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Abstract

Over the most recent couple of years next to no work
has been done in creating appropriate models for survey-
ing the UPFC’s conduct in vast power systems. Also, since
the UPFC parameters are figured after the heap stream has
joined, there is no chance to get of knowing amid the itera-
tive procedure regardless of whether the UPFC parameters
are inside points of confinement. This has given the inspi-
ration to building up another UPFC show appropriate for
consolidating into a current Newton-Raphson stack stream
calculation. It is additionally important to decide the ideal
setting of the gadget at least cost. In this paper, another
scientific model of UPFC is produced which can be effec-
tively joined in Newton-Raphson stack stream calculation.
Ideal area of UPFC is resolved in view of Voltage Stabil-
ity Index. Synthetic Reaction Optimization (CRO) system
is utilized to set the parameters UPFC. The target work
defined comprises of two terms: cost for vitality misfortune
and cost identified with UPFC, which must be expanded for
net sparing. The outcomes got utilizing CRO is contrasted
and that of results acquired utilizing PSO
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1 INTRODUCTION:

The power supply industry is experiencing a significant change
around the world. Scarcer common assets and a consistently ex-
panding interest for power are a portion of the drivers in charge
of such an extraordinary change. Against this foundation of fast
advancement, the development projects of numerous utilities are
being obstructed by an assortment of very much established, natu-
ral, arrive utilize and administrative weights that keep the autho-
rizing and working of new transmission lines and power producing
plants. An inside and out examination of the choices accessible
for boosting existing transmission resources, with large amounts of
unwavering quality and dependability has pointed toward control
gadgets. In the long haul, such issues have generally been tackled
by building new power plants and transmission lines, an answer
that is expensive to execute and that includes long development
time and restriction from weight gatherings. It is conceived that is
new answer for such operational issues will depend on the updating
of existing transmission passageways by utilizing the most recent
power electronic gear and strategies another innovative reasoning
that goes under the bland title of FACTS an acronym for Flexible
AC transmission frameworks.

2 PROBLEM FORMULATION

As the load builds, control utilities are searching for approaches to
amplify the usage of their current transmission frameworks, along
these lines controlling the power stream in the transmission lines is
an imperative issue in arranging and working of energy framework.
Unified Power Flow Controller (UPFC) is a flexible FACTS’s gad-
get which can autonomously or all the while control the dynamic
power, the responsive power, and the transport voltage to which it
is associated. This controller offers significant points of interest for
the static and dynamic task of energy framework. Be that as it may,
to accomplish such usefulness it is critical to locate the ideal area
of is gadget to be introduced in control framework with suitable
parameters. The dynamic power misfortune decreases, the security
edge change, the influence transmission limit expanding, and the
influence power outage counteractive action, are a few factors that
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can be considered in determination fuse with UPFC thinking of one
as or the greater part of the previously mentioned factors.

3 OPTIMAL UPFC PLACEMENT

Voltage stability record has been utilized to discover appropriate
area of UPFC to enhance control framework execution. The objec-
tive of advancement calculation is to put UPFC with a specific end
goal to improve voltage solidness edge of energy framework con-
sidering cost capacity of UPFC. The parameters of the UPFC are
balanced by utilizing PSO&CRO.

4 MATHEMATICAL FORMULATION

OF VOLTAGE STABILITY INDEX

Voltage soundness is turning into an expanding wellspring of worry
in secure working of present-day control frameworks. The issue
of voltage insecurity is for the most part considered as the failure
of the system to take care of the heap demand forced regarding
deficient receptive power support or dynamic power transmission
ability or both. It is principally worried about the investigation
and the upgrade of enduring state voltage strength in light of L-
record [16].

Consider an n-bus system having 1,2,3,· · · n, generator buses
(g), and g+1,g+2,· · · n, the load buses (r=n-g-s). The transmission
system can be represented by using a hybrid representation, by the
following set of equations,

[
VL
IG

]
= H

[
IL
VL

]
=

[
ZLL FLG

KGL YGG

] [
IL
VG

]
(1)

Where,
VL, IL, are the voltage and current vector at the load buses.
VG, IG are the voltage and current vector at the generator buses.
ZLL, FLG, KGL, YGGare the sub-matrices of the hybrid matrix

H.
The H matrix can be evaluated from the Y bus matrix by a par-

tial inversion, where the voltages at the load buses are exchanged
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against their currents, This representation can then be used to de-
fine a voltage stability indicator at the load bus, namely Lj which
given by,

Lj = |1 +
V0j
Vj
| (2)

V0j =
∑

iεG

FijVi (3)

The termV0j is the representative of an equivalent generator
comprising the contribution from all generators.

The indexLj can also be derived and expressed in terms of the
power terms the following.

Lj = | S∗j
Yjj + V 2

j

| (4)

Where,
S∗j = Sj + Sjcorr , * indicates the complex conjugate of the

vector.

Sjcorr = (
∑

iεLoadsi 6=j

Z∗jiSi

Z∗jjVi
)× Vj (5)

Yjj =
1

Zjj

(6)

The complex power term part Sjcorr speaks to the commitments
of alternate loads in the framework to the framework to the record
assessed at the hub j.

