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Abstract: Among the FACTS device, the distributed power flow controller (DPFC) is
a superior device. This can be evaluated after eliminating the dc capacitor between shunt
and series convertors of the unified power flow controller (UPFC) and placing a number of
low rating single phase type distributed series convertors in the line instant of using single
large rating three phase series convertors as in the UPFC. The power flow through this dc
capacitor as in the UPFC now takes place through the transmission line at a third harmonic
frequency in the DPFC. The DPFC uses the D-FACTS that allows the replacement of a large
three-phase converter as in the UPFC by several small-size series convertors present in the
DPFC. The redundancy of several series convertors increases the system’s reliability of the
power system. Also, there is no requirement for high voltage isolation as series convertors
of the DPFC are hanging as well as single-phase types. Consequently, the DPFC system has
a lower cost than the UPFC system. In this paper, the equivalent ABCD parameters of the
latest FACTS device DPFC have been formulated with the help of an equivalent circuit model
of the DPFC at the fundamental frequency component. Further, the optimal location in the
transmission line and maximum efficiency of the DPFC along with Thyristor Controlled
Series Compensator (TCSC), Static Synchronous Shunt Compensator (STATCOM) and
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UPFC FACTS devices have been investigated using an iteration program developed in
MATLAB under steady-state conditions. The results obtained depict that the DPFC when
placed slightly off-center at 0.33 fraction distance from the sending end comes up with
higher performance. Whereas, when the TCSC, STATCOM and UPFC are placed at 0.16,
0.2815, 0.32 fraction distances from sending end respectively give their best performance.

Key words: distributed power flow controller, efficiency, FACTS, maximum power transfer
capability, optimal location

1. Introduction

The increase in consumption of electrical energy needs additional generating units as well as
an extension of power system networks. However, this requires more investment and increases
environmental issues. Generally, the load centers are far away from the power generating stations.
The generating power is utilized by loads via power export-import schemes. The line impedances
of lines decide the power flow in individual lines and there is no restriction of power flow to the
preferred power corridors. Consequently, there is a chance of overloading of some lines with the
overall effect of deteriorating voltage profiles and decreased system stability [1]. The cost and
difficulties forbid the construction of new lines. There is therefore an urgent need to find means of
utilizing the existing transmission facilities to a great extent. To enhance the transmissible power
in AC power systems, it is a well-founded practice to utilize reactive power compensation. For
enhancing the voltage profile as well as power flow in a transmission line fixed or mechanically
switched capacitors and reactors are employed. It has been convincingly stated that both the
transient and dynamic stability of the interconnected power system can be enhanced, and voltage
disruption can be interrupted if the reactive power settlement of the transmission line is made
speedily fluctuating with the help of the solid-state, thyristor switches, and electronic control. To
control the voltage, power flow, and stability in a transmission line of a multi-area system a high
current power electronics device is used that is known as the flexible AC transmission system
(FACTS) [2]. The connection of various FACTS devices in a transmission line is described in
different ways, such as in series connection, shunt connection, or a combination of series and shunt
combination [3]. The FACTS devices, such as static synchronous series compensator (SSSC) and
thyristor-controlled series capacitor (TCSC), are connected in series to the transmission lines to
improve the power flow. To control the voltage profile of the transmission line by connecting in
shunt the static VAR compensator (SVC) and static synchronous compensator (STATCOM) are
used [4]. A flexible AC transmission system that is connected in combination of series and shunt to
the transmission line to improve real and reactive power is the thyristor-controlled phase-shifting
transformer (TCPST) and unified power flow controller (UPFC) [5]. The distributed FACTS was
invented to reduce the cost and to increase the reliability of the system. In the distributed flexible
AC transmission system device (D-FACTS) multiple low-power converters are connected to the
transmission line by transformers consist of a single turn. The D-FACTS has several advantages
in comparison to conventional FACTS devices, such as due to its lower cost it is easy to maintain
the installation and enhance the system reliability because failure of one device will not shut
down the entire system [6]. Presently, the distributed static series compensator (DSSC), which
works as a D-FACTS device acts like a controlled variable conductor [7]. Due to the inability of



www.czasopisma.pan.pl P N www.journals.pan.pl

Vol. 71 (2022) Maximization of injected power and efficiency 93

power sources in the DSSC, it can only control the line impedance and is not most as powerful as
the UPFC [8,9].

