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Abstract
Induction motors are widely used in industries, because they are rugged, reliable and economical and hence they are called as work
horse power of industry. Induction motor drive requires suitable converters to get the required speed and torque without or negligible
ripples. Multilevel inverters can do this job. But the conventional MLIs such as Diode Clamped MLIs requires extra diodes in
conjunction with the active switches, Flying capacitor MLIs requires extra Capacitors and control also difficult if the levelsincreases
and the Cascaded H-bridge MLIs requires separate dc sources which limits its use. This paper proposes a new type of multi level
Inverter which converts the dc into ac using less number of switches when compared to conventional multilevel Inverters. The
proposed Inverter uses only seven switches to get 13-level output voltage compared conventional cascaded H-bridge uses twelve
switches. The comparison between the conventional MLIs and proposed inverter is presented in this paper. Finally the induction
motor using proposed inverter with thirteen level is simulated using Matlalb/Smulink environment and the corresponding results are

presented in this paper.
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1. INTRODUCTION

The AC induction motor is a rotating electric mahidesigned
to operate a three-phase source of alternatinggeltThe AC
induction motor (ACIM) is the most popular motoredsin
consumer and industrial applications, and represkenthe
"muscle” behind the industrial revolution. The istdan motor
is always rotating at synchronous speed; henceetdahg speed
control we need control the both voltage and fregyeBecause
voltage control of an ACIM means controlling thatst voltage
by rheostat. But it gives more losses and lesscieffcy.
Frequency control of ACIM results in saturationcofre. Hence
to get the speed control of induction motor, wedneary both
voltage and current. This technique is called astamt V/F [1]
method. By choosing the suitable inverter we cary \@oth
voltage and frequency of the induction motor to thet required
speed control. Normally the conventional H-bridgeveirter
produces a square output, which contains infinitelber of odd
harmonics and dv/dt stress is also high. Normal PWfixérter
[2] can reduces the THD, but switching losses &gk And also
this inverter is restricted to low power applicaso The
importance of multilevel inverters [MLI] has beencieased
since last few decades [3], [4]. These new typeisngdrters are
suitable for high voltage and high power applicatitue to their
ability to synthesize waveforms with better harntospectrum
and with less THD. Generally MLIs are classifiedoirthree
types: they are 1.Diode Clamped MLIs 2. Flying cajoe MLIs
3. Cascaded H-bridge MLIs. Diode clamped MLlIs reqlaénge

number of clamping diodes [5] as the level increase flying
capacitor MLIs, Switching utilization and efficieng6, 7] are
poor and also it requires large number of capaiéarthe level
increases and cost is also high. Cascaded H-bifigs are
mostly preferred [8] for high power applications dse
regulation of the DC bus is simple. But it requiseparate dc
sources and also the complexity of the structuri@deeases as
the level predominantly increase. In order to aslslthe above
concerns, this paper proposes a new type of mudlileverter
which requires less number of DC sources and sesdtch
compared to Cascaded H-bridge MLIs.

2. INDUCTION MOTOR DRIVE

Generally a Drive is nothing but systems employadnfiotion

control. Drives are classified into two types basacdhe nature
of supply, they are DC drives and AC drives. Thektaf a
variable speed electrical drive is to convert thexteical power
supplied by the mains into mechanical power witmiaimum

loss. To achieve an optimum technological proc#ss,drive
must be variable in speed. Induction motor drivén gaost

importance in industries due to their rugged camsion and
reliability. The block diagram of the induction rootdrive

system is shown in figure 1.
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Fig 1 Induction motor drive system

The frequency of the fundamental AC voltage willestmine the
speed of IM. To vary the speed of IM, the inveftexdamental
frequency need to be changed. The inverter outraguéncy
must be kept close to the required motor speed.

The torque- speed characteristics of an inductiotomis given
by the formula:
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The torque may be plotted as a function of's’ andalled the
torque-slip (or torque-speed, since slip indicatepeed)
characteristic — a very important characteristi¢haf induction
machine. The torque- speed characteristics of imuenotor is
shown in figure2.

