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ABSTRACT

In this work transient stability study of eastern grid
of Rangladesh Power neveloT'ment Board with some future expan-
sion programmes has been done by digital computer. Stability
study of this part of ele~trical network of country's only
power authority was not done within the last one decade. So
it was considered highly important to study system stability
in case of faults eriginating in the heavily loaded sections
of the network.

"',::- '" '
A load flow solution with maximum loading condition was

done first to get the conditions prior to disturbance in the
i • -'.,. I ".'

network. Gauss-Seidel iterative method was used for load flow
solution and deV)feloped a computer programme for this. hrachine
to Machine admittances for different circuit conditions were
calculated then digi~lJ~ by eliminating one node at a time
and als~developed a computer programme. Loads were r~r.sented. ','

as fixed admittances to ground in this study. The swing equation
was solved by Step by step and Runge-Kutta fourth order approxi-
mation methods. Computer programme for both step by Step and
Runge-Kutta fourth order appro~i~ation methods were developed.
Transient stability was examined for 3-phase faults in different
sections of the network with clearing time~0.15t 0.2 and 0.3 ,

A
second. The entire study was performed on IBM 360 digital computer.
The computer programmes develpped may be easily used by the power
authority of the country for their any future load flow or,

transient stability studY~
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Introduction

It is an established fact that electrical energy has a
vi tal role in the rapid growth of modern industrial complexes
and civilization as a whole. The increased need and higher demands
of electrical energy are forcing the power companies and autho-
rities to install new power stations and create new transmission
facilities rapidly. The locations of power stations are~ain
dictated by economic reasons and often may be away from load
centres, but are likely to be near fuel centres, compelling the
power companies to construct long transmission lines for transfer
of load aBd as a resul t power system networks are becoming larger
and at the same time more and more complex .•Presently, customers
specially with automate~ industries and vital installations are
demanding stable supply with increased se!vice reliability. To
ensure higher service reliability to customers, power companies
are planning their expansion policy with much care and vigorous
study of the networks. These includes mainly load-flow studies,
fault level studies and trans~dtstability studies. Load flow
study provides a knowledge of the voltage levels throughout the
system, and enables the loading and utilization of circuits for
different generation and load conditions, While~ransient stability
studies provid.e information relRted to the capability of a power
system to remain in synchronisim during major disturbances resul-
ting from either the loss of generating or transmission facilities,
sudden or sustained load changes, or momentary fRults. Specifically,
transient stability studies provide the changes in the voltages,
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currents, powers, speeds and torques of the machines of the power
system, as well as the changes in system voltages and power fl~~
during and immediately following a disturbance. So in order to
provide the reliability required by the dependence on continuous
electric service, it is necessary that power systems be designed

•to be stable under any conceivable disturbances~

~n early stages a.c. network analyzer was used for transient
stabili ty studies to obtain the operating performance of the power
network during a disturbance and the step by step calculations of
swing equations were performed manually. Later on, the use of
digital computer made it easier and time saving for studying
system performance during transient stability stadies.,//

/
In transient stability study usually a load-flow is done

to determine the system conditions prior to the disturbance.
~ransient stability analysis is performed by combining a solution

of the algebraic equations describing the network with a numerical
solution of the differential equation describing operating charac-
teristics of synchronous and induction machines. Presently, many
digital computer programmes for the solution of stability problems
are available with provision of inclusion of detailed represen-
tation of machines and loads i.e. governnor response, exciter
characteristics, damping, transient saliency, flux linkage varia-
tion caused by armature current, saturation, static impedance or
admittance to ground, constant current at fixed power factor,
constant real and reactive power etc. Improvements in the various
methods are continually being made to minimize computation time
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and storage requirement in the computer and there by to minimize
the cost of analysis a.nd stu~

In this work transient stability problem of F,astern grid
of Bangladesh power Development Board has been studied. In pre-
liberation period twice powet-flow and stability studies of the

1primary grid system were done. The first one lias done by Director
Planning, power of the then E;ast Pakistan \mter and PONer Develop-
ment Authority, on Mitsubishi A.C. net work analyzer in April, 1963
with very preliminary expansion schemes. 'fhe latest study .of
stability problem of the primary networks of the then power deve-

f • • 2
lopment authority was done byjPichtner in 1967 in connection with
the selection of site and design characteristics of Ashuganj power
station. Fichtner's study included -the then planning schemes upto
the year 1985. But unfortunately, the year by year planning &
construction schedule taken by Fichtner in its study has deviated
too much from actual programmes. Fichtner's study report is no
longer a representation of present or future networks of the country.
After the war of liberation 1971, no systematic stability analysis
of eastern grid was done, Several incidents of major grid failures
were experienced by POlier Development Roard during the last few
years and without going into detail stability analysis presently
power development board has introduced automatic load shedding
schemes during faults in order to save the grid fr.om failure. So
with a view to give better understanding of stability problem and
procedure and means for calculation of transient stability to the
country's only power authority, it was decided to investigate the
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stability problem of Bastern grid with some immediate future
expansion schemes.

The new projects which are considered in this study are
Sikalbaha 60 MW and Kaptai third unit of 40 KW stations, 132 KV
loop around Dacca city as proposed by Ewe Bank and Partners3 to•
ensure stea~y power supply in the capital, and Ghorasal-Tongi
132 KV double circuit. Radial feeders were not considered in
this study •

.hload-flow programmE' was developed for calcula ting- sye tem
conditions 'prior to faults. This pogramme can aleo be used for

.carrying out ,load-flow studies for systematic system expansion
and planning. A computer programme for determining machine to
machine admittances for various c ircui t cond'ition was also deve-
loped and lastely, swing-equation was solved by step-by-step and
Runge-Kutta 4th order approximation methods. In this study
mechanical power input and.voltage behind transient reactance of
machines were held fixed. Transient stabilities for maximum
loading condition were examined by assuming 3-phase faults in
heavily loaded section of the networks and clearing the fault
by simultaneous opening of the breakers from the faulted buses
in 0.3 second and to see the worst case the line was not reclosed.

Interruption reports from the period Jan., 1976 to Jan, 1977
of eastern grid of power system of Bangladesh Power Development
Board were examined by the author to sort out the types of faults
occured in the system. Total number of faults actually happened
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was 51 during the above period. Detail breakdown of different
types of faults arc as follows:

Type of faults Number percentage
Single line to ground 29 56.86%
Line to line 6 11.76%

•Two line to ground 9 17.65%
Three phase 7 13.72%

All the previous study of stability on the system of
Bangladesh power development board were carried out by assuming~ ~ ... -
3-phase fault. ThOugh the usual practice in stability study is-' -.' 0

\

- .comparable with previous stability studies 3-:pbase fault .is
considered in the study.

Percentage of different types of faults shows that number
of 2 L-G and 3-phase faults are almost equal and as a result
it was decided to carry out transient stability study by assuming
3-phase.faul t.

This study will be valid upto 1985 if Bast-grid and West-
grid interconnector is not constructed within this period.

The computer programmes developed for using with locally
available IBM 360 computer, are easy and comprehensive. These
pro':rammes may be used easily by the engineers of Bangladesh power
Development Board for analyzing its future system and preparing
planning schemes in a systematic way. The results of transient
stability studies' are discussed in Chapter-6.
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£iterature Review:

The problem of system stability had its beginning when
synchronous machines were first operated in parallel. It was
early recognizedtbat the amount of power that can be trans~erred
from one synchronous machine.to another is limited. This amount
of load is known as the stability limit and when it is exceeded,
the machine acting as a generator 'over speeds' and the machine
acting as a motor 'stalls'.

As power systems developed, it was found with certain. .
.machines, particularly with certain systems connected through hi~-
reactance tie lines, that.i~ was diffi~ult to maintain synchronism
under normal conditions and that the systems had to be seperated
in the event of faults or loss of excitation. Various emergency
conditions occasionally made it necessary to operate machines and
lines at the highest practicable load; under these conditions
stability limits were estimated from experience.

The early analytical work on system stability was directed
to the determination of the power limits of synchronous machines
under two conditions: first the pull-out of a synchronous motor
or generator from an infinite bus; and second, the pull-out or
stability limit for two identical machines one acting as a gene-
rator and the other acting as a motor. However, the principal
developments in system stability did not come about as an extension
of synchronous machine theory, but as the result of the study of
long distance transmission systems.
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The modern view of the stability problem dates from the
1924 winter convention of the American Institute of Mlectrical
Engineers when the results of the first laboratory tests4 on
miniature systems proportioned to simulate a power system having
a long transmission line was presented. Another important step
was taken in 1925 when the first field tests5,6 on stability
were made on t he syStem of t he Pacific Gas and electric company.

7Much addi tional practical information on the problem was obtained
by transient recording apparatus, first installed on the system
of the Southern California Bdisan Company. During the ten year
period from 1924 to 1933, the theory of system stabiH ty was
carefully investigated. During this work there were proposed
many new methods of improving stability of systems .•Since that
time considerable experience has been_obtained with methods of
analyzing stability and with new methods of improving stability.

Rapid opening of circuit breakups on faulted lines has
been recognized for many years as one of the most effective ways
of improving power system stability. Rut
out that rapid opening followed by rapid

later on it was pointed
8reclosing gave further

improvement in stability if the fault were transitory. In early
stages, power engineers used to solve swing equation by hands.

9W.B. Boast and J.D. Rector developed a method for obtaining
directly on calibrated d.c. cathode ray oscilloscopes the swing
curves for power systems during disturbance conditions. G.A. Bekey

10and F.W. Scholt developed a method for direct determination of
swing curves by the interconnection of a network analyzer with a
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differential analy~er. B.O. Norinder1l developed a rational
method. for solving swing equation based on the ordinary step
by step method and .atched to ordinary office calculator.

Far proper design12 of power system, stability studies
are very much needed. Transient stability considerations may

•
determine the m~~imum economically usable conductor sizesl3 far
bulk power transmission lines. Stability study also gives the
power station operating guidesl4 indicating loading restrictions.

Development of Digital computer made the power system
analysis very easy and much less time consuming. Since its inven-
tion various methods and ways have been

'- . --
stability study. J.L. Gaggbard. Jr. and

developed for transient
15J.B. Rowe developed

an easy method for solving stability equations of an electric
power system using Digital Computer. Solution of transient
lity problem employing Runge-Kutta 4th order approximation
by digital computer was also developed.

stabi-
16method

One of the major problems encountered lihel'!an c)<tensive
power system is to be represented on an a.C. network analyzer
is that of developing proper equivalents for those portions of
the power system which are not to be represented in detail either
because of limitations of the analyzer or because of a desire for

17simplification of the over all system. W.T. Brown and H •.T. Cloues
developed a method for finding new equivalent which can be used
interchangeably for both load-flow and stability studies on a.c.
network analyzer. The growing complexi ty of the networks trmnendously
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increases the difficulties of performing stability investigation.
High computer memory is required for detailed representation
of modern complicated power networks, which inturn increases the
time and cost of
proper stabili ty

study. This problem can be handled by finding
18equivalents to represent portions of the

network beyond the area of i~Mediate interest.
19G.W. Stagg, h.F. Gabrielle, D. R. Morre and J.F. Hohenstein

developed a method and a computer programme for solving transient
stability problem by the nodal iterative method for the solution
of system voltages and currents and Gills variations of the Runge-
Kutta procedure for the solution of .the differential equations
describing synchronous and induc tion machine behaviour, wi th a

.20high speed digital computer. N.S. Dyrkacz and D.G. Lewis also
developed digi tal computer programming f or the solut.ion of tran-
sient stability b' nodal iterative method.

21H.S. Dyrkacz, c.c. Young and F.J. Haginniss presented
several new and important improvements and refinements in the
applicat ion of digital computing techniques to trnnsient stabili ty
analysis. The effect of transient saliency, exciter response
and speed governing action were included in the computer programmes.

H.H. Happ, C.T':. P('rson and c.c. Young22 developed matrix
computational methods for solving power system stability problems
with the inclusion of transient saliency, variable imppdance type
loads, voltage regulator effect and governor response. They also
developed a digital computer programme and discussed the convergence
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characteristics of the major computational 10Q~s of the algorithm
employed.

23H.B. Lokay and R.L. Bolger presented increasingly
detailed turbine generator representation on calculated system
stability limits • They developed a new dig! tal computer progra1lM1e

•
which p~rmitted the representation of transient saliency, flux
linkage variation caused by armature current, saturation, machine
and system damping, the speed governor system and the excitation
system and compared the new method with the previous computational
methods.

24B ••T. Gevay and W.H. Schippel studied the transient stabi-
.ity of an isolated radial power system by digital computer. They
kept the load constant but its division was varied among three
load components, namely, synchronous matoT~'-. induction motors
and static load.

25G.A •. Tones applied Rang-Hang excitation scheduling to a
synchronous generator returning from load rejection. Such control
increascs the generator's degree of transient stability and termi-
nates its mechanical oscillations. Thcy developed the criterion
for control from observations of generators response to return
from load rejection and pulse variation in the excitation.

26J.N. Undri1l developed a method for Dynamic stability
calculations for an arbitrary number of interconnected synchronous
machines by the application of standard multivariable control theory.
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The papers referred to in the preceeding paragraphs
indicate the evolution and scope of the theoretical and numerical
analysis of the transient stability problem of electrical networks
in biref. They are a sampling of the more important contributions

•
in this field.

In the present work, an attempt has been made to study
transient stability of the eastern grid of Bangladesh Power
Development Board with some expansion schemes in the near future
aod in particular to develop a comprehensive computer programmes
which may be used by the f!ystem planners in future study.
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CHAPTF~R - 3

LOAD FLOW STUDY

3.1 Introduction
3.2 Derivation of the Nodal Equations
3.3 Formation of bus admittance matrix
3.4 Gauss-seidel iteratic method of solution
3.5 Description of the test system
3.6 Computer programme
3.7 Results
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3.1 Introduction:

Load flow calculations provide power flows and voltages
for a specif:l.edpower system subject to the regulating capability
of generators, condensers, and tap changing under load trans~ormers
as well as specified net interchange between individual operating

•systems. This information is essential for the continuous evaluation
of the c~rrenJ performance of a power system and for analyzing the
effectivenss of alternative plans for system expansion to meet
increased load demand. The aim of the author for performing load
flow study was to determine system conditions prior to the distur-
bance, i.e. fault in the system, required for transient stability
study.

The load flow problem consists of the calculation of power
flows and voltages of a net work for specified terminal or bus
conditions. A single phase representation is adequate since power
systems are usually balanced. Associated with each bus are four
quantities: the real and reactive power, the voltage magnitude
and the phase angle. Three types of buses are represented in the
load flow calculation and at a bus, two of the four quantities
are specified. It is necessary to select one bus, called the slack
bus, to provide the additional real am reactive power to supply
the transmission losses, since these are unknown until the final
solution is obtained. At this bus the voltage magnitude and phase
angle are specified. The remaining buses of the system are desig-
nated either as voltage controlled buses ar load buses. The real
power and voltage magni tude are specified at a voltage controlled bus.
The real and reactive powers are specified at a load bus.

)I
'.



13

}l Network connections are described by using code numbers
assigned to each bus. These numbers specify the terminals of
transmission lines and transformers.

The two primary considerations in the development of an
effective engineering computer programMe are:

1. the formulation of a mathematical description of the
problem.

2. the application of a numerical method for a solution.
'fhe analysis of the prohlem must also consider the
interelation between these two factors.

The mathematical formulation of the load flow problem resul ts
in a system of algebraic nonlinear equations. These equations can
be established by using either the bus or loop frame of Kreference.
The co-efficients of the equations depend on the selection of the
independent variables, i.e. voltages or currents. Thus, either the
admittance or impedance network matrices can be used. The author

¥. - --------- - - • -_.-

uses bus admittance matrix for the mathematical formulation of the--
load flow problem.

The solution of the algebraic equations describing the power
system are based on an iterative technique because of their non-
linearity. The solution must satisfy Kirchhoff's Laws, i.e. the
algebraic sum of all flows at a bus must equal zero, and the algebraic
sum of all voltages in a loop must equal zero. One or the other of
these laws is used as a test for convergence of the solution in the
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iterative computational method. The author uses Gauss-Seidel
iterative method for the numerical solution of algebraic equations
describing the power system for load flow problem.

• 273.2 Derivation of the Nodal Equations:

The real and reactive power at any bus P is given by:

*P - jQ = [; I
P P P P

,where Ypq ::~[utual admittance between bus p and q

The current at the bus P can also be exprE'ssed in terms of
admittances and voltages of the adjacent buses w~ q as riven by:

•

(3.2.2)

Ypp = Self admittance of bus p.

n
Ip = :z:. Y E

q=l pq q

8tl: n
or Ip = Y E + ~ Y Bpp P pq qq=l

q;lp

'"'bus, and Bp

aM

where PP is the real power ,at,the bus p. Qp is the reactive, pOlter
,at the bus 1', E: and Ip are the voltage _and current at'the saidp ,

is the complex conjugate of Bp•
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Equation (3.2.2) can be rewritten a~:

n
1

(I - 2:- ) (3.2.3)E = Y BP Ypp P q=l pq q
q1p

Combining equations (3.2.1) ai'ld(3.2.3)
n

1 pp-jQp
~ Ypq E )

E ( - q= Y *p pp Ep q=l
q1P

Substituting the rcal and imaginary component of voltage.

(BZR(p,q) +BZI(p,q» Eq
q=l
q1p

n
2= (RZR(p,q)F,R(q)-BZI(p,q)EI(q»
q=l
q;lp

where, ARL(p)

ER(p)=(ARL(p)ER(p)-AIL(p)*EI(p»/(ER(p)**2+EI(p)~~2)

BZR(p,q)=kZR(p,q)AZR(p,p)+AZI(p,q)AZI(p,p»/(AZR(p,p)**2+AZR(p,p)**2)

Substituting the real and imaginary components of the admittances
and expanding different terms, the above expression becomes.

n

BZ1(p,q)=(AZI(p,q)AZR(p,p)-AZR(p,q)AZ~(p,p»/AZR(p,p)**2+AZI(p,p)~~2)

=~p AZR(p,p)-Q AZ1(p,p»/(AZR(p,p)**2+AZI(p,p)**2)1P p

l\IL(p)=(-ppAZl (p,P)-QpAZR(p, p) )!(AZR(p, p)**2+AZI (p,p)*i,,2)
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EI(p)=(AIL(p)F.R(p)+ARL(p)EI(p»/(ER(p)**2+EI(p)*,~2)
n
'Z:.
q=l
q;lp

(BZI(p,q)RR(q)+BZI(p,q)EI(q»

where ER(p) and EI(p) are respectively the real and imaginary
•components of the voltage at bus p.

The above equations are solved by Gauss-seidel iterative
method. The line flows are calculated as follows:

*Ppq- jQpq '" iJp
y'
.:..£Sl
2

= iine admittance

= total line char.ging admittance.. . ~_.

, .

whe~e,.Y~q
y'
pq '-

I
I
\

3.3 Forma Hon of Bus Admi ttance Hatrix:

Let us consider a simple system to illustrate the method of
formation of bus admittance matrix.

1.

2.

'<1, 4

5



Hene, Yl'Y2 etc. indicates total line charging admittance
to ground at the bus indicated by the subscript.

Let y , indicate admittance~ines connecting bus p and q.pq

No mutual coupling in the representation of the system is
considered. Then, the diagonai e1elllentof the bus admittance
matrix for bus 1 is

and off diagonal element is

be programmed for a computer.