Among all FACTS devices the DPFC is the latest device which has powerful capability to
control the power flow in the transmission line because it has a large number of distributed
series convertors and has no dc link between shunt and series convertors, like in the UPFC
which provides high redundancy to the electrical system. Serval works have been presented to
find out the optimal placement of conventional FACTS devices like the TCSC, STATCOM and
UPFC [24]. It is important to find out the optimal placement of the latest FACTS device DPFC.

This paper describes the optimal location of the distributed flexible AC transmission system
in a transmission line under a steady state. To study the transmission line, a mathematical model
is developed, in which it has been characterized by a two-port four-terminal model. The line and
FACTS device parameters are represented by ABCD parameters. Finally, using the concept of
ABCD parameters the exact optimal location of the TCSC, STATCOM, UPFC and DPFC have
been evaluated with their maximum efficiency for a 500 KV system.

2. ABCD model of long transmission line

It is considered that the transmission network has four terminals, the distribution of the
line parameters is uniform and there is two-port network modelling. Capacitors, resistors, and
inductors are the main elements of any electrical system. In the transmission line, these three
elements are uniformly present throughout the whole length. The line inductance has a very
important role due to the facts that the inductive reactance of the line is directly proportional
to the supply frequency and line inductance, and the inverse of this reactance is related to the
power handling capability of the transmission line [10]. As the length of the transmission line
increases, the line inductive reactance becomes high which results in lowering the power handling
capabilities of the transmission line conductors [11]. Oppositely, the decrement in line reactance
will increase the power handling capability of the transmission line. To decrease the value of
inductive reactance a parallel inductive reactance circuit should be connected. To achieve this,
the number of transmission lines should be increased which will increase the overall cost of
the system. To solve these problems, the concept of FACTS devices was invented which can
regulate the system parameters in dynamic as well as steady-state conditions. Several emerging
issues like enhancement of system security, loss minimization, congestion management, and
available transferability of the system and transmission pricing can be overcome using series-
shunt compensating devices like the DPFC [12]. After removing dc capacitor from the UPFC and
placing distributed series convertors, the DPFC can be evolved as shown Fig. 1 [13, 14].

Three phase line

a L“J_ Bus ‘ _f'\;,vl_ e _f"\fl_
(P === Pl eE or o

Shunt Series convertors
convertor

Fig. 1. Steps of growth of DFPC from the unified power flow controller [14]
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There are certain locations of these FACTS devices at which benefits can be maximized [15].
Power angle, impedance and grid voltage are the parameters which affects the regulation of flow
of power, and these are controlled by the DPFC controller simultaneously. When a FACTS device
is configured as a series-shunt compensating device, it is located at a particular distance of x km
from the sending end then a common general circuit constant of the regulated transmission line,
having shunt reactance X, and series reactance X, respectively is derived [16]. For a real inter-
connected transmission line containing impedance and admittance, depending upon the length of
the line (short, medium, and long transmission line) the parameters can be represented in terms of
ABCD parameters [17]. Once the line parameters are represented in terms of the ABCD parameter,
amathematical model can be developed easily for analyzing the circuit in various aspects required.
A transmission system can be characterized by the two-port four-terminal system shown in Fig. 2.

