Asian Journal of Control, Vol. 18, No. 2, pp. 733—-746, March 2016
Published online 20 April 2015 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/asjc.1110

DYNAMIC STABILITY OF POWER SYSTEMS USING UPFC:
BAT-INSPIRED SEARCH AND GRAVITATIONAL SEARCH ALGORITHMS

B. Vijay Kumar and N. V. Srikanth

ABSTRACT

In this paper, the bat-inspired algorithm and the Gravitational Search Algorithm (GSA) based optimal location and ca-
pacity of UPFC are proposed to improve the dynamic stability of power systems. The novelty of the proposed method is in
improved searching ability, random reduction and reduced complexity. Here, the GSA is used to optimize the location of
the UPFC if a generator fault occurs. The GSA selects the maximum power loss line as the optimum location to place UPFC
as per the objective function, since the generator fault violates the system equality and inequality constraints from the secure
limit. From the UPFC control parameters, the minimum voltage deviation is optimized using the bat algorithm. The minimum
voltage deviation has been used to find the optimum capacity of the UPFC. Then the optimum UPFC capacity is applied in the
optimum location, which enhances the dynamic stability of the system. The proposed method is implemented in the
MATLAB/Simulink platform and the performance is evaluated by means of comparison with the different techniques like
GSA and bat-inspired algorithm. The comparison results demonstrate the superiority of the proposed approach and confirm

its potential to solve the problem.
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I. INTRODUCTION

Electric power systems are required to operate to more
or less their own entire capacities worldwide because of the
limitations of both their location and the financial resources
required to create new generating plants and transmission
lines [1,2]. The volume of electric power by security in
addition to steadiness restraints, which might be passed
among a couple of positions with a transmission network,
is limited [3]. Power flow in the lines and transformers
really should not be allowed to increase as a haphazard inci-
dent may lead to a network collapse as cascaded outages
[4,5], resulting in a blockage of the device. The way in
which this blockage is handled depends on the rules of the
transmission network, which can be driven by powerful
forces and, as a result, this becomes the core motion con-
nected with the programs’ operators [6]. Studies reveal that
insufficient operations connected with transactions can
increase congestion costs, which is an additional burden to
customers [7].

In relation to handling the power transmission system,
Flexible Alternating Current Transmission System (FACTS)
is a fixed device that is often employed [8,9]. FACTS may be
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known as “a power electronic based technique along with
other fixed device in which existing control involving one
or more AC transmission system parameters formulate con-
trollability and also enlarge power transfer capability” [10].
The various kinds of FACTS devices offered for this specific
purpose include Static Var Compensator (SVC), Thyristor
controlled series Capacitor (TCSC), Static Synchronous se-
ries compensator (SSSC), Static Synchronous Compensator
(STATCOM), UPFC and Interlink Power Flow Controller
(IPFC) [11]. UPFC is specifically related to FACTS devices,
including those that can provide power flow throughout the
transmission line by means of effective and also reactive
voltage component throughout the chain while using the
transmission line [12,13].

Completely new prospects pertaining to handling elec-
trical power in addition to improving the actual utilizable
capacity regarding surviving transmission lines are
discharged through the look associated with the FACTS
equipment [14]. An optimal position regarding the UPFC
unit allowing manipulating it is the electrical power systems
for an interconnected network, and thus improving the sys-
tem load ability [15,16]. Otherwise, a new minimized
amount of devices, away from which often this load ability
can certainly not be improved, continues to be assessed
[17]. The optimal position in addition to the optimal
capacity of a distinct number of FACTS inside an electrical
power process is often an obstacle for combinatorial change
[18-20]. A variety of optimization algorithms are actually
used to attempt this sort of problem, such as genetic
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algorithms (GA), reproduced annealing (RA), Tabu search
(TS), etc [21,22].

In the paper, hybrid technique based dynamic stability
of the power system using UPFC is proposed. Here, the GSA
optimizes the location of the UPFC, while the generator fault
occurs. Location optimization is a process to select the max-
imum power loss line. Using the optimum location parame-
ters the minimal voltage change is usually achieved by using
the bat algorithm. Through the minimum error voltage, most
of us find the optimum capacity with the UPFC. Then the
optimum UPFC is usually employed within the optimum
location and the related results are examined.

