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Abstract 
Recently, a novel hybrid power flow controller (HPFC) topology 

for FACTS was proposed. The key benefit of the new topology is 

that it fully utilizes existing equipment. The MATLAB/ 

SIMULINK models of three different configurations of HPFC 

have been investigated for their different characteristics, by 

incorporating them in the MM system. In all the three cases, the 

steady state stable values, time taken to attain stability, maximum 

overshoot and the rise-time of relative angular positions delt1-2,   

delt2-3 and delt3-1 have been found out by varying the FCT, and 

also by varying the damping constants. Any of these 

configurations can effectively be incorporated in a MM system 

and contributes highly in the transient stability enhancement of 

the system. 

 

Keywords: Hybrid Power Flow Controller (HPFC), FACTS, 

MATLAB/SIMULINK, Transient Stability. 

1. Introduction 

FACTS controllers refer to devices that enable flexible 

electrical power system operation, in the way of controlled 

active and reactive power flow redirection in transmission 

paths, by means of flexible and rapid control over the ac 

transmission parameters [1]. FACTS Controllers can be 

classified as (i) variable impedance type controllers and 

(ii) voltage source converter based controllers. Thyristor 

switches (formed by way of connecting two thyristors in 

anti-parallel) are connected in series or in shunt along with 

reactors or capacitors to form thyristor based variable 

impedance type FACTS Controllers. Such controllers are 

employed for controlling the reactive power in the system 

[2]. Static Var Compensator (SVC), Thyristor-Controlled 

Series Capacitor (TCSC), are some of the examples of 

such FACTS Controllers. 

The basic building block of a Voltage Sourced Converter 

(VSC) is a three-phase converter bridge. When a VSC is 

interfaced with a transmission system, it can vary the 

magnitude and the phase-angle of its output voltage with 

respect to the system voltage and thus, exchange active and 

reactive power with the transmission system. Static 

Synchronous Compensator (STATCOM), Static 

Synchronous Series Compensator (SSSC), Unified Power 

Flow Controller (UPFC), Interline Power Flow Controller 

(IPFC) etc. are the well-known VSC based FACTS 

Controllers. 

The considerable price of VSC based FACTS Controllers 

remains the major impediment to their widespread use, 

even though these devices lead to reduction in the 

equipment size and also improved performance. The 

existing classical equipment such as the switched 

capacitors and the SVC used for voltage support and 

switched series capacitors and TCSC used for line 

impedance control need to be replaced whenever system 

upgradation or performance improvements are planned. 

The main disadvantage of the topology of UPFC is that the 

device is entirely converter based. It uses the shunt 

converter to supply the active power coupled with the 

series converter, and once the shunt converter is in place, it 

is also used to supply the required reactive power [3]. The 

UPFC can make limited use of the existing classical 

equipment.  

Environmental, right-of-way and cost problems have over 

the years, limited construction of both generation facilities 

as well as new transmission lines. Better utilization of 

existing power systems along with effective control 

equipment has thus, become imperative. This creates a 

situation wherein novel and cost effective FACTS 

topologies are required to be built upon the existing 

equipment. This establishes the use of static converters. 

2. Hybrid Power Flow Controller  

Novel and cost effective converter based FACTS 

topologies are proposed in [4] by Bebic et al, which build 
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upon the existing equipment and provide improved control 

action. These devices make use of converters in addition to 

the (presumably existing) passive components, and can be 

regarded as hybrid in nature. Such FACTS controllers are 

called Hybrid Power Flow Controller (HPFC). The key 

benefit of this new topology is that, it fully utilizes the 

existing equipment such as switched capacitors or SVC 

etc. and thus the required rating of the additional converter 

is substantially lower as compared to the rating of the 

comparable UPFC.  

The Hybrid Power Flow Controller (HPFC) uses two 

equally rated voltage sourced converters in order to 

upgrade the functionality of the existing switched 

capacitors or Static VAR Compensators (SVC). Recently, 

a novel HPFC topology for FACTS was proposed. It 

consists of a shunt connected controllable source of 

reactive power, along with two series connected voltage 

sourced converters – one on each side of the shunt device. 

The converters can exchange active power through a 

common dc circuit. A block diagram representation of such 

an envisioned typical HPFC application is shown in Fig.1.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This HPFC configuration is assumed to be installed on a 

transmission line that connects two electrical areas ie. on a 

Single Machine Infinite Bus (SMIB) System. Central to the 

HPFC topology is the shunt connected source of reactive 

power denoted as BM and represents the controllable shunt 

connected variable capacitance. This is equivalent to a 

typical SVC or any other functional equivalents of SVC 

such as STATCOM, a synchronous condenser or even a 

mechanically switched capacitor bank. The two voltage 

sourced converters VSCx and VSCY, are connected to the 

transmission line by means of coupling transformers [5]. 

