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Abstract: Transient stability control plays aimportant role in 
ensure the stable operation of power systems in the experience of 
large disturbances and faults, and is thus a important area of 
research. This paper investigates relationship of SVC, STATCOM 
and UPFC performance for the transient stability improvement of 
the power system. The enhancement of transient stability of the 

power system, using SVC (Static VAR Compensator), STATCOM 
(Static Synchronous Compensator) and UPFC (Unified Power 
Flow Controller) which is an effective FACTS (Flexible AC 
Transmission System) device able of controlling the active and 
reactive power flows in a transmission line by controlling 
appropriately parameters. Simulations are carried out in 
Matlab/Simulink environment. The presentation of SVC, 
STATCOM& UPFC is compared from each other. So for the 

improvement of transient stability STATCOM is superior than 
SVC. The simulation results demonstrate the value and robustness 
of the proposed STATCOM, UPFC& SVC on transient stability 
improvement of the system.  
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1. INTRODUCTION 
 

Modern power system is a difficult network comprise of 

numerous generators, transmission lines, variety of loads 

and transformers. As aeffect of increasing power demand, 

some transmission lines are more loaded than was intended 

when they were built. With the increased loading of long 

transmission lines, the difficulty of transient stability after a 

major fault can become a transmission limiting factor [1]. 

Now power engineers are much more afraid about transient 

stability problem due to blackout in northeast United States, 
Scandinavia, England and Italy. Transient stability refers to 

the ability of a system to maintain synchronous operation in 

the event of large disturbances such as multi-phase short-

circuit faults or switching of lines [2]. The resulting system 

answer involves large excursions of generator rotor angles 

and is influenced by the nonlinear power angle relationship. 

Stability depends ahead both the initial operating conditions 

of the system and the severity of the disturbance. latest 

development of power electronics introduces the use of 

flexible ac transmission system (FACTS) controllers in 

power systems. FACTS controllers are able of controlling 

the network condition in a very fast manner and this feature 
of FACTS can be exploited to improve the voltage stability, 

and steady state and transient stabilities of a difficult power 

system [3-4]. This allows increased utilization of existing 

network closer to its thermal loading capacity, and thus 

avoiding the require to construct new transmission lines. 

Static VAR Compensator (SVC) is a first generation 

FACTS device that can control voltage at the required bus 

thereby improving the voltage profile of the system. The 

main task of an SVC is to maintain the voltage at a 

particular bus by means of reactive power compensation 

(obtained by varying the firing angle of the thyristors) [5]. 

SVCs have been use for high performance steady state and 

transient voltage control compared with standard shunt 
compensation. SVCs are also used to dampen power swings, 

improve transient stability, and decrease system losses by 

optimized reactive power control [6-7].STATCOM, a shunt 

compensation device, from the family of flexible alternating 

current transmission systems (FACTS). The STATCOM is a 

solid-state voltage source converter which is tied to a 

transmission line. A STATCOM injects an almost sinusoidal 

current, of changeable magnitude, at the point of connection. 

This injected current is approximately in quadrature with the 

line voltage, thereby emulating an inductive or a capacitive 

reactance at the point of connection with the transmission 
line. The profit of utilizing FACTS devices in electrical 

transmission systems can be summarize as follows:  

1.Better utilization of presented transmission system assets  

2. improved transmission system reliability and availability  

3. Increased dynamic and transient grid stability and 

decrease of loop flows  

4. Better quality of supply for sensitive industries 

Environmental profit.  

 

2. STATIC VAR COMPENSATOR (SVC) 
 
Static VAR systems are applied by utilities in transmission 

applications for several purposes. The primary purpose is 

usually for rapid control of voltage at weak points in a 

network. Installations may be at the midpoint of 

transmission interconnections or at the line ends. Static 

VAR Compensators are shunting connected static 

generators/ absorbers whose outputs are different so as to 

control voltage of the electric power systems. In its easy 

form, SVC is connected as Fixed Capacitor 

ThyristorLicensed Under Creative Commons Attribution CC 

BY Controlled Reactor (FC-TCR) configuration as shown in 

Figure 1. 

