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ABSTRACT

This paper represents the improvement of the Gatiwital Search Algorithm method (GSA) using Linear
Decreasing Inertia Weight (LDIW) which is implemedtto determine the optimal placement of TCSC
locations and the best rating of the TCSC in tlddrd limit on the electric power transmissioredin
TCSC is one of FACTS devices which can performat@pensation of the power system. GSA method is
a new metaheuristic method inspired by Newton's lafwgravity and mass motion. LDIW-GSA is used to
control the speed of the particles on the GSA,stoamprove the performance of the GSA method. The
implementation of LDIW-GSA used the Java-Bali 500 gower system. Before optimization, TCSC load
flow results indicated that there was 297.607MWactive power losses and 2926.825 MVAR of reactive
power losses. While the results of TCSC load floas\279. 405 MW of active power losses and reactive
power losses was 2082.203 MVAR after optimizatisimg GSA standard. It was obtained 278.655 MW of
active power losses and active power losses of .B788VMVAR with the use of LDIW-GSA. It was better
to be used to minimize power losses in transmisln@nand also it can improve the value of the agdt in

the range of 1 + 0.95 compared to GSA standaras twiplacement optimization of TCSC.

Keywords: Gravitational Search Algorithm (GSA), Linear Decreasing Inertia Weight (LDIW), FACTS
device, Thyristor Controlled Series Capacitor (TCSC), (AHPS)

1. INTRODUCTION STATCOM (Static Compensator), UPFC (Unified
Power Flow Controller), TCPS (Thyristor
The more increased business in the industrilontrolled Phase  Shifter), SSSC (Static
sector has led to the more need for active arBlynchronous Series Compensator) and IPFC
reactive power. Such increase in reactive power dimterline Power Flow Controller) and others [3-10]

transmission lines causes increased power 0SS, ... . . . . .
. . Artificial intelligence method developed in this
component with which worsen the voltage

- . . tudy was the Gravitational Search Algorithm
conditions, as a result, it requires components ; . .
. SA) one that would be improved using the Linear
control and compensate simultaneously the pow

losses in electrical power systems, especiallh@n t ecreasing Inertia Weight (LDIW). This GSA

transmission line. Those currently being develope'amthOd was f"‘t‘"" _mtroduced t.)y R_ashedl in 2009. ,It
are the FACTS (Flexible Alternating Current”> 2 metaheuristic method inspired by Newton's

Transmission System) devices. FACTS is iws of gravity and motion of mass [11].

component of the transmission system of alternatin er;%?r?gsrls?ﬁelsir?telgitt?g: tt?etf\l/\r/]ges Tc?él;tllors]etar\]r?:th
current using a power electronic control of thyist rocedures and higher strategies to create a oces
for switching control, compensating for voltagep g 9 FS’

. . . Symanaged to be out of local optima points and

drop and increasing power transfer capability [1-2] perform a search in the solution space to find a
There are several types of FACTS deviceglobal solution [12].

including: SVC (Static Var Compensator), TCSC : .

(Thyristor Controlled Series Capacitor), TCPST Several studies have been held by experts using

(Thyristor Controlled Phase Shifting Transformer)?hIS GSA method, such as on the location of the

s
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SVC placement [13], economic dispatch (ED) omn series with the thyristor bipolar. A thyristor

the power system [14], the voltage settings on th&orks by setting the firing angle, so it can obtain
Java-Bali 500 kV power system [15], andsome variations of inductive reactance causing a
optimization of reactive power dispatch [16]. rapid reactive power exchange between the TCSC

LDIW-GSA is done by regulating LDIW optimal and the system. To compensate for a system that

value that can be used to control the speed of theldires @ capacitive reactive power, TCSC s

particles on the GSA method, so as to improve th|gstalled in parallel with a bank capacitor.

performance of GSA methods. TCSC in principle was installed in series with the

In this study, LDIW-GSA could be used tOeX|st|ng transmission line. Reactance of the

determine the most optimal location for TCSCIransm|SS|on channel settings can be done by

