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Abstract 

This paper aims in developing and analyzing a simulation model of induction motor for 

electric vehicles. A mathematical model of electric vehicles is developed using induction 

motors, sinusoidal pulse width modulation (SPWM), and space vector pulse width modulation 

(SVPWM). The control strategies were used to analyze the motor performance, and found that 

SVPWM is better. The mathematical model is simulated using MATLAB/Simulink with the 

variations in the current, THD, and voltage of both strategies and the results are analysed. 
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1. Introduction 

Because of the growing population and daily requirements, there are more cars on the 

road and more transportation options available to move goods.  The demand for fossil fuels is 

rising in tandem with the number of vehicles. Electric vehicles (EVs) can be utilized as a 

substitute for fossil fuels.  The propulsion system of an EV is a major factor in determining the 

efficiency of the EV system. Therefore, it is essential to assess the propulsion system's 

performance using various control methods. The induction motor (IM) is the subject of this 

paper's evaluation, and several controllers are used to examine the IM's performance. Its 

effectiveness and efficiency as an electric vehicle are examined using the space vector pulse 

width modulation (SVPWM) and sinusoidal pulse width modulation (SPWM) [1-5]. 
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Electric vehicles (EVs) are crucial for mitigating environmental concerns and reducing 

dependence on fossil fuels. Induction motors play a vital role in EVs, offering simplicity, high 

power density, regenerative braking, low maintenance, and cost-effectiveness. The advantages 

of induction motors in EVs include reduced environmental impact, energy independence, lower 

operating costs, and long-term sustainability, contributing to a cleaner and more sustainable 

transportation future compared to traditional fossil fuel-powered vehicles [6-8]. 

The Electric vehicle dynamics are calculated and listed in the Table 1. 

Table 1. Electric Vehicle Dynamics 

Vehicle Parameters Value 

Kerb weight(kg) 110 

Payload(kg) 100 

Coefficient of rolling resistance 0.002 

Air Density(kg/m3) 1.25 

Width(m) 1.765 

Height(m) 1.595 

Frontal Area(m2) 2.815175 

Drag Coefficient 0.5 

Speed(kmph) 55 

Velocity(m/s) 15.27777778 

 

2. Motor and Controllers 

The induction motor finds application in diverse industrial sectors such as pumps, fans, 

paper and textile mills, elevators, electric vehicles, and subway transportation. In current motor 

applications, Simulink models are utilized for motor drives [9-12]. Scalar control methods and 

vector control methods are gaining popularity for efficient induction motor control. In the 

vector control approach, the induction motor is regulated using the DC motor control technique. 
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An inverter is employed to provide power to the induction motor. The PWM (Pulse Width 

Modulation) technique is employed for controlling these inverters, with the SPWM (Sinusoidal 

Pulse Width Modulation) technique being particularly prevalent among various PWM 

methods. 

2.1 Sinusoidal Pulse Width Modulation 

A comparator compares the reference and carrier signals to generate gate pulses in the 

sinusoidal pulse width modulation technique. The reference signal is made up of three-phase 

sine waves at the fundamental frequency. The size of the reference signal determines the 

modulation index, whereas the frequency of the reference signal governs the output voltage 

frequency. As the carrier signal, a high-frequency triangle wave is used. When the magnitude 

of the reference signal exceeds that of the carrier signal, the comparator generates a gate signal. 

Three-phase sine waves with a 120-degree phase difference form the gate signal. The higher 

lag signal is supplied into a NOT gate to notice a larger lag in an inverter switch, whereas the 

lower lag signal requires a 180-degree phase difference from the top lag. While the sinusoidal 

pulse width modulation technique is simple to understand, it does not completely utilise the 

DC bus voltage. [13-16]. 

2.2 Space Vector Pulse Width Modulation 

By using Park and Clark transformations to translate three-phase values into their 

corresponding two-phase quantities, the rotating field notion seen in AC machines is applied 

to the space vector to enable modulation of the inverter output [17–19]. An oscillating magnetic 

field is produced in the air gap of AC machines fueled by a three-phase supply. The Park and 

Clark transformations establish the magnitude and angle of this field, which can be represented 

by a single rotating voltage vector. 

For the voltage source inverter, six power switches are utilized, with S1, S3,and S5 

being upper switches, and S4, S6, and  S2 serving as lower switches. When an upper switch is 

on, it is assigned a lag value of '1', and when a lower switch is on, it is assigned a lag value of 

'0'. The ABC-to- d-q transformation equation is then applied in this context. 