The converters provide controllable voltages at terminals 

of high voltage side of the transformers. The converters 

share a common dc circuit coupling each others’ dc 

terminals. The dc circuit permits exchange of active power 

between the converters. 

The flow of active power through the line and the amounts 

of reactive power supplied to each line segment can be 

simultaneously and independently controlled by varying 

the magnitudes and the phase-angles of the voltages 

supplied by the converters. Control of the shunt connected 

reactive element is coordinated with the control of 

converters to supply the bulk of the total required reactive 

power.  

The hybrid power flow controller is installed on a 

transmission line dividing it into two transmission line 

segments. This is shown in Fig.1. The line to neutral 

voltage at the point of connection of the hybrid power flow 

controller with one line segment is denoted by V1. The 

voltage at the point of connection of the other line segment 

to the HPFC is denoted by V2. The three-phase 

transmission line segments are carrying three-phase 

alternating currents denoted as IS and IR. A simplified 

single-phase equivalent of the circuit of the system shown 

in Fig.1 has been depicted in Fig.2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The voltage sources VX and VY shown in Fig.2 represent 

the high voltage equivalents of voltages generated by the 

voltage source converters VSCX and VSCY respectively. 

BM represents the controllable shunt connected variable 

susceptance. Active and reactive powers of the converters 

are shown by PX, QX, PY, and QY respectively [4]. 

When switching functions are approximated by their 

fundamental frequency components neglecting harmonics, 

HPFC can be modeled by transforming the three phase 

voltages and currents to dq0 variables using Park’s 

transformation which is given by: 

   VDQ0 = T Vabc                              --------------- (1) 

where, 

 

T =  
3
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        --------------- (2) 
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Fig.1 SMIB System incorporated with a HPFC Controller in the   

Power System                 

Fig.2  Simplified Single-Phase Equivalent Circuit of the System 

shown in Fig.1                
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The two voltage source converters connected in series are 

represented by controllable voltage sources VX and VY . 

VM is the voltage at the point where the variable 

susceptance is connected. LR, LS, RR, RS are inductances 

and resistances of transmission line of both sides of HPFC. 

PX is the real power exchange of the converter VSCX with 

the dc link and PY is the real power exchange of the 

converter VSCY with the dc link.  At any instant of time, 

      PX  =  PY                          -------------- (3) 

The shunt connected variable susceptance or capacitance 

has been modeled by means of the differential equations 

given by: 

RdSdMdMqM

MdM
I_I=I=VB+

dt

dV

ω

B
          --- (4) 

RqSqMqMdM

MqM
I_I=I=VB+

dt

dV

ω

B
 --- (5) 

                                                          

The model of the series converter VSCX and the line 

segment on the sending end is given by: 

SdMdXdSdSSqS

Sd

S V=V+V+IR+ILω+
dt

dI
L                            

                                                                  ---------------- (6) 

SqMqXqSqRSqS

Sq

S V=V+V+IR+ILω+
dt

dI
L  

                                                                   --------------- (7) 

The differential equations describing the dynamics of the 

series converter VSCY and the line segment on the 

receiving end are given by: 

RqRYdMdRdRdR

Rd

R ILω+V+V=V+IR+
dt

dI
L

      

                                                                   --------------- (8)
 

RdRYqMqRqRqR

Rq

R ILω+V+V=V+IR+
dt

dI
L            

                                                                 ----------------- (9) 

 The differential equation describing the dynamics of Vdc is 

given by: 

       

( )
YX

dc

dc

dc P_P
V

1
=

dt

dV
C            -------------- (10) 

The dc circuit permits the exchange of active power 

between the converters [6].  

 

HPFC can be used to control simultaneously and 

independently the flow of active power through the line 

and the amounts of reactive power exchanged with the 

sending end and the receiving end. HPFC can thus be 

regarded as the functional equivalent of UPFC. The 

influence of HPFC on power system stability mainly the 

transient stability, has been investigated in the following 

sections. 

3.  MATLAB/SIMULINK Based Model of 

MM System Incorporated with Hybrid 

Power Flow Controller 
 

The hybrid power flow controller shown in Fig.1 consists 

of two power converters connected in series. In order to 

divert the current, a controllable susceptance is connected 

as shunt at a nodal point between the converters. The 

MATLAB/SIMULINK model of such an arrangement is 

shown in Fig.3. It consists of two 100 MVA, three-level, 

48-pulse GTO based converters, connected in series. The 

series converters are interconnected through a dc bus. An 

SVC is connected as shunt at a nodal point between the 

first and second converter. The SVC consists of a 

230kV/16 kV 333 MVA coupling transformer, thyristor-

controlled reactor (TCR) and thyristor-switched capacitor 

(TSC) banks. The above configuration has been named as 

HPFCD1 by the authors and has been incorporated in the 

popular Western System Coordinated Council (WSCC)   

3-machines 9-bus practical power system which is widely 

used and found very frequently in the relevant literature 

[7,8]. The base MVA of the system is 100, and system 

frequency is 60 Hz.  

