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ABSTRACT This paper is dedicated to a comprehensive study of static synchronous compensator (STATCOM) systems utiliz-
ing cascaded-multilevel inverters. Among flexible AC transmission system (FACTS) controllers, the STATCOM have 

shown feasibility in terms of cost effectiveness in a wide range of problem-solving abilities from transmission to distribution levels. A cascade 
multilevel inverter is a power electronic device built to synthesize a desired AC voltage from several levels of DC voltages. A method is pre-
sented showing that a cascade multilevel inverter can be implemented using only a single DC power source and capacitors. The simulation 
result of MATLAB/Simulink software indicates the superior performance of the proposed control system, as well as the precision of the 
proposed models.

1.	 INTRODUCTION
The concept of multilevel inverters has been introduced since 
1975. The term multilevel began with the three level inverters. 
Subsequently, several multilevel inverter topologies have been 
developed. However, the elementary concept of a multilevel in-
verter to achieve higher power is to use a series of power semi-
conductor switches with several lower voltages dc sources to 
perform the power conversion by synthesizing a staircase volt-
age waveform. Capacitors, batteries and renewable energy volt-
age sources can be used as the multiple dc sources in order to 
achieve high voltage at the output; however, the rated voltage of 
the power semiconductor switches depends only upon the rat-
ing of the dc voltage sources to which they are connected.

A cascade multilevel inverter is a power electronic device built 
to synthesize a desired AC voltage from several levels of DC volt-
ages. A cascade multilevel inverter can be implemented using 
only a single DC power source and capacitors. To operate a cas-
cade multilevel inverter using a single DC source, it is proposed 
to use capacitors as the DC sources.  A standard cascade mul-
tilevel inverter requires ‘s’ DC sources for 2s+1 level. To be able 
to operate in a high-voltage application, a large number of DC 
capacitors are utilized in a cascaded multilevel inverter-based 
STATCOM. To obtain a low distortion output voltage or a nearly 
sinusoidal output waveform, a triggering signal should be gener-
ated to control the switching frequency of each power semicon-
ductor switch. 

2.	  OBJECTIVE
The objective is to come out with a simulation model of STAT-
COM based cascaded thirteen level inverter and analyzes its op-
eration. 

3.	  COMPARATIVE ANALYSIS OF  CASCADED MULTILEVEL 
INVERTERS
By increasing the number of levels in the inverter, the out-
put voltages have more steps generating a staircase waveform, 
which has a reduced harmonic distortion. However, a high num-
ber of levels increases the control complexity and introduces 
voltage imbalance problems. For example, 11-level cascaded H-
bridge inverters will have 5 SDCSs and 5 full bridges. Similarly, 
13-level cascaded H-bridge inverters will have 6 SDCSs and 6 full 
bridges. The most attractive features of Cascaded Multilevel In-
verters are as follows:

•	 They can generate output voltages with extremely low distor-
tion and lower dv/dt.

•	 They draw input current with very low distortion.
 
 
 

4.	  SIMULATION CIRCUIT 
It is well known that the amount and type (capacitive or induc-
tive) of reactive power exchange between the STATCOM and the 
system can be adjusted by controlling the magnitude of STAT-
COM output voltage with respect to that of system voltage.  Fig-
ure 1 shows simulated circuit of STATCOM with 13-level cascad-
ed multilevel inverter  

Figure 1 Simulated circuit of the STATCOM with 13-level 
cascaded multilevel inverter
The phase output voltage is synthesized by the sum of individual 
inverter outputs, 

i.e.  Vca= Vca1+Vca2+Vca3+…………. +Vcan

Therefore, the phase voltage for 13-level cascaded inverter is, 

Vca=Vca1+Vca2+Vca3+Vca4+Vca5+Vca6

5.	  Control of DC Capacitor Voltage 
If all the components were ideal and the STATCOM output volt-
age were exactly in phase with the system voltage, there would 
have been no real power exchange between STATCOM and sys-
tem therefore the voltages across the DC capacitors would have 
been able to sustain. 

However, a slight phase difference between the system voltage 
and the STATCOM output voltage is always needed to supply a 
small amount of real power to the STATCOM to compensate the 
component loss so that the DC capacitor voltages can be main-
tained. This slight phase difference is achieved by adjusting the 
phase angle of the sinusoidal modulating signal. If the real pow-
er delivered to the STATCOM is more than its total component 
loss, the DC capacitor voltage will rise, and vice-versa. This real 
power exchange between STATCOM and the system is described 
by Equation (2) below,
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Where,  is the phase angle difference between STATCOM 
voltage and the system voltage.

6.	 SIMULATIONRESULT

Figure 2 Approximately Sinusoidal thirteen level inverter 
output phase voltages
 
Figure 2 shows the cascaded thirteen level inverter output phase 
voltage waveform. It can be seen that the sinusoidal waveform 
and the thirteen level cascaded inverter output waveform both 
are approximately same. But the square wave output has a high 
harmonic content, not suitable for certain AC loads such as mo-
tors or transformers. 

7.	  CONCLUSION 
To achieve as stable a system as possible, a well-defined model 
and an effective DC-link-balancing method are necessary. The 
cascaded seven-level, nine-level, eleven-level inverters have been 
used as the studied system. And, the cascaded thirteen level 
inverter based STATCOM is designed according to the simpli-
fied model in abc coordinates. The simulation results show su-
perior performances of the designed abc coordinates inverter 
based STATCOM. The STATCOM has the great advantage of a 
fewer number of devices. The VSI is extremely fast in response 
to reactive power change. The simulation of the STATCOM is 
performed in the Simulink environment and the results are pre-
sented.
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