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ABSTRACT

The extensive growth of industrial demand and domestic demand will make the power system more expensive.
The increase of demands will also leads to the increase of the losses from generation to the distribution level. To
achieve the flexible operation of the power system from generation to the distribution along with the exponential
growth of load, Flexible alternating currents transmission system(FACTS) devices are used. The inclusion of
FACTS devices in the power system will make the system more reliable. With the advancements in the power
electronic devices the design of facts devices will also take more advantageous position to operate the power
system with more reliable. There are many types of FACTS devices such as series, shunt , series-shunt and
shunt-shunt . among these types shunt —shunt FACTS device plays a major role to operate the power system
with less power losses and improved voltage profile Static Synchronous Series Compensator (SSSC) is one of
the series FACTS device which is used , not only to compensate the inductive reactance of the line and maintain
the power system stability at transient conditions also. SSSC is majorly used to improve the voltage profile by
reducing the impedance of the line which will reduce the voltage drop across the transmission line. For
increasing the voltage profile the placement of the device is so important with the suitable size. So in this paper
the a new method is proposed for placing and sizing of the SSSC. By using the optimizing techniques like
Genetic algorithm (GA) and particle swarm optimization (PSO) the voltage profile of the system is improved
with the placement of the SSSC with suitable sizes.
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I. INTRODUCTION which reduces overall losses in the power system.

Power system is the one of the complex systems
which consists of thousands of line and hundreds of
buses which are inter connected to each other to
satisfy the load conditions. With the exponential
increasing of load the sources does not able to satisfy
the load conditions which turns into block outs at
certain parts of the power system. The losses also
play a crucial role to design the generating plants
which are connected to the loads to satisfy their need
through the transmission lines. The real and reactive
behavior of the load will tends to the real and reactive
power losses in the power systems. The increase of
load does not tend to rising of the generating plants,
but the losses are rising with the increase in load
conditions. So, by reducing the losses which will
improve the voltage profile of the power system. The
inclusion of the capacitive effect at the load and at
the transmission system will helping in reduction of
the losses in the power system. The inclusion of the
capacitive effect will provide the leading MVARs to
the load and inclusion of the capacitive effect will
reduce the inductive nature of the transmission line
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With the recent developments in the area of FACTS,
the SSSC is one of series connected key FACTS
controller used to meet the above problems [1]-[18].

The paper in completely divided in to four
parts which are introduction, modeling of SSSC
optimizing techniques results and conclusion.

Il. POWER FLOW ANALYSIS

The complex systems like power systems
are analyzed by using one of the mathematical
method analysis which is newton-raphson
method to give good convergence. The
transmission line in power system can be
denoted by a two-bus system “k” and “m” in
ordinary form. The active power transmitted
between bus nodes k and m is given by:

P

Vi * Vo

k .
= [
¥ sin(6y,

) (1)
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Where §,and §,, are the voltages at the nodes,
(6, — dm) the angle between the voltages and, the
line impedance. The power flow can be controlled by
altering the voltages at a node, the impedance
between the nodes and the angle between the end
voltages. The reactive power is given by:
2
Q= V—k— U * Vi cos(6y

X X
—6m) 2

The series compensation of the FACTS
device effects the impedance of the transmission line
which is connected between any two buses of the
transmission system. The reactive nature of the load
implies the reactive current from the source ie
generating stations of the power system. But the
reactive nature of the transmission lines increases the
losses of the system.

I11. MODELING OF POWER SYSTEMS
WITH SSSC

It is acceptable to expect that for the aim of
positive sequence power flow analysis the will be
represented by a synchronous voltage source with
maximum and minimum voltage magnitude limits
[4]. The synchronous voltage source stands for the
fundamental Fourier series component of the
switched voltage waveform at the AC converter
terminal of the. The bus at which the is connected is
represented as a PV bus, which may change to a PQ
bus in the case of limits being violated. In this case,
the generated or absorbed reactive power would
reach to the maximum limit. The equivalent circuit
shown in Figure 1 is used to obtain the mathematical
model of the controller for incorporation in power
flow algorithms [2].

