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ABSTRACT

In this work transient stability study of eastern grid
of.ﬂangladesh Power Nevelorment Board with some future expan-
sion programmes has been done by digital computer. Stability
study of this part of electrical network of country's only
power authority was not donc 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 soluf}ba wita maximum loading condition was
done first to get the conditioné priér{to disturbancé in the
network. Gauss-Seidel iterative hé&ﬁod'was.uSe&‘fﬁr load flow
solution and devﬂelopgd a computer programme for this./ﬁachine -
to Machine admittances for different circuit conditions were
calculated then digitally by eliminating one node at a ?ime
and alsgmdgveloped a computer programme. Loads were rggrgsented -
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 approximation methods were developed.
Transient stability was examined for 3-phase faults in different
sections of the network with clearing time&O.lS, 0.2 and 0.3 ¢ -
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
vital role in the rapid growth of modern industrial complexes
and civiliéation as a whole. The increased need and higher demands
of electrical energy are forgcing the power companies aml autho-
rities to install new power stations and create new transmission
facilities rapidly. The locations of power stations areocgain
dictated by economic reasons and of ten may be away from load
centres, but are likely to be near fuel céntres, compelling the
power companies to construct-long transmission lines for transfer
of load and as a result power system networks are bncoming larger
and at the same time more and more complex, Presently, customers :
 specially with automated industries and vital installations are ¢
demanding stable supply with . increased service 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 transiddtstability 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(g;ansient stability
studies provide information related 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 faults. Specifically,

transient stability studies provide the changes in the voltages,



currents, powers, speeds amd torques of the machines of the power
system, as well as the changes in system voltages and power flows,
during and immediately following a disturbance. So in order to

provide the reliability required by the dependence on conhtinuous
electric service, it is necessary that power systems be designed

to be stable under any conceivable disturbanceé;/,z

//;; early stages a.c. network analyzer was used for transient
stability 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 gindies, ~~

In transignt stability study usually a load-flow is done
to determine the system conditions prior to the disturbance,
//%ransient stability analysis is performed by comb{ning 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 prograhmes 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, satufation, static impedance or
admittance to ground, constant current at fixed power factor,
cons tant real and reactive power etc. Improvements in the various

methods are continually being made to minimize computation time



and storage requirement in the computer and there by to minimize

the cost of analysis and stu%z},f

In this work transient stability problem of Fastern grid
of Bangladesh power Development Board has been studied. In pre-
liberation period twice power-flow and stability studies of the
primary grid system were done. The firstllone was done by Director
Planning, power of the theh East Pakistan HWater and Power Develop~-
ment Authority, on Mitsubishi A.C. net work analyzer in April, 1963
with very preliminary expansion schemes. The latest study of
stability problem of the primary networks of the then power deve-
} *  lopment authoritkaas done by 1 Fichtner2 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 expcrienced by Power Development Board during the last few
yYears andrwithout going into detail stability analysis presently
power development board has introduced automatic load shedding
schemes during faults in order to save the grid from 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




stability problem of Rastern 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 MW stations, 132 KV
loop arounmd Dacca city as prpﬁosed by Ewe Bank and Partners3 to
ensure‘steégy power supply in the capital, and Ghorasal-Tongl
132 KV double circuit. Radial feeders were not considered in

" this study.

A load-flow programme was developed for calcula ting system

i)
3

i conditions prior to faults. This ppgramme can also be used for
.carrying out.load-flow studies for systematic system exﬁansion
and pianning. A computer programme for determining machine to
- machine admittances for varieus circuit condition was also deve-
loped and lastely, swing-equation was solved by sfep-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 simultancous opening of the breakers from the faulted buses

in 0.3 sccond and to see the worst case the lirne 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




was 51 during the above period. Detail breakdown of differcnt

types of faults are as follows:

Type of faults Number percentage
Single line to ground 29 56,86%
Line to line 6 11.76%
Two line to groumd ) 9 17.65%
Three phase 7 13.72%

All the previous study of stability on the system cf
Bangladesh power development board were carried out by assuming _
3-phase fault. ThBugh the usual practice in stability study is a
to assume 2 L-G fault “but to make the results of this study ?ﬁ
'comparable with previous stability studies Sfphase fault is__,

considered in the study.

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

3-phase.fault.

This study will be valid upto 1985 if TFast-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

Developme nt Board for analyzimng its future system and preparing

T

planning schemes in a systematic way. The results of transient

stability studies are discussed in Chapter-6.

———
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LITRRATURE REVIEW




Biterature Review:

The problem of system stability had its beginning when
synchronous machines were first operated in parallel, It was
early recognized that the amount of power that can be transferred
from one synchronous machine  to another is limited. This amount
of 1load is known as the stability 1limit and when it is exceeded,
the machine acting as a generator ‘'aver speeds' and the machine
aéting as a motor 'stalls’, |

As power syatems developed, it was found with certain
.machines, particularly with certain systems connected through high-
reactance tie lines, that.it was difficult to maintain synchronism
under norma} conﬂitiqns_apd that the systems had to be seperated
in the event of faults or loss of excitatioﬁ. Various emergency
conditions occasionally made it necessary to operate machines and
1ines 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 detérmination of the power limits of synchronous machines
urder two conditions: first the pull-out of a synchroncus motor
or generator from an infinite bus; and second, the pull-out or
stability 1imit for two identical machines one acting as a gene-
rator amd 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.



The modern view of the stability problem dates from the
1924 winter convention of the American Institute of Klectrical
Engineers when the results of the first laboratory tests4 on
miniature systems proportioned to simulate a power system having
a long trénsmission line was presented. Another important step
was taken in 1925 when the first field testss’6 on stability
were made on the system of the Pacific Gas and electric company.
Much additional practical 1nformation7 on the problem was obtained
by transient recording apparatus, first installed on the system
of the Southern California Fdismn Company. During the ten year
period from 1924 to 1933, the theory of system stability was
carefully investigated. During this work there were proposed
many new methods of improving stabi;ity of systemé. Since that
time considerable expericnce has been_obtained with methods of

analyzing stability and with new methods of improving stability.

Rapid opening of circuit breakeps on faulted lines has
been recognized for many years as one of the most effective ways
of improving power system stability. But later on it was pointed
out that rapid opening followed by rapid reclosing8 gave further
improveﬁent in stability if the fault were transitory. In early
stages, power engincers used to solve swing equatior by hands.
W.B. Boast and J.D. Rectorg developed a me thod for obtaining
directly on calibrated d.c. cathode ray oscilloscopes the swing
curves for power systems during disturbance conditions. G.A. Bekey
and F.W. Scholt10 developed a method for direct determination of

gwing curves by the interconnection of a network amalyzer with a



11
differential analyger. £.0. Norinder developed a rational
method for solving swing equation based on the ordimary step

by step method and matched to ordinary of fice calculator.

For proper design12 of power system, stability studies
are very much needed, Tramsient stability considerations may
determine the maximum econOmlcally usable condaétor sizes13 for
bulk power transmission lines. Stability study also gives the

power station operating guides14 indicating loading restrictions,

NDevelopment of Digital computer made the power system
analysis very easy and much less time consuming;ASince its inven-
tion various ﬁétﬁoﬂg:and wéyé have been developed for transient
stability study. J.L. Gaggbard, Jr. and J.E. Rowel5 developed
an easy method fdr éolviﬁg stability equations of an electric
power sys tem using ﬁigitai Comp;ter. Solution of-transient stabi-
1ity problem employing Runge~Kutta 4th order approximation method16

by digital computer was also developed.

One of the major problems encountered when an extensive
power system is to be represented on an a.c. network analyzer
ig 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
simplification of the over all system. W.T. Brown and V.J. Cloues17
developed a method for finding new equivalent which can be used
interchangeably for both load-flow aml stability studieé Ol AeCe

network analyzer. The growing complexity of the networks trémendously



increases the difficulties of performing stabilify investigation.
High computer memory is required for detailed representation

of modern complicated power networks, which intern increases the
time and cost of study. This problem can be handled by finding
proper stability equivalents18 to represent portions of the
network beyond the area of ipmediate interest.

19
G.W, Stagg, A.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-
Hutta procedure for the solution of the differential equations
describiﬁg synchfonous and induction machine behaviour, with a
high Speéd digital computer. M.S, Dyrkacz and D.G. Lewié2o also
devéIOped-digitai computer programming for the solution of tran-

sient stability b§ nodal iterative method.

M.S5. Dyrkacz, c.c. Young and F.J, Haginn15521 presented
several new and important improvements and refinements in the
application of digital computing techniques to transient stability
analysis. The effect of transient saliency, exciter response

and speed governing action were included in the computer programmes.

H,H, Happ, C.¥. Person and c.c, Young22 developed matrix
computational methods for solving power system stability problems
with the inclusion of transient saliency, variable impedance 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 loaps of the algorithm

employed.

H.F. Lokay and R.L. Bolger23 presented increasingly
detailed turbine generator representation on calculated system
stability limits. They deVel?ped a new digitai computer programme
which permitted the representation of tramsient saliency, flux
linkage variation caused by armature current, saturatidn, machine
and system damping, the speed governor system and the excitation
system and compared the new method with the previous computational

methods.

B.J. Gevay and W.H. Schippel24 studied the transient stabi-
dity of an isolated radial power system by digital computer. They
kept the load constant but its division was varied among three
Jload components; ﬁamely, synchronodé thbtﬁu, induction motors

and static load.

GeA. Jone525 applied Ranpg-Bang excitation scheduling to a
synchronous generator returning from load rejection. Such control
increases the generator's degree of transient stability and termi-
nates its mechanical oscillations. They developed the criterion
for control from ohservations of generators résponse to return

from load rejection and pulse variation in the excitation.

: 26
J.M. Undrill developed a method for Dynamic stability
calculations for an arbitrary number of interconnected synchronous

machines by the application of standard multivariable control theory,

v
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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 clectrical networks
in bifef. They are a sampling of the more important contributions
in this field. .

In the present work, an attempt has been made to study
transient staﬁility of the eastern grid of Bangladesh Power
Development Board with some expansion schemes in the near future
and in particular to develop a comprehénsive compu ter programnes

which may be used by'the systeﬁ planners in future study.
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3.1 Introduction:

Load flow calculations provide power flows and voltages
for a specified power system subject to the regulating capability
of generators, condensers, and tap changing under load transformers
as well as specified net interchange between individual operating
systems, This information is ;ssential for the continuous evaluation
of the current performance of a power system and for analyzing the
effectivenss of alternmative 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 amd voltages of ahnét Qork for épecified terminal or bus
conditions. A sinéle phase represcniétion 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 amd 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 magnitude are specified-at a voltage controlled bus.

The real and reactive powers are specified at a load bus.
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- 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.
The analysis of the problem must also consider the

interelation between these two factors,

The mathematical formulation of the load flow problem results
in a syslem of algebraic nonlinear equations. These equations can
be established by using either the bus or loop frame of xreference.
The co-efficients of the equations depend on the selection of the
independent variables, i.e. voltages or currents. Thus, either the
admittance or ;gpedangg_pgﬁﬂprk mateices can be used. The author

uses bus aggittance matrix for the mathematical formulation of the

load flow problem,

The solution of the algebraic egquations describing the power
sys tem 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 algebraié
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.

. 27
3.2 Derivation of the Nodal Equations:

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

% .

where Pp_is the real power_at. the bus P, Qﬁ is the reactive power . .~

s

.at the bus.P,‘Ep'andmIp are the voltage and current at the said

bus, and Eg 1s the complex conjugaté of Ep'

The current at the bus P can also be expressed in terms of

‘admittances and voltages of the ad jacent buses mf q as piven by:

n
I,= 2 Y FE
P
q=1 Pq@ ¢q
B
n
r I =Y E.+ Y D (3.2.2
° P PP P b Pq q )
q=1
a¥p
where qu = HMutual admittance between bus p and q

and  Ypp = Self admittance of bus p.
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Equation (3.2.2) can be rewritten as:

1
E =% I - 2 Y E ) (3.2.3)
p op P o1 Pq g
a#p

Combining equations (3.2.1) and (3.2.3)

n
P~ JiQ n
1 p Yp E_ )
P PP Ep q=1
q#p

Substituting the real and imaginary components of the admittances

and expanéing different terms, the above expression becomes.
n o ’
ARL (PHjAIL(p) _ jZ; (Bzrip,q) *BZI(p,q)) Eq
. m _
P Ep I q=1
a#p

where, ARL(p) =-%prZR(p,P)-QPAZI(p,p))/(AZR(D,p)%%2+AZI(p,#)%*2)
EIL(p)=(-PpAZI(p,p)-QpAZR(;,p))/(AZR(p,p)#*2+AZI(p,p)%#2)
BZR(p.q)=ﬁZR(p.Q)AéR(p,p)+AZI(p,q)AZI(p,p))/(AZR(p,p)*§2+AZR(p.p)**2)
BZI(p, q)=(AZI (p,q) AZR(p, p)=AZR(p, q)AZE(p, p) }/AZR(p, p) #:2+AZL (p, p) #+42)
Subgtituting the rcal and imaginary component of voltage.

ER(p)=(ARL(p)ER(p)-AIL(p)*EI(ﬁ))/(ER(p)**2+EI(p)ﬁ%2)

n N
- 2. (PZr(p,q)FR(q)-B2I(p,q)EX(q)) (3.2.4)
q=1
qu
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EI(p)=(AIL(p)FR(p)+ARL(p)EI(p))/(ER(p)##2+E1 (p)=2)

n .
- 2 (BZI(p,q)FR(q)+BZR(p,q)EI(q)) (8.2.5)
q=1
q#b

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: .

&% % y!
- ‘T} R o + ) (3.2.6
Ppq~3%q = Tp  (Fp=Bg)¥pg*F B, 4 )

'whe?e,'yﬁq‘= line admittance

) y;q = total line charging admittance. ..
. ce e ' . i
- T i _

3.3 Formation of Bus Admittance Matrix:

Let us consider a simple system to illustrate the method of

formation of bus admittance matrix.




1@

Hene, ¥y,5, etc. indicates total line chargimg admittance

to ground at the bus indicated by the subscript.
" Let ypq, indicate admittance®lines connecting bus p and q.

Yo mutual coupling in the representation of the system is
congidered. Then, the diagonai element of the bus admittance

natrix for bus 1 is .

Yi3 S¥i2* Y3 v )y

and off diagonal element is

| Y12 =-y12

In general, the diagonal element and off diagonal clement of bus

admi ttance matrix are given by
P I

- - . N : n

Y = 2 + 3.3.

PP . Tpa T Y (3.3.1)
q=

Y =Y = -y

3.4 Gauss-Seidel Iterative Method of Solution:

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

be programmed for a computer.
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To illustrate the method, let us consider the case of three

equations in three unknowns.

311% * 3% T3 X3 T (3.4.1)
ag1¥y * P22%2 * 229%3 T P, (3.4.2)

+ =b 3.403
ag1X; * ®30%2 * 333%3 3 ( )

Let all'# 0, a,, Z 0, a0 # 0 and rewritting the equations

as:

11
L Xy - aexl) (3.4.5)
— Ld 1 - - [ B X ]
aap- 2 Ti21 '23%3

1
x =73 (b1 - ?}ZXZ - a13§3) (3.4.4)

P L) < -

. : - ¢

1 | ._ - ;‘:._‘ i . . " -
xa = —— (ba - a31x1 o 332]('2) ‘ (3.4.6)

833

We now take any first approximation to the solution; call

xl(o), xz(o) and xa(o). We solve (3.4.4) for a new ppproximation
to Xt
(1y 1 (o) (o)
X = a5, (b, - ajpX, = Byg%3 )X

(o
using the new value of x,, together with x, ~, we solve (3.4.5)
for Xyt

(1) (o)

= 3 ;
Xo CPN 2 2171 3
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and x. in (3.4.6)

Finally we use the ncwly computed values of xl o

to find a new value of x3:

(1 (1)
D = 2 (b, = 231% } - agpxy )

3 agg

This completes one iteration. We now start all over by

1 (1)
replacing xl(o), x2(°) and xa(o) by xl(l), Xo and xa(l) and

another approximation. In general the Kth approximation is given

by.
(k-1) (k~1)
= 3; (P17 %12%  ~%13% N

ty 1 (1) (1)

_ . By (bgmagyXy = 823%3 ) (3.4.8)
. .

(k) 1
x3 = 333 (b3 - a‘slxl(k) - a32x2€k) ) (3.4 .9

- \ ' -

T ' - - - -

»xtending now equations (3.4.7) to (3.4.9) to n equations
in n unknowns, the Kth approximation to x; is

® 1 (x (k) (x-1)

)
Xi = aii (bi - ailxl - ssresens ai’i_lxi_l - ai.i+1xi+1
- eaesnsd ainxn(k‘l)) . i = 1,2 avsens n (3.4-10)

(x)

The process is iterated until all X4 are sufficiently

close to xi(k-l). A typical way of determining closcness is to let

H(k) = Max xi(k) _ xi(k..1)
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(k)
where the maximum is taken over all 1., Then if X £ €

where, € 1is some predetermined small positive number usually

called the tolerence limity; the iterration is stopped.

When the number of equations is large the Gauss-Seidel
iterative process converges slowly requiring large number of
iterations torsaiisfy 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.

® D @ )
X1 (accelerated) — xlr *1 f s |

where, 4 is the acceleration factor.

3.5 Description of the system:

System choosen for this study is the eastern-grid of Bangladesh
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
schemes includes addition of both 182 KV lines and generating
stations.

Kaptai Hydro electric project will be reinforced with anothér
50 MW unit bringing total capacity of the plant to 130 MW. Construc-
tional work of this project Has already been taken up and is expected

to be in operation around 1980.
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A new power-station of 60 MW capacity at Sikalbaha near
Chittagong was planned earlier and presently its constructional
work is going on. This generating station is expected te be in

operation within 1980,
Future 132 KV lines considered in this study are

1. Ghorasal«Tongl 132 KV doublg circuit

2., Madanhat-Sikalbaha 132 KV double circuit

3. Shiddirganj-~Postagola 132 KV single circuit
4, Postagola-Mirpur 132 KV single circuit

S. Hirpur-Tnngi 132 EV single circuit.

Constructional works 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 schemcs are shown with

dotted lines.

3.6 . - Computer Programme:

A computer programme in FORTRAN IV Language employing
Causs=-Seidel iterative method for load flow study was developed
for running in the IBM 360 computer. At the time of working, facility
of High TFORTRAN language was not available in the computer and as

‘a result programme developed was in basic FORTRAN-IV.
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The
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
acceleration factors to be used with real and reactive components

of the voltages.

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,represents a connecting line
between two buses and zero represents no connection, Next input
data are the real and reéctive power_generéted, real and reactive
parts’ of load.

