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Abstract— The classical VSI fed induction motor generates sub quality output voltage and current due to the presence of 
harmonics and this leads to significant amount of energy losses. Inverters with increased number of steps produce high 
quality output waveforms. So, multilevel inverters (MLIs) are used to reduce this harmonics and hence the performance of 
the induction motor drive can be improved. This paper presents the simulation of a three phase three level inverter fed 
induction motor at no load and on load conditions. The control technique for the three level inverter is based on sinusoidal 
pulse width modulation (SPWM). The performance of the drive system is analyzed using MATLAB/ simulink software and 
the results obtained are presented. 
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I. INTRODUCTION 
 
Now-a-days, multilevel converters are becoming a 
popular solution for electronic power conversion for 
high power applications in industrial areas [1]. 
Research and studies have been done intensively on 
high power inverters and medium voltage drives over 
decades for industrial applications. These inverters 
generate higher output voltage level with better 
quality and less motor winding insulation stress [2]. 
Earlier DC motors were used for industrial drives due 
to their exceptional speed and torque response. But 
DC motors have an inherent disadvantage of 
commutator and brushes, which undergo tear and 
wear with time [3]. In recent years, these DC motors 
were replaced by AC induction motors due to their 
advantages such as improved ruggedness, reliability, 
low maintenance, low cost and higher efficiency. All 
these lineaments of induction motor make it 
inevitable in the industrial environment. The classical 
VSI fed induction motor generates output voltage and 
current waveforms with poor quality due to the 
presence of harmonics and this cause significant 
amount of energy losses. The advancement in power 
electronics and semiconductor technology pioneered 
the development of high power and high speed 
semiconductor devices in order to achieve a smooth, 
continuous and step less variation in motor speed. 
Multilevel inverters were introduced as a solution to 
the drawbacks of the conventional voltage source 
inverter. Increase in levels results in the reduction of 
harmonic content in the output voltage and the output 
becomes more sinusoidal. The total harmonic 
distortion (THD) of the multilevel inverter is low 
when compared with the conventional inverter [4]. 
Therefore the multilevel inverter has better 
performance than the conventional inverter. 

 
II. MULTILEVEL INVERTERS 
Multilevel converters are high power converters that 
are capable of producing high quality output 

waveforms, which is essentially required in 
medium/high power applications. Some of the 
demerits of traditional voltage source inverters are 
high dv/dt stress, increased harmonic content and 
highly distorted output waveforms [1]. Multilevel 
inverters are an attractive and popular solution to the 
traditional inverters because of their advantages such 
as generation of  output in stepped staircase form, low 
dv/dt stress and the harmonic content in sinusoidal 
output is low. As the number of voltage levels in 
inverter is increased, the voltage stress on each 
switching device is reduced and high power ratings 
can be achieved [5]. An important feature of MLI is 
that its specific structure permits it to achieve high 
voltage without the use of series connected 
synchronized switching devices or transformers [6]. 
The basic block diagram of multilevel inverter fed 
induction motor drive is shown as in Fig.1. 
 

 
Fig.1. Basic block diagram 

 
The basic block diagram consist of  three phase ac 
power supply, three phase diode rectifier, DC link 
capacitor, multilevel inverter with control technique 
and three phase induction motor. In this paper a three 
level inverter is used for DC-AC power conversion 
and the performance of the three level inverter fed 
induction motor at no load and on load conditions are 
analyzed using MATLAB simulations. 
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III. MULTILEVEL INVERTER TOPOLOGIES 
 
Multilevel inverters are classified into different types 
and the basic three types are given below. 
 
1. Neutral point clamped inverter (NPC) 
NPC inverter topology involves the use of diodes to 
transfer a limited amount of voltage, thereby reducing 
the voltage stress on other electrical devices [7]. This 
inverter is also known as diode clamped inverter. To 
produce n levels of voltage, an n level diode clamped 
inverter needs (n-1) capacitors on DC bus. The 
capacitors in series with the inverter divide the DC 
bus voltage into a set of equal voltage levels. Diode 
clamped inverter requires only one DC source similar 
to a classical two level inverter and gives better 
performance. Diode clamped inverters are used in 
many other applications such as static var 
compensation, high voltage system interconnections 
and high voltage DC and AC transmission lines. Fig.2 
shows the basic three level neutral point clamped 
inverter topology. 
 

 
Fig.2. Three level NPC inverter topology 

 
2. Flying capacitor inverter (FC) 
Flying capacitor inverter involves the use of 
capacitors to transfer a limited amount of voltage to 
other electrical devices. No diodes are used in FC 
inverter topology, only switches and capacitors are 
used. Hence, they are known as capacitor clamped 
multilevel inverters. The applications of FC inverter 
include static var generation, sinusoidal current 
rectifiers, both AC-DC and DC-AC conversion 
applications and converters with harmonic distortion 
capability. The configuration of a three level flying 
capacitor inverter topology is as shown in Fig.3. 
 

