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Abstract 

There are many problems that the conventional petroleum vehicle poses such as dependency on foreign oil, degradation of air 

quality and carbon emissions that perpetuate climate change. India imports large amount of oil for automotive use. Nearly 80% of 

India’s crude oil requirement is imported. So, there is the need for alternative fuelled vehicles to reduce the problems of exhaust 

emissions from internal combustion engines and to reduce the dependency on imported foreign crude oil. An electric car is an 

alternative-design automobile that uses an electric motor to power the car, with the electricity being provided by a battery. It 

produces zero emission and it has noiseless operation. The overall impact of the electric car ultimately benefits the people. 

Compared to gasoline powered vehicles, electric vehicles are considered to be ninety-seven percent cleaner, producing no tailpipe 

emissions that can place particulate matter into the air. According to the survey of today’s scenario, there is a big need of small, 

light weight and more efficient electric car with better safety to overcome from traffic problem, and to increase the overall 

efficiency. I think it is time to consider it necessary to produce varied types of electric cars. The reason is simple, we need to find 

substitute for oil and gasoline powered cars and we need to lower the pollution from vehicles. I think the best solution is electric 

vehicle and I am positive that is a big part of our future. This review paper includes the basic details of electric car and the basics 

of a brake system of the vehicle as a safety features well as survey of some well-known company’s electric vehicle.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Internal combustion engines are the engines, in which, combustion of fuel with oxygen of the air occurs within the cylinder of the 

engine. The combustion process occurs inside the engine. They are classified as SI and CI engines. 

SI engine works on Otto cycle and petrol used as a fuel. Air-fuel ratio of this engine is 10:1 to 20:1 and the fuel supply is done 

by carburettor. It has Low thermal efficiency, less noise and vibration. CI engines works on diesel cycle and diesel used as a fuel. 

Air-fuel ratio of this engine is 18:1 to 100:1 and the fuel supply is done by injection. It has High thermal efficiency, more noise 

and vibration. 

Internal Combustion engines can also run on different kinds of fuel like Liquid, Gaseous and Solid fuels. The properties and the 

character of the fuel exercise profound influence on the design, output, efficiency, fuel consumption and the reliability and 

durability of the engine. Natural gas (CNG), Liquefied petroleum gas (LPG), Alcohol, Hydrogen, Biogas used in IC engines as 

alternative fuels. All IC engines which used these types of different fuels produce emission. 

 E-Car: 

E-car is a one type of Battery Electric Vehicle. It is “pure” electric vehicle in that all of their power is derived from mains electricity, 

supplied to an on-board battery which then drives an electric motor (or possibly more than one) within the vehicle. These vehicles 

produce zero emissions. An electric car is an alternative fuel automobile that uses electric motors and motor controllers for 

propulsion, in place of more common propulsion methods such as the internal combustion engine (ICE). An electric car is an 

automobile that is propelled by one electric motor or more, using electrical energy stored in the batteries or another storage device. 

Electric motors give electric cars instant torque, creating strong and smooth acceleration. 
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Fig. 1: Layout of E-car 

 Advantages of E-car: 

Fuel can be harnessed from any source of electricity, which is available in most homes and businesses. It reduces hydrocarbon and 

carbon monoxide, responsible for many environmental problems, by 98%. Also reduces pollution. It does not produce emissions 

and that is important in urban cities, where cleaner air is much needed. It is energy efficient and environmental friendly. 