 
 

The MM system equipped with HPFCD1 has been 

modelled and simulated using SimPowerSystems Library 

of MATLAB/SIMULINK for the purpose of investigating 

the characteristics of this particular configuration of HPFC, 

and is as shown in Fig.4.  

Fig.3  MATLAB/SIMULINK Model of the HPFC Configuration 
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The MATLAB/ SIMULINK model of the 3-machine       

9-bus system without any fault and without any FACTS 

controller when simulated behaved as shown in Fig.5. The 

power system was found to become stable within              7 

seconds after the initial inter-area oscillations. A three-

phase fault has been considered to occur at bus B8. It is 

assumed that the fault occurs at the instant of the 7
th

 second 

for a fault clearing time of 0.3 second. 
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The variation of relative angular positions: delt 1-2, delt  

2-3 and delt 3-1, with time, after the fault occurred is as 

shown in Fig.6. At the instant of the fault, the system 

oscillates and the oscillations die out within 45 seconds. 
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The effect of HPFCD1 in damping out these oscillations 

caused by the fault has been studied and investigated by 

incorporating HPFCD1 at bus B8. The variation of relative 

angular positions: delt 1-2, delt 2-3 and delt 3-1, with time, 

after the fault occurred and the HPFCD1 incorporated in 

the system is shown in Fig.7.  
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The variation of relative angular positions: delt 1-2, delt  

2-3 and delt 3-1, with time, after the fault occurred is as 

shown in Fig.6. At the instant of the fault, the system 

oscillates and the oscillations die out within 45 seconds. It 

Fig.4  MATLAB/SIMULINK Model of MM System Equipped with 

HPFCD1 
Fig.6 Variation of Relative Angular Positions: delt1-2, delt2-3 and 

delt3-1 with Time when a Fault has occurred and without 

implementing any FACTS Controller 

Fig.7 Variation of Relative Angular Positions: delt1-2, delt2-3 and 

delt3-1 with Time when a Fault occurs and system equipped 

with HPFCD1 

Fig.5 Variation of Relative Angular Positions: delt1-2, delt2-3 and 

delt3-1 with Time with No Fault and without implementing any 

FACTS Controller 
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is observed from Table 1 that the system attains stability 

faster when the HPFCD1 is located at bus B7 where the 

time taken to attain stability is found to be 16 s. The steady 

state stable values of relative angular positions, maximum 

values of overshoot and the values of rise-time all remain 

almost same in all the cases. 

Table 1: Steady State Stable Values, Value of Time Taken to Attain 

Stability, Maximum Value of Overshoot and Value of Rise-Time of 

Relative Angular Positions: delt 1-2, delt 2-3 and delt 3-1, for Different 

Locations of HPFCD1 

Loca

tions 

of 

HPF

CD1 

Stable Value of 

Relative 

Angular 

Positions 

(degree) 

Time Taken 

to Attain 

Stability 

(seconds) 

Maximum 

Value of 

Overshoot 

(degrees) 

Value of Rise-

Time 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

B4 0.03 -0.02 0.05 23 23 20 0.44 0.21 0.23 7.33 7.33 7.33 

B5 -0.01 -0.05 0.05 19 20 20 0.42 0.19 0.23 7.33 7.33 7.33 

B6 -0.03 0.0 0.02 22 19 23 0.43 0.24 0.19 7.33 7.33 7.33 

B7 -0.1 -0.14 0.01 16 17 16 0.19 -0.03 0.2 7.33 7.35 7.33 

B8 -0.04 -0.03 -0.02 21 22 23 0.43 0.22 0.21 7.33 7.33 7.33 

B9 0.0 0.0 0.0 19 20 19 0.42 0.24 0.18 7.33 7.33 7.33 

The above discussed system has further been investigated 

with HPFCD1 located at bus B8 and at the same time 

changing the point of occurrence of the fault.  The steady 

state stable value, the value of time taken to attain stability, 

the maximum value of overshoot and the value of rise-time 

of relative angular positions: delt 1-2, delt 2-3 and delt 3-1, 

with time, have been tabulated in Table 2, by 

implementing HPFCD1 at bus B8 and at different points of 

occurrence of fault.  

Table 2: Steady State Stable Values, Value of Time Taken to Attain 

Stability, Maximum Value of Overshoot and Value of Rise-Time of 

Relative Angular Positions: delt 1-2, delt 2-3 and delt 3-1, for Different 

Points of Occurrence of Fault, System when Equipped with HPFCD1 

Point

of 

Occu

rrenc

e of 

fault 

Stable Value of 

Relative 

Angular 

Positions 

(degree) 

Time Taken 

to Attain 

Stability 

(seconds) 

Maximum 

Value of 

Overshoot 

(degrees) 

