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Abstract: This paper presents the control of voltage in 

balanced and unbalanced supply voltage conditions. A 

basic Var compensating scheme is proposed with a five-

level inverter based multilevel STACOM. The proposed 

topology ensures that a cascaded Five-level inverter 

associated in course through open-end windings of at 

three-stage transformer is implemented. The voltages of 

the DC link incorporated in the inverter are controlled at 

various levels to acquire five-level operation. Here a 

conventional PWM control methodology is used for 

inverter control, further implementing it in 

MATLAB/SIMULINK to foresee the execution of the 

proposed plot. 

Keywords: STATCOM, PWM, Power Quality, multilevel 

inverter 

 

                         I. INTRODUCTION 

Var reduction in the electrical applications is 

for the most part done by multi-level inverters. In 

present day innovation, the use of adaptable flexible 

transmission systems(FACTS) controllers [1], for 

example, static compensator(STATCOM) and static 

synchronous arrangement compensator (SSSC), is 

expanding step by step in power frameworks on account 

of their capacity to settle the transmission network and 

to enhance quality of the power. STATCOM for the 

most part goes about as a dependable responsive power 

controller supplanting customary var compensators, for 

example, the thyristor-exchanged capacitor (TSC) and 

thyristor-controlled reactor (TCR). 

Multiple dc sources will be present in the 

multi-level inverters and these inverters are basically 

realized with the help of the capacitors. So, the 

converter uses a little active power for maintaining the 

dc voltages of capacitors and also to counteract the 

losses in the given power system. These capacitor 

voltages get unbalanced due to discrepancy in 

maintaining various losses encountered in the switching 

devices. The main issue is to maintain these voltages 

balanced in the power system. The cascaded five level 

inverter based var compensation is an inclining solution 

for various applications in power systems.  

The proposed system incorporates five level 

inverter based multilevel inverter connected in cascade 

through an open-ended three-phase transformer. 

Assurance of maintaining asymmetric voltages at the dc 

links of the inverters is an added advantage of this 

topology, the output maintains balance with the 

increasing the number of input level of inverters. The 

unbalance in the system here, is compensated with the 

help of the multi-level STATCOM. Supply of active 

power to the grid affects the dc-link voltage balance 

between the inverters. 

Drop in the DC link voltages of the cascaded 

inverters due to current interference at certain operating 

points is observed. In such cases to determine the 

performance of the converter the proposed system is 

dynamically modelled. The mathematical analysis 

derived from the model is very well utilized to know the 

system behaviour at different modes of operation. 
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      II. TEST SYSTEM 

 

Fig.1 STATCOM Architecture connected to the Power System 

 

 

Fig.2 Open ended transformer based multilevel inverter 

III. MULTI LEVEL STATCOM 

A STATCOM consists of a voltage source 

inverter with a capacitor driven by a control mechanism 

[2]. A step-down transformer acts as an interface 

between the VSI and the system. The transformer serves 

better in the role of harmonic minimization. DC voltage 

in the cascaded inverter is maintained by a capacitor. 

Charging or regulation of the capacitor parameters is 

done by the inverter itself.   

The STATCOM mediates the reactive power 

trade between the generating and accepting ends. So that 

the AC voltage at the transport bar of the given power 

framework can be compensated to enhance the voltage 

profile of the power system, which is the essential 

capacity of the STATCOM [3]. It is done by the 

flexibility of the STATCOM operating in different 

modes in different cases. It absorbs reactive power if the 

system voltage dominates the inverter side and produces 

the same in the opposite case. If it senses no difference 

in the voltages then the chances of compensation are 

ruled out. 

IV. CONTROL TECHNIQUE 

A. Pulse Width Modulation (PWM) 

 The Concept of Pulse Width Modulated (PWM) utilizes 

a carrier wave to modulate a specific signal. A typical 

triangular or saw tooth waveform is used to provide 

switching pulses to certain electrical applications. When 

the reference wave amplitude dominates, the carrier 

wave the switch incorporating the PWM technique is 

said to be in ON state and OFF in the opposite case. The 

frequency of switching in PWM should be higher to 

ensure that the waveform be as smooth as possible. 

