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ABSTRACT

Load flow study epitomize the backbone of power system analysis and
design; because many other analyses such as transient stability and
contingency analysis are based on power flow analysis.

Mainly Load flow study used to specify the various aspects of AC
power parameters in the electric power system and the bus voltages is the
most important one of these.

Conventional techniques for solving the load flow problem are
iterative, using the Newton-Raphson and the Gauss Seidel methods.

Necessary the electric power system exposed to some probable
conditions i.e.: sync M/C out of service, transmission line out of service, load
out of service, and adding new loads to the system. These conditions may
cause the voltages levels to be out of the specified limit, therefor the power
flow studies might be carried out on power system to verify that voltages
levels within the acceptable limit under these conditions.

The weak buses in the system exemplify the optimal locations which
the compensators set on to improve the voltages levels and to achieve system
reliability and stability. Load flow study carried out on partial of Sudan
national grid, consequently found out that voltages levels remain the specified
limit under all studied conditions. Also the weak buses were determined.
Besides SVC compensator has been used to improve voltages levels.

Consequently, the objectives of this study were achieved.
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CHAPTER ONE
INTRODUCTION

1.1 Background:

In power engineering, the power-flow study, or load-flow study, is a
numerical analysis of the flow of electric power in an interconnected system.
A power-flow study usually uses simplified notation such as a one-line
diagram and per-unit system, and focuses on various aspects of AC power
parameters (the principal information obtained from the power flow study),
such as voltage magnitudes, voltage angles, real power and reactive power. It
analyzes the power systems in normal steady state operation.

Power-flow or load-flow studies are important for planning future
expansion of power systems as well as in determining the best operation of
existing system.

Commercial power systems are usually too complex to allow for hand
solution of the power flow. Special purpose network analyzers were built
between 1929 and the early 1960s to provide laboratory scale physical models
of power systems. Large-scale digital computers replaced the analog methods
with numerical solutions.

Load flow studies using software is accurate and gives highly reliable
results. This project makes effective use of DIgSILENT Power Factory
software to carry out load flow studies of 14bus Sudanese national grid.

DIgSILENT is an acronym for digital simulation of electrical networks.
DIgSILENT version 7 was the world’s first power system analysis software
with an integrated graphical single-line interface. Use of a single data base,
with the required data for all equipment within a power system (e.g. line data,
generator data, protection data harmonic data, controller data), means that



power factory can easily execute all power simulation functions within a
single program environment — functions such as load-flow, short-circuit
calculation, harmonic analysis, protection coordination, stability calculation,
and modal analysis.

Besides load flow studies are often used to identify the need of power
system for compensation, which conserves the system voltage within
specified limits. The compensation devices used for this purpose classified
into passive compensators like series and shunt capacitors and reactors, and
active compensators like SVC, TCSC, and STATCOM...etc.

This project helps to determine if the system voltage levels remain
within the specified limits when occurrence of some probable conditions i.e.:
increase in load, element out of service for maintenance and replacing
purpose or to be isolated when the fault take place, whatever. Therefor load
flow simulation used to verify of this.

Also this project helps to identify the weak buses, hence static VAR
compensation (SVC) used to improve the voltage levels according to achieve

system reliability and stability.
1.2 Project Objectives:

e Voltage levels improvement for the weak buses.

e Planning future expansion or addition to existing system new loads.

e Possibility of maintenance and replacing for grid components whenever
needed.

e Improvement of system reliability and stability.
1.3 Problem statement:

The problem of this project is to verify if the buses voltages levels
within the specified limit (Sudanese national electrical company applies
+10% of the nominal voltage as acceptable limit) when the probable
condition happens. Also to determine the weak buses then SVC system of
suitable rating placed to over com this problem.
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1.4 Methodology:

e Drive the methods of power flow solution i.e.: GS, NR, and fast decouple.

e Mathematical modeling of SVC system.

e Using DIgQSILENT power factory software to find out power flow
solution.