. .~~ controlling the TCSC reactance, so that power flow
Ciandard limit on the transmission line of powef ™l D increased in other word increasing

. C o . P capabilities of the transmission line.
system. Besides, optimization using TCSC was also

used to obtain the minimal power losses in  Busi Busj
transmission lines and voltage values werein the Kapasitor Kapasitor
range of 0.95 * 1.05 per unit. I I

Il Il
2. FACTSDEVICES Thyristor

Power flow on interconnected systems meets the
Kirchhoff's law. Resistance of the transmissiorelin
is smaller than the reactance, so the conductian wa
close to zero. Active poweR; is transmitted on a

transmission line between buandj which can be

Induktor Induktor

TCR

Fig.1. Smplified circuit of TCSC one phase

written in the following ties: From Figure 1, it shows that TCSC is a
V. xV combination of TCR components with a capacitor.

_ | J . - . .
Rj =———>sing; (1) TCR consists of a couple of inductors connected in

ij series with the thyristor. So th¥, function is the

1 (., result of the thyristor firingaingle:
Qj =—6/i —ViV; Cosﬂj) () -1
X; Xeg(@) == ©)
B (a)+Bc

Where: Where:

ViandV; = Voltage onthe busi andj . B, (a)= —i[l—g : SII’](ZO’)} @)

Xij = Reactance of the line. al s m

by = Angle betweenV, and V; Be =aC ®)

_ R A

(V is phases) a |

The voltage difference ofV;and V;on the Dacran XX

induktif

transmission line in a normal operation state was
very small, so i, . The active power depends on

Induktif

theg;, and reactive poweR); depends on the/
Xbyp4

and V;. While the reactanceX; change affects
both.

3. THYRISTOR CONTROLLED SERIES
CAPACITOR (TCSC)

x
Kapasitif %

Daerah
kapasitif

TCSC is a type of FACTS devices first Xin
developed. It has several components similar to the

TCR, namely, among others, an inductor connected Fig.2. Equivalent Reactance TCSC
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In Figure 2, thyristor firing angle i@Gnd 90. It  4.1. Encoding
stays at a distancAa from the point of resonance. Goals of this coding are to find the optimal
In Figure 2, the maximum compensation limit oflocation of TCSC in the range of equations and
TCSC (Xax) is determined by the firing angle inequalities. Therefore, the configuration of TCSC
is encoded by three parameters: location, type and
value ¢f). Each individual is represented by the
( Xmin ) by the firing angle ofCy, . number of TCSC on the string n, where n is the
To prevent excessive compensation, thaumber of TCSC devices that need to be analyzed
compensation degree of TCSC allowed is in th& the power system, as shown in Figure 4.
range of 20% inductive and 70% capacitive, so it

al..and the minimum compensation limit

applies: . salne i f )
oeles © 100.920.230.75) valre rf
I'tcscmax = 02 (7) tjojolt hpe
: j 7110 6 | 5 |/ location
}—*ZS—{ "FACTS =1
Xrcsc fine Fig.4. Individual configuration of the TCSC

Xresc = Xmin ~ Xmax
The first values of each string correspond with
Fig.3. Model of TCSC on Transmission Line location information. The value is the number of
transmission line is the location of TCSC. Each
In Figure 3, it can be determined the relationshiptring has a value different location. In other dgr
between TCSC rating and reactance in th# must be ensured that in a transmission lineether

transmission line: is only one TCSC. The second value is the type of
TCSC. The values are expressed on a value of 1 for
)(ij = Xjine * X1cse (8) TCSC and the value O for the condition without

TCSC equipment. Specifically, if there is no

Xtcse = MSCXjine ) necessary TCSC on the transmission line, a value of

Where: 0 will work. Final value ofrf is the value of the
Xjine = transmission line reactance identifier of each TCSC. This value varies between
Mese TCSC compensation rating -1 and +1. Real value of each TCSC is then

converted by type of TCSC. TCSC has a range

between—-0.7 X;,. and0.2X;., where X;;.is the
4. IMPLENTATION OF THE PROPOSED reactance of the transmission line where the TCSC