Vd = Va - 
1

2
 Vb - 

1

2
 Vc  and  Vq = 

√3

2
 𝑉𝑏 −

√3

2
 𝑉𝑐                               (1) 
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For use in a three-phase inverter, the switching control signals are produced using the 

space-vector PWM (SVPWM) approach. The SVPWM inverter has reduced output harmonic 

distortions and offers a 15% boost in dc link voltage utilisation over the traditional sinusoidal 

PWM inverter. The voltage/frequency control approach, which is based on the space-vector 

modulation technique, is the control strategy used in the SVPWM inverter. 

A notable differentiation between SVPWM and SPWM revolves around the 

incorporation of two extra zero voltage states, specifically V0 (000) and V7 (111). In contrast 

to the six voltage vectors associated with the Voltage Source Inverter (VSI), the two zero 

voltage states that is associated with activating either all three positive pole switches or all three 

negative pole switches are added. This feature facilitates the production of a higher output 

voltage, taking into account the existence of the third harmonic component. As a result, 

SVPWM is frequently described as an eight-state operation. 

3. Simulation and Analysis 

3.1 Modelling of an Electric Vehicle 

 

 

Figure 1. Design of an Electric Vehicle 

In this context, the mathematical representation of diverse forces impacting a vehicle 

has been simulated using MATLAB. This encompasses the constant forces of rolling resistance 

and aerodynamic drag, which persist consistently. Conversely, the forces related to hill 

climbing and acceleration manifest for specific durations. Consequently, when formulating a 
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propulsion system for an electric vehicle, it becomes crucial to determine the force and power 

essential for propelling the vehicle. Additionally, the selection of the electric motor involves 

considerations of both continuous power and maximum power. 

3.2 Modelling of SPWM based Inverter 

 

 

 

Figure 2. SPWM based Induction Motor 

In this scenario, the simulation of a three-phase inverter using Sinusoidal Pulse Width 

Modulation (SPWM) has been conducted. The sinusoidal PWM waveform is generated 

comparing the desired modulated waveform with the high-frequency triangular waveform. The 

output voltage of the DC bus is determined as either negative or positive, irrespective of 

whether the signal voltage is smaller or larger than that of the carrier waveform.  

3.3 Mathematical Modelling of SVPWM based Inverter. 

 This section describes the modelling of a SVPWM based inverter.  It can be simulated 

by using the function block available in the MATLAB library.  

The mathematical model for electric vehicles (EVs) with induction motors involves 

several key equations that describe the dynamic behavior of the vehicle. One essential equation 

is the torque-speed relationship for the induction motor, incorporating parameters such as stator 

and rotor resistance, inductances, and rotor speed. The dynamic equations of motion consider 
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forces acting on the vehicle, including aerodynamic drag, rolling resistance, and gravitational 

forces. The battery model incorporates energy storage dynamics, considering factors like state 

of charge and internal resistance. These equations are integrated into a comprehensive vehicle 

dynamics model, often implemented in simulation environments. Control algorithms for motor 

drives, regenerative braking, and overall vehicle management further refine the model. In 

summary, the mathematical model integrates motor characteristics, vehicle dynamics, and 

energy storage dynamics, providing a comprehensive framework for analyzing and optimizing 

the performance of electric vehicles with induction motors. 

The mathematical model can be done by calculating the total tractive force required by 

the vehicle, 

Rolling resistance force                  𝑭𝒓𝒓 = 𝝁𝒓𝒓𝒎𝒈                                                                                              (2) 

Where μrr is the coefficient of rolling resistance, m is the gross vehicle   weight and g is the 

acceleration due to gravity. 

Aerodynamic drag force             𝑭𝒂𝒅 =
𝟏

𝟐
𝝆𝑨𝑪𝒅𝒗𝟐                                                                  (3) 

Where ρ is the density of the air, A is the frontal area, v is the velocity and Cd is a 

constant called the drag coefficient. 

Hill climbing force                           𝑭𝒉𝒄 = 𝒎 𝒈 𝒔𝒊𝒏(𝜳)                                                         (4) 

Where ψ is the inclination angle of the slope 

Linear acceleration force                    𝑭𝒍𝒂 = 𝒎. 𝒂                                                                   (5) 

The sum of all forces will provide the total tractive force using these equations. 

Multiplying this force with velocity will give  the tractive power required by the vehicle and 

help to model the electric vehicle. 

SPWM 

• Approximates a sinusoidal waveform by modulating the width of pulses. 

