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Abstract: One of the newest FACTS devices (Flexible AC Transmission Systems) is Interline Power Flow 
Controller (IPFC). By having several Voltage Source Converters (VSC), it has the capability for power 
flow of several lines simultaneously. In this paper IPFC converters are considered as hypothesis bus in the 
power flow equations and then are matched with the Newton power flow, a program in MATLAB has been 
written order to extend conventional NR algorithm based on this model then explain difference with 
common power injection model. A case study is conducted on 6-bus & 3-machine and 30-bus & 6-machine
systems and the results are examined in the absence and presence of IPFC in the network. This represented 
with two VSC in the case study. The numerical results of this study show the capability of paper’s model to 
explain this controller.
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INTRODUCTION

The advances in power electronics and availability
of the fully controlled semiconductor devices such as 
the gate turn-off thyrestor (GTO) and the Insulated Gate 
Bipolar Transistor (IGBT) have developed new
generation of (Voltage Source Converter) VSC-based
FACTS devices. Unlike older devices, new FACTS
devices are powerful tools which can perform multiple 
operations at the same time, while older FACTS
devices had the capability to perform merely one
operation.Unified Power Flow Controller (UPFC) is
one of such devices which is a versatile tool [1-3], but 
UPFC can control only one line at a time. IPFC is the 
latest FACTS device. in addition to having the
advantages of UPFC, IPFC can simultaneously manage 
and control the power flow of multiple lines. This 
capability has made this tool a distinct device and has 
many attracted.

Given these properties, it also has the advantages of 
fine management and control in the system, as well as 
appropriate economic benefits for the owners of power 
transmission systems. IPFC is used in steady state to 
increase the capacity of lines power transfer, regulate 
and manage the power flow, compensate the reactive 
power, prevent the loop current and avoid the overload 
in the network. In addition to these capabilities,
improvement of voltage stability, dynamic and transient 
stability correction as well as its application as power 
filter in distribution system have all made this tool into 
a multifunction device [4-9].

IPFC can control and manage n lines
simultaneously. IPFC is composed of several Static
Synchronous Series 

Compensators (SSSC), which are tool placed series 
in the line and can exchange reactive power with the 
line [10].

Each IPFC is composed of at least two SSSCs,
which are placed series in line and their DC parts are 
connected via a common capacitor.

The  IPFC  structure  makes  it  possible  to 
exchange reactive power, which is among the
capabilities of every SSSC, as well as to exchange
active power with the line. This active power can be 
obtained via power exchange through DC connection 
between the SSSCs in different lines. On the other
hand, the transmitted powers in each line is a function 
of the voltage amplitude of sending and receiving
buses,  phase  shift  of  sending  and  receiving  buses 
and series impedance of the line. IPFC can directly or 
indirectly  impact  on  each  of  these  factors  and 
increase the power transfer.

In order to use the tool appropriately and optimally 
and to observe system stability issues, the constraints 
and limitations in IPFC utilization should be considered 
as well. 

IPFC POWER INJECTION MODEL

Figure 1 shows the equivalent circuit of an IPFC 
with two series converters. In this circuit, is the
complete controllable  series   injected   voltage.  From
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Fig. 1: Equivalent circuit of two-converter for IPFC
using voltage source

Fig. 2, for one of the lines, the relations can be derived 
as follows:

(1)

(2)

Where

Equations (5) and (6) can also be written in matrix 
form as

(3)

The symmetry of matrix A is very important,
which  can  make

nssA  and 
nrrA be divided into two 

parts as

Equation (3) can also be expressed by the
equivalent circuit shown in Fig. 2.From Fig. 2, the
active and reactive power injections at buses sn and sr
associated with two current sources can be easily
calculated  as  follows  [11]  (for  the sake of simplicity,

Fig. 2: Power injections (∏) model of IPFC

the resistances of the transmission lines and the series 
coupling transformers are neglected):

(4)

Where

The equivalent power injection model of an IPFC 
is shown in Fig. 2. It can be concluded that the
admittance matrix still keeps the same structure and 
symmetry as that of the case without IPFC. The active 
and reactive powers from buses sn and sr can be, 
respectively, expressed as

(5)
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IPFC MODEL

In this  section, we will provide the mathematical 
model of IPFC. Each IPFC is composed of several
VSCs, each of which located series in the lines with 
their DC sides connected via a common capacitor. For 
the purpose of modeling the IPFC, it is considered in 
the form of several VSCs which have common DC
connections.

VSC model in the steady state based on FACTS 
devices is divided into two groups of coupled model
and decoupled model. Its coupled model is divided into 
two main models in turn. The first model is VSM
(Voltage source mode). Each converter is formulated as 
an injections voltage in which control parameters act 
directly as the state variables. VSM has a good
convergence property, but makes the admittance matrix 
asymmetric. The other coupled model is PIM (Power
injection model) which is extracted from the VSM. This 
method keeps the symmetry of admittance matrix, but 
enjoys weak convergence property [12, 14].

In decoupled model FACTS, devices are usually 
replaced by PQ or PV hypothetical bus, the results of 
which are carried out in modification of Jacobean
matrix. [13].