METHOD TO THE SYSTEM is installed. Therefore, it is converted into alrea

o _ degree of compensatiaricsc using the following
Abbreviation and acronyms should be def'”e‘i'equation:

the first time they appear in the text, even altey ' .qc=rf x 045- 025 (10)
have already been defined in the abstract. Do not
use abbreviations in the title unless they are
unavoidable. 4.2. Population

The method used to set reactive power Initial population is generated from the following
compensation is improved GSA using LDIw, Parameters: )
LDIW-GSA can search several possible solutiondlFacts =  Number of TCSC is located
simultaneously and also require none of any prionType = Typesof TCSC
knowledge or the specific nature of the objective
function. In addition, it is able to get the best Location S
solution to find optimal solutions in complex Ning = The number of individuals from
problems. It started in a random generation of the population
initial population and then selected and mutated to
get the best population.

= Possible locations for TCSC
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line. Objective functions for optimal configuration
-1.000.92)0.23)0.75) of TCSC are-
oot/
‘ 7 ‘ 10‘ 6 ‘ 5 V - Active power loss minimization
Minimization of active power lossP(,s) in the
06 _0_7‘ 05 ‘ 07/‘ transmission line:
. 2 2
o[1]o]1/]/ Rog = ng@i +V, —2ViVJ-c056’i]-) (11)
k=1
[slefs 7}/ )
1 Wheren = the number of transmission lingy, =
-05-0.3/0.360.84 _
conductance of k branch/; andV; = the voltage
1 ‘ 0 ‘ 1 ‘ y V magnitude on bus and busj, §;= voltage angle
‘ 2 ‘ 6 ‘ 9 ‘ 0 \/ difference between busand bug.
Fig.5. The Calculation Of All Population - Equality Constrain
First, as shown in Figure 5 created a group Gbower flow equation constrains is as follows:
TCSC resulting string. For each string, the first n G. cosh-
value is selected randomly from the possiblePg —Pp; —vinj Lé sinél; }:0, i=12...nb
locationsn,,,4 - The second value, which is a type i=1 i i
of TCSC, obtained by taking a number at random _ (12)
between the equipment has been selecte : VR Gjsing; |
Specifically, after optimization, if no TCSC is %G‘ Qoi ~Vi Z;Vi + By cost; =0.1=12...nb
required for this transmission line, the secondigal . (13)

will be set to zero. The third value of each string ] _ "~
containing the value of the TCPST equipment, Wa\é\/here. nb = number of busesR; and Qg =

chosen at random between -1 and +1. The abo@étive and reactive power from generatdds, and
operation was repeated Bgq times to obtain the Q, = active and reactive load from the generator,

whole initial population. G; and B; = joint conductance and susceptance

4.3. Calculate Fitness between busand bug.

After encoding, each individual in the population
was evaluated using the objective function:
Optimization problem associated with the L .
placement of TCSC, the objective function of thid-0ad bus voltage constraints inequalitg |:

Inequality Constrain

problem is used as fitness function. Fitness fomcti _ | 095-105 if 095<V, <105
is the calculation used to compare the quality of ¥~ ~ exp(,u|1—Vi |) for V. etc
different solutions. (14)

After encoding, each individual in the populationinequality constraints of switchable reactive power
was evaluated using the objective functioncompensation@y ):
Optimization problem associated with the _ .
placement of TCSC, the objective function of thisQg " <Qg <Qg",inc (15)
problem is used as fitness function. For this
purpose, the TCSC is placed on the transmissid
line to pay attention to the power flow and voltage( Qg ):
constraints. Objective function is used as thetlimi min max ;
of TCSC placement to prevent under voltage or 26 _S Qi SQGi_ 1tng (16?
overvoltage on each bus and is able to reducedosdg€quality constraints of transformers tap setting

in power transmission line in the system. (T):

Requality constraint of reactive power generator

Objective function for optimizing the placement T,™ <T, <T,™" i Ont (17)
of TCSC is to minimize losses on the transmissiothequality constraint of transmission line flow

s
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(S): Where: rand]- = Random number between the
S <S;™,i0nl (18)intervals [0.1], kbest = the initial set of agenk

with the best fitness value and the largest mass.