1.5 Project Outlines:

Chapter 1: represents general literature, project objectives statement of the
problem, project layout and methodology.

Chapter 2: represents general introduction to power system and load flow
study.

Chapter 3: includes the solution methods of load flow problem and
compensation by using SVC.

Chapter 4: represents the results and simulation of partial Sudan network
high voltages by using DIgSILENT program.

Chapter 5: represents the project conclusion and recommendation.



CHAPTER TWO
INTORDUCTION TO LOAD FLOW

2.1 Introduction:

The power system is assumed to be operating under balance condition
and can be represented by single line diagram. The power system network
contains hundreds of buses and branches with impedances specified in per-
unit on a common MVA base. Power flow studies commonly referred to as
load flow, are essential of power system analysis and design. Load flow
studies are necessary for planning, economic operation, scheduling and
exchange of power between utilities. Load flow study is also required for
many other analyses such as transient stability, dynamic stability, contingency
and state estimation. The load flow results give the bus voltage magnitude and
phase angles and hence the power flow through the transmission lines, line

losses and power injection at all the buses. [1]
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Figure 2.1: A power Distribution System



2.2 Importance of load flow study:

Power flow analysis is very important in planning stages of new networks
or addition to existing ones like adding new generator sites, meeting
increase load demand and locating new transmission sites.

The load flow solution gives the nodal voltages and phase angles and hence
the power injection at all the buses and power flows through
interconnecting power channels.

It is helpful in determining the best location as well as optimal capacity of
proposed generating station, substation and new lines.

It determines the voltage of the buses. The voltage level at the certain buses
must be kept within the closed tolerances.

System transmission loss minimizes.

Economic system operation with respect to fuel cost to generate all the
power needed.

The line flows can be known. The line should not be overloaded, it means,

we should not operate the close to their stability or thermal limits.

2.3 Bus Classification:

A bus is a node at which one or many lines, one or many loads and

generators A are connected. In a power system each node or bus is associated

with four quantities, such as magnitude of voltage, phage angle of voltage,

active or true power and reactive power in load flow problem two out of these

four quantities are specified and remaining two are required to be determined

through the solution of equation. Depending on the quantities that have been

specified, the buses are classified into three categories.

Load bus: No generator is connected to the bus. At this bus the real and
reactive power are specified.it is desired to find out the voltage magnitude
and phase angle through load flow solutions. It is required to specify only
P and Q at such bus as at a load bus voltage can be allowed to vary within

the permissible values.



e Generator bus or voltage controlled bus: Here the voltage magnitude
corresponding to the generator voltage and real power P corresponds to its
rating are specified. It is required to find out the reactive power generation
Q and phase angle of the bus voltage.

e Slack (swing) bus: For the Slack Bus, it is assumed that the voltage
magnitude |V |and voltage phase (&) angle are known, whereas real and
reactive powers P and Q are obtained through the load flow solution.,

The following Table summarizes the above discussion:

Table 2.1:bus classification

Bus Type Specified quantities Unknown quantities
Slack bus 4 P,Q

Load bus P,Q 14

Voltage control bus P, V] Q, 9%

2.4 Formation of Bus Admittance Matrix:

Power system analysis, like load flow studies, short circuit studies, and
transient stability studies, has become very convenient with the advent of
digital computers. More and more complex systems can now be handled by
suitable mathematical models, constituting an ordered collection of system
parameters in the form of matrices. These models depend on the selection of
independent variables. When the voltages are selected as independent
variables, the corresponding currents are dependent and the matrix relating
the voltages to the currents is then nodes), the reference is the bus frame, and
the resulting equations are usual independent nodal equations. The voltages
and currents, when referred to independent loops, are related by the
admittance matrix in the loop frame of reference. When the currents are

treated as independent variables, the matrices are impedance matrices in the




respective frames of reference. In order to obtain the bus —voltage equations,

consider the sample of four bus power system as shown in Figure 2.2. [1]

j0.04
Figure 2.2: The Impedance Diagram of Sample 4-Bus power system

For simplicity resistance of the lines are neglected and the impedance
shown in Figure 2.2.are expressed in per-unit on common MVA base.
Now impedance is converting to admittance, i.e.
1 1