II. RECENT RESEARCH WORK:
A BRIEF REVIEW

A wide range of studies consider increasing the power
transfer capability of power systems, some of which are
reviewed in this paper. Shaheen ef al. have analysed the
way the power system security can be improved using
UPFC. This improvement can be accomplished by locating
the optimum position from the state of line contingency
using Differential Evolution (DE) algorithm [23,24]. Taher
et al. have taken the conditions of a hybrid immune algo-
rithm into account for obtaining the optimal location of
UPFCs. Minimization of the cost associated with both the
active and the reactive power production of the generators
as well as implementation of UPFCs is necessary to get
the optimal location [25]. Nireekshana et al. [26] have
presented a stochastic formulation with Real-code Genetic
Algorithm (RGA) to obtain the optimal location and con-
trolling parameters of FACTS devices. Phadke et al. [27]
have suggested a method, in which Fuzzy logic and Real
Coded Genetic algorithm is used for connecting and sizing
the shunt FACTS controller. By doing so, the effective area
can be measured perfectly using the shunt FACTS devices.
Servet et al. have proposed a hybrid technique that
combines the PSO algorithm and the artificial bee colony
(ABC) algorithm for prolonged optimization problems
[28]. Kumar et al. [29] have dealt with a reliable evolution-
ary based approach to solve the problems in optimal power
flow (OPF). This system hybridises the Fuzzy Systems with
GA and PSO algorithm for solving the OPF problem, which
is related with the control variables, in an optimal manner.

The review of the recent research work shows that the
flows of heavily loaded lines sustain the bus voltages at de-
sired levels and enhances the stability of the power network
and increases the uncontrolled exchanges in power systems.
For that reason, power systems need to be supervised in se-
quence to make use of the obtainable network competently.
FACTS devices depend on the advance of semiconductor
technology released positive latest prospects for controlling

the power flow and expanding the loadability of the accessi-
ble power transmission system. The UPFC is one of the
most promising FACTS devices for load flow control as it
can concurrently manage the active and reactive power flow
alongside the communication channels in addition to the
nodal voltages. As per the characteristics of the UPFC,
while scheduling the implementations, it delivers some
practical concerns for determining optimal position. In
practice, the optimal location of UPFC tends not by ran-
domness, and the matching methodical exploration is not
frequently adequate. Previous studies have made an effort
to solve the optimal location of UPFCs with respect to dif-
ferent functions and methods. For determining the optimal
location, the operating condition of UPFC must be pre-
assigned. Some of the optimization algorithms are intro-
duced to determine the location and size of UPFC such as
GA, PSO, DE and etc. This cannot be utilized to find the ca-
pacity and location at the same time, so the hybrid approach
is needed. These above discussed drawbacks and problems
are reduced by using the proposed method.

ITII. UPFC STRUCTURE AND POWER
FLOW MODEL

The UPFC consists of two identical inverters, that is,
parallel inverter and series inverter, which are connected
in parallel and series to the power systems through the cor-
responding power transformers. The UPFC is connected be-
tween the buses i and j through the series and parallel power
transformers [30,31], the structure of the UPFC is described
in Fig. 1. The parallel inverter has been operated either as a
voltage controller or a constant reactive power source. It in-
jects constant positive or negative reactive power at i bus
reactive power (Q,) and regulates the voltage of the bus.
The series inverter independently controls the active power
(P)) and reactive power (Q;) of the J™ bus at associated set-
tings, which distinguishes the UPFC from the STATCOM
and SSSC. Also the series inverter is used to regulate the
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Fig. 1. UPFC installation in power system.
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difference between the i bus voltage (V;) and ;/” bus
voltage (V) bus. The UPFC installation structure of power
systems and the equivalent circuit is given in Figs. 1 and 2.
Where, V. and V, are the magnitudes of injected
voltage of the transmission line through the series trans-
former and shunt transformer, /, and Iy are injected
currents with the transmission line through the series trans-
former and shunt transformer, Py, and P, are the injected
powers of the series and shunt transformer, X,, and X, are
the reactance values of the series and shunt transformer.
From the above equivalent circuit model, the power injec-
tion at each node can be derived using the power flow stud-
ies. By using the load flow solution, the real and reactive
powers on the bus i and j are calculated. The importance
of the power injection representation is that the symmetric
characteristics of the admittance matrix will not be
destroyed [32]. The real and reactive power injection at each
bus is described [33] in the following section.
Power flows from i to j:

Py(t) = (VA0 + Vi) Gy + 2V, 0V Gy cos (s — ;)
VOV [G5" cos(aw — ;) + By (sin o — ;)]

— ViV, 0(Gy cos ¢;; + By sin ;)
(1

Q;(1) = —v,0[0 _y20 (B..(f) +b/2)

VOV [G;Wsin(ay — ¢;) + By (cosa — ;)]

— VOV, (G sin ¢; — B3\ cos ;)
2)
Where, Gjj +jBjj = g~ +,x’ Vi and V; are the voltage of

the buses i and j and V}, is the voltage of the compensating
device, R;; and X; are the resistance and reactance between
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Fig. 2. Equivalent model of UPFC.

the buses i and j , G; and B;; are the conductance and
susceptance values between the buses i and j respectively,
a and ¢ voltage angle and load angle, 7 is the current value,
similarly the real and reactive power flow from the bus j to i
is given by the following equations (3) and (4).

Power flows from j to i:

Pi(t) = VJ-2 (I)Gij(f> +V; Oy, )G (1) Cos(akl _ ¢)
_Bij(f)G(t) sin (akl — (15]) 3)
_ Vi(’) Vj(’) (Gl.j(t) cos ¢ij _ Bij(t) sin ¢U)

0;(1) = VjZ()( 04 B/Z) (>Vkl(>
[GUU sm(ak, — (ﬁ) — B-j( ) (cos Ol — ¢,)] 4)
+ V,-(’)V Y (G sin ¢b; — B,j cos ¢ij)

The power flow equations are used to identify the
capacity of the UPFC, which is evaluated depending on the
dynamic stability constraints. The constraints are normally,
but whenever a generator fault occurs, they are violated from
the stability condition. So the selection of UPFC should
satisfy the dynamic stability. The problem formulation of
dynamic stability is briefly explained in Section 3.1.

3.1 Problem formulation of dynamic stability

Dynamic stability is a nonlinear optimization prob-
lem. The primary goal of dynamic stability is to maintain
the control variables at the secure limits. The control
variables in terms of a certain objective function are sub-
jected to various equality and inequality constraints. The
required objective function is mathematically described in
the following equations (5), (6) and (7).

Minimize F(t,u) (5)
Subject to g(t,u) =0 (6)
h(t,u) <0 (7

Where, F(t,u) is the objective function of the dynamic
stability, which minimizes the line loss, voltage deviation
and UPFC installation cost, ¢ is the vector dependent
variables, u is the dependent variables of the system, g is
the equality constraints, % is the operating constraints. The
equality and inequality constraints are explained in the
following section (i).

(i) Equality constraints

This section describes the equality constraints of the
power system. Here, the power system generators need to
ensure the customers’ total demand and the transmission
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loss. It is also known as the power balance condition of the
power system. The power system stability condition is af-
fected by the generator outage, which increases the power
loss of the system and affects the dynamic stability environ-
ment. The required power balance condition can be de-
scribed in the following equation:

Ng Ny
ZPGi =Pp + Z(PLj +J0u)) 3
i=1 =

Where, Pg; is the power generated in the i” bus, P, is
the demand, P;; and Q;; are the real and reactive power loss
of the /™ line, Ng; is the total number of generators, N, is the
total number of transmission lines. The real and reactive
power loss can be calculated in the following equations
[34,35] (9) and (10).

Ng
P = ij Vi[Gji cos(6; — 6;) + Bji sin(d; — 6;)] ©)

J=1

N
QLj = jz V; [Gji COS((S]‘ - 5,) + Bji sin(éj - 51)] (10)
Jj=1

Where, V; and V; are the voltage of the buses i and j,
G;; and Bj; are the conductance and susceptance between
the j and i bus, N is the total number of buses and J;
and ¢, are the load angle of the buses i and j. The inequal-
ity constraints are explained in the following section (ii).

