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ABSTRAK

Thesis ini focus kepada peranti FACTS iaitu Unified Power Flow Controller
(UPFC). Dengan kemampuan yang unik iaitu mengawa kuasa nyata dan kuasa aliran
reaktif secara serentak pada saluran penghantaran serta menetapkan voltan pada bus
yang disambungi, peranti ini juga menghasilkan impak yang berkualiti untuk
menstabilkan sistem kuasa. Ciri-ciri ini menjadi lebih signifikan apabila diketahui
UPFC dapat memberi bebanan kepada saluran penghantaran mendekati dengan batas
terma, memaksa kuasa melalui arah yang dikehendaki. Ini akan memberi keluwesan
kepada pembekal system kuasa untuk memenuhi permintaan sistem kuasa yang
terderegulasi. Aplikas teknik Particle Swarm Optimization (PSO) dilaksanakan untuk
mencari lokas optimum peranti Flexible AC Transmission System (FACTS) untuk
mendapat maksimum beban kemampuan sistem. Semasa mencari optimum lokasi,
batasan terma untuk saluran dan batasan voltan untuk bus juga diberi tumpuan. Peranti
FACTS yang digunakan ialah UPFC. Pengoptimumam adalah dilakukan pada dua
parameter iaitu lokasi UPFC dan tatacaranya. Simulas dilakukan pada IEEE 6 bus

system untuk mengoptimumkan lokasi UPFC.
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ABSTRACT

The focus of this thesis is a FACTS device known as the Unified Power Flow
Controller (UPFC). With its unique capability to control simultaneously real and
reactive power flows on a transmission line as well as to regulate voltage at the bus
where it is connected, this device creates a tremendous quality impact on power system
stability. These features become even more significant knowing that the UPFC can
allow loading of the transmission lines close to their thermal limits, forcing the power to
flow through the desired paths. This will give the power system operators much needed
flexibility in order to satisfy the demands that the deregulated power system will impose.
The application of Particle Swarm Optimization (PSO) technique is applied to find
optimal location of Flexible AC Transmission System (FACTS) devices to achieve
maximum system loadability. While finding the optimal location, thermal limit for the
lines and voltage limit for the buses are taken as constraints. The type of FACTS
devices Unified Power Flow Controller (UPFC) is considered. The optimizations are
performed on three parameters namely the location of UPFC device and their setting.
Simulations are performed on IEEE 6 bus system for optimal location of UPFC device

and the results obtained are encouraging and will be useful in electrical restructuring.
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CHAPTER 1

INTRODUCTION

1.1 FACTS

With the deregulation of the electricity market, the traditional practices of
power systems have been changed a lot. Years of under investment in the
transmission sector in many electricity markets has drawn attention to better utilize
the existing transmission lines. The advent of Flexible AC Transmission System
(FACTS) devices based on the advancement of semiconductor technology opens up
new opportunities for increasing the capacities of the existing transmission systems
[1,2].

The Unified Power Flow Controller (UPFC) is one of the most promising
FACTS devices in terms of its ability to control power system quantities. It can
either simultaneously or selectively control the active and reactive power flow
through the lines and also bus voltages [3-7]. The above mentioned salient features
rendered by UPFCs depend on the configuration of UPFCs. Hence, for the practical



Implementation of UPFCs in a power system, a systematic procedure is needed in
finding the optimal location and parameters of UPFCs. By optimally placing the
UPFCs, it is possible to minimize transmission |oss, minimize power generation cost,

maximize the load ability of the transmission system etc.

1.2 Problem Statement

Some papers have been published on solving the optimal location of FACTS
devices with respect to different purposes and methods [1, 8, 9]. In [1], Genetic
Algorithm has been applied for the optimal placement of multi-type FACTS devices
including Thyristor Control Series Compensator (TCSC), Thyristor Controlled Phase
Angle Regulator (TCPSR), Thyristor Controlled Voltage Regulator (TCVR) and
Static Var Compensators (SVC) to maximize the loadability of transmission lines. In
[8], an approach based on augmented Lagrange multiplier method has been used to
determine the optimal location of UPFCs to be installed. An improved evolutionary
programming has been used to find the optimal location of UPFCs in [9] with the
purpose of increasing the system loadability. A deterministic based method has been
applied to evaluate the network losses. The present objective of this paper is to
analyze, once more, the problem of system loadability maximization. However, the
tool of analysis employed is particle swarm optimization (PSO) which is a new

evolutionary computational stochastic technique.

Particle swarm optimization is a type of evolutionary algorithm developed by
Kennedy and Eberhart [10]. The swarm initially has a population of random
solutions. Each potential solution called particle, is given a random velocity and is
flown through the problem space. The particles have memory and each particle

keeps track of its previous best position and the corresponding fitness value.



The previous best valueis called pbest and it is related to a particular particle.
The swarm has another value called gbest, which is the best value of al the particles
pbests in the swarm. The main advantages of using PSO are that, it can generate
high quality solutions within shorter calculation time and has more stable
convergence characteristic compared to other stochastic methods [11]. The
application of this tool to power system problems has been found in some papers

[10-12]. For example, [10] focuses on the problem of fuel cost minimization.

Population based, cooperative and competitive stochastic search algorithms
are very popular in the recent years in the research arena of computationa
intelligence. Some well established search agorithms such as (GA) [9] and
Evolutionary Programming (EP) [10], [11] are successfully implemented to solve
simple and complex problems efficiently and effectively. Most of the population

based search approaches are motivated by evolution as seen in nature.

Particle swarm optimization (PSO), on the other hand, is motivated from the
simulation of social behavior. Nevertheless, they all work in the same way that is,
updating the position of individuals by applying some kinds of operators according
to the fitness information obtained from the environment, so that the individuals of
the population can be expected to move towards better solution areas. Instead of
using evolutionary operators to manipulate the individuals, like in other evolutionary
computational agorithms, each individual in PSO flies in the search space with a
velocity which is dynamically adjusted according to its own flying experience and its
companions flying experience.  Unlike in genetic agorithms, evolutionary
programming, and evolution strategies, in PSO, the selection operation is not
performed.

All particlesin PSO are kept as members of the population through the course
of the run (a run is defined as the total number of generations of the evolutionary
algorithms prior to termination). It is the velocity of the particle which is updated

according to its own previous best position and the previous best position of its



companions. The particles fly with the updated velocities. PSO is the only
evolutionary algorithm that does not implement survival of the fittest. PSO is now

applied for solving electrical engineering related problems [13].

Making use of this PSO technique, the proposed method can find high-quality
solutions reliably with faster convergence characteristics in a reasonably good
computation time. Finding the optimal placement and parameters of UPFCs for
maximizing the system loadability is a large scale non-linear optimization problem.
In this paper, a novel technique is proposed to increase the system loadability. PSO
applied for optimal placement of UPFCsis evaluated on |EEE 6- bus power system.

1.3  Objectives

1) By using PSO to find optimal location of UPFC to achieve maximum system
loadability.
i) Optimizations are performed based on :
e Location and Setting of UPFC device
e Distribution Power system (Simulations are performed on IEEE 6 bus
system for optimal location of UPFC device)

1.4  Scopeof Project

The present objective of this paper is to analyze, once more, the problem of
power loadability of the system. The main goal in this project is to find the optimal
placement and parameters of UPFCs for maximizing the system load ability isalarge
scale non-linear optimization problem.PSO applied for optimal placement of UPFCs



is evaluated on IEEE 6- bus power systems. This project focus on power flow
distribution power system.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

Under such circumstances, FACTS (Flexible AC Transmission System) is
an aternative for enhancing the transmission capability [1]. Originaly, FACTS is
useful for improving security and transmission losses as well as the transmission
capability. Among the FACTS devices, UPFC is one of efficient FACTS devices. It
has advantage to takes control of both active and reactive power at the same time
flexibly [2, 3]. In this project, UPFC is used to maximize the transmission capability
from generators to specified load buses. To install UPFC, it is necessary to determine
the location and the control variables of UPFC.

The mathematical formulation for the optimal alocation of UPFC results
in a nonlinear mixed integer problem that expresses the location in discrete number
and the control variables in continuous one while satisfying the constraints. Since the
optimal allocation has alocal minimum, it is necessary to evaluate a globa minimum



or its highly approximate solutions efficiently. So far, a lot of methods have been
developed to deal with the optimal allocation of UPFC.

2.2  Method to Optimal Allocation of UPFC

2.2.1 Hybrid Meta-heuristic Method

Hiroyuki Mori has use Hybrid meta-heuristic method to determine the
location of UPFCs with TS (Tabu Search) at Layer 1 and the control variables of
UPFC with EPSO (Evolutionally Particle Swarm Optimization) at Layer 2[14]. After
determining the location at Layer 1, the control variables are evaluated at Layer 2.
The search process is repeated until the termination conditions are satisfied. This
research proposes a new hybrid meta-heuristic method for determining the optimal
alocation of UPFCs to maximize the transmission capability. The optimal allocation
of UPFCs needs to evaluate the location and the control variables of UPFCs at the
same time. Figure below shows the concept of the proposed method, where Layer 1
evaluates the optimal locations in discrete number and Layer 2 computes the optimal
control variables in continuous number. The proposed method is based on two
layered optimization. After creating the solution candidates of the location in the
neighbourhood around the initial solution at Layer 1, Layer 2 optimizes the control
variables and the incremental load rate (ILR) for each solution candidate at Layer 1.
ILR isdefined asinitia load over load maximized by UPFC.
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(O : Inthial solution : Solution candidates in Layerl
¥
¢ Solution candidates in Layer2

© : Search Space in Each Layer

Figure 2.1: Layer Hybrid[14]

The second and the third terms mean the maximization of ILR and the
minimization the transmission loss in (10), respectively. Equations (1)-(10) imply the
constraints on the power flow equation, the upper and lower bounds of nodal voltage
magnitudes, the line flows, the upper bound of apparent power for shunt and series
inverters in UPFCs, the upper bound of voltage magnitude by UPFCs and the upper

bound of reactive power by UPFCs.

