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Abstract— The focus of this paper is on the induction motor 

because of its unique ability to transform electrical energy into 

mechanical energy. The induction motor does this by taking 

advantage of the relationships between current, magnetic 

fields, and force. This capability means the induction motor 

has a very powerful application in the automotive industry; 

instead of using oil-based fuels, electricity can be used as fuel. 

A deeper understanding of the induction motor will lead to a 

more mainstream production of efficient electric cars that will 

effectively help to reduce the carbon footprint of the gasoline 

burning automobile, while also improving a vehicle’s 

performance. 

The sustainability of electric motors has inspired 

companies like Tesla to create vehicles that solely use 

electricity as fuel. Founded by Elon Musk, Tesla works to make 

affordable and economical electric vehicles that rival their 

gas-powered competitors. With the inevitable depletion of 

fossil fuels approaching, the induction motor will become the 

primary source of power in nearly all vehicles. To better 

facilitate the transition from fossil fuels to electricity, 

engineers and car makers need to familiarize themselves with 

the design and function of the induction motor. 
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A SUSTAINABLE ALTERNATIVE FOR THE 

AUTOMOTIVE INDUSTRY 

 
Ever since its creation, the internal combustion engine 

has been the go-to power source of choice for the vast majority 

of the automotive industry. The small size and large power 

output makes the internal combustion engine a logical choice 

for automotive application. However, the increased 

performance, stability, and sustainability of the induction 

motor make it an increasingly viable alternative to the internal 

combustion engine. Companies like Tesla are proving the 

viability of the induction motor by successfully implementing 

it into their vehicles. Consequently, engineers and car 

manufacturers will need to understand this technology to better 

facilitate the eventual transition from the internal combustion 

engine to the induction motor. 

 

THE FOUNDATIONS OF THE INDUCTION 

MOTOR 

 
The induction motor functions because of a unique 

relationship between current, magnetism, and force. When 

electric current moves through a coil of wire, a magnetic field 

is created. Thus, running current through a cylindrical coil of 

wire, known as a solenoid, can create a pseudo magnet. 

Solenoids can aptly be described as pseudo magnets because 

of their ability to create magnetic fields without using actual 

magnetic material, such as neodymium or iron [1]. 

Once solenoids convert electricity into magnetic fields, 

the induction motor takes advantage of the relationship 

between magnets. Magnets are attracted to each other in the 

following ways: opposite poles attract each other, and like 

poles repel each other. Magnets will orient themselves, without 

external forces, to achieve this configuration. When magnets 

move to achieve this configuration, they produce a force that 

moves them into that configuration. The induction motor uses 

that force to drive the wheels in a vehicle [1]. The induction 

motor takes advantage of these relations to ultimately convert 

electrical current into force.  

To better understand how the induction motor makes use 

of these relations, consider the common example of an AC 

three-phase induction motor. While there are many variations 

of the induction motor, the three-phase induction motor 

effectively demonstrates how the current can be converted into 

force through magnetism. As the name implies, this motor 

utilizes electricity in the form of alternating current, which is 

commonly abbreviated as AC. This is motor consists of a 

stationary component, the stator, and a non-stationary 

component, the rotor. The stator is a cylindrical shell 

containing solenoids. In a three-phase induction motor, there 

are six solenoids evenly distributed along the inside of the 

stator. The solenoids in the stator work in tandem with the 

solenoid on the opposite side of the stator as seen in figure one. 

The other component in the three-phase induction engine is the 

rotor. The rotor is a cylindrical shell that contains a semi-

conductor wrapped in a solenoid. The rotor is placed within the 

stator and is able to rotate freely [2]. Since the rotor is the 
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moving component of the induction motor, it is attached to a 

driveshaft so that its rotation can be transferred to the wheels. 

 

 
 

FIGURE 1 [2] 

Diagram illustrating the three phases of an induction 

motor 

 

Once electricity is supplied, the motor goes through three 

unique phases to turn electricity into force. As seen in igure , 

current is first supplied to the red solenoids creating a magnetic 

field in the direction of the arrow. Alternating current is also 

supplied to the solenoid within the rotor, as a result the rotor 

acts like a magnet. In igure , the rotor is represented by the 

arrow, which always moves so that it is aligned within a 

magnetic field. In the second phase, alternating current is 

supplied to the blue solenoids resulting in a new magnetic field 

between them. By powering different pairs of solenoids, 

different magnetic fields are created in different directions. 