(ii) Inequality constraints

This section describes the inequality constraints of the
power system, that is, voltage, real and reactive power flow.
These constraints should be maintained at the stability limit,
because the dynamic stability mainly considers the voltage
stability of every node. The stable voltage limit of the every
node may be 0.95 fo 1.05 pu. The change in voltage can be
described by the following equations:

AV; = (1)
Where,
Sz (P
k ) i
Vi - Vslack - — Zz( Vi ) (12)

With, V... is the slack bus voltage, AV; is the
voltage stability index of the bus i, V; is voltage of the
bus, where i=1,2,3...n, [ is the number of nodes, Z;
is the impedance of the i bus, P; and Q; are the real
and reactive power of bus i and j is the number of

nodes. The bus voltage lies between the limits, that is,
ymin < . < pmax The real and reactive power of the i bus
can be described by the following equations (6) and (7).

Ng

Pi = ‘ViHVj’Z<G1jCOS§ij+sz siné,;,-) (13)
j=1
Ng

Q; = |Vil|Vj| Y (Gy sin 6 — By cos o) (14)

j=1

Where, V; and V; are the voltage of i and j buses respec-
tively, N is the total number of buses, d;; and J;; are the angle
between i and j buses respectively, G;; and B;; are the conduc-
tance and susceptance values respectively. During the genera-
tor fault condition, the power flow constraints are affected,
which causes instability in the system. In these conditions,
dynamic stability is achieved by selecting the optimum loca-
tion and capacity of the UPFC using the proposed method.
The proposed method is briefly explained in the following
Section 3.2.

3.2 Hybrid Technique Based Dynamic Stability

3.2.1 Optimum location determination using GSA

This section describes the GSA based optimum loca-
tion determination. Initially the IEEE standard benchmark
system normal power flow is analyzed using the N-R load
flow analysis. Then the generator fault is introduced in the
bus system, so the bus system becomes unstable. Here, the
GSA technique is used to find the most affected location to
place the UPFC, that is, maximum power loss line. The max-
imum power loss line is the most suitable location to fix the
UPFC. At the beginning the input agents like voltage at each
bus and the power loss at each line is randomly generated
with the required » dimensions search space. The random
generated agents are given in the following equation (15).

Xi= {(V17PL1)17(VZaPLZ)za(VSaPL3)3~~-(Vn»PLn)n (15)

Where, (V;, PLi)d = X¢ defines the position of the i
agent at d” dimension. The random generated agents are
used to calculate the optimum location, which is described
in the following relation (16).

Np
O = Max{VjZ V,‘ [Gji Cos (5] — 51) + Bj,’ sin (51 — 5,)] }

=1
(16)
According to Newton’s gravitation theory the total

force acts on the agent as described in the following
equation (17).
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3.2.2 UPFC capacity determination using bat algorithm
force? (1) = Zrandj (forceg(t)) (17) o , , L
e The bat inspired algorithm is the optimization
M) M0 algorithm, which works based on the echolocation be-
Where, forcef(r) = G(l)%*(xj’(t) - Xf’(t)) havior of bats [36]. Here, the bat inspired algorithm is

with, R;=||X(#),X(?||> is the Euclidian distance between
two agents i and j, rand; is the random values, that is, [0, 1],
¢is a small constant, M,; and M,, active and passive grav-
itational mass related to agent i and j. Here, the accelera-
tion of the i agent can be determined by the following
equation.

d
v
Acceleration a’ (1) :M

! M,‘(l‘)

Update the agent’s position, using the following
velocity equation (18).

VUt + 1) = rand;. [V?] + al (1) (18)

The above velocity function is used to develop the new
agents, which can be described in the following equation (19).

X4 1) =X+ Vi@ +1) (19)

Where, V¥ (t) and X¢(¢) are the velocity and position of
an agent at ¢ time and d dimension, rand; is the random
number in the interval [0, 1]. The steps to find the optimum
location are given in the following section.

(a) Steps to find the optimum location

Step 1: In the first step, the input agents are randomly gen-
erated at N dimensions. Here, the bus voltage and
the line losses are selected as the agents.

Step 2: Apply load flow solution and then, evaluate the fit-
ness values of the random number of agents.

Step 3: In the high mass, agents are selected as the best so-
lutions and the corresponding load flow is analyzed.

Step 4: The best solutions are separated into two groups,
the first groups have the minimum best solutions
and another group has maximum best solutions.

