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Abstract: To improve the power quality in distribution 
systems, Interline Power Flow controller (IPFC) was 
developed in this paper, this controller has been 
demonstrated to be successfully. Here the IPFC 
performance is to consider the DC-link voltage that 
represents in both two cases a real measure of the actual 
operating condition and of the interactions between the 
inverters and to modify the control inputs respectively. The 
flows of real and reactive powers were studied by 
using the circuit models developed for the IPFC system. The 
IPFC system is simulated using PSPICE and the simulation 
results are presented. The simulation results agree with the 
theoretical results 
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1.  Introduction 

 
In its general form the IPFC employs a number of 

dc/ac inverters each providing series compensation for 
a different line. An elementary configuration of IPFC 
consists of two dc/ac inverters connected in series with 
the transmission line and linked together at their DC 
terminals, as illustrated in Fig. 1. With this scheme any 
inverter can be controlled to supply real power to the 
common DC-link from its own transmission line. 
Naturally, one of the inverters, compensating 
overloaded lines or lines with a heavy burden of 
reactive power flow, can be equipped with full two-
dimensional, reactive and real power control capability. 
Evidently, it is fundamental to maintenance in this 
arrangement the overall power balance at the common 
DC-link by appropriate control action.  

The arrangement shown in Fig.1 can be functionally 
represented as in Fig. 2, where two synchronous 
voltage sources, with phasors 1dqV  and 2dqV , in series 

with the transmission lines 1 and 2, represent the two 
dc/ac series inverters (indicated in the following as 
SeV1 and SeV2, respectively). Transmission line 1, 
represented by reactance Xl1, has a sending-end bus 
with voltage phasor 1sV and a receiving-end bus with 

voltage phasor 1rV . The sending-end voltage phasor of 

line 2, represented by reactance Xl2, is 2sV  and the 

receiving voltage phasor is 2rV . 

For clarity, all the sending-end and receiving-end 
voltages are assumed to be constant with fixed 
amplitudes, Vs1=Vr1=Vs2=Vr2, and with fixed angles 
resulting in identical transmission angles,  δ1=δ2 for the 
two transmission systems. 

 
Fig. 1.  Two inverters IPFC configuration 

 

 
Fig. 2.  Two inverters IPFC functional scheme 

 

2.  Mathematical Designing  
In order to establish the transmission relationships 

between the two systems, system1 is arbitrarily selected 
to be the "prime" system for which free controllability 
of both real and reactive line power flow is stipulated. 
A phasor diagram of system 1, defining the relationship 
between 1sV , 1rV , 1xlV  and the inserted voltage phasor 

1dqV  with controllable magnitude (0≤Vdq1≤V  dq1max) and 

angle (0≤β1≤360°), is shown in Fig. 3.  
The inserted voltage phasor 1dqV  is added to the 



 
 

fixed sending-end voltage phasor 1sV  to produce the 

effective sending-end voltage effsV 1 = 1sV + 1dqV . The 

difference effsV 1 - 1rV , provides the compensated voltage 

phasor, 1xlV , across Xl1. As angle β1 is varied over its 

full 360° range, the end of phasor 1dqV  moves along a 

circle with its centre located at the end of phasor 1sV . 

The rotation of phasor 1dqV  with angle β1 modulates 

both magnitude and the angle of phasor 1xlV  and, 

therefore, both the transmitted real power, P1r, and the 
reactive power, Q1r, vary with β1 in a sinusoidal manner 
[4 -5] . This process, of course, requires the voltage 
source representing SeV1 (1dqV ) to supply and absorbs 

both reactive and real power, QSeV1 and P SeV1, which 
are also sinusoidal functions of angle β1. 

 
In order to establish the possible compensation 

range for the line 2, under the constraints imposed by 
the unrestricted compensation of line 1, it is helpful to 
decompose the overall compensating power provided 
for line 1 into reactive power QSeV1 and real power 
PSeV1. To this end, the injected voltage phasor 1dqV  is 

decomposed into two components, one, Vdq1q, in 
quadrature and the other Vdq1p, in phase with the line 
current phasor 1I . In particular, the in-phase 

component emulates a positive or negative resistance in 
series with the line impedance, while the quadrature 
component an inductive or capacitive reactance in 
series with the line impedance. 

  

 
Fig. 3.  Phasor diagram of System 1 

 
The scalar product of Vdq1q and Vdq1p with 1I  define 

QSeV1 and PSeV1, respectively. The component QSeV1, 
generated internally by SeV1, evidently provides series 
reactive compensation for line 1. The component PSeV1 
provides real power compensation for line1, but this 
power must be supplied by SeV2 from line 2. It follows 
therefore that in order to satisfy the active power 

demand of SeV1, SeV2 must be operated so as the 
relationship PSeV2=PSeV1. Each of the SeV has been 
realized by a 24-pulse inverter configuration to reduce 
the presence of harmonic components in the inverter 
output voltage with quasi square wave operation. 