Value of Rise-

Time 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

B4 -0.04 -0.03 -0.02 18 20 21 0.39 0.22 0.17 7.32 7.31 7.33 

B5 -0.04 -0.03 -0.02 18 21 23 0.39 0.26 0.12 7.32 7.32 7.33 

B6 -0.04 -0.03 -0.02 18 21 22 0.31 0.15 0.16 7.32 7.32 7.33 

B7 -0.04 -0.03 -0.02 21 20 23 0.48 0.31 0.17 7.33 7.33 7.33 

B8 -0.04 -0.03 -0.02 21 22 23 0.43 0.22 0.21 7.33 7.33 7.33 

B9 -0.04 -0.03 -0.02 19 20 16 0.37 0.15 0.22 7.32 7.32 7.33 

It is observed that the HPFCD1 located at bus B8 

suppresses the oscillations (due to fault) effectively 

irrespective of the point of occurrence of the fault. The 

steady state stable value of relative angular positions and 

the value of rise-time remain same in all the cases of the 

point of occurrence of fault. It is also seen that the value of 

time taken to attain stability and the maximum value of 

overshoot also remain almost same in all the above cases. 

The system behaviour has been investigated for different 

values of FCT by implementing the HPFCD1 at bus B8. It 

is observed that for lower values of FCT, the HPFCD1 

supports the system in such a way that the effect of the 

fault is not experienced by the system. The stable values of 

relative angular positions, the value of time taken to attain 

stability, and the maximum value of overshoot of relative 

angular positions: delt 1-2, delt 2-3 and delt 3-1, with time, 

for different values of FCT for the system equipped with 

HPFCD1 have been tabulated in Table 3. 

Table 3: Steady State Stable Values, Value of Time Taken to Attain 

Stability, Maximum Value of Overshoot and Value of Rise-Time of 

Relative Angular Positions: delt 1-2, delt 2-3 and delt 3-1, for Varying 

Values of FCT, System when Equipped with HPFCD1 

Valu

e of 

Fault 

Clear

ing 

Time 

(seco

nds) 

Stable Value of 

Relative 

Angular 

Positions 

(degree) 

Time Taken 

to Attain 

Stability 

(seconds) 

Maximum 

Value of 

Overshoot 

(degrees) 

Value of Rise-

Time 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

0.1 -0.04 -0.03 -0.02 18 20 21 0.11 0.02

5 

0.09 7.18 7.15 7.2 

0.2 -0.04 -0.03 -0.02 19 19 22 0.24 0.1 0.14 7.25 7.23 7.27 

0.3 -0.04 -0.03 -0.02 21 22 23 0.43 0.22 0.21 7.33 7.33 7.33 

0.4 -0.04 -0.03 -0.02 18 19 16 0.67 0.39 0.28 7.43 7.43 7.42 

0.5 -0.04 -0.03 -0.02 18 18 18 0.9 0.58 0.33 7.52 7.53 7.51 

It is observed from Table 3 that there is no change in the 

stable values of relative angular positions, when the value 

of FCT is increased. The maximum value of overshoot and 

the value of rise time increase as the value of FCT is 

increased.  

The effect of changing the value of damping constant on 

the system has been studied by considering the three-phase 

fault to occur at B8.The value of FCT in this case is taken 

to be 0.3s. The steady state stable values, the time taken to 

attain stability, the maximum value of overshoot and the 

value of rise-time of relative angular positions: delt 1-2, 

delt 2-3 and delt 3-1, with time, have been tabulated in 

Table 4, for different values of damping constants by 

implementing HPFCD1 at bus B8. It is observed from 

Table 4 that when the value of damping constant is 

increased from a value of 0.0 to 0.5, the maximum value of 

overshoot decreases. When the value of damping constant 

is increased further ie. from 0.5, the maximum  values are 

increased slightly. The values of time taken to attain 

stability decrease with increase in the values of damping 
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constant and when it reaches a value equal to 1.0, the time 

taken to attain stability remains constant. The values of 

rise-time remain constant throughout. 

Table 4: Steady State Stable Values, Value of Time Taken to Attain 

Stability, Maximum Value of Overshoot and Value of Rise-Time of 

Relative Angular Positions: delt 1-2, delt 2-3 and delt 3-1, for Varying 

Values of Damping Constant, System when Equipped with HPFCD1 

Valu

e of 

Dam

ping 

Cons

tant 

Stable Value of 

Relative 

Angular 

Positions 

(degree) 

Time Taken 

to Attain 

Stability 

(seconds) 

Maximum 

Value of 

Overshoot 

(degrees) 

