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ABSTRACT

An interactive shunt fault analysis package is developed for
small power systems. The fault solution procedure implemented is the
classical technique based on the symmetrical component transformation
and Thevenin's theorem.

The interactive features of the code are designed to make
efficient use of the user's time. A base line system design can be
Joaded into the program by reading an external data file. The user
can then interactively make minor system changes, alter fault type,

impedance or location for a given fault and execute a fault study.
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CHAPTER 1

INTRODUCTION

Short circuits (or "faults") pose a serious hazard to the com-
ponents of an electrical power system. If faulted conditions are
allowed to persist the currents flowing in affected generators and
lines may be of such large magnitude as to result in thermal damage.

In addition, the voltage profile may be seriously altered throughout
the system such that damage is done to sensitive loads connected at
points remote from the location of the fault. It is the responsibility
of power system protection engineers to design a protection system

that quickly isolates faulted portions of the system while maintaining
service to the greatest possible degree.

Faults may occur for numerous reasons such as insulation damage
due to lightning, trees falling against conductors, conductor icing,
salt sprays and corrosion, small animals short circuiting switch gear,
vehicle collisions with transmission 1ine towers or conductors, etc.

In a three phase system short circuits are usually categorized into
four basic types; single line-to-ground, line-to-line, double line-
to-ground or three phase. The time constants involved are such that
the effects of faults can be analyzed using steady state AC techniques,
that is, phasor analysis can be applied. However, the first three
fault types result in unbalanced system operation and cannot be studied
using the classical per phase method appropriate for balanced systems.

A primary tool of the protection engineer is a computer code

which solves for the system voltages and currents in each phase under
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faulted conditions. Ideally this code should be interactive so as to
optimize the use of engineering time and effort. Such a code will
allow large data base representing the nominal system conviguration
to be stored and recalled on demand. The engineer can then use this
code to rapidly assess the effects of any shunt fault by simply spec-
ifying the fault type and location. The code could also be used to
compare several design alternatives under "what if" situations with
respect to the system model. For example, the engineer may want to
know if the protection system is sensitive enough to detect and
jsolate a particular fault "if" some system components are out for
scheduled maintenance. The interactive code would allow the engineer
to simply delete the appropriate components from the nominal system
description and the perform the desired fault study.

An interactive computer code for solving short circuit problems
in small power systems is developed in this thesis. The fault solu-
tion procedure implemented is based on the symmetrical component
transformation and Thevenin's theorem. The next section provides an

overview of the analysis of faults.

1.1 Overview of Shunt Fault Analysis

For purposes of discussion an n-bus, three phase power system is
postulated having phase sequence a,b,c. The prefault system is assumed
to be in a symmetric steady state operating condition. Prefault bus
voltages and component currents can be calculated by solving the
classical load flow equations on a per phase basis and then invoking

three phase symmetry.
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A fault is an abnormal condition occuring at one paricular system
bus which is designated as the fault point. This thesis is restricted
to the analysis of a single shunt fault. A shunt fault involves fault
impedance between phase conductors and/or between phase conductors and
ground at the fault point. Figure 1.1 shows the details of a general
shunt fault occuring at an arbitrary bus k. If the fault impedances
7;, 75, 7&, in Figure 1.1 are identical then the shunt fault is a
symmetrical shunt fault and the faulted power system will remain in a
balanced three phase state (but different than the prefault state).

If these fault impedances are not equal, then the fault is an unsym-
metrical shunt fault and unbalanced voltages and currents will develop
throughout the network. The objective of shunt fault analysis is to

determine the system bus voltages and component currents in each phase

under faulted conditions.

[ - ]

n< U0

L |y
~—{INI
£
NI
o

|

Figure 1.1. Generalized shunt fault diagram
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It should be emphasized that if unbalanced voltages and currents
occur under faulted conditions they are due solely to the application
of an unsymmetrical shunt fault. Looking into the power system from
the fault point (bus k in Figure 1.1) one would see an "otherwise
balanced” three phase system that would return to prefault conditions
if the shunt fault were removed from the system.

The computer code developed in this thesis solves shunt fault
problems by applying symmetrical component theory and using Thevenin's
theorem. Symmetrical components are used to resolve the "otherwise
balanced" three phase power system into three decoupled per phase
sequence networks, namely, the positive, negative and zero sequence
networks. Voltages and currents in the sequence networks are the
symmetrical components of the phase voltages and currents in the power
system. The negative and zero sequence networks are strictly passive,
and under balanced conditions all voltages and currents in these
networks are zero (there are no sources of negative or zero sequence
currents in a balanced system). Active sources are present only in
the positive sequence network which is the same as the per phase
representation of the balanced prefault system.

Under balanced conditions there are no circuit paths between the
sequence networks (they are decoupled). A faulted condition causes
paths to appear between the networks in the form of simple connections
through external impedances. These external connections allow the
sources in the positive sequence network to drive currents through all
three networks. The voltages and currents developed in the sequence

networks under faulted conditions are the symmetrical components of
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the desired faulted values of the power system phase voltages and
component currents.

When the external impedance connections are made between the
sequence networks, the sequence voltages and currents change from
prefault values to faulted values. The positive, negative and zero
sequence network impedance matrices are used in conjunction with
Thevenin's theorem for computing the changes in sequence variables
due to the fault. Faulted values of the sequence quantities are then
determined by superposition of prefault values with the computed
changes. The desired faulted values of system phase voltages and
currents are found by application of the symmetrical component trans-

formation to the faulted sequence network quantities.

1.2 Thesis Objectives and Outline

The objective of this thesis is the development of an efficient,
interactive computer code for analyzing shunt faults in small power
systems. The shunt fault analysis package has been integrated with a
Toad flow program which was also developed by the author (Reddoch 1980).

The overview of shunt fault analysis above is expanded in
Chapter 2 which is a detailed discussion of the procedure for solving
shunt faults. Two algorithms which enhance computational efficiency
are presented in Chapter 3. The first algorithm is a triangular
factorization technique which computes only those portions of the
sequence network bus impedance matrices that are actually needed to
solve a given fault problem. A second algorithm is presented for
keeping track of phase shift introduced by wye-delta transformers.

Interactive features of the code are discussed in Chapter 4. Chapter 5
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is a summary and offers suggestions for possible improvements in the

computer package.
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CHAPTER 2

PRINCIPLES OF SHUNT FAULT ANALYSIS

This chapter outlines the basic principles of shunt fault
analysis that are incorporated in the computer code developed in this
thesis. The discussion below is a comprehensive review of the well
known shunt fault analysis technique based on Fortescue's symmetrical
component transformation and Thevenin's theorem. Matrix and vector
notation is used so that the equations developed for shunt fault

analysis can be easily formulated and solved using a digital computer.

2.1 Notation

The notation used to distinguish phasor, matrix and vector
quantites can be a source of confusion in power system analysis
problems. This section describes the notational preferences of the
author and should make it easier for the reader to follow subsequent
developments.

Quantities which can be expressed as a single point in a complex
plane, such as a voltage (or current) phasor or complex admittance
(or impedance) will be denoted by overscored upper case Tetters. As

an example the instantaneous current

i(t)

v2 1 sin(wt + 8) (2-1a)
Y2 1 coso sinwt + /2 I sine coswt (2-1b)

will be denoted in the complex plane as the phasor T. Either polar
or rectangular coordinates may be used to specify the point in the

complex plane represented by T. If polar coordinates are used then



T=1/s (2-2a)
where

I = rms magnitude of i(t) (2-2b)

6 = phase angle of i(t) with respect to sinwt (2-2c)

When expressed in terms of rectangular coordinates the phasor T is
represented as

T = Re(T) + j Im(T) (2-3a)

where by Euler identity

Re(T) = I cosé (2-3b)
= rms magnitude of the component
of i(t) in phase with sinwt
Im(T) = I sine (2-3c)

rms magnitude of the component
of i(t) in phase with coswt
Collections of points in the complex plane will be represented

as complex matrices (or vectors) and denoted by an underscore. For
example, let

Y = n x n admittance matrix (complex) (2-4a)
where the ij th entry is the complex admittance V}j (a single point in
the complex plane), i.e.

{inj = ij th entry in the complex matrix Y (2-4b)

= Yij (2-4c)

As a further example let the voitage profile in the power system

be represented by a bus voltage vector in each phase, ya, yb, yc

defined as
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yp = yector of bus voltage phasors in (2-5a)
phase p (an n x 1 vector), p = a,b,c

with,

=
-éu.-l
]]

i th entry in the vector yp (2-5b)
(i =1,2,...,n)

voltage phasor in phase p at bus i

= Vp_,i (2-5(:)

Superscripts are used to distinguish prefault and faulted conditions.
Prefault conditions are denoted with the superscript "o". For

o] 0] [¢) .
ya, yb, yc represent the prefault voltage profile (the Toad
flow solution). The double superscript "fk" is used to denote faulted

example

conditions. The second superscript "k" indicates the fault location

f3 ,f3 3 . .
(bus k). For example ya , yb , yc is the system voltage profile
under faulted conditions with the fault occuring at bus 3.

It is convenient to define the complex constant a as
(2-6)

a = the "a-operator"

1/120

-0.5 + j0.866

The a-operator has the property that when it multiplies (or operates
on) a phasor, it leaves the phasor's magnitude unchanged but advances
the phase positively (counterclockwise) by 120 degrees. Note also

that 50, 7' and a2 are a symmetrical three phase set:

1+3+a2=1/0+1/120 + 1/240 = 0 (2-7)

Finally, the transpose of a matrix (or vector) is denoted by the

superscript "T". For example:
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<<
il

transpose of vector V (1 x n row vector)

-
n

transpose of matrix Y

2.2 Symmetrical Components

Symmetrical components and per phase analysis are important
concepts in the solution of unbalanced shunt fault problems. Per
phase analysis techniques reduce the complexity of analyzing a bal-
anced three phase system to the level of complexity involved in
analyzing a singie phase system. The symmetrical component trans-
formation is a transformation of variables that allows per phase
techniques to be extended to the analysis of unbalanced systems.

These important concepts are reviewed below.

2.2.1 Per phase analysis. Many types of power system components

exhibit phase-to-phase coupling. For example Faraday's law indicates
that the current flowing in one conductor of a three phase line
induces voltages in all three conductors. However, under balanced
operating conditions the phase voltage and current relationships of
all system components can be developed in such a way that the phases
appear to be decoupled. That is to say, the equations of a balanced
system are written such that phase p (p = a,b,c) currents cause only
phase p voltage drops and vice versa. The apparent phase decoupling
under balanced conditions is precisely what makes per phase analysis
valid for analyzing symmetrical power systems.

Consider the hypothetical component shown in Figure 2.1 which is

connected between buses i and k of some power system.
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Busk

T
ml _"'— v

S
— VW~ .
vr| Vb-l —V—e_‘ Va—k VH VPk
Z - - -
S = P Y
MA—~———2 Db ¢
Figure 2.1. Hypothetical component with mutual coupling between phases

The relationship between phase voltages and currents for this component

can be written as

<

a-i

b-1

<| <

c-i
or

Vabe-i

=17 I

=abc —=abc

* Vobe-k

n Ia Va-k
I Vh-k
n Ic c-k

(2-8a)

(2-8b)

Off diagonal terms in Z,,. represent phase-to-phase coupling and are due

to the presence of mutual inductances (represented in Figure 2.1 as *he

Xm reactances) and the effects on the neutral return impedance 75.

Extracting the expression for V;-i from (2-8a)

Va-i

(zs+zn)Ia + (jxm+zn)1

b

+

<jxm+zn)1c * Vaok

(2-9a)
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Vg = (LA )T, + (GX AT (T +T) +

pHle (2-9b)

Vs-k
makes it clear that the phase a voltage drops depend on the currents
in all three phases. Equation (2-8) holds under any conditions (bal-
anced or unbalanced).

Under symmetrical operating conditions the neutral return current

(Th) is zero, i.e.

In =0 = Ia + Ib + IC (2-10)

Equation (2-10) can be used to derive a decoupled form of (2-8).

Solving (2-10) for the sum of TB and TE

T +7T

Iy ¢ - -Ia (2-11)

and substituting into (2-9b) the phase a expression for the hypothetical

component becomes:

Va-i N (Zs+zn)Ia * (jxm+zn)('la) * Va-k (2-12a)

(Zs+jxm)la * va-k

(2-12b)

Equation (2-12b) is a per phase equation and shows that under balanced
conditions the phase a voltage drops can be written so that they depend
only on the phase a current. Expressions similar to (2-12b) could
obviously be derived for phases b anc ¢ such that under balanced con-

ditions (2-8) becomes

Vi Ig-3%, 0 0 T Vo
Vil = 0 Z.-iX 0 o |+ | Vo | (2-13a)
Ve i 0 0 T || TG Vek
or
Vo =z2° 1° +\° (2-13b)
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where the superscript "o" denotes symmetrical operation. Equation
(2-13) is the desired phase decoupled form of (2-8). The fact that
Zgbc is diagonal is what makes per phase analysis possible.

It is not necessary to solve the third order decoupled equation
(2-13) to analyze a symmetrical system. Since the diagonal entries of
Z;bc are identical and if the phase voltages are balanced three phase
sets it automatically follows that the phase currents will be a bal-
anced three phase set. The per phase equation (2-12b) can be solved
for the phase a quantities and then the phase sequence can be used to
infer the phase b and c variables. With phase sequence a,b,c the
phase a solution is delayed 120 degrees to obtain phase b and then
delayed an additional 120 degrees to obtain the phase ¢ solution.
Figure 2.2 is the per phase equivalent circuit of the hypothetical

component for symmetrical operating conditions.

Busi |° Bus k
o ANN—
_]_ Z-jXn 1-c.'»
va‘:l Va-«
| |
o— 0

Figure 2.2. Per phase equivalent circuit of the hypothetical
component under symmetrical operating conditions
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Under symmetrical conditions the per phase solution (2-12b) also
satisfies the general equation (2-8). However under unbalanced con-
ditions (2-12b) no longer applies and yet the solution to equations
such as (2-8) must still be obtained if shunt fault problems are to be
solved. The reader will readily appreciate that the difficulty in
solving n coupled linear equations increases at least as n squared
(actually as n cubed minus n divided by 3) (Burden, 1978). Thus it
appears that the three phase equation (2-8) under unbalanced conditions
is roughly nine times more difficult to solve than a per phase analysis.
Symmetrical components is a technique for solving unbalanced fault
problems that reduces the complexity of the analysis to about three

times the difficulty of per phase analysis.

2.2.2 The symmetrical component transformation. Shunt fault

analysis can be greatly simplified using a reversable transformation
of variables called the symmetrical component transformation (SCT).
The technique was first proposed in 1918 be C. L. Fortescue. Fortescue
showed that a single n-phase system (balanced or otherwise) can be
resolved by the SCT into n n-phase systems called the sequence systems.
Each sequence system has a different phase sequence. The procedure
for solving shunt faults is to transform the original problem into
symmetrical components for solution purposes and then reverse the
transformation after the solution is found.

It might seem that the SCT would add rather ‘than reduce the com-
plexity since the original system:is transformed to n n-phase systems.

However symmetry in the sequence systems allows per phase analysis to



15

be used in each of those systems. Recall that the difficulty in
solving the original unbalanced n-phase problem is of the order of

n squared where as the solution difficulty of the transformed problem
is only of order n due to the use of per phase techniques. 0f course
some small amount of additional work is involved in transforming the
problem and using the reverse transform on the solution. The dis-
cussion of the SCT in this section is restricted to the three phase
case.

Let T;, TB, and TL be the phase currents flowing at some point
in a three phase power system. According to Fortescue's theorem it
is possible to resolve this original system of three phase phasors
(which can be balanced or unbalanced) into three sequence systems
which are three phase sets having different phase sequences. Mathe-

matically, Ia’ TB and Té are expressed in terms of their symmetrical

components as

T =T . +1.,+T (2-14)

Ic © 0 * Ic] * Ic2

The symmetrical components IaO’ IbO and ICO are called the
zero sequence set. These components have jdentical magnitudes and a
phase angle of 0 x (-2 x n/3) = 0 radians between successive com-

ponents a0, b0, c0; i.e. IaO’ Ibo

sequence system can properly be viewed as three identical single

and TEO are in phase. The zero

phase systems and is referred to as zero sequence since phase sequence

is meaningless in single phase systems.
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The components'Ta],'Tb] and'TC] are called the positive sequence
set. These components have an identical magitude and a phase angle of
1 x (-2 x n/3) radians (-120 degrees) between succesive components al,
b1, c1. The name positive sequence is used to denote the fact that
this set of components has the same clockwise phase sequence (abc) as
the original three phase network.

Components ng, TBZ’ TEZ are called the negative sequence set.
These components have identical magnitude and a phase angle of
2 x (-2 x 7/3) radians (-240 degrees) between successive components
a2, b2, c2 resulting in a phase sequence acb. The term negative
sequence is used to denote the fact that the traditional clockwise
phase sequence of these components (acb, or equivalently cba) is the
same as the counterclockwise phase sequence of the original system
phasors.

The left hand side of equation (2-14) has six degrees of freedom
since three magnitudes and three angles must be specified to determine
the original phase currents T;, TB and TE. If the SCT is to be an
invertable transformation then the right hand side of (2-14) must also
have exactly six degrees of freedom. At first glance it may seem that
there are 18 degrees of freedom associated with the symmetrical com-
ponents (9 magniudes and 9 angles). However each sequence system has
been defined to have a particular form of three phase symmetry such
that per phase knowledge within each sequence is sufficient to uniquely
specify all phases of the symmetrical components. More precisely, each
of the three sequence systems contribues two degrees of freedom to the

right hand side of (2-14) and knowledge of only the phase a symmetrical
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components (Iao, Té], Téz) is sufficient to determine all the symmet-
rical components and the original phase currents.

To demonstrate that per phase analysis within each sequence
system is sufficient, assume that the phase a symmetrical components

IaO’ Ia]’ and Ia2 are known. Then in terms of the phase a components

the phase b and ¢ components are by definition

i =1

_bO _aO (2-]53)
leo = Tao

- —2—

I =al

Ic] N aIa]

T, =al

_PZ _23? (2-15c)
lep =21

Substituting (2-15) into (2-14) allows the original phase currents to
be expressed solely in terms of their phase a symmetrical components.
The resulting equation is called the indirect symmetrical component

transformation (ISCT) and can be written as

Ia 1 1 ] Iao
- _ 2 — - )
Ib =1 a a Ia] (2-16a)
- - -
IC 1 a a Ia2
or
Libe = Alo12 (2-16b)

Notice that there are six degrees of freedom on both sides of equation

(2-16). The ISCT is sometimes called the synthesis equation since it
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tells how to synthesize the unbalanced phasors from the phase a sym-
metrical components. An expression analogous to (2-16) would hold if
the original unbalanced phasors were phase voltages rather than phase
currents.
The transformation matrix A is nonsingular and the ISCT (2-16)
can be inverted to obtain the direct symmetrical component transfor-

mation (DSCT):

a0 a
T, |- o3 32 T, (2-17a)
- 2 _ -
Ia2 1 a a IC
or
.
Io12 = A Lipe (2-17b)

Equation (2-17) is sometimes called the analysis equation since it
tells how to determine the phase a symmetrical components given the
unbalanced phase quantities. An expression analogous to (2-17) also

holds for voltages.

2.2.3 Properties of the symmetrical component transformation.

An important property of the SCT can be demonstrated by applying it to
the symmetric prefault voltage profile represented by the bus voltage
Vv o, vo, v° metrical th hase set
ectors !a’ yb’ !c' These vectors are a symmetrical three p

with phase sequence a,b,c. Thus in terms of the phase a bus voltage

vector
Vo = 32y0 (2-18a)
b —a
12 = Eyg (2-18b)
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Applying the DSCT,

Voo = 1/3(YG * Vg + V)
=130+ T+ DY
=0

2, = A+ 3 +
=1/3(1 + 1 + 1)y§
=V

i3, vt + T
=1/3(1 +3 + Ee)yg
=0

where 0 is an n-dimensional vector containing only zero.

Equation (2-19) exhibits a very important property of symmetrical
components. Under symmetrical conditions the zero sequence system
voltages (and currents) are zero while the "a" phase of the positive
sequence is the per phase description in phase a of the original bal-
anced system. Nonzero values of zero and negative sequence voltages
and currents indicate an unbalanced operating condition.

A further indication of the value of the SCT can be demonstrated
by applying it to the analysis of the hypothetical component discussed
previously (Figure 2.1 on page 11). Recall that the component is
connected between buses i and k and that the phase voltages and cur-
rents associated with the device satisfy (2-8). The vectors of phase

voltages at buses i and k, V . and V

Yabe-i V. be-k® and the vector of phase

currents, I

Lpe defined in (2-7) have the transforms yo]z_i, yo]z_k,
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and 10]2 respectively. The relationship between phase quantity vectors
and sequence quantity vectors can be expressed by either the DSCT or

the ISCT. Choosing the later,

va0-1'
Yo12-1 = A Yape-i = A | Var-i (2-20a)
a2-i
Va0-k
Vor2-k = A Vapek = A | Vark (2-20b)
az-k
a0
Iogg =A Ly =4 Iy (2-20¢)
az

Using the expressions in (2-20), equation (2-7) can be written as

AVor2-i = Zabe A Lotz * A Yoy (2-21a)

which after multiplying through by A inverse becomes
: 1

Yor2-1 TR Zope A L1z * Yorok (2-21b)
Define the triple matrix product Af1gabcﬂ_from (2-21b) as
- a-] i
Lz = A Iy A (2-22)

Using Af] as defined by (2-17) as in (2-8) and A from (2-16), it

i Zabc
is easy to show that

Zs+j2Xm+3Zn 0 0
ZO]Z = 0 ZS-ij 0 (2-23a)
0 0 ZS-JXm

or,
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Z0 0 0
2012 =0 Z] 0 (2-23b)
0 0 22
where
Z0 = Zs + j2Xm + 3Zn (2-24)

= per phase impedance of the component to zero

sequence current or "the zero sequence impedance"

Z1 = ZS - ij (2-25)
= per phase impedance of the component to positive
sequence current or the "positive sequence impedance"
22 = ZS - JXm (2-26)

= per phase impedance of the component to negative
sequence current or the "negative sequence impedance"
Finally substituting (2-23b) into (2-21b) the relationship between the
sequence system voltages and the currents can be written as

Z, 0 0 T v

<<

a0-i 0 a0 a0-k
Voo l=]0 T 0 | [T+ V| (2-27)
Vaz-i 0 0 % a2 Vaz-k
or
Yor2-1 = Zo1z2 Lo12 * Yor2-k (2-27b)

Equations (2-8) and (2-27) are symmetrical component transform
pairs and both equations represent the hypothetical component under
either symmetrical or unsymmetrical operating conditions. In the
previous section it was noted that the off diagonal entries in Zabc
imply a phase-to-phase coupling that makes the relationship between

phase voltage and currents difficult to solve under unbalanced
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conditions. It is particularly significant that the transformed
1mpedanée matrix ;0]2 is diagonal. The decoupled model in (2-27) is
much easier to solve than the coupled model in (2-8b).

The diagonal character of Z,, implies that s-sequence (s=0,1,2)
currents result only in (or from) s-sequence voltage drops. This
allows the transformed component model to be represented by the decou-
pled per phase equivalent circuits, one in each sequence system. The
appropriate per phase sequence system models for the component under
study can be deduced from (2-27) and are shown in Figure 2.3.

Under symmetrical conditions the voltages and currents in the
zero and negative sequence models are zero and the positive sequence
model fully characterizes the voltage and current relationships of the
component. It is obvious that the positive sequence system equation

vgl-i ) 7& Té] ¥ V.a]-k
N (7; - ij) T;1 * 7;1_k

(2-28)

has exactly the same form as the decoupled per phase expression derived
in (2-12b) for symmetrical operation. Note that the positive sequence
equivalent circuit Figure 2.3(b) is the same as the symmetrical per
phase model depicted in Figure 2.2 (page 13). Under unsymmetrical
conditions voltages and currents will be developed in the zero and
negative sequence models (the mechanism is described later) which will
properly account for phase-to-phase coupling under unbalanced conditions.
In order to fully exploit the power of the SCT in shunt fault
analysis it is necessary to have the per phase zero, positive and
negative sequence equivalent circuits of all the components of the

otherwise balanced system. These equivalents can be derived using
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Tao
j% <%b-f:i::;gn4-ai;f

NO I
)

a) zero sequence

~2 = "z"- lx m r
Vooui Voo«
|
L N2 ]

¢) negative sequence

Figure 2.3. Sequence models for the hypothetical component
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analysis techniques similar to that applied to the hypothetical
component considered in this section. The next section presents

sequence system models for common types of power system components.

2.3 Sequence Models of Componeﬁté

Equivalent circuits in each sequence are presented below for
generators, transmission lines, transformers and impedance type loads.
Derivations of these models are not given but can be found in (Anderson,
Stevenson, Gross). Equations are written expressing the sequence net-
work currents of the various system components as functions of the
sequence network bus voltages and the parameters of the equivalent
circuits. These equations will be used in a later section to.ca1cu1ate

phase currents under faulted conditions.

2.3.1 Sequence models for generators. A wye grounded generator

. connected to bus i and operating under balanced conditions has the

three phase representation given in Figure 2.4. The per phase positive,
negative and zero sequence equivalent circuits are shown in Figure 2.5.
In general the sequence impedances of the generator (75, 7}, 75) can
have different values. Methods for the experimental evaluation of
these parameters are given in (Elgerd, 1982).

If the sequence components of the voltages at bus i are known,

then from Figure 2.5 the generator sequence currents can be computed

from: (2-29)
Ia0—1 ‘0 ]/(ZO+3Zn) 0 0 VaO-1
Ia1-i | © Ef/ly | - 0 1/, 0 Vat-i
a2-i 0 00 Vi Vaa-




j_(:
Vet
L

—T<

i Y&-l

=

Figure 2.4. Three phase generator representation

2.3.2 Sequence models for a transmission line. Transmission

lines are modelled in each sequence by a symmetric-pi equivalent
circuit as shown in Figure 2.6. The parameters of the symmetric-pi

are the total series impedance Z, (s = 0,1,2) and the total

series-s

shunt admittance Y , one half of which is connected at each end

shunt-s
of the Tine. Passive components like lines and transformers have the
property that their positive and negative sequence parameters are the
same, that is,

Zseries-] = Zseries-z (2-30)

Yshunt-] ) 7.shunt-2
A proof of (2-30) can be found in Gross. The zero sequence model
parameters are generally different than those of the positive and
negative sequence models and depend on overhead groundwires and the

properties of return paths through earth.
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g

c) Zero sequence

Figure 2.5. Sequence representations of a generator
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Figure 2.6. Sequence representations of a transmission
Tine
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In Figure 2.6 it is assumed that the 1ine is connected between
arbitrary buses i and k. The symmetrical components of the line
currents flowing from i to k and from k to i can be expressed in terms

of the symmetric-pi parameters and bus voltages in each sequence as

Las-ik || Y11 Taz | | Vas-1 (2-312)
las-ki Vor Yoo | | Vask
where (s = 0,1,2) and
Y]] - Y22 B Yshunt-—s/2 * ]/Zseries-s (2-31b)
Y1 = Y12 = “Viggries-s

2.3.3 Sequence models of an impedance type load. Three phase

models of wye grounded and delta connected impedance type loads are
shown in Figure 2.7. Per phase sequence models and current equations

for such loads are shown in Figure 2.8.

2.3.4 Sequence models of a transformer. Transformers are

passive devices and the structure and parameters of the positive and
negative sequence models are identical. If the magnetizing branch is
neglected the appropriate positive and negative sequence equivalent
circuits are as shown in Figure 2.9, where 7} represents the total
transformer leakage impedance in per unit.

In Figure 2.9 it is assumed that the transformer is connected
between arbitrary buses i and k. The symmetrical components of the
1ine currents flowing from i to k and from k to i can be expressed in

terms of the transformer impedance and the bus voltages as

Tas—ki '1/ZT 1/ZT Vas-k for S=],2
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V,.. Vb.g Vc-l

(a) wye connected impedence load
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-
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L __l{: |

(b) delta connected impecance load

Figure 2.7. Three phase models of impedance type loads



30

'81 laz iao io
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V.1 ‘vao 3Zn
1 |
(a) positive (b) negative (c) zero
To| [1/Z,+32) 0 0 |V,
I, o 0 1/Z) |V,
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la1 la2 | [ zZ,
r I
I Z,/3 ! ; Z,/3 T
Va1 a2 Vao
L _]_ I
(a) positive (c) zero

i, . a0
Ta |=|0 3/2, 0| |V

(b) deita connected

Figure 2.8. Sequence models of impedance type
loads representation
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2,
Bus i Bus k
o— NN 0
r Ias-lc las—kl
va.—l vl.'k
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S=1o0or2

Figure 2.9. Positive and negative sequence representation
of a transformer

The positive and negative sequence representations shown in
Figure 2.9 fail to take in one very important detail. When wye-wye
and delta-delta connections are used, the phases can always be labeled
so that there is no phase shift between the two sides of the trans-
former. For the case of the delta-wye and wye-delta connection it is
not possible to arrange the windings or label the phases so that no
phase shift results. There is an American standard for the connection
of wye-delta transformer windings that minimizes the phase shift to
30 degrees. This standard requires that a positive {(negative) sequénce
voltage on the high voltage side lead (lag) the corresponding positive
(negative) sequence voltage on the low voltage side by 30 degrees

irrespective of which side of the transformer is delta (or wye)
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connected. There is no phase shift in the zero sequence for any type
of transformer connection. Wye-delta phase shift will not be neglected.
It is not represented in the sequence models of transformers so that
the sequence networks (described in the next section) will be bilateral
and characterized by symmetric admittance and impedance matrices. The
phase shift will bé included by appropriately correcting sequence
network voltages and currents before final application of the ISCT to
find faulted phase voltages and currents. An algorithm for correcting
the sequence voltages and currents is given in Chapter 3.

The zero sequence representation of a transformer is dependent on
how the transformer windings are connected. There are six different
connection possibilities which are shown in Figure 2.10 along with the

appropriate zero sequence equivalent circuit and current equation.

2.4 Sequence Network

An important step in shunt fault analysis is the construction and
mode11ing of the per phase zero, positive and negative sequence networks
of the balanced prefault system. The s-seduence network (s = zero,
positive, negative) is obtained by interconnecting the per phase
s-sequence equivalent circuits of the various system components
according to the topology specifipd by the power system single line

diagram. The procedure is demonstrated below for an example system.

2.4.1 Construction of the zero, positive and negative sequence

networks. Figure 2.11 is the single line diagram and component data
for a simple four bus power system. For simplicity the series resist-

ance and shunt fault admittance associated with the system components
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B1 L1 B2

L1,L2L3 Z,=2Z,=j0.1

Z =j0.4
T1 Z,m2Z,=2,=j0.05
G1,G2,63 Z,=2,=j0.1
Z,= j0.02

Figure 2.11. Single line diagram of example system
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have been neglected. These factors can be included in the analysis
(the code developed will accomodate them) but they generally have a
small impact on fault calculations. Using the per phase sequence
equivalent circuits presented in the previous sections, the zéro,
positive and negative sequence networks can be constructed. Sequence
networks for the example are shown in Figure 2.12.

Although the example system is small, it does demonstrate several
general properties of sequence networks. In particular:

1. Each sequence network has exactly the same number of buses as
in the single 1line diagram (four in this case). In addition,
each sequence network has a well defined neutral denoted as
NO, N1, or N2.

. The sequence networks represent the otherwise balanced system.
Since synchronous generators are designed to generate symmet-
rical three phase emfs, the only sources in the sequence
networks appear in the positive sequence. The zero and
negative sequence networks are strictly passive.

. Under prefault conditions the three sequence networks are
decoupled. There are no circuit paths between the networks.

. In the positive or negative sequence network there will be at
least one path from every bus to the sequence neutral. How-
ever, the presence of the ungrounded wye and/or delta con-
connections may create situations in the zero sequence network
where there are no paths to NO from one or more buses (for

instance bus 4 in the example system).
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Figure 2.12. Sequence networks for example system
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If the emfs in the positive sequence network are short circuited
then all three sequence networks are linear bilateral passive networks.
Such networks can be modelled by their admittance and impedance matrices

which are reviewed in the next section.

2.4.2 The admittance and impedance matrices of the sequence

networks. The interaction between a linear bilateral passive network
and external sources applied between the buses (or nodes) of the
network and the neutral can be described by the bus admittance and
impedance matrices. Let the bus voltages in the n-bus sequence networks
be denoted by the vectors yao, ya] and yﬁz which are defined as

yﬁs = vector of bus voltage phasors in the s-sequence

network (s=0,1,2)

where

{V__}.= bus i voltage phasor in the s-sequence network

—as” i
(s=0,1,2) (i=1,...,n)

as-i

In addition let the vectors gaO’ J

Ja1 and ga2 denote the vectors of

phasor currents injected (by external sources) at the n-buses of the
sequence network, i.e.
gas = vector of phasor currents injected at the buses
of the s-sequence network by external sources
(s=0,1,2)

where

.

[«B

[
]}

current injected at bus i of the s-sequence

network (s=0,1,2) (i=1,2,...,n)
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{gas}i ) Jas-i

For each sequence the bus voltages arising due to the currents injected
by external agents are deteremined by the equation

Jas = l(*s J%s (2-33)
where

Xs matrix of driving point and transfer admittances

of the s-sequence network

the s-sequence bus admittance matrix

The bus admittance matrix for a particular network can be easily
generated from knowledge of the admittances of the various branches in
that network. In the absence of parallel circuit, mutually coupled
lines, the bus admittance matrix of an n-bus sequence network can be

constructed using the simple rules

Y}y = Ys-ii (2-34a)
= sum of the admittances of all branches
connected to bus i (i=1,2,...,n) in the
s-sequence network
Y.}..=Y (2-34b)

—-°1] s-1j

negative of the admittance of the

branch connecting bus i to bus j

(i=1,2,...,n) (§=1,2,...,n)

i # j in the s-sequence network

The reader will note that equation (2-34b) implies that the bus admit-

tance matrix is symmetric, i.e

Yig T Vi
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| Using (2-34) the bus admittance matrix of the zero, positive and
negative sequence network (IO, Xq and XQ respectively) of the example
in Figure 2.12 are

-55.00 2.50 2.50 0.00
2.50 -55.00 2.50 0.00
Yo =3 (2-35)
2.50 2.50 -25.00 0.00
0.00 0.00 0.00 0.00
-30.00 10.00 10.00 0.00
10.00 -30.00 10.00 0.00

10.00 10.00 -40.00 0.00

0.00 0.00 20.00 -30.00

If there is at least one path to the sequence neutral from every
system bus then the bus admittance matrix is nonsingular and equation

(2-33) can be inverted to obtain

Yo = Zs s (2-37)
where
oy -1
Zs = Xs (2-38)

= matrix of driving point and transfer impedances
of the s-sequence network (s=0,1,2)
= the s-sequence bus impedance matrix
For the example system the positive and negative sequence admittance
matrices given by (2-36) are nonsingular and can be inverted to obtain
0.0525 0.0275 0.0300 0.0200
0.0275 0.0525 0.0300 0.0200

=7,=1] (2-39)
0.0300 0.0300 0.0600 0.0400

0.0200 0.0200 0.0400 0.0600
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The zero sequence bus admittance matrix for the example system
(2-35) is singular because there is no path from bus 4 to neutral NO.
However, by a 1imiting process it can be shown that the zero sequence
bus admittance matrix for the example approaches
0.01831 0.00092 0.00192 0.00000

0.00092 0.01831 0.00192 0.00000
Iy =3 (2-40)
0.00192 0.00192 0.04038 0.00000

0.00000 0.00000 0.00000 infinity

The bus impedance matrices of the sequence networks will be
extremely useful in applying Thevenin's theorem to the analysis of
shunt faults. An algorithm for generating Z,, Zq and Z, is presented
in Chapter 3. fr those cases where 10 is singular the algorithm
computes an approximation of the limiting value of ZO‘

The uncoupled sequence networks represent only the balanced
prefault system. In the next section, the modelling of the faulted

system is reviewed.

2.5 'Sequence Model of the Faulted Power System

Previous sections have shown that the SCT can be used to resolve
the three phase models of the components in the "otherwise balanced
system" (or OBS) into three decoupled sequence networks. A sequence
model of the faulted system can be obtained by combining the sequence
networks with an appropriate sequence model of the fault. The
sequence model of a particular fault will involve connections through
external impedances made between sequence networks at the faulted bus.
The effect of these connections will be to allow the sources in the

positive sequence network to drive currents through all three networks
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in order to represent the effects of the fault on the OBS. Estab-
1ishing the details of the sequence network connections for a specific
fault is a boundary value problem which is discussed below.
Let the components in the 0BS be represented by their three phase
models and assume that an arbitrary shunt fault has been applied at

bus k. The three phase model of the faulted system is shown in Figure

2.13. In the figure, T:k, Tgk, Tﬁk are the phase currents flowing into
the fault and V:Ek, VﬁEk, Vﬁfk are the phase voltages at the faulted

bus under fault conditions. The figure has been drawn to emphasize

the fact that there is a well defined boundary between the 0BS and the

fault.
——BOUNDARY
~—0BS [FAULT—
FP = Bus k
I 3
ajl a &
THREE PHASE b "
MODEL cl — I
OF ! -
THE ; za% zb§ Z,
“OTHERWISE .
BALANCED ! - I AR A
SYSTEM’ n, z,,% T

.
l

Figure 2.13 Three phase model of the faulted system
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A sequence model of the faulted system can be obtained by
applying the SCT to the three phase model of Figure 2.13. The result
of the transformation is shown in the conceptual diagram of Figuré
2.14. Figure 2.14 has also been drawn to emphasize the boundary
between the 0BS (which is now represented by the sequence networks)
and the fault (whose transformed model is still to be determined).

Note that the boundary between the O0BS and the fault in the
three phase model of Figure 2.13 consists of four nodes; the faulted

bus in each phase (labeled a,b,c) and the neutral (n In the

k)'
sequence model of Figure 2.14 the boundary consists of six nodes;
the faulted bus in each sequence network (labeled FPO,FP1, FP2) and
the sequence neutrals (NO,NT,N2). If the three phase model and the
sequence model of the faulted system are to be symmetrical component
transform pairs, then the conditions at the boundary between the 0BS
and the fault in the two models must agree. More precisely, the
details of the sequence model of the fault in Figure 2.14 are the

solution to a boundary value problem that requires that the sequence

variables at the boundary

—fk =fk =fk Fk  ofk  <fk
(Togs Tar Ta2e Vao-ke Va1-k> Vaz-k!

be symmetrical components of the phase variables at the boundary
=k +fk =fk fk fk ~fk
(Ia b} Ib b ] IC 9 Va-k’ Vb—k, Vc—k).
The solution to the boundary value problem for a specific shunt
fault can be obtained through the following five step procedure
(Anderson, 1978).

1. Draw a three phase diagram of the fault labeling all phase

currents and phase voltages at the fault point.
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Figure 2.14 Sequence model of the faulted system
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2. Write the boundary equations which relate the fault currents

(T:k, Tﬁk, Tﬁk) and phase voltages at the fault point
<k gfk  gfk
(Vé-k’ Voo Vc-k)'

3. Transform the boundary equations from phase quantities (a,b,c)

to sequence quantities (0,1,2).

fk fk ;fk

4. Examine the sequence currents (Iao, Ia]’ Ia2) to determine any

appropriate connections to the FPs and Ns (s.= 0,1,2)

terminals.

