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FLEXIBLE AC TRANSMISSION SYSTEM 

 
UNIT–I: 

Introduction to FACTS 

Power flow in an AC System – Loading capability limits – Dynamic stability considerations – 

Importance of controllable parameters – Basic types of FACTS controllers – Benefits from FACTS 

controllers – Requirements and characteristics of high power devices – Voltage and current rating – 

Losses and speed of switching – Parameter trade–off devices. 

 

UNIT–II: 

Voltage source and Current source converters 

Concept of voltage source converter(VSC) – Single phase bridge converter – Square–wave voltage 

harmonics for a single–phase bridge converter – Three–phase full wave bridge converte r– Three– 

phase current source 

converter – Comparison of current source converter with voltage source converter. 

 
UNIT–III: 

Shunt Compensators–1 

Objectives of shunt compensation – Mid–point voltage regulation for line segmentation – End of 

line voltage support to prevent voltage instability – Improvement of transient stability – Power 

oscillation damping. 

 

UNIT–IV: 

Shunt Compensators–2 

Thyristor Switched Capacitor(TSC)– Thyristor Switched Capacitor – Thyristor Switched Reactor 

(TSC–TCR). Static VAR compensator(SVC) and Static Compensator(STATCOM): The regulation 

and slope transfer function and dynamic performance – Transient stability enhancement and power 

oscillation damping– Operating point control and summary of compensation control. 

 

UNIT V: 

Series Compensators 

Static series compensators: Concept of series capacitive compensation – Improvement of transient 

stability – Power oscillation damping – Functional requirements. GTO thyristor controlled Series 

Capacitor (GSC) – Thyristor Switched Series Capacitor (TSSC) and Thyristor Controlled Series 

Capacitor (TCSC). 

 

UNIT–VI: 

Combined Controllers 

Schematic and basic operating principles of unified power flow controller(UPFC) and Interline 

power flow controller(IPFC) – Application of these controllers on transmission lines. 



UNIT I 

INTRODUCTION OF FACTS 

 

 

 
➢ A Flexible Alternating Current Transmission System (FACTS) is a system 

composed of static equipment used for the AC transmission of electrical energy 

and it is meant to enhance controllability and increase power transfer capability of 

the network and it is generally a power electronics-based system. 

➢ FACTS is defined by the IEEE as “a power electronics based system other static 

equipment that provide control of one or more AC transmission system 

parameters to enhance controllability and increase power transfer capability”. 

 

REACTIVE POWER CONTROL 

 

➢ “To make transmission networks operate within desired voltage limits and methods of 

making up or taking away reactive power is called reactive-power control”. 

➢ The AC networks and the devices connected to them create associated time-varying 

electrical fields related to the applied voltage and as well as magnetic fields 

dependent on the current flow and they build up these fields store energy that is 

released when they collapse”. 
 
 

 
➢ Apart from the energy dissipation in resistive components, all energy-coupling 

devices (e.g: motors and generators) operate based on their capacity to store and 

release energy. 

➢ While the major means of control of reactive power and voltage is via the excitation 

systems of synchronous generators and devices may be deployed in a transmission 

network to maintain a good voltage profile in the system. 

➢ The shunt connected devices like shunt capacitors or inductors or synchronous 

inductors may be fixed or switched (using circuit breaker). 

➢ The Vernier or smooth control of reactive power is also possible by varying effective 

susceptance characteristics by use of power electronic devices. Example: Static Var 

Componsator(SVC)” and a Thyristor Controlled Reactor (TCR). 



UNCOMPENSATED TRANSMISSION LINES 

Introduction 

For simplicity let us consider only the inductive reactance 
 

 
From the above figure it is clear that between he sending and the receiving end voltages 

and magnitude variation as well as a phase difference is created and the most significant 

part of the voltage drop in the line reactance is due to the reactive component of the load 

current and to keep the voltages in the network nearly at the rated value. 

Two compensation methods are: 

1. Load compensation 

2. System compensation 

 

Load Compensation 

 

➢ It is possible to compensate for the reactive current of the load by adding a 

parallel capacitive load so that Ic = Ix and the effective power factor to become 
unity. 

➢ In the figure the absence of Ix eliminates the voltage drop ∆V1 bringing Vr closer 

in magnitude to Vs, this condition is called load compensation and actually by 
charging extra for supplying the reactive power a power utility company makes it 
advantageous for customers to use load compensation on their premises. 