 Brake of Vehicle: 

Brakes are one of the most important control components of the vehicle. They contribute very much in the running and control of 

the vehicle. The braking system provides added friction to overcome motion and to slow up or to stop the vehicle. They are required 

to stop the vehicle within the smallest possible distance and this is done by converting the kinetic energy of the vehicle into the 

heat energy which is dissipated into the atmosphere. [17] 

Functions of brake system is to stop the moving vehicle in the shortest possible time and distance and to help in controlling the 

speed of the vehicle and to reduce the speed at turning and other crowded places. [17] 

 Requirements of a Good Braking System: 

The brake should stop the vehicle within a reasonable distance. The braking system should be very reliable to promote highest 

degree of safety on the road. The braking system should not be affected by water, heat, road grit or dust etc. Pedal effort applied 

by the driver should not be more. Brake should work equally well in all weathers. The wear and tear of the Material of the brake 

lining should be minimum for its longer life.  All the components and levers of the braking system should be strong enough to take 

the mechanical stresses and strains during brake actuation. [17] 

 Types of Brake: 

 Drum Brake:  

A drum brake is a brake that uses friction caused by a set of shoes or pads that press outward against a rotating cylinder-shaped 

part called a brake drum. Drum brake is a brake in which shoes press on the inter surface of the drum. 

 Disc Brake:  

A disc brake is a type of brake that use callipers to squeeze pairs of pads against a disc in order to create friction that retards the 

rotation of a shaft, such as a vehicle axle, either to reduce its rotational speed or to hold it stationary. 

 Components of Disc Brake: 

1) Disc 

2) Calliper 

3) Brake pads 

4) Master cylinder 

5) Brake fluid reservoir 

6) Brake line 

7) Brake fluid 

II. LITERATURE SURVEY 

Puridur Bjorg Gudnadottir [1]: This paper contains basic concept of electric car, how the technology has evolved and what the 

prospects are. According to the author, the best solution is electric car, as substitute for oil and gasoline powered cars and to lower 

the pollution from vehicles. An electric car is an alternative-design automobile that uses an electric motor to power the car, with 

the electricity being provided by a battery. The main advantage to electric vehicles is that the motor and battery configuration 
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allows the vehicle to run more fuel-efficiently. Electric vehicles can perform quite well in the cold. Compared to gasoline powered 

vehicles, electric vehicles are considered to be 97 percent cleaner, producing absolutely no tailpipe emissions that can place 

particulate matter into the air. Electric cars are completely silent because there is no internal combustion engine. Author concludes 

that Electric car need to become commercially available so people can choose between electric or other options. According to the 

survey of him, there is a demand for EV but the supply is very poor. He also concludes that electric vehicles have much to offer 

and it is going to be a big part of our future. 

Rony Argueta [2]: Due to the problems caused by the gasoline engine on the environment and people, the automotive industry 

has turned to the electrical powered vehicle. This report explains how an electric vehicle works and compares the electric vehicle 

to the internal combustion engine and hybrid vehicle. In addition, a brief future view of the technology is given. Compared to 

gasoline powered vehicles, electric vehicles are considered to be ninety-seven percent cleaner, producing no tailpipe emissions 

that can place particulate matter into the air. As seen in this report, the electric vehicle has many advantages and benefits over the 

internal combustion engine and hybrid vehicle. however, it also has disadvantages. It is heavier, limited to the distance it can travel 

before recharge, and costs more. The future of the EV relies on its battery. If researchers can produce or find the “super battery”, 

the EV’s future is promising. 

Anu G Kumar et.al. [3]: In wake of the very recent initiative by the Indian government under the Faster Adoption and 

Manufacturing of Hybrid and Electric Vehicle (FAME) scheme 2015, to provide subsidies for electric vehicle purchase, the cost 

difference between electric vehicle and conventional diesel vehicle is bridged to an extent. This paper attempts to provide strategies 

to increase the cost advantage of Electric vehicles by reducing its payback period by exploring possibility of vehicle to home(V2H) 

scheme and thus to increase the willingness to pay (WTP) of the customer. The biggest beneficiary of this scheme will be the 

Indian power grid. Electric vehicle can be used as a storage methodology. The hypothesis presented by the author is specific for a 

State, nevertheless these findings are heterogeneous enough across the country and this can significantly increase social benefits 

for the whole nation. As the future scope, green House Emissions can be also reduced if this system is integrated with renewable 

energy sources such as solar or wind. At last, author conclude that In the near future, as the battery technology becomes cheaper, 

fossil fuels becomes costlier, electric vehicle technology becomes cost effectives, government subsidies for PHEVS, Tax Benefits 

for V2H, charging stations becomes widespread, and GHG emission law more stringent, it is a natural expectation that the vehicle 

to home (V2H) methodology will becomes popular and economically viable. 

