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Abstract
This paper presents an electric vehicle application which is powered by an induction motor drive which is fed by the SPWM
triggered five level NPC inverter. Multilevel inverters can transfer high amount of power with low total harmonic distortion due
to high number of switches each switch will take up voltage stress equally thus low chances of breakdown. Here we are using
sinusoidal pulse width modulation technique which is simple and easy to work out in inverter triggering. Induction motor is a
simple motor which is much reliable than all other motors, we are using a three phase induction motor which is a self-starting
motor with low losses. Electric Vehicle is the load for induction motor, due to excessive pollution and depletion of natural
resources these EVs are getting much popular. The Simulink model of overall system is done and the simulations are performed
for various conditions using MATLAB/SIMULINK and the results are obtained and studied.
Keywords: Induction motor, Multilevel Inverter Neutral Point Clamped Inverter NPC, Sinusoidal Pulse Width
Modulation, Electric Vehicle
_______________________________________________________________________________________________________
I.

INTRODUCTION

In the last 20 years, the inverter has been widely in the AC drive fields due to the energy saving, reliability and performance
indicators of great advantage. The huge demand of high power inverters in the industrial areas promotes the power electronic
device capacity, voltage level and micro-electronic control technology to improve. Then all kinds of power inverter topologies
are constantly evolving to transfer high amount of power without getting breakdown.
With the introduction of multilevel inverters in to the industry‟s most of the drives systems arefed by these multilevel
inverters. The multilevel inverter produce a multilevel output voltage as the level of output voltage increases the total harmonic
distortion factor reduces and the output more and more become pure sinusoidal wave. The major advantages of using multilevel
inverters are they can transfer large amount of power than conventional Voltage Source Inverter. Three level and five level
inverters are most widely used in industries for drive system application since they are simple and easy to switch. For switching
of these multilevel inverters many PWM techniques are present such as Sinusoidal pulse Width modulation, Space Vector Pulse
Width modulation etc.
Sinusoidal Pulse Width Modulation (SPWM) is very simple technique for switching of multilevel inverters. In this there is a
carrier signal and reference signal by comparing these signals gating signals are produced and these gating signals are given the
individual switches and corresponding output voltages are produced. SPWM technique can be increased to any level easily
comparing to all PWM techniques.
Induction Motoris a high efficiency electrical machine which when working closed to its rated torque and speed, it is a selfstarting motor. But, at light loads, no balance in between copper and iron losses, results considerable reduction in the efficiency.
The part load efficiency and power factor can be improved by making the motor excitation adjustment in accordance with load
and speed.
In this paper, a five level neutral point clamped MLI which is fed to induction motor powering an electric vehicle drive system
is done. A five level SPWM is used to generate switching pulses for the neutral point clamped MLI. The performance of overall
proposed system is done for various operating conditions.
II. NEUTRAL POINT CLAMPED INVERTER
The most commonly used topologies is neutral-point-clamped (NPC). In neutral-point clamped inverter the dc-link is split into
many number of smaller voltage levels using a series bank connected bulk capacitors. The inverter structure does allow the
connections of the inverter poles to any of these voltage levels, thus creating a multi-level voltage waveform at the output. A
three phase five-level diode-clamped inverter is shown in Figure 1. Each three phases of the inverter shares a common dc bus,
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which is again subdivided by four capacitors into six levels [1]. The voltage across each capacitor is V dc, and the voltage stress
across each switching device is very much limited to Vdc through the clamping diodes. Table1 shows switching states of 5 level
NPC inverter. State condition 1 means the switch is on, and 0 means the switch is off. Each phase has five complementary switch
pairs. The complementary switch pairs for phase leg and are (Sa1, Sa„1), (Sa2, Sa„2), (Sa3, Sa„3) and (Sa4, Sa„4) [2]. Table also shows
that in a diode clamped inverter, the switches that are on for a particular phase leg is always adjacent and in series.

Fig. 1: Three Phase Five Level NPC Inverter

The advantages of NPC inverter are that the entire phases share a common dc bus, which minimizes the capacitance
requirements of the inverter. For this reason, a back-to-back topology is not only possible but also practical for uses such as a
high-voltage back-to-back inter-connection or an adjustable speed drive. The capacitors can be recharged as a group. Efficiency
is high for fundamental frequency switching [3]-[5].