➢ Loads compensated to the unity power factor reduce the line drop but do not 

eliminate it. They still experience a drop of ∆V2 from j IrX1. 
 

 
 



System compensation 

 

➢ To regulate the receiving-end voltage at the rated value a power utility may install 

a reactive-power compensator as shown in the figure and this compensator draws 

a reactive current to overcome both components of the voltage drop ∆V1 and ∆V2 

as a consequence of the load current I1 through the line reactance X1. 

➢ To compensate for ∆V2 an additional capacitive current ∆Ic over and above Ic that 

compensates for Ix is drawn by the compensator. 

➢ When ∆Ic X1 = ∆V2 the receiving end voltage Vr equals the sending end voltage  

Vs and such compensators are employed by power utilities to ensure the quality of 
supply to their customers. 

 

Lossless Distributed Parameter Lines 

 

➢ Most power transmission lines are characterized by distributed parameters: Series 

Resistance, Series Inductance, Shunt Conductance and Shunt Capacitance all per- 

unit length and these parameters all depend on the conductor size, spacing, and 

clearance above the ground, frequency and temperature of operation. 

➢ In addition these parameters depend on the bundling arrangement of the line 

conductors and the nearness to other parallel lines. 

 

Symmetrical Lines 

 

➢ When the voltage magnitudes at the two ends of a line are equal that is 

Vs = Vr =V and the line is said to be symmetrical because power networks operate 

as voltage sources attempts are made to hold almost all node voltages at nearly 

rated values. Therefore a symmetrical line presents a realistic situation. 

➢ Active and Reactive powers of a transmission line are frequently normalized by 

choosing the Surge-Impedance Load (SIL) as the base. 

 

Midpoint Conditions of a Symmetrical Line 

 

➢ The magnitude of the midpoint voltage depends on the power transfer and this 

voltage influences the line insulation. 

➢ For a symmetrical line where the end voltages are held at nominal values the 

midpoint voltage shows the highest magnitude variation. 

 

PASSIVE COMPENSATION 

 

The reactive-power control for a line is often called reactive-power compensation and 

external devices or subsystems that control reactive power on transmission lines are known 

as “compensators”. 

A compensator mitigates the undesirable effects of the circuit parameters of a given line and 

the objectives of line compensation are invariably 

1. To increase the power-transmission capacity of the line. 



2. To keep the voltage profile of the line along its length within acceptable bounds to 

ensure the quality of supply to the connected customers, to minimize the line 

insulation costs. 
 

 

Types 
 

Shunt Compensation 

    Series Compensation 

Shunt Compensation 

➢ In a weak system voltage control by means of parallel compensation is applied to 

increase the power quality and improvement of the voltage profile for different 

system and load conditions when using a Static Var Compensator (SVC) for fast 

control of shunt connected capacitors and reactors. 

➢ Shunt compensation can also be employed as a ‘local’ remedy against voltage 

collapse which can occur when large induction machines are connected to the 

system. 

➢ After system faults the machines load the power system heavily with high reactive 

power consumption and the remedy for such fault is strong capacitive power 

injection for example by using an either SVC or STATCOM or just switched 

capacitors. 

➢ The reactive current is injected into the line to maintain voltage magnitude and 

transmittable active power (P) is increased but more reactive power (Q) is to be 

provided. 

P = (2V2/X)sin(ᵟ/2) Q 

= (2V2/X)[1-cos(ᵟ/2)] 



 

 
 

 

 

Series Compensation 

➢ The Series Compensation is a well established technology that primarily used to 
transfer reactances most notably in bulk transmission corridors. 

➢ The result is a significant increase in the transmission system transient and 

voltage stability and Series Compensation is self regulating in the sense that its 

reactive power output follows the variations intransmission line current that 

makes the series compensation concept extremely straight forward and cost 

effective. 

➢ The thyristor controlled series capacitors adds another controllability dimension 

as thyristor are used to dynamically modulate the ohms provided by the inserted 

capacitor and this is primarily used to provide inter-area damping of prospective 

low frequency electromechanical oscillations but it also makes the whole Series 

Compensation schama immune to Sub Synchronous Resonance (SSR). 

➢ Series compensation is used to improve system stability and to increase the 

transmission capacity in radial or bulk power long istance AC systems and 

referring to below the equation and a series capacitor reduces the line impedance 

X hence the transmmission P will increase. 



➢ This principle can also be applied in meshed systems for balancing the lods on 

parallel lines and the simplest form of series compensation is the fixed series 

compensator for reducing the transmission angle thus providing stability 

enhancement. 