Some voltage equation parameters are calculated before the
iteration loop starts. Next the iterative part of the programme
starts., Voltage magnitude of swimg bus is then specified and then
initial voltages of all other buses are assumed. The real and
reactive components of voltages are solved seperately. 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 apain. If

the changes of real and reactive parts of voltages does not satisfy
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the tolerance test within maximum 1imit of iteration number, then

the Gauss~Seidel will 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. -

o

Then the line flows are calculated. Real and reactive power

i -

flows along with bus numbers connecfed by the line are printed.

Next, voltage magnitude and angle assoclated with it are

calculated and printed,

i + X L .
. - —_— e — Vo
- - - I L - : -

The detalled programme is given ,n .the Appendix-fo -1 ~ <+

T e A T L

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 powef 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 swing 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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CHAI'TER ~ 4

VOLTAGE BACK OF TRANSIT'NT RUACTANCE 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 Calcuiation of Voltage Back 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 back of tramsient reactance of machines.
Machine currents are calculated as follows:

Pty - 3044
1 = = 4
ti
Bi

i=12, «ecam (4.1.1)

where m is the number of machines and P,; and %k® Q44 are the

scheduled or calculated machine real and reactive terminal powers.
The calculated power for the machine .at the slack bus and the

‘terminal voltages are obtalned from the initial 1oad flow solution.‘

.When the machine i1 is represented by.a voltage source of -
‘cénétant magnitude back of transieﬁf‘feéctance, the voltage is '

obtained from

4 .
By(o) = Pt + 31y Cesee (4.1.2)

combining equations (4.1.1) and (4.,1.2) and substituting real

and imaginary parts of voltages, we obtain

ETR = ER + (VG#ER = WG#EI)® x/(ER##2 + EI = 2) (4.1.3)

BTI = BI + (WG#ER + VG= RI)% x/(BR:##2 + BI s 2) (4.1.4)

where, ETR and ETI are the real and imaginary parts of voltage

back of transient reactance of machines; FR and FI are real and



imaginary parts of terminal voltage; WG and VG are real and

imaginary power of machines,
Internal voltage angle is calculated from

b = tan-l(ETI/ETR) (4.1.5)

4.2 Computer Programme:

A simple computer programme was developed by the author to
calculate voltage back of transient rcactance 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 voltapes of machines, transient rcactances

of machines and rcal and imaginary powers of machines.

First real and imaginary parts of voltage back of transient
reactance and then magnitude of the voltage amd voltage angles

are calculated.

Detailed computer programme for calculation of voltage back

of iransient reactance of machines 1is given in Appendix-B.

4,3 Results:

Terminal voltages and pewer outputs of machines of all buses

except swing bus are obtained from load flow study. Power output of
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swing bus (Shajibazar 132 KV) is obtained after assinging 1load
at that bus and then equating with line flows. Real and imaginary

powers at swing bus were calculated to be as
P = 13 MW and Q= 29 MVER

Computer prints magnitude of voltage back of tramsient
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 32.
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CHAPTER - 5

CALCULATION .OF MACHINE TO MA CHINE ADXITTANCES

5.1 iﬁfﬁoduction

5.2 Network Reduction Process

5.3 Calculation of nriving po1nt and transfer
Admittance constants

5.4 Computer Programme

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
ig to determine machine to machine admittances during fault and
af ter clearance of fault. Impedance diagram of test system for
trangient stability study is shown in Fig. '5.1), Machine data are
also given in ﬁgﬁleas_lx. In all six generators of eastern grid
were congsidered in the study. More than one machine at a particular
bus were combined together to a equivalent machine. For identiail

’ machines inert1a constant of equiValent machine was taken as the

T mad

sum of the inertia constants of individual machine. Impedance of
the.equivglent machine was calcqlated inrusualﬁway of paralleling
the impedances of the individual machines. Loads in different
buses were expressed as eduiValent admittances to ground. Line
charging admittances were also taken into account. A computer programme
was developed to determine machine to machine admittances during a

3-phase fault and after the clearance of the fault.

29
5.2. Network Reduction Process:

Refore entering into a detailed discussion of the ne twork
reduction process, as given in this section, it would be better to
mention the preliminary data reéquirements for this calculation.

On an impedance diagram of the system giving a gsingle 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 transiént reactances and the fictitious nodes behind

these reactances.

To illustrate the process of network reduction let us take
the network diagram of Fig. :5.4' as an example. The various
nodes are classified as generator nodes, fault nodes and load

nodes. The classif ications are defined as follows:

Generator nodes are those factitious nodes, numbered 1 through
4 in rig. {5.3', ét which the voltage behind transient g reactance
exists. Fault nodes anumbered 5 and 6 are the terminal nodcs.of the
line which is té/be faulteﬂ. More generally, the terminal nodes
I.for all lines which may be faultedrare included in this clagsifi-
-cation, All other nodes, numbered 7 thrgugh 10 are referred to as
load nodes, even though in some cases there may be no 1load connected,
It may be noted that the generator nodes have been numbered conse-
. cutively as a group, then the fault hodes, 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 equivaleﬁt
network containing only buses 1 through 4 of Fig. 5.4;. The fom
of the equivalent network will be as shown in Fig. '5.5) with the
possibility that any of the mutual admittances might be zero. It
nust be recognized that more than ome set of admittance constants
for Fig. :5.,5" will ordinarily be needed. This is due to the fact
that the ne twork cbnditions change with the occurfence of a fault
amd its subsequent clearance, It is important to note that all

of the network changes correspomding to different conditions can be
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made on a partially reduced network, if that partially reduced
ﬁetwork contains buses 5 and 6. It is épparent that a computational
saving can be obtained by eliminéting once the buses marked L in
Fig. .5.4 , then eliminating as many times as required the buses

marked ¥, namely 5 and 6.

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

ted by the matrix equation
EY = I L] '] - (5.2.1)

where, E standg for a vedctor whose elements are cdmplex voltages
at the 10 system bases, Y stands for a 10x10 matrix of self and
mutuﬁl admittances,_and'l is a vector whose elements are the
complex'shunt currénts é} each of the 10 buses., If we expand
equation (5.2.1) for the system offfig,r?S.ﬂ_, we gét the expanded

equation as follows: "

1 2 3 4 5 6 7 8 -0 10, - - —
Y41 Y17 €4 i
Yoo ~Yog €y i,
Y33 “Y36 €3 is
Y44 Y410 °4 4
Y55 Y56 Y57 - °s | = |'s
“Yo3 “Yo5 Yo - “Ys10 6 ig
~Y71 . Y75 Yo7 V78 €7 i,
~Yn2 ' Yg7 Yas Vg9 °s ig
- Yo Y99 Vo0 €9 19

7104 “Y 406 _ .,Y109 Y1010 __ele_ L?iO.J
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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

e = - eV
Vie 2 Px =3
ekz

5, [ W 2

10

(5.2.8)

(5.,2.4)

This marely follows the customary procedure of replating loads

by constant admittance branches where magawatt and mega-var values

are unchénged for normal bus voltages. The result of substituting

equations (5,2.3) into (5.2.2) results in

1 3 3 Y 5 6 7 B 9 10 _
) , i
Yoo o8 2
- e
Y33 “¥36 3
Y24 Y410 4
- - e
Vo3 Ves  Ye6'Ve ~Yg10 ‘s
Y71 '775- Yoi* ¥y “Yoa €
' - - e
“¥g2 Ya? Yga*¥g “Yag 8
Yo Yoo Y9 Yo10 | |
- - e
V304 Y106 Y108 Y1010"V10| 10

-adussus ( 5.2-5 )

o

e 2 O

Mo
L
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Ilere 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 1llustrations, consider again the
equations for the network of Fig. (5.4 which have becn written

as equation (5.2.5). The last equation of (5.2.5) may be written

~¥10,4%4 ~ Y10,6% - Y10,9% * (F10,10*¥19)%0 = O (542.6)

solving for e;, in equation (5.2.6), we obtain

Y10, 4 . 10,6 o 4 Y10,9
4 6
Y10,10%¥19 ¥10,10%¥49 Y10,10%Y10

10 =

If node 10 is to be eliminated, €10 must be rcmoved from the

fourth, sixth and nineth equations of equation (5.2.5) by substitu-
tion, The térms which the substitution add to equation (4)~equation
(56.2.5) are ' -

Y4,10Y10, 4 s - 74,10"10,6 . . Y4,10%10,9

y + 6
10,10* ¥4 10,1010 10,1099

9
(5.2.8)

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.

—

09 (5.2-7)

-



38

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 becn 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 assoclated

with it in the co-efficient matrix,

a) Designate the off-diagonal terms as =Yiq, =Yy qy = ¥k4

b) Designate the diagonal term as Y,y

C) FOI'U]!_ Ykl/Ykk’ Yka/Ykkl ka'/Ykk -

" d) The three terms in (a) when multiplied by each of the

three terms of (c) will giyé.the changes which must be added to

the original co-efficients to produce the new desired terms.

Te dbe specific

Y11 new

Y13 new

Yid new

Yés new

Y34 new

YM new

il

old

014

old

old

old

old

(¥, ) My /Yy
Vi) (Yieg/ Vi)
(Y, y ) B/ Ty)
Yies) Yieg/ M)
(Yyg) (T g/ Viere)

(Yieq) e/ Vi)



It is now apparent that to reduce a new network it is
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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

delated, Of course it is convenient to have the nodes ordered to,

so that the nodes which are to be deleted are grouped together.

It is a conmvenience to be able to delete the last node, and then

the next to last etc.

‘ 3
5.3. Calculation of Driving Point znd Transfer Admittance Constants:

‘Calculation of two sets of driving point and transfer admi-

_ttance constant is required; one with fault on and the 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

conditions are applied for determining driving point and transfer

admittances. When all load buses are removed, then the equation

(5.2.5) takes the form

Y66 Yor
Yrc Yep

L

(5.3.1)

With the breakers at bus 5 amd 6 closed amd fault on, the

value of eg for a 3-phase fault is zero and the fault current

i is unknown.

Fé
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The equation,

YFG- EG+YFFEF =0
may be reritten as
Y5.81 * Yize2 + Vigeg * V5,84 * Yises = 0 | (5.8.2)

Yi1€1 * V4o * Viges t yé4e4 + yéses = Ipg (5.3.3)
The subscripts used with the admittance constants of

equations (5.3.2) and (5.3.8) serve to differentiate between these

elements and those of equation (5.2. 5) before the elimination of

load buses.

"

The problem of reducing the nptwork now bbcones one of just
determining eg from cquation (5, 3 .2) and. substituting this value
in equation (5.3.1). From equation (5.3.2).

dplat

1
= ' ]
°s = = ¥i; (51°1 * Y5202 * ¥53°3 * Y34

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

-1
- t [ ]
(¥55) 0 V'51 Y52 Yiz Y54
Y. Ep + Yop
66 G GF 0 0 6o 0 0o 0 G

ver (5.3.4)

which can finally written as

1

YGG EG = IG - - (5.305)
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The equation (5.3.5) gives the eequired driving point and transfer

admittances during fault. -

The following'procedufe is applied for determing driving
point and transfer admittances af ter the clearance of fault. The
clearance of fault means disconnection of 1line 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
p— which is the matrix for fault buses of equation (5.3.1). The
change in the matrix for faulted buses i.e Yo, 1s brought about
by sub-tracting the admittance of the faulted 1line frém the mutual
admittances between nodcs 5 and 6 and from the self admittances
of nodes 5 and 6. Let YFF af ter these changes becomes Yﬁp and the

equation (5.3.1) now becomes

E i
YGG YGF G G
- (5.3.6)
Yrq Yip Fp 0
. - L .

Yow 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

Yoo Bg = Ig (5.3.7)

1
Yoo and Y, from equations (5,3.5) and (5.3.7) indicates the
machine to machine admittanccs for condition 1 and 2 #.e. with

the fault on and fault cleared.
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TABLE FOR

1MPEDANRCE.
' . 2H-CONSTANT
STATION. O("‘MTV:;TV?}:‘-LA)GE ?:ESB’ PR - ‘ (KWS/KVA) |
' - % kd |4 xd [%xd |%%q) |4 xq % X2 |%XO
2X50 1 107 0'8118°0 | 30 | 113 |2t'0|83°5]19'5 T 72°0 | 8°18
K APTAI - ;
1X62'5 11 107 0’8 (180 | 30 | 113 [21°0| 53 {19 z0} 80
3000 . | . . i
SIKALBAHA. 1X%7%S5S 11 4 O‘'B (16 24 230! 16 210 16 8o 9-7
3Ix11°25 11 3000 0'8 {15 22 120 {15 {115 |12 4 a8
SHIDDHIRGANI 3000 . -
1X62°5 11° 5 o'g {12°5 | 29 |12% {175 [121 [172°5 | © 9-2
GHORASAL.| 2Xx69 10°5 3000 08 [14 20 1581 | 20 151 17 6’2 |[12°63
: i
| - |
ASHUGAMIJ.| ex80 11 3000 - Q°8 |12°5 20 233|12°5 (221 {12°5 8°0 9°8
4x20 11 2000 0°'8 |11 16°c{ 152 {10°5 185 |12 45 120°0
SHAHIJIBAZAR. * ;
Iagezs |y 3000 |0°8 |14 |18 |4195 145 185 [14:4 | 4°2 |20
GENERATOR DATA, MOTE: ,
VALUES OF IMPEDANCES AMD
H- CONSTANT ARE ON NATURAL MVA,
TABLE :5°2
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TABLE FOR LOAD BATA

Name of __Load
Substation MW MVAR
Shajibazar 50 40
Ashugan } 17.25 12.92
Ghorasal 28.75 21,55
Shiddirganj - 35 26
Ulloen 35 26
Tongi 70 50
Mirpur 40 30
-Postagola ; .7 .35 . [ 28 o
- comilla  13.8 10,35
'Feni, ‘ . 5.75_, .7.4.31
'Madanhat ' 60° 7. 45
Sikalbaha 14 12
Chandraghona 9,2 6.9
Kaptai - 8.9 5.1

Table 5.3




FIG: 54

D/ACRAM OF SYSTEM TAKEN AS AN EXAMPLE .
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REDUCED D/AGRAM OF EXAMPLE SYSTEM .
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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 aml after its clearance.

The inﬁut data required for this programme are resistances
and reactances of different connecting branches @f the network,
number of buses, line connecting matrices, line charging admittances
of buses aml 10ad equivalent admittances to ground. Buses are also

designated as per discussion of section .5.2) of this Chapter,

i With above inputs computer first forms bus admittance matrix
and then starts el&éminating one node at a time by the principle
outiined in section (5.2; of this chapter. Network reduction process
is carried out through a sub-routine in the main programhe. All

the load buses are eliminateﬁ in this way. Now for simulating a
8-phase fault the reduced matrix, contéining only generator amd
fault nodes are modified according to equations (5.3.4) and in

this way machine to machine admittances during fault is calculated.

Next step of the programme is to calculate machine to machine
admittances af ter the clearance of the fault. The use of reduced
matrix, containing only the generator and fault nodes is again made
to calculate the required admittanées. Changes are made in the

reduced matrix according to equation (5.3.6). Then arain the

¥
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network reduction process are carried out till the fault nodes
are eliminated. The resulting *% elements of the resulting
matrix having only the generator nodes gives the required admittan-

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 eclements of the lime parameter matriccs are changed according
to new faulted buses. Computer prints out the real and imaginary
parts of the admittances and also their magnitudes. The programme

L

is very simple and the detail programming is given in Appendix-C.
' v -

5.9 Results: | : - ‘ : - ' ’

-~ - - - -

Three pairs of driving point and transfer admittances were
calculated by the computer for three different fault locations.
8-phase fault was considered at 1) Ullon-Tongi line, 2) Kaptai-
Madanhat 1line and 3) Shahjibazar 11 KV-132 KV buses, (which
indicates a faults in bus-barssz). For each fault location computer
prints out admittances during and af ter fault c¢leared in 6x6 matrix
(as the number of machine was six) with captions as machine to
machine admittance during fazit and machine to machine admittance
fault cleared respectively. Real and imaginary parts of the admittances

as well as their magnitude were also printed,

W
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Machine to machine admittances for a 3<phase fault in

Ullon-Tongi line as calculated and printed by the computer is
given én page 50. '

Machine to machine admittancés for a 3-phase fault in
Kaptal-Madanhat 1ine as calculated and printed by the computer

is given on page é‘li. ‘

Machine to machine admittances for a 3~phase fault in
Shahjibazar buses as calculated and printed by the computer
is given on page 52.

