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1. Introduction 

The power system is getting more multifaceted day by day owing to increase in electric power 

demand and the construction of new generating plants and transmission lines. Consequently, the 

power system is forced to provide electric power close to their thermal limits [1]. A system that 

generates and transfers electric power through a grid of electrical components to the customers is 

known as power system. The power system control can be thought of as maintaining a balance 

between power generation and load demand [2]. The technologies used in power systems are 

continuously advancing so as the power system. The continuously evolving power system earn a more 

ideal and beneficial procedure with regard to generation, transmission and distribution system [1]. 

Flexible Alternating Current Transmission Systems also known as FACTS technology is announced 

by Electric Power Research Institute (EPRI) in the last period of 1980s [3] to progress the system 

stability, flow of power and to develop the reliability. Power System Stabilizers (PSS) have played a 

spirited part in controlling and damping out fluctuations in power system [1]. Enhanced utilization of 
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 In this paper, a comparison between Flexible Alternating Current 

Transmission System (FACTS) devices including Static Synchronous 

Compensator (STATCOM), Static Synchronous Series Compensator 

(SSSC) and Unified Power Flow Controller (UPFC) for providing a better 

adaptation to changing operating conditions and improving the usage of 

current systems. The power system using FACTS devices is presented 

under different conditions such as single phase fault and three phase fault. 

A digital simulation using Matlab/Simulink software package is carried out 

to demonstrate the better performance including the voltage and the current 

of the presented system using FACTS that located between buses B1 and 

B2 under different faults types. The results obtained investigate that the 

presented system gives better response with FACTS as compared to not 

using them under abnormal conditions besides, the UPFC gives better 

performance of power system under several faults as compared to 

STATCOM or SSSC as It can absorb reactive power in a manner which 

significantly reduced the fault current. It is demonstrated that UPFC can 

reduce the peak fault current at bus B1 to 63.85% of its value without using 

FACTS devices under line to ground fault and 79.18% under three line to 

ground fault whereas STATCOM and SSSC reduce it to (75.21, 94.35%) 

and (75.40, 94.68%), respectively. 
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the existing power system is provided through the application of FACTS devices which are operative 

and capable of increasing the power transmission capacity of transmission lines helping power 

systems to operate within comfortable stability margins [4][5]. FACTS devices are used in 

transmission system for controlling and utilizing the flexibility and system performance. To 

accomplish all, the addition of FACTS devices required in plant to control the main parameters like 

voltage, impedance and phase angle, that is affecting AC power transmission. The power transmission 

lines could be capable of supporting power transfer with comfortable and stable manner using FACTS 

devices [4][5]. FACTS are considered the best solutions for enhancement electrical network's power 

quality, reliability and efficiency [6]. 

The FACTS controllers are based on thyristor devices with only gate turn on ability and no gate 

turn off ability [7]. They can be divided into three categories according to their connection: shunt 

connected controllers such as Static Synchronous Compensator (STATCOM), series connected 

controllers such as Static Synchronous Series Compensator (SSSC) and combined series and shunt 

connected controllers such as Unified Power Flow Controller (UPFC) [8]. UPFC is a device designed 

to provide rapid acting reactive power compensation on the transmission networks. It can be used for 

controlling active and reactive power flows in the transmission lines. It employs solid state devices 

that offer purposeful flexibility, mostly not attainable by conventional thyristor controlled systems. It 

is a combination of STATCOM and SSSC which are coupled through DC voltage link [9]. 

Fault current is referred to the instantaneous rise in current created by a short circuit or other fault 

in the power network. Short circuits regularly happen between the lines together or the lines and the 

ground in the three-phase transmission power system. Through a short-circuit fault, the current can 

increase by up to 10 times the load currents. This will harmfully influence the power grid’s reliability 

and efficiency. Transmission system and distribution network have regularly implemented FACTS 

devices in order to improve and regulate reliability of power system [10]-[12]. 

The reviews of some literatures related to this paper are given as below; 

D. Murali, M. Rajaram, and N. Reka (2010) presented dynamic performance of two zone power 

system with and without UPFC. In this approach the UPFC is compared with other FACTS devices. 

Several types of FACTS controllers and their performance characteristics have been described [13]. 

R. Somalwar and M. Khemariya (2012) presented FACTS devices for solving instability problems. . 

The FACTS controller can also be used for power flow control and stability enhancement control. The 

use of FACTS controller is investigated to improve the transient stability of the system [14]. S. T. 

FADHIL, M. HAMAD, A. O. Arslan, and A. M. VURAL (2020) introduced the FACTS devices 

working principles and control functions in addition to the simulation results of the system with 

applying faults [15]. 