- ok ofk ofk
5. Examine the sequence voltages (V5 s Voy_ 15 Vao g

mine any additional connections to the FPs and Ns terminals.

) to deter-

Add any impedances necessary to satisfy the boundary equations
in 3.
This procedure is applied below to determine the fault model for five

specific types of shunt faults in three phase systems.

2.5.1 The single line-to-ground fault. Sequence network con-

ections for the single line-to-ground (SLG) fault are determined below
using Anderson's five step proceddre.

Step 1) A fault diagram of the single line to ground fault is
shown in Figure 2.15.

Step 2) By inspection of Figure 2.15 the boundafy equations of
the phase variables for the SLG feult are:

=fk _ =fk _
I~ = IC =0 (2-41a)

fk _ fk
vk =T T (2-41b)
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FP Bus k

Figure 2.15. Diagram of single Tine-to-ground fault

Step 3) Applying the SCT to the phase variable boundary equations

in (2-41) the appropriate sequence variable boundary equations are:

—fk _ —fk _ ~Fk _ =fk
Tio=Ta1 " la2 = 173 (2-42a)
fk —fk . ofk _ = <fk . =fk , =fk
Vio-k * Vaik * Va2—k = Zf(IaO + Ia] + Iaz) (2-42b)
R
= 3Leloo

4

Step 4) The sequence current equation (2-42a) shows that the
- sequence components of the fault current are all identical. This
implies that the sequence networks are connected in series at the
fault point.

Step 5) The sequence voltage equations (2-42b) indicate that

the series connected sequence networks are in parallel with an external
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impedance of 3Z.. The appropriate sequence network connections for
f

the SLG fault are shown in Figure 2.16.

2.5.2 The almost general fault. Three other interesting shunt
faults are the symmetrical three phase fault, the line-to-l1ine fault
and the double line-to-ground fault. Each 6f these faults can be

viewed as a special case of an “almost general" (AG) fault. Sequence

network connections for the AG fault are derived below.

Tfk
ZERO FPo 2
SEQUENCE no Ve
NETWORK o- :
iﬂ(
POSITIVE FP1 A
= 3z
SEQUENCE N1 Vorn '
NETWORK —o-
itk
NEGATIVE FP2 f“
SEQUENCE N2 Vo
NETWORK —O— L

Figure 2.16. Sequence network connections for the single
Tine-to-ground fault
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in Figure 2.17.

(a,b,c) for the AG fault are:

—fk - - - -
Va-k Za+ n Zn Zn
—fk _ - - - -
Vb-k B Zn Zb+ n Zn
—fk = - = =
Vc-k Zn Zn Zb+ n

—fk
Ia

-k

Iy

7k
C

Step 3) Transforming (2-43) the sequence boundary

Step 1) A phase diagram of the almost general fault is shown

Step 2) By inspection of Figure 2.17 the boundary equations

(2-43)

equations are:

—fk T S . . 2 =fk
Va0-k L V2L 490 T -1y 1,70y Ta0
—fk _1 = = T 0T T T =fk _
Val-k | = 3 a ‘b Za+22b Za b Ia1 (2-44)
—+fk = - 5 T a5 =fk
Vaz-k LTy Iy°L, Ltery 1| Tap
FP = Bus k
k| %k .
la 'b } ic
® ®
, A A A
2l§ b% zc
]Z,?%
Figure 2.17. Diagram of the almost general fault
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Step 4) For this particular fault there are no sequence current
equations to consider.

Step 5) No sequence network connections are obvious from the
boundary equations in step 3. However, by considering sequence voltage

© differences the following expressions can be derived from equation

(2-44) .
Vi - Tho (TT) =T - Ty T (2-45a)
- VZIZ(—k ) TZ'E Zy (2-45b)
= V& (2-45¢)

where V; js simply the common value of all the voltage drops appearing
in the equalities (2-45a) and (2-45b).

Equation (2-45) can be given the network interpretation in
Figure 2.18. Note that the model in Figure 2.18 implies that the
sequence components of the fault current sum to zero (they all enter a
common node denoted as node x in Figure 2.18). In other words, the
model thus far assumes that the phase a fault current is zero since
from the ISCT,

=fk _ <=fk
Ia © IaO

=fk

fk
* Ia]

+ Ia2 (2-46)

Referring to the diagram of the AG fault in Figure 2.17 it is clear
that T:k is not zero unless the fault impedance 7; is infinite.

Observe that the impedance 7; does not appear in equations (2-45) or

the external connections of Figure 2.18. The difficulty is that
equations (2-45a) and (2-45b) do not exhaust all the information
about sequence network connections contained in the boundary equations

of (2-44). By considering the sum of all the sequence voltages in
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equation (2-44) the following equation can be obtained after some
manipulation.

VX = 1/3(Iao + Ia] + Iaz)(za - Zb) (2-47)
Equation (2-47)‘imp1ies that there is a return path between node x
in Figure 2.18 and the common connection of the sequence neutrals

through an impedance of 1/3(7; - 75). The completed sequence network

connections for the AG fault are shown in Figure 2.19.

ZERO Fpo ’ %0 i
SEQUENCE v
NO a0k * * _ _
NETWORK b | ‘“‘L04('1a0(25+:324)*”c2
iﬂ [ ]
FP1 a1 Vx w
POSITIVE O i Y '\/-v\, 8
SEQUENCE \7"‘ Z, 2
NETWORK N1 il ok iy
o ~Vaix— a1 Zp
i v
FP2 a2 X
NEGATIVE o— +m n A[y\d
SEQUENCE NV ( 2
NETWORK S v -i%z, —
|
Vi

Figure 2.18. Network interpretation of equation (2-45)
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FPO e Z, + 32,
2ERO o VW
SEQUENCE v
NO a0-k
NETWORK No
FP1 J Z
POSITIVE o ey
SEQUENCE v
1 at-k
NETWORK L L
- >
NEGATIVE P2~ =l ’\i?\,
SEQUENCE .
NETWORK N | AN
z‘ - Zb
3

Figure 2.19. Sequence network connections for the
almost general fault

2.5.3 The three phase fault. A fault diagram of the symmetrical

three phase fault is shown in Figure 2.20. This fault can be viewed

as a special case of the AG fault with

I, =1, (2-48a)
7, = I, ‘ (2-48b)
75 = 78 (2-48c)

Sequence network connections for the three phase fault can be obtained

by substituting the impedances of (2-48) into the connections for the

AG fault of Figure 2.19. The result is shown in Figure 2.21.




FP = Bus k

Figure 2.20. Diagram of the symmetrical three phase fault

FpP 3 & 2 32
ZERO A W"
SEQUENCE v
NO a0-k
NETWORK |—o 1
FP1 13 Z,
POSITIVE i S
f VWN——
SEQUENCE Vo,
NETWORK N1
FP2 [ Z,
NEGATIVE = § A
SEQUENCE v
N2 a2-k
NETWORK i |

Figure 2.21. Sequence network connections for the symmetrical
three phase fault
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2.5.4 The double line-to-ground fault. A diagram of the double

line-to-ground fault (DLG) is shown in Figure 2.22. This can be viewed

as a special case of the AG fault with

7; = infinity (2-49a)
Zb = Zf (2-49b)
Z, = Zg (2-49c)

Sequence network connections for the DLG fault can be obtained by
substituting the impedances of (2-49) into the connections for the

AG fault of Figure 2.19. The result is shown in Figure 2.23.

2.5.5 The line-to-line fault. A diagram of the line-to-1ine

fault (LL) fault is shown in Figure 2.24. This fault can also be viewed

as a special case of the AG fault with

Za = infinity (2-50a)
Zy = 1g/2 (2-50b)
7h = infinity (2-50c¢)

Sequence network connections for the LL fault can be obtained by
substituting the impedance of (2-50) into the connections for the AG

fault of Figure 2.19. The result is shown in Figure 2.25.

2.6 Solution of Shunt Faults Using Thevenin's Theorem

Once the external connections between sequence networks are

established for a given fault, the three interconnected sequence

networks can be viewed as one large single phase system. For example,
consider a solid single line-to-ground fault at bus 1 of the 4-bus

example system shown previously in Figure 2.11 (page 34). Using the
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a FP =Bus k }
b T
c b
T N
_ = 1K =1k T tk
Z,EE 2!,2? Ve Voo Ve
I
Z,

Figure 2.22. Diagram of the double line-to-ground fault

i Z.+32Z,
FPO loo f
ZERO —0- T N\

SEQUENCE NO Voo
NETWORK o l

FP1 [ Z,
POSITIVE o > AN/
SEQUENCE v

N1 al-k
NETWORK o l

FP2 laz |, Z4
NEGATIVE > 7 AW/
SEQUENCE N2 Y‘“
NETWORK [ —°—

Figure 2.23. Sequence network connections for the
double 1ine-to-ground fault
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FP= Bus k
a
b \
’ i
% =fk =1k _
[a lb lc Va?k Vgl‘k V:k
MA |
Z, 1

Figure 2.24. Diagram of the line-to-line fault

FPO Teo
ZERO o

SEQUENCE o
NETWORK No **

71k
POSITIVE ol a1 |
SEQUENCE ‘—',a‘ [
NETWORK N1 o

=1

113
NEGATIVE FP2 2 |
SEQUENCE o [
NETWORK N2 =2

Figure 2.25. Sequence network connections for the
line-to-line fault
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example system's sequence networks (Figure 2.12 on page 36) and the
connections appropriate for a single line-to-ground fault (Figure 2.16
on page 46), the single phase circuit to be solved is that shown in
Figure 2.26. A solution for the faulted values of sequence network
voltages and currents can be obtained by considering one positive
sequence emf at a time (with all others short circuited) and then
using superposition. This straight forward technique can be very
tedious when a large number of generators is involved. A simpler
method based on Thevenin's theorem is described in the next three

sections.

2.7 Solution at the Fault Point

Suppose only the fault currents T:k, T;k, Tik

k, vik, ik

and phase voltages
at the fault point Vj are described from a fault study.

The simplest way to solve the problem is to reduce each sequence network
to its Thevenin equivalent between the fault point and the sequence
neutral. For the passive zero and negative sequence networks the
appropriate Thevenin equivalents will be simply impedances while the
equivalent of the active positive sequence network will be a single

emf (equal to the prefault phase a voltage at the fault bus) in series
with an impedance. This approach will greatly reduce the complexity

in analyzing the interconnected sequence networks since n-1 buses are

eliminated in each sequence.and the number of sources to be considered

is reduced to one.
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B1 l&«‘ BS g2

j0.05 %
] 0.1 B4 io-1
149 jo.1
jo.1
-
. 0.1
B1 14\% B3 ! B2
j 0.05
éi 0.1 ?‘3 , siod
jo4
—AAA
4 0.4
L_B'l 'I/\,VV\O Blivv\/\ B2
B4
%j 0'?3 05 %o'oéi 0.02

Figure 2.26. Sequence networks of the example system for a
solid single Tine-to-ground fault at bus 1
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Let the Tevenin equivalent impedances of the sequence networks
be defined by

7$ﬁ-s = Thevenin equivalent impedance of the (2-51)

s-sequence network between bus k and
Ns. (s=0,1,2; k=1,2,...,n)

and let the Thevenin equivalent voltage in the positive sequence

network be
Vﬁﬁ_] = The prefault phase a voltage at bus k (2-52)
='—O
Va-k

Then in terms of their Thevenin equivalents the sequence networks can

be represented as shown in Figure 2.27.

£o F1 F2
® 1™ i
Iao al a2
+ +
<+ = & _2Ik
—k = 1K —_ TH-1 Yk TH-2
Vao-k Z o at1-k o a2k
Vi1
+ NO N1 N2
(a) ZERO (b) POSITIVE (c) NEGATIVE
' SEQUENCE SEQUENCE SEQUENCE
EQUIVALENT EQUIVALENT EQUIVALENT

Figure 2.27. Thevenin equivalents of the sequence
networks for a fault at bus k
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Note that the Thevenin equivalent voltage in the positive
sequence Vﬁh_1 = Vz-k would be obtained from a prefault load flow
solution (or the value 1/0 could be assumed). The Thevenin impedance
can be easily established if the bus impedance matrices ZO’ Zq and ZQ
are known. In particular, the driving point impedances along the
diagonal of these matrices are precisely the Thevenin equivalent

impedances at the various buses, i.e.

fk
IH-s = (Zshyy (2-53)

= Zsokk

The analysis of the solid single line-to-ground fault at bus 1
of the example system can be greatly simplified by replacing each
sequence network in Figure 2.26 by its Thevenin equivalent. Recall
that (2-39) and (2-40) define ZO’ Zq.and Z, for the example. Extracting
the diagonal entries corresponding to bus 1 and using the load flow
data in Figure 2.11 (page 34) allows Figure 2.26 to be simplified to
Figure 2.28.

The circuit in Figure 2.28 can be readily solved for the

sequence quantities to obtain

1 _ —f1 _ =f1 _ 711
lao= ;17 132 ° TH 1/(ZTH 0t ltH-1Iy-2*3Z,)  (2-54)
= 8.110/-90

71 o 1 71 _

Vil T o= 0.1485/180 (2-55a)
1 _ 1 =1 =1 )
V1= Vg - Ia] ZTL | = 0.5742/0 (2-55b)
1 ofl o1 _ )

VT = -1 Th,_, = 0.4258/180 | (2-55¢)
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joo1szr 140 jops25 ] 0.0525

Figure 2.28. Thevenin equivalents of the sequence networks of
the example system for a solid singie
Tine-to-ground fault at bus 1
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which can be inverted using the ISCT (2-15) to obtain the desired
fault currents

=f1

IT! = 24.329/-90 (2-56a)
T€1 = 0.0 (2-56b)
Tﬁ1 = 0.0 (2-56¢)

and phase voltages at the fault point

le = 0.0 (2-57a)
1 _
Vi1 = 0.8942/-104.42 (2-57b)
—f]
VT = 0.8942/104.42 (2-57¢)

In summary, the fault currents and phase voltages at the fault
point can easily be determined by replacing the sequence networks by
their Thevenin equivalents in the interconnection diagrams appropriate
for a given fault (such as %igures 2.16 on page 46, 2.19 on page 50,
2.21 on page 51, 2.23 on page 53, and 2.25 on page 54). The next
two sections describe procedures for extending the information obtained
at the fault point to find the faulted values of phase voltages and

currenté throughout the system.

2.7.1 Computing the voltage profile in each phase under faulted

conditions. Recall that the sequence system bus voltage vectors yao,

ya], yﬁz and the phase bus voltage vectors yﬂ, yb, yc are defined by

(2-18) and (2-19) respectively. One of the objectives of a compre-

hensive shunt fault study is to determine the voltage profile in each

‘phase under faulted conditions. In other words, the vectors y;k, M;k



https://0.8942/104.42
https://0.8942/-104.42
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fk

and yc are to be computed. Clearly the desired phase vectors can be

found using the DSCT if the sequence system bus voltage vectors under
fk fk fk

faulted conditions yao, V v

Yarr Yoo are known. As shown below, the

faulted voltage profile in the sequence systems can be readily deter-
mined using an extension of Thevenin's theorem (actually Norton's
theorem).

According to Norton's theorem, the changes in the s-sequence
system (s=0,1,2) bus voltages due to the fault at bus k are the same
as those bus voltages that would be obtained in the network with
all active sources zeroed and a current source connected between bus k
and N-s such that the current T&s-k flows dut of the s-sequence network
at bus k and returns through the neutral Ns. Norton's theorem can be
interpreted as meaning

fk

Ayas = changes in the s-sequence network bus (2-58a)

voltages due to the fault (s=0,1,2)

- yfk _ o _
= !as yas (2-58b)
_ fk
= L Jos (2-58¢)
where
g:: = vector of currents injected into the (2-59a)
s-sequence network by the fault
and
fky _ . (2-59b)
L R
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Since all entries in g:g except the kth are zero, equation (2-58c)

can be written as

fk _ ,fk
L 8= g Loy (2-60
where
L. = kth column of Z, (2-61)

Using (2-58) through (2-60) the faulted voltage profile in the

sequence systems

can be computed as

fk _ =fk
Ya0 = ~Tao Zo-k (2-62a)
fk _ ,,0 =fk
Va1 = Y - L1 B (2-62b)
fk _ =fk
Va2 = laz Lok (2-62c)
. 0 _ yo _ o _ yO
Equation (2-62) makes use of the fact that Voo © Voo = 0 and Vg, ya.
The symmetrical components of the fault current ng, T:%’ TI;
required in (2-62) can be determined using the simple procedure

outlined in the previous section. It is important to note that for a

Z, and

fault study at bus k that only the kth columns of Z 44

Ly» ZQ are
needed to process (2-62).

If wye-delta transformers are present the corrections must be
made in the phase angles of some of the entries in the yi# and ygg
vectors in order to properly account for transformer phase shift.

A procedure for determining the appropriate phase shift is deferred to
Chapter 3. Once any necessary changes have been made in the phase

angles of the sequence network buses associated with wye-delta trans-
formers the DSCT can be applied to the vectors in (2-62) to determine

the faulted voltage profile throughout the system in each phase.
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The procedure for determining the faulted voltage profile in

each phase is now demonstrated on the example system of the previous

section.

Recall that for a solid single line-to-ground fault at bus 1

that the symmetrical components of the fault currents were computed in

equation (2-59).

computed as

£1
Y30

In addition, (2-39) and (2-40) define the bus impedance

matrices for the sequence networks.

(8.110/90)

o]
v

+f1

-1.1

1.0000/0
1.0000/0
1.0000/0
1.0000/0
0.5742/0
0.7770/0
0.7567/0
0.8378/0

al =1-1

0.01831/90
0.00092/90
0.00192/90
0.00000/0

-(8.110/90)

0.0525/90
0.0275/90
0.0300/90
0.0200/90

0.1485/180
0.0075/180
0.0156/180

0.0000/0

Applying (2-62), the voltage

profile in the sequence networks under faulted conditions can be

(2-63a)

(2-63b)



1 A
Va2 = ~la2 Lo

0.0525/90 0.4258/180
0.0275/90 0.2230/180
= (8.110/90) =
0.0300/90 0.2433/180
0.0200/90 0.1622/180
In order to properly account for wye-delta transformer phase
shift 30 degrees is added to the angle of V:}_4 and 30 degrees is

v fl . +f1 il
subtracted from the angle of Va2—4 in the vectors Va] and Va2 respec-

tively. Applying (2-16) to the corrected sequence network bus voltage
vectors the post fault voltages at the various system buses in each
phase are found to be:
0.0000/0
0.5465/0

- (2-64a)
.4978/0

o

o

.7696/-40.52

0.8942/-104.42
0.9115/-108.18

0.9078/-107.45
0.7696/-139.48

(2-64b)

0.8942/104.42

0.9115/108.18
/108.13 (2-64c)

0.9078/107.45

1.0000/90.00



https://1.0000/90.00
https://0.9078/107.45
https://0.9115/108.18
https://0.8942/104.42
https://0.7696/-139.48
https://0.9078/-107.45
https://0.9115/-108.18
https://0.8942/-104.42
https://0.7696/-40.52
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After the voltage profile under faulted conditions is known in
each sequence network, the current flowing in the various system
components can be determined. The procedure is described in the next

section.

2.7.2 Computing phase currents under faulted conditions. To

conclude a shunt fault study the phase currents ftowing in.each system.
component under faulted conditions must be computed. The symmetrical
components of these currents can be determined, since the equivalent
circuits and terminal voltages in each sequence are known. The sequence
currents for the various network components can be calculated from the
current equation for the given component. For the generator see
equation (2-29); for the transmission line, equation (2-31); for the
impedance type load, Figure 2.8 (page 30); for transformers,

equation (2-32) and Figure 2.10 (page 33).

If delta-wye transformers are present corrections must be made
in the phase angles of the currents flowing in the network. These
corrections will be made with respect to the faulted bus which will be
considered the reference.

The procedure for determining the fault current flow in each
phase is demonstrated for the transformer between bus 3 and 4 of the
example system. The sequence currents in both directions can be found
by using equation (2-32), the equations in Figure 2.10 (page 33), and

the voltages calculated in (2-63) as shown.
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—f1 - —f1
130-34 Iy 01 1 Vi3
- (2-65a)
-1 —f1
l20-43 0 01 i Vg
1/0.05/90 0 | | 0.0156/180
0 o | | 0.0000/0
0.3119/90
0.0000/0
-1 - - —f1
la1-32 Vip =174 1 Vap23
- (2-65b)
—f1 - - —f1
la1-43 S1/Zy 0 VI || Va1
1/0.05/90 -1/0.05/90 | | 0.7567/0
-1/0.05/90 1/0.05/90 | | 0.8378/0
1.6219/90
1.6219/-90
—f1 - - —£1
la2-34 VL, -Viy | | Vaa-3 ( |
] 2-65¢
—f] - - —£1
T s T, VI || Vi
1/0.05/90 -1/0.05/90 \ 0.2433/0
-1/0.05/90 1/0.05/90 | | 0.1622/0
1.6219/90
"1 1.6219/-90
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In order to properly account for phase shift 30 degrees is subtracted

from the angle of T:; and 30 degrees is added to the angle of T:}.

Applying (2-16) to the corrected sequence current components, the

post fault current components in each phase are found to be

=]

I, 3.5557/90

1A - | 1.3100/-90 (2-66a)
b-34 .3100/-30

—f1

T 1.3100/-90

-1

Tl s 2.8092/-90

1l - | 2.8092/90 (2-66b)
b-43 -8092/90

1]

T s 0.0000/0

2.8 Summary

A systematic solution for shunt faults is possibte assuming that
the positive, negative, and zero sequence impedance matrices are
available. These matrices can be found by inverting the sequence
admittance matrices which are easily formed. If a prefault load flow
is available, then the prefault bus voltages at each bus are known.

If a prefault load flow has not been calculated then the voltages in
phase a can be set to unity with a phase angle of zero. The pfbcedure

for solving shunt fault problems is summarized in Table 2.1.
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TABLE 2.1

General Fault Solution Algorithm

1. Find the bus impedance matrix in each sequence network
(Zgs 245 Z,).

2. Obtain the prefault bus voltage profile in all phases

_.a
flow solution.

(ve, Mg, yg), usually these vectors are obtained from a load

Note: The effects of wye-delta transformer phase shift is
neglected at this time.

3. Establish the prefault voltage profile in each sequence network
0 _y% - Q. yoO - yo

(Voo = Va2 = & Yoy = %)

4, Select fault type and location and specify all relevant fault

impedances.

5. Establish the Thevenin equivalent between the fault point and

neutral in each sequence network (ffk AL

TH-1 1-kk’®
Kk w0 . =fk _ =
Vit = Vaokd Zip-2 = Zoapd -

6. Connect the Thevenin equivalents of the sequence networks based on

= Ly gk

the specifics of the fault at bus k and solve for the symmetrical

components of the fault current (T:g, TZ$, T:é)-

7. Construct the sequence network current injection vectors
=fk -=fk —=fk

(JaO’ Ja]’ Ja2)'
8. Determine the faulted sequence network bus voltage vectors;

vik o ye L gfk (s = 0,1,2).

—as —as =5 -as
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TABLE 2.1 (Continued)

10.

1.

12.

Determine the sequence currents associated with all system
components.

Correct sequence network voltages and currents to account for
wye-delta transformer phase shift.

Apply the ISCT to sequence quantities (0,1,2) to find the faulted
values of phase quantities (a,b,c).

Stop.
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CHAPTER 3

MATHEMATICAL METHODS

3.1 Triangular Factorization

It was shown in the previous chapter that in order to perform a
shunt fault study at the kth bus of an n-bus power system it is neces-
sary to obtain the kth column of the positive, negative and zero se-
quence network impedence matrices for the system under study. The
appropriate columns can be obtained by: 1) constructing the positive,
negative and zero sequence admittance matrices (which are easily
assembled from network data), 2) using a matrix inversion routine to
invert the admittance matrices and obtain the impedance matrices,

3) extracting the desired column from each impedance matrix. Since
only the kth column of the impedance matrices are required for a fault
study at bus k, knowledge of the entire impedance matrix in each se-
quence represents a waste of computational effort. The following
discussion describes the triangular factorization technique which will
be used to obtain only the required columns of the sequence network
impedance matrices and avoid complete inversion of the admittance
matrices.

Let Y be a known nxn, symmetric, complex, nonsingular matrix with
inverse Z. Further, let I be the nxn identity matrix and let 1, be an

nx1 column vector representing the kth column in I, i.e.

= 1., = kth column of I (3-1)

;L_._J

When lk is premultiplied by any nxn matrix, say Z, then the resulting

nx1 column vector is simply the kth column in Z, i.e.
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O, =72y~ kth column of Z (3-2)

Given Y and lk’ if the linear equation

Y

Yz, =]

~k (3'3)

can be solved for the unknown nx1 vector 2y then 2y represents the
kth column on the inverse of Y (i.e. the kth column of Z). Observe

that when (3-3) is multiplied by the inverse of Y it becomes

Z—k = l lk (3-4)

= Hk

and applying (3-2),
2 = _Z..k (3-5)

Triangular factorization is a thechnique for solving (3-3) for the
unknown vector z, when Y is a symmetric matrix.

Let the matrix Y be written in the triangular factorized form

Y= 1T

(3-6)
where I_T denotes the transpose of T where T is an nxn lower triangular
matrix whose entries are defined by (Gastinel, 1970).

T..=0  j>i (3-7a)

il i=1,2,...,n (3-7b)

-
[
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3-1
Y5 - ot Tik Tk
2<j<i<n (3-7d)
ij
T3

Substituting (3-6) into (3-3), equation (3-3) becomes

Mz, = 1 (3-8
Define the product ITgk to be the nx1 vector ék, i.e.

Tz 4z (3-9)
Substituting (3-9) into (3-8), equation (3-8) becomes

Tz, = 1, (3-10)

Equation (3-10) is known as the forward reduction equation. Given T
and lk’ the equation is easily solved for the entries 1'n_2_k because T

is Tower triangular. Once the vector ék is known, equation (3-9),

which is called the back substitution equation, can easily be solved
for the desired unknown vector z = Z~k because IT is upper triangular

When delta-wye and wye-delta transformers are present in a system,

it is possible for the conventions involving delta-wye and wye-delta
connections to result in the formation of a singular zero sequence
admittance matrix. An attempt to perform triangular factorization on

a singular matrix will result in the occurence of at least one diagonal

element of T which will be equal to zero. The trouble this fact may




73
cause can be observed by looking at the forth equation of (3-7) where

the diagonal element of T is zero. The value of Tij (i > J) for the
case of a zero Tjj would be infinity. This makes the problem impos-
sible to solve on a computer because it can only store finite values.
This problem can be avoided by checking all values of the diagonal
elements of T and if a zero value is found replacing it by some small
value near zero. In this case the value was selected to be 10']0,
which is large enough to guarentee accuracy and well within the range
of representation of most computers.

At this point the equations in this chapter are put in the form of
a computer algorithm. The triangular factorization of the matrix needs
to be done only once for a system. However, since there can be multiple
buses to be faulted, the equations (3-6) through (3-10) are split into
two separate algorithms. One algorithm was developed for finding the
factorized form of the matrix Y and a second algorithm was developed
for finding the solution for (3-3). With this in mind, it is now
possible to show the algorithm for triangular factorization. There are
nine steps as shown in Table 3.1 (Burden,1978).

The matrix T has been calculated by the method in Table 3.1 and
now (3-8) must be solved. That solution is shown by the algorithm in

Table 3.2.

3.2 Example Case

The usefulness of these algorithms is shown by the following

example in Figure 3.1. The Y matrix for this system may be calcultated

by inspection and is shown to be
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TABLE 3.1

Triangular Factorization Algorithm

1. Set all elements of the matrix T to zero.
2. Generate the first column of T by the conditions

T., = Yi]//Y]] for each i = 1,2,...,n

il
3. Set § = 2.

4, Calculate the value of the diagonal element in column j by

i-1 ,
T.o= Yoo - £ TS
IERRVARE k=1 JK

5. If j = n then go to step 9.

6. If T.. = 0 then T.. = 10°10,
ij ij

7. Calculate the entries below the diagonal in column j by

J-1
T.. = L. - T, .. i = j+1,j+2,...,
i (Y1J k£1 T1k Jk)/TJJ for each i = j+1,j n

8. Add 1 to j and go to step 4.

9. Stop, the solution has been found.
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TABLE 3.2

Forward Reduction and Back Substitution Algorithm

1. Set z] = 1k

2. Seti =2.

/T1].

3. Generate each element Ei by forward reduction

4. Add 1 to i. If i <n go to step 3.

A

5. Set zn = zn/T

6. Set k = n.

nn’
7. Generate each element z by back substitution
|

R n
z, =(z, - I T,.z.)/T
k70T s kT Tk i

8. Subtract 1 from k. If k > 0 go to step 7.

9. The solution is complete.




2.5 -1.0 -1.0
Y=|-1.0 2.5 -0.5 (3-11)
-1.0 -0.5 2.0

Figure 3.1. Example network

The triangular factorization algorithm can then be applied to this
matrix as follows.

Initially all entries in T are set to zero per step 1 in the
algorithm defined in Table 3.1. Applying step 2, the entries in the

first column of T are computed as follows.

T]] = Y]]//V]] = 2.5//2.5 = 1.5811
TZ] = Yz]/\/YH = -1.0/v2.5 = -0.6325 (3-12)
T3] = Y31/VY]] = -1.0/v2.5 = -0.6325

Letting j = 2, at step 3, the entries in the second column of T at or
below the main diagonal are computed by steps 4 though 8 of the

algorithm with the following results.

-1V 2 (2.5 - (-0.6325)%)1/2 = 1,440

22 22
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Tap = (Yp = T31T5p)/T,yp = (<0.5 = (-0.6325)(-0.6325))/1.4491

= -0.6211 (3-13)

Letting j = 3, step 4 is repeated.

2 2 \1/2

= (¥ 31 = T32)

33 33 " T (3-14)

2)1/2

(2.0 - (-0.6325)% - (-0.6211) - 1.1019

(]

At this point all elements of the matrix have been generated so the
algorithm goes to step 9 and stops. The results of the algorithm are

shown in the following matrix.

1.5811 0.0000 0.0000
T=|-0.6325 1.4491 0.0000 (3-15)
-0.6325 -0.6211 1.1019

It is now possible to use the forward reduction and back substi-
tution algorithm, table 3.2, to find the value of the second column of
the impedance matrix Z for the example admittance matrix Y. The for-

ward reduction equation (3-10) for this example is:

1.5811 0.0000 0.0000 2 0.0
-0.6325 1.4491  0.0000 22 =1 1.0 (3-16a)
0.6325 -0.6211 1.1019 23 0.0
or
Tz, = 1 (3-16b)

Applying steps 1 - 4 of the second algorithm the emtries in z, are

computed as follows.
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zy = 0.0/1.5811 = 0.0
22 = (1.0 - (-0.6325)(0.0))/1.4491 = 0.6901 (3-17)
23 = (0.0 - (-0.6325)(0.0) - (-0.6211)(0.6901))/1.1019

0.3889

The back substitution problem, equation (3-9), is

1.5811 -0.6325 -0.6325 Z, 0.0000
0.0000 1.4491 -0.6211 2, = | 0.6901 (3-18a)
0.0000 0.0000 1.1019 z, 0.3889
or
T, -5 3-18b
I.EQ Z ( )

which is solved by applying steps 5 - 8 of the algorithm. This yields:

23 = 0.3889/1.1019 = 0.3529 (3-19)
z, = (0.6901 - (-0.6211)(0.3529))/1.4491 = 0.6275
z, = (0.0 - (-0.6325)(0.3529) - (-0.6325)(0.6275))/1.5811

0.3922

The second column of Z for the example has been shown to be

0.3922
2,= | 0.6275 _ (3-20)
0.3529
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The reader can verify the above solution by confirming that the inverse
of the example admittance matrix defined in (3-11) is Z, the inverse

of Y.

0.7451 0.3922 0.4706
Z=10.3922 0.6275 0.3529 (3-21)
0.4706 0.3529 0.8235

Although the example is real, the procedures shown will work for

complex Y matrices.

3.3 Phase Shifing

Phase shift arising from wye-delta transformers must be considered
when performing fault studies. Phase shift does not occur for delta-
delta and wye-wye transformer connections. lHowever, for delta-wye and
and wye-delta connections the positive and negative sequence quantities
are shifted. The amount of phase shift is minimized to 30 degrees by
industrial standards which state how the windings of transformers are
connected. By convention, the positive sequence quantities on the high
voltage side lead the corresponding positive sequence quantities on the
low voltage side by 30 degrees, while negative sequence quantities on
the high voltage side lag the corresponding negative sequence quantities
on the low boltage side by 30 degrees (Gross,1979). No phase shift
occurs in the zero sequence network. These effects must be taken into
consideration in order to calculate the correct values for both sequence
and phase quantities for the fault study.

The first thing to consider when dealing with phase shifts is a

reference angle. For convenience the reference is selected to be the
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phase a voltage phasor at the bus being faulted. The phase of all the
other voltage and current phasors will be calculated with respect to
this reference.
The following definitions must be made before presenting the phase

shifting a]goritﬁm:

NB = The number of buses

NL = The number of Tlines

SB(I) = High voltage bus

EB(I) = Low voltage bus

IBUS(I) = The number of a bus

HVTC(I) = Terminal connection on high voltage side of transformer
running between SB(I) and EB(I) -

LVTC(I) = Terminal connection on low voltage side of transformer

running between SB(I) and EB(I)

M(I) = Index of how much phase shift must be applied at IBUS(I)

FB = Index which indicates IBUS(FB) is the bus being faulted

I = Index value
The algorithm proceeds as follows. A1l M values are initially set to
1000 to identify them as unknown. One value, M(1), is set to zero
arbitrarily. A1l the elements are cycled through to locate the other
terminus (J) of those connected to IBUS(1). If lines, wye-wye, or
delta-delta connected transformers are encountered, then M(J) is set to
M(1); if a delta-wye connection is encountered, then M(J) is set to
M(1) + 1, depending on which is the high voltage bus. The process is
repeated until no more undefined buses are found. -The full phase shift

algorithm is shown in Table 3.3 on the following pages. The values
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TABLE 3.3
Phase Shift Algorithm

0.
11.
12.
13.

15.

Set all NB elements of M equal to 1000. This will indicate the
index of phase shift is undefined.

Set M(1) = 0.

Set N = 1. »

Set IS = SB(N) and JE = EB(N).

Set K = 1.

If IBUS(K) is equal to IS then set I = K. If IBUS(K) is equal to
JE hen set J = K.

Add 1 to K. If K is less than or equal to NB go to step 6.

If M(I) equals 1000 then go to step 12. If M(J) equals 1000 then
go to step 9. Otherwise go to step 16.

Check HVTC(N) and LVTC(N), if there is a wye-delta or delta-wye

connection then go to step 11.

Set M(J) = M(I) and then go to step 16.

Set M(J)

M(I) - 1 and then go to step 16.
If M(J) equals 1000 then go to step 16.

Check HVTC(N) and LVTC(N); if there is a wye-delta or delta-wye

~ connection then go to step 15.

14.

Set M(I)

M(J) and then go to step 16.

Set M(I)

M(J) + 1.




82

TABLE 3.3 (Continued)

16.
17.
18.
19.

Add 1 to N. If N is less than or equal to NL go to step 4.
If M(I) = 1000 go to step 4. I =1,2,...,NB
Set M(I) = M(I) - M(FB). I = 1,2,...,NB

Stop.
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calculated for M can be used to shift the sequence quantities by 30

degrees multiplied by M(I) for each value of I (Gross, 1979).
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CHAPTER 4

COMPUTER USAGE

The program developed for this thesis was written to run on the
DEC System 10 as an interactive program. The fault analysis program
was also written to be part of a package for performing load flow
analysis which had previously been created by the author. It is pos-
sible for the user to run only a load flow, only a fault study, or a
load flow and then a fault study of the same system. The discussion
in this chapter shall be restricted to the fauit analysis code. The
load flow code has been discussed in the report for which it was

developed and will only be explained when necessary.

4,1 System Environment

The program listed in Appendix B is the DEC System 10 interactive
version of the code and has been run on a KL10 processor using version 7
of the TOPS10 operating system. The FORTRAN compiler used was the
FORTRAN-10 compiler. The version of the program shown in the appendix
will compile and run in 160 pages of memory. This version of the
program should be able to run with changes to the file open and close
statements on any large computer system. A user's guide for this

version is given in Appendix A.

4.2 Program Design

The algorithm developed in Chapters 2 and 3 were used to create
the fault analysis code. The program was written to be combined with

the previously existing load flow to provide a complete package for the
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analysis of small power systems. Each program can be run independently,
or the load flow can be run and the results used to help calculate the
fault study for the same system. Figures 4.1 and 4.2 give a flowchart
of the interactive computer code.

Figure 4.1 is a flowchart of the load flow code. It is only
included because the initial questions give the user the option of
going immediately to the fault portion and at the end of the load flow
section of the code the user has the option of performing a fault
study on the same system. Figure 4.2 shows the fault analysis section
of the computer code. The general form of the flowchart used in
Figure 4.2 is the same as the algorithm giVen in Table 2.1 on pages 68
and 69. The following discussion explains the interactive features of
the code.

A critical consideration in designing an interactive computer
code is the degree of control that the user will have when running the
program. The philosophy used in developing the program for this thesis
was to give the user as much control as possible without greatly
increasing the core size necessary to compile and execute the program.

There are two ways that a user can give the program a data set to
analyze. As shown in Figure 4.2, the user may state that a previously
created data set is to be used or a new data set can be created inter-
actively. The interactive input of data makes it possible for the
user to work with the program without going through the tedium that
occurs when running a batch program of typing up cards and making

certain that everything is in the correct column. The ability to work
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Figure 4.1.

Load flow flowchart
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with a previously created data set makes it possible for a system
analyst to work with a nominal system configuration that has been
previously input.

An jmportant interactive feature of the code is that the user
has the option of changing the system data after any analysis run is
made. For example, after analyzing a given fault the user can do any
or all the following before making another run:

1. Change the parameters of one or more system components.

2. Add one or more new components to the system.

3. Delete one or more old components from the system.

These features greatly enhance the user's capability to approach system:
design problems in an iterative way.

In order to be able to compare results with various design
changes, the user has the option of creating an output file containing
the system data and analytical results after each set of changes. When
ready to exit the program, the user is given the chance to save the
revised data set currnetly in memory .

The above options allow the user to make a wide variety of
changes on the base line system rapidly and with minimum difficulty.

A full description of the available options for the computer code can

be found in the user's guide in Appendix A.