Because the rotor is a magnet, it twists to properly align itself 

to the newly created magnetic field. This is illustrated in igure 

by the rotation of the arrow. In the third phase, the yellow 

solenoids receive current and create a new magnetic field. 

Once again, the rotor twists to align itself within the magnetic 

field. Alternating current is then supplied to the red solenoid 

again and the cycle repeats itself as long as electricity is 

supplied [2]. As the magnetic field changes, the rotor rotates 

to align itself to the changing magnetic field. 

There are a variety of different types of induction motors 

that use different amounts of phases and different solenoid 

configurations. However, the principles behind the three-phase 

induction motor also apply to the other induction motors. The 

induction motor uses current to create magnetic fields that spin 

the rotor. Thus, the induction motor converts electrical energy 

in the form of current into rotational mechanical energy. 

 

ALTERNATIVES TO THE INDUCTION 

MOTOR 

 
 Since the induction motor is not the first technology 

to convert one form of energy into mechanical energy, its 

success and implementation depend on its ability to do so more 

efficiently than previous technologies. Such technologies 

include the internal combustion engine and the direct current 

brushless motor, both of which convert one form of energy into 

mechanical energy. To effectively compare these alternatives 

to the induction motor, a brief explanation of these 

technologies is necessary. 

 

The Internal Combustion Engine 

 

The internal combustion engine functions by converting 

the chemical energy stored in gasoline into mechanical energy. 

While there are many variations of this engine, the typical 

internal combustion engine uses four distinct actions to create 

mechanical energy. This technology consists of pistons where 

the energy conversion takes place. Each cylinder contains a 

spark plug, a fuel injector, an intake valve, an exhaust valve, 

and a piston. First, the intake valve opens and air rushes into 

the cylinder causing the piston it to fully retract. In addition, 

fuel is sprayed into the cylinder by means of the fuel injector. 

The piston then extends into the cylinder compressing the fuel 

mixture. The spark plug ignites the fuel causing the piston to 

retract and the volume in the cylinder to rapidly expand. Next, 

the exhaust valve opens allowing the burnt fuel to leave the 

piston. The exhaust valve creates a vacuum in the cylinder 

causing it to retract. Immediately the intake valve opens, and 

the process begins again [3]. The piston is attached to a shaft 

so that each time the cycle is completed the shaft rotates. The 

mechanical energy of the shaft is used to drive a load. 

  

 
FIGURE 2 [3] 

Diagram illustrating the four phases of an internal 

combustion engine. 
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Figure 2 illustrates the four distinct actions of an internal 

combustion engine, commonly known as intake, compression, 

combustion or power, and exhaust. The culmination of these 

actions allows the internal combustion engine converts the 

chemical energy in fuel to mechanical energy. 

 

The DC Brushless Motor 

 

Like the induction motor, the DC brushless motor 

converts electrical energy into mechanical energy using 

electricity and magnetism. In particular, this motor uses 

electricity in the form of direct current, commonly abbreviated 

as DC. The DC brushless motor differs from the induction 

motor because it uses permanent magnets instead of solenoids 

[4]. In a typical DC brushless motor, half of the stator will 

house one magnet, while the other half will house a magnet of 

the opposite pole. As a result, there is a permanent magnetic 

field from one side of the stator to the other. The rotor of a DC 

brushless motor consists of solenoids. Current is then supplied 

to the rotor in such a way that the direction of the current is 

constantly alternating. Thus, the rotor spins to align itself with 

the permanent magnets. The current is reversed and the 

magnetic poles of the rotor switch. The rotor is no longer 

aligned with the magnetic field. The rotor spins again to re-

align itself with the magnetic field, and the poles switch again. 

This cycle repeats itself to allow for the continued twisting of 

the rotor and the conversion of electrical energy into 

mechanical energy [2]. In summary, the primary difference 

between the induction motor and the DC brushless motor is the 

manner in which the magnetic field is created. 

 

COMPARING THE INDUCTION MOTOR TO 

THE ALTERNATIVES 

 
To effectively analyze the comparative advantages of the 

induction motor, three topic areas must be addressed; 

performance, stability, and sustainability. In addition, 

explanation of these key areas will provide a deeper insight 

into the induction motor, while also demonstrating the 

importance of this innovative technology. 

