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Abstract 

 

In this paper, the regenerative braking system (RBS) is implemented in the hybrid vehicle which is made to run using internal 

combustion engine and batteries. A regenerative brake is an apparatus, a device or a system which allows the vehicle to recapture 

and store some part of the kinetic energy that would be 'lost' as heat during applying brake. The total amount of energy lost in this 

way depends on how many times, how hard and for how long the brakes are applied. Energy lost during braking in this hybrid 

vehicle is used to recharge the battery. Since regenerative braking results in an additional increase in energy output for a given 

energy input to a vehicle, the efficiency is improved. It is used to improve the overall efficiency of the vehicle by 25% using RBS. 

The dynamo is fixed on the rear wheel of the vehicle which is beneficial in two ways, one that it helps to covert the kinetic energy 

into electrical energy and other that it controls the friction produced inside the wheel which in turn increases the life time of brake 

pads. Fixed at clearance angle using weld it shifts from wheel hub to wheel rim while application of brake giving more effectiveness 

to the vehicle. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Dr. A. V. Vanalkar [1] used a gasoline engine along with the regenerative braking system to improve efficiency. In many situation 

the generator braking power is sufficient to slow the vehicle as desired by the driver as a result the friction brakes is used less often 

for example in instances of very rapid deceleration at very low speed and stationary regenerative braking contributes toward 

increasing the range of electric vehicle it help to save fuel in HV and to reduce emission of CO2and pollutants particularly in urban 

traffics situation involving frequent braking and acceleration using the generator for braking also reduces brakes wear and the 

build-up of brakes dust. Haghpanah-Jahromi [2] made Anti-lock Regenerative Braking System (ARBS) demonstrates a reasonable 

braking performance compared to the conventional regenerative braking system of Series Hybrid Electric Bus (SHEB) in a slippery 

road condition by decreasing the stopping distance by at the least 18%. The designed system was also shown to have a good energy 

recovery performance by almost 400% increase in the regenerated energy.Clegg.S.J [3] (1996) has used batteries, accumulators, 

flywheel and elastomeric as the main source and in addition to it has used fuel cells, superconductors and regenerative engine. In 

the system shown kinetic energy of the flywheel (used to simulate vehicle mass) is converted to hydraulic energy by the pump and 

stored in the hydraulic accumulator through compression of the gas. The stored energy cane returned to the flywheel during a 

process in which the accumulator gas expands and the oil is pushed through the pump/motor operating in the motor mode which 

results in acceleration of the flywheel. This is analogous to storing the kinetic energy of a vehicle during 

deceleration.SiddharthKishorPatil[4] has used electric motor as the generator to covert the kinetic energy into useful 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 obtained electricity is then used for recharging the battery. 

II. PROBLEM IDENTIFICATION 

No machine can be operated at 100% efficiency because some of the energy input will always be used to overcome the force of 

gravity and the effects of friction and air resistance. Even an optimally tuned engine heats up eventually, and that heat is thermal 

energy being lost. That is the sole reason why we are adopting various other small methods that can improve the efficiency of the 

machine i.e. the vehicle. 
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When energy is transformed from one form to another, or moved from one place to another, or from one system to another there 

is some energy loss. This means that when energy is converted to a different form, some of the input energy is turned into a highly 

disordered form of energy, like heat. Functionally, turning all of the input energy into the output energy is highly impossible, unless 

one is deliberately turning energy into heat (like in a heater). 

There are also significant energy losses within  The chemical energy internal combustion engine from the gasoline  - which 

originates from the natural source sun as it is a fossil fuel - is then converted into heat energy, which presses on piston in the engine. 

The mechanical energy is then transported to the wheels which increases the kinetic energy of the car. Some of this kinetic energy 

is lost to the sound of the engine, light from combustion, and to heat energy from the friction between the road and the tires. Current 

vehicles are only able to use around 20% of the energy content of the fuel as power, the rest is lost. Although efficiencies can be 

improved, they can only be increased to a degree because of principles of thermodynamics. Idling, using accessories such as air 

conditioners, and aerodynamic drag can further increase losses in a vehicle. 

To move forward, a vehicle’s drivetrain must provide enough energy to overcome the vehicle’s inertia, which is directly related 

to its weight. The less a vehicle weighs the less energy it takes to move it. Weight can be reduced by using lightweight materials 

and lighter-weight technologies (e.g., automated manual transmissions weigh less than conventional automatics).In addition, any 

time you use your brakes, energy initially used to overcome inertia is lost. Braking Losses are about 5.8% normally in a vehicle. 

Only about 15% of the energy from the fuel you put in your tank is used to move your car down the road or run useful accessories, 

such as air conditioning. The rest of the energy is lost to engine and driveline inefficiencies and idling.In gasoline-powered vehicles, 

over 62% of the fuel’s energy is lost in the internal combustion engine (ICE). ICE engines are very inefficient at converting the 

fuel’s chemical energy to mechanical energy, losing energy to engine friction, pumping air into and out of the engine, and wasted 

heat. Advanced engine technologies such as variable valve timing and lift, turbo charging, direct fuel injection, and cylinder 

deactivation can be used to reduce these losses. 

Normally the losses in vehicle are  

 Engine Losses – 62.4% 

 Idling Losses – 17.2% 

 Braking Losses – 5.8% 

 Driveline Losses – 5.6% 

 Rolling Resistance – 4.2 % 

 Aerodynamic Drag – 2.6% 

 Accessories – 2.2% 

III. IMPLEMENTATION OF COMPONENTS 

The components used for the regenerative braking system are dynamo, battery, brake wire, brake clutch, disc, digital multimeter 

and hybrid vehicle. 