(3.3.1)

(3.3.2)

n

L
q=l

y =pp

3.4 Gauss-Seidel Iterative Uethod of Solution:

The power network equations are solved easily by Gauss-
Seidel iterative method with small error. This method can easily

In general, the diagonal element and off diagonai clement of bus
admittance matrix are given by

I
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To illustrate the method, let us consider the case of three
equations in three unknowns.

aUx1 + a12x2 + ~3 Xs =b1

a21x1 + a22x2 + a2Sxg =b
• 2

aalx1 + aS2x2 + aSSxS =ba

(S.4.1)

as:
I,et all # 0, a22 ~ 0, aSS # 0 and rewri tUng the equations

1 (b1x =- - ~2x2 - a1S:l.'S) (3.4.4)1 all
t' - - •

x2 =- (b2 -a Xl - a23xg) (3.4.5)
a22 . _.21

, -
1, Xs =- (b3 - aS1x1 a x')--' (3.4;6)

a33
32 2- ,

We now
(0)

x2

take any first approximation to t be solution; call
(0)and Xg • We solve (3.4.4) for a new lilpproximation

(0)using thenelf value of xl' together with Xs ,we solve (3.4.5)
for X2=
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Finally we use the newly computed values of Xl and x2 in (3.4.6)
to find a new value of x3:

1=- (ba33 3

This completes one iteration. We now start allover by

replacing X1(o). x (0) and x ~o) by x (1) x (1) and x (1) aDd2 3 l' 2 3
another approximation. In general the Kth. approximation is given
by.

(k) J..- (k-1) (k-l)
(1)t - a12 x2 -u13x3 ) (3.4.7)Xl = ~1

(k) 1 (k) (~l)
x2 '" (b2-a21xl - a23x3 ) (3.4.8)

a22
I

(k) 1 a31xl (k) (k)- (bS (3.4.9).x3 '" - -,aS2x2 _ )..a33
\

.•...

8xtending now equations (3.4.7) to (3.4.9) to D equations
in n unknowns, the Ktb approximation to Xi is

X (k) - -!- (b a x (k)i - sti i - il 1 - . (k) (k-l)
8t,i-lxi-l - ai,i+lxi+l

Tbe process is iterated unUl all Xi (k) are sufficiently
t (k-l)o Xi • A typical way of determining closeness is to let

(3.4.10)ni = 1,2 •• '••••- .

close
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(k)
where the maximum is taken over all i. Then if 11 L E

where, E is some predetermined small positive number usually
called the tolerance limitJ ~he iterration is stopped.

lfhen the number of equations is large the Gauss-Seidel
iterative process converges slowly requiring large number of
iterations t6sAtisfy the specified tolerance. To overcome this
the value obtained from equation (3.4.7) is not used in the imme-
diate calculation, but is modified in the way.

(k)
Xl(accelerated)

(k-l)= Xl +

where •. J. is the acceleration factor.
- -,. .'

.'

3.5 Description of the system:

System choosen for this study is the eastern-grid of flangladesh
power development board with the exception of a few radial feeders
and with the inclusion of some immediate future expansion schemes.
Diagram of the test system is given in Fig. 3.1. Future expansion
schem0s includes addition of both 132 KV lines and generating
stations.

Kaptai Hydro electric project will be reinforced with another
50 MW unit bringing total capacity of the plant to 130 }nf. Construc-
tional work of this project has already been taken up and is expected
to be in operation around 1980.
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Anew power-station of 60 mf capacity at Sika1baha near
Chittagong was planned earlier and presently its constructional
work is going on. This generating station is expected to be in
operation wi thin 1980.

Future 132 KV lines considered in this study are
•

1. Ghorasal-Tongi 132 KV double circuit
2. Madanbat-Sikalbaha 132 KV double circuit
3. Shiddirganj-Postagola 132 k~ single circuit
4. Postagola-~arpur 132 KV single circuit
5. Hirpur-Tongi 132 K" single circuit.

Constructional lqorks of some of these lines have already
been taken up and it is expected that all these lines will be
constructed as well as in in operation by 1980.

In the figure 3.1 new expansion schemes are shown with
dotted lines.

3.6., Computer Programme:

A computer programme in FORTRAN IV Language employing
Gauss-Seidel iterative method for load flow study was developed
for running in the IBM 360 computer. At the time of working, facility
of High FORTRAN language was not available in the computer and as
a result programme developed was in basic FORTRAN-IV.
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The programme starts with the input data reading of the total
number of buses in the system, value of tolerance limit to be
reached, maximum number of iteration to be allowed, values of
acce1era~io~_factors to be used with real and reactive components
of the vol tages.

•

Next, resistance, reactance and admittance to ground of
lines connecting buses are read in matrix form. The system connecting
lines are read next. This is in the form of NxN matrix having
elements, either zero or one. One,representsa connecting line
between two buses and zero,represents no connection. Next input
data are the real and reactive power generated, real and reactive

h,"Nparts1 of load.

Some voltage equation parameters-are calculated before the
iteration loop starts. Next the iterative part of the programme
starts. Voltage magnitude of swing bus is then specified and then
initial voltages of all other buses are assumed. The real and
reactive components of voltages are solved seperate1y. Then the
changes in bus voltages from the previous iteration are calculated.
The bus voltages, are then replaced by the bus voltage in the previous
iteration plus the changes in bus voltage multiplied by an accele-
ration factor. The real and reactive components of voltages are
then tested against a predetermined precision index called tolerance.--If the change is not within this tolerence the iteration count is~

advanced by one and the iterative portion is repeated again. If
the changes of real and reactive parts of voltages does not satisfy
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the tolerance test within maximum limit of iteration number, then
the Gauss-Seidel 1fill not converge.

If the voltages are within tolerance, the number of iterations
required, real and reactive parts of voltage along with bus numbers
are printed.

Then the line flows are calculated. Real and reactive power
flows along with bus numbers connected by the line are printed.

Next, volt~ge magnitude and angle associated with it are
calculated and printed.

r

3.7 Results:

The computer programme described in the last section has been
used to 'solve automatic load flow solution of the major parts of
Eastern grid power network of Bangladesh power development Board.
Figure (3.1: shows the single line diagram of the system. The system
choosen contains near future projects of power stations and trans-
mission lines. Load flow study was performed with 14 buses.
Shahjibazar bus designated as bus no.l was considered as slfing bus
and its voltage magnitude was held constant at 1.3/0 p.u. Bus
numbers 2,3,4,12 & 14 are generator buses and the rest are load
buses.
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CHAPTER - 4

VOLTAGE BACK Of' TRANSIP.NT Rl:ACTANCE OF MACHINES

4.1 Calculation of voltage back of transient reactance
of machines

4.2 Computer Programme
4.3 Results
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4.1 Calculation of ,Voltage Rack of Transient Reactance of Machines:

Once the system conditions prior to disturbance are obtained
from load flow study, the next step for transient stability study
is to calculate voltage ba.ck of transient reactance of machines.

Machine currents are calculated as follows:

Pu - jQtj

*EU

• i = 1,2, •••• m

where m is the number of machines and Pti aad ikR Qti are the.
scheduled or calculated machine real and reactive terminal powers.
The calculated power for the machine at the ,slack bus and the

. . ~ . ....- .• -f .•••._. ~ . •.•••••.

. '. ,(.terminal vo1tages.are obtained from ,the initial load flow solution.. ..•.. - .

•When the machine i is represented by-a vo1tagesource of .
~...•• - . ~

constant ~~gnitude back of transient reactance, the voltage is
obtained from

...'.. (4.1.2)

combining equations (4.1.1) and (4.1.2) and substituting real
and imaginary parts of voltages, we obtain

(4.•1.4)

where, ETR and BTl are the real and imaginary parts of voltage
back of transient reactance of machines; ER and Bl are real and



imaginary parts of terminal voltage; WG and VG are real and
imaginary power of machines.

Internal voltage angle is calculated from

4.2 Computer programme:

A simple computer programme was developed by the author to
calculate voltage back of transient reactance of machines and
internal voltage angle employing equations (4.1.3), (4.1.4) and
(4.1.5).

Input data for this programme are number of machines, real
and imaginary terminal vol tarrcs of machines, transient r.eac.tances

•
of machines and rca1 and imaginary pOlfers of in<'.lchines~

First real and imaginary parts of voltage back of transient
reactance and then magnitude of the voltage and voltage angles
are calculated.

Detailed computer programme for calculation of voltage back
of transient reactance of machines is given in Appendix-B.

4.3 Results:

Terminal voltages nnd power outputs of machines of all buses
except swing bus are obtained from load flow study. Power output of



swing bus (Shajibazar 132 KV) is obtained after assinging load
at that bus and then equating with line flows. Real and imaginary
powers at swing bus were calculated to be as

P = 13 ~!W and Q = 29 MVlIR

.Computer prints magnitude of voltage back of transient
reactance and voltage angles with name of the machines. Time taken
by the computer for this programme was noted as 1 minute 18 seconds
computer print outs containing the results is given on page 3~.
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CALCUL-ATION,OF KACHlNE TO 'fA CHINE ADMITTAl'lCES..
5.1 Introduction

- ~"'.. , .5.2 Network'Reduction Process
5.3 Calculation of Driving point and transfer

Admittance constants
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5.5 Results
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5.1. Introduction:

Once the load flow study and voltages behind transient
reactance of machines are calculated the next step before proceeding
with the solution of swing equation for transient stability study
is to determine machine to machine admittances during fault and
after clearance of fault. Impedance diagram of test system for
transient stability study is shown in Fig. 5.1;. Machine data are
also given in ¥~Dle(5,.:L'.In all six generators of eastern grid
were considered in the study. More than one machine ata particular
bus were combined together to a equivalent machine. For identiell
machines inertiacoDstant of equivalent machine was taken as the

,
sum of the inertia constants of individual machine. Impedance of
the equivalent machine was calculated in usual way of p~ralleling

,-

the impedances of the individual machines. Loads in different
buses were expressed as equivalent admittances to ground. Line
charging admittances were also taken into account. A computer programme
was developed to determine machine to machine admittances during a
a-phase fault and after the clearance of the fault.

29
5.2. Network Reduction Process:

Before entering into a detailed discussion of the network
reduction process, as given in this section, it l~ou1d be be tter to
mention the preliminary data requirements for this calculation.
On an impedance diagram of the system giving a single line represen-
tation of the positive sequence network, all important lines and
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equivalent load branches to ground should be indicated as well as
the generator transient reactances and the fictitious nodes behind
these reactances.

To illustrate the process of network reduction let us take
the network diagram of Fig. \5.~ I as an example. The various
nodes are classified as generator nodes, fault nodes and lo~
nodes. The classifications are,defined as follows:

Generator nodes are those facti tious nodes, numbered 1 through
4 in Fig. ,'5.<4', at ,oIhichthe voltage behind transient B reactance
exis ts. f'ault
line which is

nodes
t{~

numbe'red 5 anQ 6 are the terminal nodes. of the
faulted. Nore generally, the terminal nodes

for all lines loIhichmay be faulted are included in this classifi-
. . \.,cation. All other nodes~ numbered 7 through l(), aro referred to as

. ~ . -" .""

load nodes, even though in some cases there may be no load connected.
It may be noted that the generator nodes have been numbered conse-
cutively as a group, then the fault nodes, and finally the remaining
load nodes. The reason for this ordered numbering will soon become
apparent.

The goal of the network reduction process is an equiValent
network containing only buses 1 through 4 of Fig. .5.4;. The fOI7D1
of the equivalent network will be as shown in Fig.5.S) with the
possibility that any of the mutual admittances might be zero.-It
must be recognized that more than one set of admittance constants
for Fig. t5.5\ will ordinarily be needed. This is due to the fact
that the network conditions change with the occurrence of a fault
and its subsequent clearance. It is important to note that all
of the network changes corresponding to different condi tions can be
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made on a partially reduced network, if that partially reduced

network contains buses 5 and 8. It is apparent that a computational

saving can be obtained by eliminating once the buses marked 1, in

Fig. ,5.4 , then ellminating as many times as requlred the buses

marked F, namely 5 and 6.

The nodal equations for the system of Fig. ,5.4, are represen-

ted by the matrix equation

BY = I • • • (5.2.1)

where, R stands for a yeictor whose elements are complex voltages
I

at the 10 system buses,' Y stands for a lOxlO matrix of self and

mutual adlilittances, and' I is a vector whose elements are the

complex shunt currents at each of the 10 buses. If we expand

equation (5".2.1) for the system oeFig,. ;5.4, we get the expanded

equation as follows: -

1 2 4 5 6 7 8 "9 1t••
711 -Y17 '.

122 -Y28
"33 "'''36

Y44 -Y410
.

".YS5 -Y56 -YS7
-y fJ:> -Y65 Y66 -Y61O

-Y71 -Y75 Y77 -Y78
-7112 -"87 Y88 -Y89

-Y98 799 -Yg10
-yl04. -Y106 -Y109 Y101C

e1 i
1

e2 i2
e;; i3
e4 .i

4
es is
e6 i6
e7 i7
e8 i8
eg ig

e10 i 10

•••.• ( 5.2.2 )
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Since buses 5 through 10 are ultimately to be eliminated,
the shunt currents 5 through 10 may be substituted for by using
the relations

k = 5, ••• 10

This merely follows the customary procedure of replaiing loads
by constant admittance branches where megawatt and mega-var values
are unchanged for normal bus voltages. The result of substituting
equations (5.2.3) into (5.2.2) results in

--1--2--3~-"'4---=5---6~--'"-:7;--'8;;--'9Q-1100

Y11 -Y17
Y22 -Y28

Y;;3 -Y36

Y44 -Y410

755+15 -Y56 -Y57

-163 -165 Y66+16 -1610
.

-Y71 -175 Y77+17 -Y78

-182 -187 188+18 -189
-Yg8 199+Yg -Y910

-1104 -Y106 -Y10g Y1010+Y10,

e1
i1

c2 i2
e;; i_

,>

c4 14
e5 0\

e6 0

c7 0

e8 0

eg 0

e10 0

.•••••• ( 5.2.5 )
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Here the method of eliminating one bus at a time, that is,
the matrix co-efficients is reduced by one column and row at a
time is adopted. By way of illustrations, consider again the
equations for the network of Fig. \5.~ which have becn written
as equation (5.2.5). The last equation of (5.2.5) may be written

solving for elO in equation (5.2.6), we obtain

110,4

Y10,10+Y10

110,6
Y10,10+Y10

Y10.9

Y10,10+Y10

10 is to be eliminated,
and nineth equations of

emus t be removed from the10
equation (5.2.5) by substitu-

. .\tion. The terms which the substitution add to equat10n (4).equation

If node
fourth, sixth

(5.2.5) are

- Y4,10Y10.4
Y10,10+ Y10

- Y4,10YI0,9

YI0,lO+Y10

Similar expressions will be added to the sixth and nineth equations.
Altogether, the elimination of node 10 requires the entry of nine
new co-efficients in the first 9 equations of equation (5.2.5).
Since the array of coefficients is symmetrical, there are just
six distinctly different new coefficients to be added to the first
9 equations. This is important from the computing stand point.
This process of node elimination is, of course, closely related
to the problem of star mesh conversion.

-
(
\

-,

•,
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A rule may now be developed in terms of the subscripts which
may be programmed for the computer so that the computer may auto-
matically obtain the new coefficients when a node has be~n deleted.

This rule may be demonstrated as follows:

Suppose that it is desired to eliminate node k from a network
and that there are three off diagonal terms, which are associated
with it in the co-efficient matrix.

a) Designate the off-diagonal terms as -Ykl' -YkS' - Yk4

b) Designate the diagonal term as Ykk

c) Porm: Yk1/Ykk, YkS/Ykk• Yk4/Ykk

d) The three terms in (a) when multiplied by each of the
three forms of (c) will give the changes which must be added to
the original co-efficients to produce the new desired terms.
To be specific

Yll = Yn old - (Ykl) (Ykl/Ykk)new

Y13 new = Yl3 old - (Ykl) (YkS/Ykk)

Y14 = Y14 old - (Ykl)(Yk4/Ykk)new
Y3S = YSS old - (YkS)(YkS/Ykk)new
YS4 = YS4 old - (YkS)(Yk4/Ykk)new

Y44 new = Y44 old - (Yk4)(Yk4/Ykk)
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It is now apparent that to reduce a new network it is
necessary to know the subscripts of the non-zero coefficients of
the admittance matrix, what the values of these coefficients are,
Where they are located in the memory, and what nodes are to be
deleted. Of course it is convenient to have the nodes ordered to,
so that tbe nodes which are to be deleted are grouped together.
It is a convenience to be able to delete the last node, and then
the next to last etc.

. 305.3. Calculation of Dr1ving Point and Transfer Admittance Constants:

'Calculation of two sets of driving point and transfer admi-
ttance constant is required; one with fault on and ~he other after
clearance of fault by simultaneous opening of breakers from bus
5 and 6. In the preceeding section principle of network reduction
is given. Once all the load buses are removed, then the circuit
condi tions are applied for determining driving point and transfer
admittances. When all load buses are removed, then the equation
(5.2.5) takes the form

=
o

(5.3.1)

With the breakers at bus 5 and 6 closed and fault on, the
value of e6 for a 3-phase fault is zero and the fault current
iF6 is unknOtffl.
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Tbe equation,

YFG EG + YpF Er = 0

may be reritten as

YSlel + Y52e2 + ysses + YS4e4 + ysses = 0

y6lel + Y62e2 + YeSeS + y64e4 + Y6Se5 = 11"6

(5.3.2)

(5.3.3)

The subscripts used with the admittance constants of
equations (5.3.2) and (S.3.3) serve to differentiate between these
elements and those of equation (5.2.5) before the elimination of
load buses.

The problem of reducing the network now becomes one of just
determining c5 from equation (5.3.2) anti. substituting this value
in equation (5.3.1). From equation (5.3.2).

which upon substitution into equation (5.3.1) gives the result as

:J o o

which can finally written as
••• (5.3.4)

• • (5.3.5)



The equation (5.3.5) gives the eequired dT,i:vingpoint and transfer
admittances during fault.

The following procedure is applied for determing driving
point and transfer admittances after the clearance of fault. The
clearance of fault means disconnection of line between faulted
buses i.e 5 and 6 by the simultaneous opening of circuit breakers.
This change is brought in by changing the parameters of the matrix
YFF, which is the matrix for fault buses of equation (5.3.1). The
change in the matrix for faulted buses i.e YpF is brought about
by sub-tracting the admittance of the faulted line from the mutual
admittances between nodes 5 and 6 and from the self admittances
of nodes 5 and 6. Let YFF after these changes becomes YpF aoo the
equation (5.3.1) now becomes

YGG Y BG iGGF
= - (5.3.6)

YFG YfF P'F 0

Now the required driving point and transfer admittances are

calculated by first removing node 6 and then node 5,application
of the principle given in the preceeding section. Finally, the
equation (5.3.6) will become after elimination of node 5 & 6

Y~G and ~G from equations (5.3.5) and (5.3.7) indicates the
machine to machine admittances for condition land 2 i.e. with
the fault on and fault cleared.

c.rt. •.
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TABLE FOR LOAD DATA

Name of Load
Substation Hly WAR

Shajibazar 50 40
Ashuganj 17.25 12.92
Ghorasal 28.75 21.55
ShiddirgBnj 35 26
U110n 35 26
Tongi 70 50
Mirpur 40 30

.})ostagola -'-35" 26
. 'Camilla - 13.8 -10~35'

Fen!. 5.75 .4.31, .
Madanhat .,60- 45
Sikalbaha 14 12
Chandraghona 9.2 6.9
Kaptai 6.9 5.1

Table 5.3

44
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5.4 Computer Programme:

The author has developed a computer programme in FORTRAN-IV
language for calculation of driving point and transfer admittances
of machines during a 3-phase fault an:!after its clearance.

rhe input data required for this programme are resistances
and reactances of different connecting branches of the network.
number of buses, line connecting matrices, line charging admittances
of buses alJi load equivalent admittances to ground. Buses are also
designated as per discussion of section ,5.2~ of this Chapter.

With above inputs computer first forms bus admittance matrix
and then starts eliminating one node at a time by the principle
outlined in section ,5.2; of this chapter. Network reduction process
is carried out through a sub-routine in the main programme. All
the load buses are eliminated in this way. Now for simulating a
3-phase fault the reduced matrix, containing only generator and
fault nodes are modified according to equations (5.3.4) and in
this wa;y:machine to machine admi ttancesduring fault is calculated.

Next step of the programme is to calculate machine to machine
admittances after the clearance of the fault. The use of reduced
matrix, containing only the generator and fault nodes is again made
to calculate the required admittances. Changes are made in the
reduced matrix according to equation (5.3.6). Then avain the
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network reduction process are carried out till the fault nodes
are eliminated. The resulting fl'r eleml'nts.of the resul ting
matrix having only the generator nodes gives the required. admi ttan-
ces after the fault is cleared.