Step 5: For each best solution groups, the agent’s positions
and velocity are modified.

Step 6: Run load flow analysis and evaluate the new

agents. Select the best agent from each group.

Step 7: Find the voltage, real and reactive power flow and
power loss.

Step 8: Check the termination criterion. If it is satisfied
terminate or go to step 9.

Step 9: Generate the new agents to generate new solutions.
Go to Step 2.

Once the process is finished, the GSA is ready to give
the optimal location of the UPFC.

used to optimize the capacity of the UPFC. Initially the
bus voltage for both the normal condition and the fault
condition is being reduced by the required objective
function. The minimum error voltage and the maximum
error voltage are classified according to the objective
function. The minimum voltage deviation attaining
UPFC capacity is optimum capacity. By using the opti-
mum UPFC capacity, the dynamic stability of the system
is enhanced. The steps to optimize the capacity of the
UPFC are described below.

(a) Steps to find the UPFC optimum capacity

Step 1: Input micro-bats (B;) population is randomly gen-
erated, that is, IEEE standard benchmark system
bus voltage and the UPFC power flow equations,
which should satisfy the power balance condition.
Each micro-bat has the velocity vector (v;) and
position vector (x;), which is described in the
following equation (20).

B = [(V12ax12)h1 (V12,X12)b2 (V12,x12)hn] (20)

Step 2: To assign the echolocation parameters, the micro-
bat populations are incorporated with the echolo-
cation parameters like frequency (f;), pulse rate
(r;) and the loudness parameters (/;). These
parameters are non-negative real values with the
following ranges.

fmin Sfigfmax (21)
I'min S ri S F'max (22)
lmin S li S lmax (23)

Here, we assign the frequency range fn;,=0 and
fmax= 1, the pulse rate minimum value is 7,;,=0.5 and the
loudness maximum value is /,,,x=1. The remaining values
are determined by the following equation (24).

1 1
lpin=—— and rpu=1——<1 24)
V Nsec * ng

Where, ng.. is the number of sections in the discrete
set used for sizing the design variable and ng is the number
of discrete design variables.

Step 3: Evaluate the objective function of the initial popu-
lations; the required objective function is described
in the following equation (25).
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Np
W =Min» (Vorma — V) (25)

i=1

Where, Vy,-mar 1S the bus voltage at normal condition
and V¥ is the bus voltage at different types of generator fault
condition.

Step 4: Store the current population and increase the itera-
tion count as 7+ 1, that is, iteration t=¢+1.

Step 5: The current population of bus voltages are randomly
updated based on the frequency and the velocity.
Initially the frequency can be evaluated, which
is described in the following equation (26).

ff :fmin + (fmax _fmin)ui (26)

Where there is a random number of values, which is
selected from 0 to 1, then the frequency is applied into the

GSA algorithm

Initialization: Initialize the input agents
like bus voltage and power loss

'

Random generation of the input agents

Fitness evaluation: Evaluate the agents
fitness

l

Determine the best fitness agents
according to the objective function

}

Storing: Memorize the best fitness of
the current agent’s population

)

Updating: Update each best agent
position and velocity

No

Yes

Print the results

velocity equation, which can be described in the following
equation (27).

= round [+ (657~ Xy @

Where, vi and vi~! are the velocity vectors of the
micro-bats at the time steps ¢ and t—1 , X' and X'~!
are the position vectors of the micro-bats at time steps
t and t—1 , Xy is the current global best solution.
Hereafter the local search is performed on the randomly
selected population that is described in the following
equation (28).

X=X &l (28)

Where, ¢;; is a random number between —1 and 1,

L, is the average value of loudness at time step .

Bat algorithm
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Fig. 3. Structure of the proposed method.
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Step 6: Find the fitness of the new micro-bats population
using the equation (28). After evaluation, the
micro-bats echolocation parameters are updated
for better movement of the micro-bats, which can
be described in the following equation (29).

l; = (l.li and V§+1 - rmax[l - GXp(yt)] (29)

Where, l;- and /; are the previous and updated values of
the loudness, " ! is the pulse rate of the micro-bats in time
step , a and p are the adaptation parameters of the loudness
and pulse rate.