I - - -

3



MACHINE TO MACHINE ADMITTANCE DURING FAULT

REAL MG

REAL ImG REAL IMG REAL [ MG REAL I MG HEAL NG
De513 —4.485 Q.128 Le449 Q.01 4% 0. 354 0. 002 0.098 =3.002 0.01l8 -0.008 0.036
D.l128 l%49 §e.299 =~5.354 0.051 0. 483 G. 011 0.130 -0.001 0.024 -0.007 0.049
0.014 0.364 0.051 0.483 Jo 125 =5,664 0. 030 0.184% 0.001 0.035 =-0.005 0.071
0.002 0.098 U.011 0.130 U. 030 0. 1 84 0.086 =-3.563 0.006 0.071 -0.001 Oela7

~0.002 0.018 -0.001 0024 J.001 0.035 0. 006 0,071 0057 ~14663 0.002 0.439
-0.008 0.036 =-0.007 0.049 -0.005 €. Q71 -0.00l Gelb? 0.002 0.839 0.031 =~2.593
MAGN ITUDE OF MACHINE TO MACHINE ADMETTANCE

4.514774 1.454831 0.364269 0.097606 0.018048 0.037298

1.454831 5.3624955 0.486191 0.130275 0.024089 0.049782

0364269 0.486191 5,66530L 0.186657 04034514 0.071327

0.097606 0.130275 0.186657 3.564211 0.070914 0.1486552

0.018048 90.024089 0,03451% 0.070914% 1.663650 0.838%35

0.037298 0.049782 0.071327 0.146552 0.838935 2.593207

MACHINE TO MACHINE ADMITTANCE FAULY CLERED/‘
REAL IMG REAL IMG REAL 1 MG REAL I MG REAL IMG REAL MG
- Q472 -4.149 0.102 1.901 0. 026 i.012 0.010 0.489 =0.010 0.050 -0.039 ‘0.183
3 U.102 1.901 0,305 -4,751 0.125 l.345 0.057 0.651 =0.006 Del21 =-0.036 0.247
0.026 1,012 0.125 l.345 0322 ~4.441 0.151 0.924% 0.0G5 0.173 =-0.025 J.357
0.010 0.489 0.057 0.651 0.151 0. 924 0.183 -2.036 0D.011 0.170 -0.011 0.351
-0.010 0.090 -0.006 0.121 0.005 0.173 0.011 0.170 D.055 ~l.644 -0.005 C.876
~-0.03% 0.183 -0.036 0.247 =0.025 0.357 -0.0il 0.351 =D.005 D.B76 0.009 -2.518
MAGN ITUDE OF MACHINE TO MACHINE ADMI TTANCE

4.175991 1.903422 1.012120 0.%489521 0.090516 0.187061

1.903422 4.760377 1.350883 0.653366 0.120812 0.249671

1.012120 1.350883 4.452393 0.936128 0.173098 0.357727

0.489521 0.5653366 0.936138 3.041592 0.169947 0.351215

0.090516 0.120812 0.173098 0.169947 1.645355 0.876165

0.187061 0.249671 0.357727 0.3251215 0.876165 2.517920

IRt ol T (I 1IN




MACHINE TO MACHINE ADMITTANCE DURING FAULT

RE AL 1MG R EAL IMG REAL I NG REAL TMG REAL TG REAL MG
0519 =4.529 0.131 1.390 0.012 0.279  0.003 0.083  0.002 3.034 0.003 0.066
0.131 1.390 0.298 -5.433 0. 041 0.371  0.011 0.11077 0.005 " 0.045 ~0.UI0 O 087
0,012 0.279 0.041 0.371 0.099 -5.823 0. 028 0.156 0.012 J.065 0.024 0,124
0.003 0.083 0.011 0.110 0.028 0.156  0.074 =3.522. 0.025  TD.l0% 0.01L8 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 0.086 J.011 J<051 0.034 -6.5823

MAGNITUDE OF MACHINE TO MACHINE ADMITTANCE
4,558995 1.396418 0.279717 0.08272! 0.034335 0.065751
1396418 5.441047 0.373339 0.110408 0.045828 0.0878717
0.,279717 0.373339 5.824329 0,158192 0.06566]1 0.12581b6
0.082721 0.[10408 O0.I5RI97 3.672788% O0.106%IF U.0UB793%
0.034335 0.045828 0.065661 0.106418 2.028907 0.051897
0.065791 0.0878172 0.125816 0.08793% 0.051897 565.823161
MACHINE TG VMACHINE ADYITTANCE FAULT CTERED7

RE AL NG REAL TMG REAT MG RE AL 1HG REAL ™G REALC ™G
0.456 —4.272 0.070 1.739 -0.037 0.784 —-0.026 0.39% -0.014 0.21} —0.052 0.743
0.070 1.739 0.248 -4.964 0. 020 1. 047 0. 001 0-533 J.001 0.282 =0.003 0. 99%

—0.037 0.784 0.020 1.047 0.141 -4.856 0.059 0.761 J.031 3403 0.103 1.421
-0.026 0.399 0.001 0.533 0. 059 0. 761 0.099  —3.231 0.0%1 D.376 U.072 0.891
-0.014 0.211 0.001 0.282 0. 031 0. 403 0. 041 0.326 3.037 -1.902 0.043 0.499
-0.052 0.743 -0.003 0.99% 0.103 1.471 0.072 0.89T1 0.0%3 0.499 0.170 -5,081
MAGNITUDE OF MACHINE TO MACHINE ADMI TTANCE

4.296290 1.740009 0.784532 0.399341 0.211420 0.744390

1.740009 4.969778 1.047118 0.533003 0.282183 0.5943%1 o

0.784532 1.047118 4.857605 0.7635682 0.404310 1.424683

0.399341 0.533003 0.763682 3.232815 0.328088 0.894174

0.211420 0.282183 0.404310 0.328088 1.301940 0.500669

O.744990 0.99434] 1.424683 0.89%17% 0.500669 B.083591




MaCHINE T MaCr INE ADMITIANCE DULRING FALLT

Rt a4y, el REAL 1L

YE AL ™a REAL IHG REAL 1 FG R EAL TG
G 84121 €40 Gl €. ¢ Co Q 0.0 2.0, G0 0 W0 4.6 g
U 0.0 Codl4 3,668 C.1461L Ce. B5F 0.071 U.%31 U0 2 0.0¢81 ~0.Gid PR ER]
Y €.0Q {,141 CaBS1 C.234 —4.7ld  O.lan D.84% U010 .19 =0.014¢ 0.322
Y 0.9 C.CT1 Ce 6L €168 0. 82% Nalll “3.120 U013 0.191 -G48 HPER B
0.9 043 0 CCd ge8l o €L € fedb4 Ce LY G.151 UeliSH ~1e6398 ~0.007 0.069

MAGN ITUOE OF MACHINE 10 MACHIARED ADONITTANCE
£.1234171 . ¢ {0 J.0 J.0 1.0
€al S.666280 (.DGE4TT U.4370% 0.,080822 0.167028
€L CoBEBETY  4.T21536 Q842131 0.155716 0.321804
Coal C.437C96 U.842131 3,1%23295 0.151263 0.312002
Col (.08€822 0.1557186 04151263 1.648796 0.869277
C.C C.167C28 (.321804 04352602 U.669277 2.331642
MaCrINE 7O MACHINE ADMITYANCE FALLT CLERED/

f AL 18 & EAL IMG REAL G RE AL "LBG FEaL LK GEGL . MG
PR 0.6 0. 0.¢ € .U 0.0 0.0 0.0 0 «0 .0 0ot
Q.0 €0 C«491 -3.92C t.208 1.778 0a 105 UeB95  <“Ual03 D.187 =-L.0U4¢C T4 144
Ua0 (a.C CodCé 1.7%8 o389 =~4e222 0.179 1.671 J <00k 04201 =Q.02¢ Qedld
0.0 0.€ K E C.595 €179 leGfL o382 ~3.Ul5 VULl G.x7a -U.012 IPEEE]
Qi Ua -0 (03 U.161 e 6 t.20L 0.011 Q.1145 Call55 ~1.buq =0,006 N.678
et 0.9 ~CJC4C Ceda?2 ~L.0628 Ca4i% ~0u0L2 D.399 =000 D.E7H JJLCE ~Z.5%15

A GN LTUDE OF MACHINE 30 MACHINE ADNLTTANCE
(¢ €. & (oG 0.4 U0 0.0
(. 3.951(39 L. 190834 (.901158 0.165630 0.3443480
Cal 1.759¢534 4.236036 1.08%4972 0.20071% UG.4lsg0}
Gal C.SCLE8E 1.CE5452 3.0202%% 0.1738286 Q.3592739
GaC Coibbéedd 0o20C71% D.L77%358  1.568646% 08715717
C.C (- 344360 U.414800 U0.259235 O«87F077 Z.505131%
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TRANSIENT STABILITY STUDY
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6.1 Swing Eguation:31

In order to determine the angular displacement between the
machines of a power system during transient condifions, it is
necessary to solve the differential equation describing the motion
of the machine rotors. The net torﬁue acting on the rotoréof a

. 4
machine, from the laws of mechanics related to rotating bodies is

2
: WR .
T= —g—% o« . (6.1.1)

where,T = algebraic sum of all torques, ft-lb,

 WR%= moment of inertia, 1b-ft°._

g = accelerafion_ddento gravify,

X = mechanical angular acceleration rad./sec.

- - - - : »

- . .
The clectrical angle 8, = ~7 @, (6.1.2)
The frequency f in cycles per second is

= - IDE (6.1.3)
=7 5 .1,
Then from equation (6.1.2) and (6.1.3) the electrical angle in
ragdian is

60f

. ‘Oe = rpm Oﬂ &6.1.4)

The electrical angular position 6 y in radians, of the rotor with

respect to a synchronously rotating refcrence axis is

b= 0, - Wt



o4

where,w_ = rated synchronous speed, rad/sec.

t = time, sec.

Then, the angular velocity or stip with respect to the reference

axis is

as d O,

=%

and the =2angular acceleration is

d28 _ dzgc
at? at?

Takiag the second derivative of equatibn (6.1.4) and substituting,

- - . A———r ———— -

4% _ _eof_ _dOm
a2 = rpm dt?
.2
where, A“Gmn -

dt
Then substituting into equation (6.1,1), the net torque is

WR® rpm 28

T =
g | 60f dtz

It is desirable to ekpress.the torque in per umit. The base torque
is defined as the torque required to develop rated power at rated

speed,

550
0.746’

base Kva (

Base torque =

27 (55

where the base torque is in ft-1bs.
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Therefore, the torque im per unit is

2 . .
WR 27 rpm 2 0,746
g T ( Eu ) 550 d25
base Kva at?

(6.1.5)

The inertia constant H of a machine is defined as the

kinetic energy at rated speed in KWesec/Kva.

The kinetic energy in ft-lbs is

WRZ_ 2

4 o

Kinetic energy = 3

rpm
where, w, = 2 77 Lo L

60 ° and rpm is the rated speed.,
Thérefore,
L WRC oy m) 0.746
e (27 )*C EEm° oo

base Kva

Substituting in equation (6.1.5)

2
H a“s
T - —— (6.1.6
' TE at2 ‘

The torgues 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 primé mover, generator,
and power system. The electrical amd 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 T, is

T =T =T
a m e
where, T, = Mechanical torque
Te = Electrical torque

Thus equation (6.1.6) becomes

T G T
T dtz ‘m e

(6.1.7)

Since the torque and power in per unit are equal for small

deviations in speed, equation (6.1.7) becomes

,

~ . -

LR

2 .
Lg- = ——H—- (Pm - Pe) - . - ..
at™ - ' :
where, Pn = Mecharical power
| Pe = Flectrlcal air gap power

This second order differential equation can be written as two

simultaneous first order equations.

a%§ - dw _ ZL (¢, -p)  and
dt2 dt
dt dt

Since the roted synchronous speed in radians per second is 2 7 f,

equation (6.1.8) becomes

~48 = (w -
- (W - 27f)
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The present study was done by considering the mechanical
power ihput unchanged i.e no governor aétion during ard after
clearance of fault. However governor and exciter characteristics
are given in the following sections for ready feference for future

study with their effects.

32
6.1A Swing Fquation with 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.6.1a}.
This representation 1ncludes a transfer function descrxblnp thesﬂﬂﬂ
'system with'a time constant T and a transfer function describing
the control system with a time constant Tce The differential

equations relating the input and output variables of these transfer

functiohs,rcspectiVely are

dp
m - 1 i .

Tt = Ts (Pm Pm) :(6.1a.1)
i

d

Pm = -}—(Pii- Pi )

dt T, ®@ B

where P is the mechanical power and the intermediate variables

are designated by P;l! , p:-li' p;“ and p;". The variables P:'Ii and

P;ii are related by
i1 _ 1id
P 0 Pm

I~
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ii iii iid '
P =Py 0 me L Poox
1i © 4id

Pﬁ = Pmax Pm 2 Ppax

where Pm x is the maximum turbine capability. The intermediate
a

variable P;ii is

iii _ - Piv

P -
m Pm(o) m

where Pm(o) is the initial mechanical power, The intermediate

variable P;V is

iv 1 Wg = W
Py T % (Tomr * PPr ) :

where R is the speed regulation in per ﬁnit and DBT is the dead

band travel, that~is,'fhe‘change in speed required to overcome

the dead band of the governor system.

Equations (6.1a.l) are solved simultaneously with equations

{6.1.8) if the ecffects of the governor control system are included,

6.1B Swing Equation with Exciter Contr0133

The exciter control system provides the proper field voltage
to maintain a desiped system voltage, usually at the high voltage
bus of the power plant. An important characteristic of an exciter
control gysten is its ability to respond rapidly to voltage deviations

during both normal and emergency system operation . Many different
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types of exciter control systems are employed on power systems.

The basic components of an exciter control system are the regulator,
amplifier and exciter. The repgulator measufes the actual regulated
voltage and determines the voltage deviation. The deviation signal
produced b& the regulator is then amplified to provide the signal
requifcd to change the exciter fi#ld current, This in turn produces
a changef&he exciter output voltapge 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 showr in the Fig. :6.1b’.
This 1is one of the important types of exciter control systems.

This representation includes transfer functions to describe the
regulator, amplifier, exciter and stabili;ing'}oop. The stabilizing
106p modifies the response to eliminate undesired oscillations and
over shoot of the regulated voltaée. The differential ecquations
relating the imnput and output variables of the regulator, amplifier,

exciter and stabilizing loop, respectively, are

ae¥ _ 1 v
= '171'?'" (Fg = B¢ = F)

114 piid
dF, ~'

= ==( K, v o+ g e ) - Eui)

dt A A e

dEed _ 1 1i e o s« (6.1b.1)
e T Ty B Kfre)

iv ar
ac T, (% ge - F)
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5!
]
1]

Scheduled voltage in per unit

Qutput voltage of the amplifer in per unit prior to
the disturbance

Regulator time constant

3
e
It

=
n

Amplifier gain

=3
#

Amplifier time constant

Exciter gain

&
LLi

Exciter time constant

-3
]

11

Stabilizing loop gain

]
]

F Stabilizing loop time constant

and the intermediate variables are designated by wKK Eii, Eiii"

Eiv, R’ and EVi. The intermediate variable Fllis

pit - pitl _ ol

where pV1 is equivalent to the damagnetizing_effect due to satura-

tion in the exciter. This determined from

BE
vl = 4 5 fd

where A and B are constants depending upon the exciter saturation

characteristic.

To include the effects of the exciter control system equations
(6.1b,1) are sclved simultancously with the equations (6.1.8)

describing the machine.
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6.2 Power Angle FEguation,

The general equation for real power out of a machine is

given by

. n

Pi = zl Ei Ek Yik Cos ( Qik - 61 + Sk) (6.2.1)
where,

FE = voltage

Yii= Self admittance

Yik= Mutual admittance

© = Angle associated with admittances

rd

5 = Internal voltage angles

6.3 Solution of Swing Fquation:

The author has solved swing equation first by 1) step by ;
step mecthod and then by 2) Runge-Kutta fourth-order approximation
method. Two separate computer programmes hgve also becn developed

for solving swing equation by the 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,



which begins at t = (n-1) &ot, where &t is the time interval.
The angular position at this instant is & n-1+ The acceleration
d __4 s as claculated at this instant, is assumed to be constant

f rom

t=(n=-3/2) &t tot= (ned) O

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

as

Pay
Dy = At 2 =_.-...;t..p

where, ¥ = inertia constant in megajoule seconds/Electrical degree.

The speed at-the end of this time 1s” . ¢ .

'
i

- ..

"ot © Ya-3/2 % S Vaes o (6.3.2)

= - -

.'i.a. .
As a logical outcome of the assumption regarding acceleration,
tke change in speed would occur linearly with time. To simplif¥
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-1) & ¢,
which is the same instant for which the acceleration was calculated.
Retween steps the speed is assumed to be constant. From t = (n-1) &t
to t = n A t, or throughout the nth interval, the speed will be
constant at the value "n-%' The change in angular positionx during

the nth interval is, therefore,

L8 = Ste Wy (6.3.3)
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and the position at the end of the interval is

Sp= 8 +ady (6.3.4)
substituting equations (6.3.1) into (6.3.2), and the result in
equation (6.3.3), gives |

2
(&t

Aén =4t . "n“3/2 +* M Pa(n-l) (6.3.5)

By analogy with equation (6.3.3)

ad = A t. 6.3.6
=1 t wn_a/z ( 3 )
Substituting equation (6.3,6) into (6.3.5) = - - e
c Ot : '
S . ) (o) (6.3.7)
AOC = abd n-1-* hu =~ Pa(n-l)' hE ' -

Before proceeding with equation (6.3.7) for calculation eof internal
angles some consideration is given for the effects of discontinuities

in the acceleration power Pa which occur, for example, when 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 Pa before and after
the discontinuity must be used. Thus in computing the increment

of angle occuring during the first interval after fault is applied
at t = o, equation (6.3.7) becomes

2 P
_aot (6.3.8)

(2o t)
AS 2
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where Pa°+ is the accelerating power immediately after occurence
of the fault. Immediately before the fault the system is in the
steady state; hence the accelerating power, P4, and the previous
increment of angle, 2350, are both equal to zero. If the fault is
cleared at the beginning of the mth interval, in calculations for

this interval ane shogld use for Pa(n-l) the value

P, (p-1)- * Pafm-1)+ ), where P,(m.1)- 1s the accelerating

power immediately before clearing and Pa(m—1)+ is that immediately
af ter clearing the fault. If the discentinuity occurs at the
middle of an interval, no special procefddure is needed. The incre-
ment in angle during such an interval is calculated, as usual,

from the valuc of Pa ap,the beginning of the interval.

If th;”discontigﬁity o;curs*at sbﬁe time other than the
beginning or the middie of an interval, a weighted average of the
values of P_ before and af ter the discontinuity siould be used,
but the need for such a refinement seldem appears because the
time intervals used in calculation are so short that it is sufficien-
t1y accurate to assume the discontinuity to occur at the beginning

or at the middle of an interval.

3
Runge-Kutta Fourth order Approximation Method:

In the application of the Runge-Kutta fourth order approxi-

mation, the changes in the intermal voltage angles and machine
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speeds for the simplified machine representation, are obtained

from

1
(k + 2k + 2k + k

& 61(t+At) = & Ky 24 ag * ¥y

-1
S Miteat) TG gy ¥ 2, + 2, + Ry, 1= 1,200

The k's and L's are the changes in é:i and w; respectively,

obtained using derivatives evaluated at predetcrmined points. Then

- 1
Si(tent) = Oyqry * F Oy + gy + Zkgy + kyy)

1

!

+2Lgy + L,

"1(t+at) 0

e

The initial estimates of changes are obtained from

: = L A OTTEYA L —— _ N
— kg = My =270 At
LS M
Lyt ® T; Omi - Pear)) &t i=1,2..o

r J ’ . - -
where ¥ (1) and Iei(t) are the machine speeds and air-gap powers
at time t. The second set of estimates of changes in 51 and Wy

are obtained from

L1
koy = { (wi(t) + T) -27f) Ot

. It (1)
Log = %, Ppg - P

"1 ) Ot i "-'-'-1,2,...m

e
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(1)
where pei are the machine powers when the internal voltage angles
are 51(0 + (ky4/2).

The third set of estimates are obtained from

L
= 2i y L 2mr) At

31 ?
. uss (P (2)
Lgy = Hy mi” Pei(t) ) &t 1=1,2.com
where P::) are obtained from a second solution of the ne& wvork

@quations with the internal voltage angles equal to
S ..« + (k. .

The fourth estimates afe obtained'fromf‘

- L

K = ( (H‘i(t) + Lai) - 2 TTf) ot

41
Tf 3 . ;
Lag = Ty Py = Py ) 2 i=12.m
where P:f) are obtained from a third solution of the network

equs tions with internal voltage angles equal to Silt) + Kéi'

The final estimates of the internal voltage angles amn
machine speeds at time t + A t are obtained by substituting{ﬁhe
k's and L's into equations (6.3.9), Then the time is advanced by

A2t and the process is repeated until t equals the maximum timp

TtﬂaX' \
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6.4 Computer Programme:

The author developed two seprate computer programmes, one
employing step by step method and the other by Runge-RKutta 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 with their angles, initial
internal voltage angles, inertia constants aﬁd real power output
of the machines., Throughout the soiution the mechanical power of

the machines were considered constant.