It can be seen that when a heap transport approaches an unfal-
tering state voltage fall circumstance, the record L approaches the
numerical esteem 1.0. Subsequently for a general framework solid-
ness condition, the file assessed at any of the transports must be
not as much as solidarity. Along these lines the file esteem L gives
a sign of how far the framework is from voltage fall. The L-files for
a given load condition are registered for all heap transports. The
condition for the L-record for jth hub can be composed as,
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Lj = |1−
i=g∑

i=1

|Fji|
|Vi|
Vj|
6 θji + δi − δj| (7)

Lj = |1−
i=g∑

i=1

|Vi|
Vj|

(F r
ji + jFm

ji )| (8)

F r
ji = |Fji| cos(θji + δi − δj) (9)

Fm
ji = |Fji| sin(θji + δi − δj) (10)

It can be seen that when a load bus approaches a steady state
voltage collapse situation, the index L approaches the numerical
value 1.0. Hence for an overall system voltage stability condition,
the index evaluated at any of the buses must be less than unity.
Thus the index value L gives an indication of how far the system is
from voltage collapse.

5 UPFC COST AND FITNESS FUNC-

TION

Using Siemens AG Database [11], cost function for UPFC is devel-
oped as follows:

CUPFC = 0.0003S2 − 0.2691S + 188.22US$/kV AR (11)

Where, S is operating range of UPFC in MVAR

S = |Q2 −Q1| (12)

Q1 - MVAR flow through the branch before placing FACTS
device.

Q2 - MVAR flow through the branch after placing FACTS de-
vice.

The goal of optimization algorithm is to place FACTS devices
in order to enhance voltage stability margin of power system con-
sidering cost function FACTS devices. So these devices should be
place to prevent congestion in transmission lines and transformer
and maintain bus voltages close to their reference.
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Fitness function is expressed as below:

Max.f = {Ke×T × [TL−UPFCTL]−α× [Cupfc×UPFCrating]}
(13)

Where
Ke=Energy Cost (3.5Rs/kwh)
T = Time Period (8760)
TL= Total power loss before UPFC placement
UPFCTL=Total power loss after UPFC placement
α = Depreciation factor is 0.1
Cupfc= UPFC Cost in Rs/kVAR
UPFCrating= Rating of the UPFC

6 RESULTS AND ANALYSIS

The proposed methodology of optimal allocation of fixed UPFC for
transmission network is implemented using MATLAB on the IEEE
14-bus test system. The cost constants and their typical values
for this problem are energy cost (Ke=3.5 Rs/Kwh). The payback
period assumed is ten years with depreciation factor (α) as 0.1

A. IEEE 14-Bus test system
The problem of placement of the UPFC has also been solved of

the IEEE 14-bus test system shown in [11].By considering the Volt-
age stability index (Lj) value, it is observed that 14- Bus is more
sensitive towards system security. Therefore 14-bus is more suit-
able location for UPFC to improve power system security/stability.
Simulation results for Voltage magnitudes and phase angles without
UPFC and With UPFC are shown in Table 1, respectively.

Table 1 Conventional Newton-Raphson method without
and with UPFC Voltage magnitudes, Phase Angles for

IEEE 14-Bus test system
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Table 2 Conventional Newton-Raphson method without
and with UPFC Power flows for IEEE 14-Bus test system

The IEEE 14-Bus test network is modified to include one UPFC
to compensate the transmission line link Bus-14 and Bus-15. The
UPFC is used to maintain active and reactive powers leaving the
UPFC, towards 9-bus at9.9 MW and 0.19 MVAR, respectively.
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More-over the UPFC shunt converter is set to regulate the nodal
voltage magnitude at Bus 15 at 1 p.u.

The starting values of the UPFC voltage sources are taken to
beVcR=0.0099 p.u,δcR=-89.978◦,VvR=1 p.u and,δvR=0◦. The source
impedances have values ofXcR = XvR=0.1 p.u.

Convergence is obtained in tenth iteration to a power mismatch
tolerance 1e−12. The UPFC held its target values. The power flow
results are shown in above Table 2.

The PSO control parameters selected are maximum population
(100), Swarm size (10), Acceleration Constants (C1 = C2 = 2).
Simulation results for voltage magnitudes, phase angles, active and
reactive power losses with UPFC in the system for Practical swarm
organization (PSO) are shown in Table 3, respectively.

Table 3 Voltage magnitudes, Phase Angles; Active and
Reactive power losses with UPFC by using PSO

Table 4 Voltage magnitudes, Phase Angles; Active and
Reactive power losses with UPFC by using CRO
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The summary of results comparing with the existing method,
PSO and CRO is tabulated in Table 5.

Table 5 Summary of results of IEEE-14 bus test system
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Fig.1 Fitness function maximization by using PSO for IEEE-14
bus test system.

Fig. 2 Fitness function maximization by using CRO for IEEE-14
bus test system.

7 CONCLUSION

The proposed calculations were actualized to discover the best pos-
sible setting and establishment cost of the UPFC in IEEE-14 trans-
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port test framework. Examinations of two proposed calculations
are appeared in Tables 1, 2 and 3, From Figs.1 and 2; it is watched
that wellness work is augmentation in CRO contrast with PSO. Ta-
bles 3, 4 and 5 demonstrates that CRO is quicker than PSO from
the viewpoint of time and this is because of the reason that PSO
has swarm estimate, number of cycles, choice of greatest and least
speed and choice of increasing speed constants activities while CRO
doesn’t such tasks.
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