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ABSTRACT

This paper presents an efficient AC Drive for an Electric
Vehicle (EV) using an induction motor. In this the use of
induction motor requires implementing of multilevel
inverter supplied by DC voltage source and switched using
three level space vector PWM. In this paper a technique is
implemented for a better control for electric vehicle using
induction motor drives. Multilevel inverter have less
distortion and Total Harmonic Distortion (THD) of output
voltages compared to other inverters. SVPWM generates the
required gate drive waveform for each PWM cycle. The
inverter is treated as one single unit and can combine
different switching states (number of switching states
depends on levels). The model of the multilevel inverter
system is fed with SVM method to control the induction
motor for electric vehicle applications.The simulations are
performed using MATLAB/SIMULINK software and the
results are presented.
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INTRODUCTION

III. THREE LEVEL SVPWM

The Induction Motor (IM) is best suited for the EV application
because it has many advantage over other types of electric
motors. For example, it is more reliable due to the absence of
brushes, it is more rugged due to its inherent one piece rotor
shaft, it is much safer when used in hazardous environments, and
it presents a very low cost solution and has replaced the dc
motor drives in industries.

Space vector pulse width modulation is much different from
the PWM methods. With PWMs, the inverter can be
considered as three separate push-pull driver stages which
create each phase waveform independently. But, SVM treats
the inverter as a single unit. More specifically the inverter can
be driven to eight unique states. Modulation is accomplished
by switching the state of inverter [8]-[10].

The multilevel inverter MLI is one of the most promising
converter topologies suitable for EV applications. The MLI has
very interesting properties such less distortion and low total
harmonic distortion on the output waveforms. It is also used for
high and medium voltage power drives.

SVM is a digital modulation technique where the objective is
to generate PWM load line voltages. This is done in each
sampling period by properly selecting the switching states of
inverter and calculation of the appropriate time period for
each state [11]-[12].

Selection of suitable switching schemes are needed for power
electronic converter which is difficult in the area of ac drives.
While using Pulse Width Modulation (PWM) for the control of
the power electronic converter, duty ratio input should be in a
specific range or it will create stability issues. Thus, the power
conversion stage is playing a pivot role. So Space vector pulse
width modulation is one of the recent techniques used for the
switching of the power electronic circuits.

3.1 Switching States
For a three-level three-phase inverter there are 27 switching
states. It is requested to generate five levels of outputs, so the
three-level can be created. These levels are 2VDC, VDC, 0, VDC and -2VDC (for the line-to-line voltage).
Fig. 2 shows space vector diagram for a three-level inverter
demonstrating 19 voltage vectors and 27 switching states.

II. NEUTRAL POINT CLAMPED INVERTER
The three-level NPC inverter features higher operating voltage
without devices in series, better output voltage THD, and lower
electromagnetic interference (EMI). Therefore, it is increasingly
used in high power applications. In the original invention, the
concept can be extended to any number of levels by increasing
the number of capacitors in the design [1]-[2]. The additional
level is the neutral point of the dc bus, so the name neutral point
clamped inverter was introduced [3].Early this topology were
limited to three-levels where two capacitors are connected across
the dc bus which resulted in one additional level [4]. Due to
industrial developments over the past years, the three-level
inverter is now used extensively in industry applications.
Although most applications are medium-voltage, a three-level
inverter for 480V is on the market.
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In this paper, a neutral point clamped MLI which is fed to
induction motor powering an electric vehicle drive system is
done. A three level space vector is used to generate switching
pulses for the neutral point clamped MLI. The performance of
overall proposed system is done for various operating
conditions.

Since the structure is more complicated than that of two-level
inverter, the operation is straight forward. Each phase node can
be connected to any node in the capacitor bank [5][7].Connection of the a-phase to junctions can be accomplished
by switching transistors S1 and S2 both off or both on
respectively as shown in Fig. 1. These states are the same as the
two-level inverter yielding a line-to-ground voltage of zero or
the dc voltage.

But for the two-level inverter the reference vector is given
with the help from three voltage vectors. For the three-level
converter each sector also is divided into 4 regions, specifying
the output even more.
Table 1 shows voltage vector. Based on the magnitude the
voltage vectors can be defined as:

Fig. 2 : Space vector diagram for a three-level inverter demonstrating
19 voltage vectorsand 27 switching states.