If the fault location is changed, then the previous faulted
bus numbers are assigned to the new faulted buses. This needs a
few simple statements to accomodate this change. The position of
the elements of the line parameter matrices are changed according
to new faulted buses., Computer prints out the real and imaginary
parts of the admittances and also their magnitudes. The programme
is very simple and the detail programming is given in Append.ix-C.. '

\,

5.5 Results:

Three pairs of driving point and transfer admittances were
calculated by the computer for three different fault locations.
a-phase fault was considered at 1) Ullon-Tong! line, 2) Kaptai-
Madanhat 'line and 3) Shahjibazar 11 RV-132 RV buses, (which
indicates a faults in bus-banss). For each fault location computer
prints out admittances during and after fault cleared in 6x6 matrix
(as the number of machine was six) with captions as machine to
machine admittance during f~!Jt and machine to machine admittance
fault cleared respectively. Real and imaginary parts of the admittances
as well as their magnitude were also printed.

,
(
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Machine to machine admittances for a 3-phase fault in
Ullon-Tong! line as calculated and printed by the computer is
given 'n page so.

Machine to machine admittances for a 3-phase fault in
Kaptai-Madanhat line as calculated and printed by the computer
is given on page $1;.

Machine to machine admittances for a 3-phase fault in
Shahjibazar buses as calculated and printed by the computer
is given on page 5Z.

{
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MACHINE TO MACHINE AOIHTTANCE DURING FAUll

REAL IMG REAL IMG REAL I MG REAL IMG REAL [MG REAL IMG

0.513 -4.485 0.128 1.449 0.014 0.3<>4 Q.002 0.098 -0.002 0.018 -0.008 0.036
0.128 1.449 0.299 - 5.354 0.051 0.483 0.011 0.130 -0.001 0.024 -0.001 0.049
0.014 0.364 0.051 0.483 0.125 -5.664 0.030 0.184 0.001 0.035 -0.005 0.071
0.002 0.098 0.011 0.130 0.030 0.184 0.08& -3.563 0.001'> 0.011 -0.001 0.141

-o.OOZ 0.018 -0.001 0.024 0.001 0.035 o.DOl'> 0.071 0.057 -1.1'>63 0.002 0.1139
-0.008 0.030 -0.001 0.01,9 - 0.005 0.071 -0.001 0.lft7 0.002 o .ii 39 0.031 -2.593

MAGN ITUDE OF MACHiNE TO MACHINE AOMI HANCE

4.514774 1.454831 0.364269 0.09160& 0.016048 0.031298
1."54831 5.362455 0.486191 0.130275 0.024069 0.049782
0.364269 0.486191 5.665301 0.18bb57 0.03451"t 0.071321
0.091606 0.130215 0.186657 3.564211 0.070914 0.146552
0.018048 0.024089 0.034514 0.010914 1.663b50 0.838935
0.037298 0.049782 0.071321 0.146552 0.836935 2.593207

MALHINE TO MACHINE ADMITTANCE FAULT CLERED/

REAL IMG REAL (MG REAL I MG REAL 1Me; REAL tMG REAL IHG

0.47.2 -4.149 0.102 1.901 0.026 1.012 0.010 0.489 -0.010 0.090 -0.039 0.183
iii 0.102 1.901 0.305 - 4.751 0.125 1.34S 0.057 0.&51 -0.006 0.121 -0.036 0.247

0.026 1.012 0.125 1.345 0.322 -4.441 0.151 0.924 0.005 0.173 -0.025 0.357
0.010 0.489 0.057 0.651 0.151 0.924 0.183 -3.036 0.011 0.170 -0.011 0.351

-(}.010 0.090 ':'0.006 0.121 0.005 0.173 0.011 0.170 0.055 -1.644 -0.005 0.876
-0.03'1 0.183 -0.036 0.247 - O.025 0.357 -O.Oil 0.351 -0.005 0.876 0.009 -2.518

MAGNITUDE OF MACHINE TO MACHI Nt:: ADMI TrANCE

4.175991 1.903422 1.012120 0••.•89521 0.090516 0.187061
1.903422 4.760317 1.350883 0.653366 0.IZ0812 0 •.249671
1.012120 1.350883 4.452393 0.936138 0.113098 0.357727
0.489521 0.6~3366 0.9361)8 3.0H692 0.169947 0.351215
0.090516 0.120812 0.173098 0.169947 .1.645355 0.876165
0.187061 0.249671 0.357721 0.351215 0.876165 2.517920

-mr
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MACHINE TO 'lACHINE AD'liTTANCE DURING FAULT

REAL 1MG REAL IMG REAL I MG REAL 1 MG REAL IMG REAL I'1G

0.519 -4.529 0.131 1.390 0.012 0.279 0.003 0.083 0.002 ) .) 34 0.003 0.066
0.131 1.390 0.298 - 5.433 o. 04-1-0".3 7l-~o:1H-1-0:Tfo---'o'~'OO')~ 0.046 --cr .,rro-o-;o1l7
0.012 0.279 0.041 0.371 0.099 - 5. 823 0.028 0.15& 0.012 ) .065 0.024 0.124
0.003 0.083 0.011 0.110 0.028 0.156 o.oh -3.&22. 0.025 0.104 0.018 0.086
0.002 0.034 0.005 0.046 0.012 0.065 0.025 0.104 0.027 -2.029 0.011 0.051
0.003 0.066 0.010 0.087 0.024 0.124 0.018 0.08& 0.011 0.051 0.034 -6.823

'lAGN nUDE OF MACHINE TO MACHI NE ADMITTANCE

4.558995 1.396418 0.279717 0.08272 t 0.034335 0.065791
1'.396418 5.441047 0.37333 9 0.110408 0.045828 0.087812
0.27971 7 0.373339 5.824329 0.158192 0.0&5661 0.125816
0.082721 0.110408 0.158192 3.622885 0.106411lU .08 N 34
0.034335 0.045828 0.065661 0.•106418 2.028907 0.051897
0.065791 0.087812 0.125816 0.087934 0.051139/ 6.823161

----..M"ArCuH'I"NcE---..T"O""1"ArcuH'I"NcE---r:A"O"'iTl..•.Y"Tl"A"'Nrc""E-':-F""-AnorL"TI-",-crLl::'E""RLE""D-'7---~-------------------------------

REAL H.j G REAL IMG REA L I MG REAL I MG REAL IMG RFAl: 1"1 G

0.456 -4.272 0.070 1.739 - 0.037 0.784 -0.02 (, 0.399 -0.014 0.211 -0.052 0.743
0.070 1.739 0.248 4.964 o. 020 1. 047 0.001 0.533 0.001 0.282 0.003 0.994

-0.037 0.784 0.020 1.047 0.141 -4. 856 0.059 0.761 0.031 0.403 0.103 1.421
-0.026 0.399 0 •.001 0.533 O.059 o. 761 0.099 -3.231 ()~ ()• 3<6 0;-UT2 o. 8"9~
-0.014 0.211 0.001 0.282 0.031 0.403 0.041 0.326 0.037 -1.902 0.043 0.499
-0.05T 0.743 -0.003 0.994 O.103 1.42 t O.072 "0. 89T--o .043 tJ.?i99 o;-rro -5.U8l

'1AGNITUDE OF MACHINE TO MACHINE ADMI HANCE._----------- -----------------------._----------------
4.296290
1.140009
0.784532
0.399341
0.211420
0.744990

1.740009 0.784532
4.969778-'--1.04 T118
1.047118 4.857605
0.533003 0.763682
0.282183 0.404310
o. 994341'T. 42/.683

0.399341
0.533003
0.763682
3.232815
0.328088
(j~-89 'tl I4

0.211420
0.282183
0.404310
0.328088
1.901940
0.500669

0.744990
0.99"4'341-------
1.424683
0.894174
0.500669
~.083591

--~-------- _._-~--------- ~----------------
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fi ~~l 1M d REl\l IMG IU:Al i. "G RUI, lHi PI': ~ L 1M (j f< fAl 1I'\\i

(l ~ -8d2:l O. C C.O C. C C. (] 0.0 0.0, 0.0 0.0 C.G (J~C..-
Cl .••J 0.0 CoJ H -5.6H (.1<;1 C. 657 c.on 0.431 0.002 o .0 e I -u.tu O. H; 1
0.\1 0.0 C.I~l <:.8~'l 0.334 -4 .• 71d G.loil O .•H2~ (1.0 lO o.i~~ ~~ .Cte 0.322
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CHAPTER - 6

TRANSIENT STABILITY STUDY

'6.1 Swing equaJ;ion
6.2 Power angle equation

'- -
6.3 Solution of,swing equa tion .

, "6.4 60mputer programme
6.5 Results

\



316.1 Swing Equation:

In order to determine the angular displacement betueen the
machines of a power system during transient conditions, it is
necessary to solve the differential equation describing the motion
of the machine rotors. The net torque acting on the rotoriof a

Imachine, from the laws of mechanics related to rotating bodies is

T e .. '. (6.1.1)

where,T = algebraic sum of all torques, ft-lb.
2 2WR = moment of inertia, lb-ft __. -~

g =
r/..=

acceleration die to gravity,
'- -

2mechanical angular acceleration raCl./sec.
- ,"' -

p -The electrical angie Qe = ~ em
The frequency f in cycles per second is

(6.1.2)

P
f=~ !EJ!

60
Then from equation (6.1.2) and (6.1.3) the electrical angle in
r.~dbnis

••
1'hft electrical angular position '5 , in radians, of the rotor with
respect to a synchronously rotating reference axis is

be Q - w te 0



Where.wo = rated synchronous speed, rad/sec.
t = time. sec.

Then, the angular velocity or slip wi th respect to the reference
axis is

db
Cit = d 6')e

dt - wo

and the angular acceleration is

.".,... . ,

Taking the "second derivative"of equation (6.1.4) and substit.uting,
, " , .

d~cSf.' ~t2 =
..60f
rpm

where.

T =

Then substituting into equation (6.1.1),
h'R2 rpm d2&
g 60f dt2

the net torque is

It is desirable to express the torque in per unit. The base torque
is defined as the torque required to develop rated power at rated
speed.

Base torque =
550base Kva ( 0.746)

271"(~bm)

where the base torque is in ft-lbs.



Therefore, the torque i~ per unit is

T =
2 iT ( ~)2 0.746

fi otr 556
base R'Va

The inertia constant R of a machine is defined as the
kinetic energy at rated speed in KW-sec/KVa.

The kinetic energy in ft-lbs is

Kinetic energy = t
where, Wo = 2 7T !.e!!L and rpm, is the rated speed.60 , , .

Therefore,
1m2 (21T )2( rpm)2

.
I 0.746
,~ -g 60 . 550

H. = base R'Va

Substituting in equation (6.1.5)

H
T = Ti7 (6.1.6)

The torques acting on the rotor of a generator include the
mechanical input torque from the prime mover, torques due to
rotational losses (friction, windage and core loss), electrical
output torques, and damping torques due to prime mover, generator,
and power system. The electrical and mechanical torques acting
on the rotor of a motor are of opposite sign and are a result of
the electrical input and mechanical load. Neglecting damping and
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rotational losses, the accelerating torque Ta is

T = T - Ta m e

where, Tm = Mechanical torque

T = Electrical torquee
Thus equation (6.1.6) becomes

II-7Tf (6.1.7)

Since the torque and power in per unit are equal for small
- .deviations in speed, equation (6.1.7) becomes

where, Pm = Mechanical power
Pe = F.1ectrica1 air gap power

This second order differential equation can be written as two
simultaneous first order equations.

d2S dw Ttf (Pm - Pe) and= = -- Hdt2 dt

do d Ge.
- Wo (6.1.8)=tit dt

Since the roted synchronous speed in radians per second is 2" ff
equation (6.1.8) becomes

do
dt = (w- 27Tf)
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The present study was done by considering the mechanical
power input unchanged i.e no governor action during and after
clearance of fault. However governor and exciter characteristics
are given in the following sections for ready reference for future
study with their effects.

326.lA Swing P.guation wi th Speed Governor Characteristics

The effects ,of the speed governor control during transient
periods can be taken into consideration by using the simplified
representation of the governor control system shown in the Fig.~.la).
This representation includes a transfer function describing the~~
system' with:a time constant Ts and a transfer function describing
the control system with a time constant Tc' The differential
equations relaUne the input rind output variables of these transfer
functions, respectively are

dPm = -L (pi - p ) ,(6.la.l)dt Ts 111 m

dpi 1 (ii ,i )m - p - p=dt T m mc

where Pm is the mechanical power and
are designated by pi , pii piii and

III 111' m
piii are related by
m

the intermediate variables
iv iiPm • The variables Pm and

o
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ii Hi '-pHi L Pmaxp = Pm 0m m

pH = Pmax
pHi

~ p
m til max

l~here P is the maximum turbine capability. The intermediatemax
variable piii is

m

PivP -m(o) m

where P ( ) is the initial mechanical power. The intermediatem 0

variable piv is
m

iv 1
p =-m "R

where R is the speed regulation in per unit and DBT is the dead
band travel, that-is, the change in" speed required to overcome
the dead band of the governor systetll.

Equations (6.la.l) are solved simultaneously with equations
(6.1.8) if the effects of the governor control system are included.

33G.lD Swing Equation with Exciter Control

The exciter control system provides the proper field voltage
to maintain a desiged system voltage, usually at the high voltage
bus of the power plant. An important characteristic of an exciter
control~stem is its ability to respond rapidly to voltage deviations
during both normal and emergency system operation. }!any different
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types of exciter control systems are empioyed on power systems.
The basic components of an exciter control system are the regulator,
amplifier and exciter. The regul~tor measures the actual regulated
vol tage and determines the voltage deviation. The deviation signal
produced by the regulator is then amplified to provide the signal
required to change the exciter fi~ld current. This in turn produces
a change~'he exciter output voltage which results in a new excita-
tion level for the generator.

A block diagram for a simplified representation of continu-
ously acting excieter control system is shown in the Fig. ;6.lb~.
This is one of the important types of exci*er control systems.
This representation includes transfer functions to describe the
regulator, amplifier, exciter and stabilizing loop. The stabilizing

. "

loop modifies the response to eliminate undesired oscillations and
over shoot of thp.regulated voltage. The differential equations
relating the input and output variables of the regulator, amplifier,
exciter and stabilizing loop, respectively, are

dEv
- =dt

iiidP.
dt

1 v---T (Fs - Bt - r. )
R

dEfd 1 i' • • • (6.lb.l)err = r- (B 1_ KEEfd)E

dEiv 1 (KF dEfd Eiv)dt =r d't-F
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where,
ES = Scheduled voltage in per unit

E~ii = Output voltage of the amplifer in per unit prior to
the disturbance

TR = Regulator time constant

KA = Amplifier gain

TA = Amplifier time constant
HE = Exciter gain
T = Exciter time constant
E

KF = Stabilizing loop gain

TF = Stabilizing loop time constant

intermediate
viand E • The

variables are designated by ~
intermediate variable Eiiis

•....ii ",iii .
~, , ~ t

where p.vi is equivalent to the demagnetizing effect due to satura-
tion in the exciter. This determined from

where A and B are constants depending upon the exciter saturation
characteristic.

To include the effects of the exciter control system equations
(6.1b.l) are solved simultaneously with the equations (6.1.B)
describing the machine.
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6.2 Power Angle Equation:

The general equation for real power out of a machine is
given by

n
Z.
k=l

where,
B = voltage

Yii= Self admittance
Yik= Hutua1 admittance

, - .
/

.g= Angle ~ssociatedwith admittances

o = Internal voltage an~les

6.8 Solution of Swing Rguation:

The author has solved swing equation first by 1) step by
step method and then by 2) Runge-Kutta fourth-order approximation
method. Two separate computer programmes have also been developed
for solving swing equation by tbe above methods.

Step by step method:

In this method the acceleration as calculated at the beginning
of a particular time interval, is assumed to remain constant from
the middle of the preceeding interval to the middle of the interval
being considered. Let us, consider calculations for the nth interval,
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lihich begins at t = (n-1) .c>t, where ~t is the time interval.
The angular position at this instant is &n-1' The acceleration

d- n-1 , as c1acu1ated at this instant, is assumed to be constant
from

t= (n - 3/2) .c> t to t = (n-i) At

over this period a change in speed occurs, which is calculated
as

where, }{= inertia constant in megajoule
The speed at.the end -of this time is'

• - ..

. . ,.

(6.3.1)

seconds/Electrical degree.

(6.3.2) . - -

As a logical outcome of the assumption regarding acceleration,
tbe change in speed would occur linearly with time. To simplift
the ensuing calculations the change in speed is assumed to occur
as a step at the middle of the period, i.e., at t = (n-l) £:. t,
which is the same instant for which the acceleration was calculated.
Between steps the speed is assumed to be constant. From t = (n-1) At
to t = nAt, or throughout the nth interval, the speed will be
constant at the value Wn_t. The change in angular position. during
the nth interval is, therefore,

AO = ~t. 'Nn !n -2
(6.3.3)
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and the position at the end of the interval is

,6n = b + ASn-l n

substituting equations (6.3.1) into (6.3.2), and the result in
equation (6.3.3), gives

2
(6 t)

M

By analogy with equation (6.3.3)

Pa(n-l) (6.3.5)

Ab 1 = D t.•n-

Substituting equation (6.3.6) into (6.3.5)

Before proceeding with equation (6.3.7) for calculation of internal
angles some consideration is given for the effects of discontinuities
in the acceleration power P which occur, for example, when a

a
fault is applied or removed or when any switching operation takes
place. If such a discontinuity occurs at the beginning of an
interval, then the average of the values of P before and aftera
the discontinuity must be used. Thus in computing the increment
of angle occuring during the first interval after fault is applied
at t = 0, equation (6.3.7) becomes

=
Pao+-2 (6.3.8)
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where P + is the accelerating power immediately after occurence
ao

of the fault. Immediately before the fault the system is in the
steady state; hence the accelerating power, Pao-' and the previous
increment of angle, b. E.o' are both equal to zero. If the fault is
cleared at the beginning of the mth interval, in calculations for
this interval one should use for Pa(n-l) the value

Pa(m-l)- is the accelerating

power immediately before clearing and Pa(m-l)+ is that immediately
after clearing the fault. If the discontinuity occurs at the
middle of an interval, no special proceidure is needed. The incre-
ment in angle during such an interval is .calculated, as usual,
from. the value of P at the beginning of the interval.. .. a ..~ -..

, \
'If the.d iscontinuity occurs' at some time other than the

beginning or the middle of an interval, a weighted average of the
values of Pa before and after the discontinuity should be used,
but the need for such a refinement seldom appears because the
time intervals used in calculation are so short that it Is sufficien-
tlyaccurate to assume the discontinuity to occur at the beginning
or at the middle of an interval.

34Runge-KuHn Fourth order Apvroximat ion }fethod:

In the application of the Runge-Kutta fourth order approxi-
mation, the changes in the interDal voltage angles and machine



66

speeds for the simplified machine representation, are obtained
from

The kls and LIs are the ch~nges in 0i and wi respectively,
obtained using derivatives evaluated at predetermined points. Then

The initial estimates of ~hanges a~e obtained from

(6.3.9)

i = 1,2,••• m

where wi(t) and Pei(t) are the machine speeds and air-gap powers
at time t. The second set of estimates of changes in 01 and Wi
are obtained from

( ~.i ) _ 2 1T f) 4 t
'f1(t) + 2

.!U.= Hi
i = 1,2,•••m
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(1)
where Pei are the machine powers when the internal voltage angles
are cSi(t) + (kli/2).

The third set of estimates are obtained from

= ( ) - 2 rTf) .6 t

[
1,2, ••• 1m

I
I

i ::
TTf (2)

LSi = Hi (pmi- Pei(t) ) At

(2)where Pei are obtained from a second solution of the net work
fquations with the internal voltage an~les equal to

The fourth estimates are obtained from
...

,

, .