Fig2: The torque- speed characteristics of inductionomot

3. PROPOSED TECHNOLOGY

The general structure of proposed new multileveleiter is
shown in the figure 3. It consists of a one H-bedgverter and
‘N’ number of cascaded cells, which are having arating of
Vdc. The number of levels can be given by the fdanu

Number of Levels = [n (n+1) +1]

Where n= Number of cells excluding the H-bridge.r Fo
generating +Vdc we need turned on switches S1 anhdos —
Vdc, switches S3 and S4 has to be turned on, andzdm

voltage either switches S1 and S3 or switchesre2S# has to
be turned on.

ss5 i —]
L—Cell

Vvdc I

—1

S
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\_’_l

Fig3: General structure of proposed new multilevel iteter

Nvdc

3.1 Thirteen Level Proposed Multilevel Inverter

(Symmetrical Configuration)

Circuit diagram of proposed thirteen level multégévnverter in
symmetrical configuration is shown in figure 4. Therteen
level proposed inverter in symmetrical configuratioses ten
switches compared to cascaded H-bridge inverteyimmetrical
configuration which uses twenty four switches aindsgparate
dc sources. . But in proposed inverter, the requém of
separate dc sources is only six and hence thehsmngtdosses are
also low. Using proper switching sequence proposieduit
generates thirteen levels in output voltage.

SS—VLL = N '_?I

= 1 O3 -3 ]

S7_| x EFG 3 —|S<} 3
Vae  ————

SB—' E 3
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Fig4. Circuit diagram of thirteen level proposed inverte
(symmetrical configuration)
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Table 1 shows the switching sequence used foringettirteen  Table 2 shows the switching sequence used foriogetiirteen

levels for the output voltage in symmetrical configtion. levels for the output voltage.
Table 1. Switching Sequence for proposed thirteen level Table 2: Switching Sequence for proposed thirteen level
Inverter (symmetrical configuration) Inverter (asymmetrical configuration)
swl |sW2 | sW3 | sw4 | sW5 [sw6 | sw7 |sw8 | sw9 |gw1o |Load Voltage
ON| ON|oFF| OoFf | ON | OFF | OFF| OFF | OFF | OFF Vde Swl Swl Sw3 Swd Sw5 Swé Swi FM
ON| ON| OFF| OFF | ON | ON | OFF| OFF | OFF | OFF 2vde On On off off On On On 'EFJ-E
ON| oN | oFF| OFF| ON| ON | ON | oFr| oFF| OFF 3Vde On On off off off On On ] P
ON|ON | oFf| ofFf| ON | ON | ON | oN | OFF OFF 4Vde On On off on On off On _’ch
ON | ON OFF g ON ON [ ON |ON | oN OFF 5Vde
ON| ON| opp OFF| ON |on | ON |ON |ON |ON e On On off off off off | Om Wy,
OFF| ON | oFF| ON | OFF | OFF| OFF| OFF| oFfF| OFF 0 On On off off off On off erdc
OFF| OFF | g | ON | ON | oFF OFF OFF|  orf| orr -Vde
OFF OFF on |ON |oN | oN | OFF| oFf oOFf OFF -2Vde On On off off On off off FE-E
OFf| oFf) ON| ON | ON | ON | ON | oFf| op| OFF| -3Vde off | On | off | On | off | off | off 0
OFf orFlon |ox | ON | oN|oN |oN | OFf OFF | 4vde off | off | On | On | On | off | off | W,
oFf] oFf] ON| oN | ON| ON | ON | ON | ON | oOFF -5Vde
ol o on | on | on| ox| oN| ox| on | on | v off | off | On | Om | off | Om | off | 2F,,
off | off | On | Om | off | off | On | 3V,
3.2. Thirteen Level Proposed Multilevel Inverter:
off | off | On | On | On | off | On | 4V,
(Asymmetrical Configuration)
) _ o ) off | off | On | On | off | On | On | 5V,
The thirteen level proposed inverter symmetricaifiguration
uses only seven switches compared to cascaded dgebri off [ off [ On [ On | On | On | On | 6V,
inverter which uses twenty four switches and sipasate dc

sources. But in proposed inverter, the requirernésteparate dc
sources is only t_hrege and the switching Iosse_saasfe low.  The output waveform has 13 levels6Vdc,+ 5Vdc,+ 4Vdc+
Using proper switching sequence proposed circuiteges  3vdc, + 2Vdc, + Vdc and 0. The output voltage waveform of

seven levels in output voltage. Circuit diagram pbposed the ideal thirteen level inverter is shown in fig6.
thirteen level multilevel inverter is shown in figus.

