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Abstract—Since the past few decades IC Engines have been the 
standard prime movers for most commercial & domestic 
applications. The rise in demand for IC Engines also increased the 
demand for crude oil, a commodity that is present in few countries 
around the world in excess while being scarce in others, thus they 
relied on importing it. Expansion in the volumes of IC Engine 
powered vehicles and their widespread usage in the past few decades 
have slowly caused degradation of our environment due to release of 
harmful gases and pollutant as bi-products. This has lead to the 
increase in popularity of electric vehicles that are powered by 
electricity. A commodity which need not be always imported and can 
also be produced from green & renewable resources thus promoting 
independence from imports of crude oil. This report contains critical 
examination & detailed investigation about the EV. It concludes with 
a short note on the future prospects of the EV.  

INTRODUCTION 
1. HISTORY OF ELECTRIC VEHICLES 
Thomas Davenport was an American inventor who is credited 
for building the first practical electric vehicle (a small 
locomotive which ran on a track) in the mid 1830’s. In the 
following years many new Electric vehicles were invented and 
launched, mostly in USA. The decline in use and production 
of the electric vehicle occurred in the 1920s.  

2. PRESENT SCENARIO OF ELECTRIC VEHICLES 

In present times, electric cars are becoming more popular 
since they have greater range per charge and lower charging 
duration but they are still expensive because of high 
component cost.1 

3. CONSTRUCTION OF AN ELECTRIC VEHICLE   

The electric vehicle consists of a rechargeable battery, electric 
motor, electronic controller (for speed control) & simple 
transmission for sending power to wheels. 

4. MAIN PARTS OF AN ELECTRIC VEHICLE AND 
THEIR FUNCTIONS 

4.1 Battery 
Rechargeable batteries are used as energy storage devices. 
They supply DC electricity 

4.1.1 Lithium Ion Battery  
These are the most commonly used batteries in electric cars. It 
consists of an electrolyte, cathode and anode. Electron transfer 

occurs b/w anode & cathode for discharging and energy is 
released. The reverse occurs during charging of battery 

 
[3.] 

Figure 1: Working of Li-ion Battery 

Table 1: Advantages & Disadvantages of Li-ion battery 

Advantages of Li-ion 
Battery 

Disadvantages of Li-ion Battery 

High energy density,  Risk of explosion due to over-
charging/heating.  

Low self discharge rate,  Expensive due to high production cost 
Longer cyclic life  New and relatively immature 

technology. 
 

4.1.2.  Ni-MH Battery  
They were used in older electric cars instead of Lead acid 
ones. It consists of a cathode & anode immersed in electrolyte. 

Release of electrons occurs due to reaction of electrolyte with 
electrodes during discharging. The exact reverse happens 
during charging of battery.  

 
[4.]  

Figure 2: Working of Ni-MH battery 
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Table 2: Advantages & disadvantages of Ni-MH batteries 

Advantages of Ni-MH Batteries Disadvantages of Ni-MH 
Batteries 

Higher energy density than lead 
acid battery. 

Fast loss of energy due to high 
self-discharge.  

Lower memory effect Restrictions on battery storage 
 

4.2 Electric Motor 

Its used as a prime mover in electric cars, it converts elect. 
energy to mech. energy.  

 
[9.]  

Figure 4: Classification of Motor 

Here are the different types of motors used in Electric 
vehicles: 

4.2.1 Brushed DC Motors 
These are the simplest motors & used in electric cars due to 
high starting torque. 

 
[9.]  

Figure 5: Cross-section of DC motor. 

In this, the current carrying stator winding experiences a force 
due to its presence in a magnetic field and thus rotates, 
producing mechanical energy.  

 

 

Table 4: Advantages & disadvantages of DC motor 

Advantages of  DC Motor Disadvantages of DC Motor 
High starting torque  High cost compared to AC motor. 
Lower harmonic effect. Higher maintenance cost. 