Pg +]Qg PR JrJ(?}E
—_—
J.e——— o : _ o R
5 Transmission Line
Vo R

Fig. 2. Transmission system two port network [17]

The power in a transmission system flows from the sending end to the receiving end. In the
case of a lossless transmission line, the sending end power should be equal to the receiving end
power but in real practice due to the presence of admittance and impedance in the interconnected
line, some energy is wasted in the transmission line [18]. If a system has ¥ mho/km admittance
in a shunt, Z ohm/km impedance in series and L length of the transmission line, then the ABCD
constant of the transmission network should be:

A =D =cosh(yL), B = Z.sinh(4L), C =sinh(yL)/Z,, (D
. . e . 4
where the propagation constant is A = VZ - Y and the characteristics impedance is Z. = 7

For convenience, all the four constants may be represented simultaneously in matrix form then,
A B
C D

Here all the ABCD parameters are in the polar quantities, so each of them has magnitude as
well as an angle, A = AZ04, B=B/0p,C=C4LOc,D =D/0p.

Then we simplified the model of the transmission line, by neglecting the resistance and
capacitance. In that case the ABCD parameter constant of the transmission line model becomes:

sinh(AL) . 2

cosh(AL) Z. -sinh(AL)
] cosh(AL)

Zc

A=D=1/0°, B=x-L/90°, C=0. 3
So, for a simplified model of the transmission line

A B
[C D]= “)

1 x-L/Z90°
0 1 ’
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3. Efficiency of the line

From Fig. 2, sending end current Is and voltage Vs can be expressed in terms of receiving
end current /i and voltage Vg as [23]:

V¢ =AVgr+BIg and Is=CVgr+DIg. (5)
The sending end real and reactive power can be written as:

Al Vs /? _ALIVs] Vel

Ps = cos(B — @) IB]

T cos(B -6 +180°), (6)

where ¢ is the power angle.

A Vs]? _JAlVs] Vel

Qs = ————sin(B — @) 18]

5] sin(B — 6 + 180°). 7)

The receiving end real and reactive power can be written as:

2

Pr = cos(p - ) - ELTEE cos(p - a), ®)
2

QR — |VS||B||‘/R| Sin(ﬂ _ (5) _ % Sin(ﬂ — al), (9)

The efficiency of the transmission line can be expressed as:

P
n= P—’; x 100% . (10)

4. ABCD model of transmission line with FACTS device

Theoretically, the FACTS device can be connected at any position between the generating end
and the infinite bus. A general block diagram showing the FACTS device among sending end and
receiving end is presented in Fig. 3.

Vs Vis V'R VR

FACTS
devices

Line e —_—
[S IR |IR

Fig. 3. General block diagram showing FACTS device in the transmission line [23]

The complete line can be divided into three parts, the line before the FACTS device towards
the sending end, the FACTS device, and the line after the FACTS device towards the receiving



www.czasopisma.pan.pl P N www.journals.pan.pl

N

96 Santosh Kumar Gupta et al. Arch. Elect. Eng.

end [19]. The three parts are in cascading form as shown in Fig. 4, the overall ABCD parameters
in such case are the multiplication of the ABCD constant of individual parts.

A B] [A B A Bl (A B (11)
¢ p||c bl |c pl.[c Dl
v \Y%
S [A B] [A B A B )
I cC D Lo e D FACTS C D L.(l-x) Ir

Fig. 4. Representation of ABCD parameters in cascading with FACTS device [23]

As shown in Fig. 4, if the FACTS devices are placed on a transmission line, then the sending
end voltage and sending end current can be expressed by the equation:

Vs| _|A B] [A B] [A B] Vg (12)
Is C D Lx C D|.|[C D L(l—x) Ir |’

Vs| _|A B||Vr

l=e ol ] a3

A=f(x), B=f(x), C=f(x), D=f(x),
Wherere[O 1].

5. ABCD constant model FACTS devices

5.1. ABCD model of TCSC

The TCSC is the FACTS device that can regulate the impedance of desire lines and quickly
controls the power flow of that lines. It has a parallel combination of a fixed capacitor and a rector
controlled by a thyristor, as shown in Fig. 5(a).