TTf (p _ p(S)
IIi mi ei) At i = l,2, •••m

where p(S) are obtained from a third solution of the networkei
equR tions with internal voltage angle s equal to 6 i( t) + Kai•

The final estimates of the internal voltage angles and\
machine speeds at time t + A t are obtained by substi tuting (~e
k's and L's intoequa tions (6.3.9). Then the time is advanced 'by
~t and the process is repeated until t equals the maximum timo

I
I
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6.4 Compu ter Programme:

The author developed two seprate computer programmes, one
employing step by step me thad and the other by Runge-Rutta fourth-
order approximation method for solving the swing equations.

For both the programmes data inputs are same. Data required
are number of machines, machine to machine self and mutual admi-
ttances during and after faults along wi th their angles, initial
internal voltage angles, inertia constants and real power output
of the machines. Throughout the solution the mechanical power of
the machines were considered constant.

In both the programmes the. accelerating power of machines
are .,calculated.through the same sub-routine in the main progralJl1l\e.
The sub-routine, when called for solves the net~rk equation and
R calculates the accelerating power.

The detailed computer programmes are given in the Appendix-D.
Sequence chart of computer operations and output for complete sOlutions
of transient stability is given on Fig. 6.
6.5 Results:

Machine constants are given ir Table ,5.1, of Chapter-5.
Initial machine voltage and angles are obtained from the results
given in page 32.of Chapter-4. Jlachine to machine admittances
during and after fault are obtained from Chapter-5. Real power
output of machines are obtained from load flow solution.
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Stablli ty of test system consisting of six machines were
studied by simulating 3-phase fault at three different places.
Stability study was also done by opening Shahjibazar generator from
the grid.

Swing Curve for 3-phase Fault in Ullon-Tongi Line:

A three phase fault was considered at Ullon-Tongi line and
was cleared in 0.15 and 0.2 seconds. Swing equation was solved
with fault clearing time 0.15 second by step by step llllthad and
with clearing time 0.2 sec. by Runge-Kutta method. Individual
machine angles with time and name of ma~hi~es were printed by
computer. Angular speed of machine' were also calculated by Runge-
Kutta method.

.-
Computer print outs of step by step method is given on page

172- and that of Runge-Kutta method on page 75. C01Ilputerprint outs
was taken for 1 sec. Time interval for step by step me thod was
taken 0.05 sec. and that for Runge-Kutta method was taken as 0.1 sec.

of
Fig. 5.2 to 6.5 indicates the relative angular displacement/machines
obtained bY step by step methods. These curve shows that machines
remain in synchronism even if 3-phase fault in Ullon-Tongi line
is cleared.in 0.15 sec.

Fig. 6.6 to 6.9 indicates the relative angular displacement
of machines for a 3-phase fault in Ul1on-Tongi line and cleared in
0.2 sec. The swing equation was solved by Runge-Kutta llllthod.These
curves also indicates that the machines are stable. It is apparent



from Fig. 6.2 to 6.9 that machines at Kaptai and Sikalbaha
oscillates together and the rest of the machines also osci11ate~
together. Pig. 6.10 indicates the. angular speed of individual
machines with time.

Comments on Results Obtained by the two Methods:

Step by step me thod is a simple me thod for solving swing
equation. Runge -Kutta 4th order approximation method is a ~igorous
method for the solution of swing equation, but it gives better
accuracy over step by step method. Tim~ required by computer for
solution of swing equation by step by step method is less than
that required for Runge-Kutta method. So step by Step method gives
economic advantage over Runge-~utta method. but at the cost of

-accuracy of calculation. The aim of this study was not to differen-
tiate between two methods and as a result distinct advantages of
one method over the other was not studied in detail. However,
computer times required for solving swing equation for a 3-phase
fault in Ullon-Tongi line by Runge-Kutta method over an interval
of 1 sec and by step by step method over an interval of 1.5 sec.
were noted as 2.33 and 2.21 minutes respectively.

Swing Curve for a-phase Paul t in Kaptai-Hadanha t Line:

A three phase fault at Kaptai-~a8anhat line was considered
and cleared in 0.3 sec. The swing equa tion WaS solved by Runge-Kutta
method. Computer print outs upto 10 seconds showing individUal
machine angles with time are given on pages 174 to7.7'. Fig. 6.11 to 6.14
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in indicates the relative angular displacement of machines for

3-phase fault in Kaptai Madanhat line and cleared in 0.3 sec.
. isThese figure indicates that machines are stable. It/also cleared

from the figures that machines at Kaptai and Sikalbaha oscillates

very closely.

Swing Curve while Shahjibazar ~~chine Trips from Grid
(An Open Circuit Case)

A three phase fault was considered in between Shahjibazar

11 KV and l32.'KV'buses and cleared, in 0.3 ~econd~. ,'The sl~ing

equation was solved by Runge-Kutta method and computer point outs

upto 10 seconds showing individual machine angles with time are

given an pages 76 to ~I:.

Figure 6.15 to 6.18 indicates the relative angular displace-

ment of machines. Shahjibazar machine will be unstab1eand will

ul timately be tripped by the machines protective devices. Fig. 6.16

to 6.18 indicates that the remaining machines will be stable even

if the Shahjibazar machine with 13 Mll' load is tripped.

•
~ ..

• •



COMPUTA HON OF I NTERNAL MACHI NE ANGLE

SHAHJ I8AZAR AliSHU Gt.NJ GHORt. SAL SHIOOIRGANJ SlKAL BAHA KAPT A IHY ORO TIME

0.65511 1.10500 8.Ul8Z1 3.48882 5.65693 13.55496 0.05
-0.01621 1.90462 10.96981 6.48695 1.69149 18.72385 0.10
-0.62415 9.25242 14.48695 10.138212 12.22039 26.82611 0.15
-0.40242 11.45807 11.52412 15.11338 19.17317 36.81592 0.20
1.00582 14.61175 20.18651 ZO.64041 28.90041 41.69524 0.25
3.86944 18.91626 22.86049 25.413296 41.04684 58.60658 0.30
13.34514 24.06528 26.09583 30.27226 54.740B3 68.98000 0.35
14.47438 29.98901 30.45680 35.25073 68.74632 78.51642 0.40
22.18835 36.61986 36.36805 40.81697 81.75032 87.42548 0.45
31.33912 44.02576 44.13029 41.43556 92.65166 95.69766 0.50
41.73656 52.42209 53.69945 55.53389 100.82928 103.57214 0.55
53.18466 62.11842 6••••91946 65.40135 106.27625 111.15852 0.60
65.52550 13.4116" 17.48839 71.10311 109.63712 118.48621 0.65
78.66109 86."5854 91.05603 90.43556 112.12032 125.58161 0.70
92.558!J7 101.17538 105.29666 104.94305 115.26115 132.513533 0.75

101.23430 111.20868 119.96310 120.03494 120.56978 139.86203 0.80
122.71532 133.99945 134.91093 135.15116 129.16819 148.0:3458 0.85
138.99898 150.92731 150.09038 149.91183 141.57449 157.91116 0.90
156.01495 161.4686'1 165.51831 164.46240 151.66197 170.32829 0.95
173.61026 183.45021 181.25157 118.94936 116.111013 185.95551 1.00
191.56390 198. '12712 197.31617 193.99374 198.16026 205.11185 1.05
202.63222 2l4.36008 214.01611 210.22871 220.89822 227.64424 1.10
221.61563 230.39118 231.34697 228.16664 244.46341 252.91868 1.15
245.42999 247.67862 249.59660 248.04&&6 268.01743 '~T<).94604 1.20
263.15649 266.70093 269.02075 269.77&86 293.36621 307.60913 1.25
281.06030 281.(>4014 289.65327 292.99048 318.78662 334.91162 1.30
299.56421 310.36108 312.24902 311.16604 344.86328 361.15894 1.35
319.18"57 334.49634 336.23?'H 341.69160 311.35889 366.03540 1~40
340.44189 359.5920" 361.61017 366.79199 391.82520 409.59302 1.45
363.76880 385.25903 388.26904 391.78223 423.67920 432.17616 1.50

~- - '. - - •. .. ..•
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------------------------------ -----------------
COMPUTATIONOF INTERNALMACHINEANGLEANDSPEED--------------------------------

SHAHJI8AZAR AHSHU GANJ GHORA SAL SHIDDIRGANJ SIKAL BAHA KAPTAIHYDRO TIME

ANGLE -0.00128 7.90187 10.95661 6.48253 7.95282 18.68317 0.10

SPEED 313.86743 314~""32783 315. 4353 0 315054834 315. 279511--3n-~"50TBl~--~-,--

ANGLE -1.99227 11.02474 21.49464 18.27600 19.15762 37.66426 0.20,

SPEED 313.80859 314.87793 316.51514 316.86816 317:01118 318.33012

ANGLE -0.20714 18.61591 32.15529 32.38382 41.9395~ 62.11545 0.30

SPEED 315.23438 316.10425 315.54272 3r6:~25 'j{ <} • ()731T--:H8 .:r~r8'8<r-;-----'~-.~.
ANGLE 11.03660 32.77245 38.60385 42.80807 72.81993 84.49800 0.40

SPEED 317 .01221 317.04028 315.21777 315.75013 319.68604 311.'142ilJ

ANGLE 31.99677 50.15303 46.91985 ')2.36365 101.19456 103.39212 0.50

SPEED 318.53101 317.27832 316.19312 316.08130 318.21441 311.20386

ANGLE 59.70744 68.37502 63.72040 66.96431 118.04501 119.85672 0.60

SPEED 319.32739 317.49780 318.03711 317.4604<) :h5.95117 316.a65""91
,

ANGLE 89.73573 90.09592 91.12520 91.10495 123.56873 134.41635 0.70

SPEED 319.38916 318.55078 319.73804 319.25269 314.61060 316.53979"

ANGlE 119.12523 120.02956 125.76891 124.05911 127 .96895 147.66553 0.80

SPEED 319.20825 320.19727 320.50513 320.38696 315.62939 316.532h' '
Ii .• ,.

ANGLE 148.30513 158.04582 161.92334 160.01865 144.38412 163.84827 0.90

SPEED 319.38159 321.16870 320.33667 320.33To5 ' 318.56567 '''3T1'. 67480-

ANGLE 180.04068 197.42314 195.96788 193.64749 178.68932 190.70378 1.00

SPEED 320.06689 320.69922 319.86110 319.75122
' .

320.17383321.59106
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CURPUIAIION OF INtERNAL MACHiNE ANGLE AND S~EEO

S I'illRJ lBAZAR ARSAU GANJ GHuRA SAt SAl DO! kGANJ SIP;liL BARil RAF' AIAiORD , iHE

Il NUL E -0. IdES 1.624"3 Il.03201 6.02162 5.458£5 18.8911,1 C.10
SPEEC 3H.82391 3l~. 5CC2~ 315.46533 315.38574 314.:34741 316.61450
ANU E -~.50441 10.69"15 21.91336 16.,;)062,0 1.49610 :;9.44191 0.20
SPEEC 313.7143t 3l~.Ela12 316.61328 316.53003 314.12607 318.S1812
AIHiLE o .5911~ 22.C13S1 31.4<;'102 34.41190 19.2654-1 47i14~j13' G.3<J
SPH~ 315.7':1gSC 311.33lllll 316.91<;92 317.66451 317.61450 312.19199
ANGLE 16.69915 43.68842 50. 79156 51.4419, 43.4'261 3' ."aO'71 0.40
SHEll 318.16113 3H.C8aBI 31 '.i. SeSSll 316.24243 318.59666 312.17856
IU\U e 44.61311 6l.cOOIl 51•••2268 57.23065 54.05165' 44.!l3572 C.;O
SPEEO 319.1126~ 316.71015 315.06348 314.51611 316.70947 31£1.55273
ANGLE I 1• 5415U i,.(lSCJE2 66,. U66CJ .•.• 0,.41366 12.61410 19.3~17f Cl.60
SFHC 319.16221 316.2CJ18~ 316.69482 316.25096 315.06738 320.76953
liNGLE l06.6u4~ I "2.145C2 d. is''24 66.05687 80.66706 10El•709CJ6 t.lO
SFHC 31,8•.59111 318.2230 31<J. 81812 320.1~869 316.48633 311.65771
liNG L t 12S.d44c: 122. IdSll 12/. /46 i2 126.61100 104.15« 15 loB .010 12 0.80
SFfH 317.~06(J1 320.56CB 321.2 <;C04 321.67285 320.10059 316.6~453
MGL E 146.2/ul I 161 .•oSY5<J Ii56.4ilc:;).) lo5.41~12 £4) .;)6136 148.513l'i G.~O
SFfElJ 311.46~5a 321.00'311 3211.31769 320.05054 322.95850 320.89941
A tiGL E 169.44tl.:>Z 1'111.'1035, 1<:i9.08013 195.40984 19<:i.62068 Be .65176 I.CO
SPEED 319.15381 320.1~~le 319.60S40 319.22021 37.3.11139 323.97095
AII<;L E ~05 .0'103" ~.:l1.63141 232.16344 229.2;;,d2 i46.t99S1 2tt9 .1\ 1963 1. 10
Sl'£EC 321.61168 31<;.<;9C12 320.661116 321.10669 321.21753 321.46633
ANGLE 25'1.01104 "6 •• "••''',, l!. J4. 4616 i, 214.80516 219.95:108 200.53101 1.2"
SPEEr; 323.6355G 321.126'31 322.01733 322.68066 319.04248 318 .3Bl~
ANGLE 311.03,,<;6 312.333/'1 31". 854"8 321.29688 305.96094 30/ ."S631 1.30
SPEEC 32~.32e6t 322. t213~ 321. C;52H 321.59473 318.8U12 320.15741
Ii NGl E 36t.tl'H'lO 363.63261 362. 81 836 359.53369 339.15210 3:>4.95483 1•••0
SPHO 323.70215 323.48535 321.55469 320.50610 321.47852 324.40942
hGLE ~19.!\43U 411.11od54 407.B IOtl5 400.56641 392. 561;85 41B .19800 1.50
SPEEIl 322.E:7065 323. ee C42 322.79761 322.6lol11 325.41431 325.2':1370
At,dU! 466.S12H 412.3~355 464.4'li585 4bU.4II8 I 464.82593 416.51'<16 1.60
SFEtC 32;;.2150S 323.1H~e 325. 24512 326.36035 327.61816 323.49097
Al'ltU 514.0 79a3 ~2e.1l3I0 ~32. 63618 535.22998 540.05566 529.23584 I. ,0
SPEer 322.81329 32~.lllEe 326.58569 327.42920 326.52905 323.81909
ANGLE 568.41168 SE8.5tE3C to2. 66119 605. (tol41 603.55518 592 .1 1'16u I .•80
SPEED 32~.56079 325.29395 325.99121 325.34033 324.05542 326.57202
AIIGLE 634 .25220 E5t. 22314 66 1.452S& 664.08960 656.86981 661./0386 1.'30
SHU 326.12096 32t.59413 324. 'i8682 323~15635 323.31763 327.293'il5
IIMiLf1 711.8859<; /2':l.431H /2 'J.ll 133 12[.54590 /13.81524 136.95410 2.00
SPEEC 328.~~2~E 321.<lSHS 325.C~224 324.':15337 32':i.15088 325.13110
Al\1;LE 196.6364/ e02.338.H 1'ii4.31152 190.21OLl 184.11212 1115.952€4 c.lU
SFEED 329.10167 326.6H 14 326.11377 327.20215 321.56616 324.42993
II t'iGl E B80.24654 612.fle15 eb6.15/GS 6oll. 42285 Bb4. 13535 662.46143 2.20
SPEEC 32a.~238S 32E.496E3 327. 521(l(J 328.20716 328.64087 327.43~61
IlfiGLE 956. 16484 446. tl25'i3 %1.56C81 949.41626 941.80162 948.65<;1.3 2.30
SPEEt; 326.S620E jill.901H 329.02134 328.45850 328.65918 330.5'1813
ANGLE 10n.e'iJ 691 IC31.'l25111 I Cith 7'iJ468 10.H.13022 1031.54224 10'13.85059 ~.40
SFEH 326.~"Hll 33(J.C3Hl 33C.32115 329.41895 32':1.01440 330 .it 3994
HGU .1101.38574 1126.25e2li 113£. 00181 Ill5.02051 1119.51221 IIn .16419 ~.50
SHU 327.Sli63 33C.t'i2~e 330.66602 330.62695 330.03198 328.89893
lli'lGU HS6. 5095;; 1220.1/627 1223. 17905 1220.15/96 1213.0/495 12I6.6115/4 2.60
~PH~ 330 .265e~ 330.C6<;34 3Z9.94604 330.66895, 330.814~5. 329.26221

"



ANGLE 1285.9648.1i 1:: (fa ~"3e:35~' ,'.Hh.c;'cio '"'' '\<3'12 ~1€ll.fll" .•..13'o@.%"tHd'" ,. Ijoil'~2;;'i'~2 !. ""•2~1ll''0, ;, ~'

'"' ' '1'" '1

SPHC 332.61133 32c;.2~02~ 329.30493 329.791t19 330.11191 330.91511
AMilE 1395.31'Hi.li 1396.70215 13<J9.gOB2C 1400. 13130 • 1401. t7 222 1406.05951 <:.80 •
SPEH 333.6315<; 33C.20t:i<; 329. <;4482 329.68408 330.17285 331.25903