➢ FACTS for series compensation modify line impedance X is decreased so as to 

increase the transmittable active power (P), however more reactive power (Q) 

must be provided. 

P = [V2/(X – Xc)]sinᵟ 

Q =  [V2/(X – Xc)]{1- cosᵟ} 
 

 

 
OVERVIEW OF FACTS DEVICES 

SVC – Static Var Compensator 

➢ A SVC is an electrical device for providing fast acting reactive power on high-voltage 

electricity transmission networks. 

➢ SVCs are part of the FACTS device family and regulating voltage and stabilizing the 

system. 

➢ Unlike a synchronous condenser which is a rotating electrical machine a SVC has no 

significant moving parts and prior to the invention of the SVC power factor 



compensation was the preserve of large rotating machines such as synchronous 

condensers or switched capacitor banks. 

➢ The SVC is an automated impedance matching device designed to bring the system 

closer to unity power factor. 

➢ SVCs are used in two main situations: 

o Connected to the power system, to regulate the transmission voltage. 

o Connected near large industrial loads, to improve power quality. 
➢ In transmission applications the SVC is used to regulate the grid voltage. 

➢ If the power system’s reactive load is capacitive (leading) the SVC will use thyristor 

controlled reactors to consume vars from the system lowering the system voltage. 

➢ Under inductive (lagging)conditions the capacitor banks are automatically switched on 

thus providing a higher system voltage and by connecting the thyristor-controlled reactor 

which is continuously variable along with a capacitor bank step and the net result is 

continuously-variable leading or lagging power. 

➢ In industrial applications SVCs are typically placed near high and rapidly varying loads 

such as arc furnaces where they can smooth flicker voltage. 

Description: 

Typically an SVC comprises one or more banks of fixed or switched shunt capacitors or reactors 

of which atleast one bank is switched by thyristors. 

The elements which may be used to make an SVC typically include: 

Thyristor Controlled Reactor (TCR) where the reactor may be air or iron cored. 

Thyristor Switched Capacitor (TSC). 

Harmonic filter(s). 

Mechanically switched capacitors or reactors. 
 

Connection: 

➢ Generally SVC is not done at line voltage; a bank of transformers steps the transmission 

voltage down to a much lower level. 

➢ This reduces the size and number of components needed in the SVC although the 

conductors must be very large to handle high currents associated with the lower voltage. 

➢ In some SVC for industrial applications such as electric arc furnaces where there may be 

an existing medium-voltage bus bar present the SVC may be directly connected in order 

to save the cost of the transformer. 

➢ The dynamic nature of the SVC lies in the use of thyristors connected in series and 

inverse-parallel forming “thyristor valves” and the disc-shaped semiconductors usually 

several inches in diameter are usually located indoors in a “valve house”. 

Advantages: 

➢ Near instantaneous response to changes in the system voltage. For this reason they are 

often operated at close to their zero-point in order to maximize the reactive power 

correction they can rapidly provide when required. 



➢ In general, cheaper, higher-capacity, faster and more reliable than dynamic compensation 

schemes such as synchronous condensers. 

 
Thyristor Controlled Series Capacitor (TCSC) 

 

➢ TCSC is a power electronic based system and Thyristor Switched Capacitor is 

connected in series with a bidirectional thyristor valve. 

➢ The TCSC can control power flow, mitigate sub-synchronous resonance, improve 

transient stability, damp out power system oscillations resulting increase of power 

transfer capability. 

➢ A single diagram of TCSC shows two modules connected in series and there can 

be one or more module depending on the requirement to reduce the costs and 

TCSC may be used in conjunction with fixed series capacitors. 

➢ Nowadays TCSC is being included in some of the transmission systems and the 

basic circuit of a TCSC in one of the phase is shown in the fig.controls the current 

through the reactor. 

➢ The forward-looking thyristor has firing angle 900 – 1800 and firing the thyristors 

at this time results in a current flow through the inductor that is opposite to the 

capacitor current and in this loop current increases the voltage across the 

capacitor. 

➢ Further the loop current increases as firing angle decreases from 1800. 

➢ The different compensation levels are obtained by varying the firing angle of the 
reactor-circuit-thyristor. 

 
UNIFIED POWER FLOW CONTROLLER (UPFC) 

 

➢ The UPFC is the most versatile member of FACTS family using power 

electronics to control power flow on power grids. 