6Vdqr-----=----~

_|. 5Vdg----------

4Vde|========

Vdc
3vdg------+
s s3 2Vdek---
se _|.
Vdet-
0
_ e Tinesc)
sa sS2
-3vd
v N |
-4vd;
-5vd
3vdc \—’—‘ -6vd

Fig5. Circuit diagram of thirteen level proposed inverte
(asymmetrical configuration)

Fig6. Ideal thirteen level output voltage waveform
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The following table 3 shows the comparison betwpmposed 5 MATLAB MODELLING AND SIMULATION
MLI and conventional multilevel inverters. RESULTS

Table 3: The comparison between proposed MLI and The following figures8 and 9 shows the Matlab/Siimkl
conventional multilevel inverters diagram of proposed thirteen level MLI in symmaeditic
cinfiguration and its output voltage wave form.

Type of Inverter| Number of switches  Number of Béed

Connt

Discrate,

Cascaded H s s =5e-005
bridge MLI | 24 - T powergui
(Symmetrical) . ~|
Conn2 [m— ﬂ
Cascaded H ol & {o
bridge MLI | 12 o e
(Asymmetrical) comtlo— e
Proposed MLI _G:%T._ e
(Symmetrical) | 10 - . B! {Q E
o 1T -
Proposed MLI S
(Asymmetrical) | 7 3 o
el
4. PROPOSED MULTILEVEL INVERTER FED ol

INDUCTION MOTOR DRIVE Fig8: Matlab/Simulink diagram of proposed symmetrical

The general block diagram of the proposed systesmdsvn in thirteen level MLI
figure 7. It consists of a proposed inverter whigbes less
number of switches is connected to a three phadeciion
motor to control its speed. In this paper the itereuses less
number of switches compared conventional cascadéddde
inverter [9]. The proposed inverter is used conttnel speed and
torque of the induction motor.

Vbl volage

+_

FROPOSED MLI

DC supply

Fig9: Proposed thirteen level inverter in symmetrical

Vaiablz Frequency ) ¢
configuration output voltage

3-Phase M

From figure 9, it is observed that the output vgétaf proposed
MLI has thirteen levels with ten switches and sigdeés. The
following figure 10 shows the spectrum analysishafteen level
output voltage.

Fig7. Induction motor fed by the proposed MLI
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Figl2: Proposed thirteen level inverter in asymmetrical

Figl0: THD of the 7-level proposed inverter configuration output voltage

From figure 10, the THD of the proposed thirteeveleMLI i From figure 12, it is observed that the output agé of
symmetrical configuration is 14.24. proposed MLI in asymmetrical configuration hastéen levels

) ] ) with seven switches and three diodes. The followfiggre 13
The fO”OWIng flgUreSll and 12 shows the Matlab/gink shows the Spectrum ana|ysis of seven level oummge_
diagram of proposed thirteen level MLI in asymnuti

configuration and its output voltage wave form. ~FFTandys

Fundamental (30Hz) = 3616, THD= 13.94%
F 1 T T T T T T

Discrate, 0
=3e-003

povergui
DL
DC Valtage Source
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81 53
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]
I
]
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[j J‘J Figl3: THD of the 13-level proposed inverter
NOT
= From figure 13, the THD of the proposed seven |lavetrter is
L il 13.94%.
NOT
s orn Matlab/simulink diagram of induction motor drivessgm based
B ﬂ o ﬂ on proposed inverter is shown figure 14.
Efn ;

Figll: Matlab/Simulink diagram of proposed thirteen leivill
in asymmetrical configuration
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Fig 14: Matlab/Simulink diagram of proposed MLI fed ) )
induction motor drive system Fig 16: Stator, rotor currents, speed and electromagtmticie

of the induction motor

The following figure 15 shows the phase voltage efasms of ) _ )
the induction motor From above figure, the speed of the induction meitles to

constant after transient period is over.

CONCLUSIONS

This paper proposes a induction motor drive systarsed on
new multilevel inverter with reduced number of shiés. The
proposed multilevel inverter uses less number dtches, hence
the switching losses and cost of inverter is lessigared to
conventional MLIs. Increasing the number of outpoitage
levels reduces the lower order harmonics and th®.THs
preferred that the output voltage has no lower ordgmonics
because their filtering is so hard. From the resthile speed and
/u /1 /\ /\ /\ ) /\ torque have less ripples.
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