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                                Abstract

Multilevel inverter topology has developed recently as a very 

important alternative in the area of high power medium voltage 

energy control, and power applications with less harmonic 

contents.  This paper presents Two- and Three-Level Voltage 

Source Controllers diode. The inverter feeds an electrical system 

which is controlled by switching mode of the converter. A two-

level voltage source converter which represented by a six pulse 

IGBT bridge with inverse-parallel diodes, and represents a three-

level voltage source converter with (neutral point clamped) 

topology. The improvement of the control is achieved, and there 

was more control on the generated outputs AC waveforms., and the 

operation of the electrical system is verified in steady state and 

transient state responses.  This software implementation is 

performed by using Matlab/Simulink software to model and 

simulate the system, and the harmonics is eliminated from output 

voltage waveform. The simulation results show the stability of the 

system is achieved, and the system was more stable and less 

harmonics in the second model of, (a three phase level with neutral 

point clamped.)   
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II. Introduction 

Voltage Source Converter (VSC) is an indispensable part of 

a variety of power electronic systems. It finds application in 

motor drives, power factor correcting equipment, grid 

integration of renewable energy sources etc. Two-level 

three-phase voltage source Converter is the most commonly 

used topology in today’s motor drives, and are mostly used 

in low voltage, low power applications [1]. 

 In order to obtain a better understanding of VSC, in this 

paper a two-three level VSC has been modeled and 

simulated by Matlab software to generate controlled outputs 

AC waveforms with less harmonics, which will be suitable 

for different loads specifications [6]. In case of single 

switching per cycle, six-step modulations, the control of the 

circuit is accomplished by varying the turn on time of the 

upper and lower switches of each inverter leg, with the 

provision of never turning on both switches at the same 

time, to avoid a short circuit of the DC bus. , VSC finds a 

suitable place in most industrial applications , because it is  

more robust and gives faster dynamic response , and more 

stability of the system  .  

 

III. Theory 

Simulations performed using MATLAB/Simulink for the 

proposed system (Two- and Three-Level Voltage Source 

Controllers (VSC). The two-level voltage source converter 

represented by a six pulse IGBT bridge with inverse-parallel 

diodes. The voltage at the AC terminals of each phase in the 

system is switched between the positive and negative 

potential values of the DC terminals. The three-level voltage 

source converter with neutral-point clamp This topology can 

synthesize three voltage levels from positive DC value, zero 

(neutral), and negative DC value at the AC terminal of each 

phase , which allow  more control on the generated AC 

waveforms with less harmonics . 

 

1 - The two level converter. 

The two level converter produce an output voltage or a 

current with levels either 0 or +- V are. In high power and 

high voltage application, these two level inverters have 

some limitations in operating at high frequency mainly due 

to switching losses and constraints of device rating as shown 

in fig (1),  however have some limitations in operating at 

high frequency mainly due to switching losses and 
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constraints of device rating , and the table (1) has  illustrated 

the converter switching . 

 
Fig (1), waveforms Two-level converter                                                                              

 

 
Table (1), Two-level converter switching table 

 

2 - The three level converter 

The unique structure of three level voltage source 

converters allows them to reach high voltages with low 

harmonics without the use of transformers or series-co. The 

harmonic content of the output voltage waveform decreases 

significantly. As compared to two level inverters, three level 

inverters have smaller output voltage. In addition, the output 

waveform provides an effective switching frequency twice 

that of the actual switching frequency. Neutral point 

clamped (NPC) three-phase inverter uses four switching 

elements and two clamping diodes in each arm as shown in 

fig (2) . It has three-level voltage waveforms: zero, positive 
and negative as shown in fig (3), and the table (2) is 

illustrated the three -level converter switching. 

 

 

 

 

 

 

 

 

 

 

Fig (2) three-phase inverter with four switching elements 

 

 

Fig (3) waveforms three -level converter 

 

Table (2) , three -level converter switching table 

IBGT Vout = Vp Vout = V0 Vout = Vn 

Q1 ON OFF OFF 

Q2 ON ON OFF 

Q3 OFF ON ON 

Q4 OFF OFF ON 

 

3 - The modeling of the system. 

The MATLAB-Simulink 2018 is used for modeling two- a 

three-phase -level power converter, and the model of a two-

level converter operated as an inverter delivers the power to 

the RC load as shown below. The rated power of the 

converter is 500 MVA, and the DC voltage is ±1000 kV.  

Implements a three-phase two-level power converter using 

the following modeling techniques: - 

1. Switching devices: The converter is modeled with 

IGBT/diode pairs controlled by firing pulses produced by a 

PWM generator. 