T Z T Tt jxu

Figure 2.3.shows the admittance diagram and transformation to current
sources and injects I;and I,at buses land 2 respectively. Node O(which is

normally ground) is taken as reference.
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Figure 2.3: The Admittance Diagram of Figure 2.2
Applying KCL to the independent nodes 1,2,3,4 we have,

Iy = y10V1 + y12 (Vg = V5) + yi3(Vy — Vs
0 =y0V2 + y12(Vo = V1) + yo3(V, — V3)
0=y3(Vz=1) +y13(Vz = V1) + y34(V3 = V)

0=1y3,(Vo = V3)

Rearranging the above equations, we get
Iy = 10 + Y12 + ¥13)V1 — ¥12V2 — Y133
I; = =y12Vi + (V20 + Y12 + Y23) V2 — ¥23V3
0= —y13Vh = ¥23V2 + (V13 + Vo3 + ¥34)V3 — Y34V

0= —y34V5+y3.Vs
Let,



Vi1 = 1o + Y12 + Y13) Yoz = (V20 + Y12 + ¥23)
Ys3 = (13 + Y23 + ¥34) Yas = Yaa

Yio = Y21 = =12

Yis = VY31 = —yi3

Yo3 = Y3, = V23

Y3, = Y43 = —y34

The node equations reduce to
Iy = Y1,1V1 + Y15V, + Vi3V + Y14V,
I; = Y21 V1 + Y32Vp + Yo3V3 + 124V,
I3 = Y31V1 + Y3,V + Y33V3 + Y34V,

14- = Y4—1V1 + Y4-2V2 + Y4-3V3 + Y4-4-V4-

Note that, in Figure 2.3 there is no connection between bus 1 and bus 4.

Yis =Y, =0 Similarly Y,, =Y,, =0. Also note that in this case
13:0, 14_ =0.

Above equation can be written in matrix form,

= = 2.2
L=V Yoo Yas Yau| |V (2:2)
14— Y4—1 Y42 Y43 Y44 V4
Oringeneral 1I,,s = YpusVous (2.3)

Diagonal element of Y matrix is known as self-admittance or driving

point admittance, i.e.,



n
Vie= ) Y j # e
K=0

Off-diagonal element of Y matrix is known as transfer admittance or

mutual admittance, i.e.

Yik =Y = =Y (2.5)

VyusCan be obtained from equation (2.3),1.e.

Vous = Yous Ipus (2.6)

2.5 Formation of Bus Loading Equation:

Consider i-the bus of power system as shown in Figure 2.4.
Transmission lines are represented by their equivalent = models -y;, is the

total charging admittance at bus. [2]

Yin

Yio

Figure 2.4: i-th Bus of Power System

Net injected current I; into the bus i can be written as:
L =yVi+yu(Vy = Vo) + i, (Vi = Vo) + -+ v (V; = V)
Iy = o + yir + ¥2)Vi = yusVi — YiaVo - YinVa (2.7)

10



in Let us define

Yii=Yio + Vi1 T Yiz + "+ Vin

Yiio = —yia
Yio = =iz
Yin = —Yin

s I =YV YV + YV + o+ Vi Wy
Or
n
=Y+ ) Y
k=1

k=+i

The real and reactive power injected at bus i is
P —jQ =V I

Py —jQ;
I = -
l Vi
From equations (2.9) and (2.10) we get

n

=YaVi + ) Yali

k=1
k+#i

P —jQ;
Vi*

2.6 Methods for Load Flow Studies:

There are three methods for load flow studies mainly

11
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e Gauss Seidel method.
e Newton Raphson method.

e Fast decoupled method.

2.6.1 Gauss Seidel method:

The Gauss Seidel method solves the power flow equations in
rectangular (complex variable) coordinates until differences in bus voltages
from one iteration to anther are sufficiency small.