In both the programmesjthe_accelerating power of machines
are "calculated through the same sub-routine in the main programme.
The sub-routine, when called for solves the network equation and

R calculates the accelcrating 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. Machine 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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Stability 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 secomd by step by step me thod and
with clearing time 0.2 sec. by Runge=Kutta method. Individual
machine angles with time amd name of machines were printed by
'computer. Angular speed of machine were also calculated bj’Runge—

Kutta method.

Computer print outs of step by'steb method.is giveﬁ on page
72 and that of Runge-Kutta method on page 73, Computer print outs
was taken for 1 sec. Time interval for step by step me thod was
taken 0,050 sec. and that for Runge-Kutta method was taken as 0.1 sec.
Fig. 6.2 to 6.5 indicates the relative angular displacement/ﬁgchines
obtained by step by step methods. These curve shows that machines

remain in synchronism even if 3-phase fault in Ulion-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 Ullon-~Tongi line and cleared in
0.2 sec. The swing equation was solved by Runge-Kutta me thod. These

curves also indicates that the machines are stable, It is apparent



from Fig. 6.2 to 6.9 that machines at Kaptal anmd Sikalbaha
oscillates together ami the rest of the machines also oscillater
together. I'ig. 6.10 indicates the. angular speed of indiwidual

machines with time.

Comments on Results Obtained by the two Methods:

Step by step method is a simple method for solving swing
equation. Runge -Kutta 4th erder approximation method is a wigorous
method for the solution of swing equation, but it gives better
accuracy over step by step method. Time required by computer for
solution of swing equation by s}gg by step method is less than
that required for Runge-Kutta method. So Step by Step method gives
economic advantage over Runge-Kutta'uethod,‘but at the cost of |
accuracy of calculation. The aim of this study was not to differen-
tiate between two methods amd as a result distinct advantages of
one method over the other was not studied in detail. However,
computer times required for solving swing equation fer a 3-phase
fault in Ullon~Tongl line by Runge-Futta me thod over an interval
of 1 sec and by step by step me thod over an interval of 1.5 sec.

were noted as 2,33 and 2.21 minutes respectively.,

Swing Curve for 3-phase Fault in Kaptai-Madanhat Line:

A three phase fault at Kaptal-allanhat 1line was considered
and cleared in 0.3 sec. The swing equation was solved by Runge-Futta
wethod, Computer print outs upto 10 seconds showing individual

machine angles with time are given on pages (74 to77". Fig. 6.11 to 6.14




in indicates the relative angular displacement of machines for
3-phasge fault in Raptai Madanhat line and cleared in 0.8 sec,
These figure indicates that machines arc stable. It/%fso‘cleared '
from the figures that machines at Kaptal and Sikalbaha oscillates

very closely.

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

A three phase fault was considered in be tween Shahjibazar
lirk? and 132 KV buses and cle;;ed,in'o.é seconds. The ;wing
equation was solved by Runge-Kutta mefhod and comndter pni;t outs
upto 10 seconds showing individual machine angles with time are

given an pages 78 to @V.

Figure 6.15 to 6.18 indicates the relative angular displace-
ment of machines. Shahjibazar machine will be unstable and will
ultimately be tripped by the machines protective devices. Fig. 6.18
to 6.18 indicates that the remaining machines will be stable even
if the Shahjibazar machine with 13 MW load is tripped.



COMPUTATION OF INTERNAL MACHINE ANGLE

KAPT ATHY ORD TIME

SHAMJ IBAZAR AHSHU GANY GHORA SAL SHIDDIRGANJ SIKAL BAHA

0.65511 7.10500 8.18821 3.48882 5.65693 13.55498 0.05
~0,01621 71.90462 1 J. 96581 6. 4B695 7.89749 18.72385 Q.10
~0.62415 9.25242 L4.4B8695 10.88272 12.22039 26.82671 0.15
-0 ,40242 11.45807 17.52412 15.71338 19.17317 36.81592 0.20
1.00582 14. 67775 20.18651 2G.64041 28.90041 47 .69524 0.25
3.86944% 18.91626 22. 86049 25.48296 41L.04684 58 .60658 0.30
B.34574 24,06528 26. 095483 30.27226 54.74083 68..98000 Q.35
l4.47438 29.,98901 30.45680 35.25073 68.74832 78.57642 D40
1 22.18835 36. 61986 36,38805 40.81697 8l.75032 87 .42548 Oe45
31.33972 44,02576 44,13029 47.43556 92 465166 95.65746 0.50
41.73656 52.42209 53.69945 55.53389 100.82926 103.57274% 0.55
53, 18466 62.11842 64491 946 65.40135 106.27625 111.15852 0.60
65.52550 73.41164 77.48839 77.10371 109.63712 L1lB 48621 0.65
78,66109 Bb. 45854 91, 05603 90.43556 112.12032 125.58167 0.70
92.55881 101.17%5348 105,29666 10%4.94305 115.26175 132.58533 0.75
107 23430 117,20868 119. 96310 120.03494 120.56978 139.86203 0.80
122.71832 133.99945 134.91093 135.,15776 129.16879 148 .03458 0.85
- 138,99898 150.92731 L50. 09038 149.97183 141.57449 157.21116 0.90
156.01455 167. 48869 165.5L 837 164.46240 157 .66 197 170.32829 "0.95
173.61026 183.45021 18l.25157 178.94936 176.81013 185.95557 1.00
191.563%Q 198,92712 197.37617 193.99374 158.,16026 205.11185 1.05
209463222 214, 36008 214.01611 210.22871 220.89822 227664424 1.10
227.61583 230.391748 231434697 22B.16664 244 .46341 252.91888 1.15
245.492999Y 241, 67862 249.59680 24B.04666 268.61743 M 219.94604 1.20
263.15649 266. 70093 269,02075% 269.77686 293.36621 307.60913 1.25
281.,06030 28764014 289, 853217 292.99048 318,78B82 '334.91162 1,30
299.56421 3110, 36108 312.24902 317.18604% 344,86328 361.15894 1.35
319 ,18457 334, 498634 336.23291 361.89160 371.3588% _ 386.03540 1. 40
340.44189 359, 59204 361.6T0L7 366.79199 397.82520 40%.59302 1.45
263,76880 3188.26904 39§.78223 423.6752D 432.17676 1,50

385. 25903
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COMPUTATION OF INTERNAL MACLHINE ANGLE AND SPEED

S HAHJ I BAZAR AHSHU GANJ GHORA SAL SHIDDIRGANJ SIKAL BAHA  KAPTAIHYDRD TIME
ANGLE -0.00128 7.90187 10.95661 5.48253 7.95282 16.68317 0.10
SPEED 313.686743 314, 52463 315.43530 315.5483% 315227930  316.50781 " -
I ANGLE -1.99227 11.02474 21.49464  18.27600 19.15762 37.66426 0.20
' SPEED 313.080859 314. 87163 316.51014 316.86816 317.0717B 318.33032 . ]
ANGLE —0.20714% 18.61591 32.15529 32.38382 41.93953 62.11545  0.30
SPEED 315.23438 316, 10425 315.54212 316.30275 319.07373 I[B.35889 T T T
ANGLE 11.03660 32.77245 38.60385 42.80807 72.81993 84.49800 0.40
~SPEED 317.01221 317.04028 315.21777 315.75073 319.68604% 31714215 '
" ANGLE 31.99677 50.15303 46.91985 52.36365 101.19456 103.39212 0.50
SPEED 318.53101 317.271832 31619317 316,08130 318.27441 317.20386
ANGL E 59..70744 68437502 63. 72040 66.96431 118.04501 119.85672 0.60
SPEED 319.32739 317. 49780 318. 03711 317.46045 315.95117 316.865697
ANGLE 89.73573 90.09592 91.12520 91.10495 123.56873 134.41635 .70
SPEED 319.38916 318.55018 319.73804 319.252569 314 .61060 316.53075"
ANGL E 119.12523 120.02956 125.76891 124.05911 127.9568%5 147.66553 0.80
SPEED 319.20825 320.197127 320.50513 320.38656 315.62339 316.53223
ANGLE 148.30513 158, 04582 161. 92334 160.018565 144.38412 163.84827 0.90
SPEED 219.3815%9 321, 16870 32 0.33667 320.33105 318.56567 317’87?§ﬁ‘
ANGLE 180.04068 197. 42314 195.96788 193.64749 178.68932 190.70378 1.00
SPEED 320.06689 320. 69922 319. 88110 319.75122 321.55106 370.171383 ]

o wla ple Nlo 0|0 wla
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COMPUTATION UF INTERNAL FACHINE ARGLE ANU SFEED

SFARJ ICAZ AR AESHU GANJ GHUR® SAL SHIUDIRGANJ SIRAL LDAHA RKAFT A TRYURD e
FRULE I VPFVELY! TaEZA%3 ITLaUJZG1L G.UZl62 SeHD8LD T8 <B91TT teil
SFPEEL 313482391 314.50C24 315.46533 315.38574 314.34741L J16.6 1450
ARGLE ~ZeauAal | LYY W 2191330 1655620 T-49510 LR L T4y
SPEEL "H1A,7143¢ 314.€61812 Jl6. 61328 316.53003 314.,72607 318.81812
FRGLE Ueo9lic L ELE? 3T G950 EL UYWAY 1948541 T eE330Y =3
SPEEL 315.7998¢ 117.32881 316.916562 31T.6B457 317 .61450 312.79199
ARGLE 16899195 GI.GBU4L LW A7) L) STsoa I9c I L - STV ) (YRR Ry
SEREED 318416113 Jre.ca8a 31 5. 88550 316.24243 318.59668 312.77856
LI GG qGidil PR T St al26d 5723065 55 .U3 155 L) B I 74 50
SFEEC 319.7126¢ 316.770158 315.06348 3Il4.51011 . 316,709417 318.5%5273
ENGLE T =34150 T9-UEGEZ TU. L0099 TeeH 1350 TZ-514510 T39I T=Cd
SFEEC 319.76221 216.426185 316.69482 316.25098 3{5.06738 320.T4953
ARGLE TUG0Uh3¢ SZe JASLE U9 TS9ZH b USGHT EOGH U0 U6 TO99% PR AT
SFEEC 318.59111 I18.223¢3 319.61812 320.15069 316 48633 J31T1.46517171
ARGLE IZ0.2(Q%C T2Z<1138T i i 14812 26617560 oS ety 1200 — =8¢
SFEEL 317440601 12C.56C78 321.25004 321.67285 "320.,1005% 316.644513
ANGLE TaB . iUl I0l+6599C 100 90833 1 Y3 VR YA IH T <30 130 5T Y EED & e 90
SFEEC 317.46558 221006171 320.37769 320.05054 322 .95850 © 320.89941
T ARGLE Y FEEEY N LY EEF 199 UBUT3 T . GudaH 9952088 IF8568176 =00
SPEED 319.159381 32C.14478 J19. 60840 319.22021 323.17139 323.9709%
AFRGLTE 2UD 0905 E FEY PLEECE VAP G E LR P YA TR P PR LT P TR N % L) 1310
SPEEC " 321481768 31%.99C12 120. 66016 321 . 10669 321.21753 .321.48633 .
AkGLE FAEIT B VE] cGleutlyd £ihedblO T, Zi%a OUDLD rA ETE P ZEUSEIIOT YY)
SPEEL 323.,¢63585¢ 321.128%1 322.01733 322.68066 319.064248 318.332374
ANGLE FiT.03¢YE Ji1Z2.33375% ER PR FERE 371 .295806 FHL,IB0T% K NPT R 1230
SFEEE 324.32486¢ 1i2.€2134 325.5525%9 321.59473 318.81372 320415747
ARGLE IGTE9997 363.837Z¢1 36Z.TLE3E 359.533569 F39.1521U EFL Y EET-ES Io4U
SPEEC 323.70215 123,48%35 321.55469 320.506140 321.47852 3124.40642
AKRGLE 419.5424¢8 417.80004 4G 1. HT4UED 44U« 20041 YL . DGBES 4l . 1%500U Leol
SPEEC 322.£70858 123,68C42 322.769761 322.641%11 325.41431 325.29370Q
TANCGLE 466 57221 = &12.392%% {85, 4G50 80 A6U.4L1IB7 4648259 3 GiD.51I410 1.60
SPEET 32:.21580s 323.7164¢ 325.24512 326.36035 327 .61016 A22,49097
AKGLE bi4 07983 GieBea11310 tld. 83618 535 .24990 24U LJUB0E6 P PYEFLE 1e dlU
SPEELC A22.8732%9 2324417158 326058569 327.42920 326.52905 323.61909
ARGLE G68.411468 CEB.cCEIC €02 BRTLY 605 . Talu7 GU3m0018 5927 L4500 T-54
SFEED 324.5601719 128.29349¢% 325.99121 325.34033 324,05542 326.57202
ANGLE 634,2%40 €5¢,22314 €&l.4b.8H 66%.0BY60 656.856987 667.10786 | A1)
SFEEG 2286.7309¢ J2t.59413 124.,%8682 323.75635 423.31763 327.,293495%
ANGLE TIT.G853S T29.4372¢ 1Z29a 11133 72194590 TL3.8152% (36959410 LY
SPEEL 32B.%424E 327.087E¢ J25. 04224 324.95337 325.15088 325,.,12110
AKGLE 198 403841 BUJl.JdA823¢ 1944311352 FELI'PY-3 U FAN B edlidice TID «FICET e il
SPEED 32910767 AZE4E1514 32611377 327.20215 32T.5661L6 324 .42993
AKGLE LELDPY LR BlZa77075 EGE, 75908 Bo8.4228> BbAa.(393% BhdatG 143 Zecdl
SPEED 328,2238¢8 32€.496E13 327.52144 328.20776 328 .64087 3274474861
ARGCLE 956 .764859 C4C.025%3 T Y E ) J59,. 41620 UL Y SU TR FLL:PLERE E) 2% 30
SPEEL 326.6620¢ 127.9C16¢ 32%. 02734 328.45850 328.65918 330.57813
ANGLE 1027 46989 T itile92bik LL3be 19468 LU T30 L IUES LT I0G 3 BSUDY Le4y
SFEEL 26,4768 23C¢.C31¢C1 33C.321715 329. 41895 329.,01440 320 .43994
ERGLE 11012831714 1126.25C24 1131. 00781 1125.020U51% T1iY¥.21441 TI3Z2.18471Y 2ol
SFEEL 127.B17613 33C.£92°5¢€ 230.66602 330.62695 330.03198 328 .8989%2 .
ARGL E 1186.50952 122G 176217 1223. T7T9C5 1220.157%6 TZ1I3.074595 T216.63575% de &0
SPEEC 349.285&4 230.C6934 329.346(C4 330.66895 330.8L4§5? 379 .26221



. ANGLE 1285.96484 T308.38384 77 Ta1L.95€20 71310 2.18848F  130B.56030°" T 1J0B.24292 7 T 2410 7

SFPEEC 332.61132 312%9,.,25C24 329.30493 329.79419 330.71191 330.91577
ANGLE 1799 .37964 1396.7C213 13399.30820 1%400.73730 "IG0L.11222 1306.05957 2«80
SFEEC 333.63155% 33C,20¢168 326G. 94482 329.68408 330.17285 331.25903

+ AKGLE T505.847141 1495.15845 1495, 10571 1493.19%595 1693 220%0 ISUZ.U3780 290
SPEEC 333.09078  332.471¢&6 131.6516i 331.07178 330.24805 330.709172
ANGLE 1610.43451 T604.925CS TE€00. 07593 I595.6621L1 I580.73438 1598 . 85495 TLU0
SPEED 331.78687 233,.86%14 333,19702 332.96558 331.62378 - 331.78174
ANGL E 1709.05308 1717.39087 T III. 13877 1707.0732% 1695 .46480 1707 38037 3.10
SFEEL 331.1460¢ 333.5329¢ 334.C1392 334.30249 334.029065 - 334,311793
ARGLE 1607 .02G6¢& [826. 13525 T€26. 79370 [82%.96851 IB1&. 03730 182801007 .20
SPEEL 331.8645¢ 232.89€14 3134.44604 334.89746 336.16699 335.6232681
ANGLE 15i4.15112 193467188 1304%. UUGLT T98%G. 0D LT IS %%.06348 1948 .59 100 - 7. 30
SPEEL 333 ,.,6750¢% 333.53931 334.73915 334,88892 335.46240 334 ,58047
ANCLE 2032.G271¢ 2ChC0.35205 2(62.031598 Z061.63130 ZU06T 23677 2UG1-9609% F40
SPEEL 329,763¢€1 335.16124 334.706972 334.43140 334.71875 333,9821¢
ANGLE 2160.15€1C 2114.53G0T 2179.1010L ZI1G.59424% Z1f9.0859% ZITDUBGET Fa00
SPEED 337435229 236.3CE3¢% 334,514953 334,13843 332.79492 334 .470446
ANGLE 2e9Ya.10142 200162593 22G0. 56B30 225269800 2285.af021 2950492 EPYY
SPEEL 3371.8786¢€ 33€.33€413 334,97681 - 334.92212 333,.14893 336.14185
AKGLE FEEDNPEEEX A Z42CCOB1D 2419, F2Ie9 2R16.0TTT3 2R we QI 0 FLVE P VELL e 1U
SEEELD 337.21¢88¢ 3364 12E€11 336.444CS 336.73608 336.18994 3346.,90952
ARCLE 2560.1848] 2955, 150 2552.%E430 Z591e 14502 2938 993 2T . 2596 08813 EPY:1Y
SPEEC 336.3228391 C23€.7204¢ 338.135258 338.37207 339.66431 - 33t.24021
ANCGLE LY EPETTEE FELE Y Y ELE 2Ci2e Gt 3c% 2691 . YHaedb LbY90 L ibHLL 2690 .97d¢cd eIl
SPEEC 335.,9611z2 233€.C7391 3139.€5811 338.95825 340.95117 338.31885
AKGLE 2811.5541¢C FEFER IR Z2E36.12158 Z2834,05518 ZBED 5T 300 Z833.10943 4.GU
SFPEEL 236.79532 136,28%58 339.17285 338.95557 239461353 339 .64 1868
ANGLE 294726074 2S14.60118 2% 1929028 2910407155 298057 139 Z981.03271 LI 3!
SPEEC 338 .86€6% 336,.715¢CS 136,14355 339.16089 337,76 196 339.6i128
ANGLE 3095 .80¢c5% 312C €12(¢ 3122.832(3 3120.86987 311% 3% 190 312540045 LT
SFEEL 341.1831] 316, 534¢7 335.2€9C6 339,47192 337 55225 338.93832Q
ANGLE F255.472441 326 «008¢1 32GT1«2GO0L 32bb. 05493 329C<BIo 1w EELLPLE EEE] G.30
SPEEC 142, 60665 33G6,£2¢15 239.5043% 339.49634 339.21382 338.85229
AKCLE 3418 .40385 35]3.(5518 FET3.T2525 34l L. 046L% 3RUZel3% 307 IGT 108921 Ha 40
SPEEL 342.4656°% 14C.IE2CE 236,98535 339,75342 341 29907 340 .32544
ANGLE EELE PELYAL] 56146533 35C4. 16563 35815027 % 356 1.806835 I56G 99390 Ge0U
SPEED 341.259132 34 E4CE2 341.19189 341.122586 342449731 342.09546
ANELE 3729.4033% I72%5.5918C  d7124.15513 B3T22. 21167 FTZ9. 23340 I7I0.035604 .60
SPEEC 340 .29Q2¢ 142.93433 142.9838% 343.25635 342.80225 343.00439
ANGLE FBT9.45166  JE95.39429  3894.,2%321 3BT 43617 B89 85840 3896 ..29608 510
SPEEC 30 £5234 3453, 14%¢¢6 244,33CC8 344,55786 343,0339%4 343,347117
ANGLE G0 I0.18864 3C61.101CT 4C671. 87691 4 067T. U9%%8 GUBEI9YSTIE qUCH 67432 4 .00
SPEEC 343.3952¢ 343.(5151 344.37183 344,.16724 343 .,66602 343.74683
ANGLE 4204.11328 &¢27.5CETT NZ230. 82105  4%239.88281  A2ZB.IL7IY9  G235.1Z691% Hewl
SFEEC J44 ,6745¢& 343.46054 343, 514658 343,13647 344 .31445 143 ,98486
ANGLE 4384.55469 4398. L8203 L4 04. 09d%% 4401 .GU3TL GZHUL.3%315 CT LT Y XN 5 elUU
SFEEL 3464475 1C 344.4376% 343,(01392 363.04419 344.35669 143 ,.807¢2
ANGLE 457]1.9647¢ AU T4.4€C4E A9 7ll.0887LY 496900384 Z5 131400k 491549313 Te10
SFEEC 347 ,.C4883 345,385174 343,7%834 344,24878 343.95264 143.,981913
ENCGLE 4798 .9510% 1545882 ¢ 4 146. 69922 4T46.62500 BTG3.91797 G T49.609278 - PYA]
SPEELD 346.3914¢€ 245,8891¢ 345.81 865 345.83154 344.,19238 345.29272
ANGLE 4940,.58202 4CIT.611CE 4%32.3358% 4531.67578 %9 2J - 30469 7933.36719 %30
SFEEC 345,3552% 34€6.227154 247.39917  347,01294 345 ,92749 347.11157
ERGLE 51I7.7611¢ 3 VEPLY-ELE] 51z 5. 18516 BIdZ 26563 S5TUT 84315 G125 61969 %0
SFEEL 344.99414 34661646 348.27417 347479565 348 .52612 348.14111
ANCLE 5296 900UC 5313.167151 5312131641 5316.63672 531729391 537U U SE0Y T 5
SFEED 345.9213¢ 247.7854¢C 348.157115 348.31689 350,11646 348.11572
ANGLE 5461.79608 5508.C351¢€ SHI5.27139% 551299219 DS LT 3%3(D 5514 a8828 PEYY
SPEEL - 347.687421 248.4812C 341,854 74 348.46558 349 .,45874 34796387 ‘
ANGLE T EPYEY L LY ISP T LY LiGHaS30Y% FYXEE Y ERLEY DI loea90UYY DIUT S 30U et U
SPEECD 350.0127¢C A4€.15244 347.95605 348.27295 347.49219 . 348.28174
ANGLE 58931.19141 LR PR EL BL(3.828L3 B304. 18150 5901.106016 5905 . 96815 YT
SPEED 351.39672 348.51144 3148. 67236 348.25537 346 .52344 348 .80640
ANGLE 61l07.51€41 EICC. 42518 61C4. 33044 6101.29685 6089 ,.5398% CIUGULEle LPRCTH
SPEEL 351.45728 149,6438C 346.66(89 349.01099 348,02734 349 .37988