Where: nc, ng and nt = number of switchable - k
Forces acting on the masd (Mi(t)) from the

reactive  power sources, generators an o _
transformers. masses | (M ]-(t)) at specifict time according to

To evaluate the optimization objective functionthe gravity theory described as follows
on the placement of TCSC, the best and wor:

fitness is calculated each iterating as follows: q M, (t)xM (t) (x g )
(1) =G(t al( 25
best(t) = nlun fit, (t) a9 F;®O=60——"— R, () + e M-x ©) (25
worst(t) = _Drgaﬁ) fit; (t) (20) WhereR; (t) = Euclidean distance between the
jo@...

Where:fit, (t) = Fitness in thg" agent att time, agenti and agenf 0|Xi (t). x, (tmz) € = asmack

best(t) and worst(t) = the best fitness of all agentsconstant.
(the minimum) and worst (the maximum) fitness of

all agents. 4.7. Calculate Of The Acceleration

. , d
4.4. Calculate Of The Gravitational Constant In th|s step, acceleration C{ai (t)) from the
To update theG gravitational constant in agenti att time in d" dimensions is calculated
accordance with population fitness of the beswith the laws of gravity and the laws of motion as
agents (minimum) and worst (maximum) usingollows.
equation (19) and (20). The gravitational constant F; (t)
G(t) ont time is calculated as follows. a (t)= (26)

t Mg; ©)
G(t) =G, exp(— a?j (22)

4.8. Calculate Of Ldiw

LDIW was used to control speed and to maintain
constant chosen at random, = Constantt = The balance in influencing the trade-offs between global
number of iterations, T= Total number of and local exploration abilities during the searching

WhereG,= Initial value of the gravitational

iterations process. Furthermore, it was also a reduction of
velocity parameters to avoid particle stagnation in
4.5. Calculate Of Inertia Masses And Gravity the local optimum. If the value of LDIW is too

To calculate the value of inertial mass (M) forlarge, the system will always be exploring new
each agent, equation (22) and equation (23) afgeas, consequently, the ability to explore the local

used value reduces. As a result, it fails to find a solution
fit; (t) — worst(t) and if the value of inertia weight is too small then it
i(t) = (22) can be stuck in local optimum. LDIW equation:
best(t) — worst(t) 1718 P q
Where: fit; () = Fitness to the agent att time.
k — Wmax — K (Wmax B Wmin) 27
mg| (t) w- = Kk ( )
Mg; (t) = (23) max
Z mg; (t) Where:
=1 Wax = Maximum value
Where: Mg; (t) = Mass of the agerit att time. Wi = Minimum value

Kmax = iteration maximum.
k

4.6. Calculate Of The Total Force = iteration

In this step, the total force acting on the agent N this study, LDIW value used started with a
great value, namely 1.2 to explore global values.

Then, it decreased dynamically to the minimum
Fa(t)= Zrandj Fijd (t) (24) LDIW of 0.2 to explore the local value during the
jOkbestj#i optimization process.