 
Fig.3. Flying capacitor inverter topology 

3. Cascaded H bridge inverter (CHB) 
CHB inverter topology uses switches and capacitors 
and requires less number of components. This 
topology consist of series connected H-bridge cells 
and each cell provides three different voltage levels 
like zero, positive DC and negative DC voltages. The 
main disadvantage of CHB topology is that it requires 
separate DC sources. The applications of CHB 
topology include active filters, electric vehicle drives, 
DC power source utilization, power factor 
compensators and interfacing with renewable energy 
resources. The configuration of a five level CHB 
inverter topology is as shown in Fig.4. 
 

 
Fig.4. Five level CHB inverter topology 

 
This paper deals with the modeling and simulation of 
a three level NPC inverter fed induction motor. 

 
IV. THREE LEVEL NPC INVERTER FED 
INDUCTION MOTOR. 

 
The three level diode clamped inverter is similar to a 
single pole triple throw switch. The configuration of 
three level NPC inverter is as illustrated in Fig.2. The 
series connected capacitors split up the DC bus 
voltage into three different voltage levels: +Vdc/2, 0 
and -Vdc/2. To obtain the voltage level +Vdc/2 for 
any phase, the switches Sa1 and Sa2 are turned on 
keeping the Sa3 and Sa4 off for that particular phase. 
For voltage level –Vdc/2, Sa3 and Sa4 are turned on; 
for voltage level 0, Sa2 and Sa3 are turned on. 
Switching table for three level inverter is given 
below. 

 
Table 1: Switching table 

 
 

In comparison with the conventional two level 
inverter fed induction motor, threelevel inverter fed 
induction motor has better performance and higher 
efficiency. The use of three level inverter eliminates 
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the undesired motor heating and resolves EMI 
problems 
Simulation of induction motor drives can be 
performed using machines dynamic model, which 
describes the transient and steady state behavior of 
the induction motor. Modeling and simulation of 
induction motor is done on synchronously rotating 
reference frame. The speed of synchronously rotating 
reference frame model is ωc = ωs = stator supply 
angular frequency/rad/sec and the instantaneous 
angular position is θs = θc = ωst. The electromagnetic 
torque equation for three phase induction motor is as 
below. 

푇  = 퐿 (푖 푖 	− 푖 푖 ) 
 

V. CONTROL TECHNIQUE FOR THREE 
LEVEL INVERTER 

 
The classical two level inverter has eight switching 
states while the three level inverter has 33 = 27 
switching states. In this paper sinusoidal pulse width 
modulation (SPWM) strategy is used for the control 
of the multilevel inverter. In Table 1 the switches 
Sa1-Sa3 and Sa2- Sa4 are complementary for phase 
‘a’. So for each phase only two switching signals 
have to be generated. For the three phases, the signals 
are generated by comparing two carrier waves having 
frequency fc with each sinusoidal reference wave 
having fundamental frequency f. The three reference 
sinusoidal signals are phase shifted by 1200. In 
SPWM, the intersection points of the carrier wave 
and fundamental frequency sinusoidal reference wave 
determines the switching point of the power 
semiconductor devices. The Figure 5 shows the 
switching pulse generation for a three level diode 
clamped inverter using SPWM technique. 
 

 
Fig.5. Switching pulse generation using SPWM 

 
VI. SIMULATION RESULTS  

 
Modeling and simulation of three level inverter fed 
induction motor is done using MATLAB/ Simulink 
software. Fig.6 shows the simulink model of the 
complete motor drive system. 

 
Fig.6 Simulation model of motor drive system 

 
Simulation results of inverter output voltage, motor 
speed, electromagnetic torque and FFT analysis of 
motor drive system are presented. Simulation is 
carried out at both no load and loaded condition of 
the motor drive. The inverter output voltage is as 
shown in Fig.7.The reference speed and actual rotor 
speed of the induction motor is shown in Fig.8. The 
simulation result shows the rotor speed variation 
when load is applied at t = 0.5 s. Fig.9 shows the 
electromagnetic torque of the motor and from the 
result it is observed that the torque increases as load 
is applied at t = 0.5 s. The FFT analysis of the 
inverter fed induction motor is also performed as 
shown in Fig.10. From the FFT spectrum, it is 
observed that the total harmonic distortion (THD) of 
the three level inverter fed induction motor is 
considerably lesser than that of the two level inverter 
fed induction motor drive. The simulation parameters 
of multilevel inverter and induction motor are given 
in Tables 2 and 3 respectively. 
 

Table 2: Multilevel inverter parameters 

 
 

Table 3: Motor Parameters 
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Fig.7 Three level inverter output voltage 

 
Fig.8 Rotor speed 

 
Fig.9 Motor electromagnetic torque 

 

 
Fig.10 FFT spectrum 

 

CONCLUSIONS 
 
A significant advantage of the proposed three level 
inverter fed induction motor drive is that it eliminates 
the need for any filters or other such components. The 
modeling and simulation of a three level inverter fed 
induction motor was done successfully and results of 
inverter output voltage, motor speed, electromagnetic 
torque and FFT analysis of output were obtained. The 
simulation was executed using MATLAB/Simulink 
software. Simulation analysis reveals that significant 
amount of harmonics have been substantially 
reduced. Total harmonic distortion (THD) of the three 
level inverter is very low when compared to that of 
conventional inverter. If the latest inverter control 
technique, Space vector PWM is used, the total 
harmonic distortions can be reduced further. 
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