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ABSTRACT 

As the power demand has been increasing rapidly, power generation and transmission are being affected due to 
limited resources, environmental restrictions and other losses. Transient stability control plays a vital role in maintaining 
the steady state operation of power system in the event of huge disturbance, faults and any extinction of power generation. 
Flexible AC Transmission System (FACTS) controllers were mainly used for solving various power system control 
problems. This paper presents the study of various FACTS devices and their effects on power system for stability 
enhancement. 
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INTRODUCTION 

A FACTS device is one of the most advance and 
evolving technology to improve the stability of power 
transmission system. In the past 1980s, the Electrical 
Power Research Institute (EPRI) formulates the first vision 
on the FACTS. The concept of FACTS devices was 
presented by N.G. Hingorani in 1988 [1] to solve the 
various power system problems. The excellent effects of 
semiconductor devices are used to make the FACTS 
devices which are discussed in below topics. The FACTS 
devices are mainly used for solving various problems on 
power transmission system, such as, power flow control, 
transfer capacity and voltage regulation. The FACTS 
devices are evolving by two generations. In First 
generation, FACTS devices employ conventional 
Thyristor-switched capacitor and reactor, quadrature tap 
changing transformers such as Static VAR Compensator, 
Thyristor- Controlled Series Capacitor, and Thyristor - 
Controlled Phase Shift. 

In Second generation, it occupies Gate Turn-Off 
Thyristor, Thyristor-Switched Converters as Voltage 
Sources, Converters, such as Static Synchronous 
Compensator, Static Synchronous series compensator, 
Unified Power Flow Controller, Integral Power Flow 
Controller (IPFC), and Distributed Power Flow Controller 
(DPFC) [2]. From above said various FACTS devices, we 
are going to focus on D-FACTS device is as follows. The 
technology of (Distributed- FACTS) D-FACTS devices 
are recently proposed as an alternative approach for 
effective functionality of FACTS devices. The D-FACTS 
device modules have to be clamped on the power 
transmission line for effective transmission and it is 
controlling the power flow by increasing or decreasing the 
impedance of the transmission line. D-FACTS are 
especially suitable for the development needs of the 
electric network.  

In this paper D-FACTS are used to solve the 
problems in the power system. The rest of the paper is 
organized as follows: Section 2 reviews the power system 
stability Section 3 proposed techniques with suitable 
examples Section 4 discusses about the FACTS device 

types and section 5 discusses the comparison of all 
FACTS types and conclude in section 6. 
 
POWER SYSTEM STABILITY 

In any power system network formation, 
transmission, and application of electrical power can be 
segregated into three areas, in which generally resolve the 
way in which electric utility companies has been 
organized. Power electronics based equipment is 
prevailing in each of those three areas, such as with static 
excitation systems for generation and custom power 
equipment in the distribution system [3]. 
 
CLASSIFICATION OF POWER SYSTEM 
STABILITY IN POWER SYSTEM NETWORK 
 The stability is much important for the power 
transmission system. But various stabilities are there and it 
depends on various factors of the power transmission 
system. These stabilities are much more difficult to 
identify and getting improvement on this. These are 
complex in nature because we are using lots of different 
devices and instruments in different range in the system. 
The following factors considered in classifying the power 
system stabilities are [4], 
 
a) The physical nature of the deriving mode of 

fluctuation as designate by the main system fluctuate 
in which fluctuation can be observed. 

b) The volume of disturbance studied which influences 
the method of calculation and prediction of stability. 

c) These devices process and time span that must be 
taken into deliberation in order to asses’ stability. 

d) The proper way of calculation and prediction of 
stability. Now will see the different classifications of 
power system stability.  

 
a) Rotor angle stability 

Rotor angle stability means the ability of 
synchronous machine of an interconnected power system 
network to persist in synchronism subsequently been 
subjected to an interruption. It depends upon the capacity 
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to maintain or restore the equilibrium between mechanical 
torque and electromagnetic torque of the synchronous 
machine in the system. The instability of this case occurs 
because of the increasing angular swing of the generators 
or the loss of synchronism with other generators [4]. The 
loss of synchronism in the system happens by the non-
equilibrium state between the mechanical torque and 
electromagnetic torque and the speed difference between 
the generators.  
 