2.2.2 Bacteria Foraging Method

Optimal location and control of a unified power flow controller (UPFC) aong
with transformer taps are tuned with a view to simultaneously optimize the real
power losses and voltage stability limit (VSL) of a mesh power network. This issue
is formulated as a nonlinear equality and inequality constrained optimization
problem with an objective function incorporating both the real power lossand VSLS.
Tripathy, M.and Mishra, in (2007) have using a hew evolutionary algorithm known
as bacteria foraging is applied for solving the multi objective multivariable problem,
with the UPFC location, its series injected voltage, and the transformer tap positions



asthe variables [15]. For a single objective of only real power loss, the same problem
is also solved with interior point successive linearization program (IPSLP) technique
using the LINPROG command of MATLAB. A comparison between the two
suggests the superiority of the proposed algorithm. A cost effectiveness analysis of
UPFC installation vis-agrave-vis loss reduction is carried out to establish the benefit
of investment in a UPFC.

2.2.3 Optimal location and parameters setting of UPFC based on GA and PSO

for enhancing power system security under single contingencies

In 2008, T H. I. Shaheen, ,G. |I. Rashed, and S. J. Cheng, their method is
presents an approach to find out the optimal placement and the optimal parameters
setting of UPFC for enhancing power system security under single contingencies (N-
1 Contingency)[16]. Firstly, we perform a contingency analysis and ranking process
to determine the severest line tripping contingencies considering line overloads and
bus voltage violations as a performance index. Secondly, we apply genetic algorithm
(GA) and particle swarm optimization (PSO) techniques to find out the optimal
location and the optimal parameters setting of UPFC corresponding to the

determined contingencies scenarios.

A contingency is considered to be the outage of a generator, a transformer or
a line. The system may become unstable and enters an insecure state when a
contingency event is occurred. Contingency analysis is one of the most important
functions performed in power systems to establish appropriate preventive and / or
corrective actions for each contingency. Contingency analysis procedure consists of
line contingency analysis, contingency selection, detection of overloaded lines and
bus voltage violations, and ranking of the severest contingencies cases. For each line
outage contingency in the system, list the al overloaded lines and the buses which

have voltage violations, and then the lines are ranked according to the severity of the
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contingency, in other words, according to the number of the thermal and voltage
violations limits. Then the most critica contingencies are determined. After
determining the most critical contingencies scenarios, GA and PSO techniques are
applied to find the optimal location and parameters setting of UPFC. Installing UPFC
in such optimal location with such optimal parameters will eliminate or minimize the
overloaded lines and the bus voltage violations under these critical contingencies.

For enhancing the system security level, UPFC should be located in order to
eliminate or minimize the line overloads and to prevent the bus voltages violations.

2.2.4 Evolutionary Optimization Techniques

Optimal location of different types of FACTS devices in the power system has been
attempted using different techniques such as Genetic Algorithm (GA), hybrid Tabu
approach and simulated annealing (SA). The best location for a set of phase shifters
was found by genetic algorithm to reduce the flows in heavily loaded lines resulting
in an increased load ability of the network and reduced cost of production [17]. A
hybrid tabu search and simulated annealing was proposed to minimize the generator

fuel cost in optimal power flow control with multi-type FACTS devices[1,2].

The best location of UPFC to minimize the generation cost function and the
investment cost on the UPFC device was found using steady state injection model of
UPFC ,continuation power flow technique and OPF technique[18]. By using multiple
UPFC, the real and reactive power are regulated in real time by a centralized optimal
control scheme using evolutionary programming agorithm to provide best voltage
profile and minimum overall transmission losses [10]. Power flow agorithm with
the presence of TCSC and UPFC has been formulated and solved [19]. A hybrid GA
approach to solve optima power flow in a power system incorporating FACTS
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devices has been reported. In this paper, applying PSO technique, find the optimal
location and parameter setting of UPFC to achieve maximum system load ability.

2.3  System Modelling

It is necessary to model the complex real life power system with a set of equations
that can describe the behaviour of a system to a satisfactory level of exactness. The
modelling of transmission line as well as the representation of UPFC under static

conditions can be described as under.

2.3.1 UPFC Power Flow Modd

Fig. 1 shows the equivalent circuit of a UPFC power flow model, this circuit consists
of two coordinated synchronous voltage sources represent the UPFC adequately for
the purpose of fundamental steady-state analysis (Enrique et al., 2004), the UPFC

voltage sources are:

EVR = VVR (COSOVR + jSin 6VR) Q)
EcR = VcR (cosocR + jsin 6cR) (2)
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Figure 2.2: Unified power flow controller equivalent circuit

where VVR is the shunt voltage source magnitude; VR is the shunt voltage source
angle; VcR is the series voltage source magnitude; and cR is the series voltage

source angle.

The active power demanded by the series converter is drawn by the shunt
converter from the AC network and supplied to bus m through the DC link. The
output voltage of the series voltage source (series converter) is added to the nodal
voltage, let say at bus k, to boost the nodal voltage at bus m. The voltage magnitude
of the output voltage cR provides voltage regulation, and the phase angle cR
determines the mode of power flow control. In addition to providing a supporting
role in the active power exchange that takes place between the series converter and
the AC system, the shunt converter may also generate or absorb reactive power in
order to provide independent voltage magnitude regulation at its point of connection
with the AC system.

Based on the equivalent circuit and on (1) and (2) the active and reactive power

equations are:
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At busk:

Pk = Vk*Gkk + VKVm Gkmcos(fk — 6m) + Bkmsin(6k — 6m)]
+VKVCcR[Gkmcos(6k — 6cR) + Bkmsin(6k — 5CR)] 3
+ VKWR[ GVR cos(6k — 6VR) + BVRsIN(6k — 6VR)]

Qk = —Vk*Bkk —VKVM Gkmsin(6k — m) + Bkmcos(6k — Om)]

+ VKVCR[Gkmsin(6k — 6cR) + Bkmcos(6k — 6cR)] 4)
+ VKWR[GVRsin(6k — 6VR) + BvR cos(6k — 6VR)]

At busm:

Pm=Vm*Gmm+VmVK Gkmcos(ém— &k) + Bkmsin(@m—6k)]
+VmVcH Gmmcos(@m— &R) + Bmmsin(@m— &cR)]

Qm= -V Bmm+VmVK Gkmsin(@m— 6k) — Bkmcos(@m-— 6k)]
+VmMVcRGmmsin(@n- &cR) + Bmmcos(ém— 6cR)]

(5)

(6)

Series converter:

PcR = VeR*Gmm-+VcRVK Gkmcos(cR — 6k) + Bkmsin(scR— 6K)]

7
+VCcRVM Gmmcos(écR — Om) + Bmmcos(ocR — 6m)] )

QcR = -VcR? Bmm-+VcRVK Gkmsin(6cR — 6k) — Bkmcos(6cR — 6K)] @)
+VCcRVNMGmmsin(6cR — 8m) + Bmmcos(ocR — 6m)]

Shunt converter:

PVR= -WR*Gvr + WRVK Gvr cos@&R—- 6K) + Bvrsin(ovR— k)]  (9)
QVR=WR’BWr + VCRVGvr sin(vR— k) — Bvr cos(0VR— k)] (10)

where Pk and Pm are the active powers at bus k and bus m. Qk and Qm are the
reactive powers at bus k and bus m. Vk and Vm are the voltage magnitudes at bus k



14

andbusm. kand m arethe power angles at bus k and bus m. PcR and QcR are the
active and reactive power of UPFC series converter. PR and QVR are the active and
reactive power of UPFC shunt converter. Gkk and Gmm are the conductance at bus k
and bus m. Gmk and Gkm are the conductance of the line between bus k and bus m.
Bkk and Bmm are the susceptance at bus k and bus m. Bmk and Bkm are the
susceptance of the line between bus k and bus m. GvR and BVR are the conductance
and the susceptance of the shunt voltage source of UPFC. The UPFC power flow

equations, in linearized form, are combined with those of the AC network.



31

CHAPTER 3

METHODOLOGY

I ntroduction

For this project, it can be divided into five mgor parts.

i
ii.
iii.
iv.

V.

Create |EEE 6-Bus System by MATLAB programming
Implementation of UPFC in Newton Raphson Power Flow Algorithm
Develop software based on PSO under environment of MATLAB
Implementation PSO in the UPFCNewtonRaphson

Simulation the software using MATLAB programming
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3.2 Createl EEE 6-Bus System by MATLAB programming

The IEEE 6-bus system is used to show the practicability of the proposed algorithm
and to find the optimal settings for source voltage parameter and the best location of
UPFC with minimum losses to the system while maintain the allowable limit for

previously mentioned constraints.

The IEEE 6-bus system with 11 transmission line is shown in Figure 3.1. Bus | isthe
swing bus, Bus 2 and Bus 3 is a PV bus, while Bus 4 to Bus 6 are reactive power
installation buses. The line data, the load buses for the IEEE 6-Bus system are
shown in Tables 1,2 and 3.

—Q

2

@
il 7
:

@_{ Generation _l Load

Figure 3.1: IEEE 6-Bus Diagram
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Bus Bus Voltage Pgen Pload Qload
Number Type Schedule (pu MW) (puMW) | (pu MVAR)
(pu V)
1 Swing 1.05
2 Gen. 1.05 0.50 0.0 0.0
3 Gen. 1.07 0.60 0.0 0.0
4 Load 0.0 0.7 0.7
5 Load 0.0 0.7 0.7
6 Load 0.0 0.7 0.7
Table 3.1: Input Data for IEEE 6-Bus System Data
From bus To Bus R(pu) X(pu) Shunt
suseptance
1 2 0.10 0.20 0.02
1 4 0.05 0.20 0.02
1 5 0.08 0.30 0.03
2 3 0.05 0.25 0.03
2 4 0.05 0.10 0.01
2 5 0.10 0.30 0.02
2 6 0.07 0.20 0.025
3 5 0.12 0.26 0.025
3 6 0.02 0.10 0.01
4 5 0.20 0.40 0.04
5 6 0.10 0.30 0.03

Table 3.2 Line Data
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3.3 I mplementation of UPFC in Newton Raphson Power Flow Algorithm

The algorithm for solving a power flow problem embedded with UPFC is
implemented by using the MATLAB programming.