 
Performance Improvements 

 

An often overlooked benefit of the induction motor 

involves its improved performance when compared to the 

internal combustion engine. Induction motors are able to 

accelerate faster than internal combustion engines because of 

the manner in which torque is created. In a vehicle, torque 

refers to the twisting force applied to the wheels. Thus, torque 

means that turning force is applied to the wheels which 

translates into movement. To achieve the maximum 

acceleration, a vehicle would need to have peak torque as it 

accelerates. Because the induction motor uses current, it is able 

to achieve peak torque at any moment. Torque is a function of 

current, so when current is supplied to the motor, torque is 

created instantly. In contrast, the internal combustion engine 

struggles to produce maximum torque because it is a heat 

engine. The internal combustion engine uses heat and pressure 

to expand and retract a piston that drives the wheel. 

Consequently, torque can only be extracted during combustion 

when the piston is expanding. Of the four actions needed to 

create force in an internal combustion engine, only one of those 

actions produces torque for the wheels [5]. Thus, the torque 

fluctuates depending on the revolutions per minute of the 

engine. To compensate for this problem, internal combustion 

engines use a transmission that applies various gear ratios to 

the engine in an effort to maximize torque. Because a 

transmission can only have a limited number of gear ratios, 

there are still situations where an internal combustion engine 

does not have the desired peak torque. 

The induction motor experiences a wide range of benefits 

because of its ability to create instant peak torque. For 

example, the induction motor can forgo a transmission. Unlike 

the internal combustion engine, the induction motor does not 

need a device that maximizes torque because is already 

maximized. By not utilizing a transmission, an electric vehicle 

can reduce weight, cost, and complexity associated with a 

transmission [5]. Transmissions use interlocking gears to 

accomplish their purpose. An inefficient by-product of this 

system is the loss of heat energy due to friction between the 

gears. Consequently, it can also be stated that an induction 

motor also improves efficiency. Transmissions are a costly and 

heavy devices. Because the transmission manipulates the 

engine’s outputs, it requires robust and heavy material to 

handle the constant strain and stress from the engine. Because 

induction motors can forgo a transmission, they can reduce the 

overall cost and weight of their vehicle. 

Instant peak torque also increases energy efficiency 

especially in stop and start traffic [5]. Peak torque means that 

a vehicle can accelerate faster. To illustrate, consider a person 

driving a vehicle with an internal combustion engine. He 

accelerates to a maximum speed and then stops fifty meters 

from where he began. A person driving a vehicle with an 

induction motor will also accelerate to the same maximum 

speed and then stop fifty meters from where he began. The 

only difference between these cases is that the vehicle with an 

induction motor accelerates to the maximum speed faster. 

Because the person driving the vehicle with an induction motor 

accelerates faster he spends less time moving, while still 

traveling the same distance. Therefore, he uses less energy to 

travel the same distance as the vehicle with the internal 

combustion. As demonstrated in this example, maximum peak 

torque improves energy efficiency.  

 

Increased Stability 

 

In order to function under the strain associated with 

maximum torque, the induction motor also has increased 

stability. The induction motor’s stability is highlighted when 

compared to the chaotic nature of the internal combustion 

engine. Each time a piston goes through a cycle, there are a 
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variety of possible undesired outcomes that can occur. For 

example, too much air may enter the piston, causing a lean fuel 

mixture. The excess air in the piston may separate the fuel into 

distinct pockets, resulting in multiple separate ignitions. When 

the first fuel pocket ignites, the piston expands then begins to 

retract. However, the second undesired ignition then occurs, 

causing the piston to expand when the piston should be 

contracting. This is known as engine knock and can result in 

engine failure [3].  

Because the internal combustion engine is a heat engine, 

it is also adversely affected by temperature. When air is cold 

and condensed, more air can enter the piston than desired. If 

the air is hot, fewer air molecules can fit inside the piston 

resulting in a fuel mixture with excess fuel. While car-makers 

have minimized these issues by creating control systems, the 

induction motor does not suffer from these problems because 

it uses electricity, which is a more stable source of energy than 

a gas and air mixture [5]. This is a common reason why modern 

locomotives use motors to drive the wheels instead of an 

internal combustion engine. In a locomotive, each wheel needs 

to spin at different rates depending on each wheel’s traction. 