Step 7: To find the best micro-bats, which satisfy the ob-
jective function (25).

Step 8: The steps 4 to 7 are continued until the termination
criteria is attained.

Once the termination criterion is attained, the system
is ready to give the optimum capacity of the UPFC. The
selected capacity is utilized in the appropriate location and
analyzes the load flow solution; it may enhance the dynamic
stability of the system. The proposed method structure is
illustrated in Fig. 3. The proposed method is tested on the
MATLAB platform and the numerical results are analyzed
with various techniques, which are briefly described in the
next section 4.

IV. RESULTS AND DISCUSSIONS

The proposed method is implemented in
MATLAB/Simulink 7.10.0 (R2012a) platform, 4GB RAM
and Intel(R) core(TM) i5. Here the IEEE 30 bus system
and 14 bus systems are used to validate the proposed
method. The numerical results of the proposed method are
presented and discussed in this section. The effectiveness
of the proposed method is analyzed by comparing with
those of other techniques such as Genetic Algorithm
(GA), GSA algorithm and bat inspired algorithm. The

proposed method is applied in the IEEE 30 bus system
and discussed in the following Section 4.1.

4.1 Validation of IEEE 30 bus systems

The proposed method is tested in the IEEE 30 bus
system and the corresponding numerical results are
discussed in this section. The IEEE 30 bus system consists
of 6 generator bus, 21 load bus and 42 transmission lines.
Initially the normal load flow of the bus system is analyzed
using the N-R load flow method; afterwards the generator
fault is introduced into the bus system. The instability con-
dition is determined and solved using the proposed method.
Here, the power flow analysis and power loss of the IEEE 30
bus system at normal condition, single generator fault
condition and using the proposed method are described in
Tables I and II respectively. Then the voltage profile for
each generator outage is discussed in the following section.

The bus voltage profile during the generator outage
at the second bus is illustrated in Fig. 4. From that we ob-
serve that the bus voltage is maintained at the stability
limit during the normal power flow condition, that is, in
the N-R method, the voltage profile faces the instability
during the second generator outage. Then the voltage
instability is reduced by optimizing the location and ca-
pacity of the UPFC using the proposed method. At the
sixth bus generator outage using the proposed method is

Table II. Power loss at single generator problem using the
proposed method.

Best location Power loss in MW

Generator From To Generator ~ With
bus no. bus bus  Normal outage UPFC
2 12 15 10.809 12.768 8.718
6 5 7 12.552 8.087
13 12 15 12.795 8.536
22 10 22 11.883 8.063
27 22 24 11.903 8.517

Table 1. Power flow analysis at single generator problem using the proposed method.

Power flow
Best location Normal Generator outage With UPFC

Generator

bus no. From bus To bus P (MW) Q (MVAR) P (MW) Q (MVAR) P (MW) Q (MVAR)
2 12 15 19.675 7.796 19.797 7.755 20.491 2.378

6 5 7 23.744 13.825 24.763 14.248 20.113 17.702
13 12 15 19.675 7.796 19.797 7.755 20.524 4.184
22 10 22 4.047 6.617 4.044 6.581 2.767 2.967
27 22 24 7.913 3.145 9.714 1.940 8.592 3.209
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Fig. 4. Voltage profile during generator outage at 2™ bus.

illustrated in Fig. 5. Similarly the other generators such as
13, 22 and 27 are turned off at different environments.
The corresponding voltage stability is analyzed in Figs. 6,
7 and 8 respectively.

The IEEE 30 bus system generators are turned off at
different time intervals, which is a single generator problem.
At these different environments, the total power loss of the
IEEE bench mark system has been measured. The single
generator fault power loss problem is resolved by using
the proposed hybrid method. The power loss measurement
of the single generator problem is shown in Table II. It
shows the performance of the proposed method, because
the power loss has been reduced compared to the normal
time and the fault condition. Then the IEEE 30 bus system
is allowed to meet the double generator problem. By this
time the two generator problem has occurred at different inter-
vals and the corresponding power flow is shown in Table III.

— N-R
Generator

outage

Proposed

0 5 10 15 20 25 30
Bus Number

Fig. 5. Voltage profile during generator outage at 6" bus.
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Fig. 7. Voltage profile during generator outage at 22™ bus.
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8. Voltage profile during generator outage at 27" bus.
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Table III. Power flow analysis at double generator problem using the proposed method.

