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ABSTRACT-In this paper A Three phase Multi level inverter with reduced number of switches for 

Induction motor drive application is presented. Multilevel inverters are the best solution for medium and 

high voltage power electronic drives. Because of its unique characteristic of synthesizing sinusoidal 

voltage with less harmonic contents using several DC sources. In a three phase multilevel inverter, each 

phase of a cascaded H-bridge inverter requires ‘n’ DC sources to obtain 2n + 1 output voltage levels. 

This paper proposes a new Multilevel Inverter for Induction Motor Drive. This inverter uses very less 

number of switches when compared with the other type of multi inventers. A multilevel inverter 

topology, which results in a minimum number of switches, especially when the required number of 

voltage levels is large. Our topology is a combination of diode-clamped and H-bridge circuits. The 

multilevel inverter is fed to a induction motor drive and the performance of the motor is analyzed by 

using Matlab/Simulink software. 

Keywords-MultilevelInverter,H-bridge,InductionMotorDrives
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I. INTORDUCTION 

Over many years, Induction motor drives have 

been popularly used for variable speed control 

applications in industries. This is because the 

induction motor is simplein construction and 

requires less maintenance. In recent times, 

multilevel inverters (MLI) are gaining 

popularity and widely used for induction motor 

drive applications [1-3]. It is especially used for 

medium to high voltage and high current drive 

applications. There are many advantages of 

multilevel inverters as compared to 

conventional inverters. Main advantages are low 

total harmonics distortion (THD), low switching 

losses, good power quality and  

 

 

reduced electromagnetic interference (EMI). 

Main feature of multilevel inverter is that it 

reduces voltage stress on each component [4-8]. 

The topologies of multilevel inverters are 

classified into three types. They are flying 

capacitor, diode clamped and H-bridge cascaded 

multilevel inverters.H-bridge multilevel inverter 

is one of the most popular inverter topology 

used in high-power medium voltage (MV) 

drives. It is composed of a multiple units of 

single-phase H-bridge power cells. In practice, 

the number of power cells in an H-Bridge 

inverter is mainly  

determined by its operating voltage and  
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manufacturing cost. H-bridge multilevel inverter 

requires theleast number of components for the 

same voltage level ascompared to all three types 

of inverter [9-11]. The growthof multilevel 

inverter caused development of various 

modulation schemes [12]. The most common 

initial application of multilevel converters has 

been in traction, both in locomotives and track-

side static converters [13]. More recent 

applications have been for power system 

converters for VAR compensation and stability 

enhancement, active filtering, high-voltage 

motor drive, high-voltage dc transmission and 

most recently for medium voltage induction 

motor variable speed drives [12-15].Many 

multilevel converter applications focus on 

industrial medium-voltage motor drives, utility 

interfacefor renewable energy systems, Flexible 

AC Transmission System (FACTS) and traction 

drive systems.In recent years, multilevel 

inverters have received more attention in 

industrial applications, such as motor drives, 

static VAR compensators and renewable energy 

systems. Compared to the traditional two-level 

voltage source inverters, the step wise output 

voltage is the major advantage of multilevel 

inverters. This paper presents an optimized 

configuration of a3-phase MLI with minimum 

number of switches. To overcome the 

disadvantages this paper proposes anew 

multilevel inverter topology with reduced 

switches compared to conventional MLIs. 

Finally the inductionmotor fed by the proposed 

MLI is presented in this paper. 

II. DESCRIPTION OF THE PROPOSED 

STRUCTURE 

Fig.1 shows the proposed multilevel inverter 

topology. Here, a simple variation of diode 

clamped multilevel inverter is used to generate a  

 

staircase waveform. An H-bridge is used to get 

an alternating signal with both positive and 

negative polarities. Capacitors are used to divide 

the DC link voltage into k distinct levels. These 

capacitor voltages are then added and subtracted 

by operating the power switches to generate 2k 

+1 level staircase voltage waveform. Diodes are 

used with each power switch in reverse blocking 

mode. Fig.2 explains the working principle of 

the proposed topology, where Vbus is the DC bus 

voltage, Vac is the ac output voltage, Vac_1 is the 

fundamental component of Vac. S1 - Sk 

represents the gating signals of the switches. 

Similarly Q1 - Q4 represents gating signals of H-

bridge. The four switches of H-bridge are 

operated at the fundamental frequency of the 

output voltage. 

 
 

Fig.1 our proposed topology of multilevel 

inverter. 
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In the proposed topology, k power switches are 

required to generate k levels staircase waveform 

Vbus. Four additional switches of H-bridge 

inverter are used to get staircase ac waveform 

Vac of 2k +1 levels. Effectively, to generate 2k 

+1 level staircase voltage ac waveform, only k 

+ 4 power switches, k capacitors and k diodes 

are needed which results in overall lesser device 

count than an existing multilevel topology, to 

the best of our knowledge. 

 
Fig.2 Output waveform and states of various 

switches. 

III. INDUCTION MOTOR 

An asynchronous motor type of an induction 

motor is an AC electric motor in which the 

electric current in the rotor needed to produce 

torque is obtained by electromagnetic induction 

from the magnetic field of the stator winding. 