 

4.2.2. AC Induction Motors 
It works on the principle of electromagnetic induction and is 
cheap to produce hence its used in some electric cars. The 
consists of a stator and rotor, the rotor induces EMF & current 
in it hence rotor shaft turns. 

 
[13.]  

Figure 6: Constituents of an Induction motor.  

Table 6: Advantages & disadvantages of Induction motor. 

Advantages of AC Induction 
Motor 

Disadvantages of AC Induction 
Motor 

Simple and rugged 
construction. 

Low starting torque  

Low production cost due to 
simple construction. 

Very high starting current, almost 10 
times the value at full load. 

Low maintenance cost. Constant speed operation without use 
of electronics. 

 
4.3. Power train 
Hence, electric cars mostly use single-speed transmissions for 
delivering power and electronic speed controllers for varying 
speed. Differential units may or may not be used. Some 
arrangements for power delivery in electric cars are given 
below:  

4.3.1  Central Drive  
Its used in most front wheel drive electric cars as its relatively 
compact and simple as the major components like motor, 
transmission & controller are stacked upon each other to form 
a pillar. The motor powers the half axles using a single speed 
reduction gear and differential. 
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[28.] 

Figure 7: Central drive assembly  

Table 7: Advantages & disadvantages of central drive 

Advantages of Central Drive Disadvantages of Central Drive
Occupies lesser weight & space. Reduces driving pleasure.  
Low production & maintenance 
cost of single speed transmission. 

Efficiency of the system drops 
near boundary conditions.  

 

4.3.2.  Wheel hub drive or In-wheel drive 
This is a popular arrangement for electric scooters and 
bicycles. It involves centrally fitting the motor in the wheel’s 
hub. 

 
[14.]  

Figure 8: X-section of wheel hub drive 

Table 8: Advantages & disadvantages of wheel hub drive. 

Advantages of Wheel Hub Drive Disadvantages of Wheel Hub 
Drive 

Space, cost & weight saving due 
to absence of many transmission 
components. 

Greater complexity as all the 
electronics are present in the 
wheel hub. 

Allows for independent control of 
wheels. 

Prolonged use of the vehicle on 
bad roads may cause physical 
damage. 

5. ARGUMENTS AGAINST ELECTRIC CARS  

Electric cars are beneficial for the environment but they’re in 
their nascent stages. Many barriers & challenges still surround 
the electric car, which engineers & researchers must overcome 

to ensure their large scale adoption. Below are a few barriers 
and critics of electric cars and how they are proven wrong 
with facts. 

5.1.  Range & battery life 
This is one of the most important factors as the success of 
EV’s depends upon the advancements in battery technologies.  

 
[15.]  

Figure 9: Projected growth in energy density of  
batteries each decade.  

 
As can be seen on the above graph, the energy density of 
batteries is continually on the rise. This resulted in a greater 
range per charge and the energy density will continue to rise 
over the next decade. Regenerative braking is a popular 
technology used in electric vehicles. It aims at harnessing the 
energy lost during braking by using the motor as a generator 

Use of this technology results in increased efficiency & 
increase in range however its negligible.  

5.2.  Charging duration  
This refers to the time taken for the batteries to charge from 
0% to 100%. This has always been a major issue of electric 
cars as charging times were notably long. 

While conventional charging requires up to 5 hours, fast 
charging achieves the same result in s single hour. [17.] Fast 
charging involves boosting the input current so as to increase 
the rate of reaction in the battery.    That’s an 80% 
improvement in charging time, although the fast charging time 
varies from vehicle to vehicle since every manufacturer has a 
different design, etc. 

Recently, a team of researchers at the ‘Samsung Advanced 
Institute of Technology’ (SAIT) developed a “graphene 
ball,” a unique battery material that enables a 45% increase in 
capacity, and five times faster charging speeds than standard 
lithium-ion batteries. [18.] In theory, a battery based on the 
“graphene ball” material requires only 12 minutes to fully 
charge. Additionally, the battery can maintain a highly stable 
60 degree Celsius temperature, with stable battery 
temperatures particularly key for electric vehicles.[19.] 
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The loop of localization & mapping, obstacle detection, and 
path planning continuously repeats until the vehicle has 
reached its destination. 