(Fid (t)) is calculated as follows:

s
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4.9. Calculate Velocity @

In this step, n the velocit{(vid (t)) of i™agent at

t time ind™ dimension is calculated through the law [ Input data of generation, J
of gravity and the laws of motion and the LDIW transmission line, data TCSC, et
(c}) as follows. v

v, d t+)= o XV d (t) + & d (t) (28) | Generate initial populatic |
Where: >

« = linear decreasing inertia weight [0.2 - 1.2]. Perform load flow calculation

(Newton Rapshon Method)

4.10. Calculate Velocity v

In this step, n the velocit£x1id (t)) of iMagentat Evaluate the fitness for each agent
time in d" dimension is calculated through the law v
of gravity and the laws of motion and the LDIW Update the G, best and worst of the
(c}) as follows. population
vty = <t 0 +a° 0 (29) Y
Where: Calculate (M) and (a) for each agent
o} = linear decreasing inertia weight [0.2 - 1.2]. v

Calculate LDIW

4.11. Update Position Agent Updating
In this step the next position @f agent ind™ v

dimensiond (xid (t +l)) is updated as follows. Update velacity (v) for each agent

v

Update position (x) for each agent|

de(t+l):X|d(t)+V|d(t+l) (30)

4.12. Repetition

In this step, the steps from 4.2 to 4.11 are
repeated until the iterations reach the criterion. At
the end of the iteration, the algorithm returns the
value associated with the position of the agent on a
particular dimension. This value is the global
solution of optimization problems as well.

LDIW-GSA algorithm, used to determine the
optimal placement of TCSC locations and ratings,
are shown in Figure 6.

Meeting end
of criterion?

Return best solution

Fig.6. Flowchart LDIW-GSA using TCSC

5. RESULT AND ANALYSIS

5.1. Data Of Java-Bali 500 Kv Power System

The Java-Bali 500 kV power system is an
interconnection system that delivers the power to
customers in various areas in Java and Bali. The
power is supplied from the electrical power
produced by various sources of hydroelectric
plants (located at the power plant of Cirata and

s
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Saguling), steam power plant (located on the plant _ _
of Suralaya, Tanjung Jati, Paiton) and steam gdagtaLoad And Generation Interconnection System Java-

Tablel

power plants (consisted of Grati, Muaratawar and Bali 500 Kv
Gresik plants). Single line diagram of power systerfi*  BusName ~ 24° Generator Load
) 2! o code MW MVAR MW  MVAR
can be seen in Figure 7. 1 Suralaya  Swing 3211.6 10741 219 67
g 2 Cilegon Load 0 0 333 179
k.‘ii 3  Kembangan Load 0 0 202 39
4 Gandul Load 0 0 814 171
5 Cibinong Load 0 0 638 336
6 Cawang Load 0 0 720 217
i g — 7  Bekasi Load 0 0 1126 331
| — — 8 Muaratawar Generator 1760.0 645.0 0 0
} g X e 9 Cibatu Load 0 0 1152 345
i 10  Cirata Generator 9480  200.0 597 201
% = 11  Saguling Generator 698.4 150.0 0 0
5T
il Rambarsa " 3 12 Bandung | 4 0 0 477 254
— Selatan
=l 1 4. ¥ |emay 13 Mandiracan Load 0 0 293 65
— i . 14  Ungaran Load 0 0 193 118
|1 —~ | | Depok 15 Tanjung Jati Generator 1321.6 90.0 0 0
! - 16 Surabaya 5 0 0 508 265
. Barat
iy G | M 17 Gresik Generator 900.0 366.3 127 92
& § | Cawarg % e 18  Depok Load 0 0 342 95
i | i Y — 19 Tasikmalaya Load 0 0 133 33
— Bekasi 4 | E— 20 Pedan Load 0 0 365 101
+ 21 Kediri Load 0 0 498 124
| Mendireem 22 Paiton Generator 3180.0  917.3 448 55
IA dal 4 N 23  Grati Generator 398.6 100.0 180 132
BEAN - 20 | Pedan 24  Balaraja Load 0 0 732 287
dhanl T,"' 25 Ngimbang  Load 0 0 264 58
 — |
Saguding |11 \
i . ) | Table 2
ﬂ‘. 12 | Bandung Salatan . .
v T Kedii Line Data Of Java-Bali 500 Kv Power Systems
\ Rl No Fom  To R X % B
Bus Bus p.u p.u p.u
1 1 2 0.000626496  0.007008768 0
- | ) - 2 1 24  0.003677677 0.035333317 0
Nomtang =5 | I v 3 2 5  0.013133324 0.146925792  0.003530571
15 T 4 3 4 0001513179  0.016928308 0
| | — 2 | | puen 5 4 18  0.000694176  0.006669298 0
| 6 5 7 0.004441880  0.042675400 0
| & 7 5 8  0.006211600  0.059678000 0
| 16 semapben 8 5 11  0.004111380 0.045995040  0.004420973
Iy & 9 6 7 0.001973648  0.018961840 0
' 10 6 8  0.005625600  0.054048000 0
. 1T | Grasik 11 8 9  0.002822059  0.027112954 0
o A 12 9 10  0.002739960  0.026324191 0
() 13 10 11  0.001474728  0.014168458 0
A ) 14 11 12 0.001957800  0.021902400 0
& 15 12 13 0.006990980 0.067165900  0.006429135
16 13 14  0.013478000  0.129490000  0.012394812
) ) ) . 17 14 15  0.013533920 0.151407360  0.003638261
Fig.7. Sngle Line Diagram Of Java-Bali 500 Kv Power 18 14 16 0015798560 0.151784800  0.003632219
System 19 14 20  0.009036120  0.086814600 0
20 16 17  0.001394680  0.013399400 0
This study used MVA base of 1000 MVA andss 19 5  oooaitess o ooreeaass ;
kV base of 500 kV as the base of the Java-Bali 50% ig ;g 8-81;12??888 8-133;?888 8-812‘1“15;1343&
kV power system. 25 20 21 0.010291000 0.115128000  0.011065927