 
In this paper, the two SeVs provide real and reactive 

series compensation for line 1 and line 2. The injected 
series voltages can be so chosen appropriately to force 
any desired current vector, respecting the thermal and 
stability limits,  to flow on the line, hence establishing 
a corresponding power flow. Naturally, one SeV can 
inject a series voltage at any angle with respect to the 
line current, so to exchange also real power with the 
transmission line, only when the other SeV is also 
operating. In this case the exchanged real power at the 
terminals of the SeV with the line can flow to the 
terminals of the other SeV through the common DC-
link.  On the basis of power flow requests the SeV 
control adjusts the gating of the associated inverter to 
inject the related voltage vector in series with the 
transmission line.  

 
The control structure of the IPFC is similar to that 

of the UPFC [2] with appropriate changes in the 
controlled variables and the necessary constraints 
imposed by the possible limitations of real power 
transfer. The IPFC control schemes used in this paper 
are shown in Fig. 4a-4b.  

 
 As shown in Fig. 4a, the operation of SeV1 is 

synchronized to line current 1
~
i and SeV2 to line 

current 2

~
i by two independent phase-locked loops. This 

enables each inverter to provide independent series 
reactive compensation and to keep operating under 
contingency conditions when the other line or inverter 
is out of service. The input to SeV1 ("prime" inverter) 
is either the desired real and reactive line power, 

*

1SeVP and *

1SeVQ , that are translated in the desired 

quadrature and phase component *

1qdqV and *

1pdqV , 

respectively.  From these two components the desired 
magnitude and angle of the injected voltage phasor 

1dqV are valued. The angle is added to the reference 

angle, while the magnitude 1dqV  is compared to the 

actual value, derived from the measured injected 
voltage vectors 1

~
dqv .  

The control of SeV2 is different from that of SeV1 
because it must support the operation of SeV1 by 
supplying the necessary real power from line 2 (see 



                                                                                            
 

Fig. 4b). This requirement means that, since the in-
phase component of the injected compensating voltage 
is imposed on line 2 by the real power demand of line 
1, the control of SeV2 can influence only the 
transmitted reactive power in its own line by 
controlling the quadrature component of the injected 
voltage 2

~
dqv . Thus, the reference input to the control of 

SeV2 is the desired quadrature compensating 
voltage *

2qdqV . This component is compared to the 

actual voltages component, qdqV 2 , derived from the 

measured injected voltage vectors 2
~

dqv . Then, the 

obtained error signal is the input signal for the SeV2 
linear controller implemented to modify the angle γ2  
for SeV2. 

 
In particular, the SeV linear controllers have been 

designed on the basis of the linearised model of the 
power system with IPFC installed (see Fig. 2).At this 
scope, considering in Fig. 2 the instantaneous voltages 
and currents values we have, for each single phase: 
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In which α1 and α2 are the reference angles for line1 
and line 2, respectively, β1 and β2 are the relative angle, 
respectively, of the two SeVs output voltage with 
respect to the line current. Moreover, for the power 
balance the following relation have to be satisfied: 

21 SeVSeVdc PPP −=                                                     (3) 
 

 

Fig. 4a.   IPFC-SeV1 control scheme 
 

 
Fig. 4b.  IPFC-SeV2 control scheme 

Written the equations (2-4) in the d-q frame and 
linearised around a specific operating point, the IPFC 
can be represented by the following dynamic linear 
system: 
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Incompact-form: 
BuAxx +=�                                                            (5) 

Where [ ]T

dcqdqd viiiix      2211 ∆∆∆∆∆= ,
2

21 ][ ℜ∈∆∆= Tu γγ  

In particular, in the paper the SeVs internal controller 
has been implemented to modify the angles γ1 and γ2. 
 

 



 
 

3.  Performance of IPFC System 

Considering the model illustrated in section II the 
two IPFC control inputs are for the SeVs control 
scheme, the angles γ1 and γ2, respectively. As the SeVs 
are subject to the interacting operating limits of the 
IPFC through its DC-link, it is therefore desirable to 
co-ordinate the two control inputs to exploit their 
advantages and features to the maximum extent. For 
this aim the error signals from the reference injected 
voltage magnitude *

1dqV and *
2dqV  for the two SeVs 

have been considered as further state variables. 
The system (5) becomes: 
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The aim is to find the control law    
[ ]ToptoptxKu 21

~ γγ==                                                    (7) 

Which minimized the following index 

∫
∞

+=
0

 dtRuuQyyJ TT                                               (8) 

Subject to the dynamic constraints expressed by (6). 
HBRK T~1−=                                                            (9) 

 
Here the performance is to consider  the DC-link 
voltage, that represents in both two cases a real 
measure of the actual operating condition and of the 
interactions between the inverters (SeV1 and SeV2) 
and to modify the control inputs γ1 and γ2, respectively. 
The simulation results of IPFC with different load 
compensation, power demand and control output are 
shown in Fig.5a.5b, 6a and 6b respectively. 