Trying to control the exact speed of each wheel in the 

locomotive with internal combustion engines would be nearly 

impossible. The use of internal combustion engines could even 

be considered unsafe because of the possibility for a misfire 

within a piston. Instead, locomotive manufacturers use motors 

to control the wheels because controlling a motor is as simple 

as increasing or decreasing the current supplied. 

In addition, induction motors are not subject to 

permanent magnet breakdown at high temperatures like the 

DC brushless motors. Higher temperatures are needed to 

breakdown the solenoid windings in the induction motor than 

are needed to breakdown permanent magnets in the DC 

brushless motor. Consequently, machines using induction 

motors can be pushed to higher levels of performance before 

the motor needs to cool [2]. This is a primary reason why 

drilling equipment utilizes the induction motors. An effective 

drill must be able to increase its power to drill through dense 

layers of the Earth’s crust. Supplying more current to a DC 

Brushless motor would cause its magnets to deform 

permanently, breaking the drill. However as stated previously, 

an induction motor can push its performance to higher levels 

without melting the solenoids. As a result, drills using 

induction motors can more effectively drill through the various 

minerals that make up the Earth’s crust. 

While the above applications of the induction motor do 

not deal with the automotive industry, they display the 

versatility of induction motors. This is important in the 

automotive industry because there are a variety of different 

types of automobiles that each have different needs. For 

example, a consumer vehicle needs a different engine than a 

truck that needs to pull several tons of cargo. Currently, this 

problem is solved by using different types of internal 

combustion engines. Small consumer vehicles use a traditional 

internal combustion engine, while large trucks use diesel 

internal combustion engines. While a diesel engine is an 

internal combustion engine, it is different from the previously 

described internal combustion engine. The primary difference 

is that a diesel engine uses self-ignition to combust diesel fuel 

within the pistons [3]. This is problematic because car 

manufacturers must expend resources to develop two different 

types of engines.  

In contrast, the induction motor could be used in both 

consumer vehicles and large trucks because of its versatility. 

As a result, car manufacturers would need to expend fewer 

resources on car design because a similar induction motor 

could be used in each vehicle. At most, car manufacturers 

would simply need to scale their induction motors depending 

on their application. The versatility of the induction motor 

contributes to its marketability in the automotive industry. To 

further validate the marketability of this technology, the 

induction motor also manages to decrease pollution while also 

improving performance and stability. 

 

Sustainability 

 
For a more complete evaluation of this technology, it is 

important to address the sustainability associated with the 

induction motor. While the qualities that make a technology 

sustainable differ from one device to another, the sustainability 

of the induction motor depends largely on cost and 

environmental impact. In order for the induction motor to be 

effectively implemented into the automotive industry, it needs 

to be affordable to the vast majority of people. High costs, 

primarily resulting from expensive batteries, currently is a 

barrier that prevents people from purchasing these vehicles, 

ultimately hindering sustainability. However, research into 

improved batteries suggests that this cost barrier can be 

lowered or mitigated as batteries become more efficient and 

less costly. 

The other facet of sustainability to consider is the 

environmental impact. For the induction motor to be 

considered sustainable, it must utilize strictly renewable 

resources. For example, the internal combustion engine uses 

fossil fuels, a non-renewable resource, for energy. Thus, when 

fossil fuels are depleted, the internal combustion engine will 

no longer be a sustainable technology. Environmental impacts 

are also an important consideration when analyzing 

sustainability because the environment can be considered a 

necessary non-renewable resource vital to human life. While 

the environment is extremely resilient, use of this resource 

cannot be taken lightly. Unfortunately, the internal combustion 

engine makes heavy use of this precious resource. Each cycle 

of the internal combustion engine represents an irreversible 

depletion of the environment [6]. The exhaust fumes pollute 

the air, deplete the ozone layer, and contribute to an increase 

in greenhouse gases. Also consider the ecosystems destroyed 

while extracting fossil fuels from the Earth. Because parts of 

the environment such as clean air and protective ozone are vital 

to human life, it is imperative that this resource be conserved. 