-, AIIGLE 1505484141 1495.15a~5 14'35.10511 1493.19995 1.493.22040 1502.03/60 2.'10
SHEC 333.05018 332.411t6 331.65161 331.01178 330.24805 330.70'972
AMlLE 1610.43451 1604.<J25ds lllod. 0 1593 [595.66211 btlt!. 14438 1598.85498 3.{}U
SPEED 331.76681 H3.86'l14 333.19702 332.96558 331.62318 33J.18174
A I\Gl E 1709.0590B 1111.39061 llIl.IJeIl 1 (0/.; /324 Ib4?48486 1/0' .:1803 I 3.10
SHE£; 331.l'i60C 333.53296 334.01.3 92 334.30249 334.02905 . 33'l.31793
A l\G!. e 18U1.B266li U26.13525 I62b. 1~3/0 1824.96B51 1816.03/35 1828.0100/ 3.20
SPHC 331.86451; 332.89(14 334.446()4 334.89746 336.16699 335.63281
ANGLE 1911f.15112 -ItJ31f.671se l'l2l2l. 0061d 1944.04517 . l\ll.4.06348 1948.59106. 3.30
SPEEC 333.67505 333.53'l31 334.73<;75 334.88892 336.46240 3311.513051
Af\Gl E 2032.0211c 2c5c.35205 2C62. (311)8 201>1.63135 206/.436/ I 2061.96094 3.40
SPEHJ 335.763f1 335. }(j124 334.70972 334.•43140 334.11875 333.58276
ANGLE 2 HjO 0756lC i: 114. 510CI 21/<J.HlI81 206.59424 2119.08594 2115.086el 3.50
SHED 331.35229 33643C835 331i.51<)53 334.13643 332.'79492 33'l.41046
diCit E 2295. 1014.1 2:1ol.Ei2593 2296. 56836 2292.69600 2285.41021 22%.54492 3.6C
SPEEC 331.8186t: 33£.33E43 334.91681 334.92212 333.14893 336.14HJ5
MiGLE 2UO.3e4ll i 42E. tSl.ll5 2419. ult>lJ 2416.611 i3 2402.aB16 24i5.1;;LlIa 3.i<l
SPEED 337.31885 336.12el1 336.444C9 ,336.13608 336.18994 336.90552
1\11a[ E 2560.]84ill 2555.lSct i 2552.48438 25:>1.14502 2536.99921 2556.088 i3 3.8U
SI'HC 336.32391 . HIS.12t146 338.13525 3.38.3'1207 339.66431 . 337.22021
Jll\GlE l!68S.46045 Z668.U3t3 zt:tJ2.<;4l!24 £t>9£.984l:l6 2690.16821 2690.9 t3c3 .1 • .,0
$PEEC 4.35.90112 .33e.03<;; 339. C5811 336.95825 340.95111 338.31885
A~ GL E lell. g541C 2ilz<;.t3G /6 2€36.1215B 2B34.05518 2B40.:)/ 300 2833 ./OYd 4.00
S FEU 336.79<;32 33<;.28<)55 339.172135 338.95557 339461353 339 .6B 18a
AIIGLE 29217.26014 Z04.601Ie 2<;l'l.2'lC2tl 291t>.59155 2':18U.6 I 139 2981.032/1 'i.IO
SPEEC 338.8686~ 33'1.115(<; 339.14355 339.16089 331.161~6 339.81128
AlIGLf 3095.ilS25i; 312C.dlCil 3122. il32oj 3120.l:l69iH ,H14.J4/90 3125.4602;, 4.20
SPHC 341.1831l 33<;.~346i 33<;.28906 33<).41192 331.55225 338.93530
MiGLE 3255.22241 326S.66tl21 32i51.4C6CI j2t>t,. 05493 3252.635/ •• 3206.41333 it.30
SPEEC 342.E066<; 33<;.~2~15 339.5043<; 339.'.9b34 339.21362 ::l38.85229
ANGLE 3418.4631;<) 3413.(5518 3413. 12'l25 3411.54614 340£ .,,9 30 I 3411.68921 ii.40
SHE( 342.'<626~ 34C.382ce 33'1.9.8535 339.15342 341.29907 340.32544
AI\Gl€ 3511.36219 3561.46533 3564. 1b563 3561.542<::4 3561.808 35 3566.99.:190 4.50
SPUC 341.2"12 341.E'I(82 341.1S189 341.122$6 342.49731 3'<2.09546
AN 'L E 3129 .4033~ 312S.5<;IBc 3124. 15513 .H22.2116I 3/25.23340 3130.03564 4.60
SPHC 340.29028 3~2.93'<33 342.'3838'1 343.25635 342.80225 343.00439
JINGLE 3819. 45166 3695. 3<j/j2'l 3694.2<;321 389~.436(( 3889.8~B40 38Yt>.2Y688 4. 10
SPEEC 340. IS5234 343.14<;<;6 H4.Bce8 344.55786 343.03394 343.3'i711
AMitE 4035.78564 lIC61.101ol 4c61.81691 4061. 09449 4056.99512 4064.61432 4 .• BO
SHH 342. :9~2E 343.0151 344••37183 344.16724 343.66602 343.14683
JlIIGLE 4204.U328 li221. SotCC 4238.6210<; 4z3?88261 4228.11119 4235. 1289 I 4.90
SI'EEC 344.6'145t: 3'l3.46C'3.1i 343.51465 343.13647 344.314'05 343.98466
ANGLE 'l3li4.5546<J 43'lIl.cIl2c3 4404.B9644 4401.00391 440£.343/5 4405.56641 5.00
SI'EEC 346.4H1C 344.4:31<)~ 343.01392 343.04419 344.35669 . 343.8071:2
~J'jGlE 4511.~1l43€ 4~ g.1l6464 45 II. 86 7I q 4569. 589B•• 45/3.14B44 45/5.45313 5.10
Sl'EH 347.04863 345.385i4 343.7S834 3l,4.2487a 343.95264 343.98193
~NGl€ 415ti.'l5103 4154.'i€ll26 4140.69922 4/46.62500 4/43.9UYI ",49.60938 5.20
SPEEC 346.3'11.1i6 ~45.ea9H 345.61665 345.83154 344.19238 345.29272
ANGLE 4940.5B203 4'i3l.6I1aE 4<;32.33'l84 4931.6/516 4920.30469 4'd 3. 36119 5.30
SPHll 345.35522 346.22H'4 347.3'3<;17 347.01294 345.92749 341.11157
ANGLE 5111.161i.: 5123 •.tB'iElt 512 5. 18516 51.:2.26563 :>109.8 •.•3/5 ,125.61969 S.4U
SPEED 344.99414 34t1.E1C4t 348.27417 347.19565 346.52612 348.14111
ANGLE 5296.50000 5~n.161"1 5321.31641 :>316.636/2 53I2.25j91 532U.,5469 5.50
SHED 345.'3213'1 34;.;654C 348.1S775 348.3168<) 350.11646 348.11572
ANGLE 5483.196iHl 550B.0516 5515.21344 5512.99219 550.34J15 5514 .4Btl28 :;,,60
SPEfC 347.81421 346.48120 347.85474 346.46558 349.45874 347.96367
ANGLE 5663.25181 5105. 5il';E4 5IC8.,,35Y4 5109.0$ ••69 :>/l.:>.96u94 5108.4.,,50 5. 10
SPEED 350.C1211l 311S.15244 347.95605 348.21295 341.49219. 348.28174
At<Gl E 5893.19 141 5'104.2IB4 5~03. 82813 5904.18150 5901.16016 5905.9681, 5.60
SPEED 351.39673 346.<;1144 346.67236 348.25531 346.52344 346.806~0
AI\GL€ 6107. 3164 J l:IC~.42518 61c4.3'l844 6101.29088 6089.83984 6106.0 [112 5.YO
~H~~ ~~1.4~12~ 34S.l:4,HC i4<j.6~C8<;1 349'9+°99 ~411~O.F3.4 349.31988



j!fjGlt 6316.56250 63'1'1. 7<J iC3 -63fC~4'itl4J .. - '63o!i. oa~'if 62~Z.57813 63'10.3'OO7lf'" ''6'.00 ;:>0';, ,-;.0--

SHED 350.52" 11 350.f6H" 350.58618 350.50806 351.11182 350 •.34424
AI.OlIi 6524.0585'1 6523.f6"C6 6521.13828 6516.02 :i,+4 651:!.16<tOb 6521.56641 6.10 •
SHED 349.63501 351.S50~4 351.46999 352.• 079:.>9 353.58105 351.73462
j!NGU 6127. U.62: 6139.28'3C6 67.38.4B8Z8 0138.59,,44 6740.01813 6140.42518 6.2G
SPEEC 349.79"43 351.S€CJ26 352.488Z6 353 • .)<'183 353.95654 352.65083
A Mil E 6\135.01953 6<;56.'10625 6S60.61119 696 i. (,,4ih 6964.82422 6963.14063 e.30
SFEEr.: 351.2526'1 352. 31 e,~2 353.21612 3?:l.125/t9 352.70679 353.07007
AtlGlE 1153.609H 1111.C<l151 7165.36119 7163.91016 7161.95703 HaS .12500 6.40
SHED 353.396"t H2.Sti1l41 353.36lC8 3:'2. /3022 351.56909 352.72949
ANGLE 7384.19531 7"00.1,"Ull H08.51C31 74U4.• 01563 7396.33594 HOi).66191 e.50
SFEEO 355.29102 353.56030 352.64166 '>:'2.50757 351.82495 352.67969
ANGLE 7622.84766 7628.32422 762':l.31641 11>24.83964 7616.24609 1628.02516 6.60
SPEED 356.12134 354.1564'" 352.69214 353.03662 353.36987 353.36011
AflGLE 7862."80411 7656.92576 7e52.6523<t 7851.14844 7846.12500 1855.65936 6.10
SPEEl 355 .68C III 354.66162 353.79761 354.36670 355.12642 354.51416
AN()LE 6097.39063 SC<';2.64"53 8C85.56641 6086.10936 1l084.38672 6090.55469 ii.80
S I'f EO 354.63612 ;55.27361J 355. E6ta2 355.9(.214 356.24194 355.71802
""GlE 8:327. 2 ~OOC 8330.41656 8329.91406 8}29.10156 8327.03516 8331.16563 6.YO
SF£EO 354.084Q 356.CES21 351.56636 357.08838 356.72510 356. 7liOO1
HoGLE 8557.44141 8S73.10UIe IlSBO.26563 8511>.57813 6511.69063 6518.00 lin I. 00
SPHC 354.80762 356.HSH 357.'l1670 351.51099 357.07690 357.42676
Af'iGlE 6795.39063 IIl:1<J. 596e<,; 8flZ'l.246C9 8824.65156 8819.07613 8826.48438 1.10
SPEEO 356.69531 351.5C2'l3 351.25220 357.42700 357.51685 351.53662
AtlGLE 9045.57031 906<;1.17 !BE 9C14.3CS59 9012.20313 9006.42969 9014.34166 I. 2(1
SPEH 358.91382 357.75562 356.126C7 357.25073 357.77686 357.30029
HiGl E 9306.92186 9319.40625 9316.95103 9319.19141 9310.12891 9321.39844 /.30
SPEEC 360."4365 ::l51.S4922 351.15186 351.35840 357.66919 357.36963
AIIGlE 9573 .•<10313 9SH. 1929 'I <;568.16112 9568.41016 9561.14063 951l.160 16 l.lf U
SPEEC 360.6013<1 3SS.55'iEl 358. '.4141 356.06860 357.6H32 356.25903
AtI'GLE 9836.S632E '31)29.22266 9S26.76CJ53 'j823.b7186 9816.58203 9821.89453 /. 50
S FE£I) 359.ti640~ $~c;.tS41<; 359.9C694 359.43457 358.bll08 359.69385
AIIGlE 10094.57813 HC'l3.1C5H 10(92.261.12 10087. 1226t> 10078.72266 10092.62109 1.60
SI'EH) 3S11.71':lH 36C.71C69 361. C1l63C 361.02246 360.61168 360.95166
~NGlE 10349.578 13 103tl.57tH 10362.62109 Ul359.61188 10351.11969 10362.91016 1. /0
SJlEEl) 358.82866 361.225lC 361.61371 362.07813 362.661146 361.62622
ANGLE 10609.10541 10631.5119E4 lCt:35.335':l4 10634.91016 10651.91191 10635.61328 1.S0
SPEEC 360.2519~ 361.33E13 3t:l.1l55'96 362.18042 363.34863 361.64058
./IMiL E 10819.1445; 10.,02.53125 10<;08.84766 10908.81641 10911.38672 10909.01112 1.•90
SPEEC 362.35474 Hl .•f2513 361.91621 361.73901 362 .•33616 361.90161
AIIGlE 11160.91'19 7 11 17t.46tS4 lJ. U2. 6l32B U180.66797 II 182.9960<;l 1B1l2. la I2!> !l.OO
SPEEC 364.20386 3~2.nl(iS 361.'18413 361.58008 360.89868 362.00220
ANGU 11450. t2109 11455.46li15 11451.ltC625 11453. 19688 11449.60156 1145 I .81250 8.10
SPEEC 365.04395 363.32~2() 362.32837 362.19995 360.80591 362.39844
./IIICJLE 11141.660H 1173'i."C23" 11135.65234 11132.44531 11121.511313 11/36.b5Ci25 rJ.20
SPEEO 364.71655 364.C4346 363.2C<;96 363.43848 362.10068 363.34546
A tlGl E 120211.Sl2SC 12026 .39a~4 12(2C. 45 7C3 12018. 14609 1200 t .b8150 lL022.25000 B.30
SPEEC 363.112963 364.4.30'" 1 364.566119 364.79932 365.45703 364.677"9
AIIGt£; 1<1311. 51159" 123PJ.41266 12313. 33594 12312.21484 12301.64063 12315.25000 8.40
SPHC 363.332H ;64. E31H 365.92651 365.89844 367.29248 365.83861
A"'GlE 12594.46094 12601.62C:ll l2612. 51953. 12610.72266 12612.16172 12613.21134 B.51l
SPEED 363.92];5 365.51'163 H6.6'9775 366.53418 367.26294 366.41211
ANGlE 12663 • .,ee75 12'305.1111<.; 12'l13. BUlJ IZ<JIl.36719 12913 .•7.:l828 12913.00/81 B.liO
SHEll 365.5EOS1 3H.4':l6~6 3l:6. 6 'leco 366.65137 366.07471 366.48486
~"GlE 131S4.51Bn 13 2Cl. <:3125 13213. 82S13 13211.51031 BLOB .,*2188 1321" .65234 E. /0
SPHlJ 361.66187 367.132U 360.34666 366.43994 365.28931 366.44385
~fiGlE 13496.19141 uS! 1.23438 13 512 .4 Sa2 8 13510.12266 13502.42969 13512 .605lf I E.SO
SPEED 369.279(l5 367.B35C 366.32 'l35 3.66.38206 365.87305 366.63867
jll\GlE 13613. 114166 13816.320JI 13e13.21494 13811. 35541 I3ilU3. 19922 13814 .95/03 t.90
SPEEC 369.70152 361. ~424E 367. C6862 367.0U72 367.50488 361.30493
JlNGLE 14130.36326 14124.C23it4 14120. 301159 14117.119844 14113.15781 14122.5/031 9.()O
SPEfC 366.97431 36S.276H 3611.4E071 368.39429 369.14111 366.44995
;liNGLE 14441.39063 14437.3t1326 litU5.a5547 1443.:l.31b41 14431.139844 1443/.4Ci094 "l.10
S PHD 361.971103 36<;.42<';~S 36<J.'l4238 369.98755 310.12720 ~~6'l.77100
IlNGlE 14H6.76112 H15/.0CH 141s11.6CI56 14756.b2[09 14154.00181 14159.22266 'l.20
~PfEy f,li7 .e4H~ . 37~,39~U .31~~'l~':l69 F~.Q54:49 "~'.. ?70.. 5~1(,~ 370.767H, . ,



ANGl£ 15059.31250 15Cilo.~(i'''' 15e65.00161 fSb83.507Sf , U07e.l7734 15allA.62S1~' ".3li
.5 PEEl) !l69.GB44 31<:.~eH~ 311.22144 371.24731 370.91626 311.104'18
AllIGI.E 15379.83984 15405.'t f15 15411.48826 15409.10313 1404.3554 15410.81641 <j.40 '.'
SPEED 311.18506 2H. e"H 3H..01U3 370.90669 371.19409 :HO.'H412

.' ,1NCL E 15712.61328 15131.C9H6 1?136.49219 15134.07031 15731..42969 15135.'31656 <j.50
S PHC :n1!.18~30 371.16C64 310.1'35 'Hl 370.7l265 311.25195 310.90576
IlNGI.E 16054.22266 IH~c;.628'.lJ Hre6l.53125 16059.07422 16058.33203 Ib\Jtl2.14644 <j.60
SffEO 374.1665<: 3'lJ."CE4" 311.1062 () 311.17456 371.21045 371.37061
,IMiL E 16397.(:2S91 163<;3.41656 163<;0.66791 16388.83203 16386.0')166 16392. 78906 'ii.IO
SPliH 373.855'16 372.9417: 37.2.21171 :;72.33179 371.6616'2 372.43115
MiGLf 16136.96094 161$2.'34531 16127.81641 16126.26953 16119.16400 16130.31500 . <).80
S PI; Ell ;;l12.9040~ 373. Ec4<;3 :373. eeCGS 313.71173 373.06714 373.7219<1
AIIGLE 17071.58594 nC16.13281 11c73.63281 17011.48436 17062.39453 17014.90625 Q.<Jd
SPEH 37<1.368H 314.26CCl 375.12671 374.91412 315.06128 374.19688
AIIGLE 17406.25391 17421.32422 171<24.84166 17422.00000 17416.0H22 17424.21344 .*~*
SPEEC 372.'>£)104 314.5100 315. 65Le6 375.593<)9 376.51762 375.39331



.? .-

(OMPlTATION OF IN1ER~Al ~ACHI~E A~GlE A~O SfEEC

~.' ,. ;.:> ••

HHJ 18AZAR AHSHL GANJ GHCRA SAL SHIOOIRGAIIJ S II<Al EAt-A KAPH IHCRO lIME

AMI.E 1.31525 E.42€2~ 8. OG206 4.30210 7.82320 18,,~1573 .C.I0
SHH 3H.305tt 314.11153 314.45361 314.80591 315.22339 316 .343<;<;
ftNClE 2.51€3E 13.32H4 1l.25116 10.14629 18.17540 ~5.1fl~1 c.a
SPHC '314.452t4 315.32313 315.06641 315.51164 316.11612 311.H<;45
INCI.E 4.te3t 1 . lC.5f4S4 19.311008. 20.98250' 38.044'18 .. 55.95U8 (.3C
SPEEe :H4.5'3~fl 3I5.t11<;2 316.14258 316.50610 318 ••36743 3n.151E!
AMlE 7.f3C'33 31.41'>72 34.25888 36.69873 64.31502 15.514H C.lle
SPfH 314.1H5£ Ht. t33iS 317.34931 317.21563 318.90741 311.'\2H5
At>(L E 11.42C3Jl 5C.15'>f2 55.4 eC;13 56.55408 89.74429 <;4.1C3B (.SG
SPEEC 314.ES355 3H.243H 318.33<;84 317.99194 318.11548 317.4315C
AMlE H.(51€3 76.171(£ 81.74423 80.98662 108.91490 114.114(1 C.Hl
SHH 315.C4(53 H'i.lte31 319.13062 318.89087. 316.98999 311.C;CCO<;J
ANRE 21.'~~~4L 112. SHIH 112.42506 111.09744 124.49965 121 .'17231 C.le
SHH 315.lEi5( 22C.~5t15 319.90063 319.92700 317 .05688 316.574<16
JlNCLE 21.£410<; 14<;.<;2455 147.53038 146~65970 145.71644 H4.<;2~13 C.Be
SPEEr ~:I5.3:441 32(. 5li83~ 320.64600 320.73193 318.91333 31S .:11£3
~f'iGLE 34.<;S€EI Je6.335'\3 166.3CS94 185.46443 160.67264 191.san c.so
SPEEr 315.4045 32<:.46315 321.148'93 321.06543 321.55908 ~~O.•5!J41
.AMlE 42.'iSf/;! 223.3475£ 22f;.95S72 225.31419 229.08099 ~:29.CS'I11 l.ee
SPEEC 315.t2e42 32C. HiS( 321.32446 321.17798 323.43199 322.li'lt'l
At>Gl£ 51.f4CH 264.0831 268.36523 266 .48682;~"" 284.07251 211'3.sn7t I.le
SPEEC Zl!'.11!3~ 321.137iS 321.49f;09 321.59692 323.86710 323.U245
ANClE 61.52412 3lC."C0243 311.98C22 311.64624 338.98096 > 241.tc449 1.20
SPEE[ 315.S223t 322.71C(2 322.15356 322.55469 323.57715 324.54517
JlI\Cl£ 72.05(86 362.45215 361.23682 363.24341 392.46240 406.7119:H 1.?(
SPEEr 3lf.(6S34 323.t6H7 323.43335 323.77441 323.48560 ;.t~.2fi~::2
tt>GlE 83.4190£ 4l'i. 35425 418.71222 421.54541 446.81036 462 .an 15 1.40
sPut 316.£101 324.53114 324.94873 324.64863 323.86475 323.59033
AMl £ 95.62<;3S 4H.t3t23 484.19116 485.09204 503.92090 515.7e41€ 1.5e
SPEEC 316.1632£ ~2:. ~4~5,6 326.10425 325.60498 324.34644 323.37C£5
JlHl £ 108.uns 54S.S5€5C 554.27661 552.22192 563.35059 5711.i4ES4 I.H
SUEt 316.5IC25 326. SlUl 326.51866 326.12671 324.13022 324.32446
At>Glf 122.5U2<; E23. H23? 625.60303 622.14453 625.64136 1':34.231t9 1. iC
SPEEe 316 .65123 321.2C215 326.61 <;14 326.60498 325.45532 3U.2201C
ftl\GlE 137.312H Ese.27612 6'97.29443 694.99012 694.53052 lC8.964113 1.EC
SHU 3U.H4H 321.2(;221 326.16223 321.14195 321.05322 326.1(547
JNGl E 152.£915/: 172. Sf3 £S 711.14014 771.06410 17't .61304 1<;2.54&5£ I.S0
SHU 3lt.<;Slli 321.11432 327.31427 327.72368 329.21045 .32<;;.25CC(
Hi(L E 16<].31232 £4£. 4C43C 849.33325 850.44102 865.95312 680.414<;11 2.CC
SPEEr Z 11.C9H~ 327.5<;375 326.25537 328.31372 330.78111 329.61173
JlNCl£ 186.515H S2E.4ll2H S32.10239 933.48022 962.25311 9f'i.8£H~ ~.IG
SPEEC 317.24~12 32£.771341 32<;.156<]8 329.02222 330.90601 329.651€l
~HLE 204.tac13 lCtt. it <;<]7 lC21.11133 1021.22601 1055.54883 1060 .3 n~~ 2.2e
SHE[ H1.3920S 33C.34C£2 33().03174 329.96411 329.90625 33C.C'3CC5
~IICLE 223.1:211£ llU.4110C 1114.1'3443 1114.96606 1142.92969 1151.<;4456 2.3C
SPEEr H1.~3SC6 331. t4453 331.01318 331.08130 329.060'79 ~::O..~1!3~
AI\CLE 243.4H32 1215. £4546 1214.4111<1 1214.96948 1228.85840 Dlflf .3~OCE 2.lft
SPEEr 317.t€H4 332.3330 332. C6S60 332.09546 329.46999 330.3£01:2
til GLE 264.C413t 132(.73<;(1 1319.88452 1319.72681 1321.30908 1338.5£252 ,.S(
SPUC 317 .£33(1 332.567H 332.95239 332.71802 331.22974 330.95215
tl\Cl£ 285.52C51 14126.14H3 1428.8C469 1426.88403 1425.19507 1436 .3~5S6 2.fC "-'..