Transmission line parameters used in this study
using per unit. Data line system of Java-Bali 500

kV system before using ohm. Therefore,
first be converted into units of per unit.

it musg 5 Experimental Result

The Load flow results before optimization

using TCSC

To know the initial conditions of the Java-Bali
500 KV power systems before optimization using
TCSC, the power flow analysis was performed
using the Newton Raphson method. The results of

s
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the analysis before optimization using TCSC is The load flow results after optimization of
shown in Figure 8 and Figure 9. using TCSC placement

105 Parameters used were the standard GSA and

LDIW-GSA to determine the optimal placement of
TCSC locations and its rating on the system Java-
Bali 500 kV as shown in Table 3.

1+

14
©
@

=4
©

Voltage bus (pu)

Table 3: Parameter In The Gsa And Ldiw-Gsa

o
%
¢

No Parameter Value
08 1 Number of population 100
123456 7 8 910111213141516171819202122232425 2 Number Of itel’ations 100
Number of bus 3 Number of bus 25
4 Number of lines 30

Fig.8. Voltage Profile Before Optimization Using TCSC
The results of the convergence curve after

In Figure 8, it shows that the voltage variation obptimization using the TCSC from GSA standard
the Java-Bali 500 kV power system is in the rangand LDIW-GSA are shown in Figure 10 and Figure
of 0.874 to 1.020 per unit. The highest voltagdl.
occurs at bus 1 (Suralaya), which is 1.020 per unit
and the lowest voltage is found on the bus 20 ...
(Pedan). Figure 6 also shows that there are eight
buses having a voltage outside the range of 0.95 +
1.05 per unit, namely: bus 12 (South London) = £z
0.948 per unit, bus 13 (Mandiracan) = 0.911 per:
unit, bus 14 (Ungaran) = 0.907 per unit, bus 19 £ **°
(Tasikmalaya) = 0.875 per unit, bus 20 (Pedan)= sl
0.874 per unit, bus 21 (Karachi) = 0.902 per unit,
bus 24 (Balaraja) = 0.982 per unit and bus 25 **% 1 = ® « % & 0 © 0 w00
(Ngimbang) = 0.946 per unit. e

Convergence of GSA Graphic

279.8

on

Fig.10. Convergence After Optimization Using TCSC Of
o GSA Sandard

500
400 Figure 10 shows that the convergent

characteristics after optimization using TCSC from

the standard GSA are able to produce more
minimum values of the active power losses in

transmission lines, when compared with the results
7 O P before optimization using TCSC 279.405 MW and

: ¥ 2394333887839 3V4Y 2082.203 MVAR.