➢ The UPFC uses a combination of a shunt controller (STATCOM) and a series 

controller (SSSC) interconnected through a common DC bus. 
P = (V2V3 sinᵟ)/X and Q = (V2(V2 – V3 cosᵟ))/X 

➢ This FACTS topology provides much more flexibility than the SSSC for 

controlling the line active and reactive power because active power can now be 

transferred from the shunt converter to the series converter through the DC bus. 



 
 

 

 

 

INTEGRAL POWER FLOW CONTROLLER (IPFC) 

 

➢ In other FACTS controllers there are two or more VSCs coupled together via a 

common DC bus which increases not only the controllability but also the 

complexity. 

➢ 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. 

➢ 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 Slave VSC) can only regulate line active power 

supporting sufficient active power to the Master VSC through the DC tie. 



System compensation 

 

➢ To regulate the receiving-end voltage at the rated value a power utility may install 

a reactive-power compensator as shown in the figure and this compensator draws 

a reactive current to overcome both components of the voltage drop ∆V1 and ∆V2 

as a consequence of the load current I1 through the line reactance X1. 

➢ To compensate for ∆V2 an additional capacitive current ∆Ic over and above Ic that 

compensates for Ix is drawn by the compensator. 

➢ When ∆Ic X1 = ∆V2 the receiving end voltage Vr equals the sending end voltage  

Vs and such compensators are employed by power utilities to ensure the quality of 
supply to their customers. 

 

Lossless Distributed Parameter Lines 

 

➢ Most power transmission lines are characterized by distributed parameters: Series 

Resistance, Series Inductance, Shunt Conductance and Shunt Capacitance all per- 

unit length and these parameters all depend on the conductor size, spacing, and 

clearance above the ground, frequency and temperature of operation. 

➢ In addition these parameters depend on the bundling arrangement of the line 

conductors and the nearness to other parallel lines. 

 

Symmetrical Lines 

 

➢ When the voltage magnitudes at the two ends of a line are equal that is 

Vs = Vr =V and the line is said to be symmetrical because power networks operate 

as voltage sources attempts are made to hold almost all node voltages at nearly 

rated values. Therefore a symmetrical line presents a realistic situation. 

➢ Active and Reactive powers of a transmission line are frequently normalized by 

choosing the Surge-Impedance Load (SIL) as the base. 

 

Midpoint Conditions of a Symmetrical Line 

 

➢ The magnitude of the midpoint voltage depends on the power transfer and this 

voltage influences the line insulation. 

➢ For a symmetrical line where the end voltages are held at nominal values the 

midpoint voltage shows the highest magnitude variation. 

 

PASSIVE COMPENSATION 

 

The reactive-power control for a line is often called reactive-power compensation and 

external devices or subsystems that control reactive power on transmission lines are known 

as “compensators”. 

A compensator mitigates the undesirable effects of the circuit parameters of a given line and 

the objectives of line compensation are invariably 

1. To increase the power-transmission capacity of the line. 
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Shunt Compensation 

UNIT III 

SHUNT COMENSATORS-1 

➢ In a weak system voltage control by means of parallel compensation is applied to 

increase the power quality and improvement of the voltage profile for different 

system and load conditions when using a Static Var Compensator (SVC) for fast 

control of shunt connected capacitors and reactors. 

➢ Shunt compensation can also be employed as a ‘local’ remedy against voltage 

collapse which can occur when large induction machines are connected to the 

system. 

➢ After system faults the machines load the power system heavily with high reactive 

power consumption and the remedy for such fault is strong capacitive power 

injection for example by using an either SVC or STATCOM or just switched 

capacitors. 

➢ The reactive current is injected into the line to maintain voltage magnitude and 

transmittable active power (P) is increased but more reactive power (Q) is to be 

provided. 

P = (2V2/X)sin(ᵟ/2) Q 

= (2V2/X)[1-cos(ᵟ/2)] 
 

 

Enhancement of Transient Stability 

2.4.2.1Power-angle curves 

 

The SMIB system: (a) an uncompensated system (b) an SVC-compensated system 



 

➢ An enhancement in transient stability is achieved primarily through voltage control 

exercised by the SVC at the interconnected bus. 

➢ A simple understanding of this aspect can be obtained from the power-angle curves, of 

the uncompensated and midpoint SVC–compensated SMIB system. 
➢ Consider both the uncompensated and SVC-compensated power system depicted in Fig. 

➢ Assume that both systems are transmitting the same level of power and are subject to an 

identical fault at the generator terminals for an equal length of time. 

➢ The power-angle curves for both systems are depicted in Fig. 

