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Abstract: Problem statement: Modern power system consists of the complicatetvori of
transmission lines and carries heavy demand. Ttaysdause in the stability problespproach: Static
Synchronous Series Compensator (SSSC) is a poearaiic based device that has the capability of
controlling the power flow through a line. The sarivoltage injection model of SSSC is modeled into
power flow equation and thus it is used to deteeniia control strategy. This study applies the yuzz
logic applies the SSSC to improve stability of powgstem. The mathematical model and control
strategy of a SSSC are presented. The SSSC isesped by variable voltage injection with associate
transformer leakage control to derive control sggtof SSSC. The swing curves of the three phase
faulted power system without and with a SSSC ieteand compared in various cas&esults. The
swing curve of the system with SSSC based fuzzyclogntrol has the less amplitude during the
dynamic periodConclusion: It was found from simulation results that SSSC itaprove the power
system oscillation after disturbance.

Key words: Static Synchronous Series Compensator (SSSC), Yadfage Direct Current (HVDC),
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INTRODUCTION a shunt current in quadrature with the line voltage
The reactive power (or current) of the SSSC can be
From the energy utilization point of view, adjusted by controlling the magnitude and phase
electricity is still being regarded as mighty meais angle of the output voltage of the shunt converter
energy carrier. Nowadays, the demand of electrliity  (Mustafa and Magaji, 2009; Kumkratug, 2011a;
dramatically increased and a modern power systemo11p: El-Shennawst al. 2010).
becomes a complex network of transmission lines  This study presents the fuzzy logic control law of

interconnecting the generating stations to the mMajogggc The mathematical model of power system
loads FEOIFtIES 'nht.hi oxéerall pc?werf system in OrdBf”t] equipped with a SSSC is systematically derived. The
suppor e hg emand - of - consumers. onlinear control of fuzzy logic control is applied

compl_lcated r_“?tW_Ork causes _the stability .pmblem‘determine the control strategy. The simulation ltesu
Transient stability improvement is one of the intpat
are tested on a sample system.

aspects in modern power system (Al-Husban, 2009aMo
and Mota, 2011; Taheat al., 2008; Chen, 2011; Jia-
Liang et al., 2010; Magaji and Mustafa, 2009; Nissr MATERIALSAND METHODS
al., 2009). They have proposed many methods to ingprov
stability of power system such as load sheddingghHi Mathematical model: Figure 1a shows the single line
Voltage Direct Current (HVDC), Flexible AC diagram of Single Machine Infinite Bus (SMIB) syste
Transmission System (FACTS). without a SSSC and the corresponding equivaleauitir

A Static Synchronous Series Compensator (SSSd¥ shown in Fig. 1b. Here Xs the equivalent reactance
is a member of the FACTS family that is connected i between the machine internal bus and the bus nXand
series with power system. The SSSC consists ofiéh so is the equivalent reactance between bus m and the
state voltage source converter with GTO thyristorinfinite bus. The generator is represented by asteon
switches or other high performance of semi-voltage source (E’) behind transient reactanceg)(X’
conductor and transformer. The SSSC can Consider the system without a SSSC as shown in
electrically mimic reactor and capacitor by injecti  Fig. 1, the line current is given by Eq. 1 and 2:
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The output electrical power of the system withaut - (b)

SSSC is given by Eq. 3:
Fig. 1: Single machine infinite bus system (a)

P - EV, SinG 3) schematic diagram (b) equivalent circuit
X
2 I Infinite bus
Series L
Now, consider the system with a SSSC as shown in { Trausformer transformet
Fig. 2. The Fig. 2b represents the equivalent itiofuFig. ==
2a. The SSSC is represented by a series voltagytian Generator
(V9 and transformer leakage reactance. From Figth2b,
line current of the system with a SSSC is given by: Series
converter
_E-V.-V, _[E-V,] [-V, %‘CJ
I ss jX - ]X + 17 (4) Capacitor
@)

From the Eq. 1 and Eg. 4, the line current of the
system with a SSSC is given by Eq. 5:

I =1 +Al (5)
Here:
Al="Vs B (b)
iX

Fig. 2: Single machine infinite bus system with a
SSSC (a) schematic diagram (b) equivalent
circuit of system with a SSSC represented by a
series voltage injection

From Eq. 1 and 4l is the additional component of
the system of a SSSC. The output electrical power
equation of generator can be expressed by Eq. 6:

TheAP*, is written by Eq. 8:
P*=ReE' ()]

=Re[E'(,)]+ ReE @1)] © -v, )
- 0 APF = RE{E’[,XS] }
J
The first term of Eq. 6 represents the system
without a SSSC. The second term is the additional - El]é( VDG] ®)
component from the SSSBR®,) rewritten by Eq. 7 X

EV,
FfS: F:3+AF§S (7) ZTSIn(E—GS)

1015



Am. J. Applied Sci., 8 (10): 1014-1018, 2011

% E'sindsind =\ co®— E co§ cds (10)
-
E/// A /e With some mathematical manipulations of Eq. 10,
_ XL /o it can be written by Eqg. 11:
e / )
// // E
5 V, ;
( 0 T i cos@—e):v—? cos@ | (11)
\\\7 :; X E
LA i
f’ From the phasor diagram as shown in Fig. 3, it
(@ indicates that the SSSC doesn’t change the linecur

angle. However, the SSSC affects on the line ctirren
magnitude. When ¥lags line current 90 degree, the
line current magnitude is increased and wheredds
line current 90 degree, the line current magnitigle
decreased as can be seen in Fig. 3.