ANGLE 6318.56250 6211.7907¢F  631C.4921¢% ' 6305.085%F © 6292.57B13 ' 62310.30078°  6.00 7

SPEED 350452411 3150 EREC Y 35C.56618 350.50806 351.11182 350 .34424

ALGLE 6524.05859 5523.66406 €%21. 73826 651B.02 ank 551216400 652156641 6. I0
~ SPEED 349 .,63501 I51. 55054 151.48999 352.,079%9 353,58105 351.73462

ANGLE 67271a1562¢ 67139.289C6 6138.46828 6ET38.59046 67T40.07813 §740.42518 626

SPEEL 349.7944% 381.6652¢& 152.48828 353, .4.,783 353.95654 352.89083

ANGLE $935.01953 €S56.50625 6S6C. 61713 GO6L. (143% 596402422 59634140623 .30

SFEEL 351425269 1£2,215¢2 353.21612 392.12%49 352.70679 353.07007

ENGLE T153.60G3¢ 717i<CO01E1L T165.3611LS 7163.91016 7i61.95704  1185.12500 €.40

SFEEC 353.3964¢ 252.66841 353,361 08 352.73022 351.56909 152 .72949

ANCLE 7384.19531 7400 ISGEE 7408.51C31 T4 0%, 01563 7396.33594 7405 66197 €.50

SPEED 355.,29102 353.5603¢ 182, 84166 3592.50757 351.,82495 352.67969

ANGLE T622.86166 7626432422 7629. 31641 7674, 85984 T6 16424609 7628.03016 GeGU

SPEED 356412134 " 364,1564$ 152.69214 353,03662 353.36987 353.36011

ARGLE T862.4604 1 T65E.92518 1€52.65234 7851, 14844 7846 . 12500 7855.85938 €70

SPEEL 355.68C1¢ 254,66162 353.79761 354.365670 355,12842 354,51416 i

ANGLE 8097439063 6C92. L4453 BCE5.56641L 80B6.10938 8084 .3B672 B090.55489 .80

SPEEC 354.€32€72 366§,2713¢¢ 355. 66182 355.59421 4 356 ..2%4194 355.71802 ,

ARGLE B321-2500¢ £330.4165€ 832G+ 91406 8329.10156 B3Z27.03516 A331.76563 G.90

SFEEC 354 .,08441 IEE€.CECS2] 357.56836 357.08838 356.72510 156 .76001

ANGLE B557<44141 €5 73.1601¢€ 8960. 26963 B576.57813 B571.85063 B578.00781 7. 00

SEEEL 354 80762 IEL.C1SEE 157.9187¢C 357.51099 357 07590 357 42676

ANGLE B8795.390€3 §£19. 596C65 BE29,246C9 B0824.85156 BE19.07813  B87G.48438 T 10

SPEED 356 ,69531 157.5G293 157.25220 357.42700 357.51689 357.53662

ANGLE 9045.51031 9CEY.1716E 9C74.3C859 0072.20413 G060 ..42969 G0 14«34 150 T<20

SPEELD 358.91382 357.755¢€2 356.726C7 357.25073 357.77688  357.300:29

ANGLE 9306.9218¢ 9319.4062% 9318.951703 9319.19141 G31I8.12891 TI2T.I904% T<30

SPEEL 360444265 167454922 357.15186 357.35840 357.66919 3157.36963

ANGLE 9573<20313 G571.19291 G568, 16172 9560641 0L06 956714063 IS57T1.16016 T-40U

SPEEL 360.60132 188,556¢1 358.44141 358, 06860 357407432 3158 .25903

ANGLE 9836.8632¢€ GEZ9«2246C GE26. 16953 9823.617188 U8IB8.56203 GB827.89453 T<50

SFEEE 359 .66406 16€, 684176 159.9(894% 359.43457 358.61108 359 .69385

ANGLE 10094.57813 1CCS3. 1CS3 ¢ 10C92.261172 10087.72266 1007B.72266 100%2.62109 T 60

SFEEE 358.719112 26GaT1CES 361l C0B3C 361.02246 360.61768 360 .95166

ANGLE 10349.57612 103€1.57C21 103682.621G9 10359.67188 0351.17969 10362.91016 T< 10

SPEEL 358.8288¢ 16l.2251C 3614613717 362.07813 362.66846 361.62622 _

ENGLE 10609 .10547 TOE31.5689¢E4 1C635.33594  106354.91016 1063L.91197 1063561328 T80

SPEEE 360.:519¢ 3 313g13 26l. 85596 362.18042 363.34863 161.84058

ANGLE 10879.14493 10502.531<% 10508. E4766  10908.81641 10911.368672 10950901172 7T<90

SPEEC 362.25474 1€1.€2573 361.91821 361473901 362.33618 3461.90161

ANGLE 11160.51797 1117€.46054 11l€2.61328 111B0.6679T [i182.99609 ITI8Z.79125 F<00

SPEELD 364.20386 162,37166 361.98413 361.58008 360,.,89868 362,00220

ANGLE 11450.£2109 114?????57‘ J1457.4C625 11453.79688 11449.60156 TIZ57.81250 g.I0

SPEED 365.04395% £2,32¢%2¢ 162.32837 362.19995 . 360.80591 362.39844

ANGLE 11741.6601¢ 1173q G234 11735.65234  11732.44531  1I72L.57813  YIT36.65625 .20

SFEED 364.71€658 364404346 363.2(996 363.43848 362.70068 163.34546

FRGLE 12028.8125C 12Cc€,. 39844 12C20.457103 12018.74609 12007.68750 120272225000 T.30

SPEEL 162.82983 364.430961 36456689 364.79932 365.45703 364 .67749

INGLE  13311.58564 17315471266  12313.33594  12312.2148% 1230764063 12315.25000 .40

SPEEL 363 ,3327¢ . 64,8374 165.62651 3695.89844 367.29248 365.83881

ANGLE 12594 .,46094 126G7.82C31 12612.51953. 12610.72266 126l2.76172 1761727734 7.50

‘SPEED 363.9213¢ 3¢5.579€63 166,69775 366453418 367.26294 '366.61211

ANGLE 12663.G€E75 129C5.11171¢% 17613, 82613 [2911.35719  12913.73828 I2913.007491 Py 4]

SEEED 365.560%7% A6E.4S6CE 1¢6.698¢0 366.65137 366 07471 26648486

ENGL E 13184,87612 13201 C2E25 132L3. 82813  13211.3703L 13208.42188 T3212.6523% P )

SPEEL 367.66187 361.13281 3€6.34668 366.43994 365.28931 - 366.44385

ANCLE 1349619141 13511.2343¢8 13512.48828 13510.72266  13502.42969  135124.60547  E.80

SPEED 369.275C8 367.23135¢ 36€6.32935 366.38208 365.87305 366.63867

ARCGLE 13813.84716¢€ 12616.22031 13813.21484 13BI1.35547 L3B03.19922 1381495703 E.90

SPEEC 369.707%: 367.8424¢ 367, 08662 367.01172 367.50488 367430493

ANCL E 14130.2632¢ 14124-C2344 14120, 30859  1&G117.0984% I4LL3.75761 TR122.51031 T 00

SPEEL 368,974327 3E8.2168¢ 368.48C71 368.39429 36914111 368444998

ANGLE 14441.35062 144373632€ 14435. 85541 16433.31641 T44%31.69844 14437.46094 .10

SPEED 367.917803 2664429¢€S 36%. 54238 349,98755 370412720  369.77100

ANGLE 14748.716172 14751<C5C1E 14158. 6CL56  [4156.62109 [4754.00781 14759.27266 G20

SPEED 26T.8430¢ 17¢. 1G8EE 371G, 92969 371.05249 5. . 370.50765 370.7€733 .



ANGL £ 15059,3129¢ 15CE0. ¢6TST 15C08%.00781 15083.50781 - 15078,.,2T7TT734  i5084.842813 2 S.34
SPEED 369.07944 37C.EC245 371.2214% 371.24731 370.91626 371.10498
AGGLE 15379.83984 1640%.48E15  15411.48828 15409.710313  15404.35547 156410.81641 $.40
$PEED 171.1850¢ 176, ¥EG4( 371,011733 370.90869 371.19409 370.97412

7 ANGL E 1571261326 157131.09716€  15136.49219 15734.07031 1573142969  15735.97656 .50
SPEEL 373.18930 371.166¢4 270.795%¢ 370.71265 371.25195 370.90576
ANGLE 16054422266 16C55.€2691 16(6L.53125 16099.07422  Lo058.33203 oG 2. 14644 TGl
SFEED 374.1665¢ 3711.5C€4% 271.1C82¢ 371.17456 371.21045 371.37061
INGLE 16397.626891 16363.47165€ 16350, 66797 163B8.83203  163B6.09766 16392, 78908 T 70
SFEEC 3734885856 172.94717% 372.2117117 372.33179 371.66162 3172.43115
ANGLE 16736.96094 16132.94531 167127-8L641 16726.26953  16719.16406 1673037500 Te80
SPEED 272.9040% 3713.6C463 31734 ECCCS 373.77173 373.067 14 373,73192
ANGLE 17071.568594 1707613281 17C13.63281L  1707L.4B8438 17062.39453  11074.90625 §.20
SPEEL 372.3681¢ 274.26€CC1 175.12671 © 3T4.97412 375.06128 ~ 374.79688
AhGLE 17406,29391 17421.22422  11424. 64166  LT1422.00000 17416407722 1742421344 £ 132
SPEEL 372.561704 214, 57C¢1 115,651 86 375.59399 376.51782 375.39331




COMPLTATION OF INTERNAL FACHINE ANGLE AND SFEEC

SIKA  EBaArRA

SFAFJ IBAZAR  AHSHL GANJ GHCRA  SAL  SHICDIRGARJ KEPT2 TF YCRO TINE
ANGLE 1.2152¢ €.42€29 8. 00206 4.30273 7.82320 T8.21573 C.1C
SPEEL 31443C5€¢ 314,717€3 314.45361 314.80591 315.22339 316.34299
ENGLE Z 51638 12.72€14 11.25176 10.14629 18. 17540 ZELTEIS] C.2¢
SEEEL 1214.452€4 21£,32313 315. 06641 315.57764 316.77612 317.€E545 ;
ANGLE - 4.€€2€1 " 2GaS€A4SA 19.36004, 20.98250 38.04498 £5.9F2€€ .20
SPEED 214.59%€1 215 €1762 316, 14258 316.50610 318436742 217.757€1
PRCLE EEE 31.41512 3%.25868 36.69873 64.37502 TS ET4EE toAC
SPEEL 314.7465¢€ 21€.€327¢ 317.34937 317.27563 318.90747 217.425C5
ANCLE 11.42634 €C.155¢62 55.48973 56.55408 89.74429 $4.103773 (.5C
SPEEL 214.€535¢ 21€.2435¢ 318.33584 317599194 316.11548 217.4375¢C
ENCLE 1€.C5 162 7€-1717CE 1. 74423 80.98662 108 .9 1490 114, TT4CT C.€C
SPEEL 215.C4C53 215.7€€31 319.13062 318.89087. 316.98999 217.9C951
ANGLE Z1.52%42 11z2.5734¢ 112.%2506 111.097%4 124 .49965 127057231 C.C
SPEEL 21 1€75¢ 32C.55€15 319.90063 319.92700 317.05688 Z16.57446€
ENCLE Z271.€4105 14S.$2455 147.53C38 14665970 145.77644 164.92513 ToET
 SPEEE 215.32441 22C. 663 32¢. 646CQ 320.73193 318.91333 215.37183
ENGLE 24,5586 16623543 166.3C59% 185.46443 180.67264 197.52871 .50
SPEEE 315.4€145 22C.4€31% 321.14893 321.06543 321.55908 220.56147
ANCLE 42.SSEI3 223.3415¢€ 226.95512 235.31479 229.08099 735,C%911 T.CC
SPEEC 15,6284 32C. £4T5C 321.32446 321.17798 323.43799 322.175€S
ANGLE 51.€4CEE Z€4, (T1€31 268.36523 266.48682 7~ 284407251 285.8227€ PE
SPEEL 21£,7753¢ 221.7377% 321.49609 321.59692 323.88770 322.7€245
PNCLE 61.5247% 21C. 45243 311.96C22 311.64624 338.58096 T41.€0449 T.Z¢C
SPEEL 215.6223¢ 222.717¢€¢C2 222.15356 322.55469 323.57715 324.54517
PNCLE T2.CEC8¢ 362.4521¢ 361.23682 363.24361 392.46240 40€.76521 1.7C
SPEEL 216.€6534 323. €611 323.43335 323.77441 323.48560 22425522
ANGL E 82.4150¢ 415.3542°¢ 418.771222 421.54541 446 .87036 4€Z.82715 1.4C
SPEEL 31€.21631 3244431174 324,94873 324.84863 323.86475 322.55C23 -
ENCLE $S.€253¢ 481.€2€23 464.19116 485.09204 503.92090 EI5.7E41E 1.5¢C
SPEEC 31€,3€32¢€ 226.£4556 326.10425 325.60498 324 434644 222.27CES
PRCLE 108.€£17¢ €4S S5E5C £54,2 7661 552.22192 563.35059 ETC.T4EE4 T.€C
SEEEC 31€.51C2F 226.578¢€1 326, 57886 326.12671 324.73022 324.3244¢
ENGLE 12z2.51€2¢ €23.1£231 625.60303 622.14453 625.64136 €I4.231€95 [.7C
SPEEL 21€,€5722 2z7.2€24¢ 326. 61514 326.60498 325445532 3126.2201C
PNCLE 137.212¢8¢ €5€.21612 657, 25443 694.99072 694.53052 TCE.GEA13 T<C
SPEEE 31€.6C42C 227.26221 326, 76223 327.14795 327.05322 226.1C547
INGLE  1%5z.£S15€ 172. SE3 €S 771.14014 771.06470 774.61304 T5Z.546SE 1.50
SEEEL 31€.€51117 327.11432 327.37427 327.72388 329.21045 | 32§425CCC
INGLE 169.21232 E4€.4C43C 849.33325 850444702 B65.95312 BEC.44571 Z.<C
SPEEC 217.C9E14 327.56318 328.25537 328.31372 330.78711 225461113
ANCLE 186.5151¢ CZ€.4€251 $32.17C239 933.468022 962.25317 JEC L BETAE 7. 1C
SPEEC 317.24512 52€.771724 325.15658 329.02222 330.90601 2:5.65181
ANCLE Z04.€8C12 1C1€.71557  1C21.11133  1021.22607 1055.54883 1060.37744 Z.2¢C
SPEEL 217.3920¢ 23C.34CE2 33¢. 03174 329.96411 329.90625 23C.CECCE
ANCLE 222.6211¢ 1113.4161C  1114.75443  1114.96606 1142.92969 TTET1.9445¢€ Z.3¢C
SPEEL $17.835CE (331,¢4453 331.01318 331.08130 329 .06079 320.21833
INGL £ Z43.41€3¢2 1z15. 64546  1214.41711¢  1214.96948  [228.85840 T244.320CE Z.4C
SPEEC 317.€86C4 232.333¢1 332.C8560 332.09546 329 .48999 230.3€0€2
FNGL E Z64.C4T2€ 122C.73SC1  1315.86452  1319.72681  1321.30908 1238.56452 Z.5¢C
SPEEC 217.633¢1 332.5€73¢€ 332.95239 332.71802 331.22974 230.55215
ANCLE Z65.52C51  142€. 74683 1426.8C469  1426.88403 1425.19507 14%€.35556 746G
SPEET 317.5766¢ 232.761%¢ 333,295(7 332.97485 . . 333.30151 337.2;446€