An induction motor can therefore be made 

without electrical connections to the rotor as are 

found in universal, DC and synchronous motors. 

An asynchronous motor's rotor can be either 

wound type or squirrel-cage type.Three-phase 

squirrel-cage asynchronous motors are widely 

used in industrial drives because they are 

rugged, reliable and economical. Single-phase  

 

induction motors are used extensively for 

smaller loads, such as household appliances like 

fans. Although traditionally used in fixed-speed 

service, induction motors are increasingly being 

used with variable-frequency drives (VFDs) in 

variable-speed service. VFDs offer especially 

important energy savings opportunities for 

existing and prospective induction motors in 

variable-torque centrifugal fan, pump and 

compressor load applications. Squirrel cage 

induction motors are very widely used in both 

fixed-speed and variable-frequency drive (VFD) 

applications. Variable voltage and variable 

frequency drives are also used in variable-speed 

service.In both induction and synchronous 

motors, the AC power supplied to the motor's 

stator creates a magnetic field that rotates in 

time with the AC oscillations. Whereas a 

synchronous motor's rotor turns at the same rate 

as the stator field, an induction motor's rotor 

rotates at a slower speed than the stator field. 

The induction motor stator's magnetic field is 

therefore changing or rotating relative to the 

rotor. This induces an opposing current in the 

induction motor's rotor, in effect the motor's 

secondary winding, when the latter is short-

circuited or closed through external impedance. 

The rotating magnetic flux induces currents in 

the windings of the rotor; in a manner similar to 

currents induced in a transformer's secondary 

winding(s). The currents in the rotor windings in 

turn create magnetic fields in the rotor that react 

against the stator field. Due to Lenz's Law, the 

direction of the magnetic field created will be 

such as to oppose the change in current through 

the rotor windings. The cause of induced current 

in the rotor windings is the rotating stator 

magnetic field, so to oppose the change in rotor-

winding currents the rotor will start to rotate in  
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the direction of the rotating stator magnetic 

field. The rotor accelerates until the magnitude 

of induced rotor current and torque balances the 

applied load. Since rotation at synchronous 

speed would result in no induced rotor current, 

an induction motor always operates slower than 

synchronous speed.The difference, or "slip," 

between actual and synchronous speed varies 

from about 0.5 to 5.0% for standard Design B 

torque curve induction motors. The induction 

machine's essential character is that it is created 

solely by induction instead of being separately 

excited as in synchronous or DC machines or 

being self-magnetized as in permanent magnet 

motors.For rotor currents to be induced the 

speed of the physical rotor must be lower than 

that of the stator's rotating magnetic field (ns); 

otherwise the magnetic field would not be 

moving relative to the rotor conductors and no 

currents would be induced. As the speed of the 

rotor drops below synchronous speed, the 

rotation rate of the magnetic field in the rotor 

increases, inducing more current in the windings 

and creating more torque. The ratio between the 

rotation rate of the magnetic field induced in the 

rotor and the rotation rate of the stator's rotating 

field is called slip. Under load, the speed drops 

and the slip increases enough to create sufficient 

torque to turn the load. For this reason, 

induction motors are sometimes referred to as 

asynchronous motors. An induction motor can 

be used as an induction generator, or it can be 

unrolled to form a linear induction motor which 

can directly generate linear motion. 

Synchronous Speed: 

The rotational speed of the rotating 

magnetic field is called as synchronous speed. 

  (1) 

 

Where, f = frequency of the supply 

            P = number of poles 

Slip: 

Rotor tries to catch up the synchronous speed of 

the stator field, and hence it rotates. But in 

practice, rotor never succeeds in catching up. If 

rotor catches up the stator speed, there won’t be 

any relative speed between the stator flux and 

the rotor, hence no induced rotor current and no 

torque production to maintain the rotation. 

However, this won't stop the motor, the rotor 

will slow down due to lost of torque, and the 

torque will again be exerted due to relative 

speed. That is why the rotor rotates at speed 

which is always less the synchronous speed. 

The difference between the synchronous speed 

(Ns) and actual speed (N) of the rotor is called 

as slip. 

 (2) 

IV. MATLAB/SIMULINK RESULTS 

 

 
Fig.3 Simulink model diagram 
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Fig.4 Simulated waveforms of DC bus voltage 

and current of a 33 level multilevel inverter 

 
Fig.5 Simulated waveforms of AC output 

voltage and current of a 33 level multilevel 

inverter 

 
Fig.6 AC Inverter output Voltage THD. 

 

 
Fig.7 Simulink model connected with Induction 

motor drive 

 
Fig.8 Three-phase supply voltage and current. 

 

 
Fig.9 Stator current. 
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Fig.10 Speed of the induction motor. 

 
Fig.11 Torque characteristics of the induction 

motor. 

V. CONCLUSION 

A new topology of the three-phase multilevel 

inverter topology was introduced for induction 

motor drive applications. The suggested 

configuration was obtained from reduced 

number of power electronic components. 

Therefore, the proposed topology results 

inreduction of installation area and cost. The 

proposed circuit is applied to Induction Motor 

Drive to check the performance of entire 

system. Simulation results are shown. THD also 

reduced with filter in the converter circuit. 
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