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Abstract. This paper presents the control schemeModeling and analysis of three
phase voltage switching inverter in using Space vector Pulse Width Modulation
(SVPWM) technique for induction motor driven three-wheel electric vehicles.
Induction motors are now widely applied in electric vehicle industries as the
replacement of internal combustion engine due to the over striking price and envi-
ronmental concerns. Performance of speed, direction and torque control for three
wheel electric drives (Bajaj) has been studied. Better dc utilization for medium
performance drive system, more efficient use of DC supply voltage, produce less
ripples makes space vector pulse width modulation technique a good choice for
this work. By keeping the ratio of stator voltage to frequency constant, this system
tipscan adjust the speed of the motor by control the frequency and amplitude of
the stator voltage. Transfer model of induction motor, vehicle dynamic model and
voltage source inverter type SVPWM model are designed and simulated using
matlab Simulink. Control scheme visual realization has been done though Protues
and Arduino IDE software. To demonstrate good performance of SVPWM based
induction motor for three wheel drive, parameters such has stator current, rotor
current, torque and speed as well as switching patter of the inverter waveforms
have been displayed and analyzed.

Keywords: SVPWM · Induction motor · Voltage source inverter · Three-wheel
electric vehicles · MATLAB/SIMULINK

1 Introduction

Induction Machines is the most widely used motor in industry and also in residential
application. Its low cost, high efficiency, wide speed range and robustness makes induc-
tion motors to be applied in various applications. Now a day, in the most of the industrial
applications, due to their simple and most tough construction without any mechanical
commentator, AC motors are more useful than DC machines [1, 2].

In EVs propulsion, three phase AC induction motor drive is fed from three phase
inverter with aDC source or battery at approximately constant voltage, through aDC/AC
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inverter [3]. The DC/AC inverter is constituted by a fast switching power electronic
switches and power diodes. IGBTs and MOSFETs are commonly used in the inverters
configurations.Ahigh speed processor in order to produce the proper switching sequence
is needed since AC voltage output of the inverter has high frequency square wave forms.

To determine the amplitude and the frequency of the output voltage, various switch-
ing schemes are used to generate PWM signal. Space Vector Pulse Width Modulation
(SVPWM) one of the various PWM techniques that best suits for electric vehicle appli-
cation [4].This type of modulation has the following interesting features such as offers
better DC-link utilization, more efficient use of DC source voltage, yield less ripples and
improved life time of drive [5].

The paper is structured as follows: first system description is discussed, second
modeling part is presented, and third power and control issues are demonstrated and
finally results obtained are presented along with conclusions.

2 System Descriptions

This paperwork consists of the source, the three-phase inverter, the three-phase induction
motor, three wheel vehicle (Bajaj) and the Arduino microcontroller. Generally, this
proposed system is illustrated in the following Fig. 1. Three phase IGBT based inverter,
fed from dc source/battery, converts DC to AC voltage to power three phase induction
motor as described in Fig. 1. The controller will generate the pulse width modulation
(PWM) to feed the inverter using Arduino and amplified through gate drive circuit.

Fig. 1. Block diagram of the paper

The objective of this work is to model and analyze three phase inverter and its
controller, Space Vector PWM, using Matlab and Protues with Arduino IDE software.

3 System Modeling and Simulation

3.1 Electric Vehicle Dynamics

Motor rated speed; motor power rating andMaximum speed of the motor are parameters
to be considered in designing Electric vehicles [10].
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Fig. 2. Forces acting on electric vehicle

Road load is among several forces acting on vehicle while travelling that the vehicle
to overcome [6] as shown in Fig. 2. This road load Fl consist of four components drag
aerodynamic force Fd, rolling resistance force Fr, gradient or Clamping force Fc and
acceleration resistance Fa,

Fr + Fd + Fc + Fa (1)

Rolling Resistance: Rolling resistance of the tire, the resistive force of vehicle which
opposes the rolling of the wheels, is given by:

Fr = Crr ∗M ∗ g ∗ cos(θ) (2)

where,Crr: rolling resistanceCoefficient, (M ∗ g):Vehicle load inNand θ: Inclination
angle.

The power (Pr) required to overpowering the rolling resistance is calculated as

Pr = Fr ∗ v
( m

sec

)
(3)

Gradient (Climbing) Resistance: The force that tends to pull the vehicle back, gradient
resistance, when it is up hilling an inclined surface is given by:

Fc = M ∗ g ∗ sin(θ) (4)

And the climbing power of the Bajaj is given by PC = FC∗VC.Where Vc = Vmax/2
and vc is the climbing velocity.