b) Voltage stability of power system 

Voltage stability of power system means the 
ability of the power system to maintain steady voltage at 
all the transmission lines in the system after being affected 
by a disturbance from initial operating condition. This 
stability depending on to maintain or restore equilibrium 
between the load demand and supply from the power 
system [5, 6]. The effect of instability in this case is 
formed of progressive fall or rise of voltage of 
transmission lines. The reason for this instability in this 
loss of load is tripping of transmission lines or other 
elements and loss of synchronism. And also a run-down 
situation induces voltage fluctuation occurs. When load 
dynamic struggle to restore power consumption, apart 
from the capacity of the transmission network and 
connected generation [7, 8, 9]. The main circumstances 
contributing to voltage drop because when the active and 
reactive power flow through inductive reactance of the 
system [10]. And this happens when the generators swing 
their field or armature current time-overload competence 
limits [11]. There are plenty voltage instabilities are there 
like voltage drop voltage surge and there like voltage etc., 
this all can be minimized by maintaining the condition of 
generators and other devices in good manner [12]. And 
good operating condition and design of machineries and 
equipments and skilled operated periodically maintenance 
[13]. For the best analysis of the voltage stability it has 
two sub categorized as follows: 
 
i. Large - interruption voltage stability 

Large interruption voltage stability assigns to the 
system's ability to manage steady voltages subsequent 
large interruption being system faults, loss of generation, 
or circuit exigency. This ability is resolved by the system 
and load characteristics, and interactions of both 
continuous and discrete control protections. 
 
ii. Small - interruption voltage stability 

Small interruption voltage stability assigns to the 
system's ability to maintain steady voltage when subjected 
to minimum perturbations such as incremental change in 
system load [14]. This mode of stability is clout by the 
characteristics of loads, continuous control, and discrete 
control at a given instant of time. 
 
c) Frequency stability of power system 

Frequency stability assign to capability of a 
power system to manage steady frequency subsequent a 
severe system disconcerted resulting in a significant 

imbalance between generation and load [15]. It depends 
upon the capability to manage/reinstate equilibrium 
betwixt system generation and load, with minimum 
inadvertent loss of load [16]. Fluctuations that may 
conclusion ensue in the form of uninterrupted frequency 
swings well-known to trip of generating unit or load [17]. 
 
TYPES OF FACTS DEVICES 

There are various types of FACTS devices which 
is having its own attribute and working principle are 
discussed here in detail, they are static VAR compensator 
(SVC), and Thyristor controlled series capacitor (TCSC), 
unified power flow controller (UPFC), Integral power 
flow controller (IPFC), Static Synchronous series 
compensator (SSSC), Distributed power flow controller 
(DPFC) [18, 19]. 
 
SVC-STATIC VAR COMPENSATOR 

It is connected with the transmission line in 
parallel connection. It is working as a generator as well as 
a load for the transmission line [20]. Its output is adjusted 
to control the various phenomena in the power 
transmission line for better steady state transmission. It has 
been connected to the transmission line for controlling 
several variables [36]. But the primary purpose is quick 
control of voltage at its weak point of the network. The 
SVC can connect either mid place or end of the 
transmission line as we required. Its basic operation is 
same as synchronous condensers, but without rotating 
parts. It is working by supplying or absorbing the reactive 
power from the transmission line. The installation of SVC 
is shown in Figure-2.  

 
 

Figure-2. SVC- Static VAR compensator. 
 

It is connected through a coupling transformer 
with the main AC transmission line whose voltage has to 
be regulated. SVC is made by the combination of 
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controllable by controlling the firing angle of Thyristor. It 
acts as fixed capacitor or fixed inductor at maximum to 
minimum limits. In the improvement of transient stability 
through SVC deals with the high performance steady state 
and transient voltage control compared with classical 
shunt compensation and this method is analyzed with 
IEEE 14-bus test system [37]. 
 