From the Fig. 3, the cosine of the line currerglan
is given by Eq. 12:

cos@)= E’sin(éS)= : E 2sin¢'>) (12)
Xy JE)+(V,)?-2EV,cos)
L From Eq. 9 and 12, the additional component of
(b) output electrical power is:

S — VsE'Vb

AP = sind (13)
X\(E')? +(V,)? -2E'V, cosd

From Eq. 7 and 13, the output electrical power of
system with a SSSC is given by:

VSPE

Pe=R+
JE+(V,)2-2EV, cod

(14)

It can be seen from Eq. 14 that the output eleatri
power flow can be controlled by a SSSC. With pusiti
value of \;, the output electrical power is increased
whereas with negative value of,\the output electrical

WhenV is positive, the SSSC supplies the reactivepOWer is reduced.

power to the system, it is called capacitive modd a Fuzzy logic control: The transient stability of power
then the series voltage andeis in lagging with the system as shown in Fig. 2a can be expressed by
line current as shown in Fig. 3b whereass/negative,  following Eq. 15 and 16:

the SSSC absorbs the reactive power to the systésn,

Fig. 3: Phasor diagram (a) without a SSSC (b) \aith
SSSC operating in capacitive mode (c) with
SSSC operating in reactive mode

called reactive mode and then the series voltagk fig S=zw (15)
is in leading with the line current as shown in.Fg.
With the capacitive mode the Eq. 8 is given by €q. m=i[P P (16)
M- ™
AP = EV, cosp-0) 9)
X Here §, w and R, are the rotor angle, speed,

mechanical input power and moment of inertia,
From the Eq. 2, it can be written by: respectively of machine.
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Figure 4 shows the machine speed of system after RESULTS
disturbance. Figure 5 shows the input and the dutpu
fuzzy membership function based on fuzzy logic The proposed control method is tested on sample
control, respectively. The machine speed at pré-fau  system equipped with a SSSC based fuzzy logic abntr
considered as reference at zero value=( 0). This strategy. The single line diagram of sample sysiem
study uses the rules based on human reasoning ehown in Fig. 2a. The system parameters are:
Mamdani inference engine. Rules are defined as

follows: H=6.5, X = 0.1 pux}=0.3 pu, X;=0.4 pu,
. .. . . . X|_2=0.4 pu, ){_320.4 pu,
» If wis positive big then VYis positive big X14=0.4 pu, R=1.0 pu,E. =1.23 pu
. , . B, =1.

* If wpostive then Vis positive

* If wzerothen Vis zero

* If wnegative then Yis negative

» If wnegative big then Ms negative big

It is considered that 3 phase fault appears atlin
near bus m for 150 m sec and then it is cleared by
opening both circuit breakers. Figure 6 shows the
machine speed of sample system without FACTS
devices for generating the fuzzy membership oftirpu
and output V¥ as shown in Fig. 7a and b, respectively.
Figure 8 shows the swing curve of the system withou
and with a SSSC.
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Fig. 4: Machine speed of system after disturbance
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Fig. 7: Membership functions of fuzzy membership (a
Fig. 5: Membership functions (a) Input (b) Output Input (b) Output
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Fig. 8: Swing curve of the system without and wéth
SSSC

DISCUSSION
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It can be observed from the simulation result$ tha
the SSSC based fuzzy logic control can improve powe
system oscillation. The maximum and minimum
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logic based current control schemes for vector-
controlled asynchronous motor drives. Inform.
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Kumkratug, P., 2011a. Nonlinear control design of

series FACTS devices for damping power system
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2011b. Improving power system
transient stability with static synchronous series
compensator. Am. J. Applied Sci., 8: 77-81. DOI:
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machine rotor angles are around 113.44 and -9.13agaji, M. and M.W. Mustafa, 2009. Optimal thyristo

respectively. However, maximum and minimum
machine rotor angles are improved to around 98r@PR a
20.98, respectively.

control series capacitor neuro-controller for
damping oscillations. J. Comput. Sci., 5: 980-987.
DOI: 10.3844/jcssp.2009.980.987

Mota, A.A. and L.T.M. Mota, 2011. Drawing meshed

CONCLUSION

This study presented the method of improving
power system oscillation using a SSSC. The

one-line diagrams of electric power systems using
a modified controlled spring embedder algorithm

enhanced with geospatial data. J. Comput. Sci., 7:
234-241. DOI: 10.3844/jcssp.2011.234.241

mathematical model of power system equipped with @ ystafa, M.W. and N. Magaji, 2009. Optimal location

SSSC was systematically derived. It was found #hat
SSSC affects on the line voltage. The stabilitythod
power system can be controlled by a SSSC. Thigystud
applied fuzzy logic control to determine the cohtaav

of SSSC. The simulation results are tested on glsam
system. From the simulation results, it indicatest &
SSSC based fuzzy logic control can improve the powe
system oscillation.
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