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Abstract— In this paper, design of the mechanical system of 

the regenerative braking have been presented. The 

mechanism has been proposed to store brake energy in a 

spiral spring and release it back to the vehicle transmission. 

Storing the excess mechanical or electrical energy to use it at 

high demand time has great importance for applications at 

every scale because of irregularities of demand and supply. 

Energy storage in elastic deformations in the mechanical 

domain offers an alternative to the electrical, electrochemical, 

chemical, and thermal energy storage approaches studied in 

the recent years. This concept of low-cost Kinetic Energy 

Recovery System (KERS) can store energy that is lost during 

braking in a spiral spring and release it smoothly to the 

vehicle whenever required. The paper presents the simple and 

lucid design of the mechanism that uses the combinations of 

belt and pulley. A sample calculation on amount of energy to 

be stored has been performed to find out the spring 

parameters so that the calculation can be replicated and the 

system can be customized for each automobile.    
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I. INTRODUCTION 

The regenerative braking system is a technique of harvesting 

brake energy that would otherwise have gone waste. The 

Regenerative Braking System stores energy while braking 

and recycles it as the vehicle accelerates again. Restoring 

wasted energy will, in turn, improve fuel economy. Basically, 

there are two types of Regenerative Braking System based on 

the energy storage technique namely, Electrical and 

Mechanical. In the electric KERS, energy conversion from 

kinetic energy to electrical energy and then to chemical 

energy leads to significant energy losses, the overall energy 

conversion efficiency being 31–34%. The poor conversion 

efficiency of electrical system cancels out most of the 

advantages of battery based regenerative braking. A 

mechanical system has the potential to solve this problem 

which is found to be almost three times more efficient.  

In this paper we are suggesting mechanical KERS 

using the Flat Spiral Spring, ensures the permanent storage of 

energy. The energy stored in spring can provide instant power 

boost that can be controlled by the driver. But the problem 

with the use of Spiral Spring as regenerative braking is the 

sense of direction in which it stores and releases energy. The 

spiral spring releases energy in the direction that is opposite 

to the sense of twisting. So, a system needs to be developed 

that can rectify this problem. In this paper we are claiming 

that the problem of reversing the direction, is rectify with help 

of simple belt and drive mechanism.  

II. STATE OF THE ART AND DISCUSSION 

Both fuel economy and high performance are the two most 

important demands for the modern automobile buyers and 

manufacturers. The awareness of air quality has been 

increasingly on the emission from vehicle which has critically 

affected the performance of vehicles as in order to increase 

the fuel efficiency, performance is reduced. To harness the 

maximum energy lost during braking a vehicle, a lot of 

Research and Development has been done. Alternative to 

increasing the fuel economy is the use of Regenerative 

braking system. Mechanical KERS is the assembly of parts 

which stores some of the kinetic energy of a vehicle under 

deceleration, deposit this energy in storing element and then 

discharge this deposited energy back into the drive train of 

the vehicle, adding a power boost to that vehicle. For the 

motorist, it is like having two power sources at his disposal, 

one of which is the power directly coming from the engine 

while another is the stored kinetic energy. Kinetic Energy 

Recovery System (KERS) stores energy only when the 

vehicle is under braking and returns it during vehicle 

accelerates. During braking, most of the kinetic energy of the 

vehicle is wasted by converting into heat energy or sometimes 

sound energy that is released into the environment. Vehicles 

equipped with KERS are able to harness some this otherwise 

wasted kinetic energy and also assist vehicle in braking. By 

using a fitting mechanism, this stored energy is converted 

back into kinetic energy giving extra boost of power to the 

vehicle. The two-basic type of KERS system are Electrical 

and Mechanical. The distinguishing factor between them is 

the way they convert and store the energy within the vehicle. 

Electric KERS system use battery as storing element and 

require a number of energy conversion which results in 

energy losses. On reapplication of this stored energy to the 

drive train, the overall energy conversion efficiency is 31-

34%. The mechanical KERS system stores energy in a spiral 

spring eliminating the various energy conversions and 

provides overall conversion efficiency exceeding 90%, 

approximately thrice the efficiency of electric system. 

This design of spring based KERS was inspired by 

a desire to build an economical energy storage unit as a proof 

of concept. The energy that is lost during braking is stored in 

a spring which stores the energy by virtue of torsion force 

which is developed in the spring. By using spring, it was 

ensured that the energy stored is permanent until used by the 

driver. The energy storing and releasing operations will be 

done gradually by the use of spring clutch to make sure the 

use of system safe and user friendly. In this research paper, 

the major components used in the system, detailed working 

and the problems encountered have been discussed. 
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III. LITERATURE REVIEW 

Sreevalsan Menon implemented KERS system in a bicycle 

with an engaging and disengaging clutch mechanism for 

gaining much more efficiency. Flywheel technology is on the 

rise across many kinds of technology. It is a pollution free 

method of storing energy that has many current and potential 

applications. In the case of road vehicles there is much to be 

desired in terms of energy efficiency, especially when 

considering pollution per unit of energy. Any system of brake 

regeneration can help that, but flywheels have the potential to 

increase the efficiency of road vehicles without direct or 

indirect negative effects on the environment. The batteries 

used in hybrids do not last the cars lifetime and can have 

costly environmental effects. 