\,",.,' .. ~P~H 3~I.SH<;e 33?.H!H :333.2'l<JCl 1-3".97485 333 .30 151 ::!32.32'\<l1':
':1. ',< .'~ I I I



M\(il E 301.E3~6~ 1!34.t5CeE H38.415h 1535.3005-4 " 1.539.40576 1~47.9W;E 2.10
SHU .ne.lUS! .333.23H2 333.26563 333.22388 334.75562 33" .2H 17
H/l;l E 330. SS3lt H45.14561 1648. C7007 1646.01855 1059.67456 IHE.3HH ~.EO
$PEH 3le.27293 333. H2H 333.413C9 333.80371 335.46729 315.<J"5EO
Jt;(,l E 354.S<;HE IHO.t4l:24 1160.34229 1761.09595 1782.99585 nS5.51Hl ~ ••t;(}

SPEEt 3lE .4a<;e 33'1.5621" 334.20679 334.71509 335.88428 33l:.5EHl9
Jt\('L E ::1<;.E3423 H7'i.13651 H78.94189 1881.7399q 1906.60278 IS23.44102 3.C& \,
SPEH 31S.5tlEl 335.362(6 335.555'31 335.709'.7 336.25586 336.2H36 "

M,RE 4C5.H1E2 20<l4.13525 20(5.64917 2007.87513 2035.83691 2048.41CH 3.1C
SPHC 318.11"84 336.42E22 336.94873 336.62:,9<l 336.41528 335.11C;45
~MlE 432.C437( 213!.38SH 2139.27783 2139.05249 2162.98584 2111.4172<; 1.20
SPEEt 318.HIH 331.1(~41 337.93213 331.47:'68 336.25952 335.6SE"<;
~N(;LE 459.41162 2213.611213 2277.08447 2274.91992 2289.26904 2291.0504 ~.3C'
SPEH 319.COlll<; 338.E0341 338.43433 338.25244 336.23975 336.H276
M\GlE 4al.6215e 2416.5SCE2 2417.03516 2414.85352 2411.18955 2429.12U6 ~.~o /SFEEt 319.1~51t 33'i.2ES31 338.73438 338.87842 337.13672 336.0'i351
ANGlE ~16.613H 256C.~2~11 2558.90210 2557.80737 2554.84668 2571.~ 2456 ~.• 50
SPEEC 319.~021~ 33'i.221/S 339.12646 339.31470 339.14844 13'1.£550
Af«lE 5~t.56163 21C3.HlCE 2103.44043 2702.96509 ' 2104.80566 .' 2121.22H9 ,3.60 "SHH 319.4~<;11 ~3'i.lU23 339.65479 339.68164 341.44067 140.11<.:331
AMitE 517.30<;£ 2E4ll. 5&366 2851.15741 2850.57251 2865.66016 2877 .C3CC3 2.7C ,

SPEEt 319.59HE 33<;.13364 340.23242 340.20410 342.79810 3H.751(8 /
I

At\l;LE 608.611232 2~<;E.22144 3002.37C36 3002.00415 3030.10840 3C3f.81012 3.~G ISPEH 319.74365 340. 'iues 34C.90063 341.01953 342.73267 342.2'i€ 58 !
~f\<:LE 6~1.3021~ 3155.4'3951 3158.(8325 3158.82349 3191.54175 3l0;e.82'31( 3.SC ' !
SHH 31<;.8'3(6~ 342.2 HZ 1 341. e2544 342.05811 341.92139 14l.4l1E53
JNCl E 614.56~1<; 332C.H22€: 3320. C1270 3321.77411 3348.93519 3360.8"15<;5 4.(0
SPEH 320.c:n6C 343.UH2 343.04712 343.12622 341.46973 3~2.35C1C
Hi(il E lC8.H<;U 34130;.'i3611 348'3.20215 3490.44751 3506.48315 3521.H1cll "1.10
spur 3Z0.1E451 344.15521 344.28llC9 344.03052 341.99585 .H2.232H
ANc;lE i43.6H4f 3H3. 332 16 3664.43530 3663.52954 3669.54712 3683 .11E~t 4.t(
spur 32C.3315~ 344.t1eH 345.09766 344.66040 ~~ 343.31128 342. 75654
. ~f\GLE 77<;. ~C,5<1 3E3<J.4t5('i 3M2.4'3180 3839.50903 3840.91162 3E51.5tOH ~.3C
SPEH 32C.41f52. 345.12(65 ;:I't5.2<;785 345.06410 344.81152 34"1.26270
JMlE 616.(3613 . 4(1£. (6'i34 4(20.70703 4017.61035 4020.40479 402'3.85645 4.40
SPEH 320.054<; 3"15.52S3C 345.24146 345.43530 346.13721 34t .2sca
Af\:Clf a53.~C<;C;3 41ss. f5156 4199.3C859 4196.21484 4207.03906 42lE.91H6 4.5C
SPEH 320.172H 3'45. f~64E 345.511 96 345.95898 347.31372 341.9CC1~
ANGlE 891.f21<J1 43£1. ~315( 43 al.1 '3531 4382.42578 4400.02344 4414.4165f 4.f(
SPEEIO 32C.<;1<;41 14t.112ec 346.38135 346.69092 348.31322 . 34f .50"4
HiC;LE 93c-.se 12C 456f.t5t25 4569.29297 4571.28516" 4597.53125 4e1C .f91:'i4 4.7e
SPEEr 321.(H41 3';1. H531 347.61255 341.57056 348.83667 14f! .31212
IN(il f 'lie. <;6(41 41tl.33~e4 "764.42969 4765.'44531 4796.03125 48e5.fC93li 4.tC
SPEEC 321.213H 34€.43'45i 348.78638 348.53149 348.66895 3'iti.OC635
lMLE lCll.€21H 4'i61. i5iE! 4<;65.54688 4965.20313 4992.16016 4999.5H41 4.<;0
SPEH 3H.3f035 34<;. f2221 349.6<;482 349.50757 348.11914 34f!.c<;<;e5
H,(ll E lO~3.~C~13 516'i.361B 5111.20313 5170.29688 5186.01563 ~19~.H1EE 5.(C
SPft:[ 321.5(732 35C. nIH 350.3Sf!92 350.36792 348.02637 341:.75342
ANGlE 1096.C3C52 ~3S1.H4(6 .53eo. 51172 5379.62891 5382.62109 53'36.Seti2 5.10
SPEEC 321.65 li30 351.2H2j 350.97681 350~q7729 349.12573 349.E5H<;
~MlE 11:39.3961<; f5B. i3<;E4 55<;2.914C6 5591.73828 5588.80859 StC5.i:tS5~ ~.2C
SPEEt 321.1:0121 351.254 EE 351.458<;8 351.36011 ,351.24876 ~51.221C5
nel E 1183.601<; 1 5Ee6.45313 5E07••65234 5805.85938, 5807.73047 . 5821.H125 !.3C
SHE/: 321.S4E24 351.34253 351.79834 351.71802 353.38550 152.HCes
AlIClE 122E. 6590 Ee2(.94<;22 6(24.17188 6022.51563 6036.37891 «:04£.1(j~i!8 !.4C
SHU 122.09521 3!1.'i3519 352.12378 352.27002 354.55200 353.90283
M~(jlE 1274.~5,34j 624e.2tI12 6243.21615 6243.09375 6268.31641 621e.2t112 3.~c
SPEEr 322.24219 352.9Ho1~ 352.72705 353.08008 . 35" .59790 35<1.6H<J3
ttl <:t E 1321.2ES31 64H. (2134 6467.03125 6468.82422 6498.82813 .6!Ce .s a 1Z ~.~(
SHE[ 322.38<;16 354.13 121 353.18564 354.04541 354.18359 354.152~4
tl\eLE 1366.E6143 H98.1132E ce<;7.92188 6100.20703 '6727.49219 6740.542<;1 5.1'
SPEEC 324 •.~1tlZ 355.17C'i( 355.13965 355.03809 354.02783 354.42lE8
~I\ClE 1411.2E1H 6B5.H531 6936.4C625 6937.13672 6956.76112 691C .3<;453 5.fO
SHU ~22.H311 356.(62;4 356.36328 355.96484 354.39600 35<1.211H
tl\GLE J4f6.54<;ec HH.C1422 718C.52734 7178.92969 . 7189.42578 7200.9Hle !.sc
~PEH 32~.E300E 356.014( 357.01422 .- -:-:' ~56.71826_ , ... ,.:35.5.1904 3 354. i561C

., I,



. iKGLE 1~i6.E54d ""74'24; 3'Sit i q ..'7427; .1.289'1"-'''''74.24.343 ~fA" -7'4~7'.5~73'4' " -M' '7~~1.5HH~'.""'f~ c'fj
SPEH ;.t2.<;11C~ ::~1. ~1351 351.21222 351.22816 356.29468 ::5E.an,
t~tl E 1561.tCC.?4 H73.1S141 1t 14. 31641 1612.15234 7672.87109 1tE4.3;i813 t.1C
SHEt 3.2.?12~C.2 ~~'i.;1~(45 357.35547 351.58472 351.11851 3~,S .•Ie ~.:1
H\GlE 1619.3U<;.t 1<;23.2C313 1<;22.73438 7922.07813 1921.10156 7941.2~CCO l:.2C
SPHC 323• .2ilCC 3n. fl!HA 351.14341 358.00342 359.33960 35<;.E<;E97
IN(;LE 1672. C1<;5: U14.t2lC<; Bl74.582 (l3 8115.03125 8190.(l8594 8.04.5150 E.3C
SPfEC 323.411<;1 35E.2ttB 3.58.53564 358.65',79 360.61065 3l;C.3C;C14
ttlR E 112S.4<;a<; S42<;.t25CC 8431.61969 8432.42578 8458.43750 B4c9.H125 t.4e
SPHC 323.5E494 25<;.151H 35<;.53<;06 359.53979 361.15771 3t;(l.4t5S8
Jl'IGlE 111<;.EC(;H St"I. CS5H 8E94.6C547 8695.21344 8726.85541 8134. St 11<; 6.5C
SPEE£ 323.111<;1 3tC. 4 13(;3 360. 553<J6 360.53613 360.75488 3tO.3C;IU
J!Hl E IB34.st38i SHC.41t5t 8C;63.23828 8963.82813 8991.80859 89<J'l.S8.a1 t.tO
SHH 343.£SESS 361.1'43<;<; 3H.53174 361.51294 360.09424 2tO.4t<;1l8
AMll: H!'1O.SU£S <;at. 14H C; 9237.3110'1 9231.66016 9254.50000 <j2H .10156 (;.le
SPEEr ::24.CC~H H2. 1234C; 362.46216 362.36230 360.09302 3tC.83154
AMiLE J~41.ec::H <;511. COEl ~516.44~41 9515.19291 9520.51953 9535.51112 t. SC
SPEEC 324. Ba! 30.25CC( 363.22534 363.00157 361.25757 361.60<;62
INGLE 2005.481Ct 'i1<;E.t4U3 91'J9.0000e 9197.04291 9795.85938 SE10.8.0Hl t.SC
SPEEC 324.2SHC 363.3654 e' 363.66172 363.46361 363.22192 3t2.g<;111
lllGLE 20t~.<:J221 Heel. (625( 10C83.20313 10080.65234 10082.58984 ]0090\.72U6 i.CO
SHH ::24;;44tH 363.HCH 363.83667 363.85191 365.0919() ::t4 .~;~i'~
ANGlI: 2123 •.3193C; 10ti5. t5234 10368.33594 10366.15000 10318.01422 103e1.E20::1 1.1C
SPEEr ;.l'~.~S]1~. 3t4.13135 364.05<;57 364.35669 366.22998 3H.0<lB
Al\C-l E 2l€3.5EE87 10t5~.2EC;Cti 10e55.84166 10656.28906 10611.73041 10t81.'1343£ i.2C
SHE!: 324.HC12 31:4.<;1144 3e4.1(435 365.06592 " 366.59863 3H .8S205
jlf\(lE 2244.E4CH lCC;4e.115H lC<;48.52134 10950.48438 10918.25391 10990.Ct2~C 1.::0
SPEEC 324.Hl1C 3t5. <;4t(4 365.a3643 365.97119 366.5957,0 ZE,t .S'.i ::~~
A~(;LE 230t.533S4 11247.£2422 11248.44141 , 11250.22266 11278.5664 ] 11291.17la8 1.4C
SHU 325.02~t1 3H.Sli(47 361.16528 366.98364 366.55762 3ft.S1te5
jlH-l.E 236S.a<;51 11553. 5312~ 11555.546sa 11555.18516 11518.92578 115'l0 .3SIl!3 1.5C
SPfEr; 325.18164 3H.C4H€ 368.29321 367.91900 366.63330 3H .33tH
.a1\C-l£ 2432.S4111 llH5.14Cti3 llH,1.90625 11866.60156 11880.40234 118'lO.51112 i.60
SPEE[ 325.::2Hl 3ES. COt6 368.98950 368.79126 366.99023 3t6.H15<;
jillGl E 2491.267<:<; 121£1. ::35<;4 12lB3.12109 12181.24609 ;o~12185.40234 121H .2CH3 i .1<
SPEEr ~.£~'.•41~~~' H<;. HtiC 36S.32611 369.31616 361.90741 368.241<;4
Hi<:lE 2562.52<;05 124~S. HE5~ 12499.90234 12498.28125 12491.66406 ]2511.QC3~1 I.EO
SPEEC 125.t225t 36<).H<J5€ 369.58057 369.66016 369.50317 369.<;621e
Jl\fl e 2e28.t3306 12£18. E5<;:H 121n8.507S1 12817.36328 12820.2518 I 12£15. it C16 j.se
SPEEr 3.15.76953 36<;.Hee1 369.9a340 370.06909 371.40356 311.42£<;6
II\Gl E 26~5. 57<;1C 1313<;~(J563 13140.03125 13139.43359 13152.16125 131H .IC<;38 E.()C
SPEEC 325.CjH5( 11C.2H6C 310.59937 370.11191 372.84413 H2.3U36
IN(l e 210.3611<; 13462. S<;453 13465.62a91 13465.83203 13490 .11484 13500.5<;315 t.1C
SPEEr 3L6.C112H 31l.H<;1C 311.4C259 371.56372 313 .26210 312.(;<)21:7
t Ml E 2831.9<).156 1::1<;3.3CE5<; 131<;6.31250 13191.40625 13828.30078 1383t .30Cll\ t.20
SPEEr 326.HC45 372.4<;146 312.31280 312.50098 312.81519 312 .1111C
t l'i(;l£ 2901.46<;<;1 14131.3CE5<; 14132.97656 14134.31891 14162.59375 141?;.ll:32f 1.;0
SPEH 32t;.;!.14~ ::7.?173H' 373.47583 313.44092 312.25220 312.15<;03
H.(l E 2<jll.181l42 14415.15Hl 14416.02734 14476.63612 14495.30018 145C8.015t3 e.4C
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Conclusion and Future Scope of Work:

For complete analysis of a power network it requires many
load-flow studies for various load conditions and also various
stability studies for various conditions and for faults at differ-
ent sections of the netl«)rk. The main aim of this work was to
develop computer programmes for such studies, so that these can
be used by the country's only power authority to analyze their
system from time to time. However the stability studies of Eastern
grid of Bangladesh Power Development Board done in this work will
be valid upto 1985 if the rastern ~rid and Western grid interconne-
ctor is not constructed within this period.

-Computer programmes developed are suitable for use on IBH360
computer which is available here. In this study various programmes
developed 'were used separately for ease of understanding and
compu~ation, but all the programmes may be used together for complete
solution of load-flow and stability problems automatically. Load-
flow programme can be used to calculate flow conditions for any
netwo~ks for any loading conditions. Calculation of machine to
machine admittances can be done easily and automatically for any
fault location by making suitable changes in the line data and
bus numbers designating the faulted buses. The programmes for step-
by-step and Runge-Kutta fourth order approximation methods Can be
used for the solution of swing equations for different number of
machines for different fault clearing times by only changing the
numbers of machines and giving proper instructions to reflect
different fault clearing times.
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This study was done considering fixed mechanical power input
and fixed voltages behind transient reactance of the machines.
The original aim of this work was also to consider variation of
mechanical power due to governor action. But precise data required
for such a study could not be obtained from the authorities running
the power system under investiRation and as a reSult stability
study including the governor response could not be done. If vari-
ation of mechanical power input is considered the stability would
definitely Vnprove. So in future, stability study including the
governor response can be done. In order to include the governor
response, some modifications'should be done in computer programmes
used-in this study for the solution of swing equation: Change of
mechanical power as dictated by the characteristics of the governor, '

should be calculated first and then the calculated mechanical power
should be used for determining the accelerating power .•This can be
accomplished easily through another sub-routine for calculation
of the new mechanical powers with time int~~al and feeding this
value to the sub-routine already given in the computer programmes
for swing-equation solution.

;!Puture aim of study in this field should be to minimize the
storage capacity and memory requirements in the computer, so that
larger systems can be accornodated in the computer studies. Another
important factor to be considered is the computational time. As
the complete analysis requires many runs of load-flow and stability
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study programmes the computational cost will be less if the time
of computation can be lowered.

The more complex systems can be reduced to reasonable size
by the use of equivalents to represent portions of the network
beyom the area of immediate interest and using such reduced
system the computational time and cost can also be 10wered./

I Future studies can also done to include the excitation
characteristics. The effect of excitation can also be taken into
account through another .sub-routine in the computer programmes
for swing equation. Through the sub-routine the magnitude of
voltages will be calculated and these changed values with time
interval should be used for so~vtpg swing equation. gitensive
search should be undertaken to gather exciter characteristics.-=----
from the authorities running the power-system in this country.

In this study it was observed that machines at Kaptai and
Sikalbaha used to oscillate almost together in the same manner
with other machines of the system. So infuture studies these two
machines can be grouped together and may be represented by a
single equivalent machine with suitable inertia constant.

Machines of Ashuganj, Ghorasal and 5hiddirganj also oscillates
wi th smaller relative angular displacement between themselves.
These machines may also be grouped together. These informations
may be useful for further studies of the nehiork in future.