Gauss Seidel method is very simple in concept but may not yield
convergence to the required solution. However, when the initial solution or
starting point is very close to the actual solution convergence is generally
obtained. The rate of convergence can be increased by using acceleration
factors to the solution obtained after each iteration. Affixed acceleration

factor a (1< a < 2) is normally used for each voltage change.

2.6.2 Newton Raphson method:

The most widely used method for solving simultaneous nonlinear
algebraic equations is Newton Raphson method. Newton's method is a
successive approximation procedure based on an initial estimate of the
unknown and use of Taylor's expansion. There are two methods of solution
for the load flow using Newton - Raphson method. The first method uses
rectangular coordinates for the variables, while the second method uses the
polar coordinate formulation. For large power systems, the Newton-Rapson

method is to be more efficient and practical.
2.6.3 Fast decoupled method:

When solving large-scale power transmission systems, an alternative
strategy for improving computational efficiency and reducing computer

storage requirements is the decoupled power flow method.

The principle of decoupled approach is based on two observations:

12



e Change in the voltage angle & at bus primarily affects the flow of real
power P in the transmission lines and leaves the flow of reactive power
Q relatively unchanged.

e Change in the voltage magnitude |V| at bus primarily affects the flow
of reactive power @ in the transmission lines and leaves the flow of real
power P relatively unchanged.

This method is faster to solve than the coupled set of equation in full Newton
Raphson procedure. This technique can be very useful for calculating power
flow for contingencies where the speed of calculations is of primary
important, even if the accuracy is somewhat sacrificed compared to the full
N.R method.

2.6.4 Comparison between load flow methods:

The methods basically distinguish between themselves in the rate of
convergence, storage requirement and time of computation.

In Gauss Seidel, rate of convergence is slow. It can be easily program
and the number of iterations increases directly with the number of buses in the
system and in Newton-Raphson, the convergence is very fast and the number
of iterations is independent of the size of the system, solution to a high
accuracy is obtained. The NR Method convergence is not sensitive to the
choice of slack bus. Although a large number of load flow methods are
available in literature it has been observed that only the Newton-Raphson and
the Fast Decoupled load-flow methods are most popular. The fast decoupled
load flow is definitely superior to the Newton-Raphson Method from the
point of view of speed and storage. The following points summarize the
above discussion:

%+ Gauss Seidel method is very simple in concept but needs many
iterations to achieve desired accuracy.
+ The Newton Raphson is reliable in convergence, computationally

faster, and more economical in storage requires.

13



¢+ Fast decoupled method, this method is faster to solve than the coupled

set of equation in full Newton Raphson procedure. [3]

14



CHAPTER THREE
SOLUTION METHODS OF LOAD FLOW
PROBLEMS AND COMPENSATION

In this chapter the basic methods to solve the nonlinear power flow

equations, and the modeling static VAR compensation (svc).
3.1 Solution of nonlinear algebraic equation:

In all realistic cases the power flow problem cannot be solved
analytically and hence iterative solutions implemented in computers must be
used. [4]

The most common techniques used for the iterative solution of
nonlinear algebraic equations are

e (Gauss Seidel Newton-Raphson.
e Quasi-Newton methods (Fast Decoupled Method).
The Gauss Seidel and Newton-Raphson methods are discussed for one

dimensional equation and are then extended to n-dimensional equation. [2]

3.2 Gauss Seidel Method:

The Gauss Seidel method also known as the method of successive
displacement.to illustrate the technique consider.

The solution of the nonlinear equation given by:

fx) =0 (3.1)
The above function is rearranged and written by:
x = g(x) (3.2)

If x®is an initial estimate of the variable x, the following iterative
sequence is formed
xF+D) = g(x ) (3.3)
A solution is obtained when the difference between the absolute value

of the successive iteration is less than specified accuracy.