Therefore, for the induction motor to be truly sustainable, it 
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must utilize renewable resources while also not permanently 

damaging the environment. 

 
Permanent Environmental Sustainability 

 

Critics of the induction motor suggest that the creation of 

the needed batteries negates the effects of being a zero 

emissions vehicle. While this statement has some merit, it is 

not entirely true. In a study published in the Journal of 

Industrial Economy, several researchers conduct an analysis of 

overall pollutants created by various vehicles. They explain 

that the production of electrical vehicles has a larger impact on 

the environment due to battery fabrication, but also notes that 

this initial pollution does not outweigh the long-term benefits. 

Over the duration of an electric vehicle’s lifetime, less 

pollution is created than an internal combustion engine. This 

study provides general data for the pollution created by both 

electric vehicles and vehicles using internal combustion 

engines. Under standard conditions, an internal combustion 

engine creates 206 grams of carbon dioxide equivalent per 

kilometer (gCO2-eq/km) while an electric vehicle creates 

197gCO2-eq/km. The authors quickly note that different 

conditions would result in lower emissions for electric 

vehicles. For example, this data was gathered under the 

assumption that both vehicles drove 150,000 kilometers. 

However, when distance was increased, the pollution created 

by the electric vehicle decreased and the pollution created by 

the internal combustion engine increased [6]. While these 

statistics do not effectively convey the environmental benefits 

of the induction motors, they do demonstrate an important 

trend regarding the induction motor and its resulting pollution. 

This data suggests that in the short run electric vehicles 

produce an almost equal amount of pollution to internal 

combustion engines, but in the long run they produce much 

less pollution.  

Another important detail to consider is the location in 

which these vehicles produce pollution. Vehicles with an 

internal combustion engine produce pollution wherever they 

are located because this type of engine produces carbon 

dioxide exhaust fumes from combustion. An electric vehicle 

contributes to pollution in two places; the location where they 

are built and the location where the electricity is produced [6]. 

This is advantageous for electric vehicles because the location 

in which pollution occurs can be isolated and more easily 

managed. Reducing the pollution created in an isolated 

location is far more manageable than attempting to reduce the 

pollution created by internal combustion vehicles all over the 

globe. As a result, the pollution created by electric vehicles is 

not only less than internal combustion engines but also more 

manageable. 

Another concern regarding the environmental impact of 

the induction motor involves the manner in which electricity is 

created. Currently, a majority of electricity is generated from 

power plants that use non-renewable resources. As a result, 

critics have suggested that vehicles with internal combustion 

engines and electric vehicles equally harm the environment 

because electric vehicles use electricity created from power 

plants that create pollution. Once again, such statements are 

partially truthful but neglect important details. While most 

electric cars do use electricity created by power plants that 

produce pollution, they still produce less pollution than the 

internal combustion engine because powerplants are more 

efficient plants are roughly twice as efficient as the internal 

combustion and as a result create far less pollution. While there 

is pollution associated with using electricity from powerplants, 

such pollution is still less than the pollution created by the 

internal combustion engine [7].  

In addition to the benefits stated previously, the induction 

motor also has the potential for permanent sustainability 

because of its reliance on renewable resources. With the 

continued discovery of new fossil fuel reserves, it may not 

appear that fossil fuels are being depleted. However fossil fuels 

are a scarce resource and will inevitably be depleted. In 

contrast, the induction motor uses electricity, which can be 

created from a variety of renewable resources including wind, 

hydroelectric, and solar power. Therefore, whether fossil fuels 

are depleted in the next decade or five decades from now, the 

induction motor will remain a viable alternative to fossil fuels 

regardless of when fossil fuels are depleted.  

 

TESLA TAKES ADVATAGE OF THE 

INDUCTION MOTOR 

 
Elon Musk, founder of Tesla Motors, noticed all these 

advantages and decided to create the first company to build a 

line of vehicles that solely uses induction motors. Musk and 

the cofounders of Tesla Motors believe that the characteristics 

of the induction motor make it the ideal power source for future 

vehicles. When examined closely, all the vehicles Tesla 

manufactures take full advantage of the benefits associated 

with the induction motor [8]. 