 
Figure 1: Static VAR Compensator (SVC) 



Simulation Analysis of FACTs Devices for Transient Stability Improvement in Multi Machine System 

10 

The SVC is connected to a coupling transformer that is 

linked directly to the ac bus whose voltage is to be 

regulated. The efficient reactance of the FC-TCR is varied 

by firing angle control of the anti-parallel thyristors. The 

firing angle can be controlled during a PI (Proportional + 

Integral) controller in such a way that the voltage of the bus, 
where the SVC is connected, is maintained at the reference 

value.  

 

3. STATIC SYNCHRONOUS COMPENSATOR 

(STATCOM) 
 

The STATCOM is based on a solid state synchronous 

voltage source which generates aobjective set of three 

sinusoidal voltages at the fundamental frequency with 

quickly controllable amplitude and phase angle. The 

relationship of a line voltage, thereby emulating an inductive 

or a capacitive reactance at the position of connection with 
the transmission line. STATCOM is shown in Figure 2.  

 
 

Figure 2: Static Synchronous Compensator (STATCOM) 

 

 

4. UNIFIED POWER FLOW CONTROLLER (UPFC) 
 

Unified power flow control is aapparatus nothing but a 
combination of series & shunt facts device & it clearly do 

the same work what is done by the series & shunt fact 

device alone. It is the most influential facts device [7]. 

UPFC is mainly a combination of SSSC & STATCOM. 

Used to advance the transient stability of the power system 

[8].The schematic figure of unified power flow controller is 

given below.  

 
Figure 3: Unified Power Flow Controller (UPFC) 

 

5. SIMULATION MODEL AND RESULTS 

 

All the FACTs devices like SVC, STATCOM and UPFC are 

compared with the simulation analysis in MATLAB 

simulink. 

5.1 IMPACT OF SVC (LLL-G FAULT) 

When apply a 3-phase fault and observe that impact of the 

SVC for stabilizing the network for the period of a severe 

possibility. First put the two PSS in service. Reprogram the 

Fault Breaker of simulation block to apply a 3-phase-to-

ground fault. Verify that the SVC is in fixed susceptance 

mode with Bref = 0, The rating of the SVC is +/-200MVA 

when at the Start of simulation. By looking at the 
d_theta1_2 signal, you must observe that the two machines 

quickly drop out of synchronism after fault clearing. In 

order not to track pointless simulation, the Simulink Stop 

block is used to stop the simulation when the angle 

difference reaches 3*360 degrees. at this time open the SVC 

block menu and change the SVC mode of procedure to 

Voltage regulation. The SVC will now attempt to take the 

voltage by injecting reactive power on the line when the 

voltage is lesser than the reference voltage (1.0 pu). The 

selected SVC reference voltage corresponds to the bus 

voltage with the SVC out of service. In steady state the SVC 

will therefore be balanced and approaching up for voltage 
compensation when voltage departs from its reference set 

point. Let we installed SVC at bus 2, and 3-phase fault at 

same place as shown in fig. 5.1. 

 

 

 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

2

4

6

8

10

12

14

16

Time (sec)

d
 t

h
e
a

ta
1
-2

 (
d

e
g

)

Rotar angle difference

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
1

1.01

1.02

1.03

1.04

1.05

1.06

Time (sec)

w
1
, 

w
2
 (

p
u
)

Speed of Machines

 

 

For M1(w1)

For M2(w2)



International Journal of Engineering Research in Current Trends (IJERCT) 

ISSN: 2582-5488, Volume-4 Issue-6, December 2022 

 

11 

 

 

Fig.5.1  Waveforms for SVC with 3-Phase (LLL-G) Fault, 

(a) Rotor angle difference, (b) Speed of machines, (c) 

Voltages profile, (d) Reactive power profile. 