/
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- APPENDIX" A

CmfPUTER PROGRMlME FOR LOAD FLOW PROBL1'}1



IrRAN IV 300N-fO-419 3- 6 MAIIIPG!'! DATE 14/02117 TIM E

C ------------------COMPUIEKPROGRA~~EfiCo1.000---------------- -"
C ------,-/-------------------------- - --- - - - -- ---- - ---- -------1------------

C lOAD rLO~ SllU~ OF lEST S~SlE"
C BUS-I SHAHJIBilZAR I'iHICH I S SWING I'JU::'
C Bl.S-l ASHUGANJ BUS-3 GHORASH 8US-4 SH10CIRGANJ BllS-5 ULLON
C BUS 6 TONGI BOS-I klkpuR 1105-8 VGSIAGtO BO$-9 COMIllA
C 8(,S-10 fENI t1uS-ll ~AOAM'lAT BU5-12 SIKALBAHA
C BUS- 13 CHANURAGI'iUNA BLS-L4 l\.ApI AI
C AR:RESIS1ANCE MA lRI X
C A I:REACTANCE MA TRO
C BI:LINt CHARGING MATRIXC wG~M\ij.GENARA1ION IN P.U.
C VG:MVAR G[NARATIGN IN P.u.
t wL=p .u. KEAl LOAD IN M\<l
C VL=P.U.IM LOAD IN MVAR
C ER=P .U. REAL 1:Il;~ vOLTAGE
C EI=P.U. 1M BUS 'vOLTAGEC c=ACCLLERA1ION FAC lOR

o IMENSlUN ARI23 ,231 ,AI 123 ,231 ,el 123 ,231 ,llNE(23,231,WGIZ3I,VGI 23 I,
IwLt 23I,vL!ni ,EldZJi ,EI (231,
D IMEN S WN AUt<C23 ,231 ,AD ( 123 ,231 ,A l R (23 ,23 I , AZ I (23, 23 " AMl( 2 3, 23 I,

IblRIZ3,23I,lll[(Z3,Z31 ,PI23,23) ,1O:123,23!
o IMlN S10 /II All ri ( 231 ,AI:II 12 j 1 ,PN 1231 ,(iN 123 1 ,R IIIH23 1 , ARL (23 It A It 1 2 -"I,

IsTERI231 ,sTEIIZ31 .CORRI2J) ,,-ORI CUI ,EI231,MGLEI23),CI51
READ( 1,l12IN,TOlEI< ,II!'iAX

112 FURI~Af( I4 ,n c.5 ,1 b)
1'1=1
REAO! 1,12211CIII ,I "1,51

122 FORMAT(5F6.21
READI I,11411IAR( I ,JI ,J"1 ,14) ,1=1 ,NI
READ( 1,1141 (A I (I, JI ,J"1 ,141 ,I =1 ,1111
R~A0 I I, 114 I ( (B I ( I ,J i ,J = [ ,141 ,r =1 ,N I

114 FORMAlI7FIC.51
kEAU( [,115111 uNEII ,JI ,J"l.NI ,I=I .1\1

tl ~ FORMA Tl 14141
R EAU ( t, 116 I ( I "G I I I ,VC I 1 I ,Iii L ( I 1 , V(I I I I , I "1 ,1\ I

11~ FORMAT(2(4FIO.411
DD 120 1=I,N
00 12G J" 1,N
IflLlNf:11 ,J II ~3o,~31 ,43u

43C AORI I.Jl=Mdl.JI/CAHI ,JI U2+AlII ,JI*"'21
AD II I • j 1=- A II I ,J 1 J (AI< tI , J I n<:+ l\! ([ ,J I '**21

GO 10 12 C
~ .11 A.Dk I 1, J I =AI{ ( I , J I

ADHI, J I:A [I I ,J I
In CON lIN uE

00 45C 1=I,N
AUf':! 11-0.0



"RAN IV :360N-fO-" 1~ 3- 6 MAIlllPGP' DATE 14/02177 Tlf~E 14.11

00 455 J=I,N
AeR ( [1=AbRt (I+AO,HI [,Jl

455 CONTINUE
45C CONTINUE

00 46C t"'t,N
00 4CO J=l,N ,
AMl( I,JI"'BU I ,JI+AOI tl ,J)

46C CONT {NUE
00 4b~ I"I,N
ABI([I"'O.O
DO 47C J=l,N
A8 Il Il=AB Illl+AMlli ,JI

470 CONTINUE
/(65 COI'4 tINUE

DO 415 1=I,N
00 415 J=l,N
1Ft I-J I 480,481,48C

480 AlRI {,J I"'-ADRII,JI
At It I,J I"'-ADI (( ,JI
GO TO "75

481 AZR(I,JI=AI:lR(II
AZ It I, J I =Autl I I

415 CONTINUE:
DO 490 l=I,N
PN( (1=( l',G( (I-\oil! I II

"'lC wNI 11",1 VGI I )-\1(( 1 I I
00 4CJ5 l=I,N

495 RAMlll=IAlRII,tlh2+AzII1,I)UZI
DO 500 I=I,N i
AP.Ll t 1=1 PN ( [ I *Alid I ,ll-Q NO) un (l ,II ) I RAil, (11

500 II III I 1=(-PNt II*All [1,[ I-QI'HII 4A2RI1 ,Ill/RAP' tIl
DO 502 1"[,N
00 502 J= l,r,
IFIL!NE( I,J)) 5C5,503,'>C'>

503 BlIHI,JI=().C
Bllt I,JI=C.O
GO TO 502

505 ,uRI !,JI"IAZRI I ,JIlIAlRli,II+AZI II .J)'"AZlII,IJ uRAMil J
B2 It I, J )" (AZI ( I , J I 4AZR ([ , I I -A Zf{([ ,J I "A 11 ( I , 1111 RAMt I I

502 CON f INUE
00 5IC [=l,N
ER I I 1= 1. 0

510 E It { 1=o. C
ER( 11= 1. OJ
DO 606 K=I,5

515 ITER = 0
51E ITER= ITER+!

00 52c I=2,N
STERt[I=O.O
sIEl(Il=G.d
00 525 J=l.N
S IEli: I 11= s IEROhBlR I [ , JI fE R( J I-BLI 11 ,JJ *EI I J I
S flO l( t 1= STE Il [ hot II [ , Jl ~ER ( J I + BZR tl ,JI *E I (J I

525 CON I !NuE



A!II Iv 36 ON- FO- 419 ;- (; l'\1 [ "PG M DATE 14/02/77 . TIM f.

OIVIOE=ER({}O*2+EI([I".2
EER'" IARl! [ I "'ER(II-AI U [ ) "E t it I i101 V [oE-5 t Ell II i
EEI"'(A ILl I }*ERI[I+AkLlII"EIII II/DIVIDE-STEI II I

S3C CORRIII=IEER-ERII))
CORII I 1= ( EEl-Ei tIl)

532 fRI I1"'ERI [)+CORR( II *C !lo
E I! I }=E II I }+CORI (I I It' (1<1

520 CONTINUE
1Ft IIER-ITMA~1 540.542.542

Si.;C 00 550 I el.N
1Ft [-M) 535,550.535

535 IF(ABS(tORR( I) l-toLERI 536.538.538
536 IFtABS(COR( Ill-IDLER) 537.538.538
531 IFII-Nl 550.555.555
550 CONTINLE
53 fl GO 10 516
555 WRITE(3.2501
25C FORMATlIHlI

WRI lEt 3, 55 e 11 IE R ' 'c,55~ FbRAATIII12CX,5HtIER=.t41
WR11Et 3,6201

D. A 6 H
DEli .
6 ,

564 RITE(3,560IiERIII.E(lll,1l
$60' FURMAll2llx,FIc.I,5x,FlO.I.5x,l41
51'5 CON TINLE .
I ~R[lEI 3, (;211/
.e21 FORMAT( /45.V CALCULATIC~ CF LlNE FLOWS I

hI' [lEI 3, bpi
622 FURMATI/56H REAL PG~ER (MG POWER SUS COO

IEIl
DO 570 (el,N
OU 573 J=I.N
IF(LlNE(I.JII 512.575.572

512 SLK-EMIII-ER(JI
5Ul=E[( I I;.eu JI
SRU=ER(tl*SUR+EI(II*SOI
S I U=ER ( I 1* StJ I -E 1 I I I '" S URPI I.JI=SRu*ADR(l.J)-SI O.AOIII .JI
'J II t J 1=- ( ( S IlJ*AOR (I ,JI+ SR\)OOAO I (I • JI 1+ (ER (11**2+ El ( II ** 21« e I( It J II
WRliE( 3, 5901 IPII.,I) .UI I .m .1 .JI

590 FORMATlZOX,F 10. 6,4)( ,flOi4 .4X.2131
515 CO to 513
513 CON TIN UE
SIll CUNIINOE

00 sao I = I .N
ElI/=sOk IIER( I I HZ+El III hzl
ANGLEIII=ATAN(ElIII/ERIIII"180.0/3.14159

5 e t CON I IN OE ,
\;KITE(3,6231 "".,

623 FORMA IlIAI,JlIIJI/I/I/1/715'dH CALCuLAI ION Of
laus VliL TAGE AND ANGLE II
I'll{1 III 3, "() CII U [ I ,A N(,7LE (I ) ,I =1 , N,



-RTRAN tv 360N-fO-41Q 3-6 MAl NPG pi
i
.\OJlT e 14/02171 TIME 14.1

600 FORMATI1tF10.6.F6.2ij
GO TO eto

~42 loIRITEl3.t051
605 FORHAH3(;lI,3OHGAlJSS SEWEl DOES NOT CCrWERGE)
(,06 CONTINUE
610 S TOP

ENO



APPENDIX - B
COJfPUTI,1R PROGRAMME FOR CALCULATION OF

VOLTAGES BEHIND TRA1-!SIF:NT REACTANCE OF MACHINES



UN IV 360N-FO-479 3-6 MAl NPGM DATE 14/02171 UME 14.20.

C THIS PROGRAMME WIll CALCULATE VClLTAGE BACK CF TRANSIENT
C R EAC TANCE OF MACHI NE
C ER REAL PART OF TERMINAL VClLTAGE
C EI 1M PART OF TERMINAL VOLTAGE
C )l REAC TANCE Of MACHI NE
C WG iotAn GENERA TION
C VG VAR GENERATION
C ETR AND ETI ARE REAL AND 1M PART Of VOLTAGE BACK CF TRANSIENT
C REACTANCE OF MACHINE
C E \IOl TAGE BACK OF TRANSIENT REACTANCE OF ~ACHINE
C DEL TA INTERNAL VOLTAGE ANGLE

DIMENSION ER(6l.EI (61 ,ETR(61 .X(61 ,WG(61 ,VG(61,El6l,DElTA(61. ETIt61
N=6
READ( 1,100)(ER( [) ,Ell I) ,1=I,N)
READ( l,1(I)()1( I) ,1=1,N)
READ I I, 1(2)( kG ( 1 1 , VGI 1 1 ,1 =1 ,/\ 1

ICC FORMATI3(2FIO.6))
101 FORMAT(6FIC.61
102 FORMAT(3(2FIO.5Il

00 104 1=I,N
ETRI I)=ER( I 1+( I YGllI :fIERU I-WG U I *EI 1I l):fIX (I) II (ER( H**2+EII 1 )** 2 l

104 E tI ( Il-E Il 1)+( ( \olGIII *ER II l + YG(U *E I (l) I *x U III I ER ( 1)** 2+E II 1)** 2 I
00 106. I=I,N

106 E( I I=SQR HETRli 1**2+ElI I [J "21
WRITE13,1251

125 FORMATllH 11
WR[lEI 3,1101

110 FORMAT( IJIIIJIIIIII1/80H COMPUTATION OF VOLTAGE
IBACK OF TRAN SIENT REACTANCE OF MACHI NEI
WRlTE( 3,11 II

111 FORMATIJIIISIH SHAHJIBAZAR AHSHU GANJ GHORA SAL
ISHIDOIRGANJ SIKAL BAHA I<APTAIHYOROI
WRlTEI3,1l2)(E(II,I=I,NI

112 FORMATIIISH VOLTAGE,6F14.51
00 lOS 1=I,N

108 DEL TA( I}=A TANI E TI (II IE TRUll *180.13.141592
I\R nEI 3,11511 DE: LTA III ,I =1,1'11

115 FORMAT(7H ANGLE,6FI4.51
STOP
END
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APHENDIX C.

COMPUTP'R PROGRAMMB FOR CALCULATION
OF l1ACTTINE TO nACHnm AmUTTANCRS



MAfNp;;M liME U.OB

---- ---- - -

-~.,-------- ---

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

PROGRA~~E FQR CALCUL~T10N OF MAC~lNE TO MACHINE ADMITTANCE
FOR DIFFE~ENT C IR: UI T :ONDI TI ON - - ~ ... - -
BUS-l BUS BACK OF TR~NSI ENT REACTANCE OF SHAHJI BAZAR GENERATOR
BUS-2 BUS BACK OF TR~NSIENT REACTANCE OF ASHUGANJ GENERATOR
-BUS:') BUS' BACk-OF 'TRA'NSltNT RE:ACTA-NCE-dF GHORASACGENERATOR---
BUS-4 BUS BACK OF TR~NSIENT REACTANCE OF SrlI"ODIRGANJ GENERATOR
BUS-5 BUS BACK OF TR~NSIENT REACTANCE OF SIKALBAHA GENERArOR

- BU$-6 BUS BACK OF TRA-N-S-iE-NT REACTANCE-. OF- KAPTAI' GENERATOR
BUS-7 ULLJ' 132KV BUS BUS-B TON;I 132KV BUS
BUS-9 SHAHJIBAZAR llKV BUS BUS-IO SHAHJIBAZAR 132KV BJS
BUS-"I1-~ SHUGANJ "11K" BUS 1\uS-f2 -AS'iU(;ANJ 132KV BUS .
BUS- 13 GHJRA SAL l32K V BUS BUS BUS-I It GHORAS Al 11 KV BJS
BUS-15 SHIDOIRGANJ 132KV BUS BUS-Io SHIDDIRGANJ 11KV BUS

- -BUS:"l1-~I'l."UR 132KV 3US--B-US:"(EI-POSTAGOLAT32K,r BJS---
BUS-19 COMIllA 132KV BUS BUS-20 FENI 132KV BUS
BUS-21 ~AOANH~T 132KV BUS BUS-2~ SIKALBAHA l32KV !lJS
BUS':'23 SIKAlB4HA 11K" 1l-US---BUS:"24-0-lANDRAGHONA 132KV BJS
BUS-25 (APTAI 132KV BUS BUS-2o KAPTAI llKV BJS
ZR 'l.ESISTANCE MATRIX
ZI REACTAN(E MAHIX--
AM1 AO'1lTTA'lCE TO GROUND MATRI X
CX AND CZ ARE REAL A'lO 1M PART OF LOAD EQUIVALENT ADMITTANCE- o IMENSItJ'J -A-R(20,2ol-,A"Il26-;201 ,A-M(I 21>I-;ABff(2bl .ABI(20 I,
IB R I 2, 0 I, B I ( 2, 61 , CRI 6, 21 , C'I I 0 ,2 1 ,DR (0 , (, I ,01 r0-;"0 1 , XRIo, 0 1, XI 10' 6 I ,
IBIR { 0, 61 ,0 ELt 6,61 , CZR ( 6,61 ,) E LTAI 0 ,01 , AZR (20 ,20 1 , AII 120, 20 I,
ISZ'l. (8; 81 ;Sl it B, 81 , LI NE I i6;"261;-zRlzT;2-0'j-, iiT25~2(,'I,CX 120 I ; C Zl261
Dl'1ENSlON URI2,2I,Ul(2,21
R EAD( I, 1001'.1

100 FOR'lATI fi,I--- -- - - - -" -
READ( 1,501(1Z'l.1 I,JI,J=I,241 ,J=I,NI
REA 0 I I, 50 II I II ( I , J I , J= 1 ,24', , I =1 , NI
R EAOI i;5 1ft I Z~TI ,JI ;J;25 ,NT;I-=i;NI
REA 0 I 1, 5111 I Z It I , J 1 , J =25 , NI ,I =1 , NI

50 FORMAT( 8F8.41
• --51-FOR'IAT(2FB.41-- -- - •• -_._.-

READI I. 5311 I L1NEI I ,JI ,J=l,NI,I =l,NI
53 FOR'1A T( 26131

REAOIl, 401 lli'-l I (II ~[~I-;NI
40 FOR'1ATI8FI0.51

READII, 5211CXI II ,I=7,NI
.- R-EA-OlI, 5211CZ (1 f; I =7;Nl- - - - - - ---

52 FOR'1ATl IOFB.41
DO 60 1= I,NOJ 60 'J=i,~ -- - - --- - --".-
IFI L I'lE( I, J I) 55, 56,55

55 AR( I. J 1=H ( I , JIll ZR II ., J I * *2 + Z I I I , J I **21
-All I ,J-I:::ZJ (I; J I I(Z~( I , jj-*-*2 "-ZI (I', JI ;0<*21-- ---
GO TJ 60 -- -

56 AfU I,J 1= 0.0
~ -- - _. ~-A-f( I~J)= 0:0

60 CONT l'lUE
64 FOR"IATI l3F 10.51
- OO~'106 -I=I;N-
ABRIII=O.O

- - ---~-._~._-



1fRTR7iNf-r360'l-FJ-479 3-6 '-"-'- M41NPGM DATE 09/11176- --'-TME --1:1

"- .,.._. - ~-~---

----_. --------------- ---~-----~--_._- . ~

--------- _ ..•.~------_._.__ . ------ ~~

_. ---------~---

----------~--------_.

r--.~ -_.

I
~-~--------

ABJ( 11=0.0-~.- -. .----Do--f(f6- ~f=I ,N ----.- ..... _-- '--

ABRI I I=ABRI I )+ARI I ,J I
ABJ( II=1\6I1IHAIII ,JI

'--~--106 CO\lrn,iTIE
DO 11 0 1= I,N
DO 110 J= 1,ill

.. -------.IFI.I~-J I 107-;-i. 08, 107---- --.-- - .. --

107 AZRllrJl=-ARll,JI
AZllltJ}=-AIlI,JI.' -.-----. . GO tj ---ffo"'- - . -.

108 AZRI IoJ 1=1\6RII.1
AZJ( I, J )=1\6 II I I+AMI I Il-~ - --~ITo~tON-nNDC -- -.-.- .. --------- - ----- -----.- .
DO 112 I=7,N
AZRI I, II=I\ZRII ,II+CXII)

-,--- -- -1 f[ AtuT;T1=AZTfT;l I+czTI r--- -----.- - - -- -..-.---
DO ll3 M=9,N
K=35-'1------- ------f13- tALr4--DE-tRE-brK".; A-ZR ,AZ I )
00 65 1=1,8
DO 85 J=1,6
SZR( l;jT=I\TRTI-;JI---'-'

65 SZ II I, J I=I\Z l( I ,J)
, DO II 5 J = I , 6
r.--------SiRI 8,J f";o. 0

115 SZ l( 8, J 1=o. 0
_____ .. 0_0 2.1 ~ _ 1.=_.1 ,? ~ . _ .
, 00 215 J=1,2 --- -- -- .-----.-.---.~

-< URII,JI=O.O
215 Ul( I,J )=0.0

\.Ill.i1-;l1~ -S[R--:C'7-,7i/(SZ RTI,7 f*"'t+szTIT;7 1"**--2-1---- ..--.- .. -
UIII, 11= SZII 7,7111 SZRI 7,7)"**2+ SZl 17 ,71 **2f~'-'-

-l DO ll6 1=7,8 ----t--------.- --- --DO --- fI6-' --j = 1,"6--------. ---.-----~-- .. --- -. - ..- -.- --. -. - --- ..

L= 1- 6
BRI L ,J 1= SZR( 1 , J I.-116 BTlC'-J'I=Sn-(.-I-,-J-,------ ._. ---.----------. - ------- .--- ...- ..

..j 001171=1,6
-l . _. O~L ).17 .:!,=_7_,B ._. .__
) M=J- 6
III CR I 1, '0 = SZ RI 1 , J 1
) 117 C II I, '1 1= SZ1 ( 1 , J 13 --~---00--i.i8 (;i-;2-----~-_.----
, 00 11B J = 1, 6
) DRII,JI=O.O;---_..-~-- ----OU-I-;J';-Ci':""O--------. ----------------. -- .~--
", DO 118 K=1,2
-l DRIl,JI=0.'l.II,JI+UR(I,KI*6R(K,JI-UI (I ,K) *BI (K,J)
f"---------rrs-OIO;:i r;51Tf;J) +Up:cr;i<I*B"fI K"":; J) + UI (I ,Kl *BR( K, Jl- ~ ~----'--~.-- .
) DO 119 1=1, 6"- - --.-.. .
-I DO 119 J=l,6-2"-- -- .•--.... -- XR-( 1, J )= 0.-0 - -..----..~.--~ - --.-------~---------.- --~ _._-~
3 XIlI,J)=O.O

,--- ._- -~----- ------ ---_._------ ------------ -~._--~-----~------_ .. --_.
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------------

-------- ~--

---- ~, - -_._----

--------- -----

-----------_._----- -------

-------~_.-------------------

----- --- --------~----~----------

DO 119 K: I, 2----~---XRIT. -:f);; X~( I, J) .•.c-ITr;K") *DR CR,-j) -C I fl ;Kr*m{K~-Jj-- -- ...-- -- ."-.-- ---
il 9 X 1l I, J 1=XI I I , J 1+C I I I ,K 1*DRI K, J I +CRI I ,K) *0 'C'lK ;j'l

DO 120 1= 1, 6 .• -<~.-.
------ -DO~Tio J= i-;-C;-----.