➢ The initial operating point in the uncompensated and compensated systems are indicated 

by rotor angles d1 and dc1. These points correspond to the intersection between the 

respective power-angle curves with the mechanical input line PM, which is same for both 
the cases. 

 

 

 
 

➢ In the event of a 3-phase-to-ground fault at the generator terminals, even though the 

short-circuit current increases enormously, the active-power output from the generator 

reduces to zero. Because the mechanical input remains unchanged, the generator 

accelerates until fault clearing, by which time the rotor angle has reached values d2 and 

dC2 and the accelerating energy, A1 and AC1, has been accumulated in the uncompensated 
and compensated system, respectively. 

➢ When the fault is isolated, the electrical power exceeds the mechanical input power, and 

the generator starts decelerating. 

➢ The rotor angle, however, continues to increase until δ3 and δc3 from the stored kinetic 
energy in the rotor. 

➢ The decline in the rotor angle commences only when the decelerating energies 

represented by A2 and AC2 in the two cases, respectively, become equal to the accelerating 

energies A1 and AC1. 
➢ The power system in each case returns to stable operation if the post-fault angular swing, 

denoted by d3 and dC3, does not exceed the maximum limit of dmax and dc max, 
respectively. Should these limits be exceeded, the rotor will not decelerate. 

➢ The farther the angular overswing from its maximum limit, the more transient stability in 

the system. 

➢ An index of the transient stability is the available decelerating energy, termed the 

transient-stability margin, and is denoted by areas Amargin and Ac margin in the two cases, 

respectively. Clearly, as Ac margin significantly exceeds Amargin, the system-transient 
stability is greatly enhanced by the installation of an SVC. The increase in transient 
stability is thus obtained by the enhancement of the steady-state power-transfer limit 

provided by the voltage-control operation of the midline SVC. 



 

 

2.4.2.2 Synchronizing Torque 

A mathematical insight into the increase in transient stability can be obtained through the 

analysis presented in the text that follows. The synchronous generator is assumed to be driven 

with a mechanical-power input, PM. The transmission line is further assumed to be lossless; 

hence the electrical power output of the generator, PE, and the power received by the infinite bus 

are same. The swing equation of the system can be written as 

 
Where M = angular momentum of the synchronous generator 

For small signal analysis,the equation is linearized as, 

 

 
The mechanical-input power is assumed to be constant during the time of analysis; hence 



 

ΔPM =0. The linearized-swing equation then becomes 
 

 

 

 

 

(or) 
 

 

 

The characteristic equation of the differential equation provides two roots: 

 

 

 

On the other hand, if the synchronizing torque KS is negative, the roots are real. A positive real 

root characterizes instability. The synchronizing-torque coefficient is now determined for both 

the uncompensated and SVC-compensated systems. 
 

 

 

 

 
 

 

 

 

 

 

 
 



 

Steady State Power Transfer Capacity 

➢ An SVC can be used to enhance the power-transfer capacity of a transmission line, which 

is also characterized as the steady-state power limit. 

➢ Consider a single-machine infinite-bus (SMIB) system with an interconnecting lossless 

tie line having reactance X shown in Fig. 

➢ Let the voltages of the synchronous generator and infinite bus be V1/–δ and V2/–δ, 
respectively. The power transferred from the synchronous machine to the infinite bus is 

expressed as 

➢ For simplicity, if V1 = V2 =V, then 

 

 

 

The SMIB system: (a) an uncompensated system (b) an SVC-compensated system 

➢ The power thus varies as a sinusoidal function of the angular difference of the voltages at 

the synchronous machine and infinite bus, as depicted in Fig. 
➢ The maximum steady-state power that can be transferred across the uncompensated line 

without SVC corresponds to δ = 900; it is given by 
 

 
 



 

 
 

 

The variation of linear real-power flow and SVC reactive-power flow in a SMIB system 
 

➢ Let the transmission line be compensated at its midpoint by an ideal SVC. 

➢ The term ideal corresponds to an SVC with an unlimited reactive-power rating that can 

maintain the magnitude of the midpoint voltage constant for all real power flows across 

the transmission line. 

➢ The SVC bus voltage is then given by Vm/–δ/ 2.The electrical power flow across the half- 
line section connecting the generator and the SVC is expressed as 

➢ The maximum transmittable power across the line is then given by 
 

 

 
 

 
which is twice the maximum power transmitted in the uncompensated case and occurs at 

δ/ 2 =900. 
 