4.3 Example Case

The example case used in Chapter 2 can now be used to show how
the interactive features of the fault analysis code may be used.
Figure 4.3 shows the results of a single 11ne-to-gfound fault at bus 1

for the example case. The system planner running this case may wish
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*%xk% SINGLE LINZI TC GRCUND FAULT =®xx»%

FAULT OCCURS AT BUS 1

FAULT IMPEIDANCE= 0,000 0.000

IFAULT= -0.0000 -8, 1090 MAGNITUDE= 8.1096
SHORT CIRKCUIT CAPACITY= 8.1096

POST FAULT BUS VOLTAGES

e e LR T L PHASE QUANTITIES ~=--=-c---c-=cmceema—e—- X

BUS X----- PHASE A --=-- XX~==-=-- PHASE B =-==-- XX--=~- PHASE C =----- X
NO. va ANGLE A VE ANGLE E ve ANGLE ¢
1 0.0000 0.00 0.8942  =104,42 0.8942 104,42
2 0.5465 -0.00 0.9115  -10€,18 0,9115 108.1¢
3 0.4978 -0.00 0.9C78  =107.45 0.4078 107.45
4 0.7696 -40,52 0.7696  =-135.4¢8 1.0000 50.0¢C

POST FAULT LINE CURRENTS

R PHASE QUANTITIES --===-===cceeceaax X

X=-== PHASE A ==--XX-==== FHASE E =---XX=--- FHASE C --=--X

LINE SB EB  TIA ANGLE A IE ANGLE B IC ANGLE C
11 2 4.4074 50.C0  1.6748 -90.00 1.6708 -$0.00
1 2 1 4.4074 -90.00  1.6748 90,00 1.6748 90.00
2 1 3 3.9816 90.00  1,4924 -50.00 1.4924 -9¢.00
2 3 1 3.9816 -¢0.00  1.4924 90.00 1.4924 90.00
3 2 3 0.4258 -50.00  0.1824 $0.00 0.1824 9C.00
3 3 2 0.u4258 $0.00  C.1824 -90.00 0.1824 -90.00
W 3 4  3,5557 90.00  1.3100 -%0.00 1.31C0 -96.00
10 4 32,8092 -50.00  2.8092 90.00 0.00C0 7.13

Figure 4.3. Example Case
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to see if the effects of the fault on the system may be reduced by
increasing the generator neutral impedance at bus 1. In this case,
bus 1 was originally solidly wye grounded. A neutral reactance of 0.01
per unit is added to the generator at bus 1. This may be done inter-
actively by following the procedure in Figure 4.4. In this case it is
assumed that the original case has been run and the user is now making
changes in the data. The results of this change are given in Figure 4.6.
The results in Figure 4.5 show that the fault current magnitude
(6.8667) is less severe than the original case (8.1096) shown in
Figure 4.3. If desired, additional changes can be made to see if the
effects of the fault can be further decreased. Additional examples of
how the interactive code can be used are given in the user's guide in

Appendix A.
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DO YOU WISH T0 MAKE ANY CHANGES IN THE INPUT CATA ? YES
PLEASE SPECIFY EUS(GENEEREATOR), LINE({RANSFORMER) 7 BUS
PLEASE SPECIFY ADD, CHANGE OR DELETE ? CHANGE

BU5S NUABER = 1

BUS TYPE (B=BUS,G=GENEZAIOR) ? G

GENERATOR CONNECTION (Y=WYE,D=DELTA) 2?2 Y

GENERATOR GROUNDING (G=GRCUNDING, BLANK IF NCNE} % G

GENERATOR PCSITIVE SEQUENCE IMNPELANCE
(REAL PART) = 0.

GENIZIRATCR PCSITIVE SEQUENCE IMPECANCE
(IMAGINAKY PART) = C.1

GENERATCR NEGATIVE SEQUENCE IMPELANCE
(REAL PART) = 0.

GENERATOR NEGATIVE SEQUENCE IMPEILANCE
(IMAGINARY PART) = 0.1

GENERATOR ZERC SEQUENCE IMPEDANCE
(3EAL PAET) = 0.

GENEZRATCR ZEBO SECUENCE IMPEDANCE
(IMAGINARY PART) = 0.02

GENEPATOPR NEUTEAL IMPECANCE (REAL PART) = 0.

GENERATOR NEUTRAL IMPEDANCE (IMAGINAFY PART) 0.C1

DO YOU WISH TO MAKE ANY CIANGES IN THE INEUT LCATA ? NC

Figure 4.4. Changing data interactively
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xkxxx SINGLE LINE TC GRCUND FAULT ##%#%*
FAULT OCCURS AT BUS 1
FAULT IMPECANCE= 0.0060 0.000
IFAULT= =-0.0000 -6.£667 MAGNITUDE= 6.8667
SHORT CIRCUIT CAPACITY= 6.8667
POST FAULT BUS VOLTAGES
e e P L PHASE QUANTITIES -----=~=-=====
BUS X=--=-- PUASE A ----- XX====- PHASE B =----=XX=-=-~ PHASE
NO. va ANGLE & Ve ANGLE B ve
1 0.0000 180.0C 0.9618 -115,79 0.9618
2 0.6083 -0.00 0.9251 =-11C.SE 0.5251
3 0.5587 -0.00 0.9244  -=11C.47 0.9244
4 0.8029 -38.52 0.8029  -141,48 1.0000
POST FAULT LINE CURRENIS
R e PHASE QUANTITIES ==-=====
X--=- PHASE A ===XX===-= PNASI B =---XX---- EI
LINE SB EB IR BNGLE A 1B ANGLE B Ic
11 2  4.,0958 90.00  1.0542 -50.00 1.0542
12 14,0958 -50.00  1.0542 30.00 1.0542
2 1 3 3,712 90.00  0.9208 -$0.00 0.92c8
2 3 1 3,742 -%0.C0  C.9208 90.00 0.92C8
32 3 0.3816 -90.C0 0. 1334 90.00 0.1334
33 2 0.3816 €0.C0  0.1334 -90.09 9.1334
10 3 4 3.3327 30.00  0.7873 -50.00 0.7873
10 4 3 2.3787 -S0.C0  2.3787 90,00 0.0000

Figure 4.5.

Revised example case

—— -

C
ANGLE C

115.79

110.5¢
110.47
90.0¢C

ASE C =--==-X
ANGLE C

-9C¢.00
90.00

-5C.00
90.00

9C.00
-3C€.00

-5C.00
6.34
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CHAPTER 5

CONCLUSTION

The primary purpose of this thesis was to develop an interactive
shunt fault analysis package for small power systems. The computer
code that has been developed gives satisfactory results for the analysis
of the four main types of shunt faults. It is accurate and efficient
and allows the user to make a wide variety of changes with ease. The
version of the code in Appendix A will handle a system of 24 buses
and 50 lines. The largest system that this code can handle will be
dependent on the memory capacity and precision of the computer on
which the code is implemented. The accuracy of the code has been
verified on numerous homework and examination problems taken from
power system courses at the University of Tennessee. The interactive
features of the code make it possible for the package to be used for
design projects where the designer's time can be spent working on the
problem rather than waiting on a batch job to be returned.
In conclusion, the author offers the following suggestions for
the improvement and further development of the shunt fault analysis
code created for this thesis:
1. The effects of mutually coupled parallel components, such
as lines, can be taken into consideration.

2. If it is desired to have the code handle larger power systems,
optimal ordered triangular factorization could be used in
solving the network problems. This technique requires less

computer storage and execution time for large systems.
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Include the magnetizing branch in the transformer model.
The code can be expanded to handle the occurance of simul-
taneous shunt faults.
The code can be made more user friendly and more tolerant of
user errors. This can be done by improving the quality of
the step by step explainations the code gives and by devel-
oping error recovery routines so that the user can continue
working after the occurance of what is now a fatal error.
The code can be broken up into a number of independent

segments which can then be run on a small computer system.

A more accurate load model can be developed.
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APPENDIX A

Univirsity of Tennesses=
Powzr Systems Analysis Packagz
User's Guid=
CEC10 VERSICHN

By Dennis A. Feed

This program performs a load flow or <fault =study on a power
system of up to 24 buses and 50 lirss. Bll calculaticns dcne by this
package are assumed to be dcne ¢n p=r unit guantities.

To rur =ae program the user must be in monitcr mcde ¢n the LECT0
and <yps RUN LFANAL as shown Lelow.

.RUN LFANAL
The program will respond with:
DO YOU WISH TO PERFCRM A LOAD FICW CI FAULT STULY ?

At this point the user must t2fer to the [rcper section of this uide
t

r <
dapending on whether they wish to perforw a load flow cr fault study.
Before showing how «o run the prcgram fcr each case an example systsm
will be given. It will then be shown hcw this system wculd be ZInput
to the progran.




99

LCAD FLOW awalYSIS

B1 B3
| |
| 13 !
[ R bbb |
! [
| I
] 1 Lz {
|=========s=-  wosssscssseossoce- |
| | | |
| | I |
l 1
E2 |

|

v
For L1 Z = 0.0C1 + 3j0.01
For L2 Z = 0,0025 + jO,025
For L3 2 = 0.,0C5 + 3j0.05

For B1 slack bus v=1,,PL=QD=0,.
For B2 standard bus BD=12.,0D=3.,EG=0G=0.
For B3 standard bus PG=6.,0G6=1,5,ED=(CD=0.

FIGURE 1. Example system

To perform a load flcw the user must givz 2he following respcnse.

DO YOU WISH TO PEPFOREM A LOAD FICW CPF FAULT STULY 2?2 LCAL FLGCW
The program will respond with:

DO YOU ATSH TO HAVE A OUTPBUT FILE ?
cesponding YES to this question will cause the program tc cCreate a
disk file «containing the 1lcad tlows that are parformed whilg the
program is run., When finished the user may wish to print thig file in
order to have a hard copy of the results of his sessiorn. Ths
following response will cause the program tc create an cutgut file
called SMITH.DAT :

DO YOU WISH TO JAVE A QUTPUT FILE ? YES

INPUT FILE NAME SMITH
The next question asked by the pregram is:

DO YOU HAVE AN INEUT DATA FILE ?

In this case the respons2 shculd bte NC. If the user has a2 prsvicusly
created data file it will be shown later tcw he may use it.
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The program will rncw be ceady to ask questions about the data to
be inpucz, Since this example «case is 3 ©buses ané 3 lires the
qussticns and responsss wculd be as fcllewus,

INPUT THE NUMBEES CF BUSES ? 3

LINES 2 3

[O]
“
(=4
o
(23]
m
(9]
Ly}

INPUT TH
The next yuestior will deal with the number of iterations +¢ te
psrformed by the program. In this case¢ the number 500 is chesen. If
this is nct sufficient thz progras will giva <the opticrn later of
increasing the number.

INPUT THZ NUXBEE CF ITEZEFATICNS ? ECC

The program will ncw be ready to receive the data on the lines in
tha systen. Tha 1line mod2l for the =systam is a Pi medel cf the
following form:

FIGURE 2. Line mcdel
Th2 data for line 1 is as fcllows:
LINZ NUHMBER = 1
STARTIKG BUS NUKBER = 1
ENDING BUS NUMBER = 2
SERIZS IMPELANCE (REAL PART) = C.CO1
SERIZS IMPEDANCE (IHAGINARY PARTI) = (.01

SHUNT ADUITTANCT (REAL PART) = C.

]
o
.

SHUNT ADMITTANWCE (IMAGINAEY PART)

The remaininy lines of <he system may be inpet the same way as the
first line. '
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The next porticn of the data to be input after the line data will
be the bus data. Thkis program assures the existence of three
different types of busss, They are as fcollcws:

A type 1 bus is a standard bus, alsc called a lcad bus. The
program will ask for the following infcrmation fer each standazd bus:
power g2nerated and powsr demanded.

A type 2 bus is a volrage ccntrol bus, A voltage control tus is
2 bus whers a desired voltage magni+<ude must be maintaired. This is
done by setting a range of values fcr capacitor or inductcr banks a<
the bus. Thar is to say, there is a maximum number of VAFS thaet can

be generated and a minimum that can te akscrt=d. The prccram will ask
for the follewing infcrmaticn fer each vcltage coatrol lLus: voltage
magnitud=: spscified, r2al power gensrated, power demanded, rTaxipunm
VARS, and minimum VARS.

A type 3 bus is the slack bus. The slack bus is the bus where
any additional power tc be gernerated by the system due *o losses is
added. Thars may only ke orne slack bus fcr any system. The pLcgIlanm
wiil ask <for <=whe fcllcwing informaticrn fcr tha slack fus: volrage
spacified and powar demarnd.

For this example system the guestions akout thz buses 1may be
answered as follows.

THE NUMBER CF TEE BUS = 1
THE TYPE OF BUS (1=L0AD,2=V(,3=SLACK) = 3

REAL POWER DEMAYXD = 0.

n
(o)
.

REACTIVE POWER LCENAND

THE BU3 VOLTAGE = 1.

THE NUMBER CF THE BUS 2

THE TYPE OF BUS (1=LOAD,2=VC,3=SLACK) = 1
REAL PCWER GENEFAZICN = 0.

EEACTIVE POWER GEHNZEATICN = 0.

REAL POWER DEMAND = 12,

3.

REACTIVE POWEPR LEFAND

THZ NUMBER OF THE BUS 3
THE TYPZ OF BUS (1=LOAD,2=V(,3=SLACK) = 1
REAL POWER GENEEATICY = 6.

REACTIVE POWER GENIRATICN = 1.5
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REAL POWER DIMAND = 0.

REACTIVE POWZR DEMAND = (.

in=, wher &ll bus datza hss been inpur, the pregram will

At this po

2 input data =0 the terminal. When all data has been
-

st

echo out th
z2cho=2d and the
following gue

load flcw problam solved, the prcgram will ask tae
ion:

TUE NUMBER OF BUSES TO BE OQUIPUT I

Ths program will b2 asking for those buses at which the user wishes to
se2 the load flow scluticn. If +he user wishes to cnly view the
results for certain buses, he may inpuz that ruckber and the frcgram
will <thelL ask for <th2 numbers of the buses to be ouzput. Fer this
zxample case, input 3 as skLown.

IHE NUMBER CF EUSES TC BE OUTVUT 7 2

The soluticn of the lcad flcw for <he system will Fe, at this
point «echoed out to the terminal, When the solutiecn has been cutput
the program will respernd wizh the fcllewing qusstion:

CO YOU WISH TO MAKEZ ANY CHANGES IN TLE INPUT DATA 2

At this point, if the ussr is unsatisfied with the =<soluticn tc the
load flow he has just seer h2 pay mcdify +«h2 data and run a new load
flow. The poscible modificatiors are as fcllows: lizne add, lire
change, line delete, bus add, bus change, and bus delete, A user may
make any number of modicaticns tc the da<te hefore running a new load
£low, To run a naw load rflow after changing ths system, respcend £c to
~he quastion abcu<t ctanging <+he ingur data. If changes have
praviously besn made, the program wiil perfcrm a load flcw cn the nsw
daza.

When finishad usirg the prcgram the wussr will be asked the
following questions on whether or not he wishes to save the data set
he has creat=ad describirg his power systen, The following response
will czr2ate a data set named TEST1 to store the data fcr future ussz:

DO YOU WISH THE INPUT DATA STORED IN A FILZ ? YES

FILE NAYET 2 TEIST?

At this point the pregram will te firished. If the user wishes
he may print the output file from the fprcgram. This may be dene by
typing:

. PRI NT SMITH, DAT
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CHANGING IHZ NUMBER OF IIEFATICNS

Whea rurning
itsrations is no+
program will print ¢
ask:

Togral it is [0SSiklas that <the numter of
ficient to find a2 solution. TIf this cccurs the
the last 3 iteraticnsz for the voltages and then

ha p
£

[=3R/]

DC YOU WISH TO INCREZIASE THE NUMNPZE CF ITESATICNS ?

pProgram will preccezd to ask atout changss

If the response is no, the
the cresponse is yes, the prcgram will ask the

in inpuz data. If
following gusstion:
THE NEW ITERATICHN TCTAL =

The program will then attempt te f£ind the scluticn for the new raximum
number of iterations.

sl

flnc]

P

—

oD

T
(1%
[E2]
1<t
(531
o
(1]
(3
I
(£
(18}
it
]

A prasviously saved data sor May te used by performing the
following commands:

.00 YOU HAVE AN INPUT DATA FILE ? YES
FILE NAME ? TEST1.DaAT

This will result in the program reading the saved data set TEST1.DAT

from the example casa. See the section or changiny *he irput data fer

informaticn about saving a Jata set,
CCNSTANT CHARGING

O
1=
o -4
e
in

If you wish to have constant charging oL a bus this ray Lte done
by adding a 1line. The progiam will assure that a line whick has a
Starting bus which is fpart of the Syster and an ending bus which is
numbared zero, 1is connecrnad betwean the Lus and ground ard that the
value of th2 inppedance cf that bus will be the desired amount of
charging.
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B1 B3
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For L1 21 =22 = 0.C01 + j§0.01
20 = 0.003 + j0.03
For Lz 21 =322 = 0.0025 + j§0.025
20 = 0,01 + jO.1
For L3 21 = 22 = 0.C05 + j0.05
20 = 0.02 + §0.2
For T4 21 =22 = 20 = 0.0 + 30.05
For 81 21 = 0.0 + jO.1, 22 = 0.0 + §0.1, 20 = 0.C + 0. u
Z¥ = 0.0 + §0.01
For B2 21 = 0.0 + j0.1, 22 = 0.0 + j0.1, 20 = 0.C + j0.5
Z¥ = 0.0 +j0.005
L

For B3 and B4 tiere are nc values bLazcause thay are not
generator busas,
Assume that the user wants tc check fer all faults at bus 4,

FIGURE 3. Example systen
To perform a fault study the user rgust give tre fcllcwirng
responsa,
DO YOU WISH TO FEEFCEM A LOALD FLOW CE FAULT STUDY ? FAUILT
The program will respcnd with:

DO YOU WISH TO HAVE A OUTEUT FILE 2
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Responding YES to this guestion will cause the program <0 creats a
disk file «containiag <he fault studies that are performed while the
program is run. When finished the user may wish to print this file in
order to have a hard copy cf the results of his session. The
followiry respensa will cause “he program tc create an cutput file
called SMIIH.DAT :

DO YOU WISH TO HAVE A OUTPUT FILE ? YES
INPUT FILE NAME SMITH

The next question asked py the program is:
DC YOU HAVEI AN INEUT DATA FILE ?

In this cas= the respcnse shculd be NO. If the user has 2 previcusly
created data file it will be shown later kcw he may uss it.

The program will ncw be ready tc ask guestions about the data tc
be input. Sirce <this examgle cas2 is 4 buses and 4 lines tkhe
quastions and responses would be as fcllows.

INPUT TIHZ NUMBER CF BUSES ? 4
INPUT THE NUMBER CF LINES ? &
The progzam will then ask.
DO YOU WISH TO CUTPUT THE SEQUENCE VCLTAGES ANLC CUREENTIS ?

Answering YZS to this question will result ir the sequence gquantities
being output to terminral and disk when they are calculaced. Answering
NO to this question will result in cnly +the phase guartities leirg
output to a davics, The nex* question will deal with wiether <z nct
the user wishes to input a nenunity veltage pzotfiles for cthe fault
study.

DO YOU WISH TO INEBUT A NONMUNIIY VCLIZGE ERCFILE ?

If the user answers yes the n2xt guesticrns will be asked tor all lLuses
oL the systzn.

THE NUMBER OF THEZ BUS

THE VOLTAGS MAGNITULEZ

THE VOLTAGE PHASE ANGLE =

Tha proqgram will now be ready to receive the data cn thke lizes in
the systen. Tha lire mcd2l for the syster is a Pi model of the fora
shown in tigure C.2. Ths data for the first line will e dirnput as
follows.

LINE/TRANSFCRMEE M MBER = 1




LINE TYPE (L=LINE,T=TRANSFORMER) ? L
STARTING BUS NUMBER = 1
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ENDI NG BUS NUMBER = 2

EC

SSITIVE/NEGATIVE SEQUENCE SERIEZS IVMEEDANCE
(ZEZAL

FAET) = 0.001

POSITIVE/NEGATIVE SEQUENCE SERIES IMEEDANCE
(IMAGINARY FART) = 0.01

POSITIVE/NZIGATIVE SEQUENCE SHUNT ACDMITTANCE
(REAL PART) =

POSITIVE/NEGATIVE SEQUENCE SHUNTI ADNMITTANCE
(INAGINAERY FAZRT) = 0.0

ZERQ SEQUENCE SZRIES IMPELANCE (kIAL PART) = 0.003

ZEXO SEQUENCET SERIES IMPELCANCE
(IMAGINARY EAET) = 0.03

1
(=)
.
(o]

ZEZR0O SEQUENCE SHUWT ADMITIANCE (LQLAL PART)

ZERO SEQUENCE SEUNT ADMITTANCE
(IMAGINARY EART) = 0.0

The remaining linss of <hs system may bhe input tha same way as the
firs+= lire. The only differance will occur when T4 is input and the
results of zha% will ke as fcllows.

LINE/TRANSFOEMER NUMBER = 4

LINZ TYPE (L=LINE,T=TEANSFOEBMER) ? T

HIGH VOLTAGE BUS NUWBER = 2

UIGH VOLTAGE SIDE CCNNECTION (Y=WYE,L=DELTA) ? Y

HIGH VOLTAGE SILCZ GECUNL (G=GRQUNL, BLANK IF UNGRCUNDED) ? G

LOW VYOLTAGT BUS NUMBER = 4

LOW VOLTAGE SIDE CONNECTICN (Y=WYE,C=DELTA) ? D

LC¥% VOLTAGE SILE GRCUND (G=GRCUND, ELANK IF UNGROUNDZD) ?

POSITIVEI/NIGATIVE SEQUENCET SERIES ISPEDANCE
{REAL PART) = 0.0

MPEDANCE

-

PCSITIVI/NEGATIVE SEQUEHCE SEEIFS
(IMAGIMNARY PART) = 0.05

ZERO SEQUENCE SERIES IMPECANCE (REAL PART) = 0.0
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ZERQ SEQUENCE SERIES TNPEDANCE
(IMAGINARY FEART) = 0.05

111GH VOLTAGE NEUTRAL IHPEDANCE (REAL PBART) = 0.0

HIGH VGLTAGE NEUTKAL IMPELANCE
(INAGINARY PART) = 0.0

LOW VOLTAGS NEUTRAL IMPELANCE (FERAL PART) = 0.0

LOW VOLTAGZ ¥TIUTRAL IMPEDANCE
(INAGINAZY EART) = 0.0

The next perticn of the data tc b2 irnput is %he bus and generator
data. I£f a bus does nct contain a gebaratcr nc further data is
raquired feor that bus. Ii the bus is a generator bus it is necessary
0o input tae seguence impedanc=2s for tns yeneratcr, how the gersratcr
1s connacted and whether it is grounded. for the wexarple systen,
these quantities would te input as follcwse.

3US NUMBER = 1

BUS TYPZ (B=BUS,5=GENERATIOR) ? G

GENERATOR CCHUNECTION (Y=WYE,D=DELTA) ? Y
GENZIRATOR GFOUNLCING, G IF GROUIZ, ZIZLANK IF NONE G

GENERATCE PCSITIVE SEQUENCE IMPECANCE
(& PAZT) = 0.0

GENSRATOR POSITIVE SEQUENCE INDEDANCE
(IMAGINARY EAET) = 0.1

GENERATOR NEGATIVE 3EQUENCE IMPELANCE
(REAL PART) = 0.0

GENEZRATOR NEGATIVE SEQUENCE IFPELANCE
(IMAGINAPY FART) = 0.1

GENZRATOR ZERO SZIQUENCE TIMDPEDAMNCE
(REAL PART) = 0.0

NCE IMPEDRANCE

GENERATCR ZERO SEQUE
) = 0.u

(IMAGINAERY EARET
GENERATOR NEUTRAL IMPEDANCE (RZaL EAFT) = 0.9
GZNERATOR NEUTEAL IHPECANCE (IMAGINARY PAEKT) = 0.C1
BUS NUMBEZE = 2

BUS TYPE (B=BUS,G=GZINERATICR) ? G

GENERATOPR CCNNECTION (Y=WYE,D=CELTA) ? Y
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GENERATOR GROUNDING, G IF GRCUND, BLANK IF NONE G
GENERATOR PCSITIVE SEQUINCE IHPELAICE
(REAL PART) = 0.9

R
GENERATOZ PCSITIVE SIQUENCE IMPELANCE
(IMAGINAEY PART) = 0.1

GENEBATOR NEGATIVE SETQUENCE IMPELCANCE
(REAL PART) = 0.0
GENERATOR NEGATIVE

ZOUENCE INPELANCE
(IMAGINARY PART) 1

S
0.
GENERATCR ZER2C SECUENCE IMPEDANCE
(REAL PART) = 0.0

GENERATOE ZEPQ SECUENCE INPEDANCE
(IMAGINARY PART) = C.5

GENEGATOE NEUTRAL I“PECANCE (REAL PAET) = 0.0
GENERATCR NEUTRAL INMPEDANCE (IMAGINAFY PART} = 0.C1

BUS MNUUBER = 3

BUS TYPE

—~

8=pNsS,G=GENERATCR) ? E

BUS NUMBER = 4

BUS TYPE (B=BUS,G=GENZRATICR) ? E

At this point the program will ncw echc out the input data tc the

terminal, when all the data has been echoed the progranm will respond
with the following guestion.

THE NUMBER CF BUSES 70 BE FAUITED =
For the example case the response tc +nis gnestion will be 1. The
computer will then ask the numbers of the tuses to be faulted and the
shunt faults to be applied at each bus. Fer the example case the rext
series of questions will Le answered as fcllcws.

THE WUMBER CF BUSES TO BE FAULTEL = 1

THE NUMBSIR CF TUZ BUS TO BE FAULTELD = &4

DO YOU WISH TC APELY A THREE PHASE FAULT (Y/¥) ? Y

DO YOU WISH TO APPLY A SINGLEZ LINE IC GROUND FAULTZ (Y/N) 2?2 %

DO YOU WISH TO APEFLY A LINE IC LIRE FAULT {Y/N) 2?2 ¥

DO YOU WISH TC APELY A DOUBLE LINE TIC GROUND FAULT (Y/N)

-~
-
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FAULT IMPEDANCE (EZAL PART) = C.0
FAULT IMPEDANCE (IMAGINARY PAPT) = (.0

CUANGING THE FAULT ANALYSIS DATA

The solution of the fault study for the system will te, at <this
goint echoed out to th: terminal., Whsn thke soluticn has been cutput
~he program will respend with the fcllewing guestion:

DC YOU WISH TO MARE ANY CHANGES IN TEE INPUT DATA 7

At this pcint, if the ussr is unsatisfied with the =<scluticn tc <the
fault studay he2 has just se=zn b= ray medify the data and run a new
fault study. The pessilble modificaticns are as  follcws: lire adg,
line change, line delete, bus add, bus change, and bus delzte. A user
may mak= any nuaber of modicaticns to the data before rurning a new
fault study. To rtun & new fault s=wuay after changinc¢ the systar
respond nc to the guesticr about changing the input data. If chang:s
have previously been made, the prcgram will perform a fault study c¢n
the new data, Before thz program pertforms e new fault stvdy it will
also asx whavt buses are to be faulted for *he revised system aund what
faults azes to be applied to <he revised systenm.

Whan finished using the prcgram the wus2r will be asked the
followiny 4questions c¢n whether cr nct he wishas to save the data se%
he has creat=d describing his power systeun. The tfollcwirg resgpcnss
will creat=z a data set ramed TEST1 tc store the data for future use:

DO YOU wISH THE INPUT DATA SICRED IN A FITE ? YES

FILE WAME ? TEST1

If the user wishes

At this point the prcgram will be fini .
bs m. This may be done Ly

ae may print the output file from tus }
typing:
+PRINT SMITU.DAT

EECGEAM USAGE NOTES

This program has certain basic limitaticns which shctld be kept
in mind by the user.

If ar 2rrot is made whil2 inputing data there 1is rc impediate
means of correction., The user nmust firnish inputing whatever sequance
of data he is doing and then make the ccrrection when asked if <thersz
are< any changes to be made in the irput dota.

The user snould also keep in mind that there are certain ecrors
which are fatal for <+he program, They are as follows: ictputing a
character vhen 2 number is asked for, inptting an urnreferenced tLus,
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inputing real numter when irnteger is asked, inputing 2 negative cr
zerc value for a bus nurber.

When one of the previous errors cccurs the ©progranm will
abunormally terwinate and all data irput tc the program +ill te lost.
The progzam will n2ed to Le rus aygain aré all data retygec.

While using +his program it is strengly suggested that the user
be careful what he tyres. If this program is used for a lcng session
at the terminal the user should kcep in rind that a fa*al mistaxe will
agestrey all his results previcus to that pcint.
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C
C UKIVERSITY CF TELMNESSEE PCWER SYSTEM ANALYSIS PACKAGE
o4 VEXSION 1.0
C
C WEITTEN BY
.
C DENNIS A. REED
C
C SEPT. 16, 1981
C
CEEFEXEXRXERR XK KRAKRE XA MK IR AR KK XK KRB E IR BN AR ERE R R TS L L R R R N R Yy
C
C TLIS PROGRAM PERFCRNS A LCAD FLCw STUDY AND A PAUIT STULY
C. FOR A SYSTEM CF UF TC 24 EUSES ANL SC LINES, THE GAUSS-SEIDEL
C ITERATIVE XETHCD IS USED 7TO SCLVE FCF THE ICAL FLCw
Clllll!l***l!*#**!t**¥¥¥¥¥U*¥¥¥*#l*‘¥“"!!#'l*‘*l‘**'*‘l‘"‘*‘.ll*‘l*#**
C
C THE DATA IN¥UI TO THE PRCGRAM
C
C#tttliﬂ**a*#t**t**i**#*t**#***!*t:*’)ttw10't**nv#*t*t*t****tit*i*t!#*l#***
c
C WB - THE NUXBZR OF BUSES IN THE KETWCRK
5L - THE NUMBER OF LINES IN THZ NETWCRK
ALPilA - THE ACCELERATION FACTCR FCR THE GAUSS-SEILEL ITERAMTICN
TECHNICUE
IVG - THIS VRIUEZ INLCICATES IF '"EE INITIAL VOLTAGE GUESS TS
A UNITY VCLTAGE PRCFIILE CF KCX UNITY
IYsys - THIS IS SET TO ONE IF THE YBUS MATRIX IS TC BE ERINTED
ITER = THE NUMBER OF ITEGRATICNS TC BE DCNE
=PS - THE CONVIRGENCE PACTIOE FCF THE SYSTZIM
FEEEERRREXR AR KRR KRR RN AR RE KK XTI K BN EEEREER IR E ST EEEEEERER R RS TR
THZ FOLLOWING ITIM¥S AFE THE VARIAELES FCHR THE LINE LaTA

nooCconOacCcoCnNn oo

#*l‘*K***l!!******‘******l*********l*!!i*i**!!#****#!*****#***#*‘***’***

LINE - LINE NUMBEZR FOR A TRANSHKISSICK LINE

SB = STAZTING BUS FOR LINF

LENGTH - THE LINE LENGIH. DEFAUIT GF 1.0
SHTY -~ TUZ SHUNT ADMITTANCE OF & IINE

SERZ - THEZ SEZRIES IMPEDANCE QP THE LIN

ty

cocoaoco OO0 n

REEEEE ST **t***’k**1****#**!*****#*****#lﬂ**'*"**#*t’l**#il*##*“#‘*#***

oo

THESE VARIABLES ARt THE BUS DATIA FCF ILE ERCGHAN
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LR R L R R R R E L L PR E L R T L T T R T R R Y B R R T pep g g gy

IBUS - THE BUS NUMBER

IBTYP - THE BUS TYPE 3 - SIACK
2 - VCLTAGE CCNTROL
1

- STANDART

PG

REAL POWLCR GENERATED

QG - REACTIVE POWER GENERATED
PD - RCAL POWER DEMAND

QD - REACTIVE PCWER DEMAND

P - BEZAL POWER GINERATEL MINUS REAL IOWER DEMAND

acCcaooocoonao0on0ca0a0ce

PAER GENERATED MINUS REACTIVE POWER LCEMAND

Q = DREALTIV

g1}

+

VR - BUS VOLTAGE SPECIFICATION
QUIN = AINIMUM VAFS FOPR VOLTACE CCNTIECL BUS
QHMAX - MAXINUM VAFS FOR VOLTACGE CCHTHEOL BUS

Vv - COMPLEX VOLTAGE FOR NCHN UNIT VOLIAGE BROFILE

Y - THE B8US ADMITZANCE MATRIX

‘*#*##**********************v******#**4*******¥****¥***¥#**!!l#*********

SUBXOUTINES CALILED:

ta

BEROR,BSPEC,BOUT,LINOUT,GSIFS,IDFISL,FAULY

CaocOcCO0oanonGco0ne

DOUSLE PRECISION  ENAME
DCUBLE PRECISICN  GHAME
UOUBLE PRECISION  HNAME
LCGICAL  BAL

LOGICAL  TPBEINT

CCMPLEX  SHTY(50)
CCHMPLEX Y (24,24)
CCMFLEX  SERZ{50)
COMPLEX v (2u)

COMPLEX  ZLINE

COMPLEX  YLINE

REAL  OPG(24)

REAL  0QG(24)

EEAL  F(24)

EZAL  Q(24)

EEAL  QOHAX (24)

REAL  QHUIN (24)

REAL  VSPEC(24)

REAL  PG(24)

EEAL GG (24)

KEAL  PD(24)

REAL  (D(24)
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INTEGER  SB(50)

INTEGER  EB(50)

INTEGER  LINE({50)

INTEGER  IBUS(24)

INTEGER  IETYP(24)

COuMON ,INOU, KTERM

CCEHMON SOUTEUT/ ANSOUT,TEBEINT,ANSIN

THE FOLLOWING DATA STATEMENTS AY BZ SYSTEM DLPENLCENT

DATA  FLT /'FAULT'/
DATE  YES  'Y¥SS Yy
DATA  BUS  /'EBUS '/

DATA  ADD  /'ADD '/
DATA  CHANGE/'CHANG'/
CAT DELETE/'DELET'/

SET TERMINAL INPUT DEVICE TC UNIT 5

KTZR =5
IPRLINT=.TRUE,

DECIDE IF THIS IS LOADFLCW CR FMJLT STUDY

4RITE (KTERM,788)
KEAD (KTEEH, 824) START
IF (START.EQ.FLT)IFS=1

IHIS SECTION CHECKS TO SEE HOW THE PERSON WANIS TC
Lo HIS I/0

WRITZ(KTEZRM,804)

LEAD (KTERM, 824) ANSOUT
IF(ANSOUT.NE.YES)GO TO 20
WRITE (KTLEH,BU4)

READ IN CUTFUT FILE NAWE

AD (KTEEH, 884) GNAME

EN (UNIT=6, DEVICE='DSX', ACCZSS='SECOUT™', #ODE=?13SCII', FILE=
GNAME)

WRITE (KTERY ,864)

READ (KTERM, 824) ANSIN

IF(ANSIN.NE,YES)GC TO 40

WKITE(KTZRY ,844)

READ IN INPOT FILE NAME

RELD (KTERM, 884) HNAME

CPIN (UNIT=8, DEVICE='DSK', ACCZISS='SEQIN', MODE='ASCII', FILE=
[ANANE) ’

GO TC 60

IF (START.EQ.FLT)GC TO 680

THIS SZCTION RICUESTS THE NUMBEE CF FU3ES, NUNMEER OF LINES,
HUMBER OF ITERATICNS, AND ACCELERATICN FACTOR.

WRITE(KTZRH ,904)
E£AD (KTEZEM, *) NB
WRITE(KTERHM,924)
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XEAD (KTERY, *) NL
WEITZ (KTERM,944)
READ (KTERM, *) ITZR
ALPHA=1.0
EPS=0.00001
GO 7¢ 80
60 READ (8,064, E32=9003) NB,NL,ALDPHA,IVG,IYRBUS,IFS,IFVE,ISQ
IF(N3.GT. 24)CALL EEROE (12, 88,6$5¢99)
IF(NL.GT. 5C)CALL ERROR(13,ML,555¢96)
IF(IFS.NE. 0)GO TO 680
"IF (ALFi#A.LT.1.5-20) ALPHA=1.

NUMBEPR OF ITERATICNS (500 IF NOT USEL) AND CONVERGENCE CRITEPIA
(.00001 IF NOT USED )

Q00

READ (8,984, ERR=90C%) ITER,EES

IF(ITER.EQ.C) ITIR=5C0

IF (EPS.LT.1.E-20) EPS=,00001
50 DO 120 I = 1,u8

DO 100 J = 1,NE
Y(I,J) = CMELX(0.0,0.0)

100 CONTINUE
120 CONTINUE

DO 180 I = 1,NL

READ LINE NUHMBEE, STARTING BUS, ENL EUS, LENGTH, SHUNT
ADXITTANCE AND SZRIES IMEEDANCL IN F.U. = PZR UNIT LENGTH.

Caca

IF(ANSIN.EQ.YES)GO TO 14¢C

oo
3
=
m

LINE DATA IS INPUOT

Iy
-,
R M 102u)
1
r

¢*YEB(I)
nL’I Z"‘ -M, 084)
READ(KTDFN *)RES

WRITZ M, 1104)

M, *)X IMAG
awITT(ATEPM,111“)
AP(K“ERP *)GIN
"(K:‘EPM,112“) .
K ZRM,*)YIHAG
=CHELX(EES,XIMAG)
=CHPLYX{GIN,YIMNAG)
80

’

ARGV
I EURC LG
d'uxtH

3 < N or

O,\A’-\

(&)
.av"

READ IN THE LINE DATA FROM INEUT FILE

RZAD(8,1144,2RR=6605) LINE(I),SB(T) ,EB(I),SHTY(I),SEEZ (I)
ONTINUE

w &
<O

N SPECIFIED BUS DATA, RPEAL FOWEP, EEACTIVE ECHER,
NCE VOLTAGE V1, VOLTAGE CCNTIECL BUS KAGNITUILES ANL
VEZ POWEF LINITS,

C
C
<
1
1
C
[
C
[
C

CALL BSPZC(NB,P,Q,VSFEC, CMIN,QM2X,IETYP, IBUS,PD,PG,0D,Q6,
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££9999)
CALL DCUT(YE,VSFEC(,QMIN,CMAX,IBTIYE,IEUS,PD,PG,CD,(G)

ASSEHBtE THE BUS ADMITTANCE MATSIZ.

O 260 1=1,N3
D0 240 J=1,NB
Y (I,Jd)=CHMPLX(0.0,0.0)
CCNTINUE
CALL YASSZM (NB,NL,IDBUS,SB,EB,SERZ,SPETY,Y,899999)

WRITE OUT LINE DATA, SHUNT ADMITTANCE, ANL THE Y EUS

CALL LINOUT (MNL,SB,EB,LINE,SERZ,SHTY)
IF(IYBUS.ED. 0) GL TC 440
IF(AVSOU;.NE.YES)GO TO 440
RITE(6,1164)
DG 420 1 = 1, NB
WPITE (6, 1184) (Y (I,J),d=1,¥E)
CONTINUE

PCRFORM THE LCAL FLCW CALCULATICHS

Call GSLFS(NB,IVG,ALPHA,ITER,ZPS,N,V,Y,P,Q,VSPEC,
JNIN,QMAX,IBTYP,IBUS,E500)
DC 460 I=1,NB

UPG (I)=PG(I)

CUG (I)=0G(I)
CrLL LDPLSL(NL,NB,N,V,Y,SB,ER,lINE,SERZ,SH”Y,E,Q,IETYPR,
I5Us,PD,26,QD0,06)
DG 480 I=1, N8

2G(I) =0PG(I)

WG (I)=CQG (1)

P (I) =26 (I) =PI (1)

@ (1) =06 (I)~QCL (1)

£HIS SZCTION CHECKS TO SEE IF YOU WISH TO CHANGE
THI ORIGINWAL DATA SET

3AL=.FALSE.