M. P. Donsion, J. Guemes, and J. Rodriguez (2007) studied FACTS devices for power quality 

improvement. In this study impedance, current and voltage are improved using FACTS devices to 

improve power system performance [16]. S. Panda (2010) introduced modeling and simulation of 

SSSC multi-machine system to improve power system stability. In this approach the SSSC controller 

is operative in damping a range of disturbance conditions in the power system [17]. S. Akter, A. Saha, 

and P. Das (2012) presented modeling and simulation of some FACTS devices such as STATCOM, 

SSSC and UPFC for power system stability improvement and enhancement of power transfer 

capability [18]. 

T. U. Okeke and R. G. Zaher (2013) discussed essentially the importance of FACTS devices in 

the networks and their technologies which are the earliest technology used-Static VAR Compensator 

(SVC), and the most recent technology used-UPFC [19]. M. D. STOCHITOIU and I. UTU (2020) 

presented the performance comparison of different FACTS devices as todays electricity demand 

increases with the development of transmission networks. It creates an environment of competition 

and bargaining power due to open market power and regulation [20]. S. Mirsaeidi, S. Devkota, X. 

Wang, D. Tzelepis, G. Abbas, A. Alshahir, et al (2022) introduced a comprehensive review of existing 

proposals to improve power system efficiency by adopting FACTS devices [21]. S. Khanchi and V. 
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K. Garg (2013) presented a comprehensive review on UPFC which is one of  FACTS devices . The 

vital features of UPFC controller and simulation model are illustrated. UPFC controllers allow 

transmission lines to deliver power close to their thermal ratings [22]. 

K. Gupta and Y. Pahariya (2017) studied the relationship between SVC, STATCOM and UPFC 

performance in order to improve the transient stability of power systems [23].  M. Rohit and N. K. 

Sharma (2022) described the benefits of using FACTS devices to improve the performance of power 

systems. Different FACTS controllers have been discussed [24]. H. Joshi and S. Sahay (2017) 

presented modeling, controlling of UPFC and studying its influence on the electrical power system. 

The simulation results show the improvement of UPFC performance by controlling the power system 

voltage. The UPFC can control the flow of active and reactive power in the transmission system [25]. 

M. R. Wara and A. Rahim (2020) presented a survey of the evolution of STATCOM technology 

and its applications in the power industry. This study covers the ability of STATCOM to interact with 

energy storage-based solutions and is included to illustrate future directions for this device [26]. A. 

Raj and D. Vishwakarma (2023) presented the application of SSSC to control the power flow between 

two ends of the transmission line to maintain the phase angle, voltage magnitude and line impedance. 

A series-compensated SSSC device that controls the transmission line power flow by changing the 

effective reactance of the system is studied [27]. A. Udaratin, K. Loginov, A. Nemirovskiy, N. 

Rozhentsova, and E. Gracheva (2020) considered installation of FACTS devices in a 500 kV line of 

substation. Three FACTS devices in emergency mode are modelled: STATCOM, SSSC, and UPFC 

[28]. 

B. Musa and M. Mustapha (2015) described the approach of STATCOM, in which the device is 

modelled and used for providing controllable bus voltage and reactive power compensation [29]. A. 

Singh and A. U. Ahmad (2015) presented comparison of active and reactive power for STATCOM, 

SSSC and UPFC at different distances of transmission line using Matlab/Simulink [9]. M. Eslami, H. 

Shareef, A. Mohamed, and M. Khajehzadeh (2012) presented a comprehensive analysis of research 

and developments in power system stability improvement using FACTS controllers. Several technical 

publications related to FACTS devices are highlighted and the performance of various FACTS 

controllers is compared [30]. A. S. Shelke and A. A. Bhole (2021) presented a brief description of 

different FACTS devices like STATCOM, SVC, SSSC, and UPFC [31]. A. A. Nimje, C. K. Panigrahi, 

and A. K. Mohanty (2011) introduced the achievement of the required active and reactive power flow 

in a transmission line and increase the power carrying capacity of the transmission using SSSC [32]. 

R. K. Bindal (2014) presented various types of FACTS devices like STATCOM, SSSC and UPFC 

and their benefits for power system transmission [8]. 

The main contribution of the present paper is the focus on different FACTS devices, their 

comparative studies and benefits to the power system under abnormal conditions.   The major 

drawback is the need to study another faults cases at some positions in the power system using FACTS 

devices. 

The purpose of this paper is to provide an overview of three different FACTS devices including 

STATCOM, SSSC and UPFC for improving power system performance. The presented system is 

studied under single phase fault and three phase fault using Matlab/Simulink software package. The 

obtained results investigated that the power system performance can be enhanced precisely with 

FACTS devices and the UPFC gives the better performance as compared to other FACTS types. 