Value of Rise-

Time 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

0.0 -0.04 -0.03 -0.02 21 22 23 0.43 0.22 0.21 7.33 7.33 7.33 

0.1 -0.04 -0.03 -0.01 16 15 14 0.39 0.21 0.18 7.33 7.32 7.33 

0.2 -0.04 -0.03 -0.01 15 14 14 0.39 0.23 0.16 7.33 7.33 7.33 

0.3 -0.05 -0.04 -0.01 14 12 13 0.30 0.12 0.17 7.33 7.32 7.33 

0.4 -0.1 -0.1 -0.01 12 14 14 0.20 0.0 0.20 7.33 7.32 7.33 

0.5 -0.1 -0.1 0.0 11 14 13 0.15 -0.06 0.22 7.33 7.33 7.33 

0.6 -0.09 -0.08 0.0 11 12 12 0.16 -0.05 0.20 7.33 7.33 7.32 

0.7 -0.08 -0.08 0.0 11 11 12 0.17 -0.04 0.21 7.32 7.33 7.32 

0.8 -0.09 -0.08 0.0 10 11 10 0.25 -0.02 0.26 7.32 7.32 7.32 

0.9 -0.05 -0.07 0.01 9 10 9 0.23 -0.04 0.27 7.32 7.31 7.32 

1.0 -0.05 -0.07 0.02 9 10 9 0.24 -0.04 0.28 7.32 7.32 7.32 

1.1 -0.05 -0.06 0.02 9 10 9 0.25 -0.03 0.28 7.32 7.31 7.32 

1.2 -0.05 -0.06 0.02 8 9 8 0.27 -0.01 0.29 7.32 7.32 7.31 

1.3 -0.04 -0.06 0.02 8 9 8 0.29 -0.01 0.3 7.32 7.32 7.32 

1.4 -0.04 -0.06 0.02 8 9 8 0.31 0.0 0.31 7.32 7.32 7.32 

1.5 -0.04 -0.05 0.01 8 9 8 0.32 0.01 0.32 7.32 7.32 7.32 

1.6 -0.04 -0.05 0.01 8 9 8 0.34 0.02 0.32 7.32 7.32 7.32 

 

3. MATLAB/SIMULINK Based Model of 

the Second Configuration of Hybrid 

Power Flow Controller (HPFCD2)  

The previous configuration of HPFC, named as HPFCD1, 

employed a typical SVC in place of the variable 

susceptance. It is apparent that functional equivalents of an 

SVC, such as a mechanically switched compensator bank, 

or a STATCOM can be successfully employed.  The 

authors have designed another configuration using the 

above principle by replacing the SVC by a shunt 

compensator. The MATLAB/SIMULINK model of such 

an arrangement with two converters connected in series 

and a shunt compensator connected at the nodal point 

between the converters is shown in Fig.8. A capacitive 

reactive power of 10 MVAR has been connected as the 

shunt compensator. The above configuration has been 

named as HPFCD2 and has been implemented in the MM 

system for investigating its characteristics. 

 
 

 

The HPFCD1 implemented on the MM system shown in 

Fig.4 has been replaced by the above mentioned HPFCD2 

at bus B8. The variation of relative angular positions: delt 

1-2, delt 2-3 and delt 3-1, with time, after the fault 

occurred and HPFCD2 implemented in the system is 

shown in Fig.9. The stable values, the value of time taken 

to attain stability, and the maximum value of overshoot of 

relative angular positions: delt 1-2, delt 2-3 and delt 3-1, 

with time, by implementing HPFCD2 at different locations 

have been tabulated in Table 5. 
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Fig.8  MATLAB/SIMULINK Model of Second Configuration of 

HPFC(HPFCD2) 

 

Fig.9 Variation of Relative Angular Positions: delt1-2, delt2-3 and 

delt3-1 with Time when a Fault occurs and system equipped 

with HPFCD2 
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Table 5: Steady State Stable Values, Value of Time Taken to Attain 

Stability, Maximum Value of Overshoot and Value of Rise-Time of 

Relative Angular Positions: delt 1-2, delt 2-3 and delt 3-1, for Different 

Locations of HPFCD2 

Loca

tions 

of 

HPF

CD2 

Stable Value of 

Relative 

Angular 

Positions 

(degree) 

Time Taken 

to Attain 

Stability 

(seconds) 

Maximum 

Value of 

Overshoot 

(degrees) 

Value of Rise-

Time 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

B4 0.0 -0.02 0.02 19 21 18 0.47 0.23 0.24 7.33 7.33 7.33 

B5 0.0 -0.02 0.02 19 23 18 0.47 0.23 0.24 7.33 7.33 7.33 

B6 0.0 -0.02 0.02 19 22 18 0.47 0.23 0.24 7.33 7.33 7.33 

B7 -0.1 -0.13 0.01 15 14 13 0.36 0.13 0.24 7.34 7.35 7.33 

B8 0.0 -0.02 0.02 19 21 18 0.47 0.23 0.24 7.33 7.33 7.33 

B9 0.0 -0.02 0.02 17 18 17 0.49 0.21 0.28 7.33 7.33 7.32 

The above discussed system has further been investigated 

with HPFCD2 located at bus B8 and at the same time 

changing the point of occurrence of the fault. The steady 

state stable value, the value of time taken to attain stability, 

the maximum value of overshoot and the value of rise-time 

of relative angular positions: delt 1-2, delt 2-3 and delt 3-1, 

with time, have been tabulated in Table 6, by 

implementing HPFCD2 at bus B8 and at different points of 

occurrence of fault. It is observed that the HPFCD2 

located at bus B8 suppresses the oscillations (due to fault) 

effectively irrespective of the point of occurrence of the 

fault. The steady state stable value of relative angular 

positions, the time taken to attain stability, the maximum 

value of overshoot and the value of rise time remain almost 

same in all the cases of the point of occurrence of fault. 

