less efficient than the flywheel. The efficiency 

of the generator can be represented by                                                                                                               

  : η gen = 𝑊𝑜𝑢𝑡/ 𝑊𝑖𝑛  where                                                                                                                                                                                  

• Win is the work in the generator.                                                                                                                                                                    

•Wout is the work produced by the generator.                                                                                                                                                     

The only work into the generator is the initial kinetic energy of the car and the only work produced by the generator is the electrical 

energy.  Rearranging this equation to solve for the power produced by the generator gives this equation:  

 P gen = 𝜂𝑔𝑒𝑛𝑚𝑣 2/ 2∆𝑡                                                                                                                

• ∆t is the amount of time the car brakes = 5.  

• m is the mass of the car. =  1.5KG x 9.81 =14.7N  

• v is the initial velocity of the car just before braking = 0.844 m/s  

• η gen efficiency of generator  

• η batt efficiency of battery 

 The efficiency of the battery can be described as:   

η batt = 𝑃𝑜𝑢𝑡 /𝑃𝑖𝑛 where  

• P in = P gen   

 P out = 𝑊𝑜𝑢𝑡 ∆𝑡   

The work out of the battery represents the amount of energy produced by the regenerative brakes.   

  

Trail 1   

At 500 rpm  

. The efficiency of the generator can be represented by  

: η gen = 𝑊𝑜𝑢𝑡/ 𝑊𝑖𝑛  

 W in = RCF = RPM^2 x 1.118x10^-5xr  

                     = 500^2 x 1.118x10^-5 x 40  

                     =11180 N-M   

W out          = 460^2x1.118x10^-5x40                                  .                                     

= 9462.75N-M            

          η gen =84%  

  

the power produced by the generator gives this equation:  

 Pgen = 𝜂𝑔𝑒𝑛 x 𝑚𝑣^ 2/ 2∆𝑡  

           = 84x14.7x0.84^2/(2x5)  

           =1.2kw     

   ηbatt = 𝑃𝑜𝑢𝑡 /𝑃𝑖𝑛 where  
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•    Pin = Pgen   

•  Pout = 𝑊𝑜𝑢𝑡 ∆𝑡   

  

     Pin  = 1.2kw  

    Pout =0.9kw  

              

   ηbatt = 0.9/1.2 = 75%  

  

       Trail 2  

At 1000 rpm  

. The efficiency of the generator can be represented by  

: η gen = 𝑊𝑜𝑢𝑡/ 𝑊𝑖𝑛  

 W in = RCF = RPM^2 x 1.118x10^-5xr  

                      = 1000^2 x 1.118x10^-5 x 40  

                      =447.2 N-M   

        W out    = 460^2x1.118x10^-5x40  

                      =338.48N-M                                

            η gen =75%  

 the power produced by the generator gives this equation:  

            Pgen = 𝜂𝑔𝑒𝑛 x 𝑚𝑣 ^2/ 2∆𝑡  

                      = 75x14.7x1.68^2/(2x5)  

                     =3.1kw                    

             ηbatt = 𝑃𝑜𝑢𝑡 /𝑃𝑖𝑛 where  

• Pin = Pgen   

• Pout = 𝑊𝑜𝑢𝑡 ∆𝑡    

               Pin  =3.1kw  

               Pout =2.6kw  

              ηbatt = 83% 

The efficiency is increased by increase in the speed. More energy is produced when the speed of the vehicle is more. 

Ⅵ.  CONCLUSION  

  In this paper how the regenerative braking system works and converts the wasted energy into useful work is done. The regenerative 

braking system used in vehicles is designed to partially recover the battery charge wasted in braking. This energy is converted into 

heat by friction brakes which are dissipated to the environment. Regenerative braking is still limited and dependent on uncontrollable 

variables, and danger can arise if applied to two-wheel-drive brake systems. However, it does have various benefits, such as extending 

driving range, improving braking efficiency, reducing brake wear, and improving energy conservation. As designers and engineers 

perfect regenerative braking systems, they will become more and more common .These systems can be used in developing countries 

like India where buses are the preferred means that of transport within the cities. Regenerative braking could be a little, however 

important, step toward our freedom from fossil fuels. 

 

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG  
 

IJNRD2303162 International Journal of Novel Research and Development (www.ijnrd.org)  
 

b529 
 

REFERENCES  

[1] Ranjan Kumar ,Department of Mechanical Engineering, Indian School Of Mines, Dhanbad, “Regenerative Brake: To Harness the 

Kinetic Energy of Braking” Volume 2, Issue 1 ,ISSN23495162,pp 2132-22178, ,January 2015. 

[2] KEC Ghaziabad ‘‘Regenerative braking for an electric vehicle using hybrid energy storage system. In: International journal of 

electrical and electronics engineering research(IJEEEK), volume 3, issue 4, ISSN 2090-4479, page number 42-45. Oct 2013. 

[3] S. Moura, D. Callaway, H. Fathy, J. Stein. Trade offs between battery energy capacity and stochastic optimal power management 

in plug14 in hybrid electric vehicles. Journal of Power Sources, Volume 2, ISSN 2979-2988, pp 195, 2010. 

[4] P. J. Grbovic, P. Delarue, P. Le Moigne, and P Bartholomeus, “A bidirectional three-level dc-dc converter for the ultra-capacitor 

applications”, IEEE Trans. Ind. Electron., volume 57, no. 10, ISSN 2278-8875, pp. 415–3430, Oct. 2010. 