The Newton Raphson load flow a gorithm incorporating the UPFC is shown by flow
chart in Fig. 3. The input system data includes the basic system data needed for
conventional power flow calculation consisting of the number and types of buses,
transmission line data, generation and load data, location of UPFC and the control
variables of UPFC for example the magnitude and angles of voltage output Vse and
Vsh of two converters. The inclusion of the UPFC increases one bus in the system.
The UPFC power equations are combined with the network equations to give
equation (12).

Pi + jQi = Y VIV)Yij Z(6] — 8 + ) + Pi'+ jQi" (12)

j=1
Pi'+ jQi'= active and reactive power due to UPFC between the bus k and m

Pi + jQi = active and reactive power at the ith bus

ViZdi = voltage and angle of ith bus
Vj £ 8] = voltage and angle of jth bus

Yij = admittance of the transmission line between the busi and busj.
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Equation (8) is linearised with respect to the variables of the network and the
UPFC. The power flow constraint of the UPFC is included in the Jacobian. The
inclusion of these variables increases the dimension of the Jacobian. The power
equations are mismatched until convergance is achieved. A scalar multiplier is used to
control the updating of variables to ensure that they converge in an optimal way to the

solution point.



Flow Chart for power load flow by Newton Raphson with UPFC

Read Power Flows Data
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Figure 3.2: Flow Chart for power load flow by Newton Raphson with UPFC (1)
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Figure 3.3: Flow Chart for power load flow by Newton Raphson with UPFC (2)
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34 Develop softwar e based on PSO under environment of MATLAB

Below are the procedures of PSO algorithm [10],
Step 1. Define the problem space and set the boundaries, i.e. the acceptable limits of

the controller parameters.

Step 2: Initidlize an array of particles with random positions and their associated
velocities inside the problem space. These particle positions represent the initial set
of solutions.

Step 3: Check if the current position is inside the problem space or not. If not, adjust
the positions so as to be inside the problem space.

Step 4: Evaluate the fitness value of each particle.

Step 5: Compare the current fitness value with the particles previous best value
(pbesti). If the current fitness value is better, then assign the current fitness value to

pbesti and assign the current coordinates to pbestxi coordinates.

Step 6: Determine the current global minimum among particle’ s best position.

Step 7: If the current global minimum is better than gbest, then assign the current
global minimum to gbest and assign the current coordinates to gbestx coordinates.

Step 8: Change the vel ocities according to equation.
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Step 9: Move each particle to the new position according to equation and return to
Step 3.

Step 10: Repeat Step 3- Step 9 until a stopping criteriais satisfied.

Vig and g represent the velocity and position of the i™ particle’'s dimension d
respectively and randl and rand 2 are two uniform random functions between 0 and
the w istheinertiaweight that controls the exploration and exploitation of the search
space as it dynamically reduces the velocity with increasing number of iterations. ¢;

and c; are the accel eration constants of cognitive and social components, respectively.
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Figure 3.4: Flow Chart PSO
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3.5 Implementation PSO in the UPFC NewtonRaphson

1. Initialisation

Theinitial population of particlesPi = X, T ¢, i=1,2....n, where n is popul ation size,
are generated randomly, such that the variables of each particle are in normalised
form (i.e between 0 to 1). The variables of each particle in the population corresponds
to the series compensator setting, tap settings and phase shifter angles.

2. Calculation of Fitness function

The constrained optimization problem of power flow control using FACTS is
converted into unconstrained optimisation problem using penalty factor (PF) as given
in (8), which becomes the Fitness function in PSO technique. To calculate the fitness
function for each particle, the normalised value of each variable (Xnorm) in the

particle are first denormalised to actual value (Xactual) according to (12)

Xactual = Xmin + (Xmax — Xmin) X Xnorm (12)

X min = minimum value of the variable

Xmax = maximum value of the variable

For each particle, the line data updated according to its FACTS device setting. Load
flow is performed using Newton Rapshon method, from that line flow through the
branches; voltage and angle at buses are obtained. Using these values, the active

power losses is found out and the fitness function of each particle is calculated using
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(8). The particle that gives minimum value for the fitness function in the population

Is considered as gbest particle.

3. Generation of new population

The new velocity is calculated using (10) and the new position of each particle is
found using (11). Step 2 and 3 are repeated until maximum number if iterations are
reached.



CHAPTER 4

RESULTSAND DISCUSSION

4.1 I ntroduction

The IEEE 6-Bus System is modified to include one UPFC to compensate the
transmission line linking between buses. The modified network is shown in Figure
4.1. The UPFC series converter is used to maintain active and reactive powers
leaving the UPFC, towards the receiving buses. Active and reactive powers are
depend on the UPFC parameter. Moreover the UPFC shunt converter is set to
regul ate the nodal voltage magnitude or sending buses at 1 per unit. The data given
in Table 3.1 is modified to inclusion of the UPFC. The bus system is become 7 buses
each time inclusion of UPFC. One of the origina transmission line originaly

connected between buses is now connected between UPFC.
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42  Modified | EEE Bus System

—O

Qiz UPFC

Figure 4.1: Modified IEEE 6-Bus System

For an example, the IEEE 6-Bus System is modified to include one UPFC to
compensate the transmission line linking Bus 2 and Bus 3. The modified network is
shown in Figure 4.1. The UPFC is used to maintain active and reactive powers
leaving the UPFC, towards Bus 3, at 70MW and 2MVAR, respectively. Moreover
the UPFC shunt converter is set to regulate the nodal voltage magnitude at 1.07 per
unit. The data given in Table 3.1 is modified to inclusion of the UPFC. The bus
system is become 7 buses. The transmission line originally connected between Bus 2
and Bus 3 is now connected between UPFC (Bus 7) and Bus 3.
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The line datais modified each time the location of UPFC is changing. The modified

line datais shown by Table 4.1.

UPFC(Send) | UPFC(Receive) Origina Line Data Modified Line Data
2 7 2-3 7-3
2 7 2-4 7-4
2 7 2-5 7-5
2 7 2-6 7-6
3 7 35 7-5
3 7 3-6 7-6
4 7 4-5 7-5
5 7 5-6 7-6

Table 4.1 Modified UPFC Line Data

UPFC shunt converter is set to regulate the nodal voltage magnitude and

UPFC series converter is used to maintain active and reactive powers leaving the

UPFC. The targeted magnitude and angle is showed in Table 4.2. Reactive power

of the bus is aways smaller than the original value. For an example, if UPFC is

injected between Bus 1 and Bus 5, shunt converter will regulate nodal voltage

magnitude equal to 1.06p.u. Series converter will try to maintain the active and

reactive power at Bus 5.
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Targeted Bus VvrTar Psp Qsp
2-3 1.07 0.70 0.02
2-4 1.00 0.70 0.02
2-5 1.00 0.70 0.02
2-6 1.00 0.70 0.02
35 1.00 0.70 0.02
3-6 1.00 0.70 0.02
4-5 1.00 0.70 0.02
5-6 1.00 0.70 0.02
Table 4.2 Targeted Vaues

VvrTar: Target noda voltage magnitude to be controlled by UPFC shunt converter

Psp: Target active power flow

Qsp: Target reactive power flow
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Optimal location and parameter setting of UPFC

The following variables are considered as the optimization variables:

a)

b)

d)

The series voltage source magnitude (VcR) of the UPFC is considered as the
second variable to be optimized, and the working range for thisvariableis
0.001to0 0.2.

The series voltage source phase angle ( cR) of the UPFC is considered as the
third variable to be optimized, and the working range for this variable is 0-2n
The shunt voltage source magnitude (VVR) of the UPFC is considered as the
fourth variable to be optimized, and the working range for this variableis 0.9
to 1.1.

The shunt voltage source phase angle ( VR) of the UPFC is considered as the
fifth variable to be optimized, and the working range for thisvariableis 0 to
2m.
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Result

4.4.1 Simulation without UPFC by Newton Raphson Method
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Bus 1 2 3 4 5 6
VM 1.0500 1.0500 1.0700 0.9881 0.9788 0.9986
VA 0 -7.5388 | -11.6157 | -6.8581 -9.2837 | -11.7983
it Vcer Ter Vvr Tvr UPFC _PQsend UPFC_PQrec
6 |0.3130 | -84.1483 | 0.9609 | -15.2693 | 0.7000+0.2354i | -0.7000 -0.0200i
Line PQsend PQrec
1-2 0.5976 - 0.2622i -0.5595 + 0.3164i
1-4 0.6682 + 0.1840i -0.6462 - 0.1169i
1-5 0.5892 + 0.1205i -0.5626 - 0.0518i
2-3 0.2933 - 0.1478i -0.2886 + 0.1375i
2-4 0.1616 + 0.5643i -0.1457 - 0.5428i
2-5 0.1691 + 0.1835i 0.1631 - 0.1860i
2-6 0.4355 + 0.1179i -0.4224 - 0.1066i
3-5 0.0090 + 0.3603i 0.0057 - 0.3547i
3-6 0.1796 + 0.7220i -0.1698 - 0.6836i
4-5 0.0919 - 0.0403i -0.0901 + 0.0052i
5-6 0.1102 - 0.1127i 0.1079 + 0.0902i
Total Losses 0.1550 + 0.1963i