Table 6: Steady State Stable Values, Value of Time Taken to Attain 

Stability, Maximum Value of Overshoot and Value of Rise-Time of 

Relative Angular Positions: delt 1-2, delt 2-3 and delt 3-1, for Different 

Points of Occurrence of Fault, System when Equipped with HPFCD2 

Point

of 

Occu

rrenc

e of 

fault 

Stable Value of 

Relative 

Angular 

Positions 

(degree) 

Time Taken 

to Attain 

Stability 

(seconds) 

Maximum 

Value of 

Overshoot 

(degrees) 

Value of Rise-

Time 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

B4 0.0 -0.02 0.02 19 22 18 0.46 0.23 0.23 7.32 7.32 7.32 

B5 0.0 -0.02 0.02 19 21 17 0.42 0.27 0.15 7.32 7.32 7.32 

B6 0.0 -0.02 0.02 19 18 19 0.34 0.16 0.19 7.32 7.32 7.32 

B7 0.0 -0.02 0.02 18 21 18 0.53 0.33 0.21 7.33 7.34 7.33 

B8 0.0 -0.02 0.02 19 21 18 0.47 0.23 0.24 7.33 7.33 7.33 

B9 0.0 -0.02 0.02 18 17 19 0.40 0.14 0.26 7.33 7.32 7.33 

The system behaviour has been investigated for different 

values of FCT by incorporating the HPFCD2. It is 

observed that for lower values of FCT, the HPFCD2 

supports the system in such a way that the effect of the 

fault is not experienced by the system. The stable values of 

relative angular positions, the value of time taken to attain 

stability, and the maximum value of overshoot of relative 

angular positions: delt 1-2, delt 2-3 and delt 3-1, with time, 

for different values of FCT for the system equipped with 

HPFCD2 have been tabulated in Table 7.  It is observed 

from Table 7 that the stable values of relative angular 

positions remain same when the value of FCT is increased. 

The value of time taken to attain stability decrease as the 

value of FCT is increased whereas the maximum value of 

overshoot and the value of rise time increase as the value 

of FCT is increased. 

Table 7: Steady State Stable Values, Value of Time Taken to Attain 

Stability, Maximum Value of Overshoot and Value of Rise-Time of 

Relative Angular Positions: delt 1-2, delt 2-3 and delt 3-1, for Varying 

Values of FCT, System when Equipped with HPFCD2 

Valu

e of  

FCT 

(seco

nds) 

Stable Value of 

Relative 

Angular 

Positions 

(degree) 

Time Taken 

to Attain 

Stability 

(seconds) 

Maximum 

Value of 

Overshoot 

(degrees) 

Value of Rise-

Time 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

0.1 0.0 -0.02 0.02 20 21 19 0.15 0.04 0.11 7.17 7.15 7.2 

0.2 0.0 -0.02 0.02 20 21 20 0.27 0.11 0.16 7.25 7.24 7.25 

0.3 0.0 -0.02 0.02 19 21 19 0.47 0.23 0.24 7.33 7.33 7.33 

0.4 0.0 -0.02 0.02 18 21 18 0.7 0.39 0.32 7.42 7.43 7.42 

0.5 0.0 -0.02 0.02 18 15 18 0.95 0.6 0.37 7.52 7.54 7.52 

The effect of changing the value of damping constant on 

the system has been studied by considering the three-phase 

fault to occur at B8.  The value of FCT in this case is taken 

to be 0.3s. The steady state stable values, the time taken to 

attain stability, the maximum value of overshoot and the 

value of rise-time of relative angular positions: delt 1-2, 

delt 2-3 and delt 3-1, with time, have been tabulated in 

Table 8, for different values of damping constants by 

implementing HPFCD2 at bus B8.  

Table 8: Steady State Stable Values, Value of Time Taken to Attain 

Stability, Maximum Value of Overshoot and Value of Rise-Time of 

Relative Angular Positions: delt 1-2, delt 2-3 and delt 3-1, for Varying 

Values of Damping Constant, System when Equipped with HPFCD2 

Valu

e of 

Dam

ping 

Cons

tant 

Stable Value of 

Relative 

Angular 

Positions 

(degree) 

Time Taken 

to Attain 

Stability 

(seconds) 

Maximum 

Value of 

Overshoot 

(degrees) 