L Knet V;, 7 Xnet I’ | VJ;
:I s 1 R
c D | — |
(@)

(b)
Fig. 5. Equivalent representation of TCSC (a); TCSC connected in the transmission line (b) [23]

The TCSC model consists of the offered variable reactance (both inductive and capacitive)
Xnet, Which is dependent upon the firing angle of the thyristors and expressed as:

7TXL

Xj=— L
' 27 “2a +sin2a

(14)
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where: « is the firing angle of the thyristor, Xy is the inductive reactance, X; is the variable
reactance with the thyristor. Now X; and X. are in parallel connection. So, in a steady state
situation, Xpe; is represented as:
X1 Xc
Xc - X1~
For Fig. 5(b), the relationship between voltages and currents at the sending end and receiving
end terminals in steady state conditions is written as:

Xet = (15)

Vi=Vh+jXoelp and I =1, (16)

From Egs. (16) the ABCD parameters of the TCSC are obtained as [23]:

A B] [1 anel]
= ) 17)
[C D|ese [0 1

5.2. ABCD model of STATCOM

The basic model of a STATCOM is depicted in Fig. 6(a). The reactive power generation and
absorption is controlled by capacitor voltage. Based on the model of the STATCOM, the convertor
voltage Vyj, is formulated as [23]:

Vip = Ky E.ge cOS % , (18)

where, E . is the terminal voltage of the capacitor, K, is the coefficient for the multi-pulse
waveform, S is the firing angle of the thyristor of the convertor.

|7 Ve Vee Vi
©
I I i,
L
Z:h
Y
(@ (b)

Fig. 6. Model of STATCOM (a); model of UPFC (b) [23]

At the operational point, K; is the operation parameter and from Fig. 6(a) we have the
following:
KvEdc = K1V,§ and Ié = Ilsp +II’€ . (19)

From Egs. (18) and (19) the ABCD parameters of the ABCD are obtained as:

1 0] ’ 20)

T|K 1

(N
STATCOM

C D
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where
1 — Kj cos %
K=1+
Zsp

and K| = 1.1, taken for the capacitive mode of operation.

5.3. ABCD model of UPFC

The UPFC model consists of two voltage sources as depicted in Fig. 6(b). One is connected
in series with the line and other is connected in parallel with the line via a coupling transformer.
In addition, both are linked via a dc capacitor. The model has a powerful capability to regulate
system parameters like line impedance, power angle as well bus voltages resulting in powerful
control over active and reactive powers. From the model of the UPFC it can be expressed as [23]:

Vie =ye!®V{ and V§=CpVi,

where | v
se
P YT
and 6 varies from O to 27 radians.
RAEY
sh — Z—Sh s
where
Ksh — Vsh
Vs

and from the basic principle of the UPFC we have the following:
Re [V{I%, ] =Re [Vselg] .
By solving the above three equations we get:
, Cp-Re(1-Cp)Ig

ZnC
sh P(Zsh)

Or the above equation can be simplified as:

I$=KIy.

’
+1y.

Therefore, the steady-state expression for this place of the UPFC will be
Vi=CpVg and Ig=KIpg.

In matrix form, the steady state equation taken from Eq (26) as follows:

[VS] _|ce 0 [VR
I 0 K|l
Therefore, the ABCD parameters for the UPFC are
[A B _|Cp 0]
C D UPEC 0 K

2n

(22)

(23)

(24)

(25)

(26)

27)

(28)
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5.4. Formulation of ABCD parameters of the DPFC

In the group of FACTS, the DPFC is a multipurpose device that can regulate real and reactive
power. There are two voltage sources in the modelling of the DPFC. There are two convertors
in the DPFC. One is a single-turn transformer one connected in series with the transmission
conductor and the other is connected in parallel with the transmission conductor [20]. Both the
convertors have a dc capacitor for storing energy. The injection of voltage with variable phases
and magnitude into the line conductor is possible by the series convertor [21]. The real power
exchange occurs among the line conductor and series convertor by the parallel convertor [22]. The
proposed model of the DPFC with the transmission system at fundamental frequency is shown
in Fig. 7. The series convertors of the UPFC and DPFC can be placed anywhere between two
buses, whereas the shunt convertor of UPFC can also placed at anywhere in the line, but the shunt
convertor of the DPFC must be placed at the sending end of the line as shown in Fig. 8. This is the
basic difference between mathematical calculations of the UPFC and DPFC, at the fundamental
frequency component.