ICHECK=1
WRAITE(KTERN,1204)
ZZAD (KTERM, 824) ANSCH

iSCil.NE, YES ANLC ICHECX NE C THEN THZRE IS NO

IF aN
NLLD TG PERTFORM A NEW LOADFICW GC TIC FAULT ROUTINGE

LF((ANSCH,KNE.YSS) LAND, (ICHECK.NE.O)) GO TC 615

Ir NEW LCADFLOW TC 3E DCNE GC PEIDM CUT BUS AND LINE DATA

IF(aNSCH.NE.YZS)GO TO 600
ICH:CR=O
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C ADD CHANGE CZ DELETE

WEITE(KTZRY,1244)
RZAD (KTZaM,82U) ANSACD
IF(ANSBL.NZ2.BUS)GO TO 560

C TEIS SECTION GETIS THE NEW DATIA FOF THE CUANGES IN THE BUS CATA.

WEITE(KTERY ,1264)
BEAD (KTEZEM, *) IBUSN
IF(ANSACD.NE,DELETE)GO TC 520
CALL BDEL(IEUSN,N5,3L,%,(,VSESC,CFIN,CHAX,IBTYP,IEYS,PD,FG,
1 QD,0G,BAL,SE,EB,LINE,SHTY,SERZ,Y)
GO TO 500
520 PGN=0.0
¢GN=0.0
PDN=0.0
GDN=0.0
WRITEZ (KTERM,1284)
BZAD(KTEFM, =) IBTYEN
¥RITZ (KTERM,1304)
LEAD (KTERM, %) BGN
WEITZ(KTZRH,1324)
EZAD (XKTEBM, *) CGN
JEITE (KTERM, 1344)
ZEAD (KTERY, *) PDN
WEITE(KTIRN,1364)
READ (KTZRH, *) QDN
VEN=0.0
CHNN=0.0
QrXN=0.0
IF(IBTYPN.EQ.1)50 TO 540
WRITT (KTERM,1384)
READ (KTERX, *) VRN
IF(IBTYEN,EC.3) GO TC 540
WRITE (KIZRM,1404)
READ (KTERM, *) QUUN
WEITZ (KTERM,1424)
READ (KTEFN, *) QU XY
540 IF(ANSACD.EC.ALE) CALL EALD (IBUSN,IETYPN,EGN,CGN,ECN,QDK,VEY,
1 QMNN,QWXN,P,C,VSPEC,CMIN,CMAX,IETYP, IBUS,PD,PG,0D,0G,NB,BAL)
IF(ANSACD.SQ.CHANGE) CALL BCHNG (LEUSY,IBTYPN,EGN,(GN,FLX,CCN,
1 VEN,QMNN,QMXN,E,Q,VSEEC,QNMIN,QNAX,IETYP,IBUS,PD,PG,QD,QG,NB)
GO IO 500

m o

2

‘ c TUIS SECTICY RICEIVES THE DATA FCQFR CHANGES IN TUE LINE LATA
C
560 WRITE(KTERY,1004)
BEAD (KTZ2M, *) LINEN
WRITE (KTERY,1024)
READ (KTZR4d, *) I53

WRITT (KTERH,1044)
R EAD (KTERY, *) LEB
IF(ANSACD.NE,DELETE)GO TO 589
CalL IDEL(LINSN,ISE,IEB,NE,NL,IEUS,3E,E3,LINE,SHTY,SERZ)
GO TO 500
530 W2ITE(KTZRH,1084)
READ (KTERM, =) RIS
WRITE(KTERN,1104)
IEAD (KTEZXM, *) XI¥AG
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k—IH

N I=CMPLX (RES,XIHAG)
.ITZ (KTERY, 1124)
D(‘(‘..Pﬂ =} YIMAG
LINZ=CHPLX (0-,YIHAG)
IF (ANSACD.EC, ADC) CALL LACD(LINEN,ISE,IEB,ZLINE,YIINE,
1 ¥B,%Ll,IBUS,s3,E8,L1INL,SHTY,SERZ,Y)
IF(ANSACD.EQ.CHANGE) CALL LCHNG(LINCN,YSB,ICB,2LIMI,YLINE,
1 NB,NL,IBUS,LINE,SHTY,SERZ,Y)
GO TO 500
600 CALL BOUD (NB,VSEZ(C,QMIN, CMAX,IETIYF, 1IEUS,PD,PG,0QD,CG)
IF(BALYGO TO 220
CALL LINCUT (NL,SBE,ZE,LINE,SERZ,SHTY)

[LIE Wl N
oo b

u»

-~

GO TO 440
C
C THIS SECTION CHECKS TO SEE IF TEE PRCGRAMMER WISHES
C TO SAVE THE NEW DATA SET HE [AS CFEATED
C
615 ~RITE(KTEZRN ,1444)

BEAD (KTERM,32U) ANS
IF(ANS.NF.YES)GC 70 660
WEIT 2 (KTERM,844)
READ (KTERM, 884) FNaN
QPEN (UNIT=7, DEVICE
1 FNANZ)
WRITZ(7,964) N3, NL,ALPHA,IVG,I¥BLS,JFS, IFVE,ISC
WBITE(7,984)ITEE, EPS
=9.0
DC 640 I=1,NL
anTL(7 1144) LINE (I) ,SB(I) ,EE(I) ,SATY (I),53ERZ (1)
640 CONTINUE
ARITZ(7,1464) (IBUS(I),IBTYP (I),EG (1) ,C53(T),PD(T),
1 ¢b(I),VSPEC(I),caIN(I),Q4AX(I),1=1,KE)
660 WRITE (KTZBM, 1434)
X TAD (KTERM, 824) ANSF
IF(ANSF.NE. YES)GO 70 700
080 CALL FAULT(NB,NL,IFS,IFVP,IS0,V,Y)
700 CCNTINUE
CLOSZ(UNIT=9)
CLC3Z (URIT=6)
CLOSZ(UNIT=7)
CLOSE (UNIT=8)

v
L

'*DS¥', ACCESS=*SECOUT', MODE='ASCII', FILE=

S$TOP
9003 CALL EFROE(3,0,599939)
9004 CALL ERROR{4,0,£99999)
9005 CALL ERRGR(5,0,£99999)
99999  STOP
c
784 FORMAT(' DO YOU WISH TO PSEFCRA A ICAD FLCW OR A EFAULT STULY 2?2 ¢
1 Py
304 FOR4AT (' DO YCU WISH TO HAVE A CUTFUT FILE 2 ', 3)
324 FORAAT(AS)
34y FORNAT (' INEUT FILE NAME ', 3)
364 FORXAT (' DO YOU UHAVE AN INPUT DATA FILE 2 ', §)
864 FOIMAT(A10)
304 FOEXAT (* IKEUT THE NUMBEE OF EUSES ? ',3)
924 FCANAT (* INPUT THE NUMBER OF LINES 2 ',$)
Ju4 FORMAT (' INPUT THE NUKBER OF ITERATICNS 2 ',3)
964 FORMAT (2I5,F5.2,I1,1%X,411)
I8 FORﬂnT(IS,G1C.3)

1004 ORMAT (' INFUT LINE NUKEBER ',3)
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1024 FCRMAT (* INEUT STARTING BUS NUMEEE ', 4)
1044 FOR4AT (' INPUT ENDING BUS NUMPEER ', 3})
1084 FORMAT (' INFUT IMEECANCE (REAL EAET) ',3)
1104 FORMUAT (¢ INEUT IMEECANCE (IMAGIGLAEGY EART) ', %)
1114 FORMAT (' INPUT ADMITIANCE (REAI EAET)',3)
1124 FORMAT (' INEFUT ADMITTANCE (IMAGINZARY PART) !',3)
1144 FORUAT (31I5,5X,4F10. 4)
1164 FORMAT (11, Y-BUS MATRIX FCK ICALFLOW CALCULATICNS'))
1184 FCEMAT (2 (4 (F9.4,1X,F9.4,3¥%)/))
1204 FCRAAT (* DO YOU WISI TO MAKE AWY CHANGES IN THE INPUT DAIA 2 ¢,
1 5)
1224 FORMAT {* PLZASE SFECIFY EUS OB LINE !, 3)
1244 FORA AT (' PLEASE SPEICITY ADD, ChaNGE, OR DELETE ',i)
1264 FORMAT (' INPUT THE EUS NUMBEE !',3)
1284 FORMAT (* INPUT THE BUS IYEE ',3)
1304 FORMAT (' INPUT THE REAL PCWER GENESATION ',3)
1324 FORMAT (' INFUT THE IMAGINARY POWEE GENERATION ! ,3)
1344 FORMAT (* INPUT RZIAL POWER DEHMANL ', )
1304 FORMAT(' INPUT IMAGINARY POWZIR CEPFANL ',3)
1334 FORMAT (' INEFUT THE EUS VOLTAGE ', %)
1404 FCRUAT (' INFUT Q MINIAIY FOR CCXNTECI RUS ', 3)
1424 FORHAT (' INPUT C MAXIMNIUM FOR CCANTECY BUS ',3)
1434 FORKMAT ('DO YOU WISH TO PEEFCAM & FAULT STUDY (YES H0) 2 !',3)
1444 FOBMAT (* DO YOU WISH THE IWEBUT CATA STORED IN A FILE 2?2 ',3)
1464 FORMAT(I3,I2,7F10,3)
C
END

SUBROUUTINE EADD(IEUSWN, IBTYPN,PFGW,(GN,PDN¥,QDN,VEN,CENN,
1 udXy ,?2,2,VR,0OMN,Q¥%X,IBTYP,IRUS,ED,EG,CD, GG, NB, ECHMNG)
LR LR RE R R KRR AR RN R B AR ARE KRR ER AT R AR R R R KR KRR KRR R KRB RAX K KE R KK EK
THZ SUBRCUTINE EALD ADDS A NEW EUS IC THE SYSTEM. IHE BCUTINE
ASSUMES THAT LINZS CCNNECTING THIS BUS WILL BE ACLCEL AFTEF THE
8U3

tv**!*#*tn:***nﬁx*#*#***tt*v*#t#xt*t*t**ax*#**********:x****tmullt*#:tt

acacaen

ARGU MENTS:

IBUSN - THE NEW BUS NUMEER

IBTYPN ~ THE NEW EUS TYPE

PGN - THZI NEW PEALI FOWER GENERATEIL

QGN = THZ NEW REACTIVE POWEE CGENERATED

EDN = THE NEW REAL ECWEP CEMANT

CDN =~ THE NEW REACTIVE POWEP DEMANE

VEM - THE NEW EU3 VCLTAGF SFECIFICATION

QENN = THUE NEW MINIMUM VAFS FCR VCLTAGE CONTROL BCS

UMXN - THE NEW MAXIMUM VAES FCR VCLTAGE CONTROL BCS

NB - THE NUMBER OF BUSES IN THE SYSTEHN

OO0 OCOGOCOCOCOonCO e
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BCING - THIS IS A LCGICAL VARIAELE WEICH INDICATES IP Y BUS
SHOULD BE RECALCULATIED

IBUS - THE BUS KUMPER
3 - SIACK
2 - VCLTACGZ CCNTROL
1 - STANDAST
PG - REAL POWER GENERATED
QG - REACTIVE PCWER GENERATED
PD - REAL POWER DEHaND
QD - RETACTIVE PCWER DZHAND
P - REEAL PCOWELR GEHLIRATED MINUS REAL FOWER DEMAND
Q = RIACTIVE POWZIR GENERATIED MINUS KEACTIVE PCWER DEMANLC
VR - BUS VOLTAGE SPLCIFICATION
OMIN - MINIMUM VARS FOR VOLTAGE CINTIFOL BUS
QMAX - MAXIMUM VARS FOR VCLIAGE CCNTSOL BUS
AN E AR K AR KK AR AR KT RN AR FRERKRA KRR SR AN SR IR MR R AARREKT RS XN R DR R R KRR
SUBKCUTIINES CALLED:

NCNE

ONoOGOLOCcOO0O00CCON0GOGoeaO0 a0t a0

[#]
o

BCHNG
TUS (24)
I3TYP (24)

[}
[p R c]
=

QUN (24)
CaX(24)
2D {24)
CDh(24)
PG (24)
CG(24)

XON ,INOU/ KTIZERM

[@IRTV IR~ B R~V IR /DR~ s N2 o NS~ S I~ o B S N S ol
Ombmpitd et e O
= - e s e )
BT E AN sl el ol al ol ol ol N ON 2]

FIND THZ POSITICN OF THE NIW BUS IN THT ARJAY

[eNeN e

DG 20 I=1,

IF(IBUS

20 CONTINU
490 NB=NB+1

IF(I.EQ.HB)GO TO €0

¥B
¥.L7.IBYS (I)) GO TO 40

&

«

BUSES UP ONEI POSITICHN THAT ARZ LOCATED AFTER
NEW BUS SHCULL GC..

OO
¥,
oo}
ts

K=NB-I
DO 60 #=1,u



[N 8 Ne)

¢
C
C
C

1

J=NB-M+1

IBUS (J)=IBUS (J
IBTYP (J) =IBTYP
2D (J)=PD (J-1)
QD (J) =0D (J-1)
PG (J)=PG (J-1)
QG (J) =QG (J-1)
P(I)=P(J-1)
Q(J)=2(J-1)
VR2(J)=va (J=1)

QUN (J) =QUN (J-1)

-1)

(J-1)

QMX (J)=Q¥X (J-1)

INSEET - THE VALUES

IBUS (I)=IBUSY
IBTYP (I) =IBTIYPN
EG{I)=PGN

QG (I) =uGy
PD(I)=PDN

QD(X) =QDA
P(I)=PG(I)-EL(I)
2{(T) =QG(I)~QD(I)
QUN (I)=QMNN

OBX (I) =0MAN
VR(I)=VRN

SET BCHNG T0O TRUZ
RECALCULAZZD

BCIUNG=.TRUE.
RETUEN
END

120

NEW BUS IN THZ

7C INLCICATE

MUST BE

SUBECUTINE BCHNG(IBUSN, IETYPN,2GN,QGN,2DN,QDN,VRY,
QuUNY ,QNXN,P ,0,VE,CUN,Q8X,IBIYP,IBLS,ED,EG,CD,CG, NE)
X222 EEEER TR TN I LELERE R REEREERSE ST EYFT *!(f#**ﬁ******************ﬂl‘*#l*‘?’-**

THE SUBROUTINE ECENG CHANGES TEE CHARACTERISTICS CF A BUS CF

THE SYSTZM

C 3 2 3 N R X0 IR B A e K K KOk 3R o T A A A A e 3 3k Wl R N i o 2K R0 R X XK XOp T K Kk K R KOk ok koK

RN NN o NN o N N R AN s N AN e N e s R e N NS

ARGUMENTS:

IBUSY - THE NEW BUS NUMBER

IBIYPN - THE NEW BUS TYPE

PG4 - THE NEW REAL POWER GEMNERATEL

QGN - THE NEW REACTIVE PCWER GINEFATED
PDN - THE NEW RCAL POWER DEMAND

¢DN - THE NEW REACTIVE POWER DEFAKND

VEN - THE NEW BUS VOLTAGE SPECIFICATION

QMNN - THE NEW MINIMUM VARS FCR VCLIAGE CONTRCL

BUS
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OMXN - TUE NEW MAXIMUM VARS FCR VCLTAGE CONTROL BUS

4B - THE NUMBER OF BUSES IN THE SYSTEM
Y - THE SYSTIEM ADMITTANCE MATEHIX

IBUS - THE BUS NUNBER

- S1ACK

3
2 - VCLTAGE CCNTROL
1 - STANDARE

IbTY? = THE BUS TYPE

PG - REAL POWER GENERATED
G - REACTIVE POWER GENERATED

ED - REAL POWER DEMAKD

QD - REACTIVE PCWER DEMAND

P - REAL POWER GENERATED MINUS REAL ECWER DEMAND

Q ~ REACTIVE POXER GLNERATED MINUS EEACTIVE PCWER DEMANL
VR - BUS VOLTAGZ SPLCIFICATICHN

OMIN - MINIMUM VAES FOR VOLTAGE CCKTFGL BUS

CHAX -~ MAXIMUM VARS FOR VOLIAGE CCHTIECL EBUS

PR R R RS FE SRS ES RS R SRS Rt R R R R N R RIS SRR SRR R RS LR 2

SUBAQUTINES CALIED:

NONE
INTEGER  IBUS(24)
INTEGIR  IETYP(24)
REAL P (24)

RIAL  G(24)

REZAL  VE(24)
REAL QMU (20)
EEAL  CMX (24)

SEAL  PD(24)
BEAL  CD(2u)
REAL PG (2U)
REAL  CG(24)

FIND TH

(D]

ZLEMENT TO EE CHANGEL
ple) 1,NE
USH.EQ.JBUS(T))GO TC L0
NUE

[ »> A ]

b
T

[l
Oy

(
N
INSZRT THE MNIW CXES
IBTYP{I)=IEIYEN

BG({I) =PGN
UG (I)=QGN
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PD(I)=PDN
QU (L) =CDN
P (I)=PG(I)-ED(I)
Q(3) =QG(I)-C¢D(I)
GHMN(T)=QMNN
GHX (I) =QAXN
VE(I)=VERN
KETURN
END
SUBROUTINE BDEL {IBUSN,NB,NL,P,Q,VSEEC,CMIN,CMAX,IEJYE, IBCS,
1 £9,°G6,0D,0G,BCHNG,SE,ER, LINE, SWIY,C%EZ,Y)
NEEE TR RS2SR EE RS0 2 (2SR RS RIS SRR LSRR R RS RS R SRS S SRR R R R R R A2 2 2 )

THE SUBROUTINE BDEL DELETES A BCS ANL ALL LINES CCNNECTEL
T3 IT FRECYM THE NZITWCEK

P e L R L e e S e R ST T L
ARGUHUENTS:
IBUSN - THI NEW BUS NUMBEEK
Nb - THE NUMBEE OF EUSES IN THE 3Y5STEd

NL - THE NUMBER OF TRANSHISSICN LINES IN THE SYSTEHN

RSN AN VESR NGNS AN AN o N

ECHNG - THIS IS A LOGICAL VARIAELE WHICH INDICATES IF Y BUS
SHOULD BE RZCALCUIAIED

SB - STARTING B5US FOR LINE
EB - ENDING BUS FCR LINE

I

o

NE NUMBER FOR A TRANSMISSICM LINE

e
—
=
t
1
4

SHTY - TUE SHUNT ADLITTANCE .CF A ILINE
SERZ - THE SERTIES INPEDANCE OF THE LINEZ
Y - THE SYSTZM ADEITTANCE MATRIX

IBUS - THE EUS 4UMBER

IBTY? - THE BUS TYPE - SIACK

VOLTACGCE CCNTROL
- STANJART

3
2
1
PG - RLAL FOWER GINERATED

¢G - REACTIVE PCWER GENERATED

PD -~ REAL POWER DEMAND

QD - REACTIVE PCWEPR DEMAND

P - RZAL POWER GZV¥ERATED MINUS REAL EOWER DEMAND

Q - REACTIV

s

POW GENEKATED MIXNLS REACTIVE PCWER CEMANE

&3]
24}

COGOOOO00COCaO0a0O000GOOCOaOoCaOOGeCOooe o

VR - BUS VOLTAGE SPECIFICATICN
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120

140

123

QHIN - MININUM VARS FOR VCLTIAGE CCNTECL BRUS

QMAX - MAXIMUM VARS FOR VOLTAGE CCNTHRCL BRUS

*¥*¥**x***:**nx*******1****#*«*:#**!-#v*w*##**u****x****t*x####vn**v*t*

SUBROUTINES CALLEL:
NONE

COMPLEX Y (24,24)
CCAELFX  SHTY(50)
CONPLIZX  SZRZ(50)
REAL P (2u)

REAL @ (24)

BEAL  VSPEC (24)
REAL  QUIN (24)
REAL  QMAX (20)
RZa PD(24)

BEAL  (D{24)

REAL  PG(2U)

RZAL  CG(24)
INTEGER  TBUS(24)
INTEGER  ISTYE(24)
INTEGER  SB(S0)
INTEGER  EE(50)
INTEGER  LINE(S0)
LCGICAL  BCIHNG

FIND THE BUS 7C BE LELETEL

sl

NBN1=NE~1
DG 20 I=1,NB
IF(IBUSN.EC.IBUS (I)) GO TC 40
CONTINUE
IF(NB.EQ.I)GC TC 80
DO 60 J=I,NBr1
IBUS (J)=IBUS (J+1)
IBTYP (J) =IBTYP (J+1)
PD (J)=PD (J+1)
QD (J) =QD (J+1)
PG(J)})=BG (S+1)
0G(3) =QG (J+ 1)
P(I)=P(I+1)
Q(J) =Q(J+1)
VSPEC(J)=VSEIC{J*+1)
QMIN(J)=QMIN(J+1)
QMAX (J) = CHAX (J+1)
NB=NBH1

DELETE TilE LINES CONNCCTED 1¢ IHE LLUS

0O 120 K=1,\L
IF(SB(K).ZC. IBUSN)GO TO 140
CONTINUE

GO 7O 180

ISB=SB (K)
IEB=LEB (X)
LINEZN=LINE(K)
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CALL LDEL(LINEN,ISB,IEB,NB,NL,IEUS,SE,EB,lINE,SHTY,SERZ,Y)

GC TO 100
160 b0 180 L=1, %L
IF(EB(L) .EC. IBUSXN)GO TC 200
130 CONTINUE
GC T9 220
200 IsB=5B (L)

IEB=EB(L)

LININ=LINE(L)

CALL LDEL(LINBN,ISB,IEB,NE,NL,IEUS,SE,EB,LINE,SHTY,SEHZ,Y)

GO ro 1690
220 BCHNG=,TZUE.

RETURN

END

SUBXOUTINE BSPEC(NB,P,Q,VR,CMN,CMX,IETYP,IEUS,PD,EG,QD,CG,*)
Lt*vut**x#****#*mutn*xtttt###x*t*#*m**t#&i***x#*****xvt¥*t*****v**ix:*;t

SUBROUTIWNE BSPEC EEADS IN THEE BUS LATA AND SETS ANY

DEFAULT PARAMETERS TUAT ARE INDICATEL., IF AN ERRCE IN

THE DATA OCCURS A DETUPN 1 IS NHRADE TC THE ERROP RCUTINE
#;*xt;z*#:#:******:z**#x#*#********:**#**v*****x**w*x;t**m:#t*t!**:#tx*

AEGUMENTS:

NB -~ THE NWUMBEF OF EBUSES IN TEE SYSTEM

ANSIN - THIS INLICATES WHETHEE THE CATA IS BEING INPUT
FROM THE TERMINAL CR FRCH A LISK FILE

IBUS - THE BUS NUNBEER
- SIACK

3
2 - VCLTAGE CONTROL
1 = STANDARL

IBTYP -~ THE BUS TYPE

PG - REAL POWER GENERATED

@G - REACTIVE PCWEZIR GENERATED

PD - REAL POWZE DIZMAND

@D - REACTIVE POWER DEMAND

P - REAL POWZR GENZRATED MIMJS KEAL ECWER DEMAND

Q - KEACTIVE PCWEE GENERATED MINUS REACTIVE PCWER CEMANL
VR - BUS VOLTAGE SPECIPICATICN

QUIN - MINIMUM VARS FOP VOLTAGE CCKTEOL BUS

wdAX = MAYIMUM VAPS POR VOLTAGEZ CCNTEFOL BUS

NN v o s N N o N aN s RaN e N ol o N o ol ol o N el o N e N o R e R R AN 2 ! aCcocao0cncno0en

e e R L S N S L e e I I I I I

SUBROUTINES CALIED:

ERRGR
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INTEGER  IBUS (24)
INTEGER  IBTYP(24)
EEAL P (24)
REAL  Q(24)
PERL VB (24)
REAL  QMN(Z24)
REAL QMY (2U4)
REAL DD (24)
. EEAL  CD(24)
EEAL DG (24)
FEAL (G (2u)
CONMON /INOU/ KILEM
CUMMON SOUTPUTI/ANSOUT,PRIKT,ANSIK
DATA YES/'YES '/

IHE BUS DATA IS IMNPUT

Gaon

IF(A¥SIN,NE,YES) GO TO 11

INPUT TUE DATA FECM A& DATA FILE

- OO

0 RZAD (8,1004 ,ERR=9009,END=90CR) (IBUS (I),IBTYP (I),PG(I),QG(I),
1 PD(I),QD{Z) VR (I) ,QNN(T) ,CHX(T) ,I=1,}B)
G0 70 16

INPUT TUE DATA FECM TUE TERKINAIL

Y eNeNe)

—_
(=)

(o]

H—y

1 w
SRE]
it
—
T

,1024)
*)LLUS(I)
,1044)
)T ETYP(I)
WNE, 3)WRITE (KT
.NE. 3)REAL(KTE®
KT

:::*11

2 4 '0

E

3

)

]

L]
R~ N
R le ok

h
2r, 11CY)

.EQ. T)WRITE( )
CRE,1C8U4)CG(I)

.Z0. 1)EEAD (K"
WEITE (KTEPY, 117u)
READ(KTEEH,1CR4) LD (I)
4PITE (KTZRA, 1144)

READ (KTERM, 1C84) QD (I)
IF(IBTYP (I).NE. 1)WRITZ(KTERM, 1164)
IF (IETYP (T).YE. N PREAD(KTERH,1CEU)VE(T)
IF(IBTYP (I).EQ. 2) WRITZ(KTERF,1204)
IF(IBTYP({I).5C., 2)EFAC(KTERM,1C84)QMN(I)
IF(IBTYP (I) EQ. 2)WkITE(KTERY,1220)
IF(IRTYP (I).5Q. 2)READ(KTERM,1C84)04X (D)
13 CONTINUE

PPN I 1 e s T o

—H
—TTT

THZ EUS DATA IS 5CHTED

k'.

0N

6 NBHT=NB=1
DO 40 I=1,NBM1

Ip1=T+1

DO 20 J=ID1,NB
IF(I3YS (I).LE.IBUS(J)) GO TC 2C

TEMP=IBTYP (I)

IBTYD (I)=IBTYE (J)
IE”Y“(J)-IT:ME
ITE4P=IBUS (1)
IBJS(;)—IBGC(J)
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IBUS (J)=ITEMP
TEMP= PG (I)

PG (1) =PG (J)
PG (J) =TEME
TEXP=PD (I)

PD (I) =PD (J)
PD(J) =TEMP
TENP= (G (I)

QG (I) =9G (J)
0G (J) =TEVE
TEMP=(QD (1)

gD (I) =D (O
QD (J) =TEME
TEXP=QXN (I)
CMN(T)=CUN(J)
Qil (J) =TE¥P
TE¥P=VF (I)

VR (I) =VT (J)
VE (J) =TZHE
TEXP=QMY (1)
CHAX {T)= 04X (J)

QUX (J3)=TZHP
20 CCNTINOE
40 CONTINUE

DC 60 I=1,NF
P (3) =BG (I) -PD (I)
O (I)=CG(I)-GC(I)

c
c UMY AND QMX ARE SET TO =100 ANL 1C0 I THEY ARE UNSPECIFIED
C

IF(IBTYP (I).NE. 2) GO TO 60

IF(QUN(I).EQ. 0.2) QMN(I)=-100.0

TF(QAX(I).EC. C.C) QMX(I)=120.0 ‘
60 CONTINUZ |

RETURN |
5008 CalL EEBROR(8,0,£99999) |
3009 CALL ERROR(9,0,£95999)
$9999 RETUEN 1
C
1004 FOEMAT (I3,72,7F10.0)
1024 FCRMAT(' INPUT THE NUMBER OF THE EUS ', 3)
1044 FORMAT (' INEUT THE TYPE OF EUS ', 3)
1064 FORAAT (* INPUT THE RERL ECWE? GENEPAIION !, 3)
1034 FORMAT(F10.0)
1104 FORMAT (' INPUT THE BEACTIVE POWER GENERATION ',3$)
1124 FCR4AT (' INFUT FZAL POWER DIMAND ', 3)
11464 FCRAAT(' INEUT FEACTIVE DCWER DEMANT ! ,3)
1164 FORMAT (' INEUT EUS C(APACITANCE CR INLCOCTANCE ',3)
1134 FOEMAT (' INPUT THE BUS VCLITAGE ', )
1204 FUEMAT{' INEUT ¢ FINIMUM FOF COKTFOL 3US ',3)
1224 FORMAT (' INEUT ¢ MANIMUM FOF CONTICL BUS !, 3)
c
END

SUBEOUTINE BOUT (NB,VE,QMN,QWY,I[EZYL,IBGS,ED,PG,QL,C0)
[ R Y T e T s

THZ SUBROUIINZ EQOUT FRINTS CUT 1EE INPUT EUS DATA FCR THE
LOADFLOW CALCULAZIONS.

OGO

CREAFFRERE RN ARKEE IR AKRK AR ARRKAER X KX PR I DR AR AR AN KRR KRR XS ¥ R AR KR KR

c
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aEGUMENTS:
NB - THE NUMBEZF OF EUSES CF THE SYSTEM
ANSOUT - VARIABLIE TC INDICATE IF YCU ARE PEINTING TO DISK

PRINT = LOGICAL VARIABLE TO INDICATE IF YCU AFE PFINTING TO
TZIRKINAL

IEUS - THE PBUS NUMBER

IBTYP - THE BUS TYPE 3 - SLACK
2 = VCLTAGF CCNTROL
i

- STAWDARL

oo NN NN ON o N o NN oW AN ol el o!

PG ~ PEAL PCWEP GENERATECL :
CG = REACTIVE FCWZIR GENERATIEL
PD - REAL PCWER DEMAND
OD - REACTIVEZ FCWER [IMANL
VE - BUS VOLTAGE SPZCIFICATION
“HIN - MININUM VABS FOR VCLTAGEL CCNIROL BUS
QIAX - MAXIMUM VAES FOPR VOLTACGI CCNTROL BUS
MR R KA AT LUK RAR A RAE R A DMK AR R R AR IR KR ARG MR ER N KKK EE R KRR KA Rk kK kA KK
SUBRCUTLINES CALLZL:

HONE

[eN NN N e NN e NN s N s N oW o NoN e N oW o Wol all ANl oWal

LCGICAL  PFINT
INTEGER  I3US(24)
INTEGER  IETYP(24)
REAL VR (24)

ZEAL CEN(24)

REAL  QuX(2Z4)

BREAL DD (24)

REAL  OD{24)

EEaL PG (28)

REAL WG (24)
COMMON /INOU/ KTEEH
CO4¥ON ,/OUTPUT,/ ANSQUT,PRINT
DATA YES/'YEIS vy

-

c
< IF YOU AEZ NCT TO DC AN OUTPUT FILE SKIP
C

IF (A"NSQUT.LC.YES)WRITE(6,1004)
C
C QUTPUT TUE LINE DATA
c

D0 20 I=1,NE

IF YOU AREZ NCT TO DC AN QUTPFUT FILE SKIP

[N aNe]
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IF(ANSOUT.EQ.YES) WRITE (6,1024) IEUS(I),IBTYP(I),VER(I),
1 ED () ,CD (1), EG(I),0G(I), CUN(I) 08X ()

IF YOU AKE NOT PRINTING TO TERMINAL SKIP

aCcn

IF (. NCT. FRINT) GO TO 20
WRITZ(KTEEM,1044) IBUS(I) ,IBTYE (I) ,VR(I),PD(I),CD(I), EG(I),
1 QG(I) ,CUN(I),QdX (I)
20 CONTINUE
2ETURN

1004 FORYAT (' 1BASE CASE 3US DATA ENTERED'!/10Y=mmm=-= BUS ===-=n X,
1 "M== VOLTAGE ==¥X=== LOAL ==-=¥X---- GEN =--=--X',5X, 'QHIX',3X,
"QMAX' /UK, VBUS NMO.',3X, 'TYPE', X, Vil (EU) ', 6%,
3 3%,'REAL',3¥,'REACT',34,'2EAL',3X,"REACT®,6X, 'VAR',4X, VAR //)
1624 FORMAT (4%, "BUS',I3,3X,I3,6X,F7.3,6%,F7.3,1X,2F7.3,1X,F7.3,
1 2X,2F8.3)
1044 FCEMAT(' BUS NUUBER ',5X,I5,2X,' BUS TYPE ',I5,/
' VGLTAGE ',5X,F8.3,/
POWER DEMAND ',2F8.3,,
' POWER GENER. ',2F8.3,/
QEIN ',8X,F8,3,3K,'QHIN *,£9.3, )

W& w i

END
SUBRCUTINE EKEOP(¥ERR,IER,*)
CCHMCN /INCU/ HTEEM
C M0 2K 300 20 O KRR TR K KRR MK AR R AR A AR B 8 B W o KKK KKK K K oK K o ok K o R ok R

C
C THE SUBROUTINE ERPOZ PRINIS THE VASICUS ERROR MESSAGES FCE THE
C DIFFEZRENT TYPES OF EZERCRS THAT CCCUE IN THE PROGRAYM
R RERE TR R E R RURR SRR RE R A RN ERAE T AP X MK e M 0 K K K M K 3R K R IO 3 KO % K OOk X X
C
C ARGUMENTS:
C
C NERE = THE NUMPER OF THZ EREOR IHAT EA5 OCCURED
C
C IZR - NUMBER DEALING WITH THE ERRCR. THIS NUMBER CAN BE BUS
C NUMBER, LINZ NUMBEEF, TCTAL MIMEEZR OF BUSES CR LINES, ETC.
C
R T2 2L T 2 ***%****l**Kk*t**’“‘*****tﬁ"l!t*#tt****t**!*ivﬂ**#**#8’\\*»2*!*!‘
C
C SUBROUTINES CALLZ(:
C
[ {{ONE
C
GO TO(20,“0,60,80,100,120,100,160,180,200,220,2U0,260),AEFE
20 AEITE(KTERM,1004)
1004 FORMAT (//' *%= ERROR **% THE BUS NUMBERS I THE FAULT DAIAY,/
1 ' ARE NOT THE SAMNE AS TUIE NUMPERS FCTD THE ICAL ',/
2 FLCW STULY?)
GO IO 99999
40 WRITE(KTZRM,1024) IER
1024 FORAAT(' YOU ¥MUST REMEMBER 10 TELL K= EVERYTUHING',/
1 ' BUS NUMBZE',I3,' IN LINE LCATA IS UNDEFINEZD')
GC TO 93999
60 WRITE(KTERM,1004)
1044 FORMAT ('CTHE DATA IS NOT IN CCRRECT FORM FOR CAERL 1Y)

GC TO 99999
80 WRITE(KTERM,10€4)




1064

100
1084

129
1104

140
1124

160
1144

180
1164

200
1184
220
1204

240
1224

(s o N o NN s N o N aNoN o NN o NN o R al oW all o N o W o W SN aEF WP )
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FCRMAT('OTHE CATA IS NOT IN COREECT FORM FOR CARD 2')

GC TO 99999

NRITZ(KTERM,1084)

FOEMAT ('OTHE CATA IS NOT IN CORFE(T FORM ON LINE L[ATA CARDY)

GO TO 99999

WEITE(KTERN,1104)

FORMAT ("OTHE DATA IS NOT IN COREFECT EORPM ON THE CAPACITCR CAEDY)
GG TO 99339

WRITZ (KTERX,1124)

FORGAT (' C*x> ZEROR *%* Z-BUS MATRIX IS SINGULAR')

GC TC 99999

WEITZ(KTERY ,1144)

FOEMAT (' YOU DO NCT HAVE THE NGHEER OF BOS CARDS YOU THCUGHT")

GO IO 99999

WRITE(KTZREM,1164)

FORMAT(' YOU FORGCT TO INCLUDE THE SHUNT CAPACITOF CARLS')

GC TO 99999

ARITE(KTSRY ,1184)

FCRMAT ('0YOU DIC NOT INCLUDE THE NCN UNIT PEOFILE DAZA')

GO TO 99993

WEITE(KTZEM,1204)

FCRMAT (' O**> ZREOR *%* NCNUNIT ERCFILE BUS NUMBERS LC NCT MATCH
THE NUXPZIES GIVEN IN BUS DATA')

GO TO 399999

ARITZ (KTEEM,1224) 1ER

FCRAAT (' =%x EZREOR *%*¥ INFUT E

]

I8 YCU ARE ATTEMITING'/
TO ANALY

FCF.
SE A SYSTE# OF ',I€,' BUSESY)
GO TC 99999
KRITZ(KTERY,1244) IZR
FCEMAT (' #*» ERFOF #%* INPUT ERFOF. YOU ARE ATTEHMETING',

' TO ANALYSE A SYSTEM OF *,I€,% LIKES!)
RETURY 1
IND
SUBROUTINE GSLFS(NB,IVG,ALPUA,ITEF,FES,N,V,Y,P,C,VSEEC,
QBIN,CKAX,IETYE,IEUS,%)

*x*m*xmu**n***x*x*****u******x*v**t**#‘*4*:#;*:**tx*vt¥*#*nv##ti**xt***

THE SUBRQUTINE GSIFS PERFCRYMS THE GAUSS SEIDEL SCIUTICH
OF THE LOADFLCW ECUATIONS FOR TEEF SYSTEM

s***!*x**xx*****tk#m*aavn;#:*tx*#*a*x*t*******#***n****#******‘***#xt**

NB - THE NUXBEF OF BUSES IN THE SYSTEA

IXL VCLTAGY GUESS FOR TEE LOADFLOW IS TIC
ZAD IN BEFORE THE LCALFICW IS PERFORMEL

ALPHA - IF ALPHA IS NONZEPO AN ACCELERATICN FACTCEH
IS TC EEX USEL WHILL FERFCEMING GAUSS SEIDEL
ON THE SYSTEM

ITER = THE RUMBER OF ITERATIONS TC EF PERFORMED

EFS - TYUE CCNVERGENCE CRITERIA FOE A SOLUTION

N - THE NUZEER CF ITERATICNS IT REQUIRED FOR A SOLUTION
T0 CONVEERGE
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< V - THE BUS VOLTAGES

~

C Y - THE SYSTEM ADMITTANCE MATEIX

c

< IEUS - THZ EUS NUMBER

~

- IbTYP - THE BUS TYPE 3 - SLACK

< 2 = VCLTAGE CrATRCL

C 1 ~ STANDAREL

C

< P - ECNL POWER CEMERATELC MINUS EREAL POWER DEIMAND

C

< ¢ - REACTIVE FOWEE GENERATEL MINUS REACTIVE POWER DEMAND
C

9 VSPEC = BUS VCLTAGE SPECIFICATICHN

< QMIN - MINIMUM VAEFS FOR VOLTACGE CCNTEOL BUS

C YAX - MAXINMUM VAES FOP VOLTACGE CCNIEOL 2US

C

CHERREREN DN MEEIRTF RICXF RN BRERE R R X AR IS AR AR F IR R XN R RE N SRR XK KK
C

< LCCAL VARIAELES:

C

- NN3 - INITEGEP AZRAY CF THE BUSES FOR THE NON -~ UNITY

C VOLTAGE PROFILE

C

C DELV - THE DIFFERENCE BETWEEN THE EFRESENT VOLTAGE APPRCXTMATION
C AND THE LAST CNE

&

< DVMAX - THE MAXIMU#A VALUE FCUND OF LCVHAX

C

C

CHREERKEAREKER KEARBEE L ERRRARRNERKKE XXX KRKEE DI B E R AR AR IR KRR D R AR RN F RN Rxokx
C SUBROUTINES CALIEZD:

C

< NONE

C

COMPLEX Y (24,24)
CCXPLEX A {2U)
COMPLEX B ({24,24)
CCEPLEX  V (24)
COMPLEX VI
CCMPLEX  VII
COMPLEX  SUM
LCUPLEX DX
COMPLEX  Vi(24)
INTIGER  IEUS (24)
INTEGER  IRTYP (24)
INTEGER  NNB(28)
REAL D (24)

EEAL  §{24)

REAL  VSPEC(24)
EEAL  CUAX (24)
REAL  QHUIN (24)
COKUMCN /INOU/ KTEGM
CO4XON /QUTEUT, ANSCUT,PRINT
DATA YES/'YES '/
DG 20 I=1,NB
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IF(IBTYP(I).EQ. 3)V(I)=CKPLX{VSEEC(I),C.)
CCNTINUE

INITIALIZE UNKNCw ¥ VCLT AGES AND REACTIVZE POWERS.