2. Overview of FACTS Devices 

2.1. Static Synchronous Compensator (STATCOM) 

STATCOM is a shunt attached reactive power compensation controller. The progresses in power 

electronics, especially the GTO thyristor, allowed implementation of such technology as a reasonable 

alternative to conventional SVC. A schematic arrangement of STATCOM is displayed in Fig. 1. 
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Fig. 1. Basic configuration of STATCOM 

The active power (𝑃) and reactive power (𝑄) of the transmission line are shown as follows: 

 𝑃 =
𝑉1 × 𝑉2

𝑋
𝑠𝑖𝑛 𝛿 (1) 

 𝑄 =
𝑉12

𝑋
−

𝑉1 × 𝑉2

𝑋
𝑐𝑜𝑠 𝛿 (2) 

where 𝑉1 and 𝑉2 are the inverter output voltage and the system bus voltage respectively and 𝑋 is the 

reactance of the line from the inverter to the system bus [31]. 

      The relations between the AC voltage of the system and the voltage at the STATCOM AC side 

terminals provide the reactive power flow control. If the STATCOM terminals voltage is greater than 

the system voltage, STATCOM will behave as a capacitor and the reactive power will be injected 

from the STATCOM to the system. When the STATCOM voltage is less than the AC voltage, 

STATCOM will perform as an inductor and the reactive power flow will be reversed. Both voltages 

will be the same and no power exchange will be there between the STATCOM and the system at 

normal operating conditions. Fig. 2 displays the STATCOM voltage and current characteristics. 

Numerous studies substantiated that STATCOM is able to improve power system dynamics and 

system stability for applications of renewable energy [33]. 

 

Fig. 2. STATCOM V-I characteristics 

2.2. Static Synchronous Series Compensator (SSSC) 

SSSC is a series connected FACTS device which can supply inductive or capacitive voltage 

independent of the current of transmission line up to the rated current limits. Also, SSSC is capable 

of exchanging both active and reactive power with the AC system, basically by controlling the injected 

voltage angular position [33]. The basic arrangement of SSSC is displayed in Fig. 3. It consists of a 

voltage source converter attached to a dc voltage source and coupled with the AC system through a 

series transformer. 



ISSN 2775-2658 
International Journal of Robotics and Control Systems 

5 
Vol. 4, No. 1, 2024, pp. 1-32 

  

 

Ibram Y. Fawzy (Enhancing the Performance of Power System under Abnormal Conditions Using Three Different 

FACTS Devices) 

 

 

Fig. 3. Basic configuration of SSSC 

The active power (𝑃) and reactive power (𝑄) of the transmission line are shown as follows: 

 𝑃 =
𝑉1 𝑉2

𝑋𝑙
𝑠𝑖𝑛(𝛿1 − 𝛿2) =

𝑉2

𝑋
𝑠𝑖𝑛 𝛿 (3) 

 𝑄 =
𝑉1 𝑉2

𝑋𝑙
(1 − 𝑐𝑜𝑠(𝛿1 − 𝛿2)) =

𝑉1 𝑉2

𝑋
(1 − 𝑐𝑜𝑠 𝛿) (4) 

where 𝑉1 and 𝑉2 are the voltage values at the two ends, 𝛿1 and 𝛿2 are the phase angles of the voltage 

sources 𝑉1 and 𝑉2 respectively and 𝑋 is the combined reactance of the transmission line and the 

SSSC.  

In order to simplify these relations, it is taken 𝑉 as the magnitude of the voltage and δ as the 

magnitude of the phase difference. 

Fig. 4 displays the SSSC voltage and current characteristics during voltage control operation. 

During the voltage control mode the SSSC maintains the inductive or capacitive compensating voltage 

through the change in the line current from zero to 𝐼𝑚𝑎𝑥. SSSC has been involved in numerous studies 

to investigate its applications for stability enhancement [33]. 

 

Fig. 4. SSSC V-I characteristics 

2.3. Unified Power Flow Controller (UPFC) 

UPFC is a compound power electronic device which was advanced in order to control and 

enhance the power flow in power transmission systems. The UPFC as a multipurpose device is 

accomplished to control all the parameters affecting the transmission lines power flow, containing 

voltage, impedance and phase angle. As displayed in Fig. 5 a UPFC is mostly a blend of STATCOM 

and SSSC coupled throughout a common dc link. The UPFC application to power systems has been 
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broadly considered by the power manufacturing owing to its many benefits, that comprise smooth 

control of both system active and reactive power at the point of common coupling (PCC) and its quick 

and independent performance [33]. 

 

Fig. 5. Basic configuration of UPFC 

UPFC is the most functional and FACTS equipment which has developed for the power flow 

control and optimization in power transmission system. It has the combining types of both series and 

shunt converters founded FACTS devices and is accomplished of appreciating voltage regulation, 

series compensation and phase angle regulation simultaneously. Consequently, the UPFC is able to 

independently control the active power and reactive power on the compensated transmission lines 

[34]-[37]. 

Through the FACTS devices, the UPFC is the most adaptable and effective [38]-[40]. The 

opportunity of installing a UPFC on a 500kV transmission system exploring the application of the 

UPFC for active and reactive power flow control. The result displayed that the attainable response of 

the control is very fast, nearly instantaneous, and thus the UPFC is operative in handling dynamic 

system response [39][40]. 