The power flow equations for the are derived below:

E,r = Vyp(cos 8, + ] sin6,5) 3)

busk busm

Fig. 1: Equivalent Circuit
ECR = VCR (COS 6CR +]Sin 6CR) (4)

The magnitude V., and phase angle &, of the
voltage source representing the series converter are
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controlled between limits (Vogmin < Ver < Vermax )
and (0 < 6. <2m) respectively. Based on the
equivalent circuit shown in Figure 2 and Equations
(11), the active and reactive power equations at bus k
are:

P = VG + ViV [Gyn 056y — 6,)
+ Bkm Sin(Gk - gm)]
+ VchR [ka cos(@k - SCR)
+ Bkm Sin(gk - 6CR)] (5)

Qx = —ViéBik + ViV [Giom Sin(6)c — 6,) —
BhmcosBh— Em+ViVcRGhmsinGh— Sckh— Bkrmcos
G~ JocR 6)

And for series converter are:
PcR = VCZR Gmm + VcR Vk [ka COS(SCR - gk) +
Brmsindcl— G+ VmVeRGmmcos ScR— Gm+Lmms

0, @, 0, 0, W, w0,

indc—6Em )
2 .
QCR = _VCRBmm +Vchk[ka Sln( 5CR _gk)_ Bkm
+V V,I[G,, sin(d, -0, )-Bmm cos(5, -6, )]
(®)
The system of equations is as follows:
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IV. PLACEMENT OF FACTS DEVICE
USING OPTIMIZING TECHNIQUES

The modeling of the SSSC along with the
suitable placements gives fruitful results in the power
system network. The losses are reduced by placing
the SSSC in the power system network. But by
optimal placement of SSSC in the power system
network the losses are greatly reduced. The optimal
placement of SSSC is carried by using different
optimizing techniques like genetic algorithm (GA),
particle swarm optimization (PSO) and differential
evolution (DE). The total algorithms are used to place
the SSSC to reduce the system losses and improve
the voltage profile of the buses.

A. Genetic Algorithm (GA)
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The basics of the genetic algorithm is given in
[6].The population, maximum generations, crossover
rate, mutation rate and selection of the genetic
algorithm. The population of the genetic algorithm is
initialized with branch number and the size of the
SSSC. At each generation of the GA, the power
system network is incorporated with the SSSC along
with the size. The losses at each generation are
calculated by using load flow analysis. At each
generation the losses are considered as the local
minimum losses and if the losses will get lesser than
the previous generation. Finally the minimum losses
are calculated with optimum location and size of the
SSSC. The flowchart of the genetic algorithm with
incorporation of the SSSC with the optimum size.
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Fig. 2 flowchart of Genetic Algorithm
B. Particle Swarm Optimization (PSO)

Particle swarm optimization is also one of the
optimization technique which is mainly used for
optimizing the engineering problems. In this paper
PSO is used to optimizes the losses of the power
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system network by placing the SSSC with optimal
size. The basics of the PSO are presented in to
optimize the many linear and non linear engineering
problems. The adoption of PSO with power system
by initializing the particles with branch numbers and
size of the SSSC. The flowchart of the PSO with
placement of SSSC along with size is shown | the
fig.3
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Fig. 3: Flowchart of the PSO with the placement of
SSSC

V. RESULTS AND CONCLUSIONS

A. Testcase Il IEEE 30 Bus system

The proposed method is tested on IEEE 14
bus system. The single line diagram and Voltage
profile of respective system is shown in the fig 5 and
fig 6 respectively.
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Fig. 4: Single line diagram of IEEE14 bus
olatge profle of IEEE 14 bus with and without STATCOM

10—+

L04f

10F

voltage profiles

0%8F

0%

094 L L L L L L
0 2 4 b § 10 12 1

bus numbers
Fig 5: Voltage Profile of the IEEE 14 bus with and
without SSSC

Table 2: Comparative analysis of Optimising
Techniques by placing SSSC

Min SSS Real | Reactive
Metho | Voltage( C power | Power
d p.u) Place | losses( | losses(K
(Bus) | dbus | kW) VAR)
Witho
ut 0'9%37(1 — | 18999 | 84.434
SSSC —
GA | 0.9906(4) | 6-7 18.16 82.616
PSO |1.0031(4) | 5-6 | 17.591 | 81.934
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Reactive power losses of IEEE 14
bus system with and without SSSC

BwithoutSSSC  ® Analytical mGA ®PSO

18.999

18.16
17659 17501

Fig.6 Real power losses of IEEE 14 bus system with
and without SSSC

Methods

Reactive power losses of
IEEE 14 bus system with
and without SSSC
®m without SSSC  ®m Analytical mGA = PSO