F (IVG.EQ.0) GC TO 60

EAD (5, 1004 ,END=YC1C) (ENB(X),V(I) ,I=1,NB)

ALL SCET2V (NE,NNE, V)

0O 40 I=1,NE
IF(IBUS(I) .NE.NVD(I)) CALL ZFSCH(11,0,89999)
CUNTINUE

DO 120 I=1,%B

IF(LBTYP {I).5Q. 2) O(I}=0.0

IF(IVG.ZQ.1) GC 10 80

TE(IBTY? (I).NE. 3) V (I)=CMPLX(1.(,0.0)

\

O o

CARALCULATZ NEICEZESSARY CONSTANTS P (I) AND B(I).

IF(IBTYP(I).EQ. 1) A{I)={(CHELK {P(I1),-0Q (I)))/¥(I,I)
20 100 3 = 1,NB

IF(I.NEJLJ) B(I,d) = Y(T,Jd)/¥{I,T)
CONTINUE

INITIALIZE CCNSTANIS AND EEGIN VOLTAGE ITERATIONS.

N =0

DVMAX = 0.0

I=1

VII = V(D)

IF(IBTYP(I).EQ. 3) GO TC 340
IF(ISTYP(I) .EQ. 1) GC TO 300

FOR VOLTAGE CCNTROL BUSSES ADJUST VCITAGE TO SPECIFIED

MEGNITUDE ANC CALCULATE REACTIVE EOWER, IF Q LIMI1S AEE
EXCZZIDED SET Q EQCUCAL TO THE LIMIT ANT RETURN VCLT2?GE TC
PEZVIOUS VALUE, CALCULATE aA(I). '

V (I} = (V(I)/CABS (Y (I))) * VSPEC(I)
SUY = CMPLX (0.0,0.0)
30 180 L = 1,88

SUM = SU® + Y(I,1) * V(L)
D(I) = -ATHAG(SU% * CONJG(V(T)))
IF(Q(I) - QFAX(I)) 200,28C,220
IF(Q(I) - QMIN(I)) 240,280,230
(DY = OMAX (D)

G0 IQ 260

O(D) = QouIN (I)

v(I) = VII

A(I) = (CHPLX(P(I), - C(IN)/Y(Z,T)

CALCULATE NU + 1 VOLTAGES.

VI = v
DO 320 L = 1,NB
IF(L.UZ.I) SYM = SUM + B(I,L) * V(L)
VN (I) = A(I)/CCNIG(V(I)) - SUX
DX = VN(I) - VI
VN(I) = VI + ALEHA*LX
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340

380

99999
9010
9999
C
1004
1024

1044
1064
1054
1104
1124
C

aocococaoco0n

1
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DETERMINE MAXIMUM VCLTAGE DIFFEZFEENCE BETWEEN ITER2TICNS.

DELV = CABS (VN (I) - VII)
IF(DELV, GE. CVIAX) DVMAX = DELV

UPDATE VCLTAGES BY CNz ITZRATICN.

V(1) =Vy (T)

I =1I+1

IF(I.GT.NB) GO 70 36¢C
IF(IBTYP(I).EC. 3) GC TO 340
IF(I.LE.NB) GO TO 160

N = XN+ 1

CCHMPARE MAXIMUM VCLTAGE CIFFERENCE AGAINST CONVEEGENCE
CRITERIA,

IF (DVMAX.LZ.EPS) GO IO 99999
LIAIT ITERATIONS AS A PROTECIICNX AGAINST DIVERGENCE.

IF (N.LT.ITLP) GO T0 140
IF(ANSCUT.NE.YES) GG TO 380
WRITE(6,1024) N
WEITE(6,10604) (V(I),I=1,NE)
WRITE (XTERM,1028) N
WRITE(KTERM,1064) (V(I),I=1,)5B)
LLL= N-ITZ=R

IF (LLL.LT.2) GO 7O 140
WRITE (XTEZPM,1084)

READ (KTZ21, 1104)RESP
IF(REZSD. NE. YES) GO TC 9999
WRITZ(KTEIRY,1124)

BEEAD (KTEEM, *) ITER

GO IO 140

RETURN

CALL E&EOCR(10,0,£65999)
BRETURN 1

FOFMAT (2(I10,2F10.0))

FOXMAT(////,T10,'CONVERGENCE NCT CBTAINED IN',IS5,' ITERATICNS!',
//T10, 'THE VCLTAGE - REAL AND IHAGINARY'//)
FOKMAT (T10, //U (2F12.3))

FORMAT (//U{2F9.2))

FOPWAT (' DO YOU WISH TO INCRIASE THE NUMBEE OF ITERATICKNS 2 ', 8)
FORMAT (15)

FOBMAT(* INFUT THUE NE¥ ITERATICM 1CTAL ',$)

END
SUBROUTINE MAGANG (CCM1,CCM2,CcCMC, MAGT, HAG2,MAG0,ANGT,ANG2 ,ALGY)

LA E R T E R R EER IR IR L S R R R I T I TS

ITHZ SUBROUTINZ HAGANG CALCULATES THE MAGNITULE AN[ ANGLE CF
THREE COMPLEX CUANTITIES,

EEEEER R REE RE KRR AR F TR AR AR R AR S KRN MR AR R AR R M AR KR AT AR R R R AR R KRR K

ARGUMENTS:

CC41,COM2,CCM0 - THREE COMPLEX CUANTITIES
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MAG1,MAG2,MAGO - THREE MAGNITUDES CF COMPLEX NUMBERS

aNG1 ,ANG2,ANGO - THEEE ANGLES CF ECLAR FORKS OF CCHPLEX NUHBERS
L R e L S I I S i I

SUBRO0UTINZS CALLEL:

NCMNE

aoccooaocaoen

CCAPLEX ccul

COMPLEX cou2

CCHPLZX CCMO

REAL MAGT

EEAL MAG2

REAL MAGO

FEAL ANG1

REAL ANG2

REAL A NGO

MAG1=CABS(CCN 1)

MAG2=CABS (CCH2)

MAGO=CABS(CTNO)

ANG1=0.

ANG2=0,

aNG0=0,

TF((REZAL{COMT) ,ME. C.).OR.(AINAG(CCKT) NE. 0.))
1 ANGT=ATAN2(NIMAG(COMT), BEAL (LOK1))%57,29578

IF((EEAL(CO¥2).LE. 0.).0B.(ALMAC(LGMZ) LNE, 0.))
1 ANGZ2=hATAN2(AINAG(COM2),KEAL(CCHZ))*57.29578

IF((FEAL(CO¥0).NE. 0Q.) «CE, (ATHMAC(COMO).NE. 0.))
1 ANGO=ARTAN2 (ATNAG(COHO), REAL (CCMQ) ) *57,29578

KETURN

LND

SUBEOUOTINE FAULT(NB,NL,JIFS,IFVE,ISC,V,YT) .

3 36 X6 2% ok 2 RN A K X oK O o e ok AR a0 0 3 oK K o Rk K K 3R R R K RO R X RO RO R X K R K Nk K kR

C

C THL SUBROUTINE FAULT PEEPARES TEE L[ATA FOR THE POUR
C DIFFERENT TYPES OF FAULT FOUTINES

C

SR R O L T I I T
ARGUMENTS:

NB - THZ NUMBER OF BUSES IN THE SYSTEM

NL - THE NUMBER OF LINES IN T'C SY3TEM

IFS - IS NONZERC IF CNLY A FAULT IS TC BE PERFCAMEC ANT
NCT A LCALFLOwW

IFVP - IS THEEZI AN INITIAL VOLTAGE PROFILE TO BE READ I

N

IS NCHZERU IF TEE SEQUENCE VCLTIAGES AND

I5Q0 = THIS ARBGUEMENT
v THE FAULT AR: 1IC EE ERINTEL CUT.

CURRENTS FOR

V - THIZ PREFAULT BUS VOLIAGES FCR THE SYSTENM

Y1 - THE POSITIVZ SEQUENCE ADMITITALUCE MATRIX FRCM THE
LCADFLCW STUTLY

aocoococoooocCco0coCco0n0e 0
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C %% R 3026 % 3k 3 % KK MK 3K ARG R 3 3Kk O 1 8 2 X R R o 3% K M %X koK KR B3 5% Ak 3R ol K KK 30 K K K X2 K 3 i K K X R K 3 KK

C
c
C
C
C
C
C
<
C
C
c
c
C
C
C
C
c
C
C
C
C
C
<
o
C
C
c
[
C
o
c
c
C
C
C
C
C
C
C
C
C
C
C
<
o
C
C
C
C
C
C
C
C
c
C

LCCal VAEIAELES:

Z1 - THIS VECTOF CONTAINS THF PCSITIVS SEQUENCE IMPEDANCES
OF ALL THE 3USEZS IN THE NZIWCKK WITH REISPECT TC THE
BU3S THAT IS EEING FAULTED.

22 - THIS VECTCE CONTAINS THE NEGATIVE SEQUENCT IMPEDANCES
OF ALL THZ BUSES IN THE NEIWCFK WITH FESPECT TC THE
BUS THAT IS EEING FAULTED.

Z0 - THIS VECTCE CONTAINS THE ZFEC SEQUENCE IMPEDANCES
OF ALL THE BUSZS IN THE NEIWCEFK WITH EESEECT TC THE
bUS THAT IS EEING FAULTED.

THE IMEZCANCE OF THE FAULT AT THEE PARTICULAR BUS BEING
FAULTZLD,

[
%)
]

BTYP - THE TYPE OF 3US INDICATCE 'B' IS A STANDARL FUS,
'G' IS )N GENEFATOR BUS

BZ0,B21,B%22 - THE Z:ZL0,FOSITIVE ANL MEGATIVE SEQUENCE VECTICES
FOR THE BUSES

BZ4 - THE NEUTRAL IMEEDAKCE FCR A ELUS

LIYPE - LINF TYPE. 'L* FCR A LIMNE. 'I' FOR A TRANSFCRUMEF
BEING HCDELED AS A LINE

ZSEZR1 - POSITIVE ANLC NEGATIVE SEQUENCE IMPEDANCE CF LINE

ZSERO - ZERC SECUENCE IMEECANCE OF LINE

-
w1
&
-
]
[}

POSITIVE ANLC NEGATIVE SEQUENCE ADMITTANCT OF LINE
YSUTO - ZZIRC SECQUENCE ADMITTANCE CF LINZ

F1 - THE POSITIVE SEQUENCE ACHITTANCE MATRIX

F2 - THE NEGATIVE SEQUENCE ALNITTANCE MATRIX

F0 - THE ZLFO SEQUENCE ALMITTANCE NATRIX

PIANGULAR F2CTOEIZED POSITIVE SEQUENCE ADMITTIANCE
ETANGNLAR FACTORIZED NEGATIVE SEQUENCE 2ALFMITTANCE

TO - THE TRIANGULAR FACICEIZED ZEFO SEQUENCE ADMITTANCE MATRIX

HVIC - THIS INDICATES HCW A HIGH VOLTAGE SIDT OF & TRANSFCRMER
IS CONNECTED 'D' FCR DELTA 'Y' FOR WYE,

LVITC - THIS INDICATES HOW 3 LCW VCLTAGS SIDEZ CF A THEANSECEHMEER
IS CCNNECTED *'D* FOR DELTIA 'Y' FOR WYE.

IBUS - THE NUMBERS CF THE BUSES IN THE SYSTEH
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SB - THE STABTING BUS OF A LINE. ALSC THE HIGH VCITAGE EUS OF A
TRANSFCRHMEE

INCING BUS CF A LINE. ALSO THE LOW VOLTAGZ BUS CF A

LB - z
ANSFORMER

H

—
LINE - THEZ NUMBER OF EACH LINE CR TGEANSFCRMER WITHIN THE SYSTEM
EIEELS LS RS2 R R R R R R R R R R R R R R Y P Y R P I Y TSR Y ]

SUBROYTINZS CALIEL:

5C3T2V,ZERCE,TRIFAC, VECTOR, FRPHAS,FLNLN,FSLG,FZLG

oococcaococochaecaoe

JCUBLE PRECISICN  FILEN
LOGICAL  BAL
COMPLEX 811
COMPLEX  BI2
CC¥PLIX  BI0
COXPLEX  BIN
CCEPLEX 251
CCMPLEX  YS1
CCUPLEX 2SO
COMPLEZY  YSO
COMPLIX  ZNYH
COMPLIX  ZNL
COMPLEX T 1(24,24)
COMPLEX  T2(24,24)
CCHPLEY  TO(24,24)
COHPLEIX  Z1(28)
CCHPLEX  22(24)
COAPLEX  20(24)
CCAPLEX  JV(24)
CCHPLEX Y 1(24,24)
CCHPLEX  F1(24,20)
COMPLEX  FZ{24,24)
CCAPLEX  FO{24,20)

CCHPLEX Z7(24)
CCMPLEX vV (24)
CCuapPLEX CIEHNP

CCrpPLEX ZSER1(50)
CCUPLEX ZSZRA(S0)
CCYPLEX YSd71(50)
COMPLEX YsuTo (50)

CCHPLEX  BZ0 (24)
CCHPLEX  BZ1(24)
CCKPLEX  BZ2(2U)

COMPLEX  SIRYO
INTZIGER  SE(50)
INTZGEZR  EE(50)
INTZGER  TEUS (24)
EZAL LT

BFESL LV

RZIAL LG

EEAL  LIN

EAL  DTYP (24)
AL LTYPI(50)
AL LTY

AL HVIC (50)
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FEAL LVTC (50)
EEAL HGND {50)
EEAL LGND (5C)
EEAL BCON (24)
REAL LGHD (24)
CONMPLEX BZN(24)
COMPLEYX ZNHV(50)
CCMPLEX ZNLV (50)
nEAL TLE
EEAL LLZ
INTEGER IBF(24)

INTCGER F3P (24)

INTEGER FSLGN (24)

ZNITZGER FLL (24)

INTEZGER FZLGN (2W)

INTEGER LINE(50)

COMMGON /INOU/ KTIZERM

COXMCN /CUTFUT/BNSOUT,TPRINT, ANSIN
DATA YES/'YES'/

DATA BUS/ '8US Y/

DATA GEN/'GENER?

DATA LIN/'LINE'/

DATA TRANS/'TIRANSYy

DATA ADD/'ALD'Y/

DATA CIHANGE/'CilAUG "/

LUATa DELZITEZ/'CEZLZT '/

LATA B/tB'y

DATA G/'5ty

DATA D/'D'/

DATA v/'yt/

DATA TLET /' Ty

DATA LLET/'L'/

TPR2INT=.TRUE,

343

INPUT THE XUMBER OF BUSES AXND LINE FCR T NTERACTIVE EESECNSE

IF(ANSIN.EQ.YES)GC T0 5

WE TEEY,704)

READ (XTEE:H, =) NB

WRIT PY,724)

K EA 4, %) NL

WRITL(KTERM,834)

EZAD (KTEBM, 764) 2NS .
150=0

IF (ANS.ZC,YES)I50=1

THE VARIABLES AZZ INITIALIZED TC ZEFC

DG 16 I=1,¥L
YSHIO(I) =CMPLX(0.,0.)
CONTINUE

DO 40 I=1,¥B
BZ0 {I)=C¥PLX{0.,0.)
BZ1(I)=CHNPLX (0.,C.)
BZ2 (I)=C¥FLX (0.,0.)
BZN(I)=CAPLX (0.,C.)
ZF(1)=CMFLX (0.,0.)
CONTINUZ

READ IN SYSTIZK DAZA
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401

402
41

441

442

443

45

137

IF(IFS.EQ.0)GO TO u4u
IF(ANSIN.EQ.YES)GC TO 401
WRITT(KTERN,7u4)

BEAS (KTZRH, 764) ANS

INPUT IJITIAL FAULT VCLTAGE PROEFILZI IF NOT UNITY

IFVP=0
IF(ANS.EQ.YES) IFVE=1
IF(IFVP.EQ.N)GG TC 42
DO 41 I=1,NB
IF(ANSIN.EQ.YES)GO TO 402
WRITZ (KTZFN,734)
2EAD (KTEEM, %) LED (I)
WETTE (KTERM,E0U)
'";D(KTEP% Ve
ITE (KTEEF,824) ANGLE
I)=CM?LX(VH*COS(ANGLE/57.29578),VH*SIN(ANGL3/57.29578))
TO 41
AD {8,864) TEF (I),V (1)
NTIHUE
CALL SCRT2Y (NB,IBF,V)
GO TO u4
DC 43 I=1,NB
v (I) =CHPLYX(1.,C.)

[@ I NI - e
Om’JA'Ur-

INPUT LINE AND ZIRANSFCRMEE DATA

DO 50 I=1,NL
IF(ANSIN.EQ.YES) GO TO 441
CALL FLEDAT(LINE (I),SB(I),Eb(I),ZSE a (n,
YSHT1(I),LTYPE(I),VTC(I),LYTC (1) ,EGND(I),LGNI(I))
GC TO 4?2
XTAD(8,374,END=99999) LTYEE(I) , IINE(I) ,SE(I},HVIC (I),
HGND(I), EB(I),LVTC(I),LGND(I), ZSEET(I) ,¥SHIT (I)
IF(LTYPE (I).FQ. LLET)GC TO &S
ZSERG (I) =2SEF1(I)
YSHTO (I) =YSHT1 (I)
IF(ANSIN (EQ.YZS)GO TO 443
WRITT(KTEPM,654)
READ(XTERM,*)§
ARITE(KTEENM,894)
REZAD (KTERM,*)X
2NV (I) =CHPLX (&, X)
¥EITZ (KT ERM,904)
24D (KTERY,*)R
WAITE(KTEEH, 914)
RIAD (KTZEM,*)X
LNLV(T) =CHPLX (R, X)
G0 TO 50
RIAD(B,924)LTY,ZNUV (I) ,ZMLV(I)
IF(LTY.NE., TLET) CALL EZBRCR (14,C,593999)
30 TO 50
IF(ANSIN.ZQ.YZS)GO TO 451
#2173 (KT ERY, 9244)
READ (KTZRH, “)R
W




551

OoOcOwm

5601

Se1
562
57

59

591
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WRITE (KT EEM, 9264)

READ (KTEEM,*)GG

WRITE (KTERY,S274)

READ (KTZEX, %) BE

Y SHTO (I) =CKPLK (3G ,BB)

G0 TO 50

READ(8,524) LTY,25ERO (I),YSHTC (1)
IF(LTY.NE. LLET)CALL ERRCR(14,C,£99999)
CCNTINUE

INPUT BUS AND GENEZRATOR DATA

DO 56 I=1,%B
IF(ANSIN,

EC. ¥ZS) GO TO 551
CALL FBSDa

}IBUS(I),BTYP(I),ECCX(I),BGND(I),EZ1(I),EZ2(I),
EZC(I),BZN (1))

C
T

GO TC 58

X EAD(3,964)BIYE(I) ,IBUS{I) ,BCCN{(I),BGND(X) ,BZ1(I),BZ22(])
IF(BTYP(I).EC. E)GC 7C 56

REZAD(3,974)BZ0 (I),B2N(I)

CONTINUZ

BUSZS TO BE FAULTED

IF(AN3INLZQ.YES)GC TO 562
WEITZ (KTERM,970u4)
REAU (KTZRY, *) NF .
DO 561 I=1,NF
~RITE(XTEZPN,5754)
READ(KTIEM,*)IEF (D)
ARITE (KT ZkH,C7¢€4)
EEAD(XTEEM,7€4) ANS
IF((ANS. EQ.YES).CE, (ANS.EQ.Y)) F3P(I) =1
WRITE(KTETM,S774)
RETAD(XKTZEM,T64)ANS
IF((ANS.ZQ.YES).CR. (ANSLEQ.Y)) FSIGN(I) =1
WRITE(KTERN,CTEY)
READ (KTZEM,76U)ANS
IF((ANS.EQ.,YFS).0F, (ANS,EQ.Y)) FLL (I) =1
WRITZ(KTEEM,STC4)
KEAD(XTZEN,T764)ANS
IF({(AMS.EQ.YES).OR. (ANS,EQ.Y)) F2LGN (I) =1 .
WPITE(KTERM,S8CH)
EEAD(KTZEM,*)R
ARITE(KTFERM,S814)
READ (XKTEEN, *)X .
ZF (I)=CMPLX (R, %)
CONTINUZ
GC T0 591
I=1
RzAD (8,784, END=59) IPF(I), F3E(I),FSLGN(TI), FLL (I),TZLGN(I),2F (I}
I=1I+1
GG I 57
NF=I-1

CUTR2UT SYSTEM CATA

CALL FLNOUT (NL,SB,EG,LINE,ZSERY,YSHTI1, LVIC,HVIC,LTYPE,)
CALL FL~OUT (NL,SB,EB,LINE,2SERO,YSUTC,LVTC,HVIC,LIYPE,Q)
CALL GENQUT (4B,BTYP,IBUS,BZ1,EZ2,E20,B21)
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162

182
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SORT THE INPUTS FOR THE FAULT STULCY

NBM1=NBE-1
DO 80 L=1,NEM1

LP1=L+1

DO 60 J=LP1,NB
IF(IBUS(L).LZ.IBUS(J)) GC TC &C
ITINP=IBUS(1)
IBOS(L) =IBUS(J)
IDUS (J)=ITLENF
TZMP=BTYP (L)
BTYP(T)=RTYE (J)
BTIP (J) =TEME
CTEMP=EZ0 (L)
B20(L)=BzZC(J)
B7Z0 (J)=CTEME
CITEMP=BZ1 (L)
BEZ1(L)=EZ1(J)
BZ1(J)=CTc#P
CTENP=BZ2 (L)
BZ2(L)=BZ2(J)
B7Z2(J)=CTEME
CTEMP=BZN (L)
BZN(L)=Bak (J)
BZYN (J) =TErP
CCNTINUE

CONTINUZ

INITIALIZE ADMITTANCE MATRICES 1C ZEFO

DO 34 I=1,NB
20 82 J=1,%8
Y1(I,Jd)=CHPLX (0.,0.)
FO (I, J)=CKPLX (0.0,0.0)
F1(I,J) =CHMPLX (C.0,0.0)
F2(I,Jd)=CNPLX (0.0,0.0)
CONTINUE
CALL YASSE# (NB,ML,ILUS,3E,FB,ZSER1,YSHT1,Y1,59999¢)
DO 242 I=1,HuL
STRY0=1.0/2SEROU (I)

ASSEMUBLE THE ZERO SEQUENCE ALCMIITANCE MATR2IX.

DG 162 J1=1, B
IF(IBUS(J1) 20.SB (1)} GG IC 182
CONTINUE
CALL ERROR (2,3Z(I),599999)
L=J1
DO 202 J2=1,8B
IF (IBUS (J2) .2Q.EB(I)) GO TO 222
CONTINUE
CALL ERRCE(2,ZE(I),599999)
4=J2
IF((#VIC(I).EQ.D).AND. (LVTC{I) .EC.D)) GO TO 242
IF(((HVTC(I) +EC.Y) +AND. (IVIC(I),5C.D)) .CT.
( (HVYTC(I). EC.D) «AND. (LVTC(I).EC.Y)}) GO 70 232
IF(((HGND(I) +NEoG)+OPRs (LGNC(I) WNELG)) +AND. (LTYFE (I) +EQ.TLET))
GO TO 242
FO(L,4) = FO(L,M) - SERYQ
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140
160
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180

190

192

193

195
197
200

140

FO(4,L) = FO({4,L) - SERYO

FO(L,L) = FO(L,L) + SEZYQ + YSHTC (I) /2.
FO(M,M) = FO(4,H4) + SZPYQ + YSETC(I) /2.
GO TO 242

IF(LVTIC(I).NE.Y)GD TC 234
IF(LGYD(I).NE.G)GO TO 242
FO(M,M) = FO{A,M} + SELYC
GC TO 242

IF(UGKD(I) NE.G) GO TC 242
FO(L,L) = FO(L,L) + SEEYO
CONTINUE

ASSEMBLE THZ Y-BUS MATRIX FCR FAUII STUDY

DO 160 I=1,uB
DC 140 J=1,HE
F1(1,3)=Y1(Z,J)
F2(1,3)=Y1(1,J)

IF (BTYP (I} .ZQ.B) GC TC 140

IF(I.¥E.J)GC IO 140

F1(I,3)=Y1(I,J)+1./BZ1(1)
F21I,3)=Y1(1,J)+1./E22(I)
IF(BGND(I).NE.G) GO TQ 140

FO(I,I) = FC(I,I) + 1./ (BZ0(I)+3.%BZN(I))

CONTINUE
CONTINVUEZ

ARIIZ OUT THE FAULTED YBUS MATRIX FCFH

IF(ANSQUT.NE.YES)GO TO 13

WRITC(6,1024)

DO 180 I=1, 4B
WRITE (5, 1044) (F1(I,Jd),d=1,K8)
CONTINUE

WEITE(6,1034)

DO 190 I=1,uB
WRITZ (6, 10U44) (F2(I,J),Jd=1,NB)
CONTINUE

WEITZ(6,1054)

DO 192 I=1,NB
ABITEZ (6, 1044) (FO (I,J),J=1,4E)
CONTINUE

FIND KTH COLUMN OF 2 MATRICES

CALL TRIFAC (FO,T0,NB)
CALL TRIFAC (F1,T1,uE)
CALL TRIFAC (F2,12,u8)
DO 340 I=1,NF
DO 195 K=1,NB
IF(IBF(I).5C. IEGS (K)) GO TC
CONTINUE
DO 200 J=1,XE
JV(J) =CMELX(0.,0.)
JV{K)=CMELX (1.,0.)
CALL VECTOR{10,20,JV,NB)
CALL VECTGR(T1,21,JV,\NE)
CALL VECTOR(T2,22,JV,NB)

PERFORM FAULT ANALYSIS

157

THE SYSTEH
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C
IF(F3P(I).NE.0)CALL F3PHAS(Z1,2F(X) ,F1,V,HVDC,IVTC, IEUS,SE,
1 EE,LINE,K,NB,NL,ISC)
IF(FLL(I).NZ.0)CALL FLNLN(21,22,2F(I),F1,F2,V,HVIC,LVIC,IBUS,
1 SE,EB,LINE,K,8B,NL,TS¢
IF(FSLGY (I) .N2.0)CALL FSLG(21,22,29,2F(1),F1,F2,%0,238E0,V,
1 uvTC,LVIC, IBYS,SD,LE, LINE,K,NB,
2 ¥1,15€)
IF{F2LGY (I).NZ2.0)CALL F2LG(21,22,20,2F(L),?1,FZ,F0,285R0,V,
1 HvIc,1vrc,IEUS,SE,FE, LINE,K,NB,
2 NL, ISQ)
340 CONTINUE
¢
C THIS SECTION CHECKS TO SEE IF YCU WISH TC CHANGE
¢ THE ORIGINAL CATA SET
ICHECK=1
400 WRITE(KTERY,1504)
BEAD (KTEEM, 764) ANS
C
¢ IF ANS ME YES AND ICHECK NE O TEEN TEZRE IS NO
C NEZD TO PERFORY A NEW FAULT STUCY. CUIT.
C
IF((ANS.NE.,YES) JAND. (ICHECK.NE.C))GC TO 640
C
C IF NEWw FAULT STUDY IS TC CE DCME GC ERINT OUT
¢ CONPONENT DATA
o
IF(AUS.NELYES)GC TO 5601
ICHZCK=)
TPRI ¥T=.FALSE,
¢
¢ SPECIFIC BUS (GENZFATGR) CE LINE (TEANSFORNER)
c
405 WRITEZ(KTERY,1524)
READ (KTERM, 764) ANSBL
c
C ALD, CHANGEZ OR DELETE
C
410 WRITE(KTZRM,1544)
REZAD (KTEZBRM, 764) ANSALT
c .
¢ IHIS SECTION GETS THE NEWw DATA EOR THE CHANGES IN THE BUS DATA
c
IF ((ANSBL.NE.BUS).ANC, (ANSBL.YE.GEN))GO TO 46C
¢
¢ DELETING A BUS CR GENERATOR
c
IF (AYSACD.NE,DELETE) GO TC 420
WRITE(KTZRN,1564)
READ (KTERHU, *) IE
CALL FBDEZL(I3,LINE,3B,EZ8,LTYPT,UVIC,IGND,LVTC,LGNL,2ZSERT, YSHT,
1 ZSERC, YSHTO, ZNIV,ZNLV, N ,I3US,BTYP,BCCh, EGND,E21, B2 2,
2 EZ0,EZN, ND)
GO TO 400
¢
c CHANGING A BUS CR GENERATCR
C .
420 IP(ANSACD.NE.CHANGE)GO TO 440

CALL FBSDAT {(IB,ET,BC,B8G,EIY,BI2,B10,EIN)




142

CALL FBCHNG(IB,ET,BC,BG,EI1,BIZ,BIO,EIN,IBUS,BTYP,BCON,EGND,BZ1,

1 Bz2,B20,BZN, NB)
GO TO 400
c
4 ADDING A BUS OFE GENEEATOR
C
440 IF (ANSACD.NE,ADL) GO 7O 410
CALL FBSDAT(IB,BT,3C,BG,BI1,3I2,BI0,BIN)
CALL FBADD(IB,BT,EC,BG,B8I1, EI2,EIC, 814, IBUS,BTYP,ECON,BGAHD,321,
1 822,320, EZN, NB)
GO TC 400
C
c THIS SECTION RECIZIVES THE CHANGES FCF THE LINE DATA
C
460 IF((ANSBL.NE.LIN) .AND. (ANSBL.NZ.TFAMS)) GC TO 405
C
c DELETING A LIYE OF TRANSFCRUZR
4
IF(A¥SACD.NE.DELZTE)GO 10 480
WEITE (KTERM,1584)
READ (KTEZRY, =) LY
CALL FLDEL(LN,LINE,SE,EB,LTYPE,HVTC,HGYD,LYTC,LGNE,
1 ZSERT, YSHT1,Z3ER0, YSKETC, ZNHV, Z¥LV,NL)
GO TO 409
C
o CHANGING A LINE OR TRANSFCRMER
¢
480 IF(ANSACD.NE.CHANGE)GO TO 5S¢0
CALL FLNDAT (LN,IS,IE,2S1,YS1,LT,UV,LV,4G,1G)
ZNI=CMPLX(0.,0.)
ZNL=CHPLX(0.,0.)
2S0=CHUPLX (0.,0,)
1S0=CMPLX(0.,0.)
IF(LT.EU.LLET)GC TO 485
WRITE(KTERM ,844)
READ (KTERM, *) B
WEITE(KTEK4,854)
READ (KTERM, *) X
ZNH=CMPLX (R, X)
ARITE(KTERY,904)
BEAD (KTEEM, *) B
ARITZ(KTER%,914)
READ (KTZPH, *) X
ZNL=CMELL (R, X)
GO TO 43¢
485 WEITE (KTERM,92044)

READ (KTzR4,*) E .

WEITE(KTEZRM,9254)

READ (TR, *) X

ZS0=C4PLX (R, X)

WRITE(KTER®,9264)

EEAD (KTERM, *) GG

WEITZ (KIERM,9274)

RZAD (KTERA, *) BB

¥50=CUPLX(GG,EB)
490 CALL FLCHWNG (LN,IS,IE,2ZS1,YS1,2SC,YSC,ZNH,2NL,LT,HV, LY,
HG6,1G,LINE,SH,EB, LTYFE,IVIC,HGND, LYTC,LGND,
ZSER1,YSHT1,2SEFO, YSHTO, ZNEV, ZNLV,NL)

| Y

GO TO 400
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ADDING A LINE OR TRANSFCRUMER

IF (ANSACD.NZ.ADD)GC IO 41¢

CALL FLNDAT (LN,I5,IE,251,¥Ys$1,LT,H8V,1V,4G,IG)

ZNH=CMPLX(0.,0.)

ZNL=CHPLX (0.,0.)

Z2S0=CHPLX(0.,0.)

YSO0=CMPLY (0.,C.)

IF(LT.ZQ.LLET)GC TO 505

WRITE (KTERM,B8U)

READ (XTERM, *) 3

wEITE(KILER4,394)

KEAD (KTERM, *) X

ZNU=CUPLE (R, X)

WEITEZ{KTEEM,904)

READ (XTERH, *) R

WEITE(KTERM,914)

READ (KTEIRYM, =) X

ZNL=CMPLX (R, X)

GC TOQ 510

WRITZ(KTERM,32u4)

RZAD (KTZRM, *) F

#EKITE (KTERM ,9254)

READ (XKTZERM, *) X

2S0=CMPLY (R,X)

WRITE(KTEEM,9260)

EEAD (KTZEHY, *) GG

WEITE (KTERM,9274)

READ (KTERM, *) BB

¥30=CMBLX (GG, BE)

CALL FLADD(LY¥,IS,1Z,251,Y$1,280,Y€0,2ni,2ZNL,LT,HV,LV,
HG,Ls,LINE,SE,ZE, LTYPE, BVIC, HGND,LVIC,LGND,
ZSER1,YSHT1,2ZSERO,YSHI0, 2NV, ZNLY,N])

GC TO 400

SAVE THE INEUT [ATA IN A CATA SET

WEITE (KTZRM,2004)

KzAD (KTERM, 76U) 4N S

IF (ANS.HE.YES)GC TO 99999

IF(IFS.EQ.0)GO TO 650

WRITE (XKTERM,2024)

XEAD (KTERM, 204U)FILEN

OPZY (UNIT=7, DEVICE='DSK', ACCESS='SEQOUT', MODE='ASCII',FILE=

FILZN)

WBITE(7,2064) UB,NL, ALPHA,IVG,IYEUS,1E5,IFVE,15¢

DO 660 T=1,5L
ARITL(7,874)LTYPI(I) ,LINC(L) ,SE(I),UVTC(T) ,HGNL (1), EE(I),

LVTC{I) ,LGNT(I),2SE21(I),YSHT 1 (I)

IF(LTYPE (I).EU.TLET) ARITE(7, $24) LTY2Z(I),ZNHV(I) ,ZNLY (I)
IF(LTYPE(I) .EQ.LLET) WRITE(7,924) LTYPE(I),ZSERQ (1), YSETO (I)
CONTINUZ

DO 670 I=1,NB
WRITEZ(7,964) BTYE(I), IBUS (), ECCN (1), BGND (I),521(I),B22 (1)
IF(BTIYP (I) .XE.E) WRITE (7,574} EZ0(I), BZN (L)
CONTINUE

DC 680 I=1,NF
WRITE(7, 964) I3F(I),F3P(X),FSIGN(I),FLL(I) ,F2LGN(I),ZF (I)
CONTINUZ

RETURN
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c
704 FORMAT (' THE NUMBER CF BUSES = ', §)
724 FOXRMAT(* THE NUMBER OF LINES = !',4)
744 FORMAT{' DO YOU WiSi TO INPUT & NCNUMTY VOLTAGE IKCFILEZ 7 ',$)
764 FORMAT (AS)
784 FORMAT(' THEZI NUUBER CF THE EUS = !, 3§)
304 FCRHAT(' THE VCILTAGE MAGHNITUDEI = ',»)
324 FORMUAT (' THE VOLTAGE PHASE ANGLE = ', 3$)
834 FORMAT(' DO YOU #ISU TO CUTPUT THE SEQUENCE QUANTITIES ? ', 3)
8ol FCEXAT(I10,2G10.4)
874 FOR4AT (A1,14,I5,231,13,241,3X,UG1C.4)
884 FORMAT(' UIGH VCLTAGE NEUTRAL IPFPELCAMCE (KEAL EART) = !, 3)
894 FORMAT (' HIGE VCLTAGE NEUTRAL IMPELANCE'/
1 ©t (IMAGINAPRY PART) = ',3#)
904 FOEHMAT (' LCW VOLTAGE NEUTEAL IMEFIANCE (REAL EART) = ', 3)
914 FORUAT {* LOW VCITAGE NEUTPRAL IMEFLANCE!/
1 * (IXAGINARY PART) = ',5)
324 FCRUAT (A1,19X,4G1C.4)
9244 FOBRMAT (' ZEZPC SEQUERCE SERTES INDILCANCE (RFAL PART) = ',$)
9254 FORMAT(' ZERO SEQUEUCE SEDIZS IVPIDANCE',/
1 ' (IFAGINAEY PART) = ',3)
9264 FURMAT (' ZERO SEQUENCE SHUNT ADAITIANCE (REAL DART) = !,3)
9274 FORMNAT(' ZERO SEQUENCZ SHUNT ADMITTARCE',/
1 ' (IYAGINAEFY PART) = ',3)
I6u FOFMAT(A1,I4,281,3X,4G10.4)
974 FORXAT (10X, 4G10.4)
9744 FOEHAT(' THEZ MUNBER CF BUSES TQ BE SAULTED = ',$)
9754 FCEMAT (' THE NUMSBEE OF THE BUS TC BE FAULTED = !,§)
9704 FORMAT(' DO YOU WISH TO APPLY A THREE PHASE FAULT (Y/N) ? ', 3)
9774 FOEMAT (' DO YCU WISHE TC ABPLY A SINGLE LINE TO GRCUND FAULT!,
1 LN 2,8
9784 FOEMAT(' DO YOU #ISH TC APPLY A LINE TO LINE FAULT (t/N) 2 !',3)
9794 FCPMAT({' DO YOU WISH TC AFPLY A CCOU®RLE LINE TO GECUND FAULT',
1 Y(Y/N) 2 ')
9804 FOEMAT (' FAULT IMEELANCE (REAL EART) = ', 3)
9814 FORAAT (* FAULT IMIEDANCE (INAGINAEY EART) = !,3%)
954 FORMAT(IS,4I1,1%,2G10.0)
1024 FCBRMAT (141,///,"' Y-BUS MATRIX FCR FAULT CALCUIATICN®,
1 ' (POSITIVE SECUENCE NETWCEX)', /)
1034 FORMAT(H1,,///,' Y-BUS MATRTX FCR FAULT CALCULATICN',
1 ' (NEGATIVE SEQUZNCE METWCRR)',/)
106y FORMAT (/, (1X,6 (FI.4,1X,F9.4,34)))
1054 FORMAT(1H1,///,' Y-BUS UATRIX FCR FAGLT CALCULATICH®,
1 ' (ZZRC SEQUENCE METWORK) ', /)
1504 FORMAT (* DO YCU WISH TO HAKE ANY CHANGES IN THE INPUT DaTA 2 !,
13
1524 FOBMAT (' PLFASE SEECIFY BUS(GEWERATOR) OR LINS{IRANSFCRMEE) 7 !
1 ,3)
1544 FORAAT (' PLEASE SEECIFY ALD, CHANGE, 32 DELZTE ? *,3%)
1564 FOEMAT (' BUS NUMBER = ', 35)
1584 FORMAT(' LINZI/TFANSFORMZIR NUNBER = ',3)
2004 FORLAT(' DO YCU WISH THE FAULT [ATA STORED IN A FILE ? ',3)
2024 FORMAT (' FILE NAAE 2 ', 3)
2044 FORMAT (A10)
2064 FCBMAT (2I5,F5.2,I1,1X,411)
o

END
SUBROUTINE FLNDAT (ILIN,ISB,IZB,2SIINT,YSLINT,LINTYE,UvV,IV,HG,LG)
CRERFRARRERR KK ERKERK I AR BRI ER AR R R AR AR D A AR AR RS K KR KR RTK AR KR KU S A KK AN R KKK

(o
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THZI SUBROUTINE FLUDAT REALCS IN [ATA FR0M TERMINAL ECUIVALENT TC
READING IN THE FIEST CARC FCR A LINE OR TRANSFORMEE

ORI K R IO KO R KRR Rk A K K K KK KK KA R KK O R KK X T K R K K R ok K
AEGUMENTS:
ILIN - LINE NUMEZEF CF CCMPCNENT
IS3B - STAETING EUS CR HV EUS NUMEER
IEB ~ ZNDING BUS CP LCW VOLTAGE BCS NUMBER
ZSLIN1 - POSITIVE/NEGATIVE SECUENCE IMPELDANCE OF A LINT
YSLIN1 - POSITIVZE/LEGATIVE SECUENCE RADMIITANCE OF A LINE
LINTYP - LINE TYPE, L FOR LINE T ECR TRANSFORMER.
HYV - HIGH VCLTAGE SILEZ WINDING CCNNECTION, D OF Y.