The active power (𝑃) and reactive power (𝑄) of the transmission line are shown as follows: 

 𝑃 =
𝑉2 × 𝑉3

𝑋
𝑠𝑖𝑛 𝛿 (5) 

 𝑄 =
𝑉22

𝑋
−

𝑉2 × 𝑉3

𝑋
𝑐𝑜𝑠 𝛿 (6) 

where 𝑉2 and 𝑉3 are the voltages at the buses 2, 3 [41]. 

       A fault in a power system is the unintended conducting path (short circuit) or impasse of current 

(open circuit). The short-circuit fault is naturally the most common and is typically inferred when 

majority use the term fault. A fault happens when one energized electrical component associates 

another at a different voltage. This permits the impedance between the two components to fall to near 

zero letting current to flow along an undesired pathway from the one initially projected. The short-

circuit fault current could be guidelines of magnitude greater than the normal functional current. The 

current from such an occasion can comprise marvelous critical energy, that can harm electrical 

apparatus and pose security concerns for both utility and non-utility employees [42]. 

3. System under Study 

A detailed model of a 48-Pulse, GTO-based unified power flow controller (500 kV, 100 MVA) 

is shown in Fig. 6. A UPFC is used to control the power flow in a 500 kV transmission system. 

The UPFC located at the left end of the 75-km line L2, between the 500 kV buses B1 and B2, is used 

to control the active and reactive powers flowing through bus B2 while controlling voltage at bus B1. 

It consists of two 100-MVA, three-level, 48-pulse GTO-based converters, one connected in shunt at 
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bus B1 and one connected in series between buses B1 and B2. The shunt and series converters can 

exchange power through a DC bus. The series converter can inject a maximum of 10% of nominal 

line-to-ground voltage (28.87 kV) in series with line L2. 

This pair of converters can be operated in three modes: 

• UPFC mode, when the shunt and series converters are interconnected through the DC bus. When 

the disconnect switches between the DC buses of the shunt and series converter are opened, two 

additional modes are available: 

• Shunt converter operating as STATCOM controlling voltage at bus B1. 

• Series converter operating as SSSC controlling injected voltage, while keeping injected voltage 

in quadrature with current. 

 

Fig. 6. The proposed model in Matlab/Simulink 

When the two converters are operated in UPFC mode, the shunt converter operates as a 

STATCOM. It controls the bus B1 voltage by controlling the absorbed or generated reactive power 

while also allowing active power transfer to the series converter through the DC bus. The reactive 

power variation is obtained by varying the DC bus voltage. The four three-level shunt converters 

operate at a constant conduction angle (Sigma= 180-7.5 = 172.5 degrees), thus generating a quasi-

sinusoidal 48-step voltage waveform. When operating in UPFC mode, the magnitude of the series 

injected voltage is varied by varying the Sigma conduction angle, therefore generating higher 

harmonic contents than the shunt converter. 

The natural power flow through bus B2 when zero voltage is generated by the series converter 

(zero voltage on converter side of the four converter transformers) is P=+870 MW and Q=-70 Mvar. 

In UPFC mode, both the magnitude and phase angle and the series injected voltage can be varied, thus 

allowing control of P and Q. The UPFC controllable region is obtained by keeping the injected voltage 

to its maximum value (0.1 per unit (pu)) and varying its phase angle from zero to 360 degrees. Table 

1 indicates data parameters of FACTS devices in the model under study. 
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Table 1.  The data of FACTS devices used in this paper 

STATCOM 

STATCOM (Qref) 

T1 0.3 

T2 0.5 

Q1 +0.8 

Q2 -0.8 

STATCOM Vref (pu) 

Initial 1 

Final 1.005 

Step Time 0.3*100 

SSSC 
SSSC voltage 

injection (pu) 

Initial 0.0 

Final 0.08 

Step Time 0.3 

UPFC 

UPFC Pref (pu) 

Initial +8.7 

Final +10 

Step Time 0.25 

UPFC Qref (pu) 

Initial -0.6 

Final +0.7 

Step Time 0.5 

 

The performance of power system with FACTS devices is presented and checked under different 

faults. The possible cases for investigation are listed below: 

▪ The power system under single line to ground fault and three phases to ground fault was 

inserted at load B without using FACTS devices. 

▪ The power system under single line to ground fault and three phases to ground fault was 

inserted at load B with using STACTOM. 

▪ The power system under single line to ground fault and three phases to ground fault was 

inserted at load B with using SSSC. 

▪ The power system under single line to ground fault and three phases to ground fault was 

inserted at load B with using UPFC. 

4. Simulation Results 

The simulation procedure is prepared using MATLAB/Simulink software package. In this 

simulation, a short circuit fault with different faults types is injected at t = 0.5 sec. The fault was 

inserted at load B and, the grid parameters are measured in each case. In this arrangement, the fault 

current with different FACTS devices was also observed. It is possible to use different FACTS devices 

in order to reduce the fault current. Different FACTS devices and their effects are discussed below. 