Enrico Ferrero, et.al. [4]: An experimental campaign is conducted close to a highway in Milan, Italy. Meteorological parameters 

and chemical concentrations are measured along with the traffic emissions. They have found that only a significant replacement 

(50%) of non-electric vehicles with electric ones yields a remarkable reduction of the pollutant concentrations. The first scenario 

(EV) considers replacing 25% of light vehicles with electric ones. The maximum effect of this change is a concentration decrease 

of 2.8% for NO2 and 8% for NO computed at two measurement stations. We also evaluate two additional scenarios. They first 

consider a replacement factor of 25% both in the light fleet and in the heavy-duty fleet (EV2). Then, a third scenario (EV3) 

considers a replacement factor of 50% in the light car fleet only. In these cases, the pollution reduction is more significant. They 

find a relative difference of 6.7% and 17.6% for NO2 and NO respectively in the EV2 scenario. In the EV3 scenario, they find a 

relative difference of 5.5% for NO2 and 16% for NO. In the EV scenario, NO and NO2 concentrations are not significantly reduced. 

In EV2 and EV3 scenarios NO concentrations decrease more significantly than in the EV scenario, but the reduction of NO2 

concentration is smaller. This demonstrates that only with a total replacement factor (regardless the kind of vehicles) of 50% can 

a significant (more than 10%) pollution reduction be obtained. 

Yogesh Abhale, et.al. [5]: The Electric vehicles are upcoming interest in the market. The traditional braking topologies are 

nowadays used. These braking techniques have lot of wastage of energy during the braking in form of heat. Thus regenerative 

braking is the prime method to be focus as it is energy saving method. It increases efficiency of electric vehicle by saving of waste 

energy. In regenerative braking mode of electric vehicle the kinetic energy of wheels is converted into electricity and stored in 

batteries or capacitors. This method is improved by using flywheel, DC-DC converter, ultra capacitor as well as super capacitor. 

In this paper principle and various types of controllers have been studied to improve energy saving of electric vehicles. There are 

several advantages of regenerative braking taken over the traditional braking system. They are more control over braking, more 

efficient and effective in stop-and-go driving conditions, Prevents wear on mechanical brake systems and Better fuel economy. 

Authors conclude that Regenerative braking is one of the important systems in electric vehicle because it has the ability to save the 

waste energy up to 8-5%. The regenerative braking system has been improved by the advanced power electronic component such 

as ultra capacitor, DC-DC converter (Buck-Boost) and flywheel. In short, the regenerative braking is a tremendous concept that 

has been developed by Engineers. In the near future, regenerative braking techniques can be further developed by using different 

methods either by fuzzy controller or PID controller. 

Tribhuwan singh, et.al. [6]: Using regenerative braking, braking improves the efficiency of an electric vehicle as it recovers 

energy that could go to waste if mechanical brakes were used. A novel regenerative braking system for neighbourhood electric 

vehicles was designed, prototyped and tested. The proposed system utilizes a seesaw system to capture energy whereas the 

conventional systems regenerate to the batteries. The user has direct control over the amount of current regenerated and hence the 

amount of negative torque applied for braking. The research has shown that the proposed regenerative braking system is 

significantly better in recovering energy and slowing the vehicle compared to a commercially available regenerative braking 

system. See Saw regenerative braking system is basically a modification in regenerative braking technique. They are doing two 

main things, first by the help of engaging & disengaging structure we are allowing ‘battery’ to get disengage from the system for 

some time because over charging a battery will ultimately lead it to lose its full charge capacity & the second thing is by disengaging 
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the primary dynamo we are saving armature coil winding which will ultimately increase the life of primary dynamo or the main 

dynamo and further our modification at this small scale can give us a maximum of 9V voltage which can charge all the equipments. 