84.434
82.616
l 81685 81334
Methods

Fig 7. Reacive power losses of IEEE 14 bus system
with and without SSSC

The minimum voltage of the IEEE 14 bus system
without is 0.9587p.u. The real and reactive power
losses of the system are 18.999 kW and 84.434 kVar.
The SSSC is placed by using the optimizing
techniques. By GA the is placed at the bus the
voltage profile is improved which is shown in the
figure 3 .The minimum voltage is improved to 0.9906
at 4" bus. The real and reactive power losses are
reduced to 18.16 kW and 82.616 kVar which is
shown in the table 6. But the voltage injected at 1.024
p.u unlike in GA. The voltage profile and real power
losses and reactive power losses are 1.000,17.659
kWand 81.685KVAR.The improved voltage profile
by placing SSSC using PSO is shown in the figure 5.
The minimum voltage is 1.0031 p.u at 4" bus by
placing the SSSC between 5" and 6"bus . The real
and reactive power losses are 17.591 kW and 81.934
kVar.
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B. Test case Il IEEE 30 Bus system

Fig.4 Single line diagram of IEEE 30 bus system.

Table 3: Comparative analysis of IEEE 30 bus
system for Optimizing Techniques by placing SSSC

Min Real Reactive
Meth | Voltage(p. SSSC power | Power
Placed
od u) bus losses( | losses(K
(Bus) kW) VAR)
With
out |09s28 | —— |7 | 675
SSSC —

GA |09982 | 1647 |1 | 65434
PSO |1.012 15-16 §6'92 65.176
Real power losses of IEEE
30 bus system with and
without SSSC
® without SSSC  ® Analytical =GA = PSO

69.75
65.434 5321 65.176
Methods
Fig .7 Real power losses of IEEE 30 bus system with
and without SSSC
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Reactive power losses of
IEEE 30 bus system with and
without SSSC
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Methods

Fig . 8 Reactive power losses of IEEE 30 bus system
with and without SSSC

The minimum voltage of the IEEE 30 bus system
without is 0.9587p.u. The real and reactive power
losses of the system are 17.75 kW and 69.75 kVar.
The SSSC is placed by using the optimizing
techniques.By GA the is placed at the bus the
voltage profile is improved .The minimum voltage is
improved to 0.9906. The real and reactive power
losses are reduced to 17.235 kW and 65.434 kVar
which is shown in the table 6. But the voltage
injected at 1.024 p.u unlike in GA. The voltage
profile and real power losses and reactive power
losses are 0.9982,17.028 kWand 65.321KVAR.The
improved voltage profile by placing SSSC using PSO
is shown in the figure 5. The minimum voltage is
1.012 p.u at 4™ bus by placing the SSSC between 15"
and 16™bus. The real and reactive power losses are
16.923 kW and 65.176 kVar.

V1. CONCLUSIONS

By the analysis with the two test cases of
incorporating the SSSC at the suitable location. The
PSO can select the suitable branches for maintain the
voltages at stability condition and reduce the losses at
high level. The reduction of the losses will show the
great impact on the system to maintain the voltage
stability. The size of the device also selects the
similar size which will compare with the analytical
methods and GA. So finally it is concluded that PSO
is the best optimizing technique among GA and
analytical methods of placing the SSSC

65.321

REFERENCES

[1] Sahoo, AK., S.S. Dash, and T. Thyagarajan.
2007. Modeling of UPFC and UPFC for Power
System Steady State Operation and Control.
IET-UK International ~ Conference  on
Information and Communication Technology
in Electrical Sciences (ICTES 2007).

[2] Gotham, D.J. and G.T. Heydt. 1998. Power
Flow Control and Power Flow Studies for
Systems with FACTS Devices. |IEEE Trans.
Power Syst. 13(1): 60-66.

11|Page




R.Siva Subramanyam Reddy.et.al. Int. Journal of Engineering Research and Applicatiowww.ijera.com
ISSN: 2248-9622, Vol. 7, Issue 9, (Part -3) September 2017, pp.07-12

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

Povh, D. 2000. Modeling of FACTS in Power
System Studies. Proc. IEEE Power Eng. Soc.
Winter Meeting. 2:1435-1439.

Acha, E., C.R. Fuerte-Esquivel, H. Ambriz-
Perez, and C. Angeles-Camacho. 2004.
FACTS: Modelling and Simulation in Power
Networks. John Wiley and Sons: West Sussex,
UK.

Radman, G. and R.S. Raje. 2007. Power Flow
Model/Calculation for Power Systems with
Multiple FACTS Controllers. Electric Power
Systems Research. 77:1521-1531.