Tesla’s Model X is a five-door crossover with seven 

seats. The Model X logically forgoes a transmission because 

of it use of the induction motor. However, the Model X is 

unique because of it tremendous performance when compared 

to similar vehicles. Using the peak torque provided by the 

induction motor, the Model X can accelerate to 100 kilometers 

an hour in 3.8 seconds. For comparison, the Toyota Rav 4, a 

vehicle in the same class, accelerates to 100 kilometer an hour 

in 9.9 seconds. Furthermore, the Model X can be put in 

“Ludicrous” mode to reduce its acceleration time from 3.8 

seconds to 3.2 seconds [9]. In Ludicrous mode, the Model X 

allows the more current to pass through the solenoids creating 

more torque and a faster acceleration. The robust qualities of 

the induction motor mean that the solenoids will not overheat 

and deform due to the increased current. In addition to these 

performance benefits, the Model X also produces zero 

emissions. 

Similarly, Tesla’s sedan style vehicle, the Model S also 

takes full advantage of the induction motor. Like the Model X, 

the Model S also forgoes a transmission to save weight and 
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lower costs. The Model S makes use of the instant peak torque 

supplied by the induction motor resulting in a similarly fast 

zero to 100 kilometers per hour time of 4.4 seconds [9]. 

Comparatively, the Ford Focus, a similar style sedan, can 

accelerate to 100 kilometers an hour in 8.9 seconds. The Model 

S also implements a “Ludicrous” mode, which makes use of 

the stability provided by the induction motor. In addition, the 

Model S is a zero emissions vehicle. 

Tesla’s vehicles prove that the induction motor is a viable 

technology for future vehicles. Tesla’s vehicles continually 

outperform their internal combustion counterparts by utilizing 

the previously described advantages of the induction motor. 

Recently Tesla began implementing this technology into a new 

sports car, the Tesla Roadster, which will definitively display 

the benefits of the induction motor. Tesla has reported that the 

Roadster has a zero to 60 mile per hour time of 1.9 seconds. 

This is the lowest zero to 60 mile per hour time of any 

production vehicle. Clearly, Tesla is demonstrating that the 

induction motor is more than a passing trend. Instead, the 

induction motor is a powerful, robust, and sustainable 

technology for the future automotive industry. While Tesla’s 

vehicles would make it appear that the induction motor should 

be more widely utilized, there are important limitations 

associated with this technology. 

 

RESISTANCE TO THE INDUCTION MOTOR 
 

The mass implementation of the induction motor has 

experienced resistance due to problems associated with storing 

electricity in batteries. Like an internal combustion engine, the 

induction motor also needs to store its energy. However, 

instead of using a tank to store liquid gasoline, the induction 

motor uses batteries to store electricity. This is problematic for 

companies like Tesla because batteries are extremely heavy 

and expensive. Unfortunately, the problems associated with 

batteries largely hampers the sustainability of this technology 

increasing the cost. The high cost of batteries means that 

manufacturers must sell their electric vehicles at higher prices. 

For example, to reduce the expense of creating batteries, Tesla 

has attempted to vertically integrate this part of the fabrication 

process. [8]. While this strategy does reduce cost by removing 

intermediary sellers, Tesla’s vehicles and electric vehicles in 

general are still financially out of reach for the majority people. 

The fact that Tesla’s least expensive vehicle, the Model 3, still 

costs $35,000 has diminished the commercial success of this 

technology [9]. People often choose to purchase less expensive 

internal combustion engines instead of more expensive 

vehicles that use the induction motor. Consequently, for this 

technology to become truly sustainable, the increased cost 

associated with batteries will need to be reduced so that more 

people can afford this technology. 

While batteries are capable of powering electric vehicles, 

they are far from ideal. The lithium ion battery has become 

recognized for its ability to last longer and perform better than 

other types of batteries such as the lead-acid battery. To best 

determine the effectiveness of batteries, their energy densities 

must be compared. The lead-acid battery can store thirty 

watthours per kilogram, while the lithium ion battery can store 

210 watthours per kilogram. Based on this data, the lithium ion 

battery is superior to the lead-acid battery. However, when 

compared to gasoline’s energy density of 13,000 watthours per 

kilogram, it is clear that gasoline has a tremendous advantage 

over batteries. Roughly, 62 kilograms of lithium ion batteries 

will provide an equal amount of energy as one kilogram of 

gasoline. Consequently, manufacturers using the induction 

motor must include more batteries in their vehicles, which 

increases the weight and the cost. While forgoing a 

transmission does not completely offset the weight of the 

batteries, it is still an important reduction in weight and 

complexity. To utilize the benefits of the induction motor, car 

manufacturers must also include the drawbacks and costs 

associated with adding batteries to the vehicle [10]. 

