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Abstract: This paper is dedicated to Modeling and 

Simulation of Current Source Inverter Based static 

synchronous compensator (STATCOM). In Flexible AC 

Transmission systems (FACTS) Controller, the STATCOM 

have shown easiest in terms of cost effectiveness in a wide 

range of problem solving abilities from transmission to 

distribution levels. The CSI is directly controlling the output 

current of inverter, implicit short circuit protection, the 

output current being limited by the dc inductor. The CSI is 

fast start-up, where no additional start-up rectifier is 

needed. The Simulation results of MATLAB/SIMULINK 

model indicate the performance of the proposed control 

system as well as THD analysis of the proposed model. 

 

I. INTRODUCTION 

Nowadays, Transformation has been introduced into the 

structure of electrical power utilities to improve efficiency of 

the power system networks by deregulating the industries and 
opening it to their competitors. This global trend and similar 

structural change has occurred elsewhere in other industries. 

The effect of such adjustments will mean that the generation, 

transmission and distribution systems must now built the new 

set of rules by open markets. Particular for this transmission 

sector of power utilities, this adaption may require the 

construction or modification of inter-connection between 

regions and countries. In more adaption the new generation 

patterns will necessitate changes and will require increased 

flexibility and availability of the transmission system. For 

these problems are the growing environmental concern and 
the constraints upon the rights-of way for new installations 

and facilities. Yet some more demands are continually being 

made upon utilities to supply increased loads to improve 

reliability and deliver energy at the lowest possible cost and 

with improved power quality. The power industry has 

responded to these challenges with the power electronics 

based technology of flexible AC transmission systems 

(FACTS). This term covers a whole family of power 

electronics controller, some of which may have achieved 

maturity within the industry, while some others are in the 

design stage. Reactive power control is traditionally realized 

by connecting or disconnecting capacitor or inductor banks to 
the bus through mechanical switches, which are slow and 

imprecise. Thyristor-controlled static Varcompensator have 

also been developed, in which the effective reactance 

connected to the system is controlled by the firing angle of 

thyristors. The advantages of introducing force-commutated 

inverters to achieve advanced reactive power control have  

 

been confirmed by many researchers. These advantages 

include potential size, weight and cost reduction, preciseand 

continuous reactive power control with fast response. Such a 

device is called static synchronous compensator 

(STATCOM) [1]. 

 
II. INVERTER METHODOLOGY 

Reactive power compensation is an important issue in 

electrical power systems. In this way, several equipments are 

used to control the reactive power flow to the power 

network. The classical equipment is realized by connecting 

or disconnecting capacitor or inductor banks to the bus 

through mechanical switches. However, this equipment is 

slow and imprecise. To overcome this problem, shunt 

FACTS devices such as, thyristor-controlled static Var 

compensator (SVC) and static synchronous compensator 

(STATCOM) has been introduced. 

 
A. Single-phase CSI: 

 
Fig. Single phase current source inverter (CSI) ASCI 

type[10] 

The circuit of a Single-phase Current Source Inverter (CSI) 

is shown in Fig. The type of operation is termed as Auto-

Sequential Commutated Inverter (ASCI). A constant current 

source is assumed here, which may be realized by using an 

inductance of suitable value, which must be high, in series 

with the current limited dc voltage source. The thyristor 

pairs, Th1 & Th3, and Th2 & Th4, are alternatively turned 

ON to obtain a nearly square wave current waveform. Two 
commutating capacitors − C1 in the upper half, and C2 in the 

lower half, are used. Four diodes, D1–D4 are connected in 
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series with each thyristor to prevent the commutating 

capacitors from discharging into the load. The output 

frequency of the inverter is controlled in the usual way, i.e., 

by varying the half time period, (T/2), at which the thyristors 
in pair are triggered by pulses being fed to the respective 

gates by the control circuit, to turn them ON, as can be 

observed from the waveforms (Fig.). The inductance (L) is 

taken as the load in this case, the reason(s) for which need 

not be stated, being well known. The operation is explained 

by two modes [10]. 

 
Fig. Voltage and current Waveforms[10] 

 

B. STATCOM:- 
The STATCOM (or SSC) is a shunt-connected reactive-

power compensation device that is capable of generating 

and/or absorbing reactive power and in which the output can 

be varied to control the specific parameters of an electric 

power system. It is in general a solid-state switching 

converter capable of generating or absorbing independently 

controllable real and reactive power at its output terminals 

when it is fed from an energy source or energy-storage 

device at its input terminals. Specifically, the STATCOM 

considered in this chapter is a voltage-source converter that, 

from a given input of dc voltage, produces a set of 3-phase 
ac-output voltages, each in phase with and coupled to the 

corresponding ac system voltage through a relatively small 

reactance (which is provided by either an interface reactor or 

the leakage inductance of a coupling transformer). The dc 

voltage is provided by an energy-storage capacitor. 

A STATCOM can improve power-system performance in 

such areas as the following: 

1. The dynamic voltage control in transmission and 

distribution systems; 
2. The power-oscillation damping in power-

transmission systems; 

3. The transient stability; 

4. The voltage flicker control; and 

5. The control of not only reactive power but also (if 

needed) active power in the connected line, 

requiring a dc energy source. 

 

A STATCOM is analogous to an ideal synchronous machine, 

which generates a balanced set of three sinusoidal voltages at 

the fundamental frequency with controllable amplitude and 

phase angle. This ideal machine has no inertia, is practically 
instantaneous, does not significantly alter the existing system 

impedance, and can internally generate reactive (both 

capacitive and inductive) power [14]. 