Stagg, G.W. and A.H. Ei-Abiad. 1968.
Computer Methods in Power Systems Analysis.
McGraw-Hill: New York, NY.

Hingorani, N.G. and L. Gyugyi. 2000.
Understanding FACTS:  Concepts and
Technology of Flexible AC Transmission
Systems. Wiley—IEEE Press: New York, NY.
ISBN: 0-7803-3464-7.

Zhang, X.P., C. Rehtanz, and B. Pal. 2006.
Flexible AC Transmission Systems: Modelling
and Control. Springer Verlag: Berlin,
Germany.

Kamel Srairi. "Dynamic Methodology for
Control of Multiple-UPFC to Relieve
Overloads and Voltage Violations"
EUROCON 2007 - The International
Conference on "Computer as a Tool" , 09/2007
A. S. Aljankawey. "Performance improved
distributed system based integrated controlled
STATCOMC", 2009 IEEE Electrical Power &
Energy Conference (EPEC), 10/2009.

Singh, J.G., S.N. Singh, S.C. Srivastava, and
L. Soder. "Power System  Security
Enhancement by Optimal Placement of UPFC"
, Power and Energy Systems, 2010.

Milanovic, Jovica, Igor Papic, Ayman
Alabduljabbar, and Yan Zhang. "Flexible AC
Transmission Systems", Electrical Engineering
Handbook, 2011.

Ghahremani, Esmaeil, and Innocent Kamwa.
"Optimal Placement of Multiple-Type FACTS
Devices to Maximize Power System
Loadability Using a Generic Graphical User
Interface”, IEEE Transactions on Power
Systems, 2012.

Jalboub, Mohamed (Abd-Alhameed, Raed A
and Rajamani, Haile S.). "Investigation of the
application of UPFC controllers for weak bus
systems subjected to fault conditions. An
investigation of the behaviour of a UPFC

controller: the voltage stability and power
transfer capability of the network and the
effect of the position of unsymmetrical fault
conditions."”, University of Bradford, 2013.

[15] B. Alekhya, J. Srinivasa Rao. "Enhancement
of ATC in a deregulated power system by
optimal location of multi-facts devices" , 2014
International Conference on Smart Electric
Grid (ISEG), 2014.

[16] Deepa, S., and J. Rizwana. "Minimization of
losses and FACTS installation cost using
proposed differential gravitational search
algorithm optimization technique" , Journal of
Vibration and Control, 2015.

[17] Dutta, Susanta, Provas Kumar Roy, and
Debashis Nandi. "Optimal location of UPFC
controller in transmission network using
hybrid  chemical reaction  optimization
algorithm”, International Journal of Electrical
Power & Energy Systems, 2015.

[18] Krishnamurthy, S., and G.F. Noudjiep
Djiepkop.  "Performance  analysis and
improvement of a power system network using
a Unified Power Flow Controller" , 2015
International Conference on the Industrial and
Commercial Use of Energy (ICUE), 2015

Authorl:- R.Siva Subramanyam
ﬂ Reddyworking as a Assistant
- Professor in Department of Electrical
A Engineering at Sri Kalahasti Institue of
Technology and Sciences, Srikalahasti.
Totally he has 10 years of experience
as a Assistant professor .His areas of interest are
FACTS controllers and Optimising Techniques.
Author 2:- Dr.T.Gowri Manohar
working as a Professor in SV
University, Tirupathi.He has
eighteen  years of  teaching
experience at various institutes .He
completed his Ph.D on 2007.He
published  twenty international
journals and two national journals. He presented his
papers at thirteen National and twelve International
conferences. His area of research work and areas of
interest are Power system operation and Control
(PSOC) and FACTS devices respectively. He support
his guidance to Eleven PG students and nine Ph.D
students.

| International Journal of Engineering Research and Applications (IJERA) is UGC approved Journal with |
' SI. No. 4525, Journal no. 47088. Indexed in Cross Ref, Index Copernicus (ICV 80.82), NASA, Ads, |
i Researcher Id Thomson Reuters. DOAJ. I

o = - - - = = = = = = -

o o o o o

| R.Siva Subramanyam Reddy. “Optimal Placement and Sizing of Static Synchronous Series Compensator
: (Sssc) Using Heuristic Techniques for Electrical Transmission System.” International Journal of
| Engineering Research and Applications (IJERA) , vol. 7, no. 9, 2017, pp. 07-12.

Www.ijera.com

DOI: 10.9790/9622-0709030712 12|Page