Amogh Deshpande [8]:- The Present research work aims at studying the analysis and development of hydraulic brake design 

system. Also, various performance parameters can be easily calculated and with the help of these parameters results are shown in 

the form of graphs. The research incorporates Brake Performance and Temperature Calculation for given Vehicle Name and 

Vehicle Category. From given vehicle data, it has been concluded by the author that output is verified and overall performance of 

the vehicle passes. Hydraulic Brake Design System application that can be used by Design Engineer for fine tuning of design 

parameters & validate them. This Application has been developed in order to ensure modularity, flexibility for any vehicle 

configuration. 

Wojciech Kowalski, et.al. [9]:- This paper contains numerical analysis of brake system for heavy (mass m=6400[kg]) transport 

car. Analysis was performed in order to correct existing non optimal brakes in mentioned car. Analysis was based on results of the 

brake system dynamic tests made in Landing Gear Laboratory Institute of Aviation in Warsaw, Poland. Authors describe analytical 

process which led to generate results for new parameters of more efficient braking system for heavy transport car. New braking 

system will be optimized in order to make braking process more effective which can result with reducing braking distance from 

about 30 [m] to about 18 [m] (according to analytical data) what gives 41% improvement. 

Omkar Vaishampayan, et.al. [10]:- The calculation and verification of braking force is a crucial step in the design process of an 

automobile as the braking system directly factors as a good control and safety feature in the product. While designing, the main 

objective is to generate more braking force than ideally required to account for inefficiencies in mechanical linkages and hydraulic 

systems. This paper reviews the basic principles and considerations in the braking system design process and further explains the 

general procedure for the same. The paper also explains a validation method for any designed braking system using a brake 

performance triangle (BPT). The authors conclude that for the brakes to work effectively, the applied braking force should be more 

than required braking force. There are various methods to achieve this, each having distinct advantages. 

Peter J. Blau [12]:- The purpose of this report is to present a survey of commercial brake materials and additives, and to indicate 

their typical properties and functions, especially as regards their use in heavy trucks. Most truck pad and shoe materials described 

here were designed to wear against cast iron. Brake material test methods are also briefly described. This report does not address 

issues associated with the fabrication and manufacturing of brake materials. This report lists additive materials by function. Author 

conclude that Brake performance is affected not only by the materials and vehicle hardware design, but also significantly by driver 

behaviour, the vehicle usage, the state of adjustment of the brake hardware, and the overall environment in which the vehicle is 

driven. 

Klaus-Markus Peters [13]:- Vehicle weight reduction can also lead to important reductions in fuel consumption and emissions. 

Composite materials are one example, which reduce vehicle weights. One way to reduce vehicle weight is through the development 

of lightweight components for advanced braking systems. This report contains Identification of the critical material properties and 

performance requirements. Author has selected TCON composite and done the experiment on the same under mentioned. 

Benchmarking the physical, thermal, and tribological properties of TCON composites. Development and analysis of new TCON 

composites. Evaluation of prototype TCON brakes components. TCON material is produced by Fireline, Inc. The objectives of 

this project were successfully completed, the concept of utilizing TCON ceramic-metallic composites in lightweight automotive 

brake rotors was validated, and Fireline is now considering opportunities on moving forward with the further development and 

market introduction of full-sized TCON brake rotors. 