Switches like MOSFET’s, IGBT’s etc. can incorporate 

PWM for high frequency switching in various power 

applications. Duty Cycle plays a prominent role in 

PWM. Appropriate duty cycle ensures that the system 

voltage is maintained at a desired level which is done by 

modulating the width of the pulse. Thus, the width of 

the beats will change from period to period according to 

the required signal. For a typical power system the 

frequency of a PWM signal must dominate the 

modulating signal, such that the energy delivered to the 

load depends mostly on the modulating signal. 

Fig 3. Simulated model of PWM Control technique for inverter 

B. Inverter 

Alternating quantity with required magnitude and 

frequency resulting from applied Direct Quantity is the 
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sole purpose of the Inverter. This conversion is a 

Conventional Conversion method which produces the 

alternating current with the help of the input of Direct 

Current. This type of conversion is only done with the 

function of Switches ON/OFF condition. The voltage 

variation in the grid voltage decides the switches to be 

turned ON/OFF.  

 In this conventional type Inverter, more 

harmonics arises in the output, because of the unwanted 

disturbance and also noise content occurring in the 

output of the power system which makes low efficiency 

in the whole circuit. This problem can be reduced by 

increasing the levels of the AC output [5]. The level 

increasing will depend on the uses of the MOSFET. 

MLI (Multi Level Inverter) is the developed or 

advanced concept of inverter’s concept which is used in 

the compensation process [6]. The multi-level inverters 

are can be used for high power applications.  This multi-

level inverter can be applied in modern ac motor and 

uninterruptible power supplies. 

           Fig 4. Simulated model of Cascaded Five Level inverter 

 

V. SYSTEM PARAMETERS 

 

TABLE I.  System Parameters 

PARAMETERS VALUES 

Supply Voltage 11kv 

Transmission line length 150km 

Line resistance 1ohm/km 

Line Inductance 1mH/km 

Line Capacitance 12nF/km 

Output Voltage 11kv 

Filter Inductance 5mH 

Filter Capacitance 1000µF 

Load Inductive Reactance 100 ohms 

 

VI. SIMULATION OF TEST SYSTEM 

 

Fig 5. Simulated model of the proposed system 

VII. DESCRIPTION 

A long transmission line of parameters 

described above is simulated. Circuit breaker is used to 

break the circuit whenever it detects imbalance in the 

power system. The control scheme used here is pulse 

width modulation (PWM) technique. The invertes used 

here is multi-level inverters, as we increase the number 

of levels in the power system output there will be 

increase in the output attains stability. The main 

problem is to balance the capacitor dc voltages and to 

maintain the switching losses in the switches.  
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The given input supply is ac and a small 

amount of current is supplied to the inverters as dc for 

injection of gate pulses. The input supply is 3 phase ie; 

(RYB) sequence. Now we have to compensate each and 

every phase individually and combine them if needed. 

The compensation is done with the help of the inverters 

as shown in fig 4.  If the power system output voltage is 

less than the required voltage then the STATCOM 

injects the reactive power into the power system [7]. In 

other case if the output voltage is more than the required 

voltage then the STATCOM absorbs the reactive power 

until it reaches the desired level [8]. In other case the 

STATCOM does not act anything if there is required 

output voltage for the power system. 

VIII. EXPERIMENTAL RESULTS 

Fig.6.  Input Pulses for five level inverter with PWM 

            Fig.7 Fault Injected into the transmission system 

    Fig.8 Fault compensated after employing multi-level inverter 

IX. CONCLUSION 

The proposed scheme in this paper ensures 

reactive power compensation and flexibility of 

regulation in dc link voltages corresponding to the 

inverter. The Mathematical model of the proposed 

system is analysed, derived and simulated under 

different operating conditions. Simulated results and 

detailed analysis resulted in efficient and effective 

compensation of the system as the levels of the inverter 

are increased. Also, there may be some con’s as the 

operating levels of the inverter increase like increase in 

number of switches which results in switching losses 

thereby increasing the chances of harmonics in to the 

system. 
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