ANGLE 307.6256¢ 1534, €5CEE 1%38.41528  1535.30054 ~° 1529.40576. 1547 .95E%¢ Z.1C
SPEEL 316.12£6¢ "333.Z3€E€2 333.26563 333.22388 3134 .,75562 334,27417

ANCLE 230.5921¢ 1¢45.7145¢61 1&48.G7C07 1646.01855 1659 .67456 1€€8.31EEE I ]
SPEEL 316.2729: 233.£728¢C 333.413C% 333.80371 3135 46729 176, G4EEC

ANCLE 3654,GSG €68 17€C. 64624 1760.34229 1761.09595 i782.99965 1755.5T¢E¢€1 Z<S0
SPEEL 218.42C5¢C 224,56274 334.2Q679 334 .71509 335.88428 FIELEETEY

ENCLE S CINELYE 167S.732€51 1€78.64189 1881.73959 1908.60278 1522.441Cz 7.CC
SPEEL 218.%€787 73, 262(¢ 335.55591 335.70947 336.25586 33¢.2€626

ANCLE 405.5118¢ 2€04.13%525 20C5, 64917 2007 .87%73 2035.83691  c04E8.41C1€ I.1¢C
SPEEE 318.71484 23€.42€22 336.54873 336.62598 336.41528 3385.716G45

ANCLE 42;.04217C Z13%.2ES1¢€ 2139.271783 2139.05249  2162.98584 2171.4172% 220
SFEEL 218. €362 237.7€S4 7T 337.93213 337,47588 336 .29952 228 ESE4S

ANCLE 455 ,411€z 2213.€8213 2217. 08447 2274.91992 2289 .26904 Z22914C5C54 EPELS
SPEEL 319.CCE7S 33E.6C347 338.43432 338.25244 336.23975 A2¢.5E27¢6

ANCLE 4E87.€215€ 241€.56C¢E2 2417.03516 2414 .85352 2417 .78955 242G.122¢€€ 740
SPEELC 21G.1557¢€ 23%.2E631 3368.73438 338,687842 337.13672 I3E.09251

ANGLE €16.€125¢ 25€6C.€2411 2558.9C210 2557.80737 2554 .84668 25T1+4245€ T80
SPEEL 219436215 33€.2271¢ 339.12646 339.31470 339 .14844 136, €55C2 ,
ANCLE T E4ELSETES Z1C3.E€1CE 270344043 2102.96509 2704 80566 Zlzl.22235 3.EC
SPEEC 216.44€71 22€, 18823 339,65479 339.68164 341.44067 340 .853231

ANGLE Cile2C25€ 2E4E.5C36¢E 2€51.15f47 2850.57251 2865.66016 Z8771.032CC3 T.IC
SPEEL 31C.5CEEE. 236,73364 340,23242 340.20410 342.79810 341,757C8

ANCLE €C0E.EEZ; 2CCE.22144 3€02.37C36 3002.00415 3030.10840 IC3€. 61012 ZL.EC
SPEEL 219.742¢% 34C,€13CS 34C. 50063 341.01953 342.,73261% 347.2CSE58

ANCLE €41.3CZ273 215%. 49551 3158.C8325 3158.82349 3191.54115 T1S€.8291C 7.SC
SFEEL 119.69CE 2 242.,2€%31 341. 682544 342.05811 341,92139 342,485 3

ENGLE ET4.5€516 222C.C€22¢€ 3320.C127¢C 3321.77417 3348.93579 3Z€0 84565 7.CC
SPEEL 320.027€C 243.411¢€2 143,04712 343.12622 341.46973 24Z7,35C1C

ANGL E 1CE.€E6SEE 7469453871 3485.20215 3490.44751 3506 .48215 T€I1.E€1C8 £.1C
SPEEL 3:C. 16457 344,15%27 344.28809 344.03052 341.99585% 347,2221¢

INCL E T47,€61€4¢ 3€€3.232]¢ 3664443530 3663.52954 3669 .54712 T EM R 4.2C
SPEEC 23C.3215¢4 244, €7CSC 345, 09766 344.66040 7 343.31128 347 ,75€5%4 A
TANGLE T1S.4C521 3E3G.4€5(¢C 3§42.49180 2 3839.50903 3840.91162 3ES1.5€02C 4.3C
SPEEL 320.47852 145,12(€5 345.2S785 345.06470 344.81152 244 ,2627C

ENCL E E1€.C2€613% 4{1€.CES324 4C2C.7C703 4017.61035 4020 .40419 5029 BLE4T 4.4C
SPEEL 220.€254% 245,52¢3¢ 345.24146 ' 345 .43530 346413721 24€,26C%8

ENCLE ES2,5C5C3 §15€.E515¢ 4159.3C859 4198.21484% 4207103906 421€.972€6 £.T¢
SPEEL 270.7724¢ 4B ES€E4E 245.51196 34%.95898 347.31372 347.9€CC1E

ANCLE BS1.E2261 §3€1.5375C 43E1.19531 4382.425718 4400.0234%4 4414 ,471€5¢€ 4.€C
SPEEL 320451547 36€.2728C 346.38135 346.69092. - 348 .31322 "34€.5CC24

ANGLE SAC.5812C 4E€E.€5625 4565.2%25%1 4571.28516 %597 ,53129 ZEICE9E44 4.1C
SPEEL 321.CEE41] 247415531 347.61255 347.57056 348 .,83667 248.21372 '
ANGLE 97C.SEC4T §i€1.233%€4 4164.42569 4765.44531 4196 .03125 480%.6C528 4,20
SFEEC 321.2123¢ 24E.434%7 348.78638 348.53149 348.566895 346.0C632S

ANGLE 1C11.E217¢ 4%€1.151¢€1 4565.54688 4965.20313 4592 ,.16016 %999 ,5€€41 .50
SPEEC . 2z1.3éC3¢ 245, 62221 349.65482 349.50757 348.11914 248 .0SSES

ENCLE 1052.6(%13 £1€S.3€11¢ 5171.20313 5170.29688 5186 ,.01563 TIGE. ET1EF . CC
SPEEL 271.5C7132 35C, E11%¢ 35C.36892 350.36792 348.02631 24€.75%42

ANCL E 1096.C3CE2 £261.1€64C¢ 5380.51172 5379.62891 S382.62109 T3GE.BEC T2 LI [¥
SPEEL 221.€543¢C 31,2802 315C. 97681 350.97729 349 ,12572 4G LESEES

ANCLE 1135.3SE15 FECA_E3SE4 5€62.,914C6 5591.73828 5588 .80859 CE0S.2€553 €LiC
SPEEL 321.80121 351e2548€ 351.458%8 351.356011 351.248748 3E]1.227€C8

INCLE 1183.6C75) TECE.45213 58C7. 65234 5805.85938 5807 7130417 _ S€z1.71€12% .36
SPEEC 3:1.%4824 . 351.342%3 351.79834 351.71802 353 ,38550 I57.6€6CES

ANCLE 12264 €55€1 €C2C.54%22 6C24.1 7168 6022.51563 6036.3789 1 €04€.10%38 T 40
SPEEL 22Z.05%21 3€]1.9257¢ 352.123178 352.27002 354 ,55200 253 ,$02€2

PNGLE  1274.55247 €24C.2€112 6243.21615 6243,09375 6268.31641 GZ1€.26112 E.EC
SPEEC 327.2421% 362457¢4¢ 352,.72705 - 353.08008 354.59790 TELLE4EG2

INCLE 1221.2E521 €4€€.C2i34 £§4617.03125 6468.82422 6498 082812 EETEHIET T_EC
SFEEL Jzz.3851¢€ 34,1371 3153, 18564 354.04541 354.18359 384 ,715244

PNCLE 126666742 €ESELLL3ZE 6€6517.92188 6100.20703  671271.49219 6140.542%1 .16
SPEEL 3Z2Z.53€132 255%.17C5C 355,13965 355.03809 354.02183 254 .421€68

ANCLE 1417.267€C €S3E_ £5531 6536.40625 6937.13672 695616172 £STC ., 26452 € £C
SPEEL 222488211 IEE.CE2T4 356.36328 355.96484 354 ,39600 254 ,2111¢

ENGLE 14€€.545€C 1178.C1422 7118C.52734 7178.92969  7189.42578 7200 GEEZE €.¢
SPEECL 2224€300¢ Zee . E3T4¢( 357.07422 . . 356.71826 .. ... 355.19042 C2%4,7583C



" ANGLE 1ENELE54CE T T4 382 ) T 421412891 T TTTT424.343T5 7T TG T L5134 T T42T.5€€41 T T €. CU
SPEEL 22245176 25741357 357.217222 357.22876 356 .29468 3EE.ZECEC
ANCLE 1561.6CC24 7€72.15141 167431641 7672.15234  1672.87109 T€64,22813 €.1¢C
SPEEE 323.1:4C2 387, 315CS 357435547 357.58472 357.71851 368 1ELET
FNCLE 1619,2E€S2 7€22.2¢3132 122, 13438  71922.07813 7927.10156 T941.250C0 €26
SPEEC 233,211€C 267, EE1E4 357 7434l 358.00342 359.33960 365 ESEST
TENGLE 1672.C155% £174. €21CS E114.5€203 8175.03125 8190.08594 8204.515€2 €.3C
SPEEC 222.41757 168, ZEEES 358.53564 358465479 360467065 ZeC.29C14
ANCLE 1725.4521% €42S.€25CC 8431.61969  B432.42578 8458 ,43150 8469, T€1Z5 €.4C
SPEEC 323.,5€494 35¢. 15161 356. 53506 359.53979 361.15771 26046558
ENGL E 1775, €Ce€e €€S1.CESSA 8€94. 60547 = B695.27344 8726485547 8124466715 €.5C
SPEEL 322471151 36C.473€3 360, 55356 360.53613 36075488 3¢0.26111
INCLE 1824 .5€281 ESEC. 4 TESE 8%63.23828  8963.82813 8991.80859 B9GT.EEZEL €. €0
SPEEL 222, §5EES 2€1,£425S 3€1.53174 361.51294 360.09424 2E0.4€548
ANCLE 1690.S€265  Sz3€. TA6CS 9237.37109  9237.66016 9254 .50000 GI€€.1015¢€ €.7C
SPEEC 224.CC5E¢€ 3€2.4234¢ 262.46216 362.36230 360.09302 26C.82154
ANGL € 1641.€C25¢€ S€17.CCTEL $516.44141 9515.79297 9520.51953 CEECPUS Y W ¥ €. €C
SPEEL 22416282 3€3.25CCC . 363.22534 363.00757 361.25757 261.605€2
INCLE 2005.467C¢E T158. €4C€3 9799, 0000C  9797.04297 9795.853 38 SEI0.E41€€ €.5C
SPEEC 224.255EC 263, 3€54E 363.66712 363.46387 363422192 2¢2.85711 '
ENCLE 26¢4.€1221  1CCEL.CE25C  10(B3.20313  10080.65234  10082.58964  10094.T22¢6 7-C0
SPEEC 224, 44ETE €2, SECE] 363, 83667 363.85791 365.09790 264.5:%7¢
ANCL E 2122.2193¢ 1c=e .€5234 1C366.33594 10366.75000 10378.07422  102E71.62C21 T<1C
SEEEL 274486378 164, 1313¢ 364, 05557 36435669 36622998 26€.02172
ANCL E Z183.56687  1C€%4.26SC€6 L1C€55.84766 10656.28906 1067773047  10EE7.1342€ 7<Z20
 SEEEL 334.74C172 2€4.51144 364 70435 365.06592 . 366.59862 SIS
ANCLE 7:44.64C26  1CS4E.1151¢ 1CS4B.52734 10950.48438 10978.25391  10590.C€z5¢C 7220
SPEEL 224,€€71¢C 2€65.54¢€04 365. 83643 365.97119 366 .59570 26€.65255
ANCL E 230€.533S4  11241.€2422 11248.44141  11250.22266  11278.56641 11291.171€8 74T
SPEEL 3125.03441 2E€.SEC4T 367.16528 366.98364 366.55762 26E.E1€E5
ENCLE 23€5.2€S57  11852,63125 11555454688  11555.78516  11578.92578 1159035453 ToE0
SFEEC 325.1€1¢64 3eE. (4EEE 368.29321 367.979G0 366 .63330 3E€.22€1E
ANCLE Z422.64717  11E€5.14C63  11£67.90625 11866.60156  11880.40234  11690.5117¢2 T EC
SPEEC 225.328€] 165, (CIEE 368, 98350 368.79126 366.990232 266.E6159
BNGL E 74S14261CS  12161.235%4  12183.121C9 12181.24609 -~12185.40234 1Z15€.2C%13 To7C
SPEEL 22€. 4755 ZES. €1€1C 36532617 369.31616 36790747 2€8.24164
ANCL E 25€2.525C%  124SG.ECESS  12499.9023%  12498.28125  12497.66406  12511.0C291 T-EC
SPEEC 225.€225¢ 265, (1S5 369.58057 369.66016 369.50317 3€9.5€21¢
ENCLE TE618.£3306  12€18.€5S3€ 12618.5C781  12817.36328 12820.25781  12E25.1EGIE T45¢C
SPEEC 325.16952 3¢5, EEEET 169. 98340 370.06909 371.40356 371.4285¢
FNCLE 7655,5951C  1213¢.C(15€3  13140.03125 13139.43359 13152.78125 121€6.1G%28 €.CC
SPEEL 325.5165¢ 31C.26€€C 376.59937 370.71191 - 372.84473 272.21862¢
ENCLE Z1€3.26116  134€2.6S453  13465.62891  13465.83203  13490.71484  12500.55215 €.1¢C
SPEEC 27€,C624¢E 211.1657¢C 371.40259 371.56372 373.26270 272.€52€1
ENGLE 76821.9515¢  12153.2CE5S  131596.3125C 13797.40625 13828.30078  12E3€.2CCT6 €.2C
SPEEE 226.21C45 272.45146 372.37280 372.50098 372481519 272.77171C
INCLE  2901.46SS7  14131.3CE59 14132.97656  14134.37891  14162.59375  14172.1122€ £236
SPEEC 36,3874 272, 71136€ 373.47583 373.,44092 372.25220 272.755C2
INCLE  2S11.18442  14415.151€1  14416.02734  14476.63672  14495.30078  145CE.GI1%E3 E.4C
SPEEL 27€.6C42¢ 274.713€2 374.563172 374.33423 372.34961 372.E55€2 |
ENGLE 3042.S4C52  14624.3E€12 14824.64063 14823.67188  14831.32427  14€45.C€C16 E.5C
SPEEL 26.€5121 Z15.24€CS 375.37817 375.08862 373.39478 273.4245¢
INGLE  3114.6257C  15175.265C€  15176.68750 15174.39063  15175.32813  1S1E€.C4€EE €. €C
SPEEC 226.75824 215,5441% 375.76294 375.61719 375.04590 274.€52€32
INCLE 3167.7€6C52  15¢27.£125C 15530.C0000 15527.58594  15529.04297  15540.222C3 £.7C
SFEEC 226494531 375, £4204 315.67427 375.976876 376.70068 . 3T€,44775
ENGLE  3261.4€2% T€€62.414C€ 15684.11328 15882.86719  15891.1992Z  156CZ.C€€4] £.EC
SPEEC _221.05245 | 37€.2211 376.1C840C 376.38501 377.95825 2716.05121
ANGUE 33€.9862€6  1£24C. (1612  16240.76172  16241.12891  16259.14453  16271.Cz244 €.5C
SPEEE ,¢7.¢,s¢e 276,51 846 376.78125 377.03760 378.71973 27£.91553
ANCLE 7411.2552 1€€C2.CC1€1l  166(2.55659 16603,92969  16630.12891  16€4Z.51%¢€2 TXT
SPEEC 3271.36€2% 2774 1775¢ 3177. 87207 377.95483 379.02588 27€.91574
INCLE T4eT fe44t TESes.t3516  T6¢71.13281 16972.42188 17001.75000  17G1Z.C7€13 . 1C
SPEEL 227.8224¢C 376.8642¢  379.09457 378.99512 378 .96484 3718.6£140
ANGLE FE€4.€1sTz  17242.7265€  17346.36326  17346.80076  17372.42969  173€2.ZZ1€1 €.Z¢
e . SFEEL. $T€BCIE  FECL,(ESE2 . 380Q,16235 . 379.98511 ... 378.75439 276 .575632



ENCLE T642.505472 17724.%351¢ 17726.85453 17726435547 17742.49609 1775229844 €20
SEEEC 221.84T18 Z€1.11%5¢3 38C.93945 380.78516 378.83887 2715.05449
ANGLE 3721.2443¢ 1€11C.1¢€17¢1 18111.CB2C3 18109.80078 18115.13672 181c7.18750 Ceb(
- SPEEL L ZeT.%041¢ ZE1.1277CE 381.45288 . 381.34790 379.70557 Z80.1717CC
ANCLE 380C.E217¢ 1€4ST.ESE844 184S7. 73438 18495.99219  18495.20469 1850S.€79¢9 C.EC
SPEEL 328.12106 Zel. EETIC 381.811781 381.76807 3Bl.41431 261.€E211
ENGL € 3g81.c414¢ 1eEEC.(€6AL 15€86.35547 18884 .58984 1888¢&.42188 1850C.91C)¢€ S.€C
SPEEC 2LELZ€ECT 2g1.9541¢C 382.16C64 382.21216 383.39697 28Z.1€€02
ENCGLE | 39€2.5C21T 1€2T75.4335¢% 16277.117569 19276.10156 19287 64844 1525S.78CCC S G
SPEEL Z2B8.415C4 . EZ.3574 182. 61 C84 382.79541 384.82813 284.2CCcC
ANGLE 4044 .€0€592 ISEEE.SE2EC 15€71.21094 19671.42578 19694 .22266 I97C2.65141 S«t0
SPEEC 3728.5€2C1 2E3.258C¢ 3E3.2981C 383.54175% 385425659 ZE4.935%5¢
ENGLE 4127.55CT1¢ cCCeT. E5%3¢E 2CC7C.03516 20071.41797 20100 .86328 <G1CS E€71S ta5C
SPEEL 2ZELICESE ZE4. 45547 2E4.28C52 384.41846 384 .94409 ZEE.0S017
ANGLE 4e11.225%4 z2C474.1C541 20475.16016 204T76.7T1484 20505.20312 2051€.0€0C0 k¥
JZB8.EE55¢E 385. 467064 384 .56201 364 ,9€ECE

SPEEL

 ZE%.€4C3E

385.38550
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Conclusion and Future Scope of Vork: .

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 network. 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 analjze 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 Fastern grid and Western grid interconne-

ctor is not constructed within this period.