Nosa Idusuyi, et.al [14]:- A computational model for the heat generation and dissipation in a disk brake during braking and the 

following release period has been formulated in this report. The model simulates the braking action by investigating the thermal 

behaviour occurring on the disc and pad surfaces during this period. A comparative study was made between grey cast iron (GCI), 

asbestos, Aluminium metal matrix composite (AMC), and aramid as brake pad and disc materials. The braking process and 

following release period were simulated for four material combinations, GCI disc and Asbestos pad, GCI disc and Aramid pad, 

AMC disc and Asbestos pad, AMC disc and Aramid pad using COMSOL Multiphysics software. Authors conclude that, In the 

case of the brake pads, the alternative material aramid is suitable for the required function of a friction pad material. It showed 

similar traits to the common material in use, asbestos (which has hazardous health effects), and is thus an appropriate replacement 

for it as a friction material in brake pads. In the case of the aluminium metal matrix composite, the results also showed that it is a 

suitable alternative. Though the conventionally used grey cast irons are no danger to the health and are affordable, AMC has a 

lower density and higher thermal conductivity as compared to GCI and it results in weight reduction of up to 50–60% in brake 

systems. Thus it can be applied in cases where less weight is specifically required for good performance. 

Telang A K, et, al [15]:- This review article is about alternate material for automobile brake disc application to redesigning of the 

braking system by substitution of lighter material like aluminium and carbon composite. The requirement is of the materials that 

have light weight, are strong, abrasion resistant and are not corroded easily. Composite materials provide such unique combination 

of properties. In this review the alternate materials for automobile brake applications with special attention to aluminium 

composites have been done. At the end, author conclude that Aluminium Matrix Composites (AMC) is clearly an impressive 

material and it has many advantages over Cast Iron (CI) and it is can be used as an alternate material. 

III. SURVEY 

This is the survey of brakes used in 10 well-known company’s electric vehicles. 
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Table – 1 

 Survey Table 

NO ELECTRIC CAR BRAKE USED 

1 Mahindra E2O[21,22] Regenerative braking system 

2 Mitsubishi i MiEV[31] 
Front-ventilated disc, 10.1 in 

Rear-drum, 8.0 in 

3 Renault Zoe[23] 
Front-ventilated disc, 258 mm 

Rear-drum 

4 Nissan LEAF[24] 
Front-disc 

Rear-disc 

5 Ford Focus electric[25] 
Front-disc[rotor dia.*thickness=10.9 in] 

Rear-disc[rotor dia.*thickness=10.7 in] 

6 Chevrolet spark EV[28] 
Front-ventilated disc, single piston, 10.1 in 

Rear-solid disc, single piston, 10.1 in 

7 BMW i3[27] 
Front-disc (ABS) 

Rear-disc (ABS) 

8 Tesla model X[26] 
Front-disc (ABS) 

Rear-disc (ABS) 

9 Tesla model S[29] 
Front-ventilated disc (ABS) [355 mm*32 mm] 

Rear- ventilated disc (ABS)[365 mm*28 mm] 

10 Volkswagen e-up[30] 
Front-ventilated disc, 256 mm 

Rear-trammels, 200 mm 

IV. CONCLUSION 

From the above survey, it can be conclude that, according to today’s scenario, pollution is the major issue all over the country as 

well s the world and e-car is the best solution to reduce the pollution. The overall impact of the electric car ultimately benefits the 

people. Compared to gasoline powered vehicles, electric vehicles are considered to be ninety-seven percent cleaner, producing no 

tailpipe emissions that can place particulate matter into the air. Nowadays every design is related to high speed vehicles but I can 

say that there is a big need of small, lightweight and more efficient electric car with better safety to overcome from traffic problem, 

and to increase the overall efficiency. I am positive that it is a big part of our future. Government should give subsidies on 

purchasing more and more small electric vehicles as a substitute of conventional petroleum vehicles and the manufacturing of e-

cars should in such a way that vehicle should be light in weight with better safety. One of the best safety features is brakes. Light 

weight of vehicle can give more efficiency and we can reduce the overall weight with using effective disc brakes and by reducing 

the weight of brake components by using alternative materials. Heat dissipation is easiest in the disc brake system. The design 

should be in such a way that location point of view, cost point of view and space point of view because these are the most common 

problems while designing the brakes of any vehicle. 
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