Table 10: Advantages & disadvantages of  
autonomously driven cars 

Advantages of Autonomously 
driven cars 

Disadvantages of 
Autonomously driven cars 

Reduction in no. of road accidents. Security & privacy concerns 
as car is vulnerable to 
hackers. 

Better passenger comfort due to zero 
intervention. 

Loss of jobs and livelihood 
for drivers and chauffeurs. 

Mobility for elderly & disabled 
people who can’t drive due to health 
constraints. 

Very high initial cost due to 
technical complexity. 

6.2 Connected cars  

Connected cars are a small constituent of the larger IoT i.e. 
‘Internet of Things’. 

Similarly, a connected car is a car that’s connected to the 
internet seamlessly and can utilize this connection for doing 
various things. The scope and possibilities of connected cars 
are numerous. The main aim of connected cars will be to 
tackle the following three factors which influence 
transportation: 

 Mobility – It will allow all cars on a road to have access 
to information about that road based on feedback & 
communication of other cars so that smarter decisions 
pertaining to navigation can be made thus reducing travel 
time & improving comfort. 

 Safety – Nearly 1.3 million people die in road crashes 
each year, on average 3,287 deaths a day. An additional 
20-50 million are injured or disabled.[31] Connected car 
technologies will inform and warn other cars coming in 
that direction about changing weather conditions or 
occurrence of any accident or natural disaster thus 
granting a foresight.  
 

Below are some pros & cons of this tech. 

Table 11: Advantages & disadvantages of connected cars. 

Advantages of connected cars Disadvantages of connected 
cars 

Improved safety due to prediction 
of hazards & accidents. 

Security concerns as such cars 
are vulnerable to malicious 
hacking. 

Improved road traffic 
management due to better 
communication among cars.  

Lack of adequate supportive 
infrastructure will prevent its 
development.  

6.3 Self charging electric cars 

These are electric cars capable of charging themselves when in 
motion or not, without any external energy source. 

Regenerative braking, as explained earlier, is an example of 
this technology. Solar charging electric cars are another 
example, they had solar panels on their roof which would 
generate electricity during the day. Although, this was 
discarded due to its low cost-effectiveness. Another 
technology is under research currently, it’s called ‘wind 
powered electric cars’. This involves placing a turbine coupled 
with generator on the car’s exterior. When the car attains a 
certain velocity, due to force of wind the turbine rotates and 
generator generates electricity. 

This technology was proven by a Chinese farmer named Tang 
Zhengping. He built a single seating car, 1m high and 3m tall 
which was propelled forward a motor and 2 batteries which 
would be charged by a wind turbine and 2 solar panels. The 
turbine was at the front end. When the car exceeded 40 mph, 
the wind would strike the turbine vanes and cause the turbine 
to rotate thus turning the generator shaft and producing 
electricity. The panels would also continuously be producing 
some extra electricity whenever under bright sunshine. This 
electricity would be stored one of the 2 batteries. When one 
battery drains the other would be used to power the motor. 

 
[32.]  

Figure 19: Wind powered electric car made by a Chinese farmer  

7. CONCLUSION  

To conclude, despite being a century old electric cars didn’t 
evolve & commercialize exponentially due to fierce 
completion from their ICE counterparts but due to rising 
environmental & economic concerns in the recent times, 
electric cars are becoming popular and are gaining 
momentum. Many aforesaid technologies explained by me in 
this paper are evolving continuously and can potentially be 
outdated or replaced by better one in the future. 

Considering the reduction in cost of various components due 
to high rate of technological advancements & the supportive 
opinion of people towards electric cars in general, Electric 
cars may see massive commercialization in the coming 
decade/s. 
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