Figure 4 indicates a system with n Buses in the 
presence of one IPFC with p voltage source converter; 
we attribute no loss to the converter. We refer to the 
sending-side bus of line as S and the receiving-side bus 
of the line as r.

Fig. 3: IPFC with “p” series converters connected to an 
existing “n” bus power system

Fig. 4: Equivalent circuit of IPFC incorporated power 
system network

Typically, in the analysis of power system in
steady state the VSC is provided with a voltage source 
and controllable amplitude and angle. As shown in Fig. 
4, the IPFC equivalent circuit is presented with p
number Zse and Vse voltage source, which Zse is the 
impedance of transformer and is placed series in the 
line. Each line is presented with its ∏ equivalent circuit 
in which Zg=Rg+jXg yg=1/Zg yseg=1/Zseg
Yij=Yji=-yij=-yij.

The series current can be simply calculated in mth

line.

            Isem = αmVsm-βmVrm-αm Vsem (6)

Where

αm = [((ymo + ym) ysem) / (ymo + ym + ysem)] (7)

βm = [(ysem. ym) / (ymo + ym + ysem)] (8)

Thus, the injection current to Sm Bus can be obtained:

(9)

As a result, the new
m ms sY determinant in

admittance matrix can be obtained:

(10)
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Accordingly the new 
m mr rY determinant can be obtained:

(11)
Where

   m = [((ymo + ysem) ym) / (ymo + ym + ysem)] (12)

We add to the admittance matrix rows and columns 
tantamount the number of VSCs to correct admittance 
matrix in the presence of IPFC and except the new
determinants of admittance matrix which are referred to 
below, the remaining determinants of new rows and 
columns are zero.

(13)

(14)

(15)

Semi indicates the series converter in the mth line. 
The series converters are numbered from n+1 to n+p 
and are placed with these numbers in admittance
matrix.

The following drays of admittance matrix are
corrected in the presence of IPFC:

(16)

(17)

(18)

As evident, the symmetry of admittance matrix is 
maintained in this method. According to power flow 
equations, the injected power to each of the Buses (in n 
Bus and p converter System) can be written as:

(19)

(20)

Where
Va: Magnitude of voltage at bus a
θa: Phase angle of voltage at bus a
Yaq: Magnitude of element Yaq in admittance matrix
ϕYaq: Angle of element Yaq in admittance matrix.

According to power flow equations, the active
power  which  the  n th VSC injected to or absorbed from 

Fig. 5: One line and one vsc from system

the line in which it is located can be obtained by the 
following equation:

(21)

In IPFC design, assuming that it has two VSCs, 
one line is always selected as the main line and another 
line which is  connected to the IPFC is considered as the 
dependent or lower line. In the main line, the active and 
reactive powers are both manageable entirely and we 
can adjust them to the desired value, but in the
dependent or lower line, only one of the active or
reactive powers is controllable and the other is released. 
Now, if there is one IPFC with p converter, p-1 is the 
main line and 1 is the dependent line. Since the IPFC is 
a tool that neither generates active power and nor
consumes its, the total injected and absorbed active 
power to the system should be zero; that is to say, if 
some of the converters absorb active power from the 
system, assuming that the converters waste no power, 
other converters should injected the same amount of 
active power. This is the important property of IPFC 
that can transmit power from overloaded lines to under 
loaded lines. It can be easily indicated that in the main 
lines, the active and reactive powers are completely 
controllable and we are in control of them by changing 
the amplitude and angle of series converter voltage.

The main purpose of using FACTS controllers and 
particularly the series controllers, is to improve the
management and to maintain control on power transfer. 
The control includes stable or temporary decrease and 
increase or even directing of power transfer. The
following Fig. 5 is a briefed single-line diagram
between two Buses of the system in which one VSC is 
located as series.

The complex power which reaches receive bus can 
be obtained as follows.

(21)

Now if we consider absence of converter namely 
Vse = 0:

(22)

According to the above equations, we can mark:
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(23)

The above equation is a linear conversion that 
outlines the vse <dse circle after a rotation within 
<(dr+dz), followed by a contraction or expansion within 
[Vr/Z] and displacement within So to page P_Q.

In  which  Vse  is  the  series VSC Voltage and 
vse∈[0, vimax] is all within the circle area and control 
area for the active and reactive powers; therefore, as it 
can be seen, the transmitted power from the
transmission line is a function of Vse amplitude and dse 
angle and by working on the inside of the circle the 
transmitted power from transmission line can be well 
controlled; this is the main purpose of IPFC application 
in this article i.e. power flow management. 

To obtain the transmitted active power from a line 
in which one of the IPFC converters is located, we 
assume that converter c is located in this line:

(24)

(25)

POWER FLOW WITH IPFC

In this part of the paper, the Newton power flow is 
discussed in correspondence with the mentioned IPFC 
model.

1. The correction of admittance matrix and calculation 
of the new admittance matrix is articulated within 
……method.

2. The angle and amplitude of bus voltage and VSCs 
voltages are considered as state variables, assuming 
n-bus system in which m buses are generation 
buses. Note that the number of buses increases to 
n+p, that is to say we consider the converters as bus 
and perform power flow for n+p buses and without 
taking into account the IPFC and of course
according to the mentioned procedures and
equations.