Table 4.3: Result without UPFC




4.4.2 Simulation with UPFC by Newton Raphson Method

UPFC inserted between Bus 2 and Bus 3
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Bus 1 2 3 4 5 6 7
VM 1.0500 | 1.0000 | 1.0700 | 0.9552 | 0.9594 | 0.9830 | 1.0989
VA 0 -7.2708 | -8.4936 | -6.6909 | -8.1282 | -9.8966 | -0.0280
it Vcer Ter Vvr Tvr UPFC _PQsend UPFC_PQrec
11 | 0.2187 | -119.823 | 1.0999 | -7.6134 | 0.7000-1.0613i -0.7000 -0.0200i
Line PQsend PQrec
1-2 0.6534 - 0.0330i -0.6147 + 0.0895i
1-4 0.6751 + 0.3523i -0.6484 - 0.2658i
1-5 0.5306 + 0.1929i -0.5070 - 0.1347i
7-3 0.7000 + 0.0200i -0.6797 + 0.0465i
2-4 0.1022 + 0.3928i -0.0938 - 0.3855i
2-5 0.0838 + 0.0978i -0.0819 - 0.1114i
2-6 0.2286 - 0.0026i -0.2250 - 0.0115i
35 0.1525 + 0.3706i -0.1345 - 0.3575i
3-6 0.4272 + 0.8424i -0.4114 - 0.7742i
4-5 0.0422 - 0.0487i -0.0416 + 0.0133i
5-6 0.0651 - 0.1097i -0.0636 + 0.0857i
Total Losses 0.1591 + 0.2692i

Table 4.4: Result with UPFC (Bus 2- Bus 3)




UPFC inserted between Bus 2 and Bus 4
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Bus 1 2 3 4 5 6 7
VM 1.0500 | 1.0000 | 1.0700 | 0.9237 | 0.9508 | 0.9787 | 0.9550
VA 0 -13.449 | -17.908 | -11.816 | -14.014 | -17912 | -2.7/9
it Vcer Ter Vvr Tvr UPFC_PQsend UPFC_PQrec
7 | -0.2597 | -92.888 | 0.9011 | -13.295 | 0.7000+0.8739i | -0.7000 -0.0200i
Line PQsend PQrec
1-2 1.1395- 0.1743i -1.0193 + 0.3936i
1-4 0.7000 + 0.0200i -0.6731 + 0.0700i
1-5 0.8635 + 0.1996i -0.8060 - 0.0141i
2-3 0.2686 - 0.3358i -0.2598 + 0.3473i
7-4 0.0962 + 0.7138i -0.0699 - 0.6705i
2-5 0.0774 + 0.1285i -0.0749 - 0.1400i
2-6 0.3771 - 0.0229i -0.3671 + 0.0269i
35 -0.0289 + 0.4988i 0.0565 - 0.4644i
3-6 0.1887 + 0.9339i -0.1726 - 0.8642i
4-5 0.0430 - 0.0995i -0.0410 + 0.0684i
5-6 0.1653 - 0.1499i -0.1603 + 0.1372i
Total Losses 0.3029 + 0.6025i

Table 4.5: Result with UPFC (Bus 2 — Bus 4)




UPFC inserted between Bus 2 and Bus 5
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Bus 1 2 3 4 5 6 7
VM 1.0500 | 1.0000 | 1.0700 | 0.9532 | 0.9404 | 0.9765 | 0.9839
VA 0 -12.011 | -16.816 | -9.9730 | -13.091 | -16.7/5 | -0.1486
it Vcer Ter Vvr Tvr UPFC _PQsend UPFC_PQrec
6 | -0.2768 | 88.3405 | 0.9962 | -12.0092 | 0.7000-0.0883i -0.7000 -0.0200i
Line PQsend PQrec
1-2 1.0250 - 0.1461i -0.9281 + 0.3190i
1-4 0.9531 + 0.3344i -0.9064 - 0.1681i
1-5 0.7000 + 0.0200i -0.6594 + 0.1044i
2-3 0.2937 - 0.3387i -0.2842 + 0.3543i
2-4 -0.0817 + 0.5097i 0.0953 - 0.4921i
7-5 0.1130 + 0.1517i -0.1091 - 0.1589i
2-6 0.4031 - 0.0194i -0.3917 + 0.0275i
35 -0.0011 + 0.5279i 0.0319 - 0.4865i
3-6 0.1853 + 0.9573i -0.1685 - 0.8838i
4-5 0.1111 - 0.0398i -0.1083 + 0.0096:i
5-6 0.1449 - 0.1686i -0.1398 + 0.1564i
Total Losses 0.2781 + 0.5702i

Table 4.6: Result with UPFC (Bus 2 — Bus 5)




UPFC inserted between Bus 2 and Bus 6
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Bus 1 2 3 4 5 6 7
VM 1.0500 | 1.0000 | 1.0700 | 0.9552 | 0.9594 | 0.9830 | 1.0989
VA 0 -7.2708 | -8.4936 | -6.6909 | -8.1282 | -9.8966 | -0.0280
it Vcer Ter Vvr Tvr UPFC _PQsend UPFC_PQrec
11 | 0.2187 | -119.823 | 1.0999 | -7.6134 | 0.7000-1.0613i -0.7000 -0.0200i
Line PQsend PQrec
1-2 0.6534 - 0.0330i -0.6147 + 0.0895i
1-4 0.6751 + 0.3523i -0.6484 - 0.2658i
1-5 0.5306 + 0.1929i -0.5070 - 0.1347i
2-3 0.7000 + 0.0200i -0.6797 + 0.0465i
2-4 0.1022 + 0.3928i -0.0938 - 0.3855i
2-5 0.0838 + 0.0978i -0.0819 - 0.1114i
7-6 0.2286 - 0.0026i -0.2250 - 0.0115i
35 0.1525 + 0.3706i -0.1345 - 0.3575i
3-6 0.4272 + 0.8424i -0.4114 - 0.7742i
4-5 0.0422 - 0.0487i -0.0416 + 0.0133i
5-6 0.0651 - 0.1097i -0.0636 + 0.0857i
Total Losses 0.1591 + 0.2692i

Table 4.7: Result with UPFC (Bus 2 — Bus 6)




UPFC inserted between Bus 3 and Bus 5

Bus 1 2 3 4 5 6 7
VM 1.0500 | 1.0000 | 1.0000 | 0.9127 | 0.9321 | 0.9458 | 0.9493
VA 0 -11.234 | -18.111 | -2.1661 | -12.139 | -16.927 | 2.3866
it Vcer Ter Vvr Tvr UPFC _PQsend UPFC_PQrec
10 | -0.424 | -89.6013 | 0.9000 | -18.1233 | 0.4709+0.8382i -0.4708 -0.0120i
Line PQsend PQrec
1-2 0.9015 - 0.3561i -0.8170 + 0.5031i
1-4 0.3408 + 0.6279i -0.3171 - 0.5521i
1-5 0.7614 + 0.2660i -0.7135- 0.1161i
2-3 0.5297 + 0.1177i -0.5161 - 0.0816i
2-4 0.7000 + 0.0200i -0.6728 + 0.0258i
2-5 0.1702 + 0.3453i -0.1561 - 0.3226i
2-6 0.6170 + 0.3420i -0.5848 - 0.2749i
7-5 -0.2007 + 0.3608i 0.2223 - 0.3374i
3-6 -0.0831 + 0.5560i 0.0896 - 0.5333i
4-5 0.2898 - 0.1736i -0.2638 + 0.1918i
5-6 0.2111 - 0.1156i -0.2048 + 0.1082i
Total Losses 0.3037 + 0.6011i

Table 4.8: Result with UPFC (Bus 3 — Bus 5)




UPFC inserted between Bus 3 and Bus 6
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Bus 1 2 3 4 5 6 7
VM 1.0500 | 1.0500 | 1.0000 | 0.9811 | 0.9297 | 0.9454 | 0.9857
VA 0 -8.8072 | -15.064 | -7.4445 | -8.0832 | -13.890 | 4.9734
It Vcer Tcer Vvr Tvr UPFC _PQsend UPFC PQrec
6 | -0.4165 | -88.316 | 0.9594 | -15.2194 | 0.7000-0.1822i -0.7000 -0.0200i
Line PQsend PQrec
1-2 0.7012 - 0.2966i -0.6492 + 0.3786i
1-4 0.7235 + 0.2134i -0.6974 - 0.1300i
1-5 0.5400 + 0.2929i -0.5119 - 0.2170i
2-3 0.4854 + 0.1214i -0.4738 - 0.0952i
2-4 0.0947 + 0.6739i -0.0734 - 0.6415i
2-5 0.7000 + 0.0200i -0.6495 + 0.1132i
2-6 0.5691 + 0.3558i -0.5399 - 0.2972i
35 -0.2453 + 0.3977i 0.2727 - 0.3616i
7-6 -0.0808 + 0.5594i 0.0873 - 0.5363i
4-5 0.0708 + 0.0715i -0.0680 - 0.1025i
5-6 0.2567 - 0.1321i -0.2475 + 0.1336i
Total Losses 0.2647 + 0.5212i

Table 4.9: Result with UPFC (Bus 3 — Bus 6)




UPFC inserted between Bus 4 and Bus 5
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Bus 1 2 3 4 5 6 7
VM 1.0500 | 1.0500 | 1.0700 | 1.0000 | 0.9808 | 0.9921 | 1.0369
VA 0 -6.3299 | -9.2723 | -8.9429 | -8.1009 | -8.5530 | -0.8634
it Vcer Ter Vvr Tvr UPFC _PQsend UPFC_PQrec
8 | -0.213 | 75.9397 | 1.0459 | -9.1013 | 0.7000-0.5351i -0.7000 -0.0200i
Line PQsend PQrec
1-2 0.4997 - 0.2272i -0.4728 + 0.2590i
1-4 0.8449 + 0.1041i -0.8119 + 0.0068i
1-5 0.5205 + 0.1212i -0.4994 - 0.0733i
2-3 0.2068 - 0.1360i -0.2042 + 0.1152i
2-4 0.5973 + 0.2317i -0.5786 - 0.2048i
2-5 0.1686 + 0.1767i -0.1629 - 0.1800i
2-6 0.7000 + 0.0200i -0.6680 + 0.0456i
35 0.0720 + 0.3205i -0.0597 - 0.3202i
3-6 0.0322 + 0.8217i -0.0202 - 0.7724i
7-5 -0.0095 + 0.0331i 0.0101 - 0.0711i
5-6 0.0119 - 0.0555i -0.0117 + 0.0268i
Total Losses 0.1650 + 0.2418i