 

Fig. 5a.  Waveforms showing the operation of the IPFC 
with SeV1 emulating resistive, inductive and capacitive 

compensation of line 

                    
Fig 5b.  Waveforms showing the operation of  SeV2 

providing the real power demand of SeV1 and inductive 
compensation for line 2. 

 
 Fig.6a.SeV1.   simulation results with Control-1 

  
Fig.6b.  SeV2 simulation results with Control-1 

 
4.  Simulation of IPFC in Power Flow 

 
 It is observed that when there is a difference in the 
angle between the two sending end voltages, transfer of 
real power from the line with higher angle to the line 
with lower angle occurs and thereby maintaining the 
stability. The output for a case where the first line has a 
phase angle of 45° and the second line has a phase 
angle of 0° is studied. It is observed that the real power 
at the load of line 2 is 520 KW as in Fig 8. The other 
cases of phase angle differences are also taken and the 
results are tabulated as in table 1. 
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Fig. 7.  Model of transmission line with phase difference 
 

           Time
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 Fig. 8.  Real Power at load end for system 1 with an angle 

of 45° and system 2 with an angle of   0° 

 

Table . 1.  Real power transferred for different angles  

This circuit is also modeled and simulated. The outputs 
for the variations of the two sending end voltages are 
studied. The real power flows between higher angle to 
the lower angle, and the various values are tabulated. 
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Fig. 9.   Model of transmission line with voltage 

difference 
 
    The reactive powers at the individual line ends of 3 
KV and 3.3 KV are taken .The output is as in Fig.10 
and Fig 11.Then the reactive power is measured after 
including the Inter line power flow controller. It is 
observed that the reactive power flows from a line with 
high voltage to a line with low voltage. A case for 
which voltage of the first line is 3KV and the second 
line is 3.3KV is simulated and the resultant waveform 
is displayed in Fig 11. 

Table . 2.   Reactive power transferred for different 
voltages 

 

S.No 
Bus 

Angle at 
System 1 

Bus 
Angle at 
System 2  

Real power 
Measured at load 

of system 2 

1. 180° 45° 450kW 
2. 180° 90° 370kW 
3. 270° 45° 880kW 
4. 270° 90° 490kW 
5. 270° 180° 25kW 
6. 360° 45° 460kW 
7. 360° 90° 425kW 
8. 30° 20° 700kW 
9. 30° 10° 750kW 

S.NO 

Voltage 
rating 
of Line 
1(KV) 

Reactive 
power at 

line 1 

Voltage 
rating 
of Line 
2(KV) 

Reactive 
power at 

line 2 

Transfer of 
reactive 
power  

1 6.0 155 KVAR 6.6 188 KVAR 
178 KVAR 
on 6KV line 

2 10 430 KVAR 11 520 KVAR 
495 KVAR 

on 10KV line 

3 32 4.3 MVAR 33 5.2 MVAR 
5.0 MVAR 

on 32KV line 

4 64 17.5MVAR 66 21.2MVAR 
21MVAR on 
64KV line 



 
 

           Time
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       Fig. 10.  The reactive power at the 3.0KV line is 

39KVAR 

    The reactive power obtained through the IPFC from 
3.3KV to 3.0KV line is measured to be 44KVAR on 
the 3.0 KV line. So it is concluded that the reactive 
power flows from a line with higher voltage to a line 
with lower voltage to maintain the balance. The 
different cases with various voltage combinations with 
their respective reactive power compensation are given 
in table 2. 

           Time
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Fig 11.The reactive power at 3.3KV line is 52 KVAR 
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           Fig. 12.  The reactive power obtained through the 
IPFC from 3.3KV to 3.0KV line is 44KVAR on the  

3.0 KV line 
 
 

 
 

5.  Conclusion 
 

    In this research, this controller has been 
demonstrated successfully in the IPFC system. Indeed, 
the main concept is to consider  the DC-link voltage, 
that represents in both two cases a real measure of the 
actual operating condition and of the interactions 
between the inverters (SeV1 and SeV2) and to modify 
the control inputs. The simulation results show the 
improvement available by the proposed controller 
respect to the conventional one. The real power flows 
between higher angle to the lower angle, and the 
various values are clearly analyzed. So it is concluded 
that the reactive power flows from a line with higher 
voltage to a line with lower voltage to maintain the 
balance of a system. 
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