Number of line

300 I

Power loss

200 HH H—

100 HHH—1111+—

Real power loss (MW) Reactive power loss (MVAR)

14-15 |
67 |
The Optimization Using The TCSC

11-12

13-14

Line

Figure 9 shows the result of active power loss i
transmission lines obtained before optimizatio
using TCSC is 297.607 MW and the reactive powe
loss of 2926.825 MVAR with power supply from
an active power plant for 10658.607 MW ang
reactive power of 7338.924 MVAR. The largest
active and reactive power losses occur in lines 1
14 for 60.593 MV and 561.663 MVAR. While the
smallest active and reactive power losses occur irf9-11. Location And Rating After Optimization Using
3-4 lines of 0.069 MW and 0.775 MVAR. TCSC From Sandard GSA

19-20
25 |

Fig.9. Power Losses On The Transmission Line Before
\
|
57 |

!

!

!

|

!

!

|

| 12 |
08 06 04 o

Rating (pu)
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In the Figure 11, it can be seen that the TCS€ompensation using the TCSC on the transmission
location and rating system in transmission systeiime was carried out. The success of GSA standard
lines of Java-Bali 500 kV using standard GSA arand LDIW-GSA with the same parameter values is
the greatest on lines 1-2 at 0.1885 per unit and tlslown in Table 3 in completing optimization of the
smallest rating capacity occurs in lines 11-12 at eptimal location and rating placement using TCSC
0.0447 per unit. on Java-Bali 500 kV power system. It is shown in

The results of the convergence curve afteFigure 14 and Figure 15.
optimization using the TCSC from LDIW-GSA are

shown in Figure 12 and Figure 13. 108
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Figure 14 shows that after optimization using
In Figure 12, it shows that the convergencd CSC, there is no more violation on voltage levels
characteristics after optimization using the TCSE0.95 + 1.05 per unit), using either standard GSA or
from LDIW-GSA is able to produce more LDIW-GSA. This indicates that after optimization
minimum values of the active power losses imsing the TCSC, the voltage profile on the electric
transmission lines, when compared with load flowpower transmission line is getting better.
results before optimization using TCSC 278.65F
MW and 1768.374 MVAR.
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Figure 13 shows that the location and rating of !n the Figure 15 shows that after optimization
Using the TCSC, the power losses on transmission

TCSC on and rating on transmission system lines fihes became minimal, whether using standard GSA

Java-Bali 500 kV using LDIW-GSA occur in ;
channels 14-20 at -0.5804 per unit and occurs a d L.DIW'GSA' The results .Of Fhe power losses in
ectrical power transmission lines  after

:)heer jm?”eSt rating for the channel 24-4 at _0'072§ptimization using TCSC from LDIW-GSA were

. anaIIer than the GSA result and before
To keep the voltage at each bus in the range QL timization using TCSC
0.95 — 1.05 per unit, along with the smaller flowing P 9 '

power in each line than the maximum power,
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6. CALCULATION

In this paper, the proposed LDIW-GSA was
used for the placement of TCSC optimal locationg]
and rating on power system transmission line. The
method used in this paper included methods of
GSA standards and the improved one using the
Linear Decreasing Inertia Weight (LDIW). Test
results using Java-Bali 500 kV power syste 7]
showed that the placement of the optimal locatio
and the rating on TCSC using GSA standard and
LDIW-GSA could improve the voltage value on the
bus having a voltage drop to 0.95 + 1.05 per unit
and reduce the power losses in Java-Bali 500 kV
electrical power system. Voltage improvement an
power loss reduction in the Java-Bali 500 kV powe ]
system using LDIW-GSA is better than using the
GSA standard and before optimization placement
of TCSC.
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