Table 4.10: Result with UPFC (Bus 4 — Bus 5)




UPFC inserted between Bus 5 and Bus 6
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Bus 1 2 3 4 5 6 7
VM 1.0500 | 1.0500 | 1.0700 | 0.9913 | 1.0000 | 1.0028 | 1.0728
VA 0 -7.5558 | -11.595 | -6.9361 | -9.8542 | -11.859 | -0.3103
it Vcer Ter Vvr Tvr UPFC _PQsend UPFC_Pgrec
8 | -0.002 | 87078 |0.0011| -0.0101 | 0.7000-0.6693i -0.7000 -0.0200i
Line PQsend PQrec
1-2 0.5990 — 0.2627i -0.5607 + 0.3172i
1-4 0.6730 + 0.1671i -0.6510 — 0.1000i
1-5 0.6157 + 0.0459i -0.5879 + 0.0267i
2-3 0.2904 — 0.1475i -0.2858 + 0.1368i
2-4 0.1568 + 0.5333i -0.1425 - 0.5151i
2-5 0.1797 + 0.1069i -0.1755 - 0.1154i
2-6 0.4338 + 0.0970i -0.4211 - 0.0870i
35 0.7000 + 0.0200i -0.6488 + 0.0641i
3-6 0.1858 + 0.6762i -0.1771 — 0.6433i
4-5 0.0936 — 0.0848i -0.0909 + 0.0505i
7-6 0.1031 — 0.0567i -0.1018 + 0.0303i
Total Losses 0.1877 + 0.2595i

Table 4.11: Result with UPFC (Bus 5 — Bus 6)




41

45 Discussion

When the transmission line is without UPFC, the real and reactive power flow cannot
be controlled. Table 4.3 shows the active power through the line without UPFC.
Table 4.4 to 4.11 shows the active power flow through line which is controlled by
UPFC. Transmission capability of the existing transmission line is highly improved
with the presence of UPFC. But the difference between the sending-end real power
and receiving end real power is high in the transmission line with UPFC. Thisis due
to the increase in transmission losses, which include losses in the both converters and
coupling transformers. No matter how from table 4.4 to 4.11, results showed that
difference between the locations of the UPFC will affect the maximum loadability of
the transmission line and the losses of the system. Active power of each location is
showed by table 4.12. From the table, we can notice that inclusion UPFC between
Bus 5 and Bus 6 has the largest increment of loadability.

Location UPFC Total Active Power Increment of Loadability (%)
2-3 366 10.9
2-4 383 16.0
2-5 384 16.3
2-6 366 10.9
3-5 423 30.9
3-6 381 15.4
4-5 364 10.3
5-6 403 22.1

Table 4.12: Increment Loadability
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Location UPFC Total Losses (MW)
2-3 15.91
2-4 30.39
2-5 27.81
2-6 15.91
35 30.37
3-6 26.47
4-5 16.50
5-6 18.77

Table 4.13: Total Losses

Although increment of load ability is the main objective of this project, the losses of
the bus system also considered as the main factor to choose the best location of
UPFC. Judging from Table 4.13, the line 5-6 is the best location to install UPFC.
Although the losses at the line is dlightly higher than 2-3, but the ratio for line 5-6 is
the least among all. The parameters of UPFC for line 5-6 have showed in Table 4
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CONCLUSION

51 Conclusion

This paper investigates one of the most promising FACTS devices, namely
UPFC as control agent in a power system. Here, particle swarm optimization is used
to determine the optimal location and parameters of UPFCs. The system loadability
was employed as a measure of power system performance. Simulation results
validate the efficiency of this new approach in maximizing the loadability of the
system. Furthermore, the location of UPFCs and their parameters are optimized
simultaneously. Results have shown that, as the UPFCs is added to the system, the
system loadability also increases up to a limit. The performance of the proposed
method demonstrated through its evaluation on the IEEE 6-bus power system and
shows that PSO is able to undertake global search with afast convergence rate and a

feature of robust computation.



5.2 Recommendation

A new power market structure is proposed. The significance of this research
is that it provides a scheme that could dramatically reduce the power market
operation cost, and improve the market efficiency; meanwhile the welfare of society
is guaranteed. This proposed market structure eliminates the need for iterative
bidding, and the settles solution is optimal in the sense that is the best solution
possible had the iterative bidding process redly taken place. The solution in the
research is obtained without considering system physical conditions, such as system
stability, margin, overheating of transmission lines, and so on. One step further
along this line of research isto include al these concerns in the problem formul ation.
A solution to such a problem will eventually give a more comprehensive result to the

situation in question.

A scheme is developed to solve the load flow problem such that the
loadability factor for the system can be maximized. Following the deregulation of
the power industry, greater flexibility of the transmission system demanded to satisfy
the ever-changing market situation. A load flow solution that leaves the biggest room
to accommodate market changes very appealing to the market operators. Simulation
results show that the proposed scheme works well for arealistic power system.
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Appendix-Power Flow Data

% Bus Bus Vol t age Angl e --Load- - --Cenerator-- - -
I nj ect ed- -
% No Code Mag. Degree MV Mrar MV Mrar Qmin
Qrax My ar
busdata=[ 1 1 1.05 0.0 0.00 0.00 0. 00 0. 00 0.00
0. 00 0;

2 2 1.05 0.0 0.00 0.00 50.0 0. 00 -40.0
40.0 0;

3 2 1.07 0.0 0.00 0.00 60.0 0. 00 0.00
0. 00 0;

4 3 1.00 0.0 70.0 70.00 0. 00 0. 00 0.00
0. 00 0;

5 3 1.00 0.0 70.0 70.00 0. 00 0. 00 0.00
0. 00 0;

6 3 1.00 0.0 70.0 70.00 0. 00 0. 00 0.00
0. 00 0;

7 3 1.00 0.0 0.0 0.00 0. 00 0. 00 0.00
0. 00 0]

% Line Data

% Bus Bus R X shunt shunt for
Li ne code or
% nl nr pu pu conduct ance suscept ance tap
setting val ue
linedata=[1 2 0. 100 0. 200 0.0 0.02

1. 00;

1 4 0. 050 0. 200 0.0 0.02
1. 00;

1 5 0. 080 0. 300 0.0 0.03
1. 00;

2 3 0. 050 0. 250 0.0 0.03
1. 00;

2 4 0. 050 0. 100 0.0 0.01
1. 00;

2 5 0. 100 0. 300 0.0 0.02
1.00;

2 6 0. 070 0. 200 0.0 0. 025
1. 00;

3 5 0.120 0. 260 0.0 0. 025
1. 00;

3 6 0. 020 0. 100 0.0 0.01
1. 00;

4 5 0. 200 0. 400 0.0 0.04
1. 00;

5 6 0. 100 0. 300 0.0 0.03

1. 00]



% bt w UPFC linedata WrTar Psp &sp
updat e=[ 2 3 2 7 7 3 1. 07 0.70 0.02
2 4 2 7 7 4 1 0.70 0.02;
2 5 2 7 7 5 1 0.70 0.02
2 6 2 7 7 6 1 0.70 0.02
3 5 3 7 7 5 1 0.70 0.02
3 6 3 7 7 6 1 0.70 0.02
4 5 4 7 7 5 1 0.70 0.02
5 6 5 7 7 6 1 0.70 0.02]

%Choosi ng which transm ssion |ine want to change
change=8

bt w=updat e( change, :)

I i nedat a( change, 1) =7

%bus = | ength(busdata(:,1));% nO OF t RAMSM SSI ON LI NE
%br =l engt h(linedata(:,1)); %\o.o ftramsnission |line
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%he foll owing convention is used for the four types of buses avail able

% n conventional power flow studies:

%ustype = 1 is slack or sw ng bus
Y%ustype = 2 is generator bus
%%ustype = 3 or 0 is |load bus

%rhe | EEE-6 buses in the network shown in above are nunbered for the
% pur pose of the power flow solution, as foll ows:

%Bus dat a

%mbb = nunber of buses

%ustype = type of bus

%/M = nodal vol tage nagnitude
%/A = nodal vol tage phase angle
nbb = 7 ;

bustype = busdata(:,2)"';
VM= busdata(:, 3)';
VA=busdata(:,4)";

%=nerator data

% gn = nunber of generators

%genbus = generator bus nunber

%PCGEN = schedul ed active power contributed by the generator

%GEN = schedul ed reactive power contributed by the generator

%AMMAX = generator reactive power upper limt

%M N = generator reactive power lower limt

ngn = 3

genbus(1) = 1 ; PGEN(1) =0 ; QGEN(1) =0 ; QWMX(1) =5; QMN1) =
genbus(2) = 2 ; PGEN(2) = 0.5; QGEN2) =0; QWAX(2) =3 ; QMN2)

3,



genbus(3) = 3 ; PGEN(3) = 0.6 ; QGEN3) =0 ; QWX(3) =3 ; QMN3) =
3

%ransmni ssion |ine data

% tl = nunber of transm ssion lines

% | send = sending end of transm ssion |line

% lrec = receiving end of transm ssion line
%lresis = series resistance of transm ssion |ine
% | reac series reactance of transm ssion |ine

% | cond shunt conductance of transnission |ine
% | suscep = shunt susceptance of transm ssion line
ntl = 11 ;

tlsend=linedata(:,1)";

tlrec=linedata(:,2)";

tlresis=linedata(:,3)";

tlreac=linedata(:,4)";

tlcond=linedata(:,5)";

tlsuscep=linedata(:,6)";

%

Ghunt data

%msh = nunber of shunt el enents

%shbus = shunt el ement bus nunber

%shresis = resistance of shunt el enent

%shreac = reactance of shunt el enment:

%ve for inductive reactance and —ve for capacitive reactance
nsh = 0 ;

shbus(1) = 0 ; shresis(1) = 0 ; shreac(l) = 0 ;

%

% oad dat a
%l d = nunber of |oad el enents
% oadbus = | oad el ement bus nunber

%PLOAD = schedul ed active power consumed at the bus
%L OAD = schedul ed reactive power consumed at the bus
nld = 4 ;

| oadbus(1) = 3 ; PLOAD(1) = 0.70 ; Q.QAD(1) = 0.70 ;
| oadbus(2) = 4 ; PLOAD(2) = 0.70 ; QQAD(2) = 0.70 ;
| oadbus(3) = 5 ; PLOAD(3) = 0.70 ; QQAD(3) = 0.70 ;
| oadbus(4) = 6 ; PLOAD(4) = 0.70 ; Q.QAD(4) = 0.70 ;

%eneral paraneters
% t max = maxi mum nunber of iterations permtted before the iterative
%rocess is termnated — protection against infinite iterative |oops

%ol = criterion tolerance to be nmet before the iterative solution is
%successfully brought to an end

itmax = 100;

tol = le-12;

nmax = 2*nbb;
o%&End of function Power Fl owsDat a
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Appendix-data UPFC

% UNI FI ED PONER FLOW CONTROLLER

% NUPFC : Nunber of UPFC s

% UPFCsend : Shunt converter’s bus and series converter’ sending bus
% UPFCrec : Series converter’ receiving bus

% Xcr : Inductive reactance of Shunt inpedance (p.u.)

% Xvr : Inductive reactance of Series inpedance (p.u.)

% Flow : Power flow direction : 1 is for sending to receiving bus
% -1 indicates opposite direction

% Psp : Target active power flow (p.u.)

% PSta : control status for active power : 1 is on; 0 is off

% sp : Target reactive power flow (p.u.)

% QSta : control status for reactive power : 1 is on; 0 is off

% Vcr : Initial condition for the series source voltage nmagnitude (p.u.)
% Tcr : Initial condition for the series source voltage angle (rad.)

% VcrLo : Lower limt of series source voltage nmagnitude (p.u.)

% VcrH : Hogher Ilinmt of series source voltage nagnitude (p.u.)

% Wr : Initial condition to the shunt source voltage nagnitude (p.u.)

% Tvr : Initial condition to the shunt source voltage angle (rad.)

% WrLo : Lower limt of shunt source voltage nagnitude (p.u.)

% WrH : Hogher limt of shunt source voltage magnitude (p.u)

% Wr Tar : Target nodal voltage nagnitude to be controlled by shunt
% branch (p.u.)

% WrSta : Control status for nodal voltage magnitude: 1 is on; o is
of f

% d : Nunmbers of Paraneter

NUPFC=1;

UPFCsend( 1) =btw(1, 3); UPFCrec(1)=btw(1,4);

Xcr(1)=0.1; Xvr(1)=0.1;

Flow(1) =-1;

PSta(1l)=1; QSta(l)-=1,

Psp(1)=btw(1,8); Qsp(1l)=btw(1,9);

%Ser i esVol t ageMagni t ude

Ver (1) =Xer (1) *((Psp(1)72+sp(1)~2)~0.5); Tcr(l)=atan(Psp(1l)/ &p(l));
VerLo(1)=0.001; VecrHi (1)=0.7,;

%shunt Vol t ageMagni t ude

Wr (1)=1.0; Tvr(1)=0; WrLo(1)=0.9; WrHi(1)=1.1;

Wr Tar (1) =btw(1, 7); VWvrSta(1l)=1,

%end of UPFC dat a
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%[ YR VYI]
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=YBus(tlsend,tlrec,tlresis,tlreac,tlsuscep,tlcond, shbus, shresis, shreac,
ntl, nbb, nsh);

YR=zer os( nbb, nbb) ;
Yl =zer os( nbb, nbb) ;
% Transm ssion |lines contribution

for kk =

ntl

ii = tlsend(kk):
jj = tlrec(kk);
denom = tlresis(kk)"2+tlreac(kk)"2;

YR(ii,ii) = YR(ii,ii) + tlresis(kk)/denom+ 0.5*t|cond(kk);
Yi(ii,ii) =YI(ii,ii) - tlreac(kk)/denom + 0.5*tl suscep(kk);
YR(ii,jj) = YR(ii,jj) - tlresis(kk)/denom

Yi(ii,jj) =YI(ii,jj) + tlreac(kk)/denom

YR(jj,ii) = YR(jj,ii) - tlresis(kk)/denom

YI(jj,ii) =YI(jj,ii) + tlreac(kk)/denom

YR(jj,jj) = YR(jj,jj) + tlresis(kk)/denom+ 0.5*t| cond(kk);
YI(jj.ji) =Y1(jj,jj) - tlreac(kk)/denom + 0.5*t| suscep(kk);
end

% Shunt el enments contribution

for kk = 1: nsh

ii = shbus(kk);

denom = shresi s(kk)~2+shreac(kk)"2;

YR(ii,ii) = YR(ii,ii) + shresis(kk)/denom

Yi(ii,ii) =VYI(ii,ii) - shreac(kk)/denom

end

% End of function YBus



Appendix-UPFC Newton Raphson Method

%enaral Settings
flag = 0;
it =1;

%Cal cul ate Net Powers
PNET = zeros(1, nbb);
ONET = zeros(1, nbb);
for ii = 1: ngn
PNET(genbus(ii))
Q\ET(genbus(ii))
end

for ii =1: nld
PNET(| oadbus(ii))
QN\ET(I oadbus(ii))
end

%End function NetPowers

PNET(genbus(ii)) + PGEN(ii);
QNET(genbus(ii)) + QGEN(ii);

PNET(| oadbus(ii)) - PLOAD(ii);
QONET(l oadbus(ii)) - QOAD(ii);

while (it <itmax & flag==0 )
% I nclude all entries

PCAL = zeros(1, nbb);

QCAL = zeros(1, nbb);

for ii = 1: nbb

PSUM = 0;

Q@SUM = 0;

for jj = 1. nbb

PSUM = PSUM + VMii)*VMjj)*(YR(ii,jj)*cos(VA(ii)-VA(jj)) +. ..
YU(ii,jj)*sin(VA(ii)-VA(jj)));

QUM = QSUM + VMii)*VMjj)*(YR(ii,jj)*sin(VA(ii)-VA(jj)) -...
YU(ii,jj)*cos(VA(Ii)-VA(jj)));

end

PCAL(ii) = PSUM

QCAL(i 1) = QsUM

end

o&nd of functionCal cul at ePower s

%Cal cul at ed UPFC POWNERS

for ii =1 : NUPFC

Bkk = - 1/ Xcr(ii)-2/Xvr(ii);

Bmrm = -1/ Xcr (ii);

Bk = 1/ Xcr(ii);

Bvr = 1/ Xvr(ii);

for kk =1 : 2

Al = VA(UPFCsend(ii))-VA(UPFCrec(ii));
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A2 VA(UPFCsend(ii))-Tcr(ii);

A3 = VA(UPFCsend(ii))-Tvr(ii);

% Conput ati on of Conventional Terns

Pkm = VM UPFCsend(ii))*VM UPFCrec(ii))*Bnmk*sin(Al);
&m = - VM UPFCsend(ii))"2*Bkk - VM UPFCsend(ii))*VM UPFCrec(ii))...
*Brk*cos(Al) ;

% Comput ati on of Shunt Converters Terns

Pvrk = VM UPFCsend(ii))*Wr(ii)*Bvr*sin(A3);

Qurk = - VM UPFCsend(ii))*Wr(ii)*Bvr*cos(A3);

if kk ==

% Comput ati on of Series Converters Terns

Pcrk = VM UPFCsend(ii))*Ver (ii)*Bnk*sin(A2);

Q@rk = - VM UPFCsend(ii))*Vcr(ii)*Bnk*cos(A2);
%Power in bus k

Pk = Pkm + Pcrk + Pvrk;
X = &xkm+ Qrk + Qrk;
UPFC PQsend(ii) = Pk + Qk*i;

PCAL(UPFCsend(ii)) = PCAL(UPFCsend(ii)) + Pk;
QCAL(UPFCsend(ii)) = QCAL(UPFCsend(ii)) + Ck;
%Power in Series Converter

Pcr = Ver (ii)*VM UPFCsend(ii))*Bnk*sin(-A2);

Qr = - Ver(ii)”2*Bmm - Ver (ii)*VM UPFCsend(ii))*Bnk*cos(-A2);
%Power in Shunt Converter

Pvr = Wr (ii)*VM UPFCsend(ii))*Bvr*sin(-A3);

Qur = Wr (ii)?2*Bvr - Wr(ii)*VM UPFCsend(ii))*Bvr*cos(-A3);
PQur(ii) = Pvr + Qur*i;

el se

% Comput ati on of Series Converters Ternmns

Pcrk = VM UPFCsend(ii))*Ver (ii)*Bkk*sin(A2);

Q@rk = - VM UPFCsend(ii))*Vcr(ii)*Bkk*cos(A2);
%Power in bus m

Pcal = Pkm + Pcrk;

al = Gkm + Qrk;

UPFC PQec(ii) = Pcal + Qal *i;

PCAL(UPFCsend(ii)) = PCAL(UPFCsend(ii)) + Pcal;
QCAL(UPFCsend(ii)) = QCAL(UPFCsend(ii)) + Qcal;
%Power in Series Converter

Pcr = Pcr + Ver(ii)*VM UPFCsend(ii))*Bkk*sin(-A2);
Q@r = Qr - VMUPFCsend(ii))*Vcr(ii)*Bkk*cos(-A2);
PQr(ii) = Pcr + Qr*i;

end

send = UPFCsend(ii);

UPFCsend(ii) = UPFCrec(ii);

UPFCrec(ii) = send;

Beq = Bmm
Bmm = BKK;
Bkk = Beq;
end
end

%END UPFC CALCULATED PONERS

%Power M snat ches
DPQ = zeros(1, nmax);
DP = zeros(1, nbb);



DQ = zeros(1, nbb);
DP = PNET - PCAL;

DQ = QNET - QCAL;

% To renove the active and reactive powers contributions of the slack

% bus and reactive power of all PV buses
for ii = 1: nbb
if (bustype(ii) == 1)

DP(ii) = O;

DQii) = 0;

el seif (bustype(ii) == 2)
DQii) = 0;

end

end

% Re-arrange m smatch entries
kk = 1;

for ii = 1: nbb

DPQ(kk) = DP(ii);

DPQ kk+1) = DQii);

kk = kk + 2;

end

% Check for convergence
for ii = 1: nbb*2

if ( abs(DPQ < tol)
flag = 1;

end

end

o%End functi on Power M smat ches

%JPFCPower M snat ches

iii = 0;

for ii =1 : NUPFC

i ndex = 2*(nbb + ii) + iii;
if PSta(ii) ==

if Flowmii) ==

DPQ(i ndex-1) = Psp(ii) - real (UPFC PQsend(ii));
el se

DPQ(i ndex-1) = - Psp(ii) - real (UPFC PQrec(ii));
end

el se

DPQ(i ndex-1) = 0;

end

if Qsta(ii) ==1

if Flomii) ==1

DPQi ndex) = sp(ii) - img(UPFC PQrec(ii));
el se

DPQ(i ndex) = - Qsp(ii) - img(UPFC PQrec(ii));
end

el se

DPQ(i ndex) = 0;

end

DPQ(index + 1) = - real (PQr(ii) + PQur(ii));
Pii=iii+1;

end

% Check for convergence
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if ( abs(DPQ < tol )
flag = 1;
end

%&End Power M snmmat ches

if flag ==
br eak
end

%Jacobi an Fornation
% I nclude all entries

JAC = zer os(nnax, nmax) ;

iii o= 1;
for ii = 1. nbb
i =1
for jj = 1. nbb
if ii ==jj
JAC(iii,jjj) = -QCAL(ii) - VMii)"2*YI(ii,ii);
JAC(iii,jjj+1) = PCAL(ii) + VMii)"2*YR(ii,ii);
JAC(iii+1,jjj) = PCAL(ii) - VMii)N2*YR(ii,ii);
JAC(iii+1,jjj+1) = QCAL(ii) - VMii)r2*YI(ii,ii);
el se
JAC(H i, jji) = VMIi)*WMjj)*(YR(Gii,j])*sin(VA(ii)-VA(j})). ..
-YI(ii,jj)*cos(VA(Ii)-VA(j])));

) =

JACiii+1, ] VM) VMG ) (Y (i, ) *sin( VAT . ..
-VA(jJ))+YR(ii,jj)*cos(VA(IiT)-VA(j])));

JAC(iii,jjj+1) = -JAC(iii+1,jjj);

JAC(iii+1,jjj+1) = JAC(iii,jjj):

end
i =il + 2
end
iiio= i+ 2
end

% Del ete the vol tage nmegnitude and phase angl e equations of the slack
% bus and vol tage nagnitude equations corresponding to PV buses

for kk = 1: nbb

i f (bustype(kk) == 1)
ii = kk*2-1

for jj = 1. 2*nbb
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ifii ==jj

JAC(ii,ii) = 1;
el se

JAC(ii,jj) = 0;
JAC(jj,ii) =0
end

end

end

i f (bustype(kk) == 1) | (bustype(kk)
ii = kk*2;

for jj = 1. 2*nbb
if il ==jj
JAC(ii,ii) = 1;
el se

JAC(ii,jj) = 0;
JAC(jj,ii) = 0;
end

end

end

end

%&End of function Newt onRaphsonJacobi an

2)
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% MODI FI CATI ON OF THE JACOBI AN FOR UPFC
iii = 0;

for ii =1 : NUPFC

i ndexQ=2*(nbb + ii) + iii;

i ndexP=i ndexQ 1;

i ndexL=i ndexQ + 1;

if WrSta(ii) ==

JAC(:, 2*UPFCsend(ii)) = 0.0;
end

Brm = - 1/ Xcr(ii)-1/Xvr(ii);
Bkk = -1/ Xer (ii);

Bk = 1/ Xcr(ii);

Bvr = 1/ Xvr(ii);

for kk =1 : 2

Al = VA(UPFCsend(ii))-VA(UPFCrec(ii));

A2 = VA(UPFCsend(ii))-Ter(ii);

A3 = VA(UPFCsend(ii))-Tvr(ii);

% Conmput ati on of Conventional Terns

Hkm = - VM UPFCsend(ii))*VM UPFCrec(ii))*Bnmk*cos(Al);
Nkm = VM UPFCsend(ii))*VM UPFCrec(ii))*Bnk*sin(Al);
% Conput ati on of Shunt Converters Terns

Hvr = - VM UPFCsend(ii))*Wr (ii)*Bvr*cos(A3);

Nvr = VM UPFCsend(ii))*Wr(ii)*Bvr*sin(A3);

% Conput ati on of Series Converters Terns

if kk ==

Hcr = - VM UPFCsend(ii))*Ver(ii)*Bnk*cos(A2);
Ncr = VM UPFCsend(ii))*Vcr(ii)*Bnk*si n(A2);
el se

Her = - VM UPFCsend(ii))*Vcr(ii)*Bkk*cos(A2);
Ncr = VM UPFCsend(ii))*Ver(ii)*Bkk*sin(A2);
end

if kk ==

JAC(2* UPFCsend(ii)-1, 2*UPFCsend(ii)-1) = JAC(2*UPFCsend. ..
(ii)-1, 2*UPFCsend(ii)-1) - VM UPFCsend(ii))”"2*Bmm

if WrSta(ii) ==

JAC(2* UPFCsend(ii)-1, 2*UPFCsend(ii))
JAC(2* UPFCsend(ii), 2*UPFCsend(ii)) =
el se

JAC(2* UPFCsend(ii)-1, 2*UPFCsend(ii)) = JAC(2*UPFCsend(ii)-1,...
2*UPFCsend(ii)) - Nkm + Nvr;

JAC(2* UPFCsend(ii), 2*UPFCsend(ii)) = JAC(2*UPFCsend. ..
(ii),2*UPFCsend(ii)) - Hkm + Hvr + 2*VM UPFCsend(ii))"2*Bnk;

= Nvr;
Hvr ;
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end

JAC(2* UPFCsend(ii)-1,indexL) = Hvr;
JAC(2* UPFCsend(ii),indexL) = - Nvr;
el se

JAC(2* UPFCsend(ii)-1, 2*UPFCsend(ii)-1) = JAC(2*UPFCsend. ..
(ii)-1,2*UPFCsend(ii)-1) + VM UPFCsend(ii))"2*Bnk;

JAC(2* UPFCsend(ii), 2*UPFCsend(ii)) = JAC(2*UPFCsend(ii), ...
2*UPFCsend(ii)) + VM UPFCsend(ii))”"2*Bnk;

JAC(2* UPFCsend(ii)-1,indexL) = 0.0;

JAC(2* UPFCsend(i i), indexL) = 0.0;

end

JAC(2*UPFCsend(ii)-1,2*UPFCrec(ii)-1) = JAC(2*UPFCsend(ii)-1,...
2*UPFCrec(ii)-1) + Hkm

JAC(2* UPFCsend(ii), 2*UPFCrec(ii)-1)
2*UPFCrec(ii)-1) - Nkm

if WrSta(ii) == 1 & kk ==

JAC(2* UPFCsend(ii)-1,2*UPFCrec(ii))
JAC(2*UPFCsend(ii), 2*UPFCrec(ii)) =
el se

JAC(2* UPFCsend(ii)-1,2*UPFCrec(ii))
2*UPFCrec(ii)) + Nkm

JAC(2* UPFCsend(ii), 2*UPFCrec(ii)) = JAC(2*UPFCsend(ii), ...
2*UPFCrec(ii)) + Hkm

JAC(2* UPFCsend(ii), . ..

0.0;
. 0;

o

JAC(2* UPFCsend(ii)-1, ...

end

% Comput ati on of Active Power Controlled Jacobian’s Terns
if PSta(ii) ==

if (Flowmii) == 1 & kk ==1) | (Flow(ii) == -1 & kk == 2)
if kk ==

JAC(i ndexP, 2*UPFCsend(ii)-1) = - Hkm- Hcr - Hvr;
JAC(i ndexP, 2*UPFCsend(ii)) = - Nkm+ Ncr;

JAC(i ndexP, 2*UPFCrec(ii)-1) = - Hkm

if WrSta(ii) ==

JAC(i ndexP, 2*UPFCrec(ii)) = 0.0;

el se

JAC(i ndexP, 2*UPFCrec(ii)) = Nkm

end

JAC(i ndexP, indexP) = Hcr;

if Qsta(ii) ==

JAC(i ndexP, indexQ = Ncr;

el se

JAC(i ndexP, indexQ = 0.0;

end

el se

JAC(i ndexP, 2*UPFCsend(ii)-1) = - Hkm- Hcr;

JAC(i ndexP, 2*UPFCsend(ii)) = Nkm + Ncr;
JAC(i ndexP, 2*UPFCrec(ii)-1) = Hkm

if WrSta(ii) ==

JAC(i ndexP, 2*UPFCrec(ii)) = 0.0;
el se

JAC(i ndexP, 2*UPFCrec(ii)) = Nkm
end

JAC(i ndexP, indexP) = Hcr;

if Qta(ii) ==

JAC(i ndexP, indexQ = Ncr;
el se
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JAC(i ndexP, indexQ = 0.0;

end

JAC(i ndexP, indexL) = 0.0;

end

end

JAC(2* UPFCsend(ii)-1, indexP) = + Hcr;
JAC(2* UPFCsend(ii), indexP) = - Ncr;
el se

JAC(i ndexP, indexP) = 1.0;

end

% Conmput ati on of Rective Power Controlled Jacobian’s Terns

if QSta(ii) ==

if (Flowmii) == 1 & kk == 1) | (Flowii) == -1 & kk == 2)
if kk ==

JAC(i ndexQ, 2*UPFCsend(ii)-1) = - Nkm + Ncr;

JAC(i ndexQ, 2*UPFCsend(ii)) = - 2*VM UPFCsend(ii))”"2*Bnm -
Hkm + Her;

JAC(i ndexQ, 2*UPFCrec(ii)-1) = Nkm
JAC(i ndexQ indexQ = Hcr;
if WrSta(ii) ==

JAC(i ndexQ 2*UPFCrec(ii))
el se

JAC(i ndexQ 2*UPFCrec(ii))
end

if PSta(ii) ==
JAC(i ndexQ i ndexP)
el se

JAC(i ndexQ i ndexP)
end

el se

JAC(i ndexQ, 2*UPFCsend(ii)-1) = Nkm + Ncr;

JAC(i ndexQ 2*UPFCsend(ii)) = 2* VM UPFCsend(ii))
A2*Bkk + Hkm + Hcr;

0.0;

Hkm

- Ncr;

0. 0;

JAC(indexQ, 2*UPFCrec(ii)-1) = - Nkm
JAC(i ndexQ indexQ = Hcr;

if WrSta(ii) ==

JAC(i ndexQ, 2*UPFCrec(ii)) = 0.0;
el se

JAC(i ndexQ 2*UPFCrec(ii)) = Hkm
end

if PSta(ii) ==

JAC(i ndexQ indexP) = - Ncr;

el se

JAC(i ndexQ indexP) = 0.0;

end

end

end

JAC(2* UPFCsend(ii)-1, indexQ = Ncr;
JAC(2* UPFCsend(ii), indexQ = Hcr;
el se

JAC(i ndexQ indexQ = 1.0;

end

temp = UPFCsend(ii);

UPFCsend(ii) = UPFCrec(ii);
UPFCrec(ii) = tenp;



end

Al = Ter(ii) - VA(UPFCsend(ii));

A2 = Ter(ii) - VA(UPFCrec(ii));

A3 = Tvr(ii) - VA(UPFCsend(ii));

Herk = - Ver(ii)*VM UPFCsend(ii))*Bnk*cos(Al);
Ncrk = Ver(ii)*VM UPFCsend(ii))*Bnk*sin(Al);
Herm = Ver (ii)*VM UPFCrec(ii))*Bnk*cos(A2);
Nerm = - Ver(ii)*VM UPFCrec(ii))*Bnk*sin(A2);
Hvrk = - Wr (ii)*VM UPFCsend(ii))*Bvr*cos(A3);
Nvrk = Wr(ii)*VMUPFCsend(ii))*Bvr*sin(A3);

JAC(i ndexL, 2*UPFCsend(ii)-1) = Hcrk + Hvrk;
if WrSta ==

JAC(i ndexL, 2*UPFCsend(ii)) = Nvrk;

el se

JAC(indexL, 2*UPFCsend(ii)) = Nvrk + Ncrk;
end

JAC(indexL, 2*UPFCrec(ii)-1) = Hcrm
JAC(indexL, 2*UPFCrec(ii)) = Ncrm

JAC(i ndexL, indexL) = - Hvrk;

if PSta ==

JAC(i ndexL, indexP) = - Hcrk - Hcrm
el se

JAC(i ndexL, indexP) = 0.0;

end

if QSta ==

JAC(i ndexL, indexQ = Ncrk + Ncrm
el se

JAC(i ndexL, indexP) = 0.0;

end

il =i+ 1

end

%End of UPFC acobi an

% SOLVE JOCOBI AN
Z=DPQ
D = pi nv(JAQ) *Z
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% UPDATE THE STATE VARI ABLES VALUES
%-unction to update state vari abl es

iii o= 1;

for ii = 1: nbb

VA(Ii) = VA(ii) + D(iii);

VMii) = Wii) + D(iii+1)*VMii);
il =i+ 2

end

%End function StateVariabl eUpdating

%-unction to update the UPFC state vari abl es
iii = 0;

for ii =1 : NUPFC

i ndexQ=2*(nbb + ii) + iii;

i ndexP=i ndexQ 1;

i ndexL=i ndexQ + 1;

if PSta(ii) ==

Ter(ii) = Ter(ii) + D(indexP);
end

if Qsta(ii) ==

Ver(ii) = Ver(ii) + D(indexQ*Vcr(ii);

end

if WrSta(ii) ==

Wr(ii) = Wr(ii) + D(2*UPFCsend(ii),1)*Wr(ii);
VM UPFCsend(ii)) = WrTar(ii);

end

Tvr(ii) = Tvr(ii) + D(indexL);
il =i +1;

end

%END Function update the UPFC state vari abl es
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%3 obal PSO (to check the voltage sources linmts in the UPFC)
for ii =1 : NUPFC

% Check Magnitude Voltage Limts

if abs(Ver(ii)) < VerLo(ii) | abs(Ver(ii)) > VerHi(ii)
if abs(Ver(ii)) < VerLo(ii)

Ver(ii) = VerLo(ii);

el seif abs(Vecr(ii)) > VerHi(ii)

Ver(ii) = VerHi (ii);

end

end

if abs(Wr(ii)) < WrLo(ii) | abs(Wr(ii)) > WrHi(ii)
if abs(Wr(ii)) < WrlLo(ii)

Wr (ii) = WrLo(ii);

el seif abs(Wr(ii)) > WrHi(ii)

Wr(ii) = WrH (ii);

end

end

end

it =it + 1;

end

%End function to check the voltage sources limts in the UPFC
%-unction to cal culate the power flows

PXsend = zeros(1,ntl);
PQec = zeros(1,ntl);

% Cal cul ate active and reactive powers at the sending and receiving

% ends of tranmsission |ines
for ii = 1. ntl
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Vsend = ( WM tlsend(ii))*cos(VA(tlsend(ii)))
+VWMtlsend(ii))*sin(VA(tlIsend(ii)))¥i
Vrec = ( VWMtlrec(ii))*cos(VA(tlrec(ii))) +
VMtlrec(ii))*sin(VA(tlrec(ii)))*i );
tlinmped = tlresis(ii) + tlreac(ii)*i;
current =(Vsend - Vrec) / tlinped + Vsend*( tlcond(ii) +

tlsuscep(ii)*i )*0.5 ;

PQsend(ii) = Vsend*conj (current);
current =(Vrec - Vsend) / tlinped + Vrec*( tlcond(ii) +

tlsuscep(ii)*i )*0.5 ;
PQrec(ii) = Vrec*conj(current);

PQoss(ii) = PQend(ii) + PQec(ii);

end

)

% Cal cul ate active and reactive powers injections at buses

PQbus = zeros(1, nbb);
for ii = 1. ntl

PQous(tlsend(ii)) = PQous(tlsend(ii)) + PQend(ii);
PQous(tlrec(ii)) = PQous(tlrec(ii)) + PQrec(ii);

end
% Make corrections at generator

% get correct generators contributions

for ii =1: nld
jj = loadbus(ii);
for kk = 1: ngn

buses,

where there is | oad,

PQous(jj) = PQous(jj) + ( PLOAD(ii) + QLOAD(ii)*i );

Il = genbus(kk);
if jj ==11

end

end

end

%End function POl ows

in order
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%-unction to calculate the power flows in the UPFC controller
for ii =1 : NUPFC

Bkk - U Xer(ii)-1/ Xvr(ii);

Bmrm = -1/ Xcr (ii);

Bk = 1/ Xer (ii);

Bvr = 1/ Xvr(ii);

for kk =1 : 2

Al = VA(UPFCsend(ii))-VA(UPFCrec(ii));
A2 = VA(UPFCsend(ii))-Ter(ii);
A3 = VA(UPFCsend(ii))-Tvr(ii);

% Conmput ati on of Conventional Terns

Pkm = VM UPFCsend(ii))*VM UPFCrec(ii))*Bnk*sin(Al);
&m = - VM UPFCsend(ii))”2*Bkk - VM UPFCsend(ii))...
*VM UPFCrec(ii))*Bnmk*cos(Al);

% Conput ati on of Shunt Converters Terns

Pvrk = VM UPFCsend(ii))*Wr (ii)*Bvr*sin(A3);
Qurk = - VM UPFCsend(ii))*Wr(ii)*Bvr*cos(A3);
if kk ==

% Conput ati on of Series Converters Terns

Pcrk = VM UPFCsend(ii))*Vcr(ii)*Bnk*sin(A2);

Q@rk = - VM UPFCsend(ii))*Ver(ii)*Bnrk*cos(A2);

%Power in bus k

Pk = Pkm + Pcrk + Pvrk;

X = &km+ Qrk + Qurk;

UPFC PQsend(ii) = Pk + Qk*i;

%Power in Series Converter

Pcr = Ver (ii)*VM UPFCsend(ii))*Bnk*sin(-A2);

Qr = - Ver(ii)~2*Bmm - Ver (ii)*VM UPFCsend(ii))*Bnk*cos(-A2);



%Power in Shunt Converter

Pvr = Wr (ii)*VM UPFCsend(ii))*Bvr*sin(-A3);

Qur = Wr (ii)"2*Bvr - Wr (ii)*VM UPFCsend(ii))*Bvr*cos(-A3);
PQur(ii) = Pvr + Qur*i;

el se

% Comput ati on of Series Converters Ternmns

Pcrk = VM UPFCsend(ii))*Vcr(ii)*Bkk*sin(A2);

Q@rk = - VM UPFCsend(ii))*Vcr(ii)*Bkk*cos(A2);
%Power in bus m

Pcal = Pkm + Pcrk;

al = Gkm + Qrk;

UPFC PQec(ii) = Pcal + Qal *i;

%Power in Series Converter

Pcr = Pcr + Ver(ii)*VM UPFCsend(ii))*Bkk*sin(-A2);
Q@r = Qr - VMUPFCsend(ii))*Vcr(ii)*Bkk*cos(-A2);
PQr(ii) = Pcr + Qor*i;

end

send = UPFCsend(ii);

UPFCsend(ii) = UPFCrec(ii);

UPFCrec(ii) = send,

Beq = Bmm
Bmm = BKKk;
Bkk = Beq;
end

end