Value of Rise-

Time 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

0.0 0.0 -0.02 0.02 19 21 19 0.47 0.23 0.24 7.33 7.33 7.33 

0.1 0.0 -0.02 0.02 16 15 14 0.42 0.23 0.2 7.33 7.32 7.33 

0.2 0.0 -0.02 0.02 14 13 14 0.41 0.22 0.2 7.33 7.32 7.33 

0.3 -0.01 -0.03 0.02 14 13 14 0.32 0.11 0.21 7.33 7.33 7.33 

0.4 -0.07 -0.09 0.02 12 13 13 0.24 0.0 0.23 7.33 7.33 7.33 
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0.5 -0.07 -0.09 0.02 12 13 13 0.17 -0.03 0.24 7.33 7.33 7.32 

0.6 -0.06 -0.08 0.02 11 12 12 0.18 -0.07 0.24 7.33 7.35 7.32 

0.7 -0.06 -0.08 0.02 11 12 13 0.2 -0.05 0.25 7.32 7.32 7.32 

0.8 -0.05 -0.07 0.02 12 12 13 0.21 -0.05 0.26 7.32 7.32 7.32 

0.9 -0.05 -0.07 0.02 10 11 12 0.22 -0.04 0.26 7.32 7.32 7.32 

1.0 -0.05 -0.07 0.02 10 11 10 0.24 -0.03 0.27 7.32 7.32 7.32 

1.1 -0.05 -0.06 0.02 9 10 9 0.25 -0.03 0.28 7.31 7.31 7.32 

1.2 -0.05 -0.06 0.02 9 9 9 0.27 -0.02 0.3 7.32 7.32 7.32 

1.3 -0.04 -0.06 0.02 9 9 9 0.28 -0.01 0.29 7.31 7.31 7.31 

1.4 -0.04 -0.06 0.02 9 9 9 0.3 0.0 0.3 7.31 7.31 7.31 

1.5 -0.04 -0.06 0.02 8 9 8 0.32 0.0 0.3 7.31 7.31 7.31 

1.6 -0.04 -0.05 0.02 8 9 8 0.33 0.01 0.32 7.31 7.31 7.31 

It is observed from Table 8 that when the value of damping 

constant is increased from a value of 0.0 to 0.5, the 

maximum value of overshoot decreases. When the value of 

damping constant is increased further ie. from 0.5, the 

maximum  values are increased slightly. The values of time 

taken to attain stability decrease with increase in the values 

of damping constant and when it reaches a value equal to 

1.0, the time taken to attain stability remains constant. The 

values of rise-time remain constant throughout. 

4. MATLAB/SIMULINK Based Model of 

the Third Configuration of Hybrid Power 

Flow Controller (HPFCD3)  

The authors in this article, have devised another 

configuration of HPFC using STATCOM in place of SVC 

as used in case of HPFCD1. The MATLAB/SIMULINK 

model of such an arrangement with two converters 

connected in series and a STATCOM connected at the 

node between the converters is shown in Fig.10.  

 
 

The above configuration has been named as HPFCD3 and 

has been incorporated in the  3 machine, 9 bus system for 

investigating its characteristics. The MM system equipped 

with HPFCD3 has been modelled and simulated using 

SimPowerSystems Library of MATLAB/SIMULINK. The 

variation of relative angular positions: delt 1-2, delt 2-3 

and delt 3-1, with time, after the fault occurred and 

HPFCD3 implemented in the system is found to be similar 

as in Fig.7. 

The above discussed system has been investigated by 

implementing HPFCD3 at different locations as in the 

previous cases and the results are found to be almost same 

as in Table . The same system has further been investigated 

with HPFCD3 located at bus B8 and at the same time 

changing the point of occurrence of the fault. .  The steady 

state stable value, the value of time taken to attain stability, 

the maximum value of overshoot and the value of rise-time 

of relative angular positions: delt 1-2, delt 2-3 and delt 3-1, 

with time, by implementing HPFCD3 at bus B8 and for 

different points of occurrence of fault have been found to 

be almost same as values in Table 6. The steady state 

stable value of relative angular positions, the time taken to 

attain stability, the maximum value of overshoot and the 

value of rise time remain almost same in all the cases of 

the point of occurrence of fault.  

The system behaviour has further been investigated for 

different values of FCT by implementing the HPFCD3 at 

bus B8. It is found that the system behaves very much 

similar to that when the system is implemented with 

HPFCD2. The value of time taken to attain stability 

decrease as the value of FCT is increased whereas the 

maximum value of overshoot and the value of rise time 

increase as the value of FCT is increased. 

After the investigations with changing values of damping 

constant, it is again found out to be that the values of time 

taken to attain stability decrease with increase in the values 

of damping constant and when the damping constant  

reaches a value equal to 1.0, the time taken to attain 

stability remains constant. The values of rise-time remain 

constant throughout. 

The characteristics of the different HPFC configurations 

such as HPFCD1, HPFCD2 and HPFCD3 have been 

studied by implementing them in a multi-machine system. 

