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Speed Control of Induction Motor using Eleven
Levels Multilevel Inverter

Karalapati Preethi, G. Anil, E. Vani

Abstract- The main objective of this paper is to control the
speed of an induction motor by using seven level diode clamped
multilevel inverter and to compare the speed control of induction
motor using seven level, nine level and eleven level multilevel
inverters individually . To obtain high quality sinusoidal output
voltage with reduced harmonics. The proposed Scheme for diode
clamped multilevel inverter is multicarrier SPWM control. Stator
voltage control method is used to control the speed of Induction
Motor. As the motor torque is proportional to the square of the
supply voltage, a reduction in supply voltage reduce the motor
torque and therefore the speed of the drive. The proposed system
is an effective replacement for the conventional method which
has high switching losses, as a result a poor drive performance.
The simulation result portrays the effective control in the motor
speed and an enhanced drive performance through reduction in
total harmonic distortion (THD).

Keywords: Diode clamped multilevel inverter;
motor; THD.
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l. INTRODUCTION

An induction motor being rugged, reliable, and
relatively inexpensive makes it more preferable in most of
the industrial drives. They are mainly used for constant
speed applications because of unavailability of the variable-
frequency supply voltage.But many applications are in need
of variable speed operations. In early times, mechanical gear
systems were used to obtain variable speed. Recently, power
electronics and control systems have matured to allow these
components to be used for motor control in place of
mechanical gears. These electronics not only control the
motor’s speed, but can improve the motor’s dynamic and
steady state characteristics. Adjustable speed ac machine
system is equipped with an adjustable frequency drive that is
a power electronic device for speed control of an electric
machine. It controls the speed of the electric machine by
converting the fixed voltage and frequency to adjustable
values on the machine side. High power induction motor
drives using classical three phase converters have the
disadvantages of poor voltage and current qualities. To
improve these values, the switching frequency has to be
raised which causes additional switching losses. Another
possibility is to put a motor input filter between the
converter and motor, which causes additional weight.The
diode clamp method can be applied to higher level
converters. As the number of level increases, the
synthesized output waveform adds more steps, producing a
staircase waveform.
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A zero harmonic distortion of the output wave can be
obtained by an infinite number of levels.

In this paper, a three-phase diode clamped multilevel
inverter fed induction motor is described. The diode
clamped inverter provides multiple voltage levels from a
five level unidirectional voltage balancing method of diode
clamped inverter. The voltage across the switches has only
half of the dc bus voltage. These features effectively double
the power rating of voltage source inverter for a given
semiconductor device. The proposed inverter can reduce the
harmonic contents by using multicarrier SPWM technique.
It generates motor currents of high quality. Here the speed
of an induction motor is precisely controlled by using seven
level diode clamped multilevel inverter.

1. CONVENTIONAL METHOD

The voltage source inverter produces an output voltage
or a current with levels either zero or +VVdc. They are known
as two level inverter. To obtain a quality output voltage or
current waveform with a minimum amount of ripple content,
they require high switching frequency along with various
pulse-width modulation strategies. In high power and high
voltage applications, these five-level inverters have some
limitations in operating at high frequency mainly due to
switching losses and constraints of device rating. The dc
link voltage of a Five-level inverter is limited by voltage
ratings of switching devices, the problematic series
connection of switching devices is required to raise the dc
link voltage. By series connection, the maximum allowable
switching frequency has to be more lowered, hence the
harmonic reduction becomes more difficult. In addition, the
five level inverters generate high frequency common-mode
voltage within the motor windings which may result in
motor and drive application problems. From the aspect of
harmonic reduction and high dc-link voltage level, Five-
level approach seems to be the most promising alternative.
The harmonic contents of a seven-level inverter are less than
that of a five level inverter at the same switching frequency
and the blocking voltage of the switching device is half of
the dc-link voltage.
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Figure 1. Five level inverter based drive circuit.
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A seven level inverter will not generate Common mode
voltages when the inverter output voltages are limited within
certain of the available switching states. So the seven level
inverter topology is generally used in realizing the high
performance, high voltage ac drive systems.

1. DRIVE SYSYEM DISCRIPTION

In the conventional technique normal PWM method is
used. So that the voltage and current is of poor qualities and
the switching frequency causes more amount of switching
losses. Those drawbacks are rectified using three phase
diode clamped multilevel inverter. The voltage and current
quality are better and the switching losses are reduced when
compared to the conventional technique. Also the THD is
found to be better.

A. Structure of Seven level Diode Clamped Multilevel
Inverter

The seven-level neutral point-clamped voltage source
inverter is shown in Fig.2. It contains 36 unidirectional
active switches and 30 neutral point clamping diodes. The
middle point of the 6 capacitors “n”” can be defined as the
neutral point.The major benefit of this configuration is each
switch must block only one-half of the dc link voltage
(\Vdc/6). In order to produce seven levels, only two of the
twelve switches in each phase leg should be turned on at any
time. The dc-bus voltage is split into three levels by two
series-connected bulk capacitors, Ca and Cb, via. They are
same in rating. The diodes are all same type to provide equal
voltage sharing and to clamp the same voltage level across
the switch, when the switch is in off condition. Hence this
structure provides less voltage stress across the switch.

