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Abstract— Electric vehicles with higher energy efficiency, 

low maintenance cost and pollution free operation, are 

offering great alternative to popular conventional IC engine 

vehicles. Also, with the advancement in technology, electric 

vehicle manufacturers are able to overcome the traditional 

drawbacks of electric vehicles, making it more and more 

suitable for modern day transportation. A motor in an electric 

vehicle provides the necessary force for the propulsion of a 

vehicle, which makes it the heart of electric vehicles. 

Different types of electric motors are compared on the basis 

of certain parameters which should be considered for 

selecting a particular motor type for electric vehicle 

application. Comparison is tabulated for some parameters. 

Also, characteristic graphs of different motors are included at 

some points. 
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I. INTRODUCTION 

An electric motor is an electrical machine that converts 

electrical energy into mechanical energy Most electric motors 

operate through the interaction between the motor's magnetic 

field and electric current in a wire winding to generate force 

in the form of torque applied on the motor's shaft. Electric 

motors can be powered by direct current (DC) sources, such 

as from batteries, motor vehicles or rectifiers, or by 

alternating current (AC) sources, such as a power grid, 

inverters or electrical generators. An electric generator is 

mechanically identical to an electric motor, but operates with 

a reversed flow of power, converting mechanical energy into 

electrical energy. Electric motors may be classified by 

considerations such as power source type, internal 

construction, application and type of motion output. In 

addition to AC versus DC types, motors may be brushed or 

brushless, may be of various phase (see single-phase, two-

phase, or three-phase), and may be either air-cooled or liquid-

cooled. General-purpose motors with standard dimensions 

and characteristics provide convenient mechanical power for 

industrial use. The largest electric motors are used for ship 

propulsion, pipeline compression and pumped-storage 

applications with ratings reaching 100 megawatts. Electric 

motors are found in industrial fans, blowers and pumps, 

machine tools, household appliances, power tools and disk 

drives. Small motors may be found in electric watches. In 

certain applications, such as in regenerative braking with 

traction motors, electric motors can be used in reverse as 

generators to recover energy that might otherwise be lost as 

heat and friction. Electric motors produce linear or rotary 

force (torque) intended to propel some external mechanism, 

such as a fan or an elevator. An electric motor is generally 

designed for continuous rotation, or for linear movement over 

a significant distance compared to its size. Magnetic 

solenoids produce significant mechanical force, but over an 

operating distance comparable to their size. Transducers such 

as loudspeakers and microphones convert between electrical 

current and mechanical force to reproduce signals such as 

speech. When compared with common internal combustion 

engines (ICEs), electric motors are lightweight, physically 

smaller, provide more power output, are mechanically 

simpler and cheaper to build, while providing instant and 

consistent torque at any speed, with more applications (i.e. 

cars and buses) as they require a large and expensive battery 

There are various electric vehicles available in market. These 

vehicles incorporate different motors for different 

functionalities. In this paper we will be specifically talking 

about the electric cars and the electric motor functions will be 

intended to drive the power train of the electric car. Electric 

motors are intended for their particular use in electric 

vehicles. Electric vehicles may ignite AC/DC motors 

according to configuration or relying upon the expected 

utilization of electric vehicle. There has been an immense 

research in aspect of electric motors and distinctive kinds of 

DC and AC motors have been created throughout the years. 

In EV’s, electric energy is the main source of power for 

propulsion of a vehicle. In electric vehicles, electrical energy 

is converted into mechanical (rotational) energy by electric 

motors. This rotational energy is applied to wheels of a 

vehicle through an appropriate transmission system which in 

turn causes propulsion. A vehicle with four motors can be 

considered as the most efficient model in electric vehicles . 

Electric vehicles can use electric energy as a sole source of 

power or can use batteries in conjunction with gasoline 

engines to power the vehicle. Battery, electric motor and 

controller are the core components of any electric vehicle. 

Electric motors are also specially designed for their specific 

use in electric vehicles. Electric vehicles may incorporate AC 

or DC motors as per design engineer’s choice or depending 

on the intended use of electric vehicle. Over the years there 

has been a significant research in the field of electric motors 

and different types of AC and DC motors have been 

developed. This gives electric vehicle manufacturers a wide 

range of different electric motors to choose from as per their 

requirement. Selection of a particular type of motor for an 

electric vehicle must be done judiciously as motor 

characteristics affect the overall performance of a vehicle. 

Different types of motor exhibit different characteristics, 

which makes it important to evaluate motors on some basic 

parameters for choosing a particular type of motor for an 

electric vehicle. Electric motors used in electric vehicle 

should have important attributes like simple design, high 

specific power, low maintenance cost, and good control. 