4.1. The Power System under Abnormal Conditions without Using FACTS Devices 

4.1.1. Single Line to Ground Fault 

The power system performance without FACTS devices under single line to ground fault inserted 

at load B is illustrated in Fig. 7 and Fig. 8. They show that the fault current at buses 1, 2, 3, and 4 is 

highly increased, while, buses voltages are slightly decreases at faulty period. The fault current 

increased and reaches to the maximum value (59.42 pu) at bus 1 (B1) whereas the peak fault current 

at buses B2, B3, and B4, respectively would be (59.29, 17.88, 25.26 pu). 

4.1.2. Three Line to Ground Fault 

The power system performance without FACTS devices under three line to ground fault inserted 

at load B is displayed in Fig. 9 and Fig. 10. They show that the fault current at buses 1, 2, 3, and 4 is 

highly increased, while, buses voltages except if bus 3 is slightly decreased at faulty period. The fault 

current increased and reaches to the maximum value (84.85 pu) at bus 2 (B2) whereas the peak fault 

current at buses B1, B3, and B4, respectively would be (79.83, 41.15, 48.05 pu). 
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Fig. 7. The current wave shapes of B1, B2, B3 and B4 in pu without FACTS devices for single line to ground 

fault in load B inserted at t = 0.3 sec 

 

Fig. 8. The voltage wave shapes of B1, B2, B3 and B4 in pu without FACTS devices for single line to 

ground fault in load B inserted at t = 0.3 sec 
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Fig. 9. The current wave shapes of B1, B2, B3 and B4 in pu without FACTS devices for three line to ground 

fault in load B inserted at t = 0.3 sec 

 

Fig. 10. The voltage wave shapes of B1, B2, B3 and B4 in pu without FACTS devices for three line to 

ground fault in load B inserted at t = 0.3 sec 

4.2. The Power System under Abnormal Conditions with Using STATCOM 

4.2.1. Single Line to Ground Fault 

The power system performance with using STATCOM under single line to ground fault inserted 

at load B is illustrated in Fig. 11 and Fig. 12. They show that the fault current at buses 1, 2, 3, and 4 
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is highly increased, while, buses voltages are slightly decreases at faulty period. The fault current 

increased and reaches to the maximum value (44.69 pu) at bus 1 (B1) whereas the peak fault current 

at buses B2, B3, and B4, respectively would be (42.17, 17.2, 23.69 pu). 

 

Fig. 11. The current wave shapes of B1, B2, B3 and B4 in pu using STATCOM for single line to ground 

fault in load B inserted at t = 0.3 sec 

 

 

Fig. 12. The voltage wave shapes of B1, B2, B3 and B4 in pu using STATCOM for single line to ground 

fault in load B inserted at t = 0.3 sec 
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Fig. 13 to Fig. 16 show the comparison between the current wave shape of buses B1, B2, B3, and 

B4 in pu without FACTS and using STATCOM for single line to ground fault in load B at t = 0.3 sec. 

These figures demonstrated that better performance of power system under single phase fault is 

achieved using STATCOM as it is able to reduce fault current of the system as the peak fault current 

at bus B1 is decreased from 59.42 pu to 44.69 pu using STATCOM. Similarly, the fault current levels 

at other buses are also decreased with using STATCOM. 

 

Fig. 13. Comparison between the current wave shape of B1 in pu without FACTS and using STATCOM for 

single line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 14. Comparison between the current wave shape of B2 in pu without FACTS and using STATCOM for 

single line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 15. Comparison between the current wave shape of B3 in pu without FACTS and using STATCOM for 

single line to ground fault in load B inserted at t = 0.3 sec 
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Fig. 16. Comparison between the current wave shape of B4 in pu without FACTS and using STATCOM for 

single line to ground fault in load B inserted at t = 0.3 sec 

4.2.2. Three Line to Ground Fault 

The power system performance with STATCOM under three line to ground fault inserted at load 

B is displayed in Fig. 17 and Fig. 18. They show that the fault current at buses 1, 2, 3, and 4 is highly 

increased, while, buses voltages except if bus 3 is slightly decreased at faulty period. The fault current 

increased and reaches to the maximum value (80.13 pu) at bus 2 (B2) whereas the peak fault current 

at buses B1, B3, and B4, respectively would be (75.23, 40.87, 46.01 pu). 

 

 

Fig. 17. The current wave shapes of B1, B2, B3 and B4 in pu using STATCOM for three line to ground fault 

in load B inserted at t = 0.3 sec 
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(a) The voltage wave shape of B1 in p.u (b) The voltage wave shape of B2 in p.u 

  
(c) The voltage wave shape of B3 in p.u (d) The voltage wave shape of B4 in p.u 

Fig. 18. The voltage wave shapes of B1, B2, B3 and B4 in pu using STATCOM for three line to ground fault 

in load B inserted at t = 0.3 sec 

Fig. 19 to Fig. 22 display the comparison between the current wave shape of buses B1, B2, B3, 

and B4 in pu without FACTS and using STATCOM for three line to ground fault in load B at t = 0.3 

sec. These figures revealed that STATCOM gives better performance for the power system under 

three phase faults as it is able to reduce fault current of the system as the peak fault current at bus B1 

is decreased from 79.83 pu to 75.32 pu using STATCOM. Similarly, the fault current levels at other 

buses are also decreased with using STATCOM. 