Aerodynamic Drag Force: The force acting on the vehicle body when it is travelling
through air, the aerodynamic drag force which consists of the skin friction drags due to
air flow in the boundary layer, normal pressure drags depends on the vehicle frontal area
and speed and induced drag [5] is expressed by

Fd = 1

2
∗V2 ∗Cd ∗A ∗ ρ (5)
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where,
Cd- the aerodynamic drag coefficient (lies between 0.2 and 1.5),
ρ -the air density in kg/m3 = 1.23 kg/m,
V -the sum of speed of vehicle and speed of air in m/s.
A is frontal area of the plat form A = 0.58 ∗ 0.92 = 0.5336 m2.
The total power required to drive the Bajaj is given by: Pt = Pr + Pa + Pc+Pd
Therefore, the mechanical power output necessary for driving the wheel including

transmission losses on the wheel is given by the equation:

Mpeak = Pmax

efficiency of gear
(6)

To obtain the desired drive characteristics it is important to find the torque on the
drive wheel using the following expression:

T = Ft × r

G
(7)

Where, T is torque, r is radius of drive wheel and G is gear ratio.

For the calculation of tractive force, total tractive power and total tractive torque
needed, at the wheel of the vehicle, the following parameters of the vehicle listed in
the Table 1 are considered. To estimate the motor losses and efficiency, the following
induction motor parameters shown in the Table 2 are considered.

Table 1. Electric Bajaj specification.

3.2 Space Vector Pulse width Modulation

In EVs propulsion, three phase AC induction motor drive is fed from three phase inverter
with a DC source or battery at approximately constant voltage through a DC/AC inverter
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Table 2. Induction motor specification.

with a fast switching power electronic switches and power diodes [3]. Space Vector
Pulse Width Modulation (SVPWM), was originally developed as vector approach to
Pulse Width Modulation (PWM) scheme for three phase inverters, one of the various
PWM techniques that best suits for electric vehicle application [4].It is a more advanced
technique with the following merits such as Minimization of harmonics, Minimization
switching loss, Maximization of fundamental component, Utilization of DC voltage [3,
4, 7]. The existence of additional zero voltage states such asV0 (000), and V7 (111)
is the difference between SVPWM and SPWM in addition to the six possible voltage
vectors applied in VSI.

Thus, SVPWM is as an eight state operation with 6 operational vectors as shown in
Fig. 3 below [8].

Fig. 3. Space voltage vectors in different sectors
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3.3 Three Phases to Two Phase Transformation

The dynamic model of induction motor is studied by driving the equivalency of the
transformation from three-phase to two-phase machine. The equivalence is based on
the amount of MMF produced in two-phase and three-phase windings as well as equal
current amounts. Assuming that each of the three-phase windings have Ns turns per
phase and equal currents magnitudes, the two-phase winding will have 3Ns/2 turns per
phase for MMF equality. The direct (d) and Quadrature (q) axes MMF are resolved by
using MMF of the three-phase along d and q axes.

The stator voltages of three-phase induction machine under balanced conditions is
given by

Va = √
2Vrmssin(ωt) (8)

Vb = √
2Vrmssin(ωt − 120) (9)

Vc = √
2Vrmssin(ωt + 120) (10)

Where Va, Vb and Vc are the three line voltages,
The relationship between alpha beta(αβ) and abc is as follows

[
Vα

Vβ

]
= 2

3

[
1 1

2 − 1
2

0
√
3
2 −

√
3
2

]⎡
⎣
Va

Vb

Vc

⎤
⎦ (11)

Then, the direct and quadrature axes voltages are: -

[
Vd

Vq

]
=

[
cos(θ) sin(θ)

−sin(θ) cos(θ)

][
Vα

Vβ

]
(12)

The instantaneous values of the stator and rotor currents in three-phase system are
ultimately calculated using the following transformation;

[
ia
iβ

]
=

[
cos(θ) −sin(θ)

sin(θ) cos(θ)

][
id
iq

]
(13)

⎡
⎣
ia
ib
ic

⎤
⎦ = 2

3

[
− 1

2 −
√
3
2

− 1
2 −

√
3
2

][
ia
iβ

]
(14)

3.4 MATLAB/SIMULINK Model

The simulation results are given for the induction motor for the following specification
[6] (Table 3):
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Table 3. Induction motor specifications

Figure 4 describes the overall simulation of the system as shown below.

Fig. 4. MATLAB open loop Simulink model of SVPWM based induction motor

3.5 Proteus Simulation

Six IGBT, 4PC40UD, switches is used for the system that are turned on and off by pulse
width modulation. The turn on and off of the IGBTs give rise to three phase output from
dc source. These are high speed switching devices that turn on and turn off by sequence
to produce three phase output. The inverter is simulated and switching of inverter is
indicated with LEDs. The switching with LED positions is shown as in Fig. 5 below.
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Fig. 5. Inverter with switching sequence

4 Results and Discussions

Switching Pattern of SVPWM Inverter: Figure 6 demonstrated that reduction of the heat
of switches by reducing the switching ratio based on carrier. This pattern when compared
to high frequency triangular carrier wave produces gating signal to drive the inverter.
Because of common mode element in SVPWM compared to SPWM, there is an extra
improvement in voltage compared with sinusoidal PWM as clearly indicated.