Zero Voltage Vectors (ZVV)

Reduntant
switching states
V=0

Small Voltage Vectors (SVV)

V1, 4,7,10,13,16

Medium Voltage Vectors (MVV)

V3, 6,9,12,15,18

Large Voltage Vectors (LVV)

V2, 5,8,11,14,17

Value of voltage vectors

Table 1 Voltage vectors

The principle of SVPWM method is that the command
voltage vector is approximately calculated by using three
adjacent vectors [13]-[15]. The duration of each voltage
vectors obtained by vector calculations;
V*Ts=(T1V1+T2V2+T3V3)
Fig.1 : Three level neutral clamped multilevel inverter.
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T1+T2+T3=Ts

(1)
(2)
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Where V1, V2, V3 - vectors that define the triangle region in
which V* is located. T1,T2,T3 – corresponding vector durations.
Ts - sampling time.

Value of x, y
x+y>0.5
x> 0.5
y> 0.5
x and y< 0.5

In a three-level inverter similar to a two-level inverter, each
space vector diagram is divided into 6 sectors. Forsimplicity
here only the switching patterns for Sector A will be defined so
that calculation technique for the other sectors will be similar
[16]. Sector A is divided into 4 regions as shown in Fig. 3,
where all the possible switching states for each region are given
as well. SVPWM for three-level inverters can be implemented
by using the steps of sector determination, determination of the
region in the sector, calculating the switching times, T1, T2, T3
and finding the switching states[16].

Table 4 Value of x and y

3.4 Calculating the switching times, T1, T2, T3
Table 5 shows the switching times T1, T2, T3 for Sector A.

Region I
T1 1.1*m*Ts*sin((π/3)-α)
T2 Ts/2*
(1-(2*1.1*sin(α+π/3))
T3 1.1*Ts*sinα
Fig. 3 Sector and its switching states for three-level inverter

T1

3.2Determining the sector

240° ≤ α < 300°

E

300° ≤ α < 360

F

Table 2 Sector selection
3.3 Determining the region in the sector

T2
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The sector in which the command vector V* as shown in Table
2.
α
V* in sector
0° ≤ α < 60°
A
60° ≤ α < 120°
B
120° ≤ α < 180°
C
180° ≤ α < 240°
D

V* Region
1
2
3
4

T3

Region II
Ts *
(1-1.1*m*sin(α+π/3))
1.1*Ts*m*sinα

Ts/2((2*1.1*m*
sin(π/3-α))-1)
Region III
Region IV
Ts/2*
Ts/2*
(1-2*1.1*m*sinα)
(2*1.1*m*sin(α)-1)
Ts/2*
1.1*m*Ts*
(2*1.1*m*sin(π/3+α)-1) sin((π/3)-α)
Ts/2*
Ts *
(1+2*1.1*m*sin(α-π/3)) (1-1.1*m*sin(α+π/3))
Table 5 Switching time of T1,T2,T3

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 [17].
The dynamic model is used to for getting the transient and steady
state behaviour of induction motor.
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 [18]-[19].
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 [20]-[24].

Fig. 4 Calculation of x and y

Table 4 shows value m1 and m2. The m1 and m2can be calculated
as:
a=y=

= b=

x = z.cosα – (
x =z.(

√

√

z.sinα

(3)

α).cos( )

√
√

)

(4)
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Fig.5. Equivalent Circuit diagram of induction motor in dqo.
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V. 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.

Fig 9 Torque and Speed of induction motor

VI. RESULTS AND DISCUSSIONS
An induction motor drive for electric vehicle was discussed in the
paper using NPC multilevel inverter with space vector
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 155 Km/hr.
Fig 6 represents the overall proposed system, Fig 7,8,9 represents
the output voltage from inverter, stator current of induction, and
Torque and Speed of induction motor. Fig 10 shows the
simulation of drive system and Fig 11 shows the speed
characteristics of electric vehicle.
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Fig 6 Overall proposed system

Fig 10 Simulation of Drive system

Fig 11 Speed characteristics (km/hr) of Electric vehicle

VII. CONCLUSION
The simulation of three level Neutral clamped multilevel inverter
fed induction motor was carried out using space vector pulse
width modulation for electric vehicle application. The
performance of the inverter and induction motor 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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