Vs DPEC Series
Convertor
] (Vo)
¥ ‘Lh
Zg
DPFC Shunt
Convertor
(Vsh)

(@) (b)

Fig. 7. DPFC circuit diagram with the transmission line (a); mathematical model of DPFC at fundamental
frequency component (b)

14 Ve

I; I,
Ish
Z, 'sh
Vo

Fig. 8. Separation of series and shunt convertors of the DPFC for the evaluation of ABCD parameters

T.L. &

Y =

From the above model of the DPFC, as the series and shunt convertors of the DPFC are not
together, it is necessary to evaluate the ABCD parameters of series and shunt convertors separately.
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From Fig. 8, the ABCD parameters of the shunt convertor of the DPFC can be calculated like the
ABCD parameters calculated for the STATCOM from Egs. (18) and (19).

Vs 1 0 v,g]
- R, 29
[15] [KSHUNT 1] I 29)

where
1
1 - Kj cos ’%

Kspunt =1+
Zsh

is the operating parameter for the DPFC, shunt convertor.
Therefore, the ABCD parameters of the shunt convertor of the DPFC which is placed at the
sending end, are as follows:

C D
DPFCspunt

[A B
Kspunt 1

: 0] . (30)

From Fig. 8, the ABCD parameters of the series convertor of the DPFC can be calculated as:

Vse =ye!?V{ and V§=CpVy, 31)
where
c 1  Vie
Pseries = 177 1,70° Y= V_s

and 6 varies from O to 2 radians.
Ig=1g. (32

From Egs. (31) and (32) we get

Vi Cp o] |Vy
s|— SERIES R
el V0] .

Therefore, the ABCD parameters of the series convertor of the DPFC is given:

[2 g _ CPSSR'ES (1)] (34)
DPFCSsERIES

Vs Ve
A B ] A B A B A B

IS ¢ D Al c D L2 c D SERIES| (& D L,(1-x) In

Fig. 9. Block representation of ABCD parameters in cascading with series and shunt convertors
of the DPFC FACTS device
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6. Results and discussion

To study the behaviour of different FACTS devices on the transmission line connecting
a generating station with an infinite bus, a set of input data is required. In this work, a set of input
data is used for analyzing the system provided in Table 1 [23]. The intersection points of the power
received, and power delivered by the DPFC is important as this gives the optimal location of the
DPFC on the transmission line as the power received and delivered by the FACTS devices at that
point are equal. The exact locations of the TCSC, STATCOM, UPFC and DPFC are investigated
with the help of an iteration program developed in MATLAB. Figure 10 and Fig. 11 are showing

Optimal location of TCSC in the line Optimal location of STATCOM in the line
0

120 = 8000 =
Power delivered Power delivered
Power recieved Power recieved
B 1000 3
2% 2 26000
© > 800 ° >
T2 T2
£ 3 600 £ B 4000
8.2 S
] ]
g S 400 g g
B Eg
g = 22000
28 % 5
= 200 =
0 0
0.2 0.4 0.6 0.8 1 0.2 04 0.6 0.8 1
Different locations of TCSC Different locations of STATCOM
(a) (b)

Fig. 10. Optimal location of TCSC in the transmission line (a); optimal location of STATCOM
in the transmission line (b)

Optimal location of UPFC in the line

Optimal location of DPFC in the line
8000 8000

Power delivered Power delivered
Power recieved Power recieved

B~ T -

2 %6000 2 %6000

ig oE

B~ B~

£ 4000 £ 34000

a2 B

g 3 g3

= =

g ; 2000 5 ; 2000

%8 % g

= =

= =

0 0

02

0.4 0.6 0.8

Different locations of UPFC

(a)

0.2 0.4 0.6
Different locations of DPFC

(b)

0.8

Fig. 11. Optimal location of UPFC in the transmission line (a); optimal location of DPFC
in the transmission line (b)
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how the TCSC, STATCOM, UPFC and DPFC receive and deliverer power when it is placed at
different locations.