TCSC-THYRISTOR CONTROLLED SERIES 
CAPACITOR 

It is slightly different from SVC. TCSC is 
directly connected to the AC transmission line whose 
capacity of power transmission has to improve [36]. It is 
connected by series connection with main line. The 
illustration is shown in Figure-3. Static Voltage Stability 
Margin Enhancement using TCSC says the combination of 
TCR and capacitor allows the capacitive reactance to be 
smoothly controlled according to a specified controlled 
over a wide range [39]. The main drawbacks in TCSC is 
not giving high voltage profile when compare to other 
devices. 
 

 
 

Figure-3. TCSC- Thyristor controlled series capacitor. 
 
SSSC- STATIC SYNCHRONOUS SERIES 
COMPENSATOR 

It has a DC-AC converter and it is connected to a 
transmission line by series connection through a 
transformer. It can be act as synchronous voltage source, it 
can inject sinusoidal voltage of vary and controllable 
amplitude and series in phase angle. This voltage is 
relatively quadrature along the line current. The small 
amount of the injected voltage lies in phase with line 
current which provides the losses in the inverter. The 
injected voltage provides the effect of fixing inductive or 
capacitive reactance in series with the transmission line. 
The importance is the injected voltage must be quadrature 
with line current [37, 38]. This capacitive or inductive 
reactance makes the smooth and steady power flow in the 
power flow in the power transmission line. The schematic 
representation of SSSC is shown in Figure-4.  
 

 
 

Figure-4. SSSC-Static synchronous series compensator. 
 

It has a DC-AC converter and it is connected to a 
transmission line by series connection through a 
transformer. It can be acted as a synchronous voltage 
source as it can inject a sinusoidal voltage of variable and 
controllable amplitude and phase angle in the series. This 
voltage is almost in quadrature with the line current. A 
small amount of the injected voltage lies in phase with line 
current which provides the losses in the inverter. The 
injected voltage provides the effect of fixing an inductive 
or capacitive reactance in series with the transmission line. 
The importance is the injected voltage must be quadrature 
with line current. This capacitive or inductive reactance 
makes the smooth and steady power flow in the power 
flow in the power transmission line. The main 
disadvantage of this device is the voltage acts in 
opposition to leading quadrature voltage appearing across 
the transmission-line inductance. 
 
UPFC- UNIFIED POWER FLOW CONTROLLER 

Compare with the above discussed FACTS 
devices. The UPFC has the best effect on efficient steady 
state transmission. Because of its design and working 
principle it’s having such technology. This technology is 
settling effect on steady state, dynamic and transient 
stabilities. The design illustration of UPFC is shown in 
Figure-5. The major components of UPFC are two AC/DC 
converters, series and shunt transformer and the capacitor. 
One AC/DC converter is connected in series along the 
transmission line over a series. And the other is connected 
parallel with the transmission line through shunt 
transformer. 
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Figure-5. UPFC-unified power flow controller. 
 

The DC output side of the both converters is 
connected with the capacitor [40] [41]. This capacitor 
gives DC voltage for the converter operation. Now the 
entire system of Unified Power Flow Controller is adept of 
both supplying and absorbing real and reactive power 
from the system. The power balance between the series 
and shunt converter is a precondition to retain a constant 
voltage across the DC capacitor. The power flow capacity 
and transient stability are improved by series branch of 
UPFC which inject the voltage of variable magnitude and 
phase angle. These series branch can exchange real power 
with a transmission line to improve above said quality of 
transmission line. The shunt branch of UPFC system is 
exchanging a current and power factor angle of 
controllable magnitude with the power system. It is 
ordinarily controlled to balance the real power absorption 
or injection into the power system by the series branch, 
plus the losses by regulating the DC voltage at the desired 
value. 
 
IPFC- INTEGRAL POWER FLOW CONTROLLER 
 

 
 

Figure-6. IPFC-integral power flow controller. 
 