(26)

(27)
                    X = [( V] ‘ 

3. Calculation of mismatch vector in Kth repetition:

We have to obtain certain values of active and 
reactive power which are the desirable values and 
should be resulted at the end of power flow with
tolerance.

(28)

Now, we will obtain the calculated values of the 
above variables in the kth repetition, whose differences 
with the specified values of matrixes (24) represent the 
mismatch vector.

4. The formation of Jacobean matrix at kth repetition 
considering the addition of the amplitude and angle 
of converters voltage to the state variables to its 
columns for active and reactive power differentiate 
relation these and addition of differentiate
transmitted active and reactive power from the
lines with converter and the total active power of 
converters to the number of its rows for differential
regard to angle and amplitude of voltage.

5. Obtaining the correction matrix at the kth repetition
(∆Xk).

6. If the value of mismatch (error) is smaller than the 
desired tolerance, the result will be the output of 
issue; otherwise, we will go to step 7.

7 .Correcting the values of voltages scale and angle 
or status variables.

8. k = k+1, then we return to step 3.

CASE STUDY

In numerical studies, selection of the initial value, 
especially in the case of VSCs is very important,
insomuch as a wrong choice may lead to weak
convergence. We consider the initial voltage amplitude 
1 p.u. and the initial angle value 0 radians for system 
buses. We take the initial voltage amplitude of VSCs 
0.1 to 0.05 p.u. and (-π/2) radians for their initial value 
of angle.

First, we examine 6-bus & 3-machine system. We 
take IPFC with two converters which are located series 
in lines 4_5 and 2_4. We have considered the optimal 
value of the two lines as Psp (4_5) =0.1 p.u. and Psp 
(2_4) =0.41 29 p.u. The voltage amplitude and angle 
value of buses in power flow are shown in Table 1 in 
the presence and absence of IPFC.

In Table 1, this point can be also noted that the 
voltage  amplitude of buses in which IPFC is located on
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Table 1: Results of 6 bus 3 machine system power flow

Without IPFC Common model Paper model
-------------------------------------------- ----------------------------------------- -----------------------------------------

Bus no. V p.u. Angle degree V p.u. Angle degree V p.u. Angle degree

1 1.000 0.00 1.000 0.00 1.000 0.00
2 1.010 -4.27 1.010 -5.87 1.010 -4.35
3 1.010 -4.74 1.010 -5.12 1.010 -5.54
4 0.978 -5.52 0.989 -4.41 0.983 -4.54
5 0.971 -7.01 0.978 -7.55 0.985 -6.75
6 0.984 -7.15 0.985 -6.32 0.988 -7.97

Table 2: Power transfer in system lines
Bus s Bus r Pij p.u. Pij p.u. with IPFC

1 2 0.2871 0.3432
1 4 0.4740 0.4083
1 5 0.3987 0.4141
2 3 0.0322 0.0159
2 4 0.2995 0.4129
2 5 0.1802 0.1525
2 6 0.2637 0.2454
3 5 0.1806 0.1622
3 6 0.4516 0.4537
4 5 0.0565 0.1000
5 6 0.0058 0.0098

one of the connected lines will be increased and
improved. In Table 2, the transmitting active power
from the lines in the presence and absence of IPFC is 
shown as well.

As evident, we have reached the desired power of 
the problem within the two lines in which the IPFC 
converters are located and it emphasizes the
controllability. As it was noted earlier, the IPFC
exchange the power transfers from the lines. Here, the 
converter connected to the line 4_5 absorbs the active 
power from the converter of line 2_4. The voltage 
amplitude and angle of converters are presented at the 
end of the algorithm Vse1=0.0336 p.u. and
Vse2=0.0469 p.u. and θse1=-21.56 and θse2=-112.59
degrees. Of course, our focus here has been on the 
increase of transmitting active power from the two lines 
connected to IPFC, while even the transmitting active 
power can be reduced.

According to the results of this case study, this 
model has good response in power transmission system. 
Like this paper’s method for this model, littlie change is 
needed in common equations of Newton power flow.

CONCLUSION

A novel model of IPFC suitable for power flow is 
presented.  In  this  model,  the  impedance  of the series 

converter coupling transformer and the line charging 
susceptance are all included, while the original structure 
and symmetry of admittance matrix can still be
kept.IPFC in power system makes it possible
controllability   of   power  transfer  in  the  system. 
With the presence of IPFC the power flow management 
is possible, bypass power from the lines can be
decreased or increased and even power transfer
direction  can  be  changed.  In  the  stated method 
within the paper, the IPFC model is presented
compatible with Newton method. This model is
conducted   by   taking  into  account  the reluctance
part  of  line  equivalent circuit and series transformer. 
By   selection  of  appropriate  initial  value,  the 
positive  convergence  and  performance  of  the
presented  method  is  shown.  Little  change  is  needed 
in common equations of Newton power flow, so it’s 
acceptable.
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