However, this does not mean that the induction motor 

will be continually limited by inefficient batteries. A review of 

battery technology in the past few decades has demonstrated 

strides towards the creation of batteries that match the energy 

density of gasoline. In a journal for the University of 

Nottingham’s Department of Chemical and Environmental 

Engineering, several researchers analyze and compare variety 

of power devices. Figure 3 displays a Ragone plot of various 

fuel sources from this journal. The Ragone plot is a unique type 

of graph that plots a device’s power output against it respective 

energy outputs. Thus, the most efficient and energy dense fuel 

sources appear in the top right of this figure. 

 

 
 

FIGURE 3 [11] 

A Ragone plot of various power sources 

 

Based on this figure, gasoline is more energy dense than 

batteries, but this figure also shows improvements in battery 

technology [11]. The lead-acid battery, denoted by the letter 

“D” in the figure, was the pinnacle of battery technology at the 
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turn of this century and produced roughly thirty watthours per 

kilogram. Ten years later, the lithium ion battery, denoted by 

the letter “E” in the figure, became the de facto battery of 

choice producing roughly 210 watthours per kilogram. In 

nearly a ten-year span, the amount of energy stored in batteries 

increased sevenfold. This trend is suspected to continue due to 

the creation new more efficient batteries. In a journal for 

Springer Science+Business Media, scientists have researched 

the development of anew lithium air batteries that further 

increases energy density. The lithium air battery has a 

proposed energy density of 5,200 watthours per kilogram, 

making it vastly superior to the current lithium ion battery. The 

above data suggests that as time goes on, batteries will become 

increasingly energy dense. As a result, electric vehicles will 

only become more efficient as older batteries are replaced with 

newer batteries that are more energy dense [10]. Consequently, 

more vehicles manufacturers will choose to implement the 

induction motor because the drawbacks associated with adding 

batteries will be minimized.  

 

THE FUTURE OF THE AUTOMOTIVE 

INDUSTRY 

 
Even with these drawbacks, the induction motor 

promises to be an innovative technology that will benefit the 

automotive industry. By making use of relationships between 

current, magnetism, and force, the induction motor converts 

electric energy into mechanical energy that can be used to 

rotate a vehicle’s wheels. Furthermore, the induction motor has 

increased performance, stability, and sustainability because it 

utilizes these relationships. Induction motors have instant peak 

torque, which improves performance and fuel efficiency. In 

addition, the robust nature of the induction motor means that it 

can remain stable under increased performance. To add to 

these benefits, vehicles using the induction motor ultimately 

create less pollution than their internal combustion 

counterparts. 

However, the success of the induction motor depends on 

the improvement of battery technology. Current batteries hold 

little energy compared to gasoline. Consequently, companies 

like Tesla must increase the weight and price of their vehicles 

to accommodate for expensive and heavy batteries. The 

increased weight also means that companies, like Tesla, must 

spend even more time and funds on developing stronger 

chassis to manage the increased weight. However, battery 

technology trends demonstrate that batteries will become more 

efficient and no longer hamper the success of the induction 

motor. The creation of new battery technologies, like the 

lithium air battery, will only make the induction motor a more 

viable power source for vehicles 

Despite this drawback, Tesla continues to prove that the 

induction motor is the future power source for the automotive 

industry. Tesla’s vehicles like the Model X, Model S, and the 

Roadster demonstrate that the induction motor can be used to 

improve vehicles. These vehicles have the potential to 

outperform other vehicles while also creating less pollution. 

The application of induction motors in Tesla’s vehicles proves 

that the induction motor is a sustainable that has the potential 

to be the future power source of choice for automotive 

vehicles. With the creation of better batteries and the eventual 

depletion of fossil fuels, the induction motor will only become 

more efficient and necessary in the future. As a result, 

engineers and vehicle manufactures should have a 

knowledgeable understanding of the induction motor to better 

facilitate its eventual mass implementation into the automotive 

industry.  
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