2. Switching function: The converter is modeled by a 

switching function controlled by firing pulses produced by a 

PWM generator (0/1 signals) or by firing pulses averaged 

over a specified period (PWM averaging: signals between 0 

and 1).  

3. Average model (Uref-controlled): The converter is 

modeled using a switching-function model directly 

controlled by the reference voltage. A PWM generator is not 

required. 

Technique 1 is the most accurate, while technique 3 yields 

to the fastest simulation. The two techniques in 2 are well-

suited for real-time simulation. 

Use the 'Branch type' parameter to add or remove elements 
from the branch. 

 

 

IBGT Vout = Vp Vout = Vn 

Q1 ON OFF 

Q2 OFF ON 
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a- The model of  Two-level converter is shown in Fig (4) , 

which it is connected to the load  through  a three-phase 

series RLC branch  ( a reactor , R=1000 Ohm ,and 

Inductance = 400x1-6 H ) , the 'Branch type' parameter is 

used in this model to add or remove elements from the 

branch. 
 The R -C load is represented by an infinite bus with a rated 

voltage of 50HZ, 600V-rms (846V-peak) , active power 500 

kw, and reactive power Qc (negative var) 100 kvar .  

 

 
 

              Fig (4), The model of Two-level converter 

 

b- The three-level converter model is shown in figure (5), 

which consists from two isolated and regulated DC sources 

500 v, Neutral point clamped (NPC) three-phase inverter 
[4], which is widely used in industrial applications, and it 

uses four switching elements, and two clamping diodes in 

each arm.  

The three-level voltage waveforms: zero, positive and 

negative supply DC voltage level  ,that results in 

considerable suppression of the harmonic currents, 

comparing with two-level inverters type , so the  three-level 

converter topology  have been proposed to improve the 

performance of the two-level converter , 12] ,which yields 

in increasing the number of its output waveform voltage 

levels compared to the two-level inverters . 
 

In this paper the simulations are carried out with the 

modular multilevel converter (M2C). A lot of inherent 

features of this topology make it suitable for HV 

applications [6]. Furthermore, it can be operated at low 

switching frequencies, resulting in low losses and acceptable 

harmonic content.  

The number of harmonics to be eliminated will depend 

directly on the number of times we chop the waveform.  

For every chops in the voltage waveform we can eliminate 

harmonics and also control the fundamental.  

Higher number of pulses gives better harmonic 

performance, but also causes an increase in switching losses.  

 

 

                               Fig (5) The model of three-level converter 

 

4 - Results and Discussion 

Simulation of the model was carried with the “MATLAB 

R2017”. to observe the improvement in the output voltages 

of the converter, and reduce THD for the RL load as the 

inverter level increases from 2-level and 3-level.  

The inverter circuit employs insulated gate bipolar 

transistors (IGBTs) as a switch, and each bidirectional 

switch is built from one IGBT and four elements of fast 

diode rectifier.  

The inverter switching frequencies are 50 Hz for the main 

inverter and 100 Hz for bidirectional switches, which 

obtained output scope of the converter voltage line is shown 

in fig (6). 
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         Fig (6) The inverter switching of Two-level converter 

 

In 2-level inverter output scope of voltage load waveform is 

produced by using two voltage levels, which causes 

distortion of the output voltage and current, and the THD of 

the voltage is poor, as shown in fig below (7). 

 In 2-level inverter the efficiency of the whole system is 

dominated by the rectifier losses in light loads. 

 

 
Fig (7) the output voltage Vab with THD of Two-level converter 

 

 

The inverter switching of 3-level inverter frequencies are 50 

Hz for the main inverter ,100 Hz for bidirectional switches, 

and the fig (8) is illustrated the output scope of converter 

voltage line Vab VSC (3L).    

 

 

Fig (8) The inverter switching of Three -level converter 

The output scope of the voltage line  of 3-level inverter 

output voltage is shown in fig (9) ,which we can note that  

the output voltage is much more sinusoidal ,and the THD is 

better, than  the output scope of the voltage line  of  2-level 

inverter , so that  means the  efficiency at full load is better 
than the  efficiency of  2-level inverter . 

 

 
Fig (9) the output voltage Vab with THD of Three-level converter 
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IV- Conclusion 

This paper presents two -three-phase three-level voltage 

source inverter using MATLAB2017 /Simulink to control 

output voltages of the system, by reduce the harmonic 

components of output voltage load. Its operating principles, 

and switches methods of the converter   
. The modulation index can be controlled within the range of 

0.95–1.12. The acceptable results are achieved in both 

models (the two- three-level converter). The model 

responses of the load have improved, and the simulation 

results show that THD of the proposed inverter is 

considerably alleviated, which made the response of the 

system is more stable. 
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