Lv

LCW VOLTAGE SICE WINEING CCWNECTIION, D OR Y.

HG - HIGH VCLTAGE SIDE GECUNLC, G IF GROUND, BLANK IP NONE.

LG - LO# VOLTAGE SIVDZI GROUND. G IF GFCGUND, BLANK IF NCXNE.
R R L R N Y T Y PR i
SUBROUTINES CALIZC:

NONE

foococcoocnocconNnOac oo aCcCAeCAaCaCOr e

COAPLEX ZSLIN?
CCuPLEX YSLINI
REAL LINTYP

REAL HV
REAL Lv
REAL G
REAL LG
EEAL L

COMMON /INOU/ KTEKH

DATA /Ty

DATA L/s'LtYy/

DATA G/'GYy

DAZA BLANK/Y '/

V=B LANK

Lv=pLANK

HG=8 LANK

LG=u8LANKX

ZSLINI=CYPLX(0.,,0.)
YSLIN1=CHPLX(0.,0.)

WRIZZ (KTZRM,1004)

READ (KTELM, *) ILIN
WEITE(KTERM,1024)

EEAD (KTZ2M4, 1044)LINTYP
IF(LINTYP.EQ.T) WRITZ (KTERN,1064)
IF(LINTYP.EC.LYWRITE(KTERM, 1084)
READ (KTZRH, *) ISB
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IF(LINTYP.NE.T)GO TO 20
WRITE (KTZRM,1104)
READ (KTZEM, 1064) 1V
WxITT(KTEZRY,1120)
READ (KTZRY, 1044) HG

20 IF(LINTYP.3C.T)#RITE (KTERY, 1144)
IF (LINTYP.EQ.L) KRITE (KIERM, 1164)
READ (KTERM, *) IEE
IF(LINTYP.NE.T)GO TC 40
WRITE(KTE2N, 1134)
READ (KTZEH, 1044) LY
WRITE(KTERN,1204)
EEAD (KTEEH, 1048) LG

40 ARITZ(KTERY,1224)
ZEAD (KTZEM, *) B
WRITE (KTERM,1204)
READ (KTZRY, %) X
ZSLIN1=CMPLX (E, ¥)
WRITE(KTERM,1260)
EEAD (KTEEHM, #)G
WRITE(KTERH,1284)
FEAD (KTZ2M, #) B
YSLI N1=CHPLX (G, E)

RETURN

c

1604 EORMAT(' LINZ/TRANSFORMER NUMBER = !,5)

1024 FOR4AT(' LINE TYPE (L=LINE,T=TRANSFOEMER) 2 ',3)

10ul FCRMAT (A1)

1064 FURMAT (' HIGH VOLTAGE BUS NUMBEE = !',3)

1034 FCEMAT (' STARTING BUS NUMEEE = ', f)

1104 FORNAT (' {IGH VOLTAGE SIDE CONNECTICN (Y=WYE,D=DELTA) 2 ',$)

1124 FORAAT (' HIGH VOLIAGE SIDE GRCUMD (G=GRCUND!,
i * BLANK IF UNGRCUNCEL) ? ',35) .

1140 FORMAT (* LOW VOLTAGE BUS NUMBER = ', &)

1164 FORMAT (' ENDING BUS NUMBER = ', }§)

1184 FOSMAT (' LO% VOLI AGE SILE CCHNECTICN (Y=WYE,D=DELTA) ? ',35)

1204 FORAAT (' LOW VOITAGE SIDE GRCUNC (G=GROUNLC',
1 ' BLANK TF UNGROUNDEL) ? *,5)

1224 FORJAT (' POSITIVE/NEGATIVE SEQUENCE SERPTES IMPEDANCE!,/
1 * (REAL PART) = ',8)

1204 FCRMAT(' POSITIVE/NEGATIVE SEQUENCZ SERIES IMEELAMCE!,/
1 ' (IFAGINAFY PART) = ',3)

12604 FORMAAT(' POSITIVE/NIGATIVE SEQUENCE SHUNT ADMITTANCE!,/
1 ' (2EAL EAET) = ', ¢

1234 FORMAT (' POSITIVE/NEGATIVE SZQUENCE SHUNT ADMITTANCE?Y,/
1 ' (IMAGINARY PART) = ',5)

C

END
SUB#CUTINE FBSLCAT (IBNUM,BUSTYP, EC,EC,BINP1,RIND2,EIMP0,BINPY)
CRER LR R EE KRR AR R KKK KR E N KRR E KB A B U AT LRSI RN RN R AR I I KR AR E N AR DR D RK IR X

C

C THZ SUBRGUINE FDSDAT EZADS IN DAI2 FRCY TUE TERMIMAL ECUIVALENT
C TO KEADING IN TEE CARDS FCR A EUS OR GENERATOR

C

CHRERRKEEARERK XA AR IR SR RRRE AR R R AR NS AR R KKK XKV R AR KA X SRR K

C
C
C
C
C

ARGU MENTS:

IBNUM - THEZ NUMEZE OF THE BUS OR CENERATOR
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BUSTYP = BUS TYFE. B IF STANDARL EUS., G IF GENERATCE BUS,
BC - METHOD BY WHICIH GENERAICR IS CCHNNECIEL Y CE I.
bG - BUS GRONND. G IF GRCUNDZD.
BIMP1 - POSITIVE SEQUENCE GENERATCR IMPEDANCE
BIuP2 =~ NEGATIVE SEQUENCE GENERATCF IMPELANCE
BIAPO = ZERO SEQUENCE GENIRATCR IFEELCANCE
BIMPY = NEUTRAL IMPEDANCE OF GEIMNIZFATCR
A AN N ROR KN A A AR KR NI MR R R K R R AR K KK RN IO 4K KK R KO O MR K
SUBIOUTINES CALLELD:

NONE

cooco 00O CcaoCc O nOe

COMPLZX  BIMP1
CCHPLEZX  SIMNE2
COMPLEX  BIMPO
CCAPLEY  BINEW
REAL BUST YD

REAL  BC

REAL  BG

INTEGER  IBNUN
CONMON sINOU/ KTERM
DATA G/'G'/

DATA  BLANK/' '/
BC=BLANK

BG=BLANK
BI#¥P1=CHMELX (0. ,0C.)
BINP 2=CdPLX (C.,C.)
BIAPO=CHELX (0. ,0.)
BIMPN=CHPLX (0.,0.)
WEITE (KTERY,984)
READ (KTERM, *) IBNUN
WEITE(KTERM,1004)
READ (XTERM, 1024) 5USTYP
IF(BUSTYP.NE.G) GO TC 20
WARITE(KTERH,10U44)
READ (KTERM, 1924)BC
YRITE (KTE0RM,1064)
READ (KTZRM, 1024) 86
WRITE(KTERY,1084)
READ (KTERY, *) R
WEITE(KTZIRY,1104)
READ (KTEEM, *) X
BINP 1=CMPLX(E, %)
WEITZ(K[EEM,1120)
READ (KTZRM, *) P
ARILE(KTZEN,1144)
BEAD (KTZRM, *) X
BINP 2=CHPLX (K, YX)
WEITE (KTERM,1164)
READ (KTERM, *) R
WRITE(KTERM,1184)
READ (KTZEM,*) X
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BIMPO=CHPLX (2, X)
IF(BG.NE.G) GC TC 20
WRITE (KTTRM,120U)
READ (KTZRM, %) 3
WEITE(KTERM, 1224)
READ (KTERM, *) X
BIMPN=CHPLX (R, X)

20 RETUEN
C
984 FORMAT (' BUS NU¥BER = !, 3)
1004 FORNAT (' BUS TYPE (¥=BUS,G=GENEZRAICE) ? ',3$)
1024 FCRAAT (A1)
1064 FCRMAT (' GEINERATCE CCNNECTICN (Y=WYE,D=DELTA) ? ',%
1664 FORAAT (* GENIRATOR GROUNDING, G IF GECUND, BLANK IF NOWE 2 !,3)
1034 FORMAT(' GINERATOR POSITIVE SEGUEMCE IMPECANCE',/

1 ' (REAL BART) = ',3)
1104 FORMAT (' GENERATOR POSITIVE SECUEMCE IMPECANCE',/

1 ' {IXAGINARY PART) = ', §) :
1124 FORMAT (' GENERATOR NEGATIVE SEQUENCE IMPECANCE',/

1 ' (REAL PARI) = ',$)
1144 FORMAT(' GENERATOR NEGATIVE SEQUENCE IMPELANCE',/

1T Y (I¥AGINARY BAET) = ', 3)
1164 FORMAT(' GENERATOR ZIRO SEQUENCE IHEEDANCE!,/

1 ' (REAL PART) = ',%)
1134 FGRMAT (' GENEZATCE ZERC SEQUENCE IMPEDANCE',/

1t (IXAGINARY PART) = ',3)
1204 FOEMAT(' GENSZEATOE NEUTRAL IMPELANCE',

1 ' (REAL EART) = !,3)
1224 FORMAT (' GINERATOR NEIUTRAL IMPECAKCE!,

1 ' (INMAGINARY PAFT) = 1,3)
C

END
SUBROUTINE FBADD(IB,BT,BC,B6,BI1,EI2,BI0,8IN,IBUS,BTYP,

1 ECCN,BGNLC, EZ1,E22,620,BZN,NB)
C‘*!****t!¥#¥¥*¥¥¥**¥***¥******x*tliﬁttﬂﬂ*!*‘*l***********#*’**t******!*
¢
c TLE SUBROUTIHE F5ADD ADDS A NEW BLS TC THE FAULTEL SYST:i#
c

C**t***x***x*******ux*vv#*#*v******a“*nvlsv»*tt**#**#*##***tti#\i*#*’l*\‘*!**

C
C
C
[od
C
C
C
c
C
c
C
C
C
Cc
C
C
c
C
o

ARGUMENTS:

IB ~ THE NEW BUS NUMBER

BT - THZ WZ4 BCS TYp:

BC - THE VZW GENEFATIOR CCHWECTICN ™€ CRCUND

BG - THE NZW GEWEBATGR GRCUWD

BI1 - THEZ NEW GENERAICR PCSIIIVE SECUENCE IMPECANCE
BI2 - THE NE# GINCRATOR NEGATIVE SECUENCE IMPEDANCE
BI0 - THE NEA GEINERAIOR 2ZFRC SECUENCE IMBEDANCE

BIN - THE NEW GENERATOR NEUIRAL IPFFELCANCE

IBUS - THE BUS NUMBER
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BTY? - THE BUS TYPZ

o
O
@]
=
t
(=)

H

4]

GENEFATCE CONNECTICN, Y QE D

BGND - THE GENEFATOE GROUND

BZ1 - THE GENEEATCR PCSITIVE SECUENCE IMPEDANCE
BZ2 - THE GENERATCR NEGATIVE SECUENCE IMPEDANCE
BZ0 - THE GENERAICR ZERC SECUENCE IMEEDANCE

BZN - THE GENERATCER NEUTRAL IMPELANCE

NB - THE MJYBER OF EUSES ANC GENEFATORS IN THE SYSTEM

f¥*¥¥**¥¥¥¥***#ﬂ#¥**V***l#*****#H**#*****t****#**#***#*******l!l****xt**

[eEaN N aNe}

[N

o0 o0
o

SUBROUTINES CALILZL:
NONE

CCUPLEX  BI1
COMPLEX BI2
CCHPLEX  BIO
CO4PLEX  BIN
CCHPLEX  B71(20)
COAPLEX  DBZ2(24)
CCMPLEX  BZ0 {24)
COMPLEX  BZY¥(24)
BEAL  BTYD (24)
EEAL  BCOYN (24)
RZAL  DBGND (24)
INTEGER  IEUS (24)

FIND THZ POSITICY OF THE NEW BUS IN THAT AZREAY

DG 20 I=1,NB
IF(I3.EQ.IBUS(I))GO TO 40
CONTINUZ

NE=N3+1

IF(I.LQ.NB)GO TC 80

MOVEZ THZ BUSES U

P CNE POSITION THAT BRFE LOCATED AFIER
#HERE TUHE NEW BUS 3

HCULD GO
N=NB-~I
DC 60 M=1,N
J=NE-M+1

IBUS {J)=1IBUS (J~1)
BTYP (J)=BTYP (J-1)
BLCON(J)=EBCCN (J-1)
BGND (J) =BGYD {J-1)
BZ1(J)=BZ1(J-1)
BZ2(J)=BZ2(J-1)
BZ0 (J)=BZ0 (J~-1)
BZN (J) =BZN (J-1)
CONTINUE

INSERT THE VALUES FCR THE NEW BUS IN THT ARRAY
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RQUTINE FBCIHNG(IB,BT,BC,BG,BI1,BI12,BI0,BIN,TBUS,BTYP,

1 ECCN, BGNL, EZ1,E22,£20,BZN,ND)
CR¥ R R KERRER KRR ERAK K AN AR K EARRRKKNR LR B RN AR D BRNRF RN RF R L FR P N U R R R F RN
C

C THE SUBRCUTINE FBCHNG CHANGZS A BILS CF GENERATCRS FABANETEERS
“ IN THE FTAULTED SYSTENM
C

CRMRERKER KT ERAR IR AR AR DR AR RN KT DR RN R KRR AR R AR TR AR MR R R R T RN UK KR AN
AEGU KENTS:

IB - THE NEW BUS NUMEZE

BT - THE NEW BUS TYFE

3C - THE NEW GENEEFATCR CCNNECTICH TG GROUND

BG - THE NEW GENSEATCR GRCUND

BI1 - THEZ NEW GENERATCx PCSITIVE SEQUENCE IMPEDANCE
BI2 - THE NEW GENERATOR NEGATIVE SECUENCE IMPEDANCE
BI0 - THE NEW GENERATOE ZERC SECUENCE IMPEDANCE

BIN - THE NEZW GENEEATOE NEUTRAL TMPELANCE

IEBUS - THE EUS MNUMBER

BTYP - THE EUS TYEE

BCCN - THE GENEERATCE CONNECTICN, Y OR D

BEGND - THE GENEFATCE GECUND

BZ1

THE GENERATCR POSITIVE SECJENCE IMPEDANCE

i3}

B22 - THE GENERATCR NEGATIVE SEQUENCE IMPEDANCE

o

BZ0 - IHE GENEZEATCR ZERO SECUENCE TIMEPEDANCE
bZN - THE GENEEATCE NEUTRAL IMPELANCE
NB - THZ NUMBER OF EUSES ANL GENERAICAS IN I'HE SYSTEN

CRME KRB EREE KK KK KK SRR RSP R MK EE RN AR IF AR BB R RRRYUR KA R R KRR A I MR R RE K X KX

coCcnoccOocOncocoOococoo0co00co0cocac oo o0 On

SUBFOUTIMNES CALILEL:
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HONE

[e N aNe!

CCMPLEX  BI1
COMPLEX  BI2
COMPLEX  BIO
CO#PLEX  BIN
CCHPLEX  B21(24)
COMPLEX  BZ2(24)
CCHPLEX  BZO (24)
COMPLEX  BZN(2Y)
REAL  BTYP (204)
REAL  BCON (24)
REAL  EGND (24)
INTEGER  IBUS(24)

FIND THE BUS TO BE CHANGZD

(e N ol ¢

DO 20 I=1,HE
IF(IB.EQ.IBUS(I))GC TC uC
20 CONTINUE -

C EEPLACE THE PARAMETEELS

) IBUS (I) =13
. BTYP (I)=2T
BCON (I) =BC
BGND (I) =BG
BZ1(I)=BI1

522 (I)=BI2

BL0O({I) =310
BIN(I)=BIW

EETUZN
END
SUBPOUTINE FBDEL(IB,LINE,SB,ELR,LTYDPE,HVTC,HGND,LVIC,LGND,

1 ZSER1, YSUT1,4SERQ,YSHTO, ZNUV ,20LV, kL, IEUS,

2 ETYP,d3CCH, EGYL,EZ1,E22,B20,BZN,NE)
C***!*##l‘#*************ub&***xnt**n*l»*#*!i’U‘*’3‘l‘**###****####****v*#****#*
C
[of THE SUBROUTINEZ FBLEL DELETES A PUS CF GLNIRATCE FECK THE SYSTEY
c

(R K 00 R K KR A RO R R ROR R K RO KR OR R A B AOh kR A XOF R NOR K KRR K R HORR K R AR R KK
ARGUMENTS:
Ib - THE NEW BUS NUWBER
. LINE - LINE NUMBER FCR A TRANSFCHYEF CR TRANSMISSICN LINE
SB - STARTING 3US OR iV BUS FCR A LIKE CR TRANSFCFMER
EB - ENDING BUS OR LV BUS FCR A LINE CR TRANSFCRMEE
LTYPE - SPECIFIES WIEZITHER CCMECNEM IS A LINE CR TEANSFCRMER

HVTC - THIS INDICATES HIGH VOLTAGE TERMINAL CCNNECTICH CF A
TRANSFCDRMESL

oo a0

HGND - THIS INDICATES HCW THI HIGH VCLTAGE SIDEZ IS GROUKDED
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SHNHV -

ZNLV -

NL - NU

IBUS -~

LTYP -

3CON -

BGND -

BZ1 - T

Bz2 - T

BZ0 - T

BZN - T

NB - TH

2R 2R SRR LRI SRR EE RS R R E RS R LR R R R R RSS2 R L R

SUBEQUT

FLDE

COMPLEX
CodpLEX
CCHMPLEX
COMPLEX
CCHMPLEX
COYPLEX
CCHPLEX
CCHUPLEX
COMPLEX
CCMPLEX
REZAL
REAL
REAL
REAL
REAL
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THIS INDICATES LOW VCLTACE TEAZMINAL CONNZCIION GF A
TRANSFORMER

THIS INDICATLES HHOw THE LCW VCITAGE SIDE IS GECUNLCEL

POSITIVE AND HEGATIVE SEQUENCE IMPEDANCE CF A LINE
CR TRANSFCEMER

POSITIVE AND NEGATIVE SFQUENCE IMPEDANCE CF A LINE
ZERC SEQUEZNCE IUPEDAWCE OF A LINZ OR TRANSFORMNEE
ZERC SECUENCE IMPEDANCE DJF A LINE

HIGH VCLTAGE NEZUTRAL IMPECANCE OF A TRANSFCRMER
LCW VOLTAGE NEUTPAL IMPELANCE OF A TRANSFOEMER
MBER OF LINES AND TRANSFGRMERS IN THE SYSTEIM

THE BUS NUKBER

THE EUS TYEFE

THE GENERATCR CCNNECTION, Y OR D

THE GENEEFATCE GECUND

HZ GEINERATCR EOSITIVE SECUENCE IMPEDANCE

HE GENERATCR NZIGATIVE SSQUINCE IMPEDANCE

HE GENERATCE ZERO SECUENCE IMPEDANCE

HE GENERATCRE NZIUTRAL IMPELANCE

E NUYXBER OF EUSES ANLC GENEFATCRS IN THE SYSTEM

INES CALIZLC:
L

ZSER1{50)
YSIUTI(5C)
ZSEBO (50)
YSHTO (5C)
ZNHV (50)
ZNLV (50)
321 (24)
BZ2(24)
B0 (24)
BZN (24)
LTYPE(50)
HVTC (50)
HGYD (50)
LVTC (50)
LGYND (50)
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REAL BTYP (24)
REZAL BCOY (24)
REAL BGND (24)
INTZGEER LINE(50)
INTEGEKR SB(50Q)
INTEGEE EE(50)
INTEGE I30US(24)

FIND THE POSITICN OF THE BUS 70 BL DELZTED

NBH1=NB-1

DO 20 I=1,NB
IF(IB.EQ.IBUS(I))GO TO 4¢C
CONTINUZ

IF(I.E¢.¥B) GO TO &0

=<

0V
z

THEZ BUSES UP ONE POSITICN THAT ARE LCCATED AFTER
wil t

RZ THZ OLD BUS WaAS LELEZTED

DO 60 J=I,NeM1
IBUS(J)=IBUS(J+1)
BTY2 (J)=BTYDP {J+1)
BCON(J) =ECCN (J+1)
BGND (J)=RBGND{J+1)
8Z21(J)=BZ1(J+1)
3Z2(J)=BZ2 (J+1)
BZO(J)=BZ0(J+1)
3ZW(J)=BZU (J+1)
CONTINUE

Nb=NBM1

UVELZTE THE LINES CONNECTELC TO TEE KUS

DO 120 K=1, 5L
IF(SB(K) .2Q.I8)GO TO 140
CONTINUE
GO TO 166
IS=33B (K)
IE=EB (K)
LE=LINE (K)
CALL FLDEL(LN,LINE,SB,ZB,LTYPE,HVIC,UGND,LVIC,LGNL,ZSERT,
YSHT1,ZSERO, YSETO, ZWEV,ZKLV,NL)
GO TO 100
DO 180 L=1, 5L
IF(EB(L) .EQ.IB)GO TO 200
CONTINUE
GO TO 220
IS=35B(L)
IE=EB(L)
LM=LINE (L)
CALL FLDEL{LN,LTNE,3B,EB,LTYPE,NVIC,HGND,LVIC,LGNT,255R1,
YSHT1,2SERV, YSHTO, Z8hV,ZNLY,NL)
GO TO 160

RZTURN

END

SUBROUTINE FLADD(LWY,IS,IE,ZS1,YS1,2S0,Y50,2NH,2ZNL,
LT ,Hv, LV ,HG,LG,LINE,SB, EB,LTYPZ,
HvTC,HGND,IVIC,LCHD,%ZSSRY,YSHUT1,2ZSESO,
YSHTO, ZNKEY,ZHLY, ML)
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AEERKEXK KRR LEXE L AR KR REL X KERRA R KKXE A AIR I BE RS EZRRFRRKRERRRPEBA S SRR SRR R R KK

THE SUBROUTINE FLADD ADDS A NEW LINE TO THE FAULTEL SYSTEM

IS I EXI ISR RERE T RS R SR LS 2R 2 PR RE R R ERERIER S RY SRR RS RERE S FE R RS

a0 o0n

AFGUMENTS:

LN - THE NIZI¥ LINE OR THRANSFCRNEP FDDED TO TUE SYSTEM

IS - THZ NEW STARTING OR HY BUS FCR B LINE CR TRAMSECRMEE

[}

IE - THE NEW ENDING OR 1V BUS FCR A IINE CR TRANSECEMER

251 - THE NEW LINLE'S POSITIVZ AND NEGATIVE SEQUENCE IMEECANCE
YS1 - THEZ NEW LINE'S POSITIVE AND NEGATIVE SECNENCE ACMITTANCE
450 - THE NEW LINE'S ZEEO SEQUZINCE IEPEDANCE

YSO0 - THE NEW LINE'S ZEZKO SEQUEMNCE ALCMITTIANCE

ZNH - THE NZIW LINE'S HIGH VCLTAG:Z NEOTRAL IMPECANCE

ZNL = THE NTW LINE'S LOW VOLTIAGE NEUTRAL IXPELCANCE

LT - NEW LINE TYPE

BV - NEW LINZ HV JERMINAL CCNNECTICKN

LV - NEW LINE LV TERMINAL CCAMHECTICH

iG - NEw LINE HV SIDZ GRCUND

LG - NEW LI¥

Y]

LV SID

[©]
©
a3
O
(=]
z
c.

LINE -LINE NUMBEIR FCR A TRANSFCTMER CR TRANSMISSICN IINE

Sp - STARTING BUS R HV BUS FCR A ITNE CR TRANSFCEFMES

EB -~ ZNDING BUS OR LV BUS FOR A LINE CR TEANSFCRMER

LTYPE - SPLCIFIES WHETHER CCMPCMBENT IS A LINE OR TRANSFCEMER

HVIC =~ TIUIS INDICATES HIGH VCLTAGE TERMINAL CCNNECTICN CF A
TZANSECRBMEE

HGND = THIS INDICATES HOW THE HIGE VCLTAGE SIDE IS GROUNDED

aGoCcooconOococOocaonoCcocOoc N oo GcOoOnN oo OO OO0 o0OaC

LVY2C - THIS INDICATES LCW VCLTAGE TERAINAL CONNECTICN OF A
TRANSFORMZE

LGND - TIIS INDICATES H4OW THT LCW VCITAGE SIDE IS GECUNLEL

TYX2EDANCE CF A LINE

w
[J]

Z2SZR1 - POSITIVE AND NEGAILVE SEQUEANC
2 TEA

NSFCRNMER

YSHT1 - POSITIVE ANL NEGATIVE SEQUZNCZ IMJEDANCE CF & LINE

cComcOoOoo00c00n00
«©

Z5ZP0 - 2ZT2C SECUEINCE TIMFECANCE OF A LINE OR TRANSFORMER



155

ISUTO0 - ZERO SECUENCE IMPEZDANCE CF A LINE

ZNUV - UIGH VOLTAGE NCUTRAL IMPECANCE OF A TRANSFCRMER

ZNLV - LOW VOLTAGE NEZUTRAL IMPECAME OF A TRANSFCEMER

NL - NUMBER OF LINES AND TRANSFCRMEEFS IN THE SYSTEM

CER A KRR AR KRG KAR RN RK K ALK KRR RM AR AR AR R RRRARR K IR RS R RN KPR T R TR AT RK
SUBROUTIWNES CALLEED:

HONE

C
C
C
C
C
c
C
C
C
C
C
C
C
[
C

COMPLEX Z2s1
CCHPLEX ¥s1
COMPLEX 250
CCMPLEX Ysdé
CONPLEX ZNH
CCMPLEX ZXL
CCMPLEX ZSER1(5C)
COMPLEX YSHT1{50)
CCMPLEX ZSERO(5C)
CCHPLEX YSHTO {(50)
CCMPLEX ZNHV(S0)
CCMPLEX ZNLV (50)

REAL LT
EEAL HV
RZIAL Lv
REAL ilG
REAL LG

EEAL LTYPE (50)
REAL UVTC (50)
REEAL HGND (50)
REAL LVTC (50)
REAL LGND (50)
INTZGER LN
INTEZGEE is
INTEGEER IE
IRTEGEE LINE(50)
INTZGER SB(50)
INTEGER EE(50)
INTEGER LBUS(£0)

FIND THE POSITICN OF THE NFW LINE IN THE ARKAY

DG 20 I=1,NL
IF(LN.EQ.LINZ(I))GO TO 40
CONTINUZ

NL=NL+1

IF(I.EQ.NL) GO TO €0

MOVZ TUE LINZIS UP ONE POSITICN THAT A2E LCCATED AFTER WEZGE
THE NEW LINE SHCULD GO

N=NL-I
DO 60 M=1,¥
J=HL=-4+1

LINZ(J)=LINE (J-1)
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SB(J) =SB (J-1)
EB(J)=2IB {(J-1)
LTYPE(J) =LTYEE (J-1)
HVTC (J)=BVTC (J-1)
HGY¥D (J) =HGND (J-1)
LVTC (J)=17TC (J-1)
LGND (J) =LGND (J-1)
ZSER1 (J)=2ZSEF1({I=1)
YSHT1(J) =YSHT1 (J-1)
ZSZR0 (G)=ZSITFO(J-1)
YSHTO(J) =YSETO (J-1)
ZNHV (J) = ZNHV (J-1)
ZNLV (J)=ZNLV (J-1)
CONTINUE

[ ol @I+
c

INSZRT VALUES FOR THE NEW LINE IN THE AREAY

30 LINE (3) =LN
SB(I)=IS
EB(I) =IE
LTYPE(I)=L7
HYTC (T) =HV
HGHND (I)=HG
LVTC (I) =LV
LGND (I)=1G
ZSER 1({I) =251
YSHT1{I)=YS1
ZSERO(TI) =250
YSHTO (I)=YS0
ZNUV (I) =281
ZNLY (I)=2NL

RETURN
END
SUBROUTINE FLCHNG(LN,IS,IE,ZS1,YS1,ZSO,YSO,ZNH,ZNI,
1 Lt,dv,Lv,lG6,16,1IvE,58,EB,LTYPE,
2 HVTC,HGNE,LVTC,LCNC,ZSSBT,YSHTT,ZSEEO,
3 YSUTO, ZNHV,ZNLV, 1)
C*x‘***xxx*mn***sst****tl1##***#**#itu*#*n*&:**m**t*t**vt*ﬂt*v*********t

C

C THE SUBIZOUTINE FLCHNG CHANGES TEEZ PARAMETERS OF A LINZ

C OR TRANSFORMEIR IN THE FAULTED SYSIEFN

C
C!l*#t*l*l***#***“*#‘v!**t‘******#"#‘**ﬁ#*!**tl****v!*!!##t#)!!*##**‘*
C

C ARGIMENTS:

C

C L¥ - THZ NEW LINZ OR TRANSFCRMEF ADDED TC THE SYSTEMN

C

cC IS - THE NEW STARTING OR HV BUS FCR A LINZ OR TRAMSFCRMER

c

C IE - THZ WEW ENDING OR LV EUS FC2 A LINE CR TRANSECEMEER

C

C 4S1 - THZI NEIW LINE'S POSITIVE AND NEGATIVZ SICQUENCE IMPELCANCE
C

C ¥S1 - THE NEW LINE'S POSITIVE AND NEGATIVE SECUENCE ACMITTANCE
C

(o 250 - THE NEW LINE'S ZERO SZCUENCE IMPEDANCE

C

C Y50 -~ THE NEW LINE'S ZERO SEQUENCE ACMITTANCE
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ZNH = T

ZNL - T

LT - NE

HY - NE

LV - NE

HG = NE

LG = XNZ

LINE -L

sB - ST

EB - EN

LTYPZE -

LGND -

ZSER1T -

Ysur

ZSEROQ

Ysu7To

SNHV -

ZNLV -

NL = NU

SUBEOUT
NCNE

CCMPLEX
COMPLEX
CCuPLEX
COMPLEX
CCYUPLEX
CCMPLEX
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HE NZIW LINE'S HIGH VCLIAGE MEUTRAL IXPEDANCE

fIZ NEW LINZ'S LOW VOLTAGE NECIRAL IMPELANCE

W LINE TYPE

W LINZ HV TZTQWINAL CCNNECTICK

W LINE LV TERMINAL CCNNECTICN

W LINZ HV SIDE GRCUND

W LIME LV SIDE GRCUND

INE NOMBER FOR A TRANSFCFMER CR TRANSYISSICN LINE

AQTING BUS OR {IV BUS FCR A LINE CR TRANSFCEKER

DING BUS OF LV BUS FOR A4 LINE CR TRAHSFCRMER
SPECIFIES WHETHER CCMECNEMNT IS A LINE CR TRANSFCRMER

THIS INDICATES HIGH VOLTAGE TERMINAL CCNNECTICN CF &
TRANSFCRYMEE

THIS INDICATES HOW THE HIGE VCLTAGE SIDE IS GROUNDED

THIS INDICATES LCW VCLTAGE TERMINAL CONNECIION OF &
TRANSFCRMER

THIS INDICATES IIOW THZ LCW VCITAGE SIDE IS5 GHRCUNLEL

POSITIVE AND NEGATIVE SZQUENCE IMPEDANCE CF A LINE
OR TRANSFCRMNMER

POSITIVE ANLC NZGATIVE SEZQUENCE IMPEDANCZ CF & LINE
ZZRC SECQUENCE IMPEDANCE OF A LINE OR IRANSFCRMER
ZERC SECUENCE IMPEDANCE OF A LINE

HIGH VOLTAGE NEUTRAL IYPELANCE OF A TEANSFC2MER

LOW VOLTAGE NEUTRAL IMPELANCE OF A TRANSFORMER

4BER OF LINES AND TRANSFCPMERS IN THZ SYSTEM

R ELELE S EL S I R R R T L T P R I I I T T T

INES CALLEC:

Z31
Y s
Zs0
Ys0
Z NH
ZNL



158

COMPLEX  2ZSER1(50)
CCHPLEX  YSHT1(50)
COMPLEX  ZSZRO(SC)
CCMPLEX  YSHTO (50)
COMPLEX  ZNHV(50)
CCIPLEX  ZNLV (50)

REAL LT
EEAL HY
REAL Lv
REAL HG
REAL LG

EEAL LTYPE (50)
REaAL IVTC (50)
REAL  EGND (50)
REAL  LVTIC (50)
EEAL  LGND (50)
INTEGER LN
INTEGEE IS
INTEGER IE
INTEGE®  LINE(50)
INTEGER  SB(50)
INTEGEE  ZE(50)
INTZGER  IBUS (50)

FIND THE POSITICN OF THE LINE TC EE CHANGED

aOon

DC 20 I=1,NL
IF(LYLEQ.LINE(I))GO TC 40
20 CONTINUE

REPLACE THE PARAMETEELS

(e o

40 LINE (I) =Lk
SB(IL)=IS
EB(I)=IE
LTYPE(I) =LT
HVTC (I)=0v
HGND (I) =HG
LVTC (T) =LV
LGND (I) =LG
ZSER1(I)=251
YSHT1(I) =YS1
ZSE20 (I)=2S0
YSHTO(X) =YS0
ZNHV (I)=ZNH
ZNLV (I) =Z¥L

KETUERN

END

SUBROUTINZ FLDEL(LN,LINE,SB,ZB, ITYPE,HVTC,HGND,LVIC,LGNE,

1 23ER1,YSHT1,2SEPC, YSHTO, ZNHV,ZNLV,NL)

S R R L L Y R L Lk L L T T
C
C THE SUBROUTINE FLOEL DELETES A LIME FROM THE FAULTEE SYSTEN
C
e R I L LI TTIT I I,

ARGUMENTS:

[sEaNe N

L - THE NEW LINE OR TRANSFCEMEF ADDED TO THE SYSTIEY


https://IF(LN.EQ

noooonnocoacocconaooOcnMocooccocoNOcconNCcooooOCO00CoOonNO

(e Ne N 2]
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LINE -LINE NUMBER FOR A TBANSFCEMER CR TRANSMISSICN LINE
SB - STARTING BUS OR HV BUS FCR A LIKE CR TRANSFCFMER

ZB - ENDING BUS OR LV BUS FCR A LINE CR TRANSFCRYEhR
LTYPEZ - SPECIFIES WHETHERZ CCMECNEM IS A LINE CR TRANSFCRHMER

HVIC - THIS INDICAIzS HIGH VCLTAGE TERMINAL CCHNECTICN CF A
TRANSFCREEE

HGND - THIS INDICATES HOW TEE HIGH VCLTAGE SIDE IS GROUXNDED

LVTC - THIS INDICATES LCW VCLTACGCE TEEMINAL CONNZCTICN CI A
TRANSFCRMER

LGND ~ THIS INDICATES HOW THE LCW VCITAGE SIDE IS GECUNL:C

ZSER1

POSITIVE AND NEGATIVE SEQUENCE IHPEDANCE CF A LINE
CRE TRANSFCPKER

YSHT1 - POSITIVE ANLC NEGATIVE SEQUENCE IMPEDANCEZ CF A LINE

ZSERO - ZERC SECUENCE IMPELANCE OF A LINE OR TRANSFORMER

YSHTO ZZRC SECUENCE IMPEDANCE OF A LINE
ZNHV - HIGH VCLTAGE NEUTRAL IMPELANCE OF A TRANSFCRMER
ZNLV - LOW VCLTAGE NEUTRAL IMPELANCE OF A TRANSFCRMER

NL - NUUBEER OF LINES AND TRANSFCRMERS IN THE SYSTEH

AR OO 2 3 A K 3 R o oK RO X o on ok A R KR K AR XK A K R K R K K K K KR K

SUBROUTINES CALLEL:
NONE

CCMPLEX  ZSER1(50)
CCMPLEX  YSHT1T (58
CCMPLEX  ZSTRO {50)
COMPLEX  YSHTO(50)
CCHMPLEX  ZNHV (50)
CCAPLEX  ZNLV(S0)
REAL LTYPE (50)
REAL HVTC (50)
BEAL  HGND (50)
BEAL LVIC (50)
EEAL  LGHND (50)
INTEGER LN
INTEGER  LINE(50)
INTEGER  SB(50)
INTEGER  EE{50)
INTEGER  IBUS(50)

FIND THE POSITICN OF THE LINZ TC EE CELTEL

NLM1=NL-1
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DC 20 I=1,NL
IF(L¥.EQ.LINEZ(I))GO TO 40

20 CONTINUE

40 IF(I.EQ.HNL)GO TO €0

C

© MOVE THZI LINES UP ONE PCSITICN THAT ARE LCCATELC AFTER WHERE
C TEEZ CLD BUS WAS DEILETED

(o4

DC 60 J=I,HNIM1

LINE (5)=LINE (J+1)
SB(J)=53(J+1)

£B(J) =EB (J+1)
LTYFE (J) =LTYEE (J+ 1)
HYTC (J) =HVTC (J+1)
HGND (J)= HGND (J +1)
LYTC(J)=LVTC (J+1)
LGND (J)=LGND (J+1)
ZSER1(J) =ZSCH1{J+1)
YSHTT (J) =YSHTT (J+1)
ZSERQ(J) =ZSELO (J+ 1)
YSHTG (J) =YSHTO (J+1)
ZNHY (J) =ZNHV (J+1)
ZNLV (J)=2ZNLV (J+1)

50 CONTZINUZ
30 NL=NL X1
C
2ETUEN
END
SUBROUTINE 73PHAS(21,2F,F,V,HVIC,LVIC,IBUS,S58,38,II8E,IFF,NB,
1 NL,ISQ)

CRXEE N ERRR BB R RMKR F KM AR A %40 K 3 K2 % MR R RN KK X 3K kK KK A A O 3k ok K KK Kk X K K KK

THE 3UBRCUTINE F3FHAS SCLVES FOF A TEPEE PHASE PAULT AT
AT PARTICULSAR BUS OF A PCWEIE SYSTEHM.