• May exhibit voltage distortion and harmonic content in the output waveform. 

• Relatively simpler to implement. 
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• Suitable for applications where simplicity is prioritized over precision. 

SVPWM 

• Represents three-phase voltages as vectors in a rotating reference frame. 

• Calculates optimal voltage vectors to closely follow the desired sinusoidal waveform. 

• Offers better voltage utilization and reduced harmonic distortion. 

• More complex to implement but provides higher control precision and better overall 

motor performance. 

 

i) Clark’s Transformation 

• The three-phase stator currents are first transformed into a two-phase 

stationary reference frame using Clarke transformation. 

• Then, a Park transformation is applied to convert the stationary frame into a 

rotating frame aligned with the rotor flux. 

 

Figure 3. Clark’s Transformation 

ii) Sector Detection and Angle Calculation 

• The desired reference voltage is represented as a space vector in a two-

dimensional plane. This vector represents the magnitude and phase of the 

desired voltage. 
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• The space vector is divided into six sectors, each corresponding to a specific 

combination of voltage vectors in a three-phase system. The active voltage 

vectors are identified based on the sector in which the space vector lies. 

 

Figure 4. Sector Detection and Angle Calculation 

iii) Voltage Reference Vector 

• The durations for which the active voltage vectors are applied are calculated based on 

the modulation index and the position of the space vector within the sector. 

• The active voltage vectors are modulated to generate the optimal three-phase voltage 

waveform. This modulation involves adjusting the pulse widths of the voltage vectors 

to approximate the desired space vector. 

 

Figure 5. Voltage Reference Vector 
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iv) Time Calculation 

The modulated voltage vectors are used to generate the PWM signals for the inverter. 

The PWM signals control the switching of the power semiconductor devices in the inverter. 

 

Figure 6. Time Calculation 

v) M-W Signal Generation 

• The PWM signals are applied to the inverter switches, which control the flow 

of current to the motor windings. 

• After the inverter switching, inverse Clarke and Park transformations are 

applied again to obtain the three-phase voltage waveforms in the stator 

reference frame. 

 

Figure 7. M-W Signal Generation 

3.4 The Overall Model 

The calculated voltages are applied to the stator windings of the induction motor, 

resulting in the desired control of the motor's speed and torque. 
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Figure 8. Overall Model of SVPWM based Induction Motor 

4. Result Analysis 

4.1 SPWM based IM for EV 

 

Figure 9. Mechanical Output 

This graph shows the speed in RPM, Electromagnetic Torque and Rotor angle of an 

induction motor. Speed of the motor is around 1450 RPM. 
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Figure 10. Stator Voltage 

 

Figure 11. Stator Current 

This graph shows the three-phase stator current of the induction motor. As we can see 

that it is having the harmonic content in it. Here the THD analysis has been done for the same. 

4.2 SVPWM based IM for EV 

 

Figure 12. Mechanical Output 
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This graph shows the speed in RPM, Electromagnetic Torque and Rotor angle of an 

induction motor. Speed of the motor is around 1450 RPM. 

 

Figure 13. Stator voltage 

 

Figure 14. Stator Current 

This graph shows the three-phase stator current of the induction motor. As we can see 

that it is having the harmonic content in it. Here the THD analysis has been done for the same. 

4.3 Comparative Analysis of Stator Current THD 
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Figure 15. THD values of SPWM and SVPWM 

As shown in Figure 15, the THD is reduced in SVPWM when compared to the SPWM, 

which  in turn  reduces the mis-operation of the components and  the heat losses generated due 

to the THD. 

Table 2. Comparison between the Methods 

S. No Method Stator Current THD 

      1    SPWM 11.2% 

      2   SVPWM 9.25% 

 

Table 2 shows the comparative analysis of stator current of SPWM and SVPWM based 

IM for EV.  Reducing the THD can improves the live cycle and reduces the heat generated in 

all the components involved in the EV (motor, controller and battery). By using the SVPWM 

method the THD of stator current for the machines are reduced. 

5. Conclusion 

Three phase induction motor using SPWM and SVPWM technique for electric vehicles 

has been evaluated in this research using MATLAB/SIMULINK. Both techniques' 

comparative performances were presented. According to the simulation results, the SVPWM 

technique performs better in terms of eliminating stator current harmonics and reducing torque 
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ripple while maintaining the other system characteristics. The THD produced by the SVPWM 

technique is comparably low as shown in Table 2. 
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