The engines have few cylinders, and are 

turbocharged and directly injected, gasoline or Diesel 

depending on the target use. KERS is preferably mechanical, 

but electric and electro-mechanical solutions are also options. 

The best mobility solution in the short term is the use of 

simple, lightweight vehicles equipped with front small, high 

power density, internal combustion engines and rear kinetic 

energy recovery system brakes. 

Alberto. Boretti also named the mechanical KERS 

as M-KERS and electrical KERS as E-KERS and in his 

research they he found that M-KERS on the rear non-motored 

wheels, the thermal engine powering the front wheels has to 

supply 0.31 MJ/km or 30.82 MJ/100 km for a 1000 kg vehicle 

of standard rolling and aerodynamic resistances covering a 

modified version of the new European driving cycle. 

Kevin Ludlum displayed a fairly simple design with 

implementation of a kinetic energy recovery system with a 

non-negligible increase in the efficiency of a bicycle. Also 

reasoned to use a flywheel that, flywheel has environmental 

impact only at its time of production, and has the potential to 

heavily outweigh those costs through its use. Bikes do not 

have the pollution problems, cars and other modes of 

transportation have, but they can serve as a good analogy for 

how a kinetic energy recovery system can increase the 

efficiency of a vehicle. 

 
G1: Gear 1 

G2: Gear 2 

Block diagram of kinetic energy recovery system 

A. Block Diagram Description:  

The complete assembly and its component have clearly been 

explained in this section. In this section, working of the 

proposed mechanism has been discussed. The energy flow to 

and from the mechanism is shown by a block diagram. Belt 

and pulley mechanism is used because it is the most suited 

one to transmit the power. V-belts are used as they are very 

efficient in transmitting the power and very low power losses 

occur in this belt. Gears are used to reverse the direction of 

motion. Thus, one side of belt and pulley charges the spring 

while the other side of mechanism is used to discharge the 

energy stored in spring. Thus, the energy which used to get 

wasted in heat energy on applying brakes can be easily 

restored using this mechanism. 

IV. MAIN COMPONENTS OF MECHANISM 

A. Energy Storing Device (Spiral Spring) 

It is the main component which is used to store the energy in 

the form of elastic energy. The material of the spring used in 

steel spring. The outer end of the spring is clamped to the 

spring housing while the inner end is clamped to the arbor the 

spiral spring is subjected to a torque applied in such a way 

that the relative shaft–housing rotation causes bending of the 

turns of the spiral strip. It is assumed that the spring housing 

is fixed using a driver-controlled lever and the inner shaft 

(arbor) is loaded by torque (during vehicle braking) about the 

spring axis, the spiral spring will thus deform and stores the 

kinetic energy of the vehicle as elastic potential energy. This 

stored energy can then be utilized to provide an instant boost 

to the vehicle. 

B. Gears 

Simplest form of gears i.e. spur gears are used to reverse the 

direction of motion in the mechanism. Gears made of cast 

iron are used to get good performance and they also have a 

good life. 

C. Belt and Pulley 

Belt and pulley mechanism are used to charge and discharge 

spring. Pulley made up of aluminum is used as they are light 

in weight and they are efficient to transmit the power. V-belts 

are used as for efficient and high torque transmission. 

V. WORKING PRINCIPLE 

On applying the lever, the ideal pulley is pulled due to which 

the loose belt gets engaged and spring starts charging. The 

kinetic energy of cycle gets stored in spring in the form of 

elastic energy. Soon the spring is charged and the motion of 

vehicle stops. Now cycle is at rest and spring is charged, now 

the second lever is engaged, thus ideal pulley tightness the 

belt and first one is released due to this the belt and pulley 

mechanism of other side is engaged. The gears are used in 

this side of mechanism is used to reverse the direction of 

rotation of spring. 
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On applying second lever the spring starts 

discharging and the elastic energy stored in spring is restored 

in wheel in the form of rotational energy. Thus, the energy 

which used to get wasted in the form of heat energy, now can 

be efficiently used to drive the bicycle. Thus, efficiency of 

system increases up to 60%-70%. 

 

A. Advantages:  

 Wasted energy can be easily restored 

 Simple and efficient design  

 Improves the efficiency of system 

 Reduces power consumption 

 Reduce CO2 emission. 

B. Disadvantages 

 Storage capability 

 Expensive 

 Weight increment 

VI. CONCLUSION 

In this paper the conventional system is studied in detail and 

come to a conclusion that lot of energy is wasted in the form 

of heat energy when brake is applied. The major advantage of 

this system is that the power lost during braking can be stored 

in spring and can be used according to our requirement. By 

using the energy stored in spring, efficiency as well as 

performance of system increases the project not only aims to 

avoid the losses of energy but also pay attention on 

recovering the energy lost. An acceptable alternative for 

increasing the mileage is using Kinetic Energy Recovery 

System. By adopting this system there is a reduction in the 

fuel consumption rate in turn.  

VII. FUTURE SCOPE OF KERS 

Kinetic Energy Recovery System (KERS) is a proven 

technology; a lot of research is undertaken in this field as 

there is more scope for improvements. The energy efficiency 

of a conventional brake is only about 20 percent, with the 

remaining 80 percent of its energy being converted to heat 

through friction. This technology currently used in various 

fields including Automobile, Economical rural electrification 

system and also standalone remote power units commonly 

used in Telecommunication industries. So, Research and 

Development in KERS technology we can make use of this 

technology, to solve most of the problems. 
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