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Abstract: Interline Power Flow Controllers (IPFC) have been used to enhance and 

optimize the use of transmission facilities, under the concept of a Flexible AC 

Transmission System (FACTS). The main objectives of FACTS are to increase the 

useable transmission capacity of lines and control power flow over designated 

transmission routes. Interline Power Flow Controllers are the classical-series or series-

parallel filters applied to given number of independent lines with common, DC element. 

The simulation results of current fed IPFC are presented. 
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1. INTRODUCTION 

FACTS are one aspect of the power electronics 

revolution that is taking place in all areas of electrical 

energy.   A variety of power semiconductor devices 

not only offer the advantage of high speed and 

reliability of switching but , more importantly, the 

opportunity offered by a variety of innovative circuits 

concepts based on these power devices enhance the 

value of electrical energy. 

The control of an AC power system in real time is 

involved because power flow is a function of the 

transmission line impedence, the magnitude of the 

sending end voltages, and the phase angle between 

the voltages. It is generally understood that AC 

transmission system could not be controlled fast 

enough to handle dynamic system conditions. 

In recent years, the development of semiconductor 

technology has led to the use of power electronics in 

electrical power devices. The advantages of these so 

called Flexible AC Transmission System (FACTS) 

devices are primarily rapid response and enhanced 

flexibility. Flexible AC Transmission Systems 

(FACTS) devices are integrated in power system to 

control power flow, increase transmission line 

stability limit and improve the security of 

transmission system. FACTS controllers are used to 

enhance the system flexibility and increase system 

loadability. 

 

2. INTERLINE POWER FLOW CONTROLLER 

(IPFC) 

The Interline power flow Controller provides (IPFC), 

in addition to the facility for independently 

controllable reactive (series) compensation of each 

individual line, a capability to directly transfer or 

exchange real power between the compensated lines. 

This is achieved by coupling the series connected 

VSCs in individual lines on the DC side, by 

connecting all the DC capacitors of individual 

converters in parallel. Since all the series converters 
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are located inside the substation in close proximity, 

this is feasible. 

An IPFC with two converters compensating two lines 

(shown in Fig.1) is similar to a UPFC in that the 

magnitude and phase angle of the injected voltage in 

the prime system (which is also a series converter in 

the second line). The basic difference with a UPFC is 

that the support system in the later case is the shunt 

converter instead of a series converter. The series 

converter associated with the n prime system (of one 

IPFC) is termed as the master converter while the 

series converter associated with the support system is 

termed as the slave converter. The master converter 

controls both active and reactive voltage (within 

limits) while the slave converter controls the DC 

voltage (across the capacitor) and the reactive voltage 

magnitude. 

For the system shown in Figure.1, we can express the 

received power and the injected reactive power at the 

receiving end of the prime line (# 1) by the following 

expressions. 

. 

Where 

 

 
P10 and Q10 are the power and reactive power in the 

line 1 (at the receiving end) when both Vp1 and Vr1 

are zero. These are given by 

  

 
 

Similar equations also apply to the support line (#2) 

except that Vp2 is not independent. It is related to Vp1 

by the equation 

  

 
The above equation shows that Vp2 is negative if Vp1 

is positive. 

 

With resistance emulation, we have  

  

 
 

Substituting Vp1 and Vp2 value we have 

  

 

 
                  

Figure.1 .Representation of IPFC 

 

The above literature does not deal with the IPFC 

using current fed inverter. In the present work IPFC 

is proposed using current source. The interline power 

flow controller represents a novel concept with the 

objective of providing a flexible power flow control 

scheme for a multi line power system, in which two 

(or more) lines employ an SSSC for series 

compensation . The IPFC scheme provides, together 

with the independent controllable reactive 

compensation of each line, a capability to transfer 

real power between the compensated lines. this 

capability makes it possible to equalise both real and 

reactive power flow between the lines, , to transfer 

the power demand from over loaded lines to under 

loaded lines, to compensate against resistive line 

voltage drops and the corresponding reactive line 

power , and to increase the effectiveness of the 

compensating system for dynamic disturbances          

( transient stability and power oscillation damping ).  

 

 
Figure.2.Elementry Interline Power Flow Controller 

consisting of two SSSCs operated with a common 

DC link. 

 

In general, the IPFC provides a highly effective 

scheme for power transmission management at a 

multi line substation. An elementary interline power 

flow controller of two converter based SSSCs, 

connected back-to-back for real power transfer, is 

shown in Figure.2.Each SSSC is coupled to a 

different transmission line via its own series insertion 

transformer and is able to provide independent series 

reactive compensation to its own line . 

The converter of each SSSC produces a 
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controllable AC output voltage at the fundamental 

frequency, which is synchronized to the voltage of 

the transmission line which that converter controls. 

