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Abstract 

 

This paper presents the enhancement of voltage stability using Static Synchronous compensator (STATCOM) and Static 

Synchronous series compensator (SSSC). In recent past years, along with the rapid increasing electrical power requirement has 

caused system to be heavily loaded leading to voltage instability. Under this condition there may be insufficient reactive power 

causing voltage to drop at various buses. The result would be the occurrence of voltage collapse which leads to total blackout of 

the whole system. FACT controllers have been used for solving various stability control problems. In this paper, SSSC and 

STATCOM are used to investigate the effect of these devices in controlling active and reactive powers to maintain voltage 

stability. The PI Controller is used to tune the circuit and to provide the zero signal error. Simulation results have been presented 

in MATLAB/Simulink environment for two machines four buses system.  
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Nowadays, in a deregulated electricity market, due to environmental problems and with the existing network structure, keeping 

the power in power quality limits can be a difficult task. Transmission operators need to increase the power transfer capability of 

transmission systems. That can be done in two ways, with an expanding transmission network, which is a costly and difficult 

solution due to environmental and public policies, or by incorporating the FACTS concept (by involving high power 

compensators and controllers). In this paper static synchronous series compensator (SSSC) and static synchronous compensator 

(STATCOM) are used in one test case system to see the performance of controller for stability improvement. SSSC & 

STATCOM are member of FACTs family which are connected in series and parallel respectively with power system. Here PI 

Controller is used to control the parameters of power system 

II. BASIC OPERATIONAL PRINCIPLE 

 SSSC – Static synchronous series compensator 

The SSSC is connected in series with the transmission line with the arrangement as shown in Fig.1 (a).The SSSC comprises a 

coupling transformer, Voltage source converter (VSC) and dc capacitor. The coupling transformer is connected in series with 

transmission line. 

The SSSC can vary the effective impedance of a line by injecting a voltage containing an appropriate phase angle in relation to 

the line current. It has the capability of exchanging both real and reactive power with the transmission system. For instance, if the 

injected voltage is in phase with the line current, then the voltage would exchange real power. On the other hand, if a voltage is 

injected in quadrature with the line current, then reactive power either absorbed or generated would be exchanged.  

The SSSC emerges as a potentially more beneficial controller than the TCSC because of its ability to not only modulate the 

line reactance but also the line resistance in consonance with the power swings, thereby imparting enhanced damping to the 

generators that contribute to the power oscillations. 
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Fig.1: (a) Generalized series-connected synchronous-voltage source employing a multi-pulse converter with an energy-storage device  (b) The 

different operating modes for real- and reactive-power exchange 

 Control Scheme of SSSC 

 
Fig. 2: Control Scheme of SSSC 

In the control system block diagram Vd_conv and Vq_conv designate the components of converter voltage V_conv which are 

respectively in phase and in quadrature with current. Two VSC technologies can be used for the VSC: 

The control system consists of: 

A phase-locked loop (PLL) which synchronizes on the positive-sequence component of the current I. The output of the PLL 

(angle Θ=ωt) is used to compute the direct-axis and quadrature-axis components of the AC three-phase voltages and currents 

(labelled as Vd, Vq or Id, Iq on the diagram). 

Measurement systems measuring the q components of AC positive-sequence of voltages V1 and V2 (V1q and V2q) as well as 

the DC voltage Vdc. 

AC and DC voltage regulators which compute the two components of the converter voltage (Vd_conv and Vq_conv) required 

to obtain the desired DC voltage (Vdcref) and the injected voltage (Vqref). The Vq voltage regulator is assisted by a feed 

forward type regulator which predicts the V_conv voltage from the Id current measurement. 
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PI controller is a proportional gain in parallel with an integrator, both in series with controller. The Proportional gain provides 

fast response. The integrator drives the system to a 0 steady-state error. PI controller is one of the most widely sought after 

controller in industry as it is the simplest to design. 

 STATCOM–Static synchronous compensator 

 
Fig. 3: (a) A Power Circuit (b)  An Equivalent Circuit (c)  A Power Exchange 

The STATCOM is a shunt-connected reactive-power compensation device. It comprises a coupling transformer, Voltage 

source converter (VSC) and dc capacitor as shown in Fig.3. 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. 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.3. That is, if the amplitude of the output voltage is increased above that of the 

utility bus voltage, Et, then a current flows 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. 