SORIACH R RN K IR RN R KR R R O R ORI AR RO X R R X X A o O o 2k A o K e 3k 3K 3 % X6 op i ok ok o Xk K 2K K K R K oK K
ARGUMENTS:
Z1 - THIS VECTIOR CONTAINS THEHE ECSITIVE SECUENCE IFKEEDANCES

OF ALL THZI BUSES IN THE NITWCPX WITH EISPECT IC THE
BUS THAT IS BEING FAULIZD,

4F - THZ IMPEDANCE CF THZ FAUIT A1 THUE PARTICULAR BUS EBLING
FAULTEEL.
F - THE POSITIVE SZQUZNCE ALCMITTANCE MAIZIX

v - THE P3ITTAULT EUS VOLTAGES FC2 TFI SYSTEM

WVIC - THIS INDICATES HCW A HIGCE VOLIAGE SIDE OF A TEANSFCRMER
IS CCNNTZCTED 'D!' FCR DELTA 'Y' FOR KYE.

LVIC - THIS INDICATZS HOW A LCW VCLTAGS SIDE CF A TRANSFCFMER
IS CCNNECTED *D' FCE DELTA 'Y! POE WYE,

IBUS - THZ NUMBERS OF TH:Z BUSES IN THEI SYSTIXM

SB - THE STARTING BUS OF A LINZ, MLSC THD HIGH VOITAGZ BUS OF A
TRANSFOEMER

oo OoOCO0GO N OCH OGO 000N 0
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Zb - THE ENDING BUS OF A LINE, ALSC THE LCW VCLTAGE BUS QF A
TRANSFCEMEF

LINE -

irep -

AR ORI R RS HERE RO AL NN MR K MK K K ok ek Ak K 3 0% 3 K K 3K K NG ROK XK 3 3K K K N K IR XS R K K o e ok 3K ke

THE NUMBER OF EACH LINE CR TRANSFORHER WITEIN THE SYSTEM

THE

NUMBEF

CF THE EUS BEING FAULTED

HE NUMBEE OF EUSES IN TEE SYSTEM

THIS

ARGUE

THE NUMBER OF LINES IN THE SYSTENM,

MEKD IS NCNZEEO IF THE SEQUINCE VCLTAGES AND

CURRENTS FOR THE FAULT ARE IC EE PRINTEL CUT,.

LOCAL VAEIABLES:

vyo,ve,

v2 -

THE C

NEGAT

OMPLEX VECTCRS FCF THE ZERC, FOSITIVE, ANLC
IVE SEQUENCE VOLTAGES

VAAGO ,VMAGT ,VMAG2 - THE MAGHITUCES CF THE THREEZ SEQUENCL

AJGG,ANGT,ANG2 -

ILFO,ILF1,ILF2 -

VOLTAGES

THE VOLIAGE ANGL CF THZ 2ERX0,EClSI71IVE,
ANL NEGADZIVE SIEQUENLE VOLTAGIS AND CURSIENTS

THE CURPENT FLCWILG FORWARD ALONG A LINE
(FRCHM STARIING BUS TO ENDINS EUS)

ILF¥0Q, ILFM1,ILFM2 - THE MAGHITULE CF THE SEQUENCE CURIRENT IN A

Vos,Vvis,v2s - TH

SH
TA

I0SF,I1SF,I2SF -

I0sB3,1188,I12S8 -

IFAGLT

HAG -

sS¢C -

SHIFT

A30 -

E CCMPLEX VALUEZ OF THE VOLTAGE WITH PHASE
IFTING DUE TC DELTIA-aYE THANSFCRMEIR CCNNECTICNS
KEN INTO ACCCWIT

THE COMEFLEX VALUY® CF THE (URRENT WITH FPHASES
SHIFT DUE IO DELTIA-wYZE THRANSEFCRMEIR CCNANECTICNS
TAKLEN INTO ACCCUNT. THIS IS FOR CURRENIS GOING
FRCHM STAKRTING EUS IC ENDING EUS.

THE COMPLIX VAIUE CF THE CURRENT WITH FHASE
SHIFT [CUE TO DELTA-WYE TRANSFOEMER CONNECTIICNS
TAKEN INTO ACCCUMNT, THIS IS FOR (URRENZIS GOIXNG
FRCM ENDING EBUS T0 ESTARTING BUS

- COMBLEZYX FAULT CUUEENT

REAL MAGNITUDE OF IFAULT

SHCET CIRC

- THIS INZTE

THZ NUHXB

30

TH4IS CONSTAWT IS TAKEN TO TFE LOWER OF THE V

LEGREE

FOR THAT B

UIT CAPACITANCE

GEZ VECTCR I3 PEIURNZD BY DYFIX. IT CORTIAINS
ZR OF TI¥ZS A BLS VCJATGE IS ™C BF SHIFTEIL BY
ZS.

>
t+
(=]
<]
[t ]
w
tn
o
A
*
5]

us
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(o]

Coon

SUBROUTINE
DYFIX,P

COMPLEX
CCHPLEX
COMPLEX
CCHPLEX
COMPLEX
CCHPLEX
COMPLEX
CCAPLEX
COMPLEX
COMPLEX
COUPLEX
CCHPLEX
COMPLEX
CCHAPLEX
COMPLEX
CCMPLEX
CONPLEX
CCAPLEZ
COMPLEY
LCHPLEX
COEPLEX
REAL  HVT
HEAL  LVT
EEAL  HMAG
REAL  ILF
REAL  ILF
REAL  ILT
INTZGER
INTEGEK
INTEGER
INTEGER
INTEGEP
LOGICAL
CCMMON /IN
COMM0ON s0U
DATA  YES
A30=CMPLX (
CALL DYFIX
IFAULT=V (I
MAG=CABS (I
SCC =L ABS (
IF(IS0.20.
WRITE(KTER
WEITE {KTZR
WEITZ(KTIR
WRIIE (KTER
WRITE(KTE
WEITE (KTZR
IF(ANSQUT.
WEITZ (6,10
¥RITE(6, 10
WEITE (6,11
WRITE(6, 11

S CALIED:
HPRNT

21(24)

T (24,24)
IFAULT
V0o (24)
Vi(2u)
V2(24)
ILFO
ILF1
ILF2

ZF
V(24)
I0SF(50)
L 15F {50)
I23F (50)
T 0SB (50)
I1SB(50)
I2SB(50)
VOS (2u)
Vis(zy
V2S (24)
230

C (24)
C(24)

%0

#1

M2

SE(50)
EB(50)
IEUS (24)
SHIFT (24)
LINE (50)
PRINT
0U/ KTZEn

TPUT/ ANSOUT,PRINT,ANSIY

/YYES Y/

0.8660254,0,5)
(SHIFT,H4VIC,LVIC, SE
FE)/(Z1(IFP) +ZF)

FAULT)

V{IFP)) *MAG
£)GO ¢ 26

M,1064)

M,1084) IEBUS(IFp)
M,11064) ZF
M,11248) IFauLT,
¥,1144) sCC

M,1164)

NE.YES)GO TO 20

54)

84) IBUS(IFP)

04) ZF

24) IFAULT,

#*#***********i*#**!v**l*****

IIMNE,IBUS,HB,NL,IFF)



oGO0
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220

s aKe}

240
260

280
300
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WRITZ(6,1104) SCC
YEITC(6,1164)

CALCULATE THE SEQUZNCE VOLATAGES YOF THE FAULT

DC 220 X=1, 4B
VO (K) =CMPLX(C,,0.)
V1 (K)=V (X) =(Z1(K)/(2F+Z1(TFP)) ) *V {IFP)
V2 (X)=CAPLY(GC.,0.)
IF(I.EQ.R)V1(K)=(2F/ (ZF+41 (IFF)) ) *V (IFP)
VOS5 (K)=V0 (K)
VIS (K) =V 1{K)
V2S (K)=V2 (%)

PELCRFOEN FAASE SHIFTS IF NECESSAFY

IF(SHIFT (K).NE.O) V1S (K)=V1(X)*AJC*=SHIFT (X)
IF (ISQ.E20.0)GG TC 220
CALL HAGANG (VIS(K),V2S(K),VOS(K) ,VMAGT,VYAG2,VFAGO,
ANG1,A¥G2,ANGO)
AFITL(KTEEM,1184)IBUS(K),VHAGO,ANGO,VMAG!,ANG1,VHAG2,ANGZ
IF(ANSOUT.EQ.YES) ®RITE (6,1184) IRCS(K) ,VMAGO,ANCO,VNAG],ANG]T,
VHAG2,ANG2

CCONTINUE

F(ISO.NT.0)WRITZ (XTEEM,1204)

F((I3u.XE.0).AND. (ANSOUT.EC.YES) )WRITZ (6, 1204)

I
I

CALCULATE THE SEQUENCE CUPRENTIS FCR THE NETWORK

DO 320 ¥=1,NL
DO 240 J=1,NB
I7 (IBUS (J).EQ.SB(N)) GO TC Z6C
CONTIMUE
1=J
DO 230 J=1,NB
F(IBUS {J). 0. EB{¥)) GO TC 3CC
CONTINUE

= V1(L)‘V1(“1))"‘( F(L,%))

(¥)=CHPLX(0.,0.)

(\)-IL‘1

{(N) =CHPLX(C.,0.)

HIFT (L) . NE.O) I1SF () =I1SE(N)=A30%*SHIFT (L)

SQ.EQ.0)GO TO 320

SAGANG (I1SF (N) ,I23F (N),I0SF (X),ILF¥t,ILF8Z,ILEKO,

ANG2,ANGO)

(KTd“.,122u)L;NV(V),SB(L),EE(H),ILFHO,ANGC,IIFM1,
ANG1, ILFi2, aNC2

IF (h4SOUT.EC.YES)WNRITE(6,1224) LINE(N) ,S3(N),EB(N),ILF4C,ANGO,

ILFFV,ANGY,ILFM2,AKG2

LR o B I 2 B S e

T = e MRy 2O H
HQE W nt Wl m g

l'l—lf“k-‘ul"ll"l"")_a

L~

o (0 H b

I0SB(N)=C8PLX(0.,0.)

I1S8 (N)=-ILF1

I2SE{N)=CHFLX(0.,0.)

IF(SHIFT (#) .NE.O)I1SB(X) =T 1SE(K) #A30**SUTFT (¥)

CA4LL MAGANG{I1SB(N),I2SB(¥),l0S2(N),ILFN1,ILFMZ,ILFHMO,

ANG1,ANG2Z,ANGO)

¥2ITE(KTERMN, 1234) LINE (N) ,EB(}) ,SE(N) ,ILFN0,ANGC, ILEKT,

A¥G1, ILFMZ2, ANG2

IF(ANSOUT.EC.YES)WRITE(6,1234) LINE(N) ,EB(N),SB(N) ,ILINC,

ANGO,ILFK1,ANG1,ILE%2, ANG2



https://IF(ANSOUT.EQ

oGO0 w

340

1064
1udy
1104
1124
1164
1164

1184
1204

1224

1234

L LIRS EEE SRR R R R R R R R Rt R RS R RSS2 E R S R LS T ]
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BN -

NN a2 s —
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CALCULATE PEE FEASE VALUES

WRITE(KTZRM,1064)
WRITZ(KTERM,1084) IBUS({IFP)
WEITI(¥TERH,1104) ZF
WRITE:(KTZEM,1124) IFAULT, MAG
S“RITE(KTZRN,1144) 5CC

IF (ANSCUT.NE,YES) GO TO 340

WEITZ(6,1084) IEUS (IFP)

WEITE(6,1104) ZF

WEITE(b,1124) IFAULT, MAG

WEITZ(6,1144) SCC

CALL DPHPRNT (N¥B,NL,IEUS,LINE,SE,EBR,VCS,V1S,V2S,I0SF,I1SF,I2SF,
1055,I18B,I2S58B)

FORNAT (' 1', 20X, ***xx%x BALANCED TUFET DPHASE FAULT #mw%xr)

FCRAAT (1MO,'FAULT OCCURS AT BUS 1,12)

FOGAAT (1HO, '"FAULT IMEEDANCE=!', ZF1C.3)

FORMAT (1HO,'IFAULT=',2F10.4,4X, ' FAGKITUDE=",F10,4)

FOEMAT (10, 'SHORT CIRCUIT CaA2ACITY=',F10.4)

FORMAT (1HO,

/,' ©OST FAGLT BUS VOLTAGES',,//,

6X, 1% ,20("-*), ' SEIQUENCE QUANTITIES ',20 ('-'),'X'/

't BUST,2¥,t==mm-m- ZERQ m=mw=-=-~ £X=--== POSITIVE =--=-- X,

t¥==== NEGATIVE =~=-=- X't NC.'6%,

TWO' L,6X,'ANGLE 0! ,6Y,'V 1!, 6%, YANCLE 1',6%,'V2',6X,'ANGLE 2'/)

FCRAAT ('H ,I2,2%,F10.4,F10.2,F11.4,F10.2,F11.4,F10.2)

FCR4 AT (11C,/,' PCST FAULT LINZ CUFFENTS',

/7 4TR, 1%, 20 (" ="y, SECUENCE CUANTITIZS ',

20V =1y 1N /1T, PR ZERC =====mm X',

t{---- EOSITIVE ----- {X==== NIGATIVE =----=- X',/

* LINE!,4X,'SB',2X,*'EB',5X,

"IG', 8%, YANGLE C',6X%,"I17,6%, 'ANGIE 1',6X,'I12',6X, " ANGLE 2'/)

FOSYAT (14 ,I3,4X,I2,2X,12,2X,F10.4,F10.2,F11,4,F10.2,F11.4,
F10.2)

FORAAT (IH ,I3,4X,I2,2X,I2,2%,F10.4,F10.2,F11.4,F10.2,F11.4,
F10.2/)

POUTINE FLWLN(21,22,2F,F1,F2,V,HVIC,LVTIC,IBUS,S$B,EZB,
LIN:,IFP,NB,NL,JTSQ)

THe SUBEOUTINE FLNLN SCLVES FCR A LINE TO LINE FALLT AT
a7 PARTICULAP BUS OF A PCWEF SYSTEIM.

LRSS FE S S S B I A2 BT E R EE ST SIS RS RERE R R LRSS EEEEREE SRR PR RRR R R 2 S 3]

Z1 - THIS VECTOR2 CONTAINS THE BCSITIVE SZQUENCE IFPECANCES
OF ALL THE BUSEZS IN THE NEIWCRK WITYHY PEZSPECT TI0 THE
3US TIUAT IS BEING FAULIED.

22 = THIS VICTOR COWTAINS TUE NEGATIVE SECUZNCE IFPELDANCES
OF ALL THE BUSES Ik THE NETWCRK WITH R2ZSPEZCT TQ THE
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BUS THAT IS BEZING FAULTED.

ZF - THE IMPEDANCE OF THE FAULT A1 THE PARTICULAR BUS BZING
FAULTEC.

F1 - THZ POSITIVL SZQUENCE ADMITTANCE MATRIX
F2 - THE NEGATIVZI SEQUINCE ADMLTITANCE MATERIX
V - THE PREFAULT BUS VOLTAGES FCR THE SYSTCHM

HVIC - THIS INDICATEIS iCW A {IGH VCITAGE SIDE CF ! TRANSFCEAER
IS CCMNEZCTED 'D* FCR DELTA 'Y' FOR WYE,

noCo0n0OcGOOqMCoO00C0

LVIC = THIS TINDICATES HOW4 A LCW VCLTAGS SIDE OF A TRANSFCRMER
IS CONNECTED *D' FCR DELTIA *Y' FOR WYE.

IBUS - THE NUXBEIRS OF THE BU3ZS IN THE SYSTEH
53 - THE STARTING BUS OF A LINE, ALSC THE HIGH VCITAGE EUS OF A
TR2ANSFCEMES ’

LINE - TiHZ NUMBER OF EACH LINS CR THRANSFCRMER WITEIN THE SYSTEM
IFP - TiHZ NUH#BEIR OF THE BUS BFIXG FALLTED

N3 - THZ NUMRER OF BUSES IN THE SYSTEM

NL - THE NUMBIR OF LINES IN THZ SYSTEM.

I5Q - THIS ARGUZMENT IS NCNZERO IF THE SECUENCE VCITAGES AND
CURPENTS FOF THE FAULT ARE 10 EE PRINTED OUT.

*n**m***#*uvu#*****:x#*xvv*#xn*****iu#4#:3#*****x***t**x******t*x*#**tt
LCCAL VARIAELES: |

vo,v1,v2 - TEEZ COMPLEX VZCTGORS FOR TFE ZZPO, POSITIVE, AND
NEGATIVE SEZQUENCE VCITAGES
VYAGO,VIAGT,VMAG2 - THE MAGNITUDES CF THE THREE SECUENCE
VOLTAGES

ANGO ,ANG1,ANG2 - THE VOLTAGE ANGLES CF THE ZEEO,PCSITIVE,
AND NZIGATIVE SECUENCE VCLTAGES ANL CURFENTS

ILro,ILF1,ILF2 - THE CURRINT FLCWING FORWARD ALCNG A LINE
(FECHM STARTING EUS 70 ENDING BUS)

ILFH0,ILF®Y,ILFM2 - THE MAGNITULE OF THE SEQUENCE CURRENT IN A
LINE

V0S,V1s,V2s - THE CCMPLEX VALUE CF THE VOLTAGE WITH FUASE
SHIFTING DUZ TO DELTA-WYE TRANSFORMER CCNNECTICNS
TAKEW INTO ACCOUAT

C
c
C
C
C
C
C
C
c
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C |
C
C
C
o
C
[of
c
C
C
C
C
C
C
C
C
C
C
C
C
C
c
C

IOSF,INSF,12SF - THZ COMPLEX VAIUE CF THE CUGRRENT WITH TUASE
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SHIFT CUZ TO DELTA-KYE THANSFCRNER CCHNECTICNS
TAKEN INTO ACCCUNT. THIS IS FOR CURRENTS GOING
FRCYM STARTING EUS IC ENDING EUS.

I0SB,I15B,128B -~ THE COMPLEX VAIUE CF THE CURRENT WITH FHASE
SHIFT TUE T0 DELTA~WYE TEANSFORMER CONNECTICNS
TAKZIN INTO ACCCUNT, THIS IS FOR CUERENTS GOING
FrCY ENCING BUS TO STARTING BUS

IFAULT - CONMPLIY FAULT CUURENT

MAG - PEAL MAGNITUDE OF IFAULT

SCC - SHCRT CIRCUIT CAPACITANCE

SHIFT = THIS INTEGER VECTCR IS ZETUENED BY DYFIX. IT COMTIAINS

THE NUMBER OF TIMNIS A BUS VCLATGE IS TC BE SHIFTLL BY
30 LEGPEES.

cCococonDocnNnCnaCcooccOoce e

A30 - THIS CONSTANT IS TAKZK TO TFE FOWEE OF THE VALUE IN SHIFT
FOR THAT EUS

**xx***a«**xxtt**v*:***uw*k*:*x*#xwxﬁw***#!ﬁv#*#x*t*#**#!***;*4*!**:#**
SUBROUTINES CALLED:

DYFIX,PHPENT

[N sNeNo NN e N N

COMPLEX Z1(24)
CCHPLEX 22 (24)
CCMPLEX F1(24,24)
CCKPLEX F2(24,24)
COMPLEX IFAULT
CCUPLEX VO (24)
CCMPLEX Vi(2u)
CCHPLEX V2(24)
COMPLEX ILFO
CCNPLEX IIF1
CCMPLEX ILF2
CCMPLEX ZF
COMPLEX V(24)
CCMPLEX I0SF (50)
COMPLEX T1SF(50)
CCMPLEX I2SF(50)
COMPLEX ICsSB(£0)
CCYPLEX I138(50)
CCMPLEX 1258(50)
CCYPLEX VO0s (24)
CCMPLEX Vis(2y)
COMPLEX V2S5 (24)
CONMPLEX A 30

REAL HVTC (24)
REAL LVTIC (24)
BEAL MAG

REAL ILFMQ

RZAL ILFM1

REAL ILFN2
INTEGEE SE(50)
INTEGER EB(S50)
INTEGEE LT EUS (24)
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INTEGER  SHIFT (20)
INTEGER  LINT(50)
LCGICAL  PEINT
COM10N ,INOU/ KTZRM
CCMMON /OUTEUT/ ANSCUT, PRINT, ANZIN
CATA YES/'YES'y
A30=CHELX (0.8660254,0.5)
CALL DYFIX(SHIFT,HVTC,LVTC,SB,ZB,IINE,XBUS,NB,NL,]I)
IFRULT=V(IFP) /(21 (LEP) +22 (LFP) +2F)
MaG=CABS (IFAULT)
SCC =CABS(Y (IFP)) *MAG
IF(IS0.2Q. 0)GC IC 20
WEITEZ (KTERM,1064)
WRITT(XTERYM,1034) IBUS(IFE)
WEITE (KTERM,1104) ZF
WEITE(KTERM,1126) IFAULT, MAG
WEIZT(KTZEX,1180) ScC
WEITE(KTERM ,1164)
IF (ANSCUT.NE.YES)GS TC 20
WRITEZ (6,106 4)
WEITE(6,1084) IDUS(IED)
WFITZ(6,1104) ZF
WEITI(6,1124) IFAULT, HAG
ARITI(6,1144) 5CC
WEITZ (6,1168)
20 LG 220 K=1,uB
VO (K)=CHELX (0. ,0.)
V1(K) =V (K) = (21 (K) /(ZF+21 (IFP) + 22 (IFP))) *V (IFF)
V2(¥)=(Z2(K)/(2ZF+21(1EP) +22 (1FE)) )%V {IFD)
VOGS (K)=VO (X)
V1S (K)=V 1(X)
V25 (K) =V2(K)
IF(SHIFT (K).¥E.0) V1S (K)=V1(X) *A3C**SHIFT (K)
IF(SUIFT (K) .NE.Q) V2S (K)=V2 (K) *A30** (~SHIFT (K))
IP(IS0.EC.C)GO TC 220
CALL HAGANG (V1S (K),V25(K),VOS(K) ,VMAG1, VIAG2, VYAGC,
1 ANG1,ANG2,ANGU)
WRITE(KTERM, 1184) IBUS (X) ,VM3GO,ANGO, VMAGT,ANGT,VMAG2,ANG2
IF(ANSOUTI.ZQ.YES) ARITE (6,1134) IDLS(K) ,VHAGO, ANCO,V¥ACT, ANGT,
1 VNAG2,ANG2
220 CONTINUE
TF(ISQ.Y¥Z.0) WRITE (KIERM,1204)
IF{{I5Q.NE.0).AND. (ANSOUT.EQ. Y23) )WRITE (6, 1204)
DO 320 N=1,NL
DO 240 J=1,53
IF (IBUS (J). EQ.SB(N)) GO TQ 26C
240 CONTINUE
260 L=J
DO 280 J=1,88
IF(IBUS (J). EQ.EB(M)) GO TO 13CC
280 CONTINUZ
300 M=J
ILFO=CNPLX(0.,C.)
ILF1=(V1 (L) =V1(M)) *(-F1(L, 4))
ILF2=(V2 (L)=V2 (M) )*(-F2(L, %))
I0SF (4) =ILFO
I1SF (%)= ILF1
I2SF (N} =ILF2
IF(SHIFT (L).NE.O) I
IF(SEIFT (L).NE.O)I

N) *A30%**SHIFT (L)
N *A30%% (-SUIFT (1))

LI W
o
—~—
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340

1004
1084
1104
1124
1144
1164

1184
1204

1224

1234
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IF(ISQ.E0.0)G0 TO 320
CALL UAGANG (I1SF (M), I2SF (), TCSF(¥), ILF#1, ILFNZ, ILFXC,
ANG1,AaNG2Z,ANGO)
WRITL(KTERM, 1224) LINE (N) ,SB(X) ,EE (N) ,ILFN¥0,ANGC, ILFNT,
ANGT,ILF42, ANGZ
IF(ANSOUT.EQ.YES)WHITE(6,122U)IINE(N),SB(N),EE(N),ILFMO,ANGC,
ILENT,ANG1,ILFY2,ANG2
I0SB (¥)=ILFO
I1SB(N)=-ILF1
I2SB (¥)=-ILF2
IF(SHIFT (4) .NZ.0)I1SB(N) =I1SB (1) *A30**SUIFT (M)
LE(SHIFT (M) LNE.O) I2SD (N) =I2SE (K)*A30%* (-SHIFT (1))
CALL BAGANG (I1SB (), I2SB(N), 10SB(N), ILF41, ILFYZ, ILFNC,
ANG1,ANGZ,ANGO)
KEIIE(KIERU,1234)LINE(N),EB(N),SE(N),ILFMO,ANGO,ILFH1,
ANG1,ILFN2, ANC2
IF(ANSOUT.EQ.YES)WEITE(S,]ZBM)lIhE(H),Ed(N),SE(N),ILE&O,
ANGO, ILFH1,ANG1,ILFN2, ANG2

CONTINUE

WRITE(KTERH,1064)

WEITE(XTERY,1084) IEUS(IFp)

WRITE (KTERH,1104) 2ZF

axITE(LTER®,1124) IFAULT, MAG

WEITE(KTZIRM,11084) SCC

IF(ANSOUT.NE.YZS) GO TO 340

WEITE (6,1064) , .

#3IT2(6,1684) IBUS (LFP)

WEITE(6,1104) ZF

WRITE(6,1124) IFAULT, H4AG

WEITE (6,1104) 35CC

CALL PHPRNT(NB,NL,IBUS,LINE,SB,EB,VOS,V1S,V2S,IOSE,IISE,IZSF,

1058,1158,1258)

FCRUAT(*1',20X, '#%%%* LINE TO LINE FAULT LT 2D

FORAAT (110 ,'FAULT GCCCUPS AT £US ', 12)

FORMAT (1HO, *FAULT IMPEDANCE=', 2F10,3)

FORUAT (THD, 'IFAULT=',2F10.,4,4%, ' NAGNITUDE=", F10., 4)

FOIAAT (14O, *SHORT CIRCUIT CAPACITY=',F10,4)

FORMAT (110,

/' POST FAULT EUS VCLTAGIS',,/,,

6X, ' X', 20("="), ' SEQUENCE QUANTTTIES tL,20( -y, X1,

tOBUSY, 2K, Xmemm-— ZLRO =~======XX-=== POSITIVE ===-- £,

" X===~= MEGATIVE =-==-- X'/' uc.'ey,

'VO',6X, 'ANGLE 0',0X,'V1',6%, 'ANGIE 1, 6K,'V27,6X, " ANGLE 2' /)

FCRMAT (1H (12,2X,F10.4,F10.2,F11.4 ,510.2,F11.4,F10.2)

FORMAT (1H0,/,' FCST FAULT LINE CURRENTS',

A/ VTN TR, 20("-0) ' SEQUENCE CUAMIITIES !,

20(" =" % /17K, ' X mmmm = ZERQ =-===m= X,

'X-=== DPOSITIVE =-=--- XX==== NEGATIVE —===- X,/

' LINE',u%, '3B',2X,':B*,5%,

'I0Y,AX, "ANGLE 0',6X,'I1',6X, *ANCLE 1,64,"I2,6X,"ANGLE 21/)

FGEMAT (1H (L3, 4X,12,2%,12,2X,F10.4,E10.2,F11,4,F10.2,£11.4,
F10.2)

FCEMAT (1H ,IB,uX,IZ,ZX,IZ,ZX,F10.U,E10.2,F11.u,F10.2,F11.u,
F10. 2/)

JETURN

ZND

SUBROUTINE ESLG(Z1,22,ZO,ZF,F1,FZ,FO,ZSEEO,V,HVTC,IVTC,IEUS,
SB,EB,LINE,IFP,KB,NL,ISQ)
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C

c THE SUBFOUTINE FSIG SOLVE3 FOR A SINGIE LINE TC GECUNL FAULT
C AT PARTICULAE BUS OF A POWEE SYSTEN, ’
C

O b g Y

AEGUMENTS:

Z1 - THIS VECTCF CONTAINS THE PCSITIVE SZIQUENCE INPEDANCES
CF ALL THZ BUSLZS IN THEZ NETW(SK WITH RESEFECT TC THE
BUS THAT IS EZING FAULTEL.

22 - THIS VECTCE CONTAINS TEEF JEGATIVE SEQUINCE IFPEDANCES
OF ALL THE BUSES IN IHE NETIWCEK WITH RESEECT TC THE
BUS THAT IS EZING FAULTELD,

Z0 - THIS VECTCE CONTAINS TEE ZFRC SEQUENCE IMPEDANCES
OF ALL THE BUSES IN THE NETWCEK #ITU RESEECT TC THE
BUS THAT IS EEING FAULTEL.

ZF - THZ IMEECANCE CF THE FAULT AT TEZ PARTICULAR BUS BEING
FAULTED,

E1 - THE POSITIVE SEQUENCE ADMITTANCE MATFIX
F2 - THZ NEGATIVE SEZQUENCE ADMITTANCE MATRIX
FO - THZ ZZRO SEQUENCEI ALMITTANCE MAIRIX
ZSERQ - ZEROC SECUENCEZ IXPEDANCE CF LINE
V - THE PREZIFAULT BUS VOLTAGES FCE THE SYSTEM

HVIC - THIS INDICATZS HOW A HIGH VCLTAGE SIDE CF ? TFRANSFCRMER
IS CCNNECTED 'D' EFCR DFLTIA 'Y' FOX WYE.

LVIC - THIS INCICATES HCW A LGW VCLTAGE SIDE OF A TRANSFCRMNEER
IS CCUNECTED 'D' FCR DELTIA *Y' FCR WYE.

IBUS = THI NUMBERS OF TUE BUSHS Ib THE SYSTEN

[#2]

5B - THZ STARTING BUS OF A IINE. ALSC THE UIGH VCITAGE EUS OF A
TRANSFCRMEEF

EB - THE ZNDING BUS OF A LINE. ALSO THE LOW VOLTAGE BUS OF A
RANSFCRMEF

LINE - THE NUMBIR OF EZACH LINZ CR TRANSFCRMER WITHIN THE SYSTEM

IFp - THE NUMBER CF THE BUS BEING FAGLTZID

nnnnnf‘n(vnnnnc',nnnnﬁn(vnOnnnnnr\nﬁr;ﬁnﬁnf‘nhnr\nr‘nbn(‘n

WB - THEZ NUMBZR OF CUSES IN THF SYSTEM
NL - TiZ NUMBER OF LINIS I¥ TUZ SYSTELA.

I5Q - THIS ARGUEMENT IS NCNZZRO IF THET SECUENCE VCLITAGES AND
CURRENTS FOE THE FAULT ARE T0 EE PRINTED OUT.

AN EeNsNaN s X8
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LOCAL VARIABLES:

vo,v1,v2 - THE COMPLEX VECTCRS FCF TUE ZERC, ECSITIVE, ANC
NEGATIVE SEQUENCE VCLTAGES

VHAGO ,V4AGT,VMAG2 - THE MAGNITULES OF THE THREE SEQUENCE
VOLTAGES

ANGO,ANG1,A¥G2 - THE VOLTAGE ANGLES C? THE ZERC,ECSITIVE,
ANL NEGATIVE SEQUENCE VOLTAGES AND CUSRENTS

ILFO,ILF1,I1F2 - THE CUERENT FLCWING FORWARD ALONG A LINE
(FRCM STARTIING BUS IO ETHLING BUS)

ILFa0, ILFI1,ILFM2 - THE WAGHITULE CF THE SEQUENCE CURGEXT IN A
LINE

VUS,V1s,V2S - THI CCMPLEX VALUE OF THE VOLIAGE WITH PHACSE
SHIFTING DUE TO DELTA-WYE THRANSFCHRMEY CCNMNECTICHS
TAKEN INTO ACCOUNT -

I0OSF,I1SF,I2SF ~ THE COMPLEX VALUE CF THE CUBRSHT WITH BHASE
SHIFT DUE T0 DELTa-WYE TEFANSFCRMIR CCNNECTICYH
TAXEN INTO ACCCUNT., THIS IS FOPR CURRENTIS GOCIN

FRCY STAETING EUS TC ENDING EUS.
i0sB,I158,I12S5B - THE COMPLEX VAIUE CF THE CURRENT WITH E[AST
SHIFT DUE TO CELTA-WYE TRANSFORMER CONNECTICHS
TAKEN INTO ACCCUMNT., THIS IS FOR CURRELTS GOING
FRCM ENDING BUS TO STARTING BUS
IFAULT - COMELEX FAULT CUURENT
MAG - REAL MAGNIZIUDE OF IFAULT
SCC - SHOBRT CIRCUIT CAPACITANCE
SHUIFT = THIS INTEGER VECTCE IS RETURNED BY DYFIX. LT CCNTAINS
TUE NUMPER OF TIMES A BUS VCIATGE IS 70 BI SHIFTEL EBY
30 LEGPEES,

A30 - THIS CONSTANT IS TAKEN TO TFE BOWER OF THE VALUZ IN SHIFT
FOR THAT BUS

-
TR N R N K 0 ok R R K R A XK KRR N K KK Ak K R K LR ELEE SRR R TSR R E R RS S Y

SUBROUTINES CALIZC:
DYFIX,PHPRNT

CCMPLEY Z1(24)
CCMPLEX Z2(24)
CCHMPLEX Z0(24w)
CCEPLEX T1(24,29
COMPLEX F2(24,2W
CCMPLEX FO(24,24)
COMPLEX ZSZRO(5C)
CCHPLEX IFAULT
COMPLEX vVo(2u)
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CCMPLEX  V1(24)
CCHMPLEX  V2(24)
COMPLEX  ILFO
COMPLEX  ILF1
COMPLEX  ILF2
CCNPLEX  ZF
CCMPLEX  V (24)
CCUPLEX  TOSF(50)
CCUPLEX  I1SF(S0)
CCMPLEX  I2SF(50)
COMPLEX  ICSB(S0)
CCMPLEY  I1SB(50)
CCMPLEX I ZSB(S50)
CCMPLEX  VOS (2U)
CCAPLEX  V1S(24)
CCMPLIX V25 (24)
CO4RLEX 430

BEAL  HVTC (24)
REAL  LVIC (24)

EEZAL ¥AG
REAL ILFNO
REA ILFM
REAL ILFMZ
2EAL Y

INTEZGZ2  S$B(50)

INTEGES  EE(50)

INTEGER  IBUS(24)

INTIGEE  SHIFT (24)

INTZEGER  LINE(50)

LCGICAL  PEINT

COMAON /INOU/ KTERM

COMMON /CUTEUT/ ANSQUT,PRINT, ANSIN

DATA YES/'YESY/

DATA  Y/'Y'/

A30=CMPLX{0.866C254,0,5)

CALL DYFIX({SHWIFTI,HVIC,LVTC,S$B,EE,IINE,IBUS,NB,NL,I)

IFAULT=V (IFP)/(Z1{IFP) +Z2 (IFP) +20 (IFE) +3,%ZF)

MAG=CABS (IFAULT)

SCC =CABS(V(IFP)) *MAG

IF(ISQ.20. 0)GC 7¢C 20

WLIDZ(KTERN,1064)

WEITZ (KTERM,1084) IEUS (IEP)

ARITE (KTERM,1104) ZF

ARITEZ(KTERM,1124) IFAULT, MAG

WRITZ (KTERX,T144) SCC

WRITE(XTERM,1164)

IF (ANSCUT.NE.YES) GO TO 20

WRITE(6,1064)

WEITE(6,1084) IEUS(IFD)

ARITE(6,1104) 2F

WETTE (A, 1124) TEAULT, MAG

WRITE(6,1144) SCC

ARITE (6,116 4)

DO 220 K=1,\5B
VO (%)== (Z0 (K)/ (3. %ZF+Z1(IFF) 422 (TFR) +20 (IFP)))*V (IFD)
V(L) =V (K)= (Z1(K) /(3. %ZF+Z 1(TFE) #+Z2(IFB) +Z0 (1FE})) *V (1FP)
V2(K)==(22(K)}/ (3. %ZF+ Z1(IFP) +Z2(IFP)+20 (LFE)))*V (LFE)
VOS (K)=VO0 (K)
V15 (K) =V 1(K)
V2S (K)=V2(X)
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240
260

280
300

320
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IF(SHIFT (K)NE.O) VIS(K) =V1(K) *230#%SHIFT (K)
IF(SHIFT (K) 4NE.Q) V2S5 (K) =V2 (K) *A30%* (~SHUIFT (X))

IF(ISC.EC.0)GO TC 220

CALL HAGANG{VIS(K),V2S(K),VOS(K) ,VMAG1,V14G2,V¥AGO,

ANG1,ANG2, ANGO)

WPRITE (KT ERM, 1184) IRUS (K) ,VMAGO,ANCGO, VNAGT, ANG1,VNAG2,ANG2
IF(ANSOUT.EQ.YES) WRITE (6,1184) IBUS(K) ,VHAGO, ANCO,VHAGT, ANGT,

CONTINUE
IF(ISQ.NE.0) RTTE (KTERM,12
IF((ISC.NE. Q). AND, (ANSOUT.
D0 326 H=1,NL
DO 240 J=1,uB
IF (IBUS (J). EQ.SB(N))
CONTINUE

L=J

20 280 J=1,N8
IF(IBUS (J). ZQ.EB(Y))
CONTINUZ

M=J

ILFO= (VO (L) ~VO (4)}* (-FC

IF((CABS (FO(L,¥) ).EQ. Ou).aANL,

ILFO= (V0O (L) -VO (i) ) /ZSER
ILF1=(V1(L)=V1(¥4))*(-F1
ITF2= (V2 (L) -V2 (%)) =(-F2
05F (§)=ILFO
15F (§) =ILF1
2SF (N)=ILF2

o

o4)

VMAG2 ,ANG2

EQ.VES) )WRITE (h, 1204)

GO TO

GO TC

(L,¥))

0 (N)
(L, 2))
(L, %))

Z€C

366

(HYIC (N) .EQ. Y))

IF(SHIFT (L) «NZLO)I1SF (N) =I1SF () #A30**SUIFT (L)
IF(SHIFT (L) . N2.0)I23F (N) =T2SF (U) *A30%x (-SHIFT (1))

IF(I50.2¢C.0)GO TC 320

CALL MAGANG (I1SF (L) ,I2SF (i) ,I0SF(N ,ILFM1,ILFYZ,ILFXO,

ANG1,ANG2,aNG0)

WEITZ(KTERH,1220) LINE(M) ,58(4) ,EE(N) , ILF40,ANGC,ILFN],
ANG1,ILFd2,ANG2

IF(ANSOUT.EQ.YIS)WRITE(6,12204) LIN

(M) ,SB(M),=ZB () ,ILFMC,ANGO,
ILF41,ANG1,ILF12,ANG2

I05B8(N)= (VO (i) -VO(LY)*(~F0(1,L}))
IF((CABS (FO(¥,L)).ZQ. 0.).ANC. (LVIC(N).EQ.Y))

IO0SB (¥)= (VO (i) =VO (L)) /2ZSERO(})

I1SB(N)=-ILF1
I2SB(N)=-ILF2

IF(SHIFT (%) .¥Z.,0)I1SB (i) =I13B(N) *A30%*SHIFT (M)
IF(SHIFT (M) «NE.0) I2SB (N) =I23E(N) *A30*% (=SHIFT (¥))
CALL MAGANG(I1SB(N),I2SB(N),10SB (%) ,ILFM1,ILFMZ,ILFNC,

ANGT,ANGZ,ANGQ)

WRITE (KT EEM, 1234) LINE(Y) ,EB(N) ,SE(N), ILFM0,ANGC,ILFN1,
ANG1,ILFM2,ANG2
IF(ANSOUT.EQ.YES) WRITI (6,1234) LINE(N) ,EB(N),SE (M) , ILENO,

COWTINUE
WkITE(KTERM,1064)

AR ITE(XKTZRY,1034) IBUS(IFE)

WEITE(KTERX,1104) ZF
WEITZ(XTE24,1120) IFaNLT,
WRITE(KTERM,1164) 35CC
IF(ANSOUT.NE.YES) GO TO 340
WRITE(6,1064)
WRITE(6,1084) IBUS(IFP)
WRITE(6,1104) 2F

MAG

AUGC, LILF¥1,ANG1,ILFM2,ANG2
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1064
1034
1104
1124
110y
1164

1134
1204

1224
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WRITE(6,1124) IFAULT, 4AG
WRITZ({6,1144) SCC

CALL PHPENT (NB,NL,IEUS,LINE,SE,2,VCS,V1S,V2S,I0SF,I1SF,I2SF,
10S3,I158,1258)

FORAAT (1 11, 20X, '=*#%x SINGLE LINE TC GRCUND FAULT r=x%x1)

FOEMAT (1HO,'FAULT GCCURS AT 8US 1,12)

FCRAAT (150, '"FAULT IMBRCANCE=', 2F10,3

FORMAT (7HO,'IFAULT=',2F10,4,4X, 'HAGNITULE=', F10.4)

FORXAT (110, "SHORT CIRCUIT CAPACITY=',F10.4)

FORMAT (140,

/¢! POST FAULT BUS VOLTAGZS',,//,

6X, X', 20(*="), ' SEQUENCE QUANTITIES ',20('-*), X"/

' BUS',2X,tK===nm= ZEAQ =mm-e-m-e ¥X===- POSITIVE -==-- X,

'X~==~ NEGATIVE ----- X'/0 NC.'63,

'VO', 6%, 'ANGLI C',56X,'V1',6X%,'AMNGLIE 1',6X,'V2',56%, ' ANGLE 2'/)

FCEZAT (1H ,12,2(,P10.4,F10.2,F11.4,F10,2,F11.4,F10.2)

FORIAT (110,/,' PUST FAULT LINE CURFENTS',

/717X, X1, 20("=*) ¢ SEQUENCE CUANTITIES !,

20(V=1) 0K /17K, "X mmmm e ZERQ ==-=-ue X,

'X===-- BOSITIVE -=--- XX==-= NEGATIVE ----- 2,/

' LINE',4X, 'SB',2X, 'EB',S5Y,

'I0',6%,'ANGLE O',56X,'I1%,5X, TANGLE 1',6X%,'I2',6X, ANGLE 21 )

FORMAZ (14 ,I3,4X,12,2¥,72,2X,F10.4,F10.2,F11.4,510.2,F11.4,
F10. 2)

FORMAT (1 ,I3,4X,I2,2X,I2,2%,F10.4,F10.2,F11,4,510.2,F11.4,
F10. 2/)

EETUERN

END

SUBEOQUTINE F2LG(Z1,Z2,ZO,ZF,F1,FZ,FC,ZSEEO,V,HVTC,LVTC,IBUS,
SB,tB,LINE, IFP,NB,NL,I5¢)

THE SUBROUTINE F2I6 SCLVES FOR A LOUELE LINE T0 GECUND FAULT
AT PARTICULAR BU3 OF A POWEE SYSTEFH.

AdGUMENTS:

21 - THIS VECTOR CONTAINS THE ECSITIVE SECUENCE IMPELAKCES
CF ALL THE BUSES IN THE NETWCRK WITH RESPECT TO THE
BUS TUAT IS BEING FAULTED.

22 - THIS VECTOR CONTAINS THE NEGATIVE SZCUENCZ IMPECANCES
OF ALL THE BUSES IN THE NEIWCRK WITH RESPECT TO THE
BUS THAT IS BEING FAULTZD.

20 - TUIS VECTOR COMNTAINS THE ZEERC SECUENCE IMPELANCES
QF ALL THE BUSES IN THZ NETWCRK WITH RESFECT TC THE
BUS THAT IS EEING FAULTED.

ZF - THE IMFELCANCE CF THE FAULT AT TEE PARTICULAR BUS BZING
FAULTED.

D}

F1 - THE POSITIVEZ SEQUENCE ADMITTANCE MATRIX

F2 - THE NEGATIVE SEQUENCE ADMITTANCE MATEIX
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FC - THEZ ZERO SEIQUENCZI ALKITTANCE M2IRIX

| S}

2SERQO - ZERC SECUENCE IMLEDANCE OF LINE

V - THE PREFAULT BUS VOLTAGES FCR TEE SYSTEM

L]

HVTC = THIS INDICATES HCW A HIGE VOLTAGE SIDE OF A TRANSFCEMEE
IS CCNNECTED 'D' FCR DELTIA 'Y' FOR WYE.

LVIC - THIS INDICATES HOW A LCw VCLTAGE SIDE CF 3 THRANSECFMER
IS CCNNECTED 'D' FCE CELTA 'Y' FOR WYZ,

IBUS - THE NUMBZRS CF THE BUSES IN THE SYSTEH

SB - THE STARTINKG BUS OF A LINE. ALSO THE HIGH VOITAGE BUZ OF A
TRANSFORMEPR

e

EE - THE ENDING BUS OF A LINE. ALSC THE LCW VCLTACGE CUS CF
TRANSFCBRMEER

LINE - THE NUMBER CF ZACH LINE CP TEANSFOEHZ2 WITIHIN THE SYSTILM
IrP - THE NUMBEF CF THE EBUS BEING FAULTED

NB - THE NUMEEE OF EUSES IN TFE SYSTEM

NL - THE NUMBEE OF LINES IN TEE SYSTEM,

I5Q - THIS ABGUEMENT IS NCNZERC IF TEE SEQUENCZ VCLTAGES aND
CUORRENTS FOF THE FAULT ARE 1C LE FRINTELC CQUT.

EREUEE KRR AR KRR LR RE AR XKML BT IE R BN R DR E MK T KR EL L X PR R KR

LOCAL VARIAELZS:

vo,v1,v2 -~ THE COMPLEX VECTCHKS FCE THE ZEARC, ECSITIVE, ANL
NEGATIVE SEQUENCE VCITR2GES

VHAGO,VMAGT ,VHMAGZ - THE MAGNITUCES OF THZ THREZ SEQUENCE
VOLIAGES

ANGU ,ANG1,ANG2 - THZI VOLTAGE ANGLES CF THE ZERC,FCSITIVE,
ANLC NEGATIVE SEQUENCE VOLTAGZS AND CURRENTS

ILFO,ILFY,ILF2 - THE CURRENT FLCWING FORWARD ALONG A LINZ
(FECM STARTILING BLS TI0 ENDING PBUS)

ILFM0,ILFM1,ILF#2 - THE XMAGNITULCE CF THE SEQUENCE CURREMN IN A
LINE

V05,V1S,V2S - THEZ CCMPLEX VAL
SUIFTING DUZ 3C
TAKEN INTO ACCC

VOLTAGE WITH PHAS

UF QF E £
L YE TRANSFCR¥IR CChNECTICNS

(S 3

R

H
CELTA-%
UNT
I05F,IVSF,I2SF - THE COMPLZX VAIUZ CF THE CURRENT WITH FHASZ
SHIPT DUE TO DELTA-WYE TEANSFCRMER CCMNMNECTICNS

TAFEIN INTO ACCCUNI. THIS IS FOE CURRENTS GOING
FRCM STARTING EUS IC ENDING EUS.

I0sB,I1S3,I2SB -~ THE COMPLEX VAIUE CF THZ CURRENT WITH EBASE
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C SHIFT DUE TO DELTA-wYE TEANSFCEHER CCNNECTICNS
C TAKEN INTO ACCCUNT. THIS IS FOR CUERENIS GOING
c FRCH ENDING BUS 1C STARTING EUS

C

C IFAULT - COMPLEX FAULT CUURENT

C

C MAG - RCAL MAGNITUDE OF IFAULT

~

C 3CC = SEJRT CIRCUIT CAPACITANCE

C

o SHIFT - THIS INIEGE& VECTOR IS AETUENED BRY DYFIX. IT CCNTAINS

C THEZ MUMEEF OF TIMES A BUS VCLATGE IS IO BE SHIFIZD BY

C 30 DEGREES,

C

[of A30 - THIS CONSTANT IS TAKEN TC TLI IRWEL OF THI VALUE IN SHIFT
C FOR THAT EUS

C .
Cv:x::*;t::u*x*t*#xt*t*x;»n*ux**#;tt#tmmuu*x:t*tu*vx**tt******x-:*****t*
C

c SUBROQUTINES CALILZEL:

C

C DYFIX,PHERNT

C

CCHPLEX  Z1(20)
COMPLEY  Z2(2U)
CCYXPLEX 20 (24)
COAPLEX  F (24,20
COMPLEX  F2(2u,24)
COUPLEX  FC(24,24)
CCHPLEX  ZSEPRD (50)
CCMPLEX  IFAULI
CCUPLEZ VO (2U)
COMPLEX  V1(24)
CCMPLEX  V2(24)
COMPLEX  ILFO
COMPLEX  ILF1
CCMPLEX  ILF2
COMPLZEX  ZF
CCMPLEX  V (24)
COMPLZX  IOCSF(S0)
CCHPLEX  TI15F(50)
CCAPLEX  IZS5F(%50)
CCHPLIX  I0SE(50)
COMPLEX  I11SB(50)
CCHPLEX  I2SE(S0)
CCMPLEL  VOS(24)
CCHPLEX V1S (24)
CONPLEX  V2S(24)
CCHPLIX  A30
CGMPLEX  DZLT
REAL  HVTC (20)
REAL  LVTC (24)
EEAL  MAG

REAL ILFM0

REAL  ILFM1

REAL ILFY2
INTEGER S E(50)
INTEGER  EB(S0)
INTEGER  IEUS (24)
INTEGER  SHIFT{24)




20

2490
260

280
300
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INTEGER  LINE(50)
LOGICAL  PRINT
COHUMON /INOU/ KTEEY
CO4MCN SOUTPUT/ ANSOUT,PRINT,AKSTH
DATA  YES/'YES!'/
A30=CHPLX {0.866(254,0.5)
CALL DYFIX(SHIFT,HVTC,LVTC,SE,ZE,1INE,IBUS,NB,NL,]I)
DELT=21(IFP)*22(IFP)+Z1 (IFP)=*(3,%2F+20 (IFP)) +22 (L1EP) *
{3.%2F+ZC (IFP))
IFAULT=((Z2 (IFP)+3, ¥2F+20 (IFP)) *V (IFF)} /DFLT
MAG=CABS (IFAULT)
SCC =CABS(V (IFP)) *4AG
IF(ISC.EQ. 0)GC TC 20
WRITE (KTERH,1064)
WRITE(KTEEM,1084) IBLS (IFP)
WRITE(KDERM,1104) ZF
WEITE(KTERM,1124) IFAULT, NAG
WRITE (KTERM,1184) SCC
WEITEZ(KTERM,1164)
IF(ANSOUT.NE.YES)GO TO 20
WRITE(6, 106 4)
WRITE (6,1084) IEUS({IFP)
WRITE(6,1104) ZF
WKEITE(6,17124) IFAULT, MAG
WRITE(6,1144) SCC
WRITE(6,1164)
DO 220 X=1,%B
VO (K) =20 (K) %22 (LFE) *V (K) /DELT .
V1(K)=((DELT-21(X)* (Z2(IFP) +3,*2ZF+20(IFP)) ) /DELIT) *V (K)
V2(K) =22 () *(3,*ZF+ZC(IFE))*V(K) /LTLT
VOS (X)=VO0 (&)
VIS (K) =V 1(X)
V2S5 (K} =V 2 (&)
IF(SHIFT (K) «NZ.0) VIS (K)=V1 () *A304*SHTIFT (K)
IF(SHIFT (K) « ¥2.0) V2S5 (K) =V2 (K) *A30%x (~SKIFT (K))
IF(ISC.EC.0)GC TC 220
CALL HAGANG(V1S(X),V2S(K),VOS(F),VNAG1,VHAG2,VEAGO,
ANG1,ANG2, ANGO) :
WRITE (KTERM,1184) IBUS (K) ,VHAGO,ANGO,VHAGT, ANG1T,VMAG2, 4 8G2
IF(ANSOUT.EQ.YES) sRITE(6,1184) TRLS(K) ,VMAGO, ANCC,VMACT, ANGT,
VHAAG2,ANG2
CONTINUE
IF(ISQ.NE.O) WRITE (KTERM,1204)
IF((ISQ.NE.0).AND, (ANSOUT.EC.YES) )WEITE(6,1204)
DO 320 x=1, ML
DO 240 J=1,NB
IF(IBUS (J).EQ.SB(N)) GO 7C
CONTINUE
L=J
DO 280 J=1,NB
IF(IBUS (J}.IQ.EB(%)) GO IC 3CC
CONTINUE

o
O
o

k< 4

L
ILFC=(VO (L) =VO (¥))* (~FC(L,H#))

LF((CABS (FO(L,¥)).3Q. 0.).A¥L. (HVIC(N).EQ.Y))
ILFO= (VO (L) -V0 (M))/ZSEEOD ()
LLF1=(V1(L)y=VI (X)) *(-F1(L,))

ILF2= (V2 (L) =V2(4)) *(=F2(L, 4))

I0SF (N)=ILFO

I1SF{N) =ILF1

=J
F
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320

340

C

1064
1084
1104
1124
1144
1164

1134
1204

1224

1234

Nowho — o

[ ST 6 N
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I2SF (N)=TILF2

IF(SHIFT (L) .ME.0) I1SF (N) =T13F({N) *A30=*SHIFT (1)

IF(SHIFT (L) ,NZ.0) T2SF (ki) =I2SF (N) ®430%* (-SHIFT (1))

IF{ISC.EC.0)GO TC 320

CALL HAGANG (IVSF (N),I2SF(N),IOSF(N) ,ILF¥1,ILFH4Z,ILENC,

ANG1,ANG2,ANGO)

WEITE(KTERM,1224) LINE(N) ,SB(%) ,EE(N) , ILFA0,ANGC,ILFY1,

ANG1,ILF}2,ANG2

IF(ANSOUT.EC.YES) #RITE(6,1224) LINE(H) ,SB(¥),EB (¥),ILFNC,ANGC,
ILE¥1,ANGY,ILFN2,4KG2

ZOSB(N)= (Y0 () -VC(L))*(-F0 (1,L))

IF((CABS (FO(¥,1)).20. 0.) . ANL.(LVIC(N) .EQ.Y))

IOSB(N)={VO{M) -VO (L)) ,/2ZSERO(})

I1SB(Y)==ILF1

I2SB (N)=-ILF2

IF(SHITT () .NE.O)TI1SB (N) =I15E (N) *A30**SHIFT(H)

IF(SHIFT () .NE.O) I2SB (%) =12SE (K) *A30%% (=SHIFT

CALL HMAGANG (I1SB(N),I2SB(¥),I1083(Y),ILF41,ILF

ANG1,AHG2,ANGO)

ARITZ (KT ERM, 1234) LINE(N) , EB(N) ,5B ), ILFHO,ANGC, ILFY1,

ANG1,ILFU2,ANG2Z

IF(ANSOUT.EQ.YES) WRITE(6,1234) LINE(N) ,EB(N),SE(N),ILEND,

ANGC, ILFM1,ANG1,ILFN2,ANG2

_SA
Ny R
« —

CONTINUZ
WEITE (KTERM,1064)
#RITE(KTERH,1084) IBUS(IFP)
WRITE (KTZEN,1104) ZF
WEITE (KTERM,1128) IFAULT, MAC
WRITE(KTZRN,1144) SCC
IF(ANSCUT.NE.YZS) GO TO 340
WRITE(6, 1064)

WEITE(6,108%) IPUS(IFD)

ARITE(6,1104) ZF

WEITE (6,1124) IFAULT, MAG

WEITE(6, 1144) SCC

CALL PHPENT (NB,NL,IEUS,LINE,SB, EB,V0S,V1S,V2S,I0SE, I1SF,I25F,
1C58,I15SB,I25B)

FOXBAT (' 1', 20X, '***** DOUBLE LIKE IC GRCUND FAULT **xx%1)
FOEMAT (1HC,'FAULT OCCURS AI BUS 1,12)

FORMAT (110, *FAULT IMPECANCE=', ZF1C.3)

FORMLET (10O, 'IFAUL"‘",ZF'IO.’J,’-&X,'D’F\GNITUDE=‘,F10.U)
FGRMAT(THO, *SHORT CIRCUIT CAPACITY=',F10,4)

FOEMAT (1HO,

/¢' POST FAULT BUS VCLIAGEZS',//,

6X,'X',20("~="), " SECUENCE QUANTITIES ',20('-1), X',

' BUSY,2¥,t X=-m=~- ZERC ===-=---- K{==== POSITIVE ~=--~- X,

'X==== NEGATIVE -=--- X'/' NC.'6X,

'VO' ,6X, 'ANGLE 0',6X,'V1',6X, "ANCGLE 1',6X,'V2',6 X,"ANGLE 2'/)

FOR#AT (10 ,I2,2X,F10.4,F10.2,F11.4,F10.2,F11.4,F10.2)

FORMAT (10,/," PCST FAULT LINZ CURRENTS',

/7 TX, X, 20(0-4), " SEQUENCE GUAMIITIES ',

20("=") 'K /17K, 1 = ZERC ==~==~=- X',

*Xe~== POSITIVE -==-- XXe=== NEGATIVE =-=-=--- X',/

' LINE',4X,'Se',2%, 'EB', 5%,

YI0',6X,'ANGLE O, 6X 'I1',6( 'ANGLIE 1',6X,'I2',6X,'ANGLE 2'/)

FORMAT (1H ,I3, 4%X,12,2%,I2,2X,F10.4, FTO 2 F11.4,F10.2,F 11,4,
F10. 2)

FGRMAT (114 13,4X,12,2%,12,2X,F10.4,F10.2,F11.4,EF10.,2,F11.
F10. 2/)
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SZETUERN
END
SUBROUTINE EHPR¥I (NE,NL,IEUS,LINE,SE,EB,V0S,V15,VZS,I05F,I1SF,
1 I2s5F,I0SB,I11SB,I28B)
C %% 3 3 KR X K 0 MR HOKOK e o R o A K 3o b o o e e K K AR K KK KX K R a ROK K KK
C

C THE SUBRCUTINE FHERNT PRINTS CUT 1TEZ PHASE VOLTAGES AND
C CURRENTS FOR THE FAULTED SYSTEH
C
C 0% 3K 30 X R A R A X AR K RO XK N XK Rk X KR K R X g B R R e R R R OR X Rk R Rk Rk A OK K K K
C ARGUMENTS:
C
C NB - TilZ NUMBER OF BUSES IN IUZ SYSTEM
C
C WL - THZ UUMBER OF LINLCS IN THE SYSTIM.
C
C IBUS - THE NUMBERS OF THE BUSFS IM THE SYSTEM
C
o LINZ - TUE NUMBER OF EACH LINE CR THEANSFORMER WITHIN THE SYSTEM
C
C SB - THE STARTING BUS COF A IINE, ALSC THZ HIGH VCITAGE EUS OF A
C TRANSFCEMER
C
C EB - THE ENLING 3US OF A LINE., ALSC THE LCW VOLTAGE BUS OF A
C TRANSFCEMER
v0S,V15,V2s - THE COMPLEX VALUE CF THE VCLTAGE WITH EHASE
SEIFTING DUE TO DELTA-wYZ TRANSFORAER CONMECTICKS
TAKZIN INTC ACCCUNT
I0SF,I1SF,I25F = THE COMPLEZX VAIUE CF THE CURRENT WITH FHASE
SHIFT CUE TO DELTA-NYZ TERANSFOEUER CCNNECTICNS
TAKEN INTO ACCCUNT. THIS IS FCR CURRENTS GOING
FECMN STARTING EOS TC ENDING BUS.
I0sB,I158,I25B - THE COMPLEX VALUE GF THE CURRENT WITH FHASE
SUIFT DUE 70 DELTA-wYZ TRANSFCRYIR CCNNECTICNS
TAKEN INTO ALCCULT. THIS IS FOR CUEEENTS GCILG
FRCM ENDING BUS 1C STARTING EUS
SN AR MR R R KK RO R R A R R KK R R o o X R o K R K K R K B K R K KR KR K

LOCalL VARIABLES:

VAa,v3,VC - THE COMPLEX VECTCR3 FCF THE THREE PHASEIS CF THE
VCLT AG:.

VMAGA,VMAGB ,VXAGC - THE MAGNITULES OF THE THREE PHASE
VOLTAGES

ANGA ,ANGB,ANGC - THE ANGLES CF THE THREEZ EHASES CF
VCLTAGE ANLC CURFENT

ILFMA,ILFMB,ILFuC - THE MAGNITULE OF THE PHASE CUERENT IN A
LINE

ILFAF,ILFBF,ILFCF - THE COMPLEX VALUE OF THZ PHASE CURRENT WITH
PHASE SHIFT DUE TO DELTA-WYE TEANSFCRMER

e NN N s NN N NN N o N e N o N aN s NN ol !
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CONNECTICNS TAKEN INTO ACCOUNT. THIS IS FCE
CUBRENTS GCING FHECM STAETING tUS TC ENCING
BUS

ILFAB,ILFBB,ILFC(3 - THE COMPLEX VALUE OF THEZ PHASE CURRENT WITH
PHASE SHIFT DUE T0C DZLTA-WYE TRAKNSFCENMER
CONNECT IONS TANEN INTO ACCOUNI., THIS IS FOE
CURRENTS GCINCG FFOM ENDING BUS TC STAFTING
EUS

23 KN RO KK OO % 3o ok K K R OR N T R K R o K O K I ROKOK R K R R KK K ROR K K K K K
SUBROUTINES CALIEL:

SCPHAS

nooocacocaoco0o00n0n

CCHPLEX  VA{24)
COMPLEX  VR(24)
CCHPLEX  VC(24)
CCHPLEX  TILPAF (5C)
CCMPLEX  ILERF(50)
CO4PLEX  ILFCF (50)
CC¥PLIX  ILFAR(50)
COMPLEX  ILFEB(SQ)
CCHPLEX  ILFCR(50)
CCMPLEX  TCSF(50)
CCHPLEX IS (50)
COMPLZX  I2SF(%0)
CCHPLIX  TOSE(50)
CCMPLEX  I1S3(50)
CCMPLEX  I2SE(50)
COMPLEX  VC5(24)
CCHPLIX V1S (24)
COMPLZX  V25(24)
EEAL  ILFMA
REAL  ILFMB
REAL  ILFMC
INTEGER  SEB(50)
INTEGEE  EE(50)
INTEGER  IERUS(24)
INTZGER  LINE(S0)
COHXON /INOU/ KTEEN
CO4MON SOUTPUT/ ANSOUT,PRINT,ANSIM
DATA  YZS/'YES 'y
WRITE (KTERM,124U)
IF(ANSCUT.EC.YES) wRITE(6,1244)
CALL SQEHAS (VOS,V1S,V2S,Va,VB,VC, NB)
DO 321 K=1,4B
YMAGA=CABS (VA(K))
VMAGB=CABS (VB (K))
VHAGC=CAES (VC(K))
ANGA=0,
IF((IEAL(VA(F)) b2 0.).CR.(ATFAG{VA(K)).NE. 0.))
1 ANGA=SATAN2 (AIMAG (TA(R)), FEAL(VA(K)))*57.29573
ANGE=0.
IF((REAL (VB(K)) « N2, 0.).CR. (RIFAG{VB(K)).NE. 0.))
1 ANGB=ATAMN2 (AIXN2G (VB(K)),DEAL (VE(K)))*x57.29578
ANGC=0.,
IF((REAL (VC(K)).ME. 0.).CR.(ALFAG(VC(K)).NE. 0.))
1 ANGC=ATAN2 (AIMAG (VC(K) ), FEAL (VC (K)))=*57.29574


https://CE.(AIMAG(VA(K)).NE

KPR

241
261

281
301

322

11d4
1224

1234

1244

#RITE (KT
IF(ANSOU

EEM, 1184) IBUS (K) ,VMAGA,ANGA, VHAGE, ANGS,VHAGC, A NGC
T.2Q.YES) %RITE(6,1184) IBUS(K) ,VKAGA, ANG2,VMACE,
ANGE,VMAGC, ANCC

CONTINUE
CALL SQPHAS (I0SF,I1SF,I2SF, ILFAF, ILFEF, ILFCT,NL)
CALL SQPHAS (10SB,I1S3,I2SB,ILFAE,ILFEB,ILFCE, NL)
KRITEZ(XTERM,1264)
IF(ANSCUT.EC.YES) WRITE(6, 12¢4)
DO 322 N=1,XNL
DO 241 J=1,NE
IF(IBUS (J).EQ.SB(N)) GO TC 261
CONTINUE
L=J
DO 281 J=1,NE
IF(IBUS(J).EQ.EB(N)) GO TC 301
CONTINUE
A=
TLFYASCABS (ILFAF ()
ILF4B=CARS (ILFBF (¥))
ILFMC=CAES (ILECF (N))
ANGA=0,
LF ({REAL(ILF&F (N)).NE. 0.) .OR, (AINAG(ILFAF (¥)).NE. 0.))
ANGA=ATAN2 (AIMAG (ZLFAF (N)) ,REAI(TLFAF(N))) *57.29578
ANGB=0. .
IF((REAL(ILFEF (¥)).NE. 0.).OF. (AIMAG(ILFBF (N)) .NE. C.))
AUGB=ATAN2 (ATMAG (ILFBF (¥)) ,REAL(ILFBF (N))) *57.29578
ANGC=0.
IF((REAL(ILFCF(N)).NE, 0.) .08, (AIMAG(ILFCF (N)).NE. G.))
ANGC=ATAN2 (AIMAG (ILFCF (N)) ,REAI(ILFCF (%)) *57.29578
WRITEZ(KTEXZM,1224) LINE (N) ,SO(K) ,EE (N) ,TLF4A,ANG, TLENE,
ANGE,ILFYC,AKGC :
IF(ANSOUT.EQ.YES) WRITE (6,1224) IINE(N) ,S3(N),EB(N),ILENA,
ANGA, ILFYE, AN GB,1LFMC,ANGC

ILF#A=CAES (ILFAD(N))
ILFMB=CABS (ILFDB (X))
ILPMC=CAES (ILFCE(N))

ANGA=0,
IF((REAL{(ILFAB(X)).NE. 0.) OB, {ATMAG(ILFAB (¥)).NE. 0.))
ANGA=ATAN2 (AINAG(ILFAB(N)) ,REAL(ILFAB(N))) *57.29578
ANGDB=0.
IF((REZAL(ILFPB(N)).NE. 0.) .08.(AIMAG(ILEBB
ANGBE=ATAN2 (AIMAG (ILFBB (N)) ,«EAI(ILEEB ()))
ANGC=0,
IF((RIAL (ILFCB(N)) . NE. 0.) .28, (AIMAG(ILFCB (U)) .NF. 0.})
ANGC=ATAN2 (AINAG(ILFCB(N)) ,REAL(ILFCR(N))) *57.29578
ARITE(KTERM,1234) LINE (%), EB(N) ,SE(N) ,TLFMA,ANGA, ILFHE,
ANGB,ILFFC,ANGC
LF(ANSOUT.EC.YES) WRITL (5,1224) LINE(N) ,EB(N) ,SE(N),TLENA,
ANGA, ILEME, ANGB,ILFAC,ANGC
CONTINUE

FORMAT (1H ,I2,2X,F10.4,F10.2,711.4,E10.2,F11.4,F10.2)

FORMAT (M ,I3,uX,12,2%,12,2X,F10.4,F10.2,F11,4,F10.2,E11.4,
F13.2)

FORMAT (1d ,I3,4%,12,2%,12,2X,F%0.4,E10.2,F11.4,F10.2,F11.4,
F10.2/)

FOEMAT (1HO,

/¢' POST FAULT BUS VCLTAGES',//,

6X,'X*,22("-*), " FHASE QUANTITIES *,21('-1),vX*,y

' BUS',2X,!'X~=e==- PHASE A ===-- XX ==~ == PHASE B =-=-=-= X',
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3 YX----- PHASE C ====- Xt,/' NO.Y,61%,
2 'VA',6X,'ANGLE A',6X,'VB',6X,'ANGIE B',6X,'VC',6X,'ANGLLE C'/)
1264 FORMAT (1H0,/,' PCST FAULT LINE CURBENTS',
1 //,07%,0%%,22("="), " PHASE CUANTITIIES ',21('-1},
1 1%,/ 17X,V A mmmmm EHASE A ===-- Xt,
1 t{-==== PHASE B ~==== XX ==mm- BUASE C ====- X',/
2 Y LINE',4X,'SB',2X,'EB',5X,
C "IA',6X,'ANGLE A',6X,'IB',6X,'ANGLE E',6X,'IC',6X,"ANGLE C'/)
“
FETURN
IND

SUBXROUTINE DYFIX(#,HVTC,LVIC,SE,EE,LINE,IEUS,NE,NI,FD)
[ R T I t s T R S LR

THZ SUBEOUTINE CYFIX CALCULATES TEE NUMBZR OF TIMES A PHACSE
SHIFT OF 30 DEGEEES MUST BE APPIIED TO EACH BUS [UE TG TliE
PEESINCEZ CF DEILTA WYE TRANSFCPMER CCNNECTIONS

FOR AR N M XK RO AR K KKK b B Ak BRSO R AR bk N KK KKK R R R KR K R KK Rk kR OK K R R K K

ALGUMENTS:

% - THIS VECTOF RETURNS THEZ NUMEER OF TIMES ZACH EUS VOLTAGE
ANGLE MUST BE SHIFTED BY 30 DEGEREES

HVIC - THIS VECTOR INDICATES WHETHEER CR NCT THE HIGH VCLIAGE
BUS SICE OF A TRANSTCRMEF WAS CONNICTED DZITA CR WY

LVZC - THIS VECTOE INDICATES WHETFER OR NOT THE LCW VOLTAGE
BUS SIDE OF A TRANSFCRMEF wAS CONNECTEL CEITA CK WYE

oot aoocao a0 neno O

SB - THIS VECTOR I3 TIHE HIGH VCLITAGE BUS CONNECTICYN SICE FOR A
TRANSFCEMEF

EB - THIS VELTOR IS THE LCW VOLTAGE BUS CCHNNECTICYH SIDE FCE A
TRANSFCRMER

LINE - THIS VFCTOR CCNTAINS ALL TLC IINE NUMBERS FCE THE SYSTEM

I8Us - THIS VECTOR CCNTAINS ALL THE EUS NUMBERS FCR TUHE SYSTE:

NB - THE NUMBER OF BUSES IN THE SYSTEM

NL - THE NUMBER OF LINES IN THE SYSTEM

FE - INTZIGLR NUMBIR OF THE BUS EETMF FAULTED -
T2 A AN KRR R KN KRG AR OR R K Xk K R R R K 0P K K R K R KR K Rk Bk e o ko ok K KK

SUBROUTINES CALLED:

WONE

coooono0onoOnNnonCcaCcOoO0nan

REAL {vVTC (50)
REAL LVTC (50)
INTZGEER M (24)
INTEGER SE(50)
INTEGER EB(50)
INTEGER IBUS (24)
INTZGER FE
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20

40

60

80

100

120

149

160

160

200
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DATA D/'D'y
DATA Y/'YY/
DO 20 I=1,X
A(I)=1000
2N =0
DO 160 ¥=1,NL
I5=5B (N)
JE=ZB (N)
DO 60 K=1,NB
TP (IBUS (K}, 5Q.IS) I
IF (IBUS (K) .EQ.JS) J
CONTINUZ
IF(%(I).2Q. 10C0)GO TO 120
IF(M{(J).E0. 1000)G0O TO 80
GO TO 16C
IF(((HYTC(N) L ZC.Y) . ANL. (LVTC(N).EQ.D)) .OR.
( (HVIC(¥).EQ.D) . AND. (LVTC(N) +EC.Y)))GC TO 100
4 (J) =M (D)
GC TO 160
A (J) =M (I) -1
GO TO 160
IF(M(J).EQ. 10C0)GO TO 160
IF(((HVTC(N).EC.Y) .ANC. (LVIC(¥).5C.D)).OR.
{(HVIC(N).2Q.D).AND, (LVTC(N) .EC.7})) GO TO 140
4 (1) =4 (J)
GO TO 160
M (I) =K {J)+1
CONTINUE
DO 180 I=1,NB
IF(H(I). £EQ. 1000)GO TO 40
COUTINUE
DO 200 I=1,\B
¥ (I)=#(I)-4(FB)
RETUEN
EHD
5UBROUTINE TRIFAC(F,T,NB)

=K
=K

Ctt*****#*vt*l*#********t*v*t:m*t*#*“*ﬁ**#v#**#***#*#***vtr*ntntnt’hﬂnﬂx

aoocaogocaotCconoCcncOnNaoCao0ne

THE SUBROUTINE TRIFAC PEZRFORHM3I A TRIANGULAE FACT
THEZ UATRIX F STCRING THE FACTORED MATRIX IN THE

APGUKENTS:
F - THZ MATEIX 70 BE FACTORED
T - THE FACTORIZEL VIRSICN OF MATARIX F

NB - THZ SIZE OF THE MATEICES

SUBRQUTINES CALLEL:
NONE
CCHPLEX F(24,24)

CCMPLEX T(24,24)
CCMPLEX suM

CEIZATICN CF
MAIRIX 1

**t*****ut#v*t*xn‘**t*#tt#***tx****w**t*t***#**t***tt**t*t**ttt:ttx*tt#*

Rl Y T Y Y S RS LI TS EREARERXKRKKE KKK K P E AR KEEE R R R K WK



183

DO 50 I=1,MB
DO 40 J=1,uB

40 T(I,J)=CHMELX(0.,0.)
50 CONTINUE
DO 60 I=1,NE
60 T (I, 1) =F (I,1)/CSQRT(F (1,1))

DO 90 J=2,NE
DO 80 I=J,NB
IF(I.NE.J)GC TO 75
IMN1=I-1
SUM=CHFLX(0.,0.)
DO 70 #=1,I#1
70 SUM=3UN+T (I ,K)**2

T(I,I)=C3ORT(F(I,I)-SUM)
IF ((RZAL(T(I,I1)).2C. 0.) +ANCD. (AIMAG(T(I,I)).EQ. C.))

1 T(I,7)=CAPLX(1.E-10,0.)
GO TC 30
75 Jdu1=J-1

SUN=C¥ELX (U.,0.)
DO 77 K=1,Ju1

77 SU¥=SUN+T (I,%) *T (J ,K)
IF{{R3ZAL(T(J,J)) .EQ. C.) +AND. (AIMAG (T(J,J)) -EC. 0.})
1 T(J,J)=CMELX(1.E-10,0.)
T(i,Jd)=(F(I,J)-SUN),/7(J,J)
80 CONTTNUZ
90 CONTINOE
RETUERN
END

SUBROUTINZE VECTCR(T,Z,JV,NB)
CHREREKRREKMMEURCKER RERAKE R RM MR AR IRE NI NRRRRAK KRBT AR AR A AR ARG R K

TUZ SULBROUTINE VECTCR SCLVES FQF THE IMEELANCE VECTCE CF
THE SYSTEM FOP A FAULT AT A PARTICULAR BUS

Qoo

3K ORI XK R RO K e e 3k K % e e i e ok Mk K ok ek 3 Nl K R X R A M R K K R kK KK K K

ARGUMENTS:

I - THE TEIANGUILAE FACTCEIZED VEHSICN OF THE ADMITTANCE
HATRIX OF THE SYSTEM.

Z2 - THE IMPEDANCE VECTOR CF THE SYSTE#A FOF A FAULT AT
A GIVEN BUS

JV - THIS VZICTCF IS ZEEQO EXCEPT FOR THE POSITION CF THE
BUS 70 BE FAULTED

NB - TIE NUABER OF BUSES IN THE SYSTEM

HEKKERE KRR KR LRI XK UK KRK KKK KR BRK BRI R E R A S F A RRA KRR DR AN R R I AR R ARRRK KK

LOCAL VARIABLES:

VUAT - VECTOR USED IN INTERMXECIATF CALCULATICNS

2NN N s AN o e NN e NN oW ol oW aN o N o N o N o N o R 8]

COMPLEX T(24,24)
CCHPLEX Z2(24)
CCHPLEX JV(24)
CCYPLEX VHAT (24)
COMPLEX SUM
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(0.,0.)
. 1)GC 10 20

Do 10 J=1,141
10 SUN=SUM+T (I,J) *VHAT (J)
20 VIAT(I)=(JV(I)~5UM) /T (I,T)
30 CCONTINUE
DO 860 I=1,NE
K=NB=I+1
SUM=CHKPLX (0.,0.)
IF(X.Z0. NB)GO I0 50
KPI1=K+1
DO 40 J=KP1,)Nb
40 SUM=SUK+T (J,K) *Z (J)
50 2 (K)=(VHAT (K)=-SUM) /T (K,X)
6C CONTINUE
EETURN
LND
SUBROUTINE SQPHAS(VO,V1,V2,VA,VE,VC,NB)
(ot 2R LSRR 2SS SRR RE S S 2 St R R R R R R R 2 R R R SRR RRRRRR R R RS

TUEZ SUBRQUIINE SQFHAS CALCULATES TFE THREE PUHASE VAIUES
FLCY THE SECUENCE VALUES FOR VOLTAGE AND CUREENT

2w N KK XK R XK ARG A ok K Mk R R o R K R R 3K R A K R K 2 K T 3 0 K KX 3R K 6 %R K K K
APGUMENTS:
VU - THZ ZERC SEQUEINCE VCLTAGE CR CURRENT VECTO®
V1 - TUE POSITIVE SEQUENCE VOLTAGF OF CURRZNT VECIOR

V2 - THE NEGATIVE SECUENCE VOLTMAGE OF CURRENT VECIOE

VA - TdAdE A EHASE VCLTAGE CR CHRFZINI VECTOR
VB - THE B FHASE VCLTAGE OR CUREENT VECTOR
VC - THE C FHASE VCLTAGE CR CURRENT VECTOR
ND - THE LEKGTH OF THE VECTCRS Vv0,V1,Vv2,VA,VB,VC

LOCAL VARIAELES:
A - COMPLEX VERSICN CF 1 AT ANGLE OF 120 CEGREIES FOLAR

LA R L T R e P L P T T
SUBROUTIUNES CALL:L:

NONE

[sRsN o NN aN ol N e N e N o N aN o o N e N AN o N N e N N e R N e N2 Ko AN R AN s NN s N 8]

CCMDPLEX VO (¥E)
CCMPLEX Vi(rs)
CCHPLEX V2(NE)
CCMPLEX VA(NB)
CCMPLEX VE(NE)
COMPLEX vC(uB)
CCMPLEX A