.-bomputer programmes develdbed,are suitable for use on_IBH360
compuier_which is available here. In this study various programmes
.developed’were used separately for ease of understamiing and .
compiidation, but all the programmes may be used together for complete
solution of 1oad-flow and stability problems automatically. Load-
flow programme can be used to calculate flow conditiomns for any
networXs 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 fouith 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 investigation and as a result stability
study including the governor response could not he done, If vari-
__ation of mechanical power input is considered the stahility would
definiteiy improve. 50 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
'uséd‘in this study for the solution of swing equationi Change of
mechanical power as dictated by the chqracteristics 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-rout?ne for calculation
of the new mechanical powers with time intef;al and feeding this
value to the sub-routine already givem in the compufer programmes

for swing-equation solution,

./%uture aim of study in this field should be to minimize the
storage capacity and memory reqﬁirements in the computer, so that
larger systems can be accomodated in the computer studies, Another
important factor to be considered is the computational time. As

the complete analysis requires many runs of lomd-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
beyond the area of immediate interest and using such reduced

system the computational time and cost can alsc be lowered.//

'//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. Thrﬁugﬁ the.subufbutine.the magnitude of
voltages wili'bé calculated and these changed valqes with time
interval should be used for solving swing'equatioﬁ. Eitensive
gearch should be undertaken to gather exciter characteristics

itk

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 amd may be represented by a

single equivalent machine with suitable inertia constant.

Machines of Ashuganj, Ghorasal and Shiddirganj also oscillates
with smaller relative angular displacement betwcen themsclves.
These machines may also be grouped together. These informations

may be useful for further studies of the network in future.

/
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PRAN IV 360N—FO—-4179 2-6 : HAfhPGN DATE 14/02/77 TIME ‘1417

O O

———————— ~==CURPUYER PRUGRAFNE RC. [L.000--———=rom=mmmmmm———s
________ f_ﬁuﬂﬂ_*_____ﬁ_dﬂ__u‘-ﬁﬁu—___-a__a-~~_ﬁ«--_____~—_n~,%u*________.

LOAD FLUW STLDY OF TEST SYSTEWN

BUS-1 SHARJIBAZAR wWHICH T35 SWING BUS
BLS~2 ASHUGANJ BUS-3 GHCRASAL BUS~4¢ SHICDIRGANJ BUS-5 ULLON

BUS-6& TONGY BUS-7 MIRPUR BUS~8 PUSTAGLLA BUS-9 CGRITLA
BLS-10 FENI BUS-11 MADANHAT BUS—~L2 SEKALBAHA

BUS~ T3 THANDRAGHURNA DBuUd~14 KAYTAL
AR=RESISTANCE MATRI X

“ARI=EREACTANCE MA TRL X

5 1=L INt CHARGING MATIRIX

WG=FMW GENARATION 1IN P.lU.
VG=M VAR GENARATION IN P.Ue.

WL=P «Us KEAL LUAL TN MW
VI=P.lUe IM LOAD IN MVAR

ER=P.U. REAL BUS VOLTAGE
EI=P .U. IM BUS VOLTAGE

Aecaodomodacododo

CEACCLLERATION FACTOR
D IMENSIUN AR(ZB.ZSJ.AI[£3.23Igﬂl(23923)yLlhE(23 23)4MGL23),VG(22),

TRL T 23Ty VLT 231 4ERTZ3T JEL (23T
DIMENSIGN AUR(23,23) ,ADE(23,23) sA2R(23,23),A21(23, 231, AME(23,23),

I6ZRT 229231 oBZTT 239237 yPUZ3 9237 L1233 42310
DIMENSION ABR(23) ¢ABI(23) oPNL23) ,GN(23)4RAN{23) 2 ARLI23 ), AL {23),

ISTERT 23T+ STEIT 237 LCURRUZIT JCOPTIZ3T ,ETZ3 ¥ o ANGLETZI J o LD

READ( 1+ L12 N TOLER 51 TRAX

112

FORMATCEA+F 10 5,1 6)
M=]

122

READTILTZZI0C{IY 121,35}
FORMAT({ 5F 6. 2}

READ(lgliﬁ)((AR(ng)sJ=1,i4!vl=1nN)
READ( Ly LESYUCAL(T 4Jd) #d=L 4L4) 51 =L +N)

114

READU L, 114 0BT ¢ d) 2= 1114):I=11N}
FORMAT( 7F1C. 5}

(9 -

REAUTL,LISHTULUINET(T «JV o J=1 + N3 41 =1 s}
FORMAT( 141 4)

1i¢

READT L TIGTUTRGTUT T VOUT T +WiUTI , VLIV +1=1+N)
FORMAT(2(4F LC. 41}

DO 120 F=1.N
D0 12G¢  J=L4N

43¢

[FILINET T 4 J77Y 430,431 4430
ADRCLJd3=ARTE+J) ZCAKLT o J) ¥92+ A0 (14 J) 2%d)

ADTITI+J] “AIiIsJ)J(AR(I,J)*‘d*A!(Indlxizl
G0 10 1&¢

431

ADKLU e J 7=ARUL o JTF
ADICRoJ1=A01T +J) .

1£¢

CONTINLUE
DO 45C I=1,.0

ABR(l)=U.0




iR AN

TI4E

14.11
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DO 455 Jd=1.40

455

ABRE D) =ABR{EJ+AORIT +d]
CONTINUE

45C

CONTINUE
DO 46C  I=1.N

D0 460 J=1i+N .
AMIC Lo d)=BICT 4 J)+ADELL 4 J)

CONTINUE
00 465 1I=i+N

ABI(I11=20.0
00 41¢ J=14N

414

ABI([)=ABEC T I+ANMLI{T J}
CUNTINUE

465

Civ b INUE
DO 415 I=14N

DO 415 J=1.N
IF(!“J‘ 4801481|48C

480

AZIRT [y J1=—ADRUL 4 J1?
ALIUT,d)=-ADILT,J)

481

Ga 18 45
AZRI I+ J)=ABR(I}

475

AZICIsJI=ABTLLY
CONTINUE

D0 49C 1=I+N
PNEI)=(RGEI)~WLET))

49¢C

UNLIF=OVeLh)=VLiL)
DO 495 1I=1.N

4G5

RAMTTT=(AZRUT (TT## 2+ AZICT (1T 3927
00 500 I=l.N

50¢C

ARLC TT={PRUT T FAZRTT JLT=QRTTT BT (T TV I 7RART
ALCTI=(-PNCIYSAZLIUT k) -QN(T ) ¢AZRUT 413} /RANMLTY

DC 504 I=L4N
DC 502 J=l4R

N
[
16 )

TFIL INE( T JTT 505454034505
B8ZR( IyJ)=CeC

BZI{T+J)=Ca0
GG T0 Q2

U5

BIRT Le JT A RIRT L s JI PAZRUL ¢ (V€ RZT (T + JI*AZI (L, D) F7REMTT]
BZI(TsJd=(AZIUE s JIRAZRUL o1} ~AZR{L +JIPAZL(EwL) )/ RANMLT Y

204

CONTINUE
DO 514 [=1,N

510

ER{T)=1a0
ENTIiI=C.C

ER{i1i=1.C3J
DO €06 K=1l:5

21z

TTER=U
ITER=ITER+1

0O  52C T=deN
STER{11=0.C

YRR R EL'TYY
PO 525 J=14N

STERTTI=STERTT I+BZR{T o JTTERU I =BZI (T + JYFET UJ)
STEICE)=STERCID+BLI(L +J) 2ERCII+DZRIL 4 JI YET L)

575

CUNTINUE
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AN TV

CIVIDE=ER( [)0%2+E1 (1) 42

CER={ARLII Y *ER(TIY-ATL(TY#ET (13 ) /7BIVIDE-STER (L]
EEI=(AIL(T)SER{II+ARL{EY QETI (I} /DIVIDE~STEL (1)

€30 CORR{I)I={EER-ER{I)}
CORILII=(EEY~EI{L)])

837 ERU DI=ER{T J+CORRIT I *C (K}
EXICE)SER{TI+CORE(T ) AC{K)

52C CONTINUE
EF{TTER-TITMA XY 540,542 4542

€4aq DO 95C 1I=14N
IFLI-M) 539,550,528

T BE3T IF(ABSILURRIEII-TOLER] 53645384538

936 IF(ABSECCRI(]))-TOLER) 537,538,538

537 IF(1-N71 G5Gs0504¢000
S5¢ CONTINLUE

T3 GO 10 G516
566 WRITE(3,250)

50 FURMATIIHE)
WRITE(3sS5&01 TER C : v .

208 FURMATU/Z /720X e DHTTER= oL %)
WRITE( 3, 62C)

6Z2C FORMAT( /64UH . REAL VULTACE IFG VULT AGE bUS
1 DE/)
569 [=14N

564 MRITE( 34 S60I{ERCT) 4ET (1) 41)

TEw FURMA IV 2AXeF LCa T 95N 4F L 00 T o0 X215}
56% CONTINLE

7 WRITE(3, €210~ ‘ ,
821 FORMATC /450" CALCULATICK CF LEINE FLONWS)

WRITE( 3:622)

{622 FURMAT( /56H REAL PGWES {¥G PCWER gUS CaD

e/}
D8 270 I=1.+N

D0 573 J=1N
IFLLINE(IL o J)) 57245754572

512 SUR=ER{I -ERCJI
- SYI=EH(LI~-EL(J}

SRU=ER[ LI ¥ SUR+ET{TT #3UT
SIU=ER{ L)#SUI-ET (1) 25UR

PTTJT=SKUFADRTT y I~ STURADT T ¢ J7
U(Ing“-((SlU'ADR({yJi+SRU‘ADl(IsJ!l+(ER(1]**2+EI{il**?)“ﬂl(! J1)

HR[Y&‘J,&?U)(PliiJ’sQ‘lmJ?oI!Jl
590 FORMAT{20X,FLl0.€ |4H:Flﬂ. 1o Xe2i3)

273 GU W0 373
572 CONTINUE

870 CONTINUE
DO 580 [f=1¢N

EXTV=SOR TTERTIT#R2+ET (1T ¥%27
ANGLE( T}=ATAN{EL(I)ZER(I) )1 #180.0/3. L4159

s8u CUNTINLE N
WRITE(3,€231) .

623 FORMATIIHL /7777771777777 758H CACCUTATION OF
16US VUL TAGE AND ANGLE /)

WRTITET 3y ECOHETT I 4ARGLE{L) oI =1 4N}




ATRAN IV 36CN-FO-479 3-6 MAL NPGP LDATE  14/02/17 TiME 14.1

€00 FORMAT(72{F1C.6,4F6.211)
GO YO €1C -
42 WRITE( 34 €05)
€05 FORMAT{3CX,3C0HGAUSS SEIDEL DUES NCT CCARVERGE)
606 CONTINUE
€16 S10P
END




APPENDIX - B
COMPUTR—R I'ROGRAMME FOR CALCULATION OF
VOLTAGES BEHIND TRANSIFNT REACTANCE OF MACHINES



14.20.

AN IV 360N-FO~479 36 . MAI K PG M . DATE  14/02/77 TIME

THIS PROGRAMME WILL CALCULATE VOLTAGE BACK CF TRANS IENT

REACTANCE OF MACHINE
ER REAL PART OF TERMINAL VOLTAGE

EI IM PART OF TERMINAL VOLTAGE
X REACTANCE QF MACHINE

WG WATT GENERATION
VG VAR GENERA TION

ETR AND ETI ARE REAL AND IM PART CF VOLTAGE BACK CF TRANSIENT
REACTANCE OF MACHINE

OO OO OO OO OO

B VOL. TAGE BACK OF TRANSIENT REACTANCE OF MACHINE
OELTA INTERNAL VOLTAGE ANGLE

DIMENSION ER{6) sEL (6) yETR(E) +X(61 4HG(6) s VGIE)E(6)+ DELTA[E), ETX(6)
N=§&

READ{ 15 1CON(ER(I) 4ELI(I) 41=1 N}
READ(1,2C1)( X011} 41=1,N)

READ(1,1C2H WGUL} ¢VG(I) sI=1,N}
1CC FORMAT(3(2F190.61})

101 FORMAT(6F10.¢€)
102 FORMAT(3(2F1GC.51)

DO 104 [=14N
ETR{I)= ERlIl+((VG(II¢ER(Il—hGlIl*EI(I))*X(Ill/(ER(II**2+EIII)**21

104 EII(Il‘EI(Il+((hG(I)*ER(I}+VG(I)*EI(Ill*XlIl)/(ER(II**2+EI(li**2l
00 1Cé  I=1,N

106 ELI[)=SQRT(ETR(L) *%2+ETI (L) #*2)
' WRITE(3,12%)

125 FORMAT(1HL1)
WRITE(3,110Q)

110 FORMAT( ///7/77114/177/80H CGMPUT AT ION OF VOLTAGE

1BACK OF TRANSIENT REACTANCE CF MACHINE)

WRITE(3,111)
111 FORMATY(////StH : SHAH JIBAZAR AHSHU  GANJ GHOR A SAL

1SHIDDIRGANJ SIKAL BAHA KAPTAIHYDRG)
WRITE(3,112}(E(I) 41=14N)

112 FORMAT(//8H VOLTAGE ¢+6F14.5)
. D0 108 1=14N

108 DELTA(II—ATANIETIII)IETRIII)*180./3 141592
WRITE(3,115)(DELTA(L) 1=1,N}

115 FORMAT(7H ANGLE 4y6F14.5)
S10P

END




APRENDIX - C.

COMPUTIR PROGRAMME FOR CALCULATION
OF MACHINE TO MACHINE ADMITTANCES



TRAN™

IV 36DN-F2-476 3-6 ~ ~ 7 MAINPSM T T TTDATET 7037117786 7T TIME
PROGRAMME FOR CALCULATION OF MACHINE TO MACHINE ADMITTANCE

FOR DIFFERENT CIRZUL'T ZONDI TION

BUS-1 BUS BACK OF TRANSIENT REACTANCE OF SHAHJIBAZAR GENERATOR
BUS-2 BUS BACK UOF TRANSIENT REACTANCE OF ASHUGANJ GENERATOR
BUS-3 BUS BACK OF "TRANSIENT REACTANCE OF GHURASAL™ GENERATOR™™
BUS-4 BUS BACK OF TRANSIENT REACTANCE OF SHIDDIRGANJ GENERATOR
BUS-5 BUS BACK OF TRANSIENT REACTANCE OF SIKALBAHA GENERATOR
BUS-6 BUS BACK OF TRANSIENT REACTANCE OF KAPTAI GENERATGR
BUS-7 ULLIN 132KV BUS 3US-8 TON3I 132KV BUS

BUS-9 SHAHJIBAZAR 11KV BUS  BUS-10 SHAHJIBAZAR 132KV BJS
BUS-11 ASHUGANJ 11KV BUS  BUS-12 TASHUGANY 132Ky BUS
BUS-13 GHIRASAL 132KV BUS BUS BUS-1% GHORASAL 11KV BJS
BUS-15 SHIDDIRGANJ 132KV BUS  BUS-16 SHIDDIRGANJ 11KV BUS
BUS-17 MIRPUR 132KV 3US ~ BUS-18 POSTAGOLA 132xv BJS

BUS- 19 COMILLA 132KV BUS BUS-20 FENI 132KV BUS

BUS-21 MADANHAT 132KV 83US  BUS-22 SIKALBAHA 132Kv BJS

BUS-23 SIKALUBAHA 11KV BUS  ~ BUS-24 CHANDRAGHONA 132KV BJS
BUS-25 <APTAIL 132KV 3US BUS-26 KAPTAT LlIKV BJS

IR RESISTANCE MATRI X _

Z1 REAZTANCE MATRI X

AMT ADMITTANZE TO GROUND MATRI X
CX AND CZ ARE REAL AND IM_PART OF LOAD EQUIVALENT ADMITT ANCE

~ DIMENSIDON "AR(26426) 581126426} +AMI(26),ABR(26} ,ABI{25),
1BR( 29 6)9BI(2,6)9CR(642) 4LT{6,2) sDR{5+51 D1 {6451+ XRI545):XT11646),
1BZR{ 64 6)+DEL{ 6, 6).CZR(616},3ELTA(5 61 JAZR{26426) 4 AL1 (26, 26),

k

[ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

IzlslslaNelalsNaly

DIMENSION UR{2.2).u1(2.2)
READ( 1, 100}N _ N _

100 FORMATII&) T s Trr T T -t
READ( 1y 50004 Z3{1+J)+3=1+24) y1=1,4N)
READ(1,50)4{Z1{1sJ)43=L,241 ,1=1,N)
READILsSLIILZRUT 4J) 2J=25 4N} 41 =1 +N)
READU L,y S1M{(ZI(] vJ) +J=254N} 41 =1 4N)

50 FORMAT(8F8.4)
TT51TFORMATI 2F 8. 4)"
READ(1,53){{LINE(T yJ)+J=14¢N} I=14N)
53 FORMAT(2613) o
READ( 1y 40){AMI(I) [ =1,4N)
40 FORMAT(8F10.5)
READ( 15 52)(C X £) ,1=T,4N)
TREAD(1,S2MCZICLIY 1=T7,N) T T T T T 7 - T
52 FUORMAT( 10F8.4)
D3 60 _I=1.N
DA 60 J=1,N
IF{LINE( 1+J))55,56,55

55 AR(1,J3=Z301,J) /0ZRUT yJ) *€2+Z1{1 ,J) *%2)

AU L J)E=Z 10T d) FUZRUL 2 V%2421 LT, J) ¥%2)7
Gl T3 60 o
.56 AR(1,+J)=0.0 _
AllI,41)=0.0
60 CONTINUE
64 FORMAT(IBF[QfSl
DD 106 T1=1 B ST ToTTTT/— s e T
ABR(11)=0.0

—— . — T — — — o il ep—— —— T % e - co- = - -

—— - -

— —— - — a m o eem - — R — e o e —— A w8 ——— -

C o— o o e———— - —— 4 — e ] - mmmm o e e el

13.08



ORTRAN IV 360N-F3-479 36 " MATNPGM T TDATET 09/11/76 TIME ~ I3

_ ABI{1)=0.0
D07 106  UE14N
ABR(T)=ABR(I}+ARLT 4J)

107

e e

108

. 110

. IS S V2

10& CONTINUE

TUIFCTS)II07,108, 107

AZTCT, TIFAZTITL, 20Ty

113 CAUL DETREDUK,AZR,AZL)

ABI(1)=ABI(LI+AI(I,J)

DO 110 [I=14N
DO 110 J=1.N

AZR{ I,J)1=-AR{1,J)
CAZICI,J)=-ATLT,J)
Go T2 110
AZR(I,J)=4BRI(1I)
CAZIE1,J)=ABICI)+AMILT)
 CONTINUE )

DO 112 1=7.N

AZR( I 1)=AZR(T1,1)+CX{1)