 Control scheme of STATCOM 

 
Fig. 4: Control Scheme of STATCOM 

The PLL provides the angle φ to the abc to-dq0 (and dq0-to-abc) transformation. There are also four proportional-integral (PI) 

regulators. The first one is responsible for controlling the terminal voltage through the reactive power exchange with the ac 
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network. This PI regulator provides the reactive current reference Iq*, which is limited between +1 p.u. capacitive and -1 p.u. 

inductive. Another PI regulator is responsible for keeping the dc voltage constant through a small active power exchange with 

the ac network, compensating the active power losses in the transformer and inverter. This PI regulator provides the active 

current reference Id *. The other two PI regulators determine voltage reference Vd*, and Vq*, which are sent to the PWM signal 

generator of the converter, after a dq0-to-abc transformation. Finally, Vabc* are the three phase voltages desired at the converter 

output. 

The control system consists of: 

- A phase-locked loop (PLL) is control system that generates an output signal whose phase is related to the phase of an 

input signal. It is an electronic circuit consisting of a variable frequency oscillator and a phase detector. The oscillator 

generates a periodic signal. The phase detector compares the phase of that signal with the phase of the input periodic 

signal and adjust the oscillator to keep the phases matched. 

- Measurement systems measuring the q components of AC positive-sequence of voltages V1 and V2 (V1q and V2q) as 

well as the DC voltage Vdc. 

- AC and DC voltage regulators which compute the two components of the converter voltage (Vd_conv and Vq_conv) 

required to obtain the desired DC voltage (Vdcref) and the injected voltage (Vqref). The Vq voltage regulator is assisted 

by a feed forward type regulator which predicts the V_conv voltage from the Id current measurement. 

- PI controller is a proportional gain in parallel with an integrator, both in series with controller. The Proportional gain 

provides fast response. The integrator drives the system to a 0 steady-state error. PI controller is one of the most widely 

sought after controller in industry as it is the simplest to design.  

III. TWO MACHINE POWER SYSTEM MODEL 

 Test Model without FACT Device 

 
Fig. 5: Test Model 

Description of the Model:   

- Two Machines, 4 Bus System 

- MVA Base = 100 MVA 

- System Frequency = 50 Hz 

- Bus base Voltage = 220 KV 

Here, one test model is taken to analyse the performance of SSSC and STATCOM for power quality improvement. 

 Simulation Results: 
Table – 1 

Voltage, Current, Active & Reactive Powers at all buses without FACT device. 

Bus No. 
Voltage 

(p.u) 

Current 

(p.u) 

Active Power 

(p.u) 

Reactive Power 

(p.u) 

B1 1.008 13.6 13.5 -2.15 

B2 1.008 6.76 6.72 -1.03 

B3 1 10.15 10.15 -0.05 

B4 1.01 5.7 5.71 -0.34 
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 Test Model with SSSC: 

 
Fig. 6: Test Model with SSSC 

The SSSC is connected at bus 2. And the effect of SSSC in this transmission line was observed. The bus 2 is at the middle of 

the transmission line so that it was selected as candidate bus to connect the SSSC. 

 Simulation Results with SSSC: 
Table – 2 

Voltage, Current, Active & Reactive Powers at all buses with SSSC. 

Bus No. 
Voltage 

(p.u) 

Current 

(p.u) 

Active Power 

(p.u) 

Reactive Power 

(p.u) 

B1 1.04 13.65 12.9 -2.6 

B2 1.05 7.3 7.1 -1.15 

B3 1.005 10 9.85 -0.15 

B4 1.02 5.6 5.65 -0.35 

 Test Model with STATCOM 

 
Fig. 7: Test Model with STATCOM 

 Simulation Results with STATCOM: 
Table – 3 

Voltage, Current, Active & Reactive Powers at all buses with STATCOM. 

Bus No. 
Voltage 

(p.u) 

Current 

(p.u) 

Active Power 

(p.u) 

Reactive Power 

(p.u) 

B1 1.035 13.67 12.9 -2.65 

B2 1.07 7.38 7.34 -1.16 

B3 1.005 10 9.9 -0.16 

B4 1.02 5.6 5.65 -0.35 



Power Quality Improvement by SSSC and STATCOM Fact Devices using PI Controller  
(J4R/ Volume 02 / Issue 03 / 006) 

 

 All rights reserved by www.journalforresearch.org 
 

36 

 Comparison 

By comparing parameters among Table I, Table II and Table III, it has been found that active, reactive power and voltage 

improved in the system with SSSC and STATCOM connection. 

IV. CONCLUSION 

From the simulation results it has proved that voltage stability has been increased at bus-2 by connecting STATCOM and SSSC 

at bus-2. From Table I, Table II and Table III, it is proved that active power, reactive power and thus voltage at buses have been 

improved by using STATCOM and SSSC. From the simulation result (Table III) it has been found that STACOM is controlling 

the active and reactive powers, beside these could fairly improve the voltage stability of system and SSSC is capable of 

controlling the flow of power at a desired point on the transmission line. Hence from this simulation research it is proved that 

load demand can meet or feasible by using FACT device rather than make new transmission line. 
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