 

 

 

 
 



 

➢ If the transmission line is divided into n equal sections, with an ideal SVC at each 

junction of these sections maintaining a constant-voltage magnitude (V), then the power 

transfer (P′c) of this line can be expressed theoretically by 
 

 
 

➢ The maximum power, P′c max, that can be transmitted along this line is nV2/ X. In other 

words, with n sections the power transfer can be increased n times that of the 

uncompensated line. 

➢ It may be understood that this is only a theoretical limit, as the actual maximum power 

flow is restricted by the thermal limit of the transmission line. 

➢ It can be shown that the reactive-power requirement, QSVC, of the midpoint SVC for the 
voltage stabilization is given by 

 

 

 

 

Power angle curve of a SMIB systema) uncompensated (b) ideal midpoint SVC unlimited 

rating curve (c) fixed capacitor connected at its midpoint (d) midpoint SVC limited rating curve 

➢ This curve is based on the corresponding equivalent reactance between the synchronous 

generator and the infinite bus. 

➢ If an SVC incorporating a limited-rating capacitor as in the preceding text (QSVC _ 

2Pmax) is connected at the line midpoint, it ensures voltage regulation until its capacitive 

output reaches its limit. 

➢ In case the system voltage declines further, the SVC cannot provide any voltage support, 

and behaves as a fixed capacitor. 



 

➢ Curve (d) represents the power-angle curve that shows this fixed-capacitor behavior and 

demonstrates that the realistic maximum power transfer will be much lower than the 

theoretical limit of 2Pmax if the SVC has a limited reactive-power rating. 

 

Enhancement of Power System Damping 

 
➢ The power-transfer capacity along a transmission corridor is limited by several 

factors; for example, the thermal limit, the steady-state stability limit, the 

transient-stability limit, and system damping. 

➢ In certain situations, a power system may have inadequate—even negative— 

damping; therefore, a strong need arises to enhance the electrical damping of 

power systems to ensure stable, oscillation-free power transfer. 

➢ A typical scenario of the magnitude of various limits, especially where damping 

plays a determining role , is depicted graphically in Fig. Oscillations in power 

systems are caused by various disturbances. 

➢ If the system is not series-compensated, the typical range of oscillation 

frequencies extends from several tenths of 1 Hz to nearly 2 Hz. 

➢ Several modes of oscillation may exist in a complex, interconnected power 

system. 

➢ The behavior of generator oscillations is determined by the two torque 
components: the synchronizing torque and damping torque. 

➢ The synchronizing torque ensures that the rotor angles of different generators do 

not drift away following a large disturbance. 

➢ In addition, the magnitude of the synchronizing torque determines the frequency 

of oscillation. Meanwhile, damping torque influences the decay time of 

oscillations. 

➢ Even if a power system is stable, the oscillations may be sustained for a long 

period without adequate damping torque. 
 

 

 

 
 



 

Comparison of different limits on the Power Flow 

 

 

Prevention of Voltage Stability 

 
➢ Voltage instability is caused by the inadequacy of the power system to supply the 

reactive-power demand of certain loads, such as induction motors. 

➢ A drop in the load voltage leads to an increased demand for reactive power that, if 

not met by the power system, leads to a further decline in the bus voltage. This 

decline eventually leads to a progressive yet rapid decline of voltage at that 

location, which may have a cascading effect on neighboring regions that causes a 

system voltage collapse. 

 

Principle of SVC Control 

 
➢ The voltage at a load bus supplied by a transmission line is dependent on the 

magnitude of the load, the load-power factor, and the impedance of the 

transmission line. 

➢ Consider an SVC connected to a load bus, as shown in Fig. The load has a 
varying power factor and is fed by a lossless radial transmission line. 

➢ The voltage profile at the load bus, which is situated at the receiver end of the 

transmission line, is depicted in Fig. For a given load-power factor, as the 

transmitted power is gradually increased, a maximum power limit is reached 

beyond which the voltage collapse takes place. 

➢ In this typical system, if the combined power factor of the load and SVC is 

appropriately controlled through the reactive-power support from the SVC, a 



 

 

constant voltage of the receiving-end bus can be maintained with increasing 
magnitude of transmitted power, and voltage instability can be avoided. 

 

 
 

(a) An SVC connected at the load bus by a radial transmission line supplying a load and 

(b)the voltage profile at the receiving end of a loaded line with a varying power factor 

load. 