Best location Power flow
Normal Generator outage With UPFC

Generator From To

bus no. bus bus P (MW) Q (MVAR) P (MMW) Q (MVAR) P (MW) Q (MVAR)
2 and 6 10 22 1.047 6.617 4.044 6.581 0.325 2.343

2 and 13 5 7 23.744 13.825 24.763 14.248 20.971 15.571

6 and 13 15 23 5.893 3.546 2.003 4.598 5.421 3.731
22 and 27 12 15 19.675 7.796 19.797 7.755 20.193 7.908
13 and 27 2 5 72.803 2.549 77.585 2.087 77.626 2.096

The double generator problem power loss is illustrated in
Table IV. The voltage profile variation according to the double
generators shut down condition is explained in Figs. 9—13.
Here, the voltage profile is compared at various conditions,
that is, normal condition, during fault condition and by means
of the proposed method. The normal voltage profile exceeds
the stability limit, as the generator fault conditions. Depend-
ing on the fault range the proposed method identifies the
UPFC location and capacity, which is used to resolve the volt-
age instability problem.

Table IV. Power loss at double generator problem using the
proposed method.

Best location Power loss in MW

Generator From To Generator ~ With
bus no. bus bus  Normal outage UPFC
2 and 6 10 22 10.809 14.731 8.536
2 and 13 5 7 15.017 8.795
6 and 13 15 23 14.833 8.725
22 and 27 12 15 13.051 8.282
13 and 27 2 5 14.005 8.130
1.1 . : .
: : : ——N-R
: : : — Gexéerator
. 5 . outage
108k R s B Propgsed 4

1.06 b ..............

Voltage(V)

0 5 10 15 20 25 30
Bus Number

Fig. 9. Voltage profile during generator outage at buses 2 and 6.

The normal power loss of the IEEE 30 bus system is
10.809, which is increased during the double generator
problem. The maximum power loss is reduced by locating
the optimum capacity of UPFC using the proposed method.

— N-R
: : : ____Generator

OO SR S menannesn s bnsens sannne outage
1.08 : - : Proposed

Voltage(V)

5 10 15 20 25 30
Bus Number

Fig. 10. Voltage profile during generator outage at buses 2 and 13.
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Fig. 11. Voltage profile during generator outage at buses 6 and 13.
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Fig. 12. Voltage profile during generator outage at buses 13 and 27.

The double generator problem power loss comparison is de-
scribed in Table IV. The proposed method effectiveness is
analyzed by comparing the proposed method numerical re-
sults with those of the other techniques such as the GA,
GSA algorithm and bat inspired algorithm. The IEEE 30

125
—N-R
< : : ____Generator
| B Do outage H
: : : Proposed

5 10 15 20 25 30
Bus Number

Fig. 13. Voltage profile during generator outage at buses 22 and 27.

with different techniques are described in Table VI.

The voltage profile of the IEEE 30 bus system at a sin-
gle generator problem using different techniques is ex-
plained in Fig. 14. The existing optimization techniques
struggle because of their weak local search and unreason-
able random generation. Therefore, the existing optimiza-
tion techniques give poor solutions to the dynamic
stability problem. From that we conclude that the proposed
method effectively selects the optimum location and capac-
ity of the UPFC compared to the other optimization tech-
niques, because the proposed method actively maintains
dynamic stability of the IEEE 30 bus test system, that is,

Table VI. Power loss comparison at single generator problem
using different techniques.

Best

location Power loss in MW

Fault
Generator From To
bus no. bus bus Normal GA GSA Bat Proposed

2 12 15 10.809 9.854 9.122 8.866 8.718

Fault “GA —— BAT — GSA

propsed

15 20 25 30
Bus Number

Fig. 14. Voltage profile comparison at single generator outage.

Table V. Power flow comparison at single generator problem using different techniques.