Table 1. Set of input data used [23]

S. No. Parameters Data Unit
1 Impedance of the line 0.03808 +j0.7616 ohm/km
2 Admittance of the line 0.0 +j5.5 pS/km
3 Length of the line 483 (300 miles) km
4 Rating of the load 100 MVA
5 Receiving end voltage 500 kV
6 Power factor angle of the load 85 degree
7 Firing angle of the thyristor (@) 150 (for 60% compensation) degree
8 v (for series convertor) 0.01 -
9 6 (for series convertor) 90 degree

The optimal location of any FACTS device in the transmission line is that location where the
power received and power delivered by that FCATS device are the same. At that point the system
efficiency will be maximum. With the help of the iteration program developed in MATLAB, the
optimal locations of the TCSC, STATCOM, UPFC and DPFC are investigated as: 0.16, 0.2815,
0.32 and 0.33 fractions of the transmission line from the sending end, respectively. These points
are also found to be the same on the curves between power receievd and delivered by the FACTS
devices and different locations of the FACTS devices in the transmission line as depicted from
Fig. 10 and Fig. 11. As the power angle, line impedance and bus voltage magnitude control
capabilities of the UPFC and DPFC are the same, the optimal location found for both are nearly
equal.

By using the input given in Table 1 from [23], the optimal location of the TCSC, STATCOM,
UPFC and DPFC in the line are found. With the help of the input data, variations of the received
and delivered power by FACTS devices: the TCSC, STATCOM, UPFC and DPFC are obtained
as in Table 2 when these devices are placed at different locations in the line.

Further calculations for the maximum efficiency of the power transfer on the bus have been
done when the DPFC is placed at different locations. In this case, the calculation has been done
for maximum efficiency when it is placed at 25 percent, 50 percent, and 75 percent from the
generating (sending) end and exactly at the calculated optimal point. Figures 12—15 are showing
the efficiency of the power delivered from the sending end to the receiving end vs the fraction
of MVAR transferred for the TCSC, STATCOM, UPFC and DPFC, respectively. It is observed
that maximum efficiency found is 93.221% corresponding to 50% MVAR transferred for the
TCSC placed at the optimal location, 90.31% corresponding to 50% MVAR transferred for the
STATCOM placed at the optimal location, 91.58% corresponding to 50% MVAR transferred for
the UPFC placed at the optimal location and 92.101% corresponding to 50% MVAR transferred
for the DPFC placed at the optimal place.
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Table 2. Optimum locations of FACTS devices to deliver maximum power

Power Power Power Power Power Power Power Power
Fractional | received | delivered | received delivered | received |delivered | received | delivered
length of by by by by by by by by
line X TCSC TCSC |[STATCOM | STATCOM| UPFC UPFC DPFC DPFC
(MVAR) | (MVAR) | (MVAR) (MVAR) |(MVAR) | (MVAR) | (MVAR) | (MVAR)
0.1 137.9 101 2190.4 563.5 2340.5 565.2 2341.1 565.3
0.2 143 165 1136.8 688.8 1296.4 690.2 1297.7 690.4
0.3 170.6 235 761.2 841.9 943 842.9 943 .4 843.4
0.4 205.7 312 556.2 1037 761 1037.9 761.4 1039
0.5 243.7 397 421.2 1300 647.8 1300.9 648.2 1302
0.6 281.5 492 323.2 1682 568.7 1682.8 569.3 1683
0.7 316.7 601 248.5 2300 509 2301.6 509.8 2302
0.8 347.2 731 190.4 3513 461.8 3514 462.3 3515
0.9 370.6 890 144.9 7098 422.1 7101.9 422 .4 7102
93 91
= 925
g 90
= 92
]
o
= x=0.25 x=0.50
2 915 89
S 0 0.2 04 0.6 0 0.2 04 0.6
(3
=)
5\ 90 93.4
2
Q
= 93.2
% 89
& 93
x=0.75 ‘ x=optimal 10cati0n|
88 92.8
0 0.2 04 0.6 1] 0.2 04 0.6