The regenerative braking system has the simplest implementation setup on the vehicle. Yet, the perfection in setting up the motor 

on the wheel hub makes an important part. The dynamo is an important part to be fixed. At the clearance angle, the motor is fixed 

at the wheel hub using the arc welding. The reason for the usage of arc welding is that it gives a better weld at any angle and it is 

versatile. It does not spoil a larger area during the weld giving a clean weld at required region.  

 
Fig. 1: Shows dynamo on wheel rim 

After fixing the motor on the vehicle, by the application of brake it is checked whether the motor is placed correctly on the 

required region or not. Next, it is checked whether the motor moves up and down or not when the brake is applied. It is that 

whenever the brakes are applied, the motor moves from the wheel hub to wheel rim. This causes the brake to be applied more 

quickly than the normal conventional brakes. Another add-on of this is that the frictional normally produced between the brake 

disc and brake pads are absorbed by the dynamo when it comes to wheel rim position. It also provides faster application of the 

brake resulting in lesser time and distance to stop the vehicle. 
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Fig. 2: Shows entire setup along with battery, dynamo, converter and digital multimeter 

IV. FORMULA’S USED 

 Energy 

E=½[1+Σ Iyy/mr2] MV1 

K=[1+Σ Iyy/mr2 ] 

E=½kmv2 

 Current 

I=NBA × ωsinωt 

φ = NBA 

I=φ× ωsinωt 

ω = 2πn/360 

 Disc Circumference 

Cc=2πr 

r1/r2 = x/Cc 

Where 

K=constant 

IYY=moment of inertia 

R=wheel radius 

M=mass of vehicle 

V=vehicle speed 

ω=angular velocity 

N=speed 

φ=315 (dynamo constant) 

T=time 

R=Tyre radius 

r1 = drum radius 

r2 = motor radius 

V. RESULT 

With all the analysis made practically and theoretically we can be able to conclude that while implementing the regenerative 

braking system in the hybrid vehicle , the output obtained is much greater than the conventional braking.  

On comparison of the analysis carried out without the implementation of regenerative braking system and with that of the 

analysis with the regenerative braking system is depicted below in the form of a tabular column. The table contains parameters 

like speed, time, distance and current on comparison. With different speeds from high to low, the time is noted along with distance 

covered by the vehicle. It can be observed that the time taken without RBS is higher than that of with RBS. As the speed increases 

the time for the vehicle to stop keeps on increasing in both cases. The minimal time taken to stop is only by using RBS on the 

vehicle. 

On the contrary, the distance is made to be compared with the analysis without RBS and that with RBS. We can conclude that 

more distance is covered when the speed is raised. Apart from the coverage of more distance in without RBS, the distance taken 
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for the vehicle with RBS is less. Which concluded that with RBS, the time and distance is lesser and it’s safer to have RBS in the 

vehicle. 
Speed (kmph) Time (s) Distance (m) Current (mA) 

 Without RBS With RBS Without RBS With RBS  

20 2.03 1.83 0.89 0.82 3.38 

30 2.84 2.12 1 0.93 8.82 

40 3.72 2.82 1.20 1.11 20.86 

50 4.26 3.12 1.39 1.19 36.06 

60 4.82 3.62 1.45 1.32 60.24 

The graph below shows the variation of time along with different speed. It is compared with both systems. One with RBS 

implemented and the other without RBS on the vehicle 

 
Fig. 3: Variation of time along with different speed 

The next graph shows the relation of speed with distance. As the speed increases, it takes longer distance to stop. This distance 

is measured from the point the brake is applied to the point where the vehicle stops. Both are proportional to each other. It is also 

observed that value without RBS system installed is larger whereas the values with RBS istalledin the system the vehicle stops 

within 2m of distance when the brakes are applied. 

           
Fig. 4: Relation of speed with distance          Fig. 5: Relation of speed with current 

Beside of the analysis, it is also observed that the current produced by the RBS in the vehicle is about the 30% of the heat 

generated by the braking system on the wheels components. This current measured by the multimeter and is stored in the battery 

for the later purpose. The following graph depicts the relation between the speed and generated current. Both are directly 

proportional to each other. Increase in speed increases the generation of the output. 

VI. FUTURE IMPLEMENTATION 

There is lot of scope in future for the hybrid vehicles and regenerative braking system. Since this environment is getting worsen 

due to the pollution emitted by the petrol or diesel cars. It’s better to get opted to hybrid or electric vehicles. Various other systems 

like regenerative braking system gives additional advantage to these vehicles.  

In mere future these can also be improved by two ways 

1) A program should be made or a circuit can be designed such that whenever the brakes are applied, it makes a short circuit 

between the two wires of the motor. This short circuit will cause the motor to stop all of the sudden and make the brakes 

applied. Sudden stoppage will lead in more friction which will automatically cause more heat. Greater the heat produced, 

greater will be output current obtained and stored in the battery. 
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2) There is also an idea of making the motor to run in reverse. This can be achieved either by programming or by using wire 

connections. This method will help in sudden reverse rotation of motor with that of the wheel rotation.It Causes Friction 

formation leading to heat generation and eventually ending up with good output efficiency. 
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