The phase angle and magnitude of the two output 

voltages are controlled with respect to a selected bus 

(e.g. sending-end) voltage and the current of their 

own line. The injected voltage will generally have 

one component that is in quadrature and another that 

is in phase with the relevant line current. 

 

The quadrature components provide  series reactive 

compensation for the lines and the in -phase 

components define the real power absorbed from one 

line and   generated for the other since each converter 

is self sufficient in generating or absorbing reactive 

power. 

 

The quadrature voltage components can be 

independently controlled (within the converter rating) 

according to the reactive compensation requirements 

of the corresponding lines. However, since the real 

power exchanged by a converter and its AC terminals 

has to be supplied to, or absorbed from its DC 

terminals, the in-phase output voltage component of 

each of the two converters must be controlled so as to 

ensure a net zero real power balance at their common 

DC terminals. In other words, the real power 

compensation demand of one line must be fully 

supplied (or absorbed) by other lines. 

 

The operation of the IPFC is illustrated in Figure.3. 

For the sake of discussion assume that line 1 is the 

prime line which is to be optimized for power 

transmission by means of independently controllable 

real and reactive power flow. Line 2 is assumed to 

have capacity to provide the real power needed for 

the optimization of the power flow in Figure shows 

the single line power system 1, with sending end bus 

providing power for Line 1(represented by line 

inductance X1), the receiving end bus, and the 

controllable AC voltage source representing the 

output of converter 1 of the IPFC. In order to achieve  

the desired power flow in the primary line 

1,converter 1 in the IPFC configuration injects an 

appropriate compensating voltage V1pq to change the 

magnitude and angle of the line current  I1 , so as to 

force the flow of the desired real power P1 and 

reactive power Q1.It is seen from this phasor diagram 

that , from the standpoint of the primarily controlled 

line 1, the IPFC provides a two dimensional 

compensation capability for the independent control 

of the real line power P1 and reactive power Q1., 

similar to that obtainable with the UPFC. 

 
 

 

 

 

 

 

 
  

Figure.3. Phasor and Qr Vs P diagram illustrating the 

Operation of the elementary IPFC. 

 

The two - dimensional voltage injection in series 

with line 1 generally results in the exchange  of 

reactive power Q1pq and of real power P1pq between 

Line 1 and converter 1 of the IPFC. The reactive 

power Q1pq exchanged is provided by converter1 

itself, however. The real power P1pq appears as a real 

power demand at its DC terminals. To satisfy this 

power demand , the control makes converter2 supply 

real power P2pq = - P1pq =(±) P12 from line 2 to line 1 

.In other words , converter 2 is controlled to regulate 

the common dc bus of the IPFC .This constraint of 

course means that the real power exchange for line 2 

is pre-defined and therefore only its series reactive 

compensation can be freely varied to control the 

power flow  in this line , in a manner done by 

controllable series reactive compensators such as the 

SSSC and TCSC. 

 

The operation of converter2 is illustrated by the 

phasor diagram characterizing the simple, single line 

power system of line 2 in figure. The injected voltage 

of converter 2 is controlled with respect to the 

prevailing current in Line 2 to meet the real power 

demand of Line 1 and to provide the desired reactive 

series compensation for line 2. Accordingly, a 

voltage phasor component VR, in phase (or anti-

phase) with the line current phasor I2, is injected with 

a magnitude to satisfy the real power demand of Line 

1. Independent of voltage phasor component VR, 

another freely controllable voltage phasor component 

Vq is injected in quadrature with I2 to provide series 

reactive compensation. The sum of the injected in -

phase and qudrature phasor components determine 

the injected voltage phasor of converter 2. 
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Figure.4. Multi line IPFC consisting of n SSSCs with 

a common dc link. 

 

The IPFC configuration provides for series 

compensation, it is able to equalize not only the real 

power flow in a two-or multi line transmission 

systems, but also can equalize or control the reactive 

power flow in the lines. The IPFC provides an 

excellent tool to solve economically power flow 

problems in a multi line transmission system in 

which the actual power flows are not proportional to 

the capacities of the corresponding lines or to the 

desired power transmission in the individual lines, or 

in which the desired real power transmission in some 

lines is hindered by relatively high reactive power 

flow. The constraint for keeping the sum of the real 

power exchanged with n- lines zero can be 

circumvented by adding a shunt - connected 

converter the multi converter IPFC as illustrated in 

figure. This arrangement is particularly attractive in 

those cases in which the real power compensation 

requirement of the' weak' lines exceeds the real 

power that can be absorbed from the 'strong' lines 

without appreciably impacting their own power 

transmission is required anyway for voltage support. 