SlR I I, J 1=SZRl I ,J 1+ XRII ,JJ
120 SI II I, j I: Sl II I ,J 1+ XII I ,J)---.- 250FDR'1ATl IHii -- - ---- --~------- --- --.--

WR!TEl 3, 2501
WR!TEl 3, 1311

-- T31FOR\filfT/"i7 i48H
WR!TEl 3, 1331

133 FOR"IATl/III00H REAL IMG REAL 1I1G REAL IMG
---- -iREAC-- --I'1G-- ---REAL 1M:; REAI IM~G---I--I-r'- ----- ---~ -

WR!TE(3,121lIlSZRII,JI,SlIII,JI,J=I.bl,I=I,6)
121 fORMATl61 2F 8. 3) I"" .~- •.

---- DO -l22 1=1,6 ---....---.----

00122 J:I,6
122 BIR l I, J )= SQRT( SlR l I ,J I**2+SZI I I • J I **21

- - --WRITEO-;-(34)----- -
134 FORMATl/162H MAGNITUDEOF MACHINETO MACHINEAD

1MITTM,JCEI)- ----WR IT a3~135 II I BZRI I ,J I -,-J--~=~I~,-6~1-,~I--~I-,-6-J------- ..--------- ----- -.- - ---.

135 FOR~ATI20X, 6F 10.61 --
DO 123 I: 7,8---..---"'Nf--(i3---j';'7,-8 --- - - --------------- --------- ---~-- -------------

IFl J-J 1130.132,130
130 AliU I,J I:AZRII-,JI+ARI7,81----------AIln-;-J I=Al II I ,Jr+All7,8-)--------~---------------- - -.-----

GO TCl 123 -
132 AIRI I,J I=AZRI I .JI-ARl 7,81

------ -ArftI;J j:AZTn;-JI-Aln;ar--------
123 CONTINUE

____ AZII 7. 7)=AZH 7,71- O. 0046 •
Aif! 8, 81=AZI (8, 8)- 0.0046----------------------- ----

DO 124 'l=7,8
K= 15-M

---"1.2-4 CALL~6ETREOlK,-AzR,AZTI---
WRHE I 3, 1361

136 FORMATI/I/49H MACHINE TO ~ACYINE_A~M!TTANCE FAULT ClEREO/)
--~- .<~~. WRlTE(3, 13-3.- - - ------- .--~~----_.- ---._- -"--

WRITEl 3, 121H (AZRll ,J) ,All I I ,J),J=I.61 ,I =! ,,.61
DO 126 1=1.6 -

------~DO --126 - J';-i, 6 ---
126 CIRI I,JI=SQRTlAIRII,J)**2+AIIII,J)**2)

WR!TEl 3, 134) -
---~--WRITE( 3, 135HlClRI I ;-JI ,J=I ,bl~Ic.:1 ,6)

HOP
END---~-~_.-."~--~-_ ..- ~------~.-

--.-_.---....--------- . - -~ ----_. -------- ------ --------- -------- ---------
---' ._------ ------- - .~---_.------~ -------- ------ ._----- .__ .--~---_. --- ---~~ .. - ._~
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--_.------_._------ --~--

- ------~_.- _ ... _- ..-~--- ----_.- ".- .- - - - ~~--

SUB'l.DUTlNE DETREDI K.YlR ,Ylll
-DT'IEr;isION -RPT26j-;~Qi26f ,VlRt-26 ,2b,---;vz:n i6-;2bl~----'
L=K- 1 _. ,--- -

RA=IYlRtK,Kl**2+YlltK,KI**21.---- ~ - --.. -T~l------'--------~--------~~-
110 00 120 J= 1,L

RM=t yn (J ,Kl *YlR I K • KJ + YllI J, KI *y II (K, K) I / RA"
------- -------rH'l=( Yl ({ T,Kpe'YZRTK-,i(f-=-YfRTJ~Rf*nl n<~KlITR-A-------- - ---- ----- ~-----

RP lJ 1= (YIRIK, II*RM-YlI (K,II *RNI - •. " .•
RQ I J 1= I Yl R I K, I I *R N+ Yll1 K ,I I *R MI

-~-- ---.-----Y IRll, J1 =Yl RT 1;J Hl."fi iJ) --.-- -.--- _.- - .~.-~- ---
YlllI,JI=YlIlI,JI-RQIJI • ••
1Ft I-J J 115,120,115

---- --- -- Ils-'n-R"iJ ;n,;-Yl-RTI--.JT----- - ---
Ylll J, IJ = Yll I I ,J I

120 CONTINUE--, -,- --- IH I-L~I~I~2~2~,-1~23~,-1~2=3--~. -__ c. -- ---- --,,- .- ---- ----- -~----- ---- -------------
122 1=1+1

GD TO 110
.- .. --- ---~f2yREtURi'.i -------- -.-- --

END
_____~ __• .._.. .-r __....._- __ ~__._'_..-..- ----~--------

---- --_ .._- - _.---------- --, -- ._--- -- ------ -_ ... - . -~-- ----~--- --~.- _ .. _-_._--- -

--- _.- ---._--~------ ~ ~~---"_... ~---------------- --_._---- - --_. ,- --- --------

----------~--- _.'.-'.' ---_._--------_ ..

-_._----------------- -- -~-_._-~ ---_ .

._-----~~--~-~ ----"~---- ------- .._-----------_. -- _._~-----~

- __ • 0. __ " ---~ ._ •• --~--- - -~~--- _ .. - -

----------_.- ~ -- - -----

----------_. ---~--------~~---~-----_.- - - - .. -~----------_.,- .

_ ~ __ • __ ~ _ _ _ __ _ • T __ ~ ~~ _

----------- ---_. ---- - - ----------~-----,-- --_ .. -
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APPF,NDIX - D

CmIPUTER PROGRA}l}!ES FOR sOLU1'rO!'i OF' S1I'I~G

RfiQUATION BY

1•.step by step Method
2. Runge-Kutta 4th order approximation

method •



AN IV 360N-FO-479 3-8 MAl NPGM DATE 05/11176 TIM E

COMPUT AT ION Of INT ERNAL

SALGHORA

THIS PROGRAMME WILL SOLVE SHING E<.lUATION BY STEP BY STEP METHOD
SIR MACHINE TO MACHINE ADMITTANCE DURIN~G~F_A~U~L~T _
CIR MACHINE TO MACHINE ADMITTANCE AFTER FAULT CLEAREO
OEL ANGLE Of MACHINE TO MACHINE ADMITTANCE OURING FAULT
DELTA ANGLI:: OF MACHINE TO MACHINE ADMITTANCE AFTER FAULT CLEARED
HINER Tl A CO!.'l~S~T~A_N~T _
THETA MACHINE ANGLE IN ELECTRICAL DEGREE
Y INERTIA CONSTANT IN MEGAJOULE-SECONOS PER ELECTRICAL DEGREE
OT INCREMENT OF TIME IN SECOND
E VOLTAGE BEHIND TRANSIENT REACTANCE OF MACHINE
PR INITIAL OUTPUT OF MACHINE
TA ACCELERA TING POWER OF MACHI NE
DTH CHANGE or MACHINE- ANGLE
T TIME IN - SECOND
DIMENSION BZRt 6,61,CZRt6,61 ,DELl6.bl-,O~LTAlb,bl,Hlbl,THETAlbl,Y 161
1.0THI61.QRI6I,STI61
COMMON El61,PRl61
READI I, 1021N

102 FORMATll21
READl I,IOlll laZR( I,JI,J"I,NI,I=1 .NI
READI 1,101lt ICZRI I,JI .J"1 ,1'11,1=1 .NI

101 FORMATlbFI0.41
READ 1 I, 10311 Ell I , I "I , N1
READI 1, 10411 PRI 11,1 "I,NI
R EA0 1 1, 105 II THE TAI I I , I -I ,NI
READI 1, I0611IOELI I ,Jl .J"1 ,NI.I =1,1'11
R EAD( I, 10611 1DEL TA1 I • J I • J=l , I'll ,I =1 , NI

103 FORMATI6f8.41
104 FORMATI6F8.41
105 FURMATl6FIO.41
106 fORMATI6flO.41

R EAOt 1, 101l( Hlll,1 "1,1111
107 FORMATl6FIO.51

OT= 0 .05
T=O.O
DO 100 l"'I,N

100 YI 11" I 180.0*50. OIH I III *10 TUll
WR!TEl 3. 222 I

222 FORMATt IHll
WRlTEI 3. 1121

112 fORMATlll167H
1 MACHINE AIIIGLE: I
WRITEI 3. 1161

116 FORMATIIIII00H SHAHJIBAIAR AHSHU GANJ
ISH10DIRGANJ SIKAL BAHA KAPTAIHYORO Tl~E/I
00 114 I"ltN

114 OTHl I I'" 0.0
DO 115 I=I,N
CALL POWERII,THETA.OEL.BZR.TAI

115 QRl II=Yl II*TA/2.0
118 T=T+DT

DO 120 I'" I,N
120 OTHI I I"D TH( I I+QR I 1 I

00 125 1=1,1'1

C
C
C
C
C
C
C
C
C
C
C
C
C
C



,AN tv 360N-FO-479 3- 8 MAl NPGM DATE 05/11/76 TIM E

125 THETAI t leTHE TAl II +OTHIII
WRITEI3, 12711 THETAI 11 ,1 =l.NI , T

127 FORMATI7X,bFI4.5,5X,F4.21
IFIT-0.I01130,135,135

130 00 132 t= 1,N
CALL POWERll,THETA,DEl,BlR,TAI

132 QRII)=Y(II*TA
GO TO 118

135 00 140 (=l,N
CAll POWERll,THETA.OEl.BZR,TA)

140 STlII=TA
00 142 l"l.N
CALL POWER11, THE1A ,DE l TA.CZR. TAl

142 QKI I I=VI 11*1 STlll+TAII2. 0
144 1=T+OT

00 145 I" 1 ,N
145 OTHI 11=0 1HI 11+UR I II

00 150 l=I,N
150 THEr AI 11= THE TA( I I +D TH.Ii I

WRITEI3, 12711 THETAI 11,1 =1,NI,1
IFIT-l.451155,16~.160

155 DO 156 I=l.N
CAll POWERI I. THEfA ,DEL fA .ClR, TAl

156 ORI I )=YI II*1A
GO T9 .,,'"14 4 '. "_',1" . 'e.• "'l",.,_t>f~~ ~.",,",

160 STOP
END



'.AN IV 360N-FO-479 3-8 POWER DATE 05/11/76 TIME

-~~~~~~~~--~~_.._~~~----'- .,----_._-

SUBROUTINE POWERI I .RAMA.CE TA. XlR.XAI
DIMENSION RAMA(6) .CETAI6.6) .GAMAI6.61 .BETAI6.61 .TRI6I,

lXZRI 6. 6).H 6.61
COMMONE(6),PRI6)
N=6
DO 110 J"'l,N
IF! I-J 1111.112;111

III GAMAI I.J)=RAMAI I)-RAMAtJ)
BETAtI.J)"'CETAII.JI-GAMAII.J)
GO TO 110112 BETAl I,J j=--C~E~TA~(r--.-J-)~---~--~~~-- ---~~~----~~~--~~-------

11 0 CONTIN UE
C=3.14159/180.
00 116 J=l.N

116 Zll.J)=BETAII.J)*C
TRI 1)= O. 0
DO 114 J=l.N

114 TRI I )=H I I HEI IJ*E I J) *XZRlI .J) *COS(ZtI .J))
XA=PRI I )-TRI I)
RETURN
END

-~--~~~~~~~~~~~~~~~~~~~~~~~~~~~~--~~~~~~~_._--



AN IV 360N-FU-479 3-8 . MAl NPGM DATE 05/11/76 TIME

COMPUT ATl ON Of INT ERNAL MACHINE

SALGHORA

THIS PROGRAMME WILL SOL VE Sill NG EQUAT! ON IiY RUNGE-KUTT A 1'0Ur<T H
ORDER APPROXIMATION FORMULA
BLR MACHINE TO MACHIN!: AOMI HANCE OURING FAULT
CIR MACHINE TO MACHiNE ADM! HANCE AFTER FAULT CLEARED
DEL ANGLE OF MACHINE TO MACHINE ADMITTANCE DURiNG FAULT
DELTA ANGL!: OF MACHINE TO MACKIN!: ADMITTANCE AFTER FAULT CLEARED
H INERTIA CONSTANT
THETA MACHINE ANGLE IN ELECTRICAL DEGREE
Y INER TIA CON STANT I N MEGAJOULE -SECONDS PER ELECT Itl CAL OF.G!<EE
OT INCREMENT OF TIME IN SECOND
E VOLTAGE BEHIND TRANSIENT REAC TANCE OF MACHiNE
PI< INITIAL OUTPUT UF MACHINE
TA ACCELERA TlNG POWER Of MACHINE
t TIME IN SECOND
W ANGULAR SPEED UF MACHINE
BT CHANG!:S IN THE INTERNAL VOLTAGE ANGLES
C T CHANGE S IN THE MACHINE SPEED
R,S AND C.S ARE THE CHANGES IN INTERNAL VOLTAGE ANGLE ANO'SPEEO
OF MACHINE RESPECTIVELY
OIMENSION61R( 0,0) ,CLR(b,bl .DEL(b ,bl ,DELTA(6 .61 ,HIf,) ,THEr A(bl,1I (bl
I, CT( 61,e T( 6lrR 11 6 I ,R2( 61 ,R3( 61 ,R4 (b I .el (0 I ,C2 16 I ,C3I6 I ,C4 (bl,
IPHU6I,Y(61
COMMON E:( 6 I. Pk I 61
R EAOI 1, 10211'1

102 FORMAT( 121
REAO( 1, 101l(16lRI l,JI ,J=I,NI ,I=I,NI
REAO( It 10111 (ClRI I ,JI .J=1 ,I'll,. "1,1'11

101 FORMAT(6FI0.41
READ ( I, 103)( E ( 11 , I '" 1 ,N I
REAO( 1, 1041(PR( 1 1,1 =l,NI
READ ( 1, 105 I ( THI:TA( I I ,1 =1 , I'll
REAOI 1.106l1 WELlI.J) ,J"l ,I'll ,1=1 ,I'll
REAOI 1,10611 (DELTA(I ,JI ,Jal ,NI ,1"1 ,I'll

103 FORMATI6F6.41
104 FORMAT(bF8.41
105 fQRMATI6FI0.41
106 FORMATlbFI0.41

READI 1, 101)( HI 1).1 "1 ,NI
107 fURMAT(6FIO.5l

DT=0 .1
x= 180.1301"'159
P= 2.0* 3.14159*50. 0
00 110 I=I,N

110 YI I I"P II 2.0*H( 11 I
00 120 Ie 1,1'4

120 \<II II=P
\ojR IH:( 3, 2221

222 FORMAT( IHlI
WRITEI 3, 2011

201 FORMAT(111161H
lANGLE AND SPEED I
WRITEI 3. 202 I

202 FURMAT(IIIIOOH SHAHJIBALAR AHSHU GANJ
ISHIDDIRGANJ SIKAL 6AHA KAPTAIHYORO TIME/I._------~~-----------

C
C
C
C.
C
C
C
C
C
C
C
C
C
C
C
C.
C
C.
C

, ,, ,. ,



---------------------------------------------------
lOS fORTRAN IV 360N-fO-479 3-8 MAINPGM DATE 05/11176 TIME
.-----------------------------------------
0032 T=O.O
9JtJ.L 12~ T=T+(l.I ,. _
0034 00 125 l"'l,N
0035 Cl( 1)=1 WII )-P) >l<OT
0036 IfIT-0.2Il22,123,123
,0-031 lZLCAll POWERIl...•..lt!ET~ .DEl.8ZR ',_T~A~I ~ _
0038 GO TO 125
0039 123 CAll POWERIl,THETA,DElTA.CZR.TAI
0040 125 R 1111= VI 11>1<TA"'OT
OO'!-L Q.Q_1~.!L_l,=_!.1!4.._ _ ,__ ,____ _
0042 ST=X"'ClIlll2.0
0043 126 PHI( B=THETAI I )+sr
0044 00 130 l=l,N
0045 C2C11= I I WII )+RlC 1112. 0) -~P~I_>I<~D~T . . _
0046 IfCT-O.21132,133,133
0041 132 CALL POWERCI,PHI ,DEL ,~B~Z_~R~,~T_A~I _
0048 GO TO 130
-049 133 CALL POWER(I,PHI.DELTA.CZR.TA)
0050 130 R2( Il=VI Il"'TA"'OT
.QQ2.l 00 135 1= I,N
0052 ST=X*C2( 11/2.0
0053 135 PHIlII"'THETAC I)_+_S_T _
0054 00 140 Ie l,N
0055__ C3C I )=CI WIII+R21 1112. Ol-PI *Dr
0056 IF( T-0.2) 136, 137.131
0021 136 CALL POWEB..L!.r!'HI,DEL ,BZR, TA)
0058 GO TO 140
005.9__ _l~LCALL_POWERI I.PHI ,DEL rA,CZR,1AI
0060 140 R31 Il=VI II*TA*OT
0061 00 142 I=l,N
.0062 ST=X*C31 II
0063 142 PHIW_=_T_H_E_T_A_(_I_)+_S_T _

-0064 00 145 1= l,N
-0065 C4C1 )=1 CWCI I+R3( ~ I t-~P_I~*~O~T~ _
-0066 If( T-0.2li43,144,144
10061 143 CALL POWER(I,PHI ,DEl,BZR,TAI _
-J068 GO TO 145
0069 144 CALL POWER(I.PHI,OElTA.CZR,TA)

.0010 145 R411 )=YI I )*1A*DT
-0071 00 150 1= 1,~N _
-0072 BTC11=( C11 11+2.0*C 2111+2. O*U (I) +C4 (I) 1/6.0 *X
10073 150 CTl II=U 1I1)+2.0*R2II J+2.0*R3( II+R4 II) 1/6.0
.0014 00 152 l=l,N
.0075 THETAII)"'THETACIl+BTlI)
10076 152 W( I J=W( ( '+C TIll
.0017 WRITE(;', 1541 CTHETACII ,1"'l.NI,T
00078 154 FORMATl7H ANGLE,6F14.5,5X,F4.21
110019 WRnEC 3, 155)( WCI J ,I =1 ,NI
00080 155 fORMATl7H SPEED,6F14.5)
10081 IFe T-0.91124,160.160
00082 160 STOP
00083 END

------------------------------------------



S FORTRAN I.V 360N-FO-479 3-8 POWER DATE 05/11176 TIME

" .

)01
)02

203
)04

..:lO5
)06

....'J07 111
:l08

0009
110 112

_.Hl 110
:>12
--J13
:>14 116

"':>15
00 If>
17 114

00 18
IlO 19
II() 20

SUBROUTINE POWEk II ,KAMA ,CE TA ,XZR,XAI
DIMENSION RAMAI61,CETAt6,61,GAMAlb,bl ,BE1AI6,61,TRlbl,

lXlRI 6, 6hZ< 6,61
COMMON Et 61,PRI 61
N:6
DO 110 J: 1,N
IF( I-J 1111, 112,111
CAiolAI I, J I:RAMA I I I-RAMA I JI
BETA(I.J I=CETAI (,J)-GAMAII ,JI
GO TO 110
BETAI I,J I"CETAI I ,JI
CONT INUE
C=3.14159/1S0.0
DO 11-6. ;'"J= 1,N ' ....'''< ',':', • ",~, •••• "-;,~,:.~,',:-,

ZI [,J I=BETAI I,JI*C'. J

TR((I=O.O c•••.•..•• ,

00 114 J:l,N ' .
JRI II=TR( Il+oEt II*EIJI*XLRH ,JI*COSIZll •.JII .
XA'" PR I 1 1- TR I I I
RETURN
END

,
(;?'A.,
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