 

C. Construction and operation: 

A STATCOM is a controlled reactive-power source. It 

provides the desired reactive-power generation and 

absorption entirely by means of electronic processing of the 

voltage and current waveforms in a voltage-source converter 

(VSC). A single-line STATCOM power circuit is shown in 

Fig. (a), where a VSC is connected to a utility bus through 
magnetic coupling. In Fig. (b), a STATCOM is seen as an 

adjustable voltage source behind a reactance meaning that 

capacitor banks and shunt reactors are not needed for 

reactive-power generation and absorption, thereby giving a 

STATCOM a compact design, or small footprint, as well as 

low noise and low magnetic impact [15]. 

 
(a) 

 
(b) 
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(c) 

Figure -The STATCOM principle diagram: (a) a power 

circuit; (b) an equivalent circuit; and (c) a power exchange 

[14] 

The exchange of reactive power between the converter and 

the ac system can be controlled by varying the amplitude of 

the 3-phase output voltage, Es, of the converter, as illustrated 
in Fig. (c). That is, if the amplitude of the output voltage is 

increased above that of the utility bus voltage, Et, then a 

current flow through the reactance from the converter to the 

ac system and the converter generates capacitive-reactive 

power for the ac system. If the amplitude of the output 

voltage is decreased below the utility bus voltage, then the 

current flows from the ac system to the converter and the 

converter absorbs inductive-reactive power from the ac 

system. If the output voltage equals the ac system voltage, 

the reactive-power exchange becomes zero, in which case the 

STATCOM is said to be in a floating state. Adjusting the 
phase shift between the converter output voltage and the ac 

system voltage can similarly control real power exchange 

between the converter and the ac system. In other words, the 

converter can supply real power to the ac system from its dc 

energy storage if the converter output voltage is made to lead 

the ac-system voltage. On the other hand, it can absorb real 

power from the ac system for the dc system if its voltage lags 

behind the ac- system voltage. A STATCOM provides the 

desired reactive power by exchanging the instantaneous 

reactive power among the phases of the ac system. The 

mechanism by which the converter internally generates 

and/or absorbs the reactive power can be understood by 
considering the relationship between the output and input 

powers of the converter. The converter switches connect the 

dc-input circuit directly to the ac-output circuit. Thus the net 

instantaneous power at the ac output terminals must always 

be equal to the net instantaneous power at the dc input 

terminals (neglecting losses). Assume that the converter is 

operated to supply reactive-output power. In this case, the 

real power provided by the dc source as input to the converter 

must be zero. Furthermore, because the reactive power at 

zero frequency (dc) is by definition zero, the dc source 

supplies no reactive power as input to the converter and thus 
clearly plays no part in the generation of reactive-output 

power by the converter. In other words, the converter simply 

interconnects the three output terminals so that the reactive-

output currents can flow freely among them. If the terminals 

of the ac system are regarded in this context, the converter 

establishes a circulating reactive-power exchange among the 

phases. However, the real power that the converter 

exchanges at its ac terminals with the ac system must, of 

course, be supplied to or absorbed from its dc terminals by 

the dc capacitor. 
 

III. SIMULATION WORK AND RESULTS 

Simulink model and results of System without STATCOM:- 

 
Figure.1 Simulink model of System without STATCOM 

 
Figure-2 Output of System without STATCOM 

Circuit Description:- 

A 100-Mvar STATCOM regulates voltage on a three-bus 

500-kV system. The 48-pulse STATCOM uses a Voltage-

Sourced Converter (VSC) built of four 12-pulse three-level 

GTO inverters. Look inside the STATCOM block to see how 
the VSC inverter is built. The four sets of three-phase 

voltages obtained at the output of the four three-level 

inverters are applied to the secondary windings of four 

phase-shifting transformers (-15 deg., -7.5 deg., 7.5 deg., 

+7.5 deg. phase shifts). During steady-state operation the 

STATCOM control system keeps the fundamental 

component of the VSC voltage in phase with the system 

voltage. If the voltage generated by the CSI is higher (or 

lower) than the system voltage, the STATCOM generates (or 

absorbs) reactive power. The amount of reactive power 

depends on the VSC voltage magnitude and on the 
transformer leakage reactances. The fundamental component 

of VSC voltage is controlled by varying the DC bus voltage. 

In order to vary the DC voltage, and therefore the reactive 

power, the VSC voltage angle (alpha) which is normally kept 

close to zero is temporarily phase shifted. This VSC voltage 

lag or lead produces a temporary flow of active power which 
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results in an increase or decrease of capacitor voltages.One of 

the three voltage sources used in the 500 kV system 

equivalents can be varied in order to observe the STATCOM 

dynamic response to changes in system voltage.  
 

Simulink model and result of System With STATCOM:- 

 
Figure-3 Simulink model of System with STATCOM 

 
Figure-4 Output of System with STATCOM 

 

THD Analysis:- 

 
Figure-5 THD without STATCOM 

 
Figure-6 THD with STATCOM 

As shown in the simulation result we can reduce the THD of 
the system by connecting STATCOM in system. THD of the 

system without STATCOM is 80.49% while THD after 

connecting STATCOM is 4.57%. 

 

IV. CONCLUSION 

Current source inverter is the direct control of the current 

compensation. No coupling magnetics are needed for in it. 

But due to the configuration of semiconductors in series, the 

conduction loss is relatively high. If better semiconductors 

are available, this can be widely used. Current source 

inverter STATCOM a good dynamic response and excellent 
steady-state tracking ability and THD is reduced using 

STATCOM. 
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