 

Fig. 19. Comparison between the current wave shape of B1 in pu without FACTS and using STATCOM for 

three line to ground fault in load B inserted at t = 0.3 sec 
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Fig. 20. Comparison between the current wave shape of B2 in pu without FACTS and using STATCOM for 

three line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 21. Comparison between the current wave shape of B3 in pu without FACTS and using STATCOM for 

three line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 22. Comparison between the current wave shape of B4 in pu without FACTS and using STATCOM for 

three line to ground fault in load B inserted at t = 0.3 sec 
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4.3. The Power System under Abnormal Conditions with Using SSSC 

4.3.1. Single Line to Ground Fault 

The power system performance with SSSC under single line to ground fault inserted at load B is 

illustrated in Fig. 23 and Fig. 24. They show that the fault current at buses 1, 2, 3, and 4 is highly 

increased, while, buses voltages are slightly decreases at faulty period. The fault current increased and 

reaches to the maximum value (44.96 pu) at bus 1 (B1) whereas the peak fault current at buses B2, 

B3 and B4, respectively would be (42.17, 17.15, 23.8 pu). 

 

Fig. 23. The current wave shapes of B1, B2, B3 and B4 in pu using SSSC for single line to ground fault in 

load B inserted at t = 0.3 sec 

 

Fig. 24. The voltage wave shapes of B1, B2, B3 and B4 in pu using SSSC for single line to ground fault in 

load B inserted at t = 0.3 sec 
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Fig.  25 to Fig. 28 display the comparison between the current wave shape of buses B1, B2, B3, 

and B4 in pu without FACTS and using SSSC for single line to ground fault in load B at t = 0.3 sec. 

These figures revealed that SSSC gives better performance for the power system under single phase 

faults as it is able to reduce fault current of the system as the peak fault current at bus B1 is decreased 

from 59.42 pu to 44.8 pu using SSSC. Similarly, the fault current levels at other buses are also 

decreased with using SSSC. 

 

Fig. 25. Comparison between the current wave shape of B1 in pu without FACTS and using SSSC for single 

line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 26. Comparison between the current wave shape of B2 in pu without FACTS and using SSSC for single 

line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 27. Comparison between the current wave shape of B3 in pu without FACTS and using SSSC for single 

line to ground fault in load B inserted at t = 0.3 sec 
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Fig. 28. Comparison between the current wave shape of B4 in pu without FACTS and using SSSC for single 

line to ground fault in load B inserted at t = 0.3 sec 

4.3.2. Three Line to Ground Fault 

The power system performance with SSSC under three line to ground fault inserted at load B is 

displayed in Fig. 29 and Fig. 30. They show that the fault current at buses 1, 2, 3, and 4 is highly 

increased, while, buses voltages except if bus 3 is slightly decreased at faulty period. The fault current 

increased and reaches to the maximum value (80.67 pu) at bus 2 (B2) whereas the peak fault current 

at buses B1, B3 and B4, respectively would be (75.58, 40.05, 46.21 pu). 

Fig. 31 to Fig. 34 display the comparison between the current wave shape of buses B1, B2, B3, 

and B4 in pu without FACTS and using SSSC for three line to ground fault in load B at t = 0.3 sec. 

These figures illustrated that SSSC gives better performance for the power system under three phase 

faults as it is able to reduce fault current of the system as the peak fault current at bus B1 is decreased 

from 79.83 pu to 75.58 pu using SSSC. Similarly, the fault current levels at other buses are also 

decreased with using SSSC. 

 

Fig. 29. The current wave shapes of B1, B2, B3 and B4 in pu using SSSC for three line to ground fault in 

load B inserted at t = 0.3 sec 
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Fig. 30. The voltage wave shapes of B1, B2, B3 and B4 in pu using SSSC for three line to ground fault in 

load B inserted at t = 0.3 sec 

 

Fig. 31. Comparison between the current wave shape of B1 in pu without FACTS and using SSSC for three 

line to ground fault in load B inserted at t = 0.3 sec  

 

Fig. 32. Comparison between the current wave shape of B2 in pu without FACTS and using SSSC for three 

line to ground fault in load B inserted at t = 0.3 sec 
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Fig. 33. Comparison between the current wave shape of B3 in pu without FACTS and using SSSC for three 

line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 34. Comparison between the current wave shape of B4 in pu without FACTS and using SSSC for three 

line to ground fault in load B inserted at t = 0.3 sec 

4.4. The Power System under Abnormal Conditions with Using UPFC 

4.4.1. Single Line to Ground Fault 

The power system performance with UPFC under single line to ground fault inserted at load B is 

illustrated in Fig. 35 and Fig. 36. They show that the fault current at buses 1, 2, 3, and 4 is highly 

increased, while, buses voltages are slightly decreases at faulty period. The fault current increased and 

reaches to the maximum value (37.49 pu) at bus 1 (B1) whereas the peak fault current at buses B2, 

B3 and B4, respectively would be (35.89, 17.42, 23.69 pu). Moreover, The bus voltage (B1) is 

increased from (0.63 pu) without FACTS devices to (0.74 pu) using UPFC. 