Sa1
off
off
off
off
off
on

Sa2
off
off
off
off
on
on

Table - 1
States of Switches of a Five-Level Inverter
Switching States
Output voltage
Sa3 Sa4 Sa5 Sa6 Sa7 Sa8
off on on on off off
-2V0
off on on off off on
-V0
off on off off off off
0
on off off off off off
0
on off off off on off
2V0
on off off off off off
V0

III. SINUSOIDAL PULSE WIDTH MODULATION (SPWM)
The width of all pulses the same as in the case of multiple PWM, the width of each is varied in proportion to the amplitude of a
sine wave evaluated at the same pulse [6]. The distortion is reduced significantly compared to multiple PWM.
A high frequency triangular wave, called the carrier wave, is compared to a sinusoidal signal representing the desired output,
called the reference wave. Usually, ordinary signal generators produce these signals. When everthe carrier wave is less than the
reference, a comparator produces a high output signal, which turns the upper transistor in one leg of the inverter on the lower
switch off. In the other case the comparator sets the firing signal low, which turns the lower switch ON and upper switch OFF.
The number of pulses per half cycle depends on the carrier frequency [7]. Within the constraint that two transistors of the same
arm cannot conduct at same time, the instantaneous output voltage is shown in Figure 2 the same gating signals can be generated
by using unidirectional triangular carrier wave as in Figure-5 this method is preferable and easier to implement. The output
voltage can be varied by varying the modulation index ‗m„. The area of each pulse corresponds approximately to the area under
the sine wave between the adjacent mid points of off-periods on the gating signals. The SPWM, which is most commonly used,
suffers from certain draw back like low fundamental output voltage [8].
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Fig. 2: SPWM Generating Gate Pulses

IV. INDUCTION MOTOR
The induction motor has a very wide range of industrial applications because of simple construction, ruggedness & low cost.
These advantages are superseded by control problems when using in industrial drives with high performance demands. The
dynamic model is used to for getting the transient and steady state behaviour of induction motor. Figure 3 shows the d-q model
of induction motor [9].
The dynamic behaviour of Induction Motor can be with described with the equation of induction motor. A 3-phase winding
can be reduced to 2- phase winding set by using this method. With the magnetic axis being formed in quadrature. The stator and
rotor variable (voltage, current, and flux linkages) of an induction motor may rotate at an angular velocity or remain stationary,
when transferred to a reference frame [10].
This frame of reference is generally called as arbitrary reference frame in generalized machine analysis. Direct Torque Control
(DTC) and Field Oriented Control (FOC) have emerged as standard industrial solutions for high dynamic performance operation
of these machines [11]-[12].

Fig. 3: Equivalent Circuit Diagram of Induction Motor in Dqo
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V. EV DRIVE SYSTEM
The mechanism that transmits the power developed by the motor of automobile to the driving wheels is called the transmission
system (or power train). In automobiles the differential allows the outer drive wheel to rotate faster than the inner drive wheel
during a turn. A clutch is a mechanism which enables the rotary motion of one shaft to be transmitted at will to second shaft,
whose axis is coincident with that of first. A gear is a rotating part having cut teeth which mesh with another toothed part to
transmit torque. Geared devices can change the speed, torque, and direction of a power source.
VI. RESULTS AND DISCUSSIONS
An induction motor drive for electric vehicle was discussed in the paper using five level NPC multilevel inverter with Sinusoidal
pulse width modulation. This has been done using MATLAB/SIMULINK. When the induction motor torque reaches to 200 Nm
then only the Electric vehicle starts to move and as torque values reduces the speed of electric vehicle increases to the 160
Km/hr.
Fig 4 represents the Simulink model of five level NPC multilevel inverter with SPWM, Fig 5,6,7 represents the Simulink model
of one leg of five level NPC multilevel inverter, Simulink model of three phase induction motor and Simulink model of EV drive
system. Figure 8, 9, 10 and 11shows the output voltage from five level inverter, stator current of induction motor, Torque and
Speed of induction motor and the speed characteristics of electric vehicle in Km/hr.

Fig. 4: Simulink Model of Five Level NPC Multilevel Inverter with SPWM

Fig. 5: Simulink Model of 5 Level Inverter One Leg Switch

All rights reserved by www.ijirst.org

20

Induction Motor Drive using SPWM Fed Five Level NPC Inverter for Electric Vehicle Application
(IJIRST/ Volume 4 / Issue 7 / 004)

Fig. 6: Simulink model of induction motor

Fig. 7: Simulation of EV Drive System

Fig. 8: SPWM Fed Five Level Inverter Output Phase Voltage
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Fig. 9: Stator Current of Induction Motor

Fig. 10: Torque and Speed of Induction Motor

Fig. 11: Speed Characteristics (Km/Hr) Of Electric Vehicle
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VII. CONCLUSIONS
The simulation of five level NPC multilevel inverter fed induction motor was carried out using Sinusoidal Pulse Width
Modulation for electric vehicle application. The performance of the inverter, induction motor and drive system has been done
using MATLAB/SIMULINK. From the results it is obtained as when starting torque is high then only vehicle will start to move
and the torque of induction motor decreases the vehicle speed increases.
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