The major components used in UPFC devices are 
shunt transformer, series transformer, and VSC and 
capacitor bank. The schematic representation of UPFC is 
shown in Figure-5. Compare with other FACTS devices 
UPFC is simple in design. The working principle of UPFC 
is given below. For UPFC the connection between the 
shunt VSC and series VSC allows active power exchange 
of the two VSCs so the series VSC can control both the 

line active and reactive power flow. The shunt VSC 
regulates the bus voltage and satisfies the balance of 
power circulation through the DC capacitor. The operation 
of GUPFC is similar to a UPFC with the only difference 
being the GUPFC having multiple series VSCs which can 
control the power flow on multiple lines. For IPFC two 
series VSCs connect to each other at the DC bus so one of 
them (assumed as the Master VSC) can control both line 
active and reactive power and the other one (assumed as 
the Slave VSC) can only regulate line active power 
supporting sufficient active power to the Master VSC 
through the DC tie.   
 
DPFC- DISTRIBUTED POWER FLOW 
CONTROLLER 

All FACTS devices which we have discussed in 
above topics are not seen widespread commercial 
acceptance because of high voltage (up to 345KV), high 
power (multi-hundred MVA), high cost etc., and [19]. But 
the concept of D-FACTS devices has recently been 
proposed as an alternative approach for realizing the 
functionality of FACTS devices. Here it is proposed to 
design Distributed Power Flow Controller (DPFC) which 
is derived from UPFC. UPFC- common DC link=DPFC. 
Here the absence of a common DC link between the 
converters increases the reliability of the system. Here 
active power exchange between series and shunt converter 
is through the transmission lines at a third harmonic 
frequency. Here it is proposed to use multiple small size 
phase converters instead of one large size three phase 
series converter. The schematic representation of D-
FACTS devices is shown in Figure-7. 
 

 
 

Figure-7. DPFC-distributed power flow controller. 
 

The major components of D-FACTS devices are 
single turn transformer, single phase voltage source 
inverter, filter and controlling module, and the self-
production module, which is essential for practical 
implementation [41]. The rating of single D-FACTS 
devices is about 10 KVA and number D-FACTS devices 
are clamped on the power line as shown in Figure-7. By 
increasing or decreasing the impedance of the line, the 
steady state power flow is achieved. DFC changes its 
reactance is based on the AVI. The controller makes AB 
port network to meet the relation between voltage and 
current of inductance or flux and current of inductance by 
controlling the inverter [42]. Like this, a port network is 
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equivalent to the inductance and transformer it can also be 
controlled as the negative inductance. The value of AVI 
can be change with the definite value of L. This AVI 
controlling the impedance of a transmission line 
accordingly power flow also controlled within the 
operating constraints of the currents carrying thermal 
limits of conductors, increase value of transmission assets 
[43]. With a large number of modules working together, 
this gives better effects on the overall power flow in the 
line.  
 
Benefits of utilizing FACTS devices 
 The benefits of utilizing Flexible AC 
Transmission System devices in electrical transmission 
systems can be summarized. 
 
a) Better utilization of existing transmission system 

assets. 
b) Increased transmission system reliability and 

availability. 
c) Increased dynamic and transient grid stability and 

reduced of loop flows. 
d) Increased quality of supply for sensitive industries. 
 
CONCLUSION AND FUTURE WORK 

As we discussed about various problems and 
instabilities occurring in the power transmission system, 
they are minimized or removed by using various FACTS 
devices. And also we have discussed about working 
principle, special character, design complex, utilization 
and installation of various FACTS devices. From the 
above discussion and comparison among various FACTS 
devices, we can clearly find the technology and concept 
used in D-FACTS devices can be able to solve the various 
problems in the power transmission system and can give 
the effective power transmission. And also the D-FACTS 
devices using commercially available low power devices 
offer the potential to dramatically reduce the cost of power 
flow control. The ability to use nature power conversion 
techniques demonstrates the potential for high reliability 
and lower cost implementation. The transient oscillation is 
more mitigate as the reactance of transmission lines and 
phase angle. The present work is analyzed with respect to 
DPFC, various types of FACTS devices are available and 
can modeled for the transient stability purposed and can be 
observed the effectiveness of the other FACTS devices 
during the fault in the power system. 
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