Power flow during

Power flow during Power flow after

Fault Best location normal condition fault condition fixing the UPFC
Generator
Technique bus no. From bus To bus P (MW) Q (MVAR) P (MW) Q (MVAR) P (MW) Q (MVAR)
GA 2 12 15 19.675 7.796 19.797 7.755 23.225 5.655
GSA 2 12 15 21.585 5.473
Bat 2 12 15 20.857 6.338
Proposed 2 12 15 20.491 2.378
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maintains the voltage profile at the stability limit and re-
duces the power loss (8.718 MW). The proposed method ef-
fectiveness is also verified by using the IEEE 14 bus system,
which is briefly discussed in the following Section 4.2.

4.2 Validation of IEEE 14 bus system

This section describes the proposed method, which is
applied in the IEEE 14 bus system consisting of 2 generator
buses, that is, one generator in slack bus and another one on
the second bus. The load flow solution at normal condition
is determined using the N-R load flow analysis, which iden-
tifies all the system constraints like bus voltage, power loss,
etc. Here, we turn off the generator at the second bus. At
this time the power flow meets the difficulties, which is re-
solved by identifying the problem location and fixing opti-
mum capacity of the UPFC. The power flow comparisons
at single generator problem using different techniques are
described in Table VII. The power loss comparison is illus-
trated in Table VIIIL.

The voltage profile of the IEEE 14 bus system using
different techniques at a single generator problem is de-
scribed in Fig. 15. From that, the voltage profile is actively
maintained at the stability limit by using the proposed
method compared to the other techniques. The power loss
of the IEEE 14 bus system is effectively reduced at
10.275MW using the proposed method, which is better
compared to the GA, GSA and bat algorithms. Fig. 16 illus-
trates the bus voltage profile comparison between different
techniques like N-R method, DG off time and the proposed
method. Here, the proposed method effectively maintains
the voltage profile within the mentioned limit (0.95 pu to
1.05 pu). The computation time and the performance of
the proposed algorithm are better than those of the GA,
GSA and bat optimization algorithms for these two prob-
lems, which are described in Fig. 17. The GA has high num-
ber of computation time among the represented optimization
algorithms. The computational time of the bat-inspired
algorithm is 6.990256 seconds and 20.028565 seconds for
IEEE 14 and 30 bus system respectively. The GSA has
the computational time for IEEE 14 bus system as

Table VIII. Power loss comparison using different techniques.

Selected Power loss
lines in MW
Fault
Generator From To
bus no. bus bus Normal GA GSA  Bat Proposed
2 4 5 13.592 12.224 11.765 11.547 10.275

Voltage(V)

—N-R

‘| = DG OFF TIME |4
; : propsed

‘ ............ ...... _BAT el
: : ——GSA

0 2 4 6 8 10 12 14
Bus Number

Fig. 15. Voltage profile comparison at single generator problem.

7.067493 seconds and for IEEE 30 bus system it is
13.531510seconds. Thus, the proposed method reduces
the computational time compared to the other explained
techniques. From the comparison results obtained, we can
conclude that the proposed method is an effective method
to maintain the dynamic stability of the power system
compared to the other techniques.

V. CONCLUSION

This paper proposes a hybrid technique based dy-
namic stability of the power system using UPFC. Here,
the maximum power loss line is optimized by using the
GSA technique and the optimum capacity of the UPFC is

Table VII. Power flow comparison using different techniques.

Power flow during Power flow during Power flow
Fault Best location normal condition fault condition after fixing the UPFC
Generator

Technique bus no. From bus To bus P (MW) Q (MVAR) P (MW) Q (MVAR) P (MW) Q (MVAR)
GA 2 4 5 59.585 11.574 62.894 14.208 58.369 9.994
GSA 2 4 5 56.287 9.827
Bat 2 4 5 55.796 9.948
Proposed 2 4 5 52.030 10.148
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Fig. 17. Computational time comparison.

determined by using the bat inspired algorithm. The ad-
vantage of the proposed method is the improved searching
ability to solve complex problems and enhance reliability.
The proposed hybrid method is tested under the IEEE 30
bus system and IEEE 14 bus system at different types of
generator faults. During the generator fault condition, bus
system voltage profile and power loss are analyzed at
normal conditions by the GSA algorithm, bat inspired al-
gorithm and the proposed hybrid technique. The obtained
numerical results are compared and the performances
discussed. From these comparison results we conclude that
the proposed hybrid technique is effective for maintaining
the dynamic stability of the power system, more so than
other techniques.
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