Fig. 37 to Fig. 40 display the comparison between the current wave shape of buses B1, B2, B3, 

and B4 in pu without FACTS and using UPFC for three line to ground fault in load B at t = 0.3 sec. 

These figures illustrated that UPFC gives better performance for the power system under three phase 

faults as it is able to reduce fault current of the system as the peak fault current at bus B1 is decreased 

from 59.42 pu to 37.94 pu using UPFC. Similarly, the fault current levels at other buses are also 

decreased with using UPFC. 
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Fig. 35. The current wave shapes of B1, B2, B3 and B4 in pu using UPFC for single line to ground fault in 

load B inserted at t = 0.3 sec 

 

 

Fig. 36. The voltage wave shapes of B1, B2, B3 and B4 in pu using UPFC for single line to ground fault in 

load B inserted at t = 0.3 sec 
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Fig. 37. Comparison between the current wave shape of B1 in pu without FACTS and using UPFC for single 

line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 38. Comparison between the current wave shape of B2 in pu without FACTS and using UPFC for single 

line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 39. Comparison between the current wave shape of B3 in pu without FACTS and using UPFC for single 

line to ground fault in load B inserted at t = 0.3 sec 
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Fig. 40. Comparison between the current wave shape of B4 in pu without FACTS and using UPFC for single 

line to ground fault in load B inserted at t = 0.3 sec 

4.4.2. Three Line to Ground Fault 

The power system performance with UPFC under three line to ground fault inserted at load B is 

displayed in Fig. 41 and Fig. 42. They show that the fault current at buses 1, 2, 3, and 4 is highly 

increased, while, buses voltages except if bus 3 is slightly decreased at faulty period. The fault current 

increased and reaches to the maximum value (71.63 pu) at bus 2 (B2) whereas the peak fault current 

at buses B1, B3 and B4, respectively would be (63.21, 41.31, 43.5 pu). 

 

Fig. 41. The current wave shapes of B1, B2, B3 and B4 in pu using UPFC for three line to ground fault in 

load B inserted at t = 0.3 sec 



24 
International Journal of Robotics and Control Systems 

ISSN 2775-2658 
Vol. 4, No. 1, 2024, pp. 1-32 

 

 

Ibram Y. Fawzy (Enhancing the Performance of Power System under Abnormal Conditions Using Three Different 

FACTS Devices) 

 

 

 

Fig. 42. The voltage wave shapes of B1, B2, B3 and B4 in pu using UPFC for three line to ground fault in 

load B inserted at t = 0.3 sec 

Fig. 43 to Fig. 46 display the comparison between the current wave shape of buses B1, B2, B3, 

and B4 in pu without FACTS and using UPFC for three line to ground fault in load B at t = 0.3 sec. 

These figures demonstrated that UPFC gives better performance for the power system under three 

phase faults as it is able to reduce fault current of the system as the peak fault current at bus B1 is 

decreased from 79.83 pu to 63.21 pu using UPFC. Similarly, the fault current levels at other buses are 

also decreased with using UPFC. Furthermore, the bus voltage (B1) is increased from (0.50 pu) 

without FACTS devices to (0.60 pu) using UPFC. 

Fig. 47 to Fig. 50 display the comparison between the current wave shape of buses B1, B2, B3, 

and B4 in pu without FACTS, with STATCOM, with SSSC and with UPFC for single line to ground 

fault in load B inserted at t = 0.3 sec. These figures demonstrated that STATCOM gives better 

performance for the power system under three phase faults than SSSC and UPFC gives the best 

performance for reducing the fault current. 

 

Fig. 43. Comparison between the current wave shape of B1 in pu without FACTS and using UPFC for three 

line to ground fault in load B inserted at t = 0.3 sec 
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Fig. 44. Comparison between the current wave shape of B2 in pu without FACTS and using UPFC for three 

line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 45. Comparison between the current wave shape of B3 in pu without FACTS and using UPFC for three 

line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 46. Comparison between the current wave shape of B4 in pu without FACTS and using UPFC for three 

line to ground fault in load B inserted at t = 0.3 sec 
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Fig. 47. Comparison between the current wave shape of B1 in pu without FACTS, with STATCOM, with 

SSSC and with UPFC for single line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 48. Comparison between the current wave shape of B2 in pu without FACTS, with STATCOM, with 