Table 5.1 Reactive power & voltages with SVC 

Bus Q (Mvar) V (k volts) 

B1 591.6 464.7 

B2 13.11 464.4 

B3 -559.3 437.1 

B4 -371.5 391.1 

 

5.2 IMPACT OF STATCOM (LLL-G FAULT) 

The Static Synchronous Compensator (STATCOM) is 

single of the input FACTS devices. STATCOM output 

current (inductive or capacitive) be able to controlled self-

determining of the AC system voltage. The power grid 

consists of two 500-kV equivalents transmission line. The 

STATCOM is located at bus B2 and has a rating of +/- 

200MVA. This STATCOM is a phasor model of a typical 
three-level PWM STATCOM. but you release the 

STATCOM block and select "Display Power data", you will 

monitor that our model represent a STATCOM having a DC 

link nominal voltage of 40 kV with an equivalent 

capacitance of 375 µF. On the AC side, its total equivalent 

impedance is 0.22 pu on 200 MVA. This impedance 

represents the transformer leakage reactance and the phase 

reactor of the IGBT bridge of an actual PWM STATCOM. 

Simulation is showing in below for STATCOM with 3-

phase fault (LLL-G). 
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Fig.5.2 Waveforms for STATCOM with 3-Phase (LLL-G) 

Fault, (a) Rotor angle difference, (b) Speed of machines, (c) 

Voltages profile, (d) Reactive power profile. 

Table 5.2 Reactive power & voltages with STATCOM   

Bus Q (Mvar) V (k volts) 

B1 483.3 469.8 

B2 15.83 469.8 

B3 -569.3 437.1 

B4 -379.1 395.2 

 

5.3 IMPACT OF UPFC (LLL-G FAULT) 

The system, connected in a loop arrangement, consists 

basically of four buses (B1 to B4). The rating of UPFC is 

+/-200MVA for both series and shunt controller. The UPFC 

located at bus B2 is used to control the active and reactive 

powers at the 500-kV. It consists of a phasor model of two 

200-MVA, IGBT-based, converters (one converter 

connected in shunt and one more converter connected in 

series and both interconnected through a DC bus on the DC 

side and to the AC power system, from side to side coupling 

reactors and transformers). Parameters of the UPFC power 
components are given in the dialog box. Open the UPFC 

dialog box and select "Display Control parameters (series 

converter)". The organize parameters of the series converter 

are display. prove that "Mode of operation = Power flow 

control". The UPFC reference active and reactive powers 

are set inside the blocks as a "Pref(pu)" and "Qref(pu)". 

primarily the Bypass breaker is closed and the resulting 

natural power flow at bus B2. The simulation intended for 

the UPFC is shown in the fig. 5.3 

 

 

 

 

 

Fig.5.3 Waveforms for UPFCwith 3-Phase (LLL-G) Fault, 

(a) Rotor angle difference, (b) Speed of machines, (c) 

Voltages profile, (d) Reactive power profile. 

 

Table 5.3 Reactive power & voltages with UPFC   

Bus Q (Mvar) V (k volts) 

B1 403.6 473.1 

B2 22.26 471.1 

B3 -557.4 438.1 

B4 -374.9 395.8 
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6. CONCLUSION 

 

The comparison of the SVC, STATCOM and UPFC, 

controller applications. The detailed models of the 

SVC,STATCOM, and UPFC were implemented and tested 
in the EMT (electro-magnetic transients). The models are 

relevant for transient stability analysis, and cover broader 

range of frequency oscillations and voltage control.  

The STATCOM give better performance than SVC for 

reactive power, voltages and loading capacity. For 

STATCOM reactive power compensated from 13.11 MVAR 

(SVC) to 15.83 MVAR (STATCOM) and voltage injected 

from 464.4 kv (SVC) to469.8 kv (STATCOM) at bus 

2.another relation with UPFC give better-quality 

performance than STATCOM for reactive power, voltages 

and loading capacity. For UPFC reactive power 
compensated from 15.83 MVAR (STATCOM) to 22.26 

MVAR (UPFC) and voltage injected from 469.8 kv 

(STATCOM) to471.1 (UPFC) kv at bus 2 and table no. 5.2 

& 5.3. 
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