B. Principle of Operation

Table.1. shows the voltage levels and their corresponding
switch states. State condition 1 means the switch is on, 0
means the switch is off. There are two complementary
switch pairs in each phase. These pairs for one leg of the
inverter are (Al,Al), (A2,A2’), (A3,A3’), (A4,A4),
(AS5,A5’), (A6,A6). If one of the complementary switch
pairs is turned on, the other of the same pair must be off.

TABLE 1 Output voltage levels and their Switching
states
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To produce a staircase-output voltage, consider one leg of
the three-level inverter, as shown in Fig.3. The steps to
synthesize the seven-level voltages are as follows.

For an output voltage level Vao=Vdc, turn on all upper
half switches.

e For an output voltage level Vao=5Vdc/6, turn on upper
switch A2.A3,A4,A5,A6 and one lower switch A,

e For an output voltage level Vao=4Vdc/6,turn on upper
switchA3,A4,A5,A6 and lower switch A, A
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e For an output voltage level Vao=3Vdc/6, turn on upper
switchA4,A5,A6 and lower switch A;, A2%, Ag.

e For an output voltage level Vao=2Vdc/6, turn on upper
half switch A5,A6 and lower switch A;*, A2*, Aj', AL

e For an output voltage level Vao=Vdc/6, turn on upper
half switch A6 and lower switch A;*, A2, Ast, AL A

e For an output voltage zero turn on all lower half
switches. A;%, A2%, AL, AL AL A

The most attractive features of multilevel inverters are as
Follows:

They can generate output voltages with extremely low
distortion and low dv/dt.

They draw input current with low distortion.

They generate smaller common mode voltage, thus
reducing the stress in the motor bearings.

They can operate with low switching frequency.

IV. PROPOSED SCHEME

The block schematic of multilevel inverter fed three phase
induction motor is show in figure.15. The complete system
will consist of two sections; a power circuit and a
control circuit. The power section consists of a power
rectifier, filter capacitor, and three phase diode clamped
multilevel inverter. The motor is connected to the
multilevel inverter. An ac input voltage is fed to a three
phase diode bridge rectifier, in order to producedc output
voltage across a capacitor filter. A capacitor filter,
removes the rlpple contents present in the dc output voltage
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The pure dc voltage is applied to the three phase
multilevel inverter through capacitor filter. The multilevel
inverter has 36MOSFET switches that are controlled in
order to generate anac output voltage from the dc input
voltage The control circuit of the proposed system
consists of three blocks namely microcontroller, opto-
coupler and gate driver circuit. The microcontroller is
used for generating gating signals required to drive the
power MOSFET switches present in the multilevel
inverter. The voltage magnitude of the gate pulses
generated by the microcontroller is normally 5V. To drive
the power switches satisfactorily the opto coupler and
driver circuit are necessary in between the controller and
multilevel inverter. The output ac voltage is obtained from
the multilevel inverter can be controlled in both magnitude
and frequency (V/f open loop control). The controlled
ac output voltage is fed to the induction motor
drive. When the power switches are on, current flows
from the dc bus to the motor winding. The motor windings
are highly inductive in nature;
they hold electric energy in
the form of current.
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This current needs to be dissipated while switches
are off. Diodes are connected across the switches give a
path for the current to dissipate when the switches are
off. These diodes are also called freewheeling diodes.
The V/f control method permits the user to control the
speed of an induction motor at different rates. For
continuously variable speed operation, the output
frequency of multilevel inverter must be varied. The
applied voltage to the motor must also be varied in linear
proportion to the supply frequency to maintain constant
motor flux.

3-pAC % RECTIFIER VOLTAGE MULTILEVEL LOAD
SUPPLY BALANCING INVERTER

GATE DRIVE

(sPwm)

Figure 3. Basic block diagram

V. MODULATION STRATEGY

This Paper mainly focuses on multicarrier SPWM
method. This method is simple and more flexible than
SVM methods. The multicarrier SPWM method uses
several triangular carrier signals, keeping only one
modulating sinusoidal signal. If an n-level inverter is
employed, n-1 carriers will be needed. The carriers have
the same frequency WC and the same peak to peak
amplitude Ac and are disposed so that the bands they
occupy are contiguous. The zero reference is placed in
the middle of the carrier set. The modulating signal is a
sinusoid of frequency Wm and amplitude Am. At every
instant each carrier is compared with the

modulating signal. Each comparison gives 1(-1) if the
modulating signal is greater than (lower than) the
triangular carrier in the first (second) half of the

fundamental period, O otherwise. The results are added to
give the voltage level, which is required at the output
terminal of the inverter. Multicarrier PWM method can be
categorized into two groups: 1) Carrier Disposition (CD)
method 2) Phase shifted PWM method.