Fraction of MVAR transferred in the line

Fig. 12. Line maximum efficiency with different locations of TCSC

Figure 16 and Fig. 17 give maximum efficiency variations with fractional power for different
fraction locations of the DPFC. The different fraction of load as well as load power factor of two
different parameters has been plotted to find the maximum efficiency by keeping one parameter
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89
90.2
88.5
o
E 90 /
2
= —0.25 =0.50
S 89.8 88 =
g 0 0.2 0.4 0.6 0 02 04 0.6
:
ip 895 90.4
o
5
g 85
]
‘Lg 90.2
= R45
= x=optimal location
24 0.75 90 P ‘
0 02 04 0.6 0 02 04 0.6

Fraction of MVAR transferred in the line

Fig. 13. Line maximum efficiency with different locations of STATCOM

91.2 91.5
91 91.4
B
§ 90.8 91.3
T
T 90.6 [—x=025] g1 x=0.50
20 0.2 0.4 0.6 0 0.2 0.4 0.6
2
6 91.2 91.7
A
(]
5
oLl 91.6
i
]
91 91.5
=0.75 x=optimum location ‘
90.9 = 91.4
0 0.2 0.4 0.6 0 0.2 0.4 0.6

Fraction of MV AR transferred in the line

Fig. 14. Line maximum efficiency with different locations of UPFC

constant at a time. The left graph in Fig. 16 shows the variation of efficiency vs load power factor
with constant load applied at the receiving end bus for the UPFC while the right graph in Fig. 16
shows the variation of maximum efficiency vs load with constant power factor for the UPFC.
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Fig. 15. Line maximum efficiency with different locations of DPFC

Similarly, the left graph in Fig. 17 shows the variation of maximum efficiency vs load power
factor with constant load applied at the receiving end bus for the DPFC, while the right graph in
Fig. 17 shows the variation of maximum efficiency vs load with constant power factor.

maximum efficiency at different MVAR with
constant MVA

o
n

©
S

©
)

maximum efficiency of power delivered (in %)

91.1
50% MVA
——60%MVA
91 70% MVA
80% MVA
———90%MVA
Full load
90.9 ; :
0.1 02 03 0.4 0.5 0.6

Fraction of MVAR transferred in the line

maximum efficiency of power delivered (in %)

maximum efficiency at different MVA with
constant MVAR

91.5

g 60N
0.5 0.6 0.7 0.8 09 1
Fraction of MVA transferred in the line

Fig. 16. Maximum efficiency of the system at different MVAR transferred with constant MVA and different
MVA transferred with constant MVAR for UPFC
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Fig. 17. Maximum efficiency of the system at different MVAR transferred with constant MVA and different
MVA transferred with constant MVAR for DPFC

7. Conclusions

The paper presents a study of the performance of the transmission line by connecting the
DPFC and other series as well as shunt FACTS device in a long transmission line with a gener-
ating end and an infinite bus. The programs developed in MATLAB depict apparent power and
reactive power change in line with the change in the position of FACTS devices. The ABCD
parameters of the DPFC have been developed by evaluating a DPFC model at the fundamental
component, and implemented in the long transmission line. The optimal location of the DPFC
on a 483 km transmission line has been investigated with the help of an iterative program de-
veloped in MATLAB under steady-state conditions. It is observed that for the selected set of
inputs the optimal position of the DPFC in a transmission system is at 0.33 fraction of the line
from the sending end. For the purpose of a comparative analysis, the optimal locations of other
FACTS devices the TCSC, STATCOM and UPFC have been investigated in the same manner as
investigated in the case of the DPFC. For the same input parameters, the optimal locations of the
TCSC, STATCOM and UPFC are found to be of 0.16, 0.2815 and 0.32 fractions of the line from
the sending end respectively. It is observed that the obtaioned optimal location of the UPFC and
DPEFC are nearly same, it is due to the same power control capabilities of both devices. This helps
in finding the optimal location of the DPFC for maximum power transferred and efficiency.
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