 [5] Pulkit gupta ,anchal kumar , Sandeep deb, shayan –“REGENERATIVE BRAKING SYSTEMS” International Journal of 

Mechanical And Production Engineering, Volume- 2, Issue- 5, ISSN: 23202092 ,May-2014.  

[6] X. Tang, W. Yang, X. Hu, and D. Zhang, ‘‘A novel simplified model for torsional vibration analysis of a series-parallel hybrid 

electric vehicle,’’ Mech. Syst. Signal Process., volume 85,ISSN 2402-2786, pp. 329–338, Feb. 2017. 

 [7]. Boisvert M, Micheau P, Mammosser D, et al. Comparison of two strategies for optimal regenerative braking, with their sensitivity 

to variations in mass, slope and road condition. IFAC Proc Volume 46 ,pp 626–630,2013. 

 [8] Li Y-S, Zeng Q-L, Wang C-L and Wang L. Research on control strategy for regenerative braking of a plug-in hybrid electric city 

public bus. In: 2nd IEEE international conference on intelligent computation technology and automation, Changsha, Hunan, People’s 

Republic of China, Volume 1,ISSN 2331-2456, pp. 842–845. New York: IEEE. 10–11 October 2009.  

[9] Rajashekara, K. Power conversion and control strategies for fuel cell vehicles. In Proceedings of the 29th Annual Conference of 

the IEEE Industrial Electronics Society, Roanoke, VA, USA, 2004; Volume 3, ISSN 1996-1073,pp. 2865–2870,2004. 31 

 [10] L. Zhang, L. Yu, N. Pan, Y. Zhang, and J. Song, ‘‘Cooperative control of regenerative braking and friction braking in the transient 

process of anti-lock braking activation in electric vehicles,’’ Proc. Inst. Mech. Eng., D, J. Automobile Eng., volume. 230, no. 11, pp. 

1459–1476, doi: 10.1177/0954407015613193, Sep. 2016.  

[11] G. Xu, K. Xu, C. Zheng, X. Zhang, and T. Zahid, ‘‘Fully electrified regenerative braking control for deep energy recovery and 

maintaining safety of electric vehicles,’’ IEEE Trans. Veh. Technol., volume. 65, no. 3, DOI 10.1109/ACCESS.2020.3011563 pp. 

1186–1198, Mar. 2016. 

 [12] T. Liu, J. Zheng, Y. Su, and J. Zhao, “A study on control strategy of regenerative braking in the hydraulic hybrid vehicle based 

on ECE regulations,” Mathematical Problems in Engineering, volume 2013, Article ID 208753, pp 9 pages, 2013. 

 [13] Nguyen AT, Lauber J, Dambrine M. Optimal control based algorithms for energy management of automotive power systems with 

battery/super capacitor storage devices. Energy Convers Manage volume 87, pp.410–20,2014. 

 [14]. Zeff S. My electric journey with a Nissan Leaf: A classic early adopter experience .IEEE Consumer Electronics Magazine , 

volume 5(3), doi 10.1007/s11465-019-0546-x ,pp. 79–80, 2016. 

 [15] Zhengyu Chua, XuningFeng, Minggao Ouyanga, ZuofuWang,LanguangLu, JianqiuLi, and XuebingHana, Optimal charge current 

of lithium ion battery, Energy Procedia, volume 142, DOI 10.1051/matecconf/20 100 ICMME 2019 306 4 20) 203060 4,pp. 1867-

1873, December (2017). 

 [16] H. Matsuo, L. Wenzhong, F. Kurokawa, T. Shigemizu, and N. Watanabe, “Characterization of the multiple-input DC–DC 

converter,” IEEE Trans. Ind. Electron., volume. 51, no.3, DOI 10.1109/TVT.2016.2611655 , pp. 625–631, Jun. 2004.  

[17] Bageshwar VL, Garrard WL, Rajamani R. Model predictive control of transitional maneuvers For adaptive cruise control vehicles, 

Volume 53(5),DOI 10.1016/j.enconman.2015.12.077 0196- 8904.2004,PP.1573–85.2009.  

[18]J.Paterson, M. Ramsay, Electric vehicle braking by fuzzy logic control, in: IEEE Industry Applications Society Meeting, volume. 

3, pp. 2200–2204.DOI 10.1016/j.ymssp. 2015.06.001,1993. 

http://www.ijnrd.org/


© 2023 IJNRD | Volume 8, Issue 2 February 2023 | ISSN: 2456-4184 | IJNRD.ORG  
 

IJNRD2303162 International Journal of Novel Research and Development (www.ijnrd.org)  
 

b530 
 

 [19] Xiaohong Nian, FeiPeng, Hang Zhang, “Regenerative Braking System of Electric Vehicle Driven by Brushless DC Motor” IEEE, 

volume 6, ISSN 2581-7280, PP 176-336, 2010. 

 [20] Sanketh,S.S.; Karabasoglu, O. Regenerative Braking Control Strategy for Hybrid and Electric Vehicles Using Artificial Neural 

Networks. In International Conference on Engineering Applications of Neural Networks; Springer: Cham, Switzerland, Volume 

459,DOI.https://doi.org/10.3390/ electronics10030223,pp. 103–112,2011 

http://www.ijnrd.org/