- —— — .- . m —wr —— e - e e L - s

D0 113 M=9,N
K=35-4

DO 85 I=1,8
DO 85 J=1,8

e e ———— e e e ——— ————————

SIR{ I, JI=0ZR{T,0)
SZI{I1+sJ)=021(1,J}
DO 115 J=1,6

SZR(8,J1=0.0
SZI1{8,J1=0.0
DO 215 1=1,2

“uRcl,l)-—SZRf7.7)/:SZR(7,7)#*2+52117.7)**2)

oG 116 J

116

—_— e it e L —ime e C e m——— e e - —

BT(L,J)=SIT{T,)

DO 215 J=1,2

UT{ 1 13=SZIL T, T) /A SIRUT 5 TV 222+ SZL (7 ,7) #22)
DO 116 1=1,

e e ———— ———— e —— e m— e m o m————

ﬂl

ch

L=1-6
BRI(L,J }=SZR{I,J)

DO 117 I=1,6
DO 117 J=17,8

CRIUTIyM}=SZR(1,4)
CI{1,M)=5Z1(1,J)

U-a-'u-rlvr!'u
[
[
-~

i
|
i

C——————— —

ﬁ

s w!\ll B

D0 119 J=1,6

DO 118 1=1,2
DO 118 J=1,6
DR{ 1,J1=0.0
DI(i,J71=0.0
DO 118 K=1,2

DR{I,Ji= Dl(I,J)+UR(I,K)*BR(K J)—UI(I,K}*BI(K'J)

DD 119 I=146

[P - R — e e ———_————— e ——— ——

XR(1+4J1=0.0
X1(1+J13=0.0

—_ [P e o e — i — ey AL ittt e e Lo e —




N IV 360N-FI-479 3-6 T MATNPGHM DATE 09/11/76 TIME [3.08.12

T 250 FORMAT(1H1)

DO 119 K=1,2 .
“XRTT, JI=XRA T4 1+ER (T, KIFDRIO Ky J) CT LT KV FOL LK, J) T .
119 XT(1,03=XI0 [, J24C1 0L +K) #DREK s N +CRIY 4K *DT (K4 T) ‘ L
.bog 120 i=1,56 _ : '
DO 120 J=1,6 T ' o
SZR{ I4J )=SZRIT s+ XRUL 9 J)
120 SZI{T,33=SZI{1+Ji¢XIL1,J) e

WRITE( 3, 250)

_ WRITE(3,131) _ . _ - U
13T FORMAT(/7//480  — MACHINE TGO MACHINE ADMITTANCE DUSRING FAULTY '

WR ITE{ 3, 133}

133 FORMAT(///100H REAL I MG REAL  ~ 1MG REAL  IMG

1REAL MG REAL I M5 REAL 1MG /7y
WRITE{ 3, 121)({ SZRUL 4J) »SZL (T yJ) 3J=1 451 +[=146) _ o
121 _FORMAT{6( 2F 8.3))

122 BIR(1,J}= SQRT(SZR(1, J)**2+SZI(I-JJ**2} 3

e at—— ——r

D0 122 1=1,6
DO 122 J=14+6

WRITE( 3, 134)

e Lt =

134 FORMAT(//62H | MAGNITUDE OF MACHINE TO MACHINE AD
IMITTANCE /) o L .
WRITEU 3, 1350({BZR( 141 7d=1 463 s1=146) T T T

135 FORMAT(20X,6F10.6])
DD 123 1=7,8
DO 123 J=17.8 - T T
IF(1-J)130,132,130 _
130 AZR(I1,J)=AZR({I14J)+AR(7,8B) n
AZIU I, JY=AZI(T,J)+ALLT,8)
GO T3 123
132 AZR{ 1, J)=AZR(I,4J)-AR(7,8)
TAZI( I, JY=AZICL J)-AT{7,8)
123 CONTINUE
AZI{ 7, 7)=AZI17,7)1-0.0046

AZT(8, 8)=AZ1(8,8)-0. 0046
DO 124 M=7,8
K=15-M

“1Z4 CALL DETRED(K,AZR,AZI)

- ——_——

WRITE( 34 136) .

136 FORMAT{///49H MACHINE TO MACYINE ADMITTANCE FAULT CLERED/ )
T WRITE( 3, 133) B Tt T T
WRITE( 3y 121 M CAZRUL +J) (AZLI(T 4J) 4J=L+6) 41=146) _
Do 126 I=1.6 =
DO 126 J=1,6
126 CZR(UT+JI=SORTIAZR{T 4J) =24 AZ1 (] 4 J) 2%2)

WR ITE( 3, 134) B

WRITE( 3, 1350 (ICZR{T 1) +J=1 16) +1=1+6)

STOP )
_END e

h— . —— . — ———-




JRTRAN IV 360N-FD-479 36 T DETRED DATE ~ 09711776 =~ TIME  13.

SUBROUTINE OETRED(K,.YZR ,YZ1}

T T T TDIMENSION RP(261,3Q026) 4 YIR(26,26) ,YII126,26) T T
L=K-1
. RASULYZRUK,KI#24YIE{K.K) $42) -~ A
1=1
110 DO 120 J=IsL -
RM=( YZR [ J s KIEYZRIK 4KI+ YZI {1 J4K) #YZI (K,4K} ) /RA
o T UTRNEIVZIUTS KV EVIRTK G RIS YZRUI S KY #YZT (Ky K1) /RA N T T
RPEIISUYZRIK 1) #RM-YZI (K5I ) *RN) .
RQUJII={ YZRIK, I ) *RN+YZT { K,1} *RM) s
T T T UNIR( L, 3=YIRTI LI -REUGY T Tttt T T T T T R
YZI{1,d)=YZ1{1,3)-RQ(J) —
IF{I-J) 11541204115 o
T T 115 YZR{J, TISYZIRUT 4 9) B T T - T
YZICJ413=YZ1(14J) .
120 CONTINUE
T T OARUT-LY12212351237 T Ty T B
122 1=1+1
GO TO0 110
T TTTTIZ3 RETURN T B T Tt T )
END




-
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APPENDIX - D

COMPUTER PROGRAMMES FOR SOLUTION OF SWING

RRQUATION BY
" . 1. Step by Step Method
2+ Runge-Kutta 4th order approximation

method .



AN 1V 360N-FD~479 3-8 MAI NPGM DATE 05711776 TIME
C THIS PRUGRAMME WItLL SOLVE SWING EQUATION 8Y STEP BY STEP METHOD
C BZR MACHINE JO MACHINE ADMIYTANCE DURING FAULT
C CZR MACHINE TO MACHINE ADMI TTANCE AFTER FAULT CLEARED
C DEL ANGLE OF MACHINE TO MACHINE ADMETTANCE DURING FAULY
C DELTA ANGLE OF MACHINE TO MACHINE ADMITTANCE AFTER FAULT CLEARED
C H INERTIA CONSTANT .

C THETA MACHINE ANGLE IN ELECTRICAL DEGREE

C Y INERTJA CONSTANT IN MEGAJOULE~SECONDS PER ELECTRICAL DEGREE
C DT INCREMENT OF TIME IN SECOND

C £ VOLTAGE BEHIND TRANSIENT REACTANCE OF MACHINE

C PR INITIAL OUTPUT OF MACHINE

C TA ACCELERATING POWER OF MACHINE :

C ODTH CHANGE OF MACHINE ANGLE T P .-

€ T TIME IN  SECOND

DIMENSIUN BZR(@.&:.czatb.bl.DEL(&,&),DéLrAta,a).Htﬁl.THETA(bI,Yibi
Le DTH{ 61, QR E) 4 STLO)

COMMON E(61,PR{ &)
READ( 1, 162N

102 FORMAT(I2)
READCL, LOII((BZR{L yJ} o J=1 oyNI oI=] +N)

READ{ Ly LOLI(LCZRUI 5J) +J=1 4N} o1 =1 4N)
101 FORMAT(6F10.4)

READ( 1, LO3ME(T) oI =1 4N)
REAU(E,) 104)(PR(E)sl=]14N)

READ( Ly LO5)( THETA(1) o1 =1 ¢ N) ' —
READU 1, 1OSYC(DEL(I 4J) sJ=1 yN} oI =1 oN) e t
READ( L, 106) ((DELTA(L sd) s d=L s N} s1 =L ¢N) 7

103 FORMAT(6F8.4)

104 FORMAT(6F8.41
105 FORMAT(6F10.4)

106 FORMATEGF 10. 41
REAC{ 1+ LOTI(H(T )1 =1¢N)

107 FORMAT(&F10.5)
D¥=0.05

T=0.0
00 100G E=1,N

100 Y(I1)=(180,0%50.C0/H(1)) *(DT**2)
WRIVE(3,222)

222 FORMAT(1IHL}
WRITE(3, 112)

112 FORMAT(///&7H COMPUT AT TON GF INT ERNAL
L MACHINE ANGLL)

WRITE( 3y 116}
116 FORMAT(///100H SHAH JIBAZAR AHSHU  GANJ GHOR A S AL

1SHIDDIRGANJ  SIKAL BAHA  KAPTAIHYDRO TIME/)
D0 114 {=1.N

114 DTH{I)=0.0
DO 115 i=1.N

CALL POWER(I+THETA yDEL BZR,TA)
115 QR(ITII=Y¥( X)*TA/2.0

118 T=T+DT
BO 120 I=1i,N

120 DTHOTI=DTH( 1) +QR (1)
DO 125 I=1.N




(AN IV 360N-F0B-479 3-8 MALNPGM DATE

05711/76

TIME

125

THETAL [ }=THETAC L) +DTH{T) -
WRITE( 3y 127)C THETALL) ol 31 aN) o7

127

FORMAT TXs 6F L 4. 595X sF G4a 2)
IF(T-0.10)130,135,135

130

D0 132 1I=14N
CALL POWER(ILTHEVA,DEL sBZR TA)

132

QR{L)=Y(T1)*TA
GO YO 118

135

RO 140 I=1+N
CALL POWER{ I, THETA sDEL+BZRTA}

140

ST{L)=TA
DO - 142 I=14N

142

CALL PDHER(I:THETA.DELTA,CZR.TAI
QREI)=Y(I)*{ ST{LI)+TA) /2.0

144

T=T+40T '
PO 145 1=zi+N

145

DTH( 1)=D THU [ }+QR{ 1)
00150 I=1,N

150

THETA(T)=THETA( I)+D TH{ )

C WRITEC 3y L12TICTHETACL) sI=1N) o7

155

IF(T-1.45) 15541604160
DO__156 I=1,N

156

AL POWER (T THETA DELTASCZRTAT
QR{1)=YL 11*TA

160

GO  TBw=l44 e ' PO
sToP

—

END




AN IV 360N-FD-479 3-8 POWER DATE

05/11/76

TIME

SUBROUTINE POWER{I yRAMA,CETA+XIR+XA)

DIMENSION RAMA{6) sCETA{6556) yGAMALL 46) JBETA(S4+6) ,TRI(6 ),

1XZR{ 6y 61421 646)
COMMON EL6),PRI6O)

N=8&
DO 110 J=14N

111

[F(I-J)111,112,111
GAMA (1,4 )=RAMA{T1)-RAMALJ)

BETAITI,J)=CETA(I yJ)—-GAMA(I »J)
GO 10 110

112
110

BETA{I,J)=CETALIL,J)
CONTINUE

C=3.14159/180.
DO 116 J=1g¢N

116

Z( I!J)=BETA(I,J}*C
TIR{I1)=0.0

114

PO 114 J=1.N
TRUI)=TRIIJ+ELII#E(J) *XZRII »J) %C0OS(ZLT44))

XA=PR{I)-TR{1I)
RETURN

END




AN IV

‘

360N~FU-479 3-8 "MATNPGM DATE 05/11/76 T IME

THIS PROGRAMME MILL SOLVE SWING EQUATION 8Y RUNGE-KUTTA FOUKTH
ORDER APPROXIMATIGN FORMULA

BZR MACHINE TO MACHINE ADMI TTANCE DURLNG FAULT
CIR MACHINE TO MACHINE ADMI TTANCE AFTER FAULT CLEARED

DEL ANGLE OF MACHINE TO MACHINE AOMITTANCE DURING FAULT
OELTA ANGLE OF MACHINE TO MACHINE ADMITTANCE AFTER FAULT CLEARED

H INERTIA CONSTANT
THETA MACHINE ANGLE IN ELECTRICAL DEGREE

Y INERTIA CONSTANT {N MEGA JOULE~-SECONDS PER ELECTRICAL UFGREE
DT INCREMENT OF VIME IN_ SEC OND

E VOLTAGE BEHIND TRANSIENT REACTANCE OF HACHINE
PR INITJAL OQUTPUT UF MACHINE

TA ACCELERATING POWER OF MACHINE Ceeanw o <
1 TIME IN SECOND )

W ANGULAR SPEED UF MACHINE
BT CHANGES IN THE INTERNAL VEOLTAGE ANGLES

CT CHANGES IN THE MACHINE SPEED
ReyS AND CoS ARE THE CHANGES IN INTERNAL VULTAGE ANGLE AND ‘SPEED

alo oley oo elo alo Ole ale alo alo o

OF MACHINE RESPECTIVELY
DIMENSIONBZR( 6¢6) 3CZR(G6) JDELLG 36) yDELTALL 46) oHIO6 ), THET ALE), W (6}

LsCTUEIoBTLE) R LLE) sR216) oR3(6) 4RG16) 4CLULY +C2{6) 2C3L6)+C4 (6D,
IPHI{ 61, Y( &)

COMMON E( &) 4PK( &)
READ(1, 102)N

102 FORMATILIZ)
READ(ltlUl)((BZR(I!J)pJ‘lle’IﬁltNl

READ( Le JOLH{CZRUY oJ) yd=1 4N} #1 =l «N}
101 FORMAT(&6F10.4}

KEAD( 1, LO3ME( 13,11 ,N)
READ( 1, 104){PRUI) ,1=1,N)

READ(Ly LOSI( THETA{I ) #I=14N)
READ(15 1061 C(UEL(T 4d) o J=1 oN} 4I=1 N}

READ{ 1» 106 {DELTA(L 4J) »Jd=1 ¢N) ol =1 4N}
103 FORMAT{ 6F8.4)

104 FORMAT(6FB.4)
105 FORMAT{6F10.4)

106 FORMAT{6F10.4}
READ( 1, LO7I{H(I ] aI=1,N)

107 FURMAT(6F10.5)
DT=0.1

X=180./3.14159
P=2.0%3,.14155%%0.0

DO 110 I=1N
110 Y(1i=P/({ 2.0%H(1))

C0 120 I=1l+h
120 W(1)=P

WRITE( 3, 222}
222 FOGRMAT{1H1}

WRITE( 3, 201)

. 201 FORMAT(////6TH COMPUTATIGN OF INT ERNAL MACHINE

LANGLE AND SPEED)
WRITE( 3, 202)

202 FORMAT(///100H SHAH J1BAZAR AHSHU  GANJ GHOR A S AL
1SHIDD IR GANJ SIKAL _BAHA KAPTAIHYDRO TIME/)




105 FORTRAN IV 360N-FO-479 3-8 MAINPGHM DATE 05/711/76 T IME
0032 T=0.0

0033 . 124 _T=T4DT — _
0034 DO 125 [I=1,N

0035 CLI)=(W(I)-P)®DT -
0036 IF{T-0.2)122,123,123

0037 122 CALL POWER(] s THETA sDEL ,87R ,TA) _
0038 6o 10 125

0039 123 CALL POWER{ I, THETA JDELTA ,CZR,TA)

0040 125 RL(1I=Y( L1%TA®D T

0041_ DO 126 I=14N ) T
0042 ST=Xx*¢C1(11/2.0

0043 126 PHI{ 1 )=THETA(L)+ST

0044 DO 130 I=1,N

0045 C20I)=((WEII+R1(]} /2,01 ~P) %D T

0046 IF(T-0.2)132,133,133

0047 132 CALL POWER(I,PHI +DEL4BZR4TA)

0048 G0 T0 130

—0 49 133 CAtL POWER(I4PHIJDELTA,CZR,TA)

0050 130 R2( L= Y( 1) *#TA#DT

0051 DO 135 JI=1,N

0052 ST=X*C 2(11/2.0

0053 135 PHI{ I)=THETA(I}+ST

0054 D0 140 [=1,N

0055 CA(I)=( (HUII+R2(T) /2. 0} —-P) %D T

0056 IF(T~0.201364137,137

0057 136 CALL POWER(I,PHI4DEL 48ZR,TA) L
0058 GO 10 140

0059 137 CALL POWER( I,PHI,DELTAL,LZR,TA) )
0060 140 R3(1)=Y( LI¥TA®DT

9061 D0 142 I=1,N

0062 ST=X#C 3( 1)

0063 142 PHI(I)=THETA(13+ST

0064 00 145 I=1,N

-0065 CalId=(( W I)+R3(1))-PI*DT

-0066 IF{T-0.2)143y144,14%

20067 143 CALL POWER( 1 PHI,DEL +BZR,TA}

-0 68 GO TO 145

0069 144 CALL POWERUI,PHI ,DELTA,CZR,TA)

0070 145 R4(1)=Y( [ )*TASDT

0071 DO 150 1=1,N

0072 BT(I)={CI(I)+2.0%C 201 1+2.0%C3 (1) +C4 (1)) /6.0 #X
20073 150 CY{I)=(RI(II+2.0%R2(1)+2, 0%RI (1) +R4 (1)) /6.0
0074 DO 152 I=1,N

00075 THETA( 1)=THETA(1)+BT(1)

20076 152 W(II=W(I3+CTLT)

0077 WRITE( 34 154) (THETA(L) o1 =14N),T

0078 154 FORMAT(7H ANGLE y6F 14.5+5X¢F&e2)

§0079 WRITE( 3, 155 Wl1) ,0=1,N)

50080 155 FORMAT( 7H SPEED ,6F 14.5)

20081 TF(T-049)1244160,160

20082 160 STOP

0083 END




S FORTRAN Iv 360ON-FO-479 3-8 POKWER - DATE 05/11/76 TIME

301 SUBROUTINE POWEK({ ¢yRAMA 4CETA s XZR ¢XA)
202 DIMENSION RAMA(S) sCETALE46) sGAMALGL 46) ¢BETA(D 46) yTRIB]),
IXZRL Gy 63 +Z( 646}

203 COMMON_E( &) ,PRL &)

104 N=6

)05 PO 110 J=14N

306 [FCi-3)111e112,111

207 111 GAMA{l,4 }=RAMA(I}-RAMA(J}

208 BETALT J)=CETALI (J}-GAMALI 4 J}

=0 09 GO To 110

J10 112 BETACL J J=CETA(L+J)

211 110 CONTINUE

212 £=3.14159/180.0

J13 DO 116 J=1eN T ot i

214 116 Z(I,4J)=BETA(I,Ji%C »

215 TR1{)=0.0 L

=0 16 DD 114 J=1,4N ' .
17 114 TR(1)= 1R(11+E{nteunxzm1.Jitt.ns:zthan

=0 18 ' XA=PR(L)}-TR(I)

20 19 RETURN

=) 20 END
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