The time taken to attain stability (settling-time) of the 

relative angular positions such as delt 1-2, delt 2-3 and delt 

3-1have been tabulated with varying values of FCT and are 

shown in Table 9. As the value of FCT is increased, the 

time taken to attain stability decreases. The values of 

settling-time are almost same when the system is equipped 

with any of these devices such as HPFCD1, HPFCD2 or 

HPFCD3. Fig.10  MATLAB/SIMULINK Model of the Third Configuration of 

HPFC(HPFCD3) 
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Table 9: Comparative Table Of The Value Of Time Taken To Attain 

Stability, For Varying Values Of FCT, System When Equipped With 

Different Configurations Of HPFC 

Value 

of  

FCT 

(secon

ds) 

HPFCD1  

(seconds) 

 

HPFCD2 

(seconds) 

HPFCD3 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

0.1 18 20 21 20 21 19 21 20 17 

0.2 19 19 22 20 21 20 22 21 21 

0.3 21 22 23 19 21 19 21 23 20 

0.4 18 19 16 18 21 18 18 20 21 

0.5 18 18 18 18 15 18 16 15 18 

The time taken to attain stability (settling-time) of the 

relative angular positions such as delt1-2, delt2-3 and 

delt3-1 have been found out and tabulated with an increase 

in the value of damping constant of the system and are 

shown in Table 10. It is observed that the value of settling-

time remains almost same in all the three cases when the 

value of damping constant is varied, and it decreases with 

an increase in the value of damping constant. That means 

the system attains stability faster as the value of damping 

constant increases. It is also observed from Tables 9 and 

10 that HPFCD3 also exhibits similar properties as that of 

HPFCD1 and HPFCD2. 

Table 10: Comparative Table of The Value Of Time Taken To Attain 

Stability, For Varying Values Of Damping Constant, System When 

Equipped With Different Configurations Of HPFC 

Value of  

Damping 

Constant 

(seconds) 

HPFCD1  

(seconds) 

 

HPFCD2 

(seconds) 

HPFCD3 

(seconds) 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

delt  

1-2 

delt  

2-3 

delt  

3-1 

0.0 21 22 23 19 21 19 21 23 20 

0.1 16 15 14 16 15 14 16 15 18 

0.2 15 14 14 14 13 14 13 13 14 

0.3 14 12 13 14 13 14 13 13 15 

0.4 12 14 14 12 13 13 12 13 15 

0.5 11 14 13 12 13 13 12 13 14 

0.6 11 12 12 11 12 12 12 13 14 

0.7 11 11 12 11 12 13 12 13 14 

0.8 10 11 10 12 12 13 10 12 12 

0.9 9 10 9 10 11 12 9 10 9 

1.0 9 10 9 10 11 10 9 9 9 

1.1 9 10 9 9 10 9 9 9 8 

1.2 8 9 8 9 9 9 8 9 9 

1.3 8 9 8 9 9 9 9 9 9 

1.4 8 9 8 9 9 9 9 9 9 

1.5 8 9 8 8 9 8 9 9 9 

1.6 8 9 8 8 9 8 9 9 9 

The above analysis reveals that any of the above explained 

three configurations can effectively be incorporated in MM 

system. It is observed from the above discussions that the 

system behaves almost in the same manner when equipped 

with any of these configurations of HPFC such as 

HPFCD1, HPFCD2 or HPFCD3. When the configurations 

of HPFC are compared, HPFCD1, HPFCD2 and HPFCD3 

are of the same type, with two series converters with a 

SVC (in case of HPFCD1) or a shunt compensator (in case 

of HPFCD2) or a STATCOM (in case of HPFCD3) 

connected in parallel between the converters. The 

encouraging results of the comparative analysis show that 

the newly devised configurations of HPFC are better 

options to damp power oscillations. They contribute much 

in the transient stability enhancement of the system. It can 

thus be concluded that HPFC performs effectively in 

damping of oscillations and the system is able to regain its 

stable post fault equilibrium point quite effectively and 

efficiently. 

In all the three above mentioned configurations of HPFC, 

the authors have employed the discrete solution method 

available in SimPowerSystems software. When simulating 

larger systems such as systems containing large number of 

states or non-linear blocks, or systems using power 

electronic devices like IGBT, GTO, FET etc, it is always 

advantageous to discretize the system. Such systems tend 

to become very precise, but slow.  

5. Conclusion 

Three different configurations of HPFC based on the 

proposed concept have been simulated employing the 

discrete solution method available in SimPowerSystems 

software of MATLAB. The effectiveness of HPFC for 

enhancing the transient stability of power system has been 

analytically investigated for different conditions. The 

simulation results are very encouraging and indicate that 

all the three configurations of HPFC considered in this 

article, help in improving the transient stability of power 

system. The investigations reveal that a power system 

equipped with HPFC stabilizes quickly, reduces the 

settling time, thus damps out the power system oscillations 

effectively. HPFC is found out to be almost similar to 

UPFC and superior to other FACTS controllers.   
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