 

3. STATIC SYNCHRONOUS SERIES 

COMPENSATOR (SSSC) 

 

The concept of using the solid-state synchronous 

voltage source instead of a capacitor for series 

reactive compensation is based on the fact that the 

impedance versus frequency characteristic of the 

conventionally employed series capacitor, in contrast 

to filter applications, plays on part in accomplishing 

the desired line compensation. The function of the 

series capacitor is as illustrated in figure, to produce 

an appropriate voltage across the inductive line 

impedance and, thereby, the fundamental line current 

and the transmitted power.  Therefore, if an AC 

voltage source of fundamental frequency, which is 

locked with a quadrature (lagging) relationship to the 

line current and whose amplitude is made 

proportional to that of the line current, is injected in 

series with the line, a series capacitor at the 

fundamental frequency is obtained. However, in 

contrast to the real series capacitor, the SVS is also 

able to maintain a constant compensating voltage in 

face of variable line current, or control the amplitude 

of the injected compensating voltage independent of 

the amplitude of the line current. 

For normal capacitive compensation, the output 

voltage lags the line current by 90 degrees. However, 

the output voltage of the SVS can be reversed by 

simple control action to make it lead the line current 

by 90 degrees. In this case, the injected voltage 

decrease the voltage across the inductive line 

impedance and thus the series compensation has the 

same effect as if the reactive line impedance was 

increased. The series reactive compensation scheme 

employing an SVS, as illustrated in Figure, is termed 

the Static Synchronous Series Compensator (SSSC). 

The normalized power P versus and angle δ plots as a 

parametric function of the injected voltage Vq are 

shown in Figure 4. Comparison of these plots to 

those shown in figure for the series capacitive 

impedance compensation clearly shows that the 

series capacitor increases the transmitted power by a 

fixed percentage of that transmitted by the 

uncompensated line at a given δ and, by contrast, the 

SSSC increases it by a fixed fraction of the maximum 

power transmittable by the uncompensated line, 

independent of δ, in the important operating range of 

0≤δ≤π⁄2. From the standpoint of practical 

applications, steady state flow control or stability 

improvements, the SSSC clearly has considerably 

wider control range then the controlled series 

capacitor of same MVA rating.      

 

4. SIMULATION RESULTS  

 

The simulation is done using matlab and the results 

are presented. Model of transmission line 1 is shown 

in Figure 4a. Scopes are connected to measure the 

sending end current, receiving end voltage and 

power. Output current and voltages are shown in 

Figure 4b.Real and reactive powers are shown in 

Figures 4c and 4d respectively. 

 
Figure.4a.Model of Single transmission line-1 
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Figure.4b.Output Current and voltage  

 

 
 

Figure.4c.Real power 

 

 
 

Figure.4d.Reactive power 

 

 

Model of line 2 is shown in Figure 5a. The receiving 

end current and voltages are shown in Figure 5b.Real 

and reactive powers are shown in Figures 5c and 5d 

respectively. 

 

 
 

Figure.5a.Model of Single transmission line-2  

 

 

 

 

 
 

Figure.5b.Current and voltage output 

 

 
 

Figure.5c.Real power 

 

 
 

Figure.5d.Reactive power 

 

 

Circuit with an additional load is shown in Figure 6a. 

Additional load is connected at t = 0.5 sec. It can be 

seen that the voltages decreases .The voltage across 

load 1 and load 2 are shown in Figure 6b.Reactive 

and real powers are shown in Figures 6c and 6d 

respectively. 

 

 
Figure.6a.Circuit diagram with sag condition 
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Figure.6b.Voltage across Load-1 and load-2 

 

 
 

Figure.6c.Reactive power output  

 

 
 

Figure.6d.Real power output 

 

Four bus systems with IPFC is shown in Figure 7a. 

Current fed converter is shown in Figure 7b.Voltage 

across load 1, load 2 and IPFC are shown in Figure 

7c. It can be seen that the IPFC is capable of 

mitigating the sag. Since the voltage decreases and 

comes back to normal value. 

 

 
Figure.7a.Four bus system with IPFC 

 
Figure.7b.Current fed IPFC system 

 

 
 

 
 

Figure.7c.Voltage across load -1, load- 2 and IPFC 

5. CONCLUSION 

 

Four bus system with and without IPFC are modeled 

and simulated using matlab simulink. Sag is created 

by connecting a heavy load across the existing load. 

The proposed current fed inverter is capable of 

mitigating the sag in the voltage .The simulation 

results are in line with the predicted results. Current 

fed IPFC is a viable alternative to the DVR for 

voltage sag mitigation. This work has considered 

balanced load. Single phase model is used for 

simulation studies. 



THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI 

FASCICLE III, 2010, Vol.33, No.1, ISSN 1221-454X 

 

56 

 

6. REFERENCES 

 

Alivelu M. Parimi, Irraivan Elamvazuthi and Nordin 

Saad,Damping of Inter Area Oscillations Using 

Interline Power Flow Controller Based damping 

Controllers 2nd IEEE International Conference 

on Power and Energy (PECon 08), December 1-

3, 2008, Johor Baharu, Malaysia. 

Alivelu M. Parimi, Irraivan Elamvazuthi and Nordin 

Saad ,Interline Power Flow Controller (IPFC) 

Based Damping Controllers for Damping Low 

Frequency Oscillations in a Power System 

ICSET 2008. 

D. Menniti, A. Pinnarelli, and N. Sorrentino, “A   

fuzzy logic controller forInterline Power Flow 

Controller implemented by ATP-EMTP,” IEEE 

Conf.on Power System Technology, Vol. 3, pp. 

1898- 1903, Oct. 2002. 

EWART, D.N. et al.: ‘Flexible AC Transmission 

System (FACTS) scoping study’. EPRI Report 

EL-    6943, 1990 

Gyugyi,L.K.Sen,Kalyan, Colin.D. Schouder. "The 

interline power flow controller concept: a new 

approach to power flow management in 

transmission systems" IEEE Transactions on 

power Delivery, Vol.14,N0.3,pp.1115-1122. 

HINGORANI.N.G.and Laszio Gyugyi: 

‘Understanding FACTS Concept and 

Technology of Flexible AC Transmission 

Systems.IEEE Power Engineering 

society,Sponsor.Standard Publishers distributors. 

Delhi. 

J. Chen, T. T. Lie, and D. M. Vilathgamuwa, “Basic 

control of interline power flow controller,”     

IEEE Power Engineering Society, Vol. 1, pp. 

521-  525, Winter 2002. 

L. Vasquez-Arnez F.A. Moreira R, The Interline 

Power Flow Controller: Further Aspects Related 

to its Operation and Main Limitations 978-1-

4244-1904-2008 IEEE. 

S.S. Dash and M.R.Mohan S An Efficient 

Controller For Unified Power Flow Controller to 

Improve the Power system stability accepted for 

publication on International Journal of European 

transaction of Electrical Power Systems 

S. Sankar, S. Ramareddy, SIMULATION OF 

SERIES AND SHUNT COMPENSATED IPFC 

SYSTEM IET-UK International Conference on 

Information and Communication Technology in 

Electrical Sciences (ICTES 2007),Dr. M.G.R. 

University, Chennai, Tamil Nadu, India. Dec. 

20-22, 2007. Pp.485-488. 

 

 

Sayed-Mahdi Moghadasi, Ahad Kazemi, Mahmud 

Fotuhi-Firuzabad Composite System Reliability 

Assessment Incorporating an Interline Power-

Flow ControllerIEEE TRANSACTIONS ON 

POWER DELIVERY, VOL. 23, NO. 2, APRIL 

2008. 

V. Diez-Valencia, U. D. Annakkage, A. M. Gole, P.  

Demchenko, and D.  Jocobson, “Interline power 

Flow controller concept steady-state operation,”   

IEEE Canadian Conference on Electrical and  

Winnipeg, May 2002. 

Valentin Azbe, , and Rafael Mihalic, The Control 

Strategy for an IPFC Based on the Energy 

FunctionIEEE TRANSACTIONS ON POWER 

SYSTEMS, VOL. 23, NO. 4, NOVEMBER 

2008. 

About the authors 
 

 G.Irusapparajan was born in Tamil 

Nadu in 1977. He received his B.E. 

Degree from Manonmaniam 

Sundaranar University in 2000, 

M.E degree from Annamalai 

University in 2005, M.H.R.M.,from 

Annamalai University. He is 

currently a research scholar at Bharath University, 

Chennai. His area of research interest is Interline 

Power Flow Controllers (IPFC). 

 

 

 Dr. S. RamaReddy received his 

M.E degree from College of 

Engineering, Anna University, 

Chennai, India in 1987. He 

received Ph.D degree in the area 

of Resonant Converters from 

College of Engineering, Anna 

University, Chennai India in 1995. Presently he is 

working as Professor in Electrical & Electronics 

Dept., Jerusalem College of Engineering, Chennai. 

He has worked in Tata Consulting Engineers and 

Anna University, Chennai, India. He is fellow 

member of Institution of Electronics and 

Telecommunication Engineers (India), Life Member 

of Institution of Engineers (India), Member of ISTE, 

Member of CSI and Member of SPE, India. He has 

authored text books on Power Electronics, Electronic 

Circuits and Electromagnetic Fields. He has 

published 30 research papers in reputed journals. His 

research areas are Power Electronic Converters, 

Drives and FACTS. 

 