Advantages of Multicarrier PWM technique

Easily extensible to high number of levels.

Easy to implement.

To distribute the switching signals correctly in order
to minimize the switching losses.

To compensate unbalanced dc sources.

Alternative Phase Opposition Disposition (APOD),
where each carrier band is shifted by 180° from the
adjacent bands

Phase Opposition Disposition (POD), where the
carriers above the zero reference are in phase, but
shifted by 180° from those carriers below the zero
reference.

In-Phase Disposition (PD), where all the carriers are in
phase.

In this paper the gating pulses for IGBT switches are
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generated by using In-phase disposition technique
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Figure 4. in phase disposition technique.

Modulation Index:
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Nine level multilevel inverter switching states
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Energy Saving In Variable Torque Load Application

Many systems are used constant speed motors and
control process flow rates or pressures by mechanically
dampers,

regulation using throttling valves, fluid

couplings or variable inlet vanes etc.
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These devices generally do not control flow or pressure
efficiently because energy is dissipated across the
throttling device. Running a motor at full speed
while throttling the input or output is like driving a car with
one foot on the accelerator and the other on the brake; a
part of the produced output immediately goes to waste. A
variable speed drive can save over 60% of the energy.
Variable speed drives and the loads they are applied to can
generally be divided into 3 groups.

Constant power

Constant torque

Variable torque

In variable torque load applications, both torque and
power change with speed. Torque varies with speed
squared, and power varies with speed cubed. This means
that at half speed, the power required is approximately
one eighth of rated maximum. Common examples of
variable torque loads are centrifugal fans, blowers and
variable discharge pressure pumps. The use of a
variable speed drive with a variable torque load often
returns significant energy savings. In these applications
the drive can be used to maintain various process flows or
pressures while minimizing power consumption. In
addition, a drive also offers the benefits of increased
process control, which often improves product quality
and reduces scrap.Effective speed ranges are from 50% to
100% of speed and can result in substantial energy savings.

P = (2n+»T *N)/60 2)
T= K=N? 3)
P = (2m* K=+ N?)/60 (D

P = Power in Watts; T = Torque in N-m; N = Motor
rotation speed in rpm;

A variable speed drive can also make it possible to stop a
motor completely when it is not required as re-starting
with a variable speed drive causes far less stress than
starting direct on line soft start is an inherent
feature of the drive. Regulating the motor speed has
the added benefit of easily accommodating capacity
rises without extra investment, as speed increases of 5-
20% is no problem with an AC variable speed drive as
long as there is enough spare capacity in the system.
Reduced maintenance compared to DC systems
(brushes and commutators) reduced motor/application
noise levels.

VI.  SIMULATED CIRCUITS AND WAVEFORMS

Figure 7. shows the PWM circuit to generate the
gatingsignals for the multilevel inverter switches. To
control a three phase multilevel inverter with an output
voltage of seven levels; six carriers are generated and
compared at each time to a set of three sinusoidal
reference waveforms. One carrier wave above the zero
reference and one carrier wave below the reference. These
carriers are same in frequency, amplitude and phases; but
they are just different in dc offset to occupy
contiguous bands. Phase disposition technique has
less harmonic distortion on line voltages. Simulated
model for entire circuit is shown in Figure.
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Figure 7. Multi carrier SPWM simulation circuit.
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Fig.8 Simulation diagram for eleven level multilevel
inverter fed induction motor.
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Fig 12. Simulation results for multicarrier control
technique for nine level inverter
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Fig. 10. Simulation diagram of Multicarrier SPWM
technique

Fig 13 Simulation results for multicarrier control
technique for eleven level inverter

Fig 14. Results for seven level multilevel inverter
(subsystem)
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Fig 15. Results for nine level multilevel
inverter(subsystem)
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Fig 17. N-T curves of Induction motor fed seven level
multilevel inverter.
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Fig 18. N-T curves of Induction motor fed nine level
multilevel inverter.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication




Speed Control of Induction Motor using Eleven Levels Multilevel Inverter

Fig 19. N-T curves of Induction motor fed eleven level
multilevel inverter.

By observing the speed-torque characteristics we can
conclude that as the number of levels increases the time
taken to reach steady state value decreases.

VIl.  CONCLUSION

In this paper a diode clamped multilevel inverter has
been presented for drive applications. The multicarrier
SPWM technique can be implemented for producing low
harmonic contents in the output; hence the high quality
output voltage was obtained. The open loop speed
control was achieved by maintaining V/f ratio at constant
value. The simulation results show that the proposed
system effectively controls the motor speed and enhances
the drive performance through reduction in total
harmonic distortion (THD). This drive system can be
used energy saving in variable torque load applications
like boiler feed pumps conveyors, rolling mills, printing
machines etc.
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