 

o 2–15 Hz for small-signal or control oscillations 

o 10–50/ 60 Hz for subsynchronous resonance (SSR) interactions 

o >15 Hz for electromagnetic transients, high-frequency resonance or harmonic 

resonance interactions, and network-resonance interactions 

 
Steady – State Interactions 

 
➢ Steady-state interactions between different controllers (FACTS–FACTS or FACTS– 

HVDC) occur between their system-related controls. 

➢ They are steady state in nature and do not involve any controller dynamics. These 

interactions are related to issues such as the stability limits of steady-state voltage and 

steady-state power; included are evaluations of the adequacy of reactive-power support at 

buses, system strength, and so on. 

➢ An example of such control coordination may be that which occurs between the steady- 

state voltage control of FACTS equipment and the HVDC supplementary control for ac 

voltage regulation. 

Load-flow and stability programs with appropriate models of FACTS equipment and HVDC links are 

 

➢ HVDC links are generally employed to investigate the foregoing control interactions 



 

Enhancement of Power System Damping 

 
➢ The power-transfer capacity along a transmission corridor is 

limited by several factors; for example, the thermal limit, the 

steady-state stability limit, the transient-stability limit, and system 

damping. 

➢ In certain situations, a power system may have inadequate—even 

negative— damping; therefore, a strong need arises to enhance the 

electrical damping of power systems to ensure stable, oscillation-free 

power transfer. 

➢ A typical scenario of the magnitude of various limits, especially 

where damping plays a determining role , is depicted graphically in 

Fig. Oscillations in power systems are caused by various 

disturbances. 

➢ If the system is not series-compensated, the typical range of 

oscillation frequencies extends from several tenths of 1 Hz to nearly 

2 Hz. 

➢ Several modes of oscillation may exist in a complex, interconnected 

power system. 

➢ The behavior of generator oscillations is determined by the two 
torque components: the synchronizing torque and damping torque. 

➢ The synchronizing torque ensures that the rotor angles of different 

generators do not drift away following a large disturbance. 

➢ In addition, the magnitude of the synchronizing torque determines the 

frequency of oscillation. Meanwhile, damping torque influences the 

decay time of oscillations. 

➢ Even if a power system is stable, the oscillations may be sustained for 

a long period without adequate damping torque. 
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IV B.Tech II Semester Regular Examinations, September - 2020 

FLEXIBLE ALTERNATING CURRENT TRANSMISSION SYSTEMS 

(Electrical and Electronics Engineering) 

Time: 3 hours           Max. Marks: 70 

Question paper consists of Part-A and Part-B 

Answer ALL sub questions from Part-A 

Answer any FOUR questions from Part-B 

***** 

 

  PART–A(14 Marks)  

1. a) List out the importance of controllable parameters. [3] 

 b) What are the principal types of current sourced converters? [2] 

 c) How do you improve the transient stability using shunt compensation? [3] 

 d) What are the methods of controlling the reactive power? [2] 

 e) What are the various types of variable impedance type series compensators? [2] 

 f) Why you need UPFC. [2] 

    

  PART–B(4x14 = 56 Marks)  

2. a) Explain the dynamic stability considerations of a transmission interconnections. [7] 

 b) Describe the possible benefits from FACTS technology. [7] 

    

3. a) Discuss the basic concept of voltage source converter. [7] 

 b) Explain the operation of three phase bridge converter with diagrams. [7] 

    

4.  Explain the mid–point voltage regulation for line segmentation with necessary 

diagrams and expressions. 

 

[14] 

    

5. a) Explain the regulation slope of static VAr generator with block diagram. [7] 

 b) Describe the VAr reserve control of static compensator. [7] 

    

6. a) Discuss the concept of series capacitive compensation with necessary 

expressions. 

 

[7] 

 b) What is the summary of functional requirements of series compensation? [7] 

    

7.  Explain the basic operating principle of UPFC with diagrams. [14] 
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IV B.Tech II Semester Regular Examinations, September - 2020 

FLEXIBLE ALTERNATING CURRENT TRANSMISSION SYSTEMS 

 (Electrical and Electronics Engineering) 

Time: 3 hours           Max. Marks: 70 

Question paper consists of Part-A and Part-B 

Answer ALL sub questions from Part-A 

Answer any FOUR questions from Part-B 

***** 

 

  PART–A(14 Marks)  

1. a) What are the basic types of FACTS controllers? [2] 

 b) What is the basic concept of voltage source converter? [3] 

 c) What is the need ofend of line voltage support to prevent voltage instability? [3] 

 d) What is meant by thyristor switched capacitor? [2] 

 e) What is meant by thyristor controlled series capacitor? [2] 

 f) What is meant by UPFC?Draw its diagram. [2] 

    

  PART–B(4x14 = 56 Marks)  

2. a) What limits loading capability in AC power transmission system. Discuss them. [7] 

 b) Explain the losses and speed of switching of high power devices. [7] 

    

3. a) Discuss the operation of single phase full wave bridge converter. [7] 

 b) Derive the expressions for fundamental and harmonic voltages for a three phase 

bridge converter. 