Motors that are widely used by electric vehicle manufacturers 

are DC brushed motors, DC brushless motors, Induction 

(Asynchronous) motor, Synchronous motor, Switched 

Reluctance motor. 
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II. LITERATURE REVIEW 

Pooja Naresh Bhatt, et al. [1] presented a paper titled, 

‘Electrical Motors for Electric Vehicle – A Comparative 

Study’. This paper presents the different motors utilized in 

electric vehicles, an endeavor has been made to give the 

readers a superior point of view of various motors to be 

utilized in the EVD frameworks. The fundamental ends that 

can be drawn from this paper are  The most generally utilized 

motors are the induction motors and the PM brushless motors.  

Induction motors are the savviest among the motors thought 

about.  Taking efficiency into account, the utmost effective 

are the PM BLDC motors.  DC motors have a standout 

amongst the most developed innovations as a great deal of 

research has been done on them throughout the years.  The 

IMs and the SRMs are the solid advancements and need 

minimum measure to upkeep.  

 Swaraj Ravindra Jape, et al. [2] presented a paper 

titled, ‘Comparsion of electric motors for electric vehicle 

application’ .This paper presents  DC brushed motor are easy 

to control, provide high torque at lower speeds but have high 

maintenance cost, large size, low efficiency. BLDC motor has 

higher power-to-weight ratio, but its maintenance cost, cost 

of controller is high. Three phase induction motor provides 

efficiency more than 90% at peak load as well as at 10% load. 

Three phase induction motor and BLDC motor are the two 

most widely used motors by electric vehicle manufacturers. 
 Vishal Srivastava,et al. [3] presented a paper titled, 

‘Performance Analysis of Brushless DC Motor Using 

Intelligent Controllers and Minimization of Torque Ripples’ 

This paper presents a simulation study of Speed Control of 

BLDC motor for performance analysis and comparison using 

intelligent controller (ANFIS) with conventional controller 

(PI, PID). The further study will be used for minimizing the 

ripples in Torque and Speed along with admissible current 

control. The simulation study and analysis of results will form 

the basis of the conclusion. 

 Rubi batham, et al. [4] presented a paper titled, 

‘Speed Control of Brushless DC Motor Using Different 

intelligence’. This paper presents the performance 

comparison between I-controller, PI-controller and fuzzy 

logic controller is done. The simulations results show that 

fuzzy logic provide a good control of speed as compare Other 

Controller. FLC has minimum overshoot, minimum transient 

and steady state parameters, which shows its more 

effectiveness and efficiency of than conventional PID 

controller. 

 Yuechao Sun et al. [5] presented a paper titled, 

‘Analysis of Wheel Hub Motor Drive Application in Electric 

Vehicles’. This paper presents n the comparative analysis of 

the performance characteristics of centralized and distributed 

drive electric vehicles, we found that the wheel hub motor 

drive mode of the electric vehicles with distributed drive have 

compact structure, high utilization ratio of interior vehicle 

space, lower center of vehicle gravity, good driving stability, 

easy intelligent control and many other advantages, hence in 

line with the new requirements for the development of drive 

performance of electric vehicles, and distributed drive will be 

the ultimate mode of electric vehicles in the future.  

III. THEORETICAL ANALYSIS OF ELECTRIC MOTORS 

An attempt has been made to analyze five diverse electric 

motors for electric vehicle application on various paradigms. 

Relative assessments shall demonstrate the accompanying 

highlights. DC motors are difficult to control, provide large 

torque at curtailed speeds yet possess major support cost, 

expansive structure, and deficient efficacy. BLDC motors 

have advanced power density, high productivity and small 

size, yet up keeping costs and controller expenses are huge..3-

phase IM give productivity over 91%. They have extreme 

fidelity, low power density and substantial area, ease 

furthermore, and average acceleration. BLDC motors and 3-

phase IM are the two most preferred engines by EV maker. 

Synchronous machines have greater proficiency at lesser 

accelerations and enhance battery usage and propulsive 

extent. Synchronous motor is favored wherever steady torque 

is needed.  SRMs give an extraordinary option with 

motor/controller cost being very less, reliability, good 

efficiency, and adaptation to internal failure capacity. 

 
Fig. 1.1: Cumulative Correlations of IM, SRM and 

BLDC/BLAC Motors – Power Density 
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Fig. 1.2: Cumulative Correlations of IM, SRM and 

BLDC/BLAC Motors – Efficiency 

 
Fig. 1.3: Cumulative Correlations of IM, SRM and 

BLDC/BLAC Motors – Reliability 

 
Fig. 1.4: Cumulative Correlations of IM, SRM and 

BLDC/BLAC Motors – Cost Factor 

 The most generally utilized motors are the induction 

motors and the PM brushless motors.  Induction motors are 

the savviest among the motors thought about. Taking 

efficiency into account, the utmost effective are the PM 

BLDC motors. DC motors have a standout amongst the most 

developed innovations as a great deal of research has been 

done on them throughout the years. The IMs and the SRMs 

are the solid advancements and need minimum measure to 

upkeep. 
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