Fig. 6. Switching pattern of SVPWM inverters

Gate Pulse: The output get signal generated based on SVPWM techniques to switching
the IGBT sequentially is shown in the Fig. 7, below. The signal that generated from
the driver circuit is out phase in one leg. Because in one leg the two switches are on
simultaneously a short circuit is happen and cause damage on the inverter. Thus, in order
to generate three phase sinusoidal waves the switches are on and off sequentially based
on the pattern of sector vectors.
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Fig. 7. Gate pulse for IGBT 1 and IGBT 2

Stator Current: The current in that flows through the stator winding of induction motor
is shown in Fig. 8. Appropriate control algorithm is applied for motor depending on
mechanical load torque so that the stator current should decrease the controller will
supply stator with proper voltage and frequency.

Fig. 8. Stator current

Fig. 9. Rotor current
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Rotor Current: The current in the rotor winding of the induction motor is high in
the starting. But as the motor accelerates current decreases. The drive automatically
decreases the voltage after the motor is smoothly driven (Fig. 9).

Torque: Figure 10 demonstrated that the torque associated with induction motor is high
because the starting torque of the induction motor. The torque required by the Bajaj is
52 Nm. After the motor rotate and start drive the vehicle, the torque comes to zero at
reduced losses.

Fig. 10. Electromagnetic torque

The Torque-Speed Curve (At 50 Hz): The combined speed (X-axis) and torque (Y-
axis) curve are shown in Fig. 11. The motor is operating at 50 Hz frequency. The speed
and torque at 10 Hz are shown below these values are less than initially calculated at
50 Hz.

Fig. 11. Torque speed curve at 50 Hz
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The Torque-Speed Curve (At 10 Hz): The toque speed curve of induction motor at
10Hz is represented as in shown in Fig. 12. The figure described that the cause reduction
magnitude of torque- speed curve is the increase in switching time due to the minimized
frequency.

Fig. 12. Torque speed curve at 10 Hz

Motive Force Verses Approaching Angle of Vehicles: There are three main forces
which act on the Bajaj when it travels at constant speed. Gradient force increases when
the approaching angle is increase. Aerodynamics force is constant at constant speed
of the vehicle. The total motive force with each component of the force acting on the
vehicle is shown on the Fig. 13. We assumed the vehicle speed when move up is 25 km/h
and velocity of the air also assumed equals to zero.

Fig. 13. Motive force verses approaching angle
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Motor Power Consumption with Respect to Approaching Angle: Themaximum reac-
tive power is suppliedwhen theBajaj is clamping the hill ofmaximumapproaching angle
which is 7.67° at full load with the speed of 25 km/h . The speed of the Bajaj is reduced
while clamping the hill is to increase torque with limited power output of the motor.
Figure 14 show the power needed to be supplied by the motor to drive the Bajaj at
constant speed of 25 km/h with verses approaching angle.

Fig. 14. Motor power consumption with respect to approaching angle

Forward and Reverse Direction Rotate of Motor: The push button in the control cir-
cuit is used to run the motor speed up, speed down, forward, reverse direction by due to
the changing of switching pulse of IGBT gate signals. The following Fig. 15 and Fig. 16
shows that the output wave result when the motor run forward and reverse direction
respectively.

Fig. 15. Wave form when the motor rotate forward direction
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Fig. 16. Wave form when the motor rotate reverse direction

Comparison Simulation Results of SPWM and SVPWM: In the following figures
show the wave forms of SPWM and SVPWM techniques using FFT analyzing by vary-
ing its modulation index. As per the Table 4, SVPWM gives 15% quality improvement
of the fundamental output.

Table 4. Evaluations of SPWM and SVPWM at varying modulation index.

5 Conclusions

In this paper space vector pulse width modulation-based induction motor with propor-
tional integral control model is designed through MATLAB software and also tested
successfully by evaluating the parameters like stator current, rotor current, torque and
speed. By keeping the ratio of stator voltage to frequency constant, this system tips can
regulate the speed of the motor by controlling the frequency and voltage amplitude of the
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stator. SVPWM control system design and implementation is simple and trouble free.
Besides electric vehicle application, these types of induction motors control system can
be used in agricultural and industrial pumps. The modulation technique selected for the
paper is space vector pulse width modulation with good exploitation of the DC link
voltage and low current ripple. It is also relatively easy to implement in the hardware
platform. These features also make it suitable for high-voltage high-power applications.
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