 

[7] 

    

4.  Describe the improvement of transient stability using shunt compensation with 

necessary diagrams. 

 

[14] 

    

5. a) Compare the different types of static VAr generators. [7] 

 b) Derive the transfer function of SVC and STATCOM. [7] 

    

6.  Describe the thyristor switched series capacitor with neat diagrams and 

expressions. 

 

[14] 

    

7.  Explain the conventional transmission control capabilities of UPFC with 

diagrams and expressions. 

 

[14] 
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IV B.Tech II Semester Regular Examinations, September - 2020 

FLEXIBLE ALTERNATING CURRENT TRANSMISSION SYSTEMS 

 (Electrical and Electronics Engineering) 

Time: 3 hours           Max. Marks: 70 

Question paper consists of Part-A and Part-B 

Answer ALL sub questions from Part-A 

Answer any FOUR questions from Part-B 

***** 

 

  PART–A(14 Marks)  

1. a) What are the benefits fromFACTS controllers? [3] 

 b) What are the basic categories of self-commutating converters? [2] 

 c) What are the objectives of shunt compensation? [3] 

 d) What are the functions provided by the control scheme of TSC-TCR type VAr 

generator? 

 

[2] 

 e) What is meant by thyristor switched series capacitor? Draw its diagram. [2] 

 f) What is the need of UPFC? [2] 

    

  PART–B(4x14 = 56 Marks)  

2. a) What are the opportunities of FACTS? How they are fulfilled in AC power 

transmission? 

[7] 

 b) What are the basic types of FACTS controllers? Discuss them with neat 

diagrams. 

[7] 

    

3. a) How do you determine dominant harmonics in the square wave output voltage 

of a single phase inverter?  

[7] 

 b) What are the merits and demerits of current source verses voltage source 

converters? 

[7] 

    

4. a) Explain the power oscillation damping with shunt compensation. [7] 

 b) What is the summary of shunt compensator requirements? [7] 

    

5.  Describe the TSC–TCR type VAr generator with necessary diagrams. [14] 

    

6. a) Explain the improvement oftransient stability using static series compensator. [7] 

 b) Briefly discuss the GTO thyristors controlled series capacitor. [7] 

    

7.  Explain the independent real and reactive power flow control of UPFC with 

diagrams. 

[14] 
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IV B.Tech II Semester Regular Examinations, September - 2020 

FLEXIBLE ALTERNATING CURRENT TRANSMISSION SYSTEMS 

 (Electrical and Electronics Engineering) 

Time: 3 hours           Max. Marks: 70 

Question paper consists of Part-A and Part-B 

Answer ALL sub questions from Part-A 

Answer any FOUR questions from Part-B 

***** 

 

  PART–A(14 Marks)  

1. a) What are the various types of high power thyristor devices? [2] 

 b) What is the primary difference between current source converterand voltage 

source converter? 

[3] 

 c) What is the need of mid–point voltage regulation for line segmentation? [3] 

 d) What is meant by STATCOM? Draw its diagram. [2] 

 e) What are the objectives of series compensation? [2] 

 f) Draw the circuit diagram of UPFC. [2] 

    

  PART–B(4x14 = 56 Marks)  

2. a) Why we need transmission interconnections? [5] 

 b) Illustrate the power flow in an AC System. [9] 

    

3. a) Derive the expression for square wave voltage harmonics for single phase 

bridge. 

 

[7] 

 b) Explain the operation of threephase current source converter. [7] 

    

4. a) What are the objectives of shunt compensation? [5] 

 b) Explain how you prevent voltage instability using end of line voltage support. [9] 

    

5. a) Describe the thyristor switched capacitor with neat diagrams. [9] 

 b) Compare SVC and STATCOM type of VAr generators. [5] 

    

6.  Describe the thyristor controlled series capacitor with neat diagrams and 

expressions. 

 

[14] 

    

7.  Compare the UPFC to controlled series compensators with necessary diagrams [14] 
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