SSSC and with UPFC for single line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 49. Comparison between the current wave shape of B3 in pu without FACTS, with STATCOM, with 

SSSC and with UPFC for single line to ground fault in load B inserted at t = 0.3 sec 
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Fig. 50. Comparison between the current wave shape of B4 in pu without FACTS, with STATCOM, with 

SSSC and with UPFC for single line to ground fault in load B inserted at t = 0.3 sec 

Fig. 51 to Fig. 54 display the comparison between the current wave shape of buses B1, B2, B3, 

and B4 in pu without FACTS, with STATCOM, with SSSC and with UPFC for three line to ground 

fault in load B inserted at t = 0.3 sec. These figures verified that STATCOM gives better performance 

for the power system under three phase faults than SSSC and UPFC gives the best performance for 

reducing the fault current. 

 

Fig. 51. Comparison between the current wave shape of B1 in pu without FACTS, with STATCOM, with 

SSSC and with UPFC for three line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 52. Comparison between the current wave shape of B2 in pu without FACTS, with STATCOM, with 

SSSC and with UPFC for three line to ground fault in load B inserted at t = 0.3 sec 
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Fig. 53. Comparison between the current wave shape of B3 in pu without FACTS, with STATCOM, with 

SSSC and with UPFC for three line to ground fault in load B inserted at t = 0.3 sec 

 

Fig. 54. Comparison between the current wave shape of B4 in pu without FACTS, with STATCOM, with 

SSSC and with UPFC for three line to ground fault in load B inserted at t = 0.3 sec 

UPFC and STATCOM can absorb the reactive power from the presented system in a way which 

significantly reduces the fault currents and UPFC can gives better response than STATCOM [10]. 

Table 2 shows the effect of FACTS devices in peak fault current for different faults. It is noted that 

the peak fault current is reduced with FACTS devices and the UPFC gives the best results as compared 

to other ones. As the FACTS devices in this study are located between buses B1 and B2 and with 

comparing the peak fault current at bus B1 with and without using these devices under different faults. 

It is observed that FACTS devices can precisely reduce the peak fault current of bus B1 besides; UPFC 

gives the better results than STATCOM or SSSC. The peak fault current is reduced to (63.85, 79.18 

%), respectively by using UPFC under line to ground fault and three line to ground fault whereas it is 

reduced to (75.21, 94.35%) by using STATCOM and (75.40, 94.68%) by using SSSC. 

Table 2.  Effect of FACTS devices in peak fault current for different faults 

Fault 

Type 

Bus 

ID 

Without 

FACTS 
With STATCOM With SSSC With UPFC 

Maximum 

Current 
(pu) 

Maximum 

Current 
(pu) 

Percentage 

reduction 
(%) 

Maximum 

Current 
(pu) 

Percentage 

reduction 
(%) 

Maximum 

Current 
(pu) 

Percentage reduction 

(%) 

Line to 

ground 

fault 

B1 59.42 44.69 75.21 44.8 75.40 37.94 63.85 

B2 59.29 42.17 71.12 42.17 71.12 35.89 60.53 
B3 17.88 17.2 96.20 17.15 95.92 17.42 97.43 

B4 25.26 23.69 93.78 23.8 94.22 23.69 93.78 

Three 

line to 
ground 

fault 

B1 79.83 75.32 94.35 75.58 94.68 63.21 79.18 

B2 84.85 80.13 94.43 80.67 95.07 71.63 84.42 
B3 41.15 40.87 99.32 40.05 97.33 41.31 100.39 

B4 48.05 46.01 95.75 46.21 96.17 43.5 90.53 
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5. Conclusion and Further Work 

Simulation results of the power system with three different FACTS devices are carried out under 

different faults types for enhancing system ability and performance using Matlab/Simulink software 

package. The three main aspects of the proposed system are STATCOM, SSSC and UPFC. These 

three aspects are interconnected and performing well. UPFC are linked with STATCOM & SSSC and 

these are interlinked with the transmission lines with different distances. This paper shows that these 

numerous FACTS devices have been assessed as fault current limiters which are capable of decreasing 

fault current besides improving voltage.  The FACTS devices are presented and compared together in 

order to give better performance of power system under unbalanced conditions. The results 

demonstrated that the FACTS devices could improve the power system, while STATCOM gives better 

performance than SSSC and UPFC gives the best performance as compared to other FACTS types. 

The results demonstrated that UPFC which is located between buses B1 and B2 can decrease the peak 

fault current at bus B1 to (63.85, 79.18 %), respectively under line to ground fault and three line to 

ground fault though STATCOM and SSSC decrease it to (75.21, 94.35%) and (75.40, 94.68%), 

respectively. Additionally, The bus voltage (B1) is increased from (0.63, 0.50 pu), respectively under 

line to ground fault and three phase fault without FACTS devices to (0.74, 0.60 pu) using UPFC. For 

the future works, it is required to study the system with FACTS devices under additional types of 

abnormal conditions at different positions of this system. 
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