15



xk+D) — x(K) < (3.4)
where is € the desired accuracy. [2]

3.3 Gauss Seidel by using load flow:
Return to Figure 2.4

L=yioVi + v (Vi = V1) + yiu (Vi = Vo) + -+ yin (Vi = V) (3.5)
I = G0ty + Yo+ +YidVi —yuVi — Vi Va . YinVa (3.6)
Yii =Yio t Vi1 + Yiz + =+ Yin (3.7)
Yiin ==Y

Yio = =Yz

Yin = —Vin (3,8)
L =YV YV + YV + e+ Y (3.9)

The I;may be written

n

I =YV + z YV (3.10)
j=1
J#i

The real and reactive power injected bus I is

P, +jQ; = ViI} (3.11)
P, —jQ; =Vl (3.12)
P, —joQ;
= (3.13)
l 4
P, —jo;
=Yl ) Y, (314)
JE!

16



vy, =L EY” (3.15)
]il

V= 1 /e 2 W) (3.16)
l J

]il

3.4 Newton Raphson Method:

The Newton Raphson method is widely used for solving nonlinear
equations. It transforms the original nonlinear problem into a sequence of
linear problems whose solutions approach the solution of the original
problem. The method can be applied to one equation in one unknown or to a

system of simultaneous equations with as many unknowns as equations. [5]

3.4.1 One-Dimensional Case:

Let f(x) is a nonlinear equation. Any value of x that satisfies f(x) =0 is a
root of f(x).

To find a particular root, an initial guess for x in the vicinity of the root
is needed. Let this initial guess be xo Thus
f(x°) = Af° (3.17)

Where f° is the error since Xo is not a root.

Corresponding to xo' and is projected until it intercepts the x-axis to
determine a second estimate of the root. Again the derivative is evaluated, and
a tangent line is formed to proceed to the third estimate of x. The line

generated in this process is given by:

Y(X) = f(xn) + f’(xn)(x - xn) (3.18)
Which, when y(x) = 0, gives the recursion formula for iterative
estimates of the root:

f ()

Xn+1 = Xn _f,(x )
n

(3.19)

17



3.4.2 N-Dimensional Case:

The single dimensional concept of the Newton-Raphson method can be
extended to N dimensions. All that is needed is an N-dimensional analog of
the first derivative. This is provided by the Jacobian matrix. Each of the N
rows of the Jacobian matrix is composed of the partial derivatives of one of
the equations of the system with respect to each of the N variables. [5]

An understanding of the general case can be gained from the specific
example N = 2. Assume that we are given the two nonlinear equationsf;, f,.
Thus

fi=0Caxz) , fo =%, x7) (3.20)
The Jacobian matrix for this (2*2) system is
|% o
dx; O0x,
3.21
o -
lax1 6x2J

If the Jacobian matrix is numerically evaluated at some point

(% x,®) the following linear relationship is established for

small (Ax;,Ax,)

0" A%

0x, 0x, |[Ax, D] [af,® (3.22)
afz(k) afz(k) Ax,*+1) Afz(k) '
x4 0x,

For at some point ( x;(©,x,(©)

of; (0) of; (0)

0x4 0x, |[Ax, @ _ Afl(O) 3.23
9f© 5 O Ax, D[ ™ [Ar,© (3.23)
f2 f2 2 f2
0x4 0x,

Where
Af1(0) = _fl(x1(0);x2(0)) 'Afz(o) = _fZ(xl(O)'xZ(O)) (3.24)

18



This system of linear equations is then solved directly for the first
correction. The correction is then added to the initial guess to complete the

first iteration:

O] [x,©
2, @]~ [x,©

Equations (3.23) and (3.25) are rewritten using matrix symbols and a

(3.25)

Ax 1)
Ax, D

general superscript n for the iteration count:

UrHlAx™] = [Af7] (3.26)
[x"] = [x"*] + [Ax"] (3.27)

3.5 Newton-Raphson method for load flow solution:

Newton-Raphson method is mathematically superior to the Gauss
Seidel method and is found to be more efficient and practical the number of
iteration required to obtain as solution is independent of the system size there
are several distinctly different ways of applying the Newton-Raphson method
to solving the load-flow equations. We illustrate a popular version employing
the polar form. As we have seen for each generator bus (except for the slack
bus),we have the active power equation and the corresponding unknown
phase angled. We write this equation in the form
Ap; = p*" —p; = 0 (3.28)

For each load bus we have the active and reactive equations and the
unknowns |V;|and@;. We write the two equations in the form
AP, = PS" —p, =0 (3.29)

AQi = Q" = Q; =0 (3.30)

In the above equations, the superscript “sch™ denotes the scheduled or

specified bus active or reactive powers. Using the polar form, we have

K
j=1
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K
Qi == ) Wl [Vj|IYisl sin(6y; - 8 + &)
j=1

The general form as

(9P, 9P, ® | 9P, oP,™
] ] 36, ™ 96 EINA VARG .
ARy o : : 283"
E(k) op,® op,® | ap, op, ™ 5(k)
AR | Tas, 38, | alvil vl || As,
AQék) aQZ (k) aQZ (k) an(k) aQZ (k) A |V2(k)|
: a6, 7 06, | aIV,] a|V,| :
(k) : : : : 'k
'AQn - aQn(k) aQn(k) aQn(k) aQn(k) _A |Vn( )|_
795, " 06, || EIIAR

(3.32)

(3.33)

In the above equation busl is assumed to be the slack bus the jacobian

matrix gives the linearized relationship between small changes in voltage

angIeAc‘Si(k) and voltage magnitude A|V;|®with small changes in real and

reactive powerAP, " and AP,¥). 2]

Above equation can be written

wol =1 7llaw

When
= op 3.35
]1 - 65 ( . ) )
aQ
Js=5s k337,

The new value for bus voltages are
k k k
5i( +1) _ 5i( )+A5i( )
Vi) = [ + v, ®)
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3.6 Fast Decoupled Method:

Transmission lines of power system have a very high X/R ratio. For
such a system, real power changes AP are less sensitive to change in the
voltage magnitude and are most sensitive to change in phase angle Aé.
Similarly, reactive power is less sensitive to changes in angle and is mainly
dependent on changes in voltage magnitude. Therefore, it is reasonable to set
elements/,and]; and of the jacobian matrix to zero. [2]

Thus (3.34) becomes

APY[J1 O] AS
AQ] 0 ]4] [AIVI] (341)
oP
aq
AQ = J,AlV| = WAM (3.43)
The diagonal element of/; may be written
n
dP; _ , _
35 = Zlm V;||Yis] sin(8y; — 8; + &) | = [Vil?|Yi] sin 6 (3.44)
i =

Replacing the first term of the above equation with —Q; as given by
(3.32), results in
dP;
a5, = —Q; — [ViI*IY;| = —Q; — [V;|*By; (3.45)
Where B;; = |Y;;| sin 8;;is the imaginary part of the diagonal element of
the bus admittance matrix.

The self susceptance B;; > Q; we may neglect Q;

Further simplification is obtained by assuming |V;|? = |V;| which
yields
o _ —|Vil By (3.46)
d6;

Under normal operating condition, §; — §; is quite small. Assuming
21



0;; — 6; + 6; = 0;; the off-diagonal elements of J; becomes

dP;

35, —|V;I|V;| By; (3.47)
Further simplification is obtained by assuming|V;| =~ 1

oP;

a_(si = —|Vi| B;; (3.48)
Similarly, the diagonal element of J, may be written as

90 -

6|V~l| = —|VillY;| sin;; — ZlVil V;||Y:;| sin(6;; — &; + &;) (3.49)

l j=1

Replacing the second term of the above equation with—Q); result in

00; .

alVill = —|VillYyl sin 6;; + Q; (3.50)
Again, since B;; = |Y;;| sin 8;; > Q;,Q;may be neglected

00,
= —|V;| By 3.51

6|Vl| I l| 24 ( )
Assuming 6;; — 6; + 6; ~ 0;;yields

00,
= —|V;| B;; (3.52)

o|v;|
With these assumptions equation (3.42), (3.43) becomes

AP

— = —B'Aé 3.53

AQ

— = —B"A|V| 3.54

Here, B'and B''are the imaginary part of the bus admittance matrix
There for fast decoupled power now algorithm, the successive voltage
magnitude and phase angle change are
_, AP

A8 = —{B'|

(3.55)
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3.7 Static VAR Compensator:

The SVC is a solid-state reactive power compensation device based on

AlV| = —[B"]™ (3.56)

high power thyristor technology. In its simplest form, the SVC consists of a
TCR in parallel with bank of capacitor. From an operational point of view, the
SVC behaves like a shunt-connected variable reactance, which either
generates or absorbs reactive power in order to regulate voltage magnitude at
the point of connection to the AC network. It is used extensively to provide
fast reactive power and voltage regulation support. The firing angle control of

the thyristor enables the SVC to have almost instantaneous speed of response.

3.7.1 The Main Function of SVC:

The main function of SVC is to control the voltage at weak nodes in the
system. Installation of SVC in load buses used for load compensation help in
containing the voltage fluctuations, improve load power factor and also
voltage profile. Installation of SVC in transmission networks helps to provide
dynamic reactive power injection support to maintain the bus voltage close to
the nominal value under varying load conditions and also improve voltage
stability.

3.7.2 The Model of SVC.:

Basically it consists of a fixed capacitor (FC) and a TCR. As shown in
Figure3.2. it is connected in shunt with the transmission line through a
transformer.

The model considers SVC as shunt variable susceptance, Bgy, Which is
adapted automatically to achieve the voltage control. The TCR consists of a
fixed reactor of inductor L and a bi-directional thyristor valve. The thyristor
valves are fired symmetrically in an angle of a control range of 90° to 180° ,
with respect to the SVC voltage.The TCR at a fundamental frequency can be

considered to act like a variable inductance X5 IS given as:
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T
2(m — a) + sin2a

Xrcr = (3.57)

where X;cr IS the reactance caused by the fundamental frequency
without thyristor control and « is the firing angle. Hence, the total equivalent
impedance of the controller can be written as
XcX,

Xeye = e (3.58)
“L12(r — a) + sin2a] — X,

/A

Line voltage

Bsvc
‘ Control
circuit
FC/T\ |
TCR  Input
signals

Figure 3.1: SVC Employing FC-TCR

By controlling the firing angle of «a of the thyristor (the angle with
respect to zero crossing of the phase voltage), the device is able to control the

bus voltage magnitude current.
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BSVC

-

B

Figure 3.2: Equivalent Steady State Model of The SVC

SVC model is developed with respect to a sinusoidal voltage, and can

be written as
Isyc = —JBsycVk (3.59)
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CHAPTER FOUR
SIMULATION AND RESULTS ANALYSIS

4.1 Introduction:

The voltage profile of steady state operation obtained from load flow
simulation as shown in Table (4.2) represent that all the buses voltages within
acceptable limit (£10) these buses will be studied considering four cases
(probable conditions outlined in problem statement) to verify, that voltages
levels remains within the specified limit.

Besides SVC will be set on the weak buses considering two cases to
study effect of SVC in voltage improvement. The power flow diagram based
on DIgSILENT power factory software, has been applied to the power system
network shown in Figure 4.1 is developed to:

e study each one of cases in the network.
e find out the power flow solution.
o verify that voltage level within the limit.
4.2 Description for Network Would Studied:

The network which has been studied is part of Sudan electrical power

system network. It is containing of several transmission lines, load,

synchronous machines, two and three winding transformers and buses have
been tabulated in Table (4.1)
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Table 4.1: Power system network component

Number Type Number of Units
1 Synchronous Machine 35
2 Load 9
3 Transmission Line 19
4 Two Winding Transformer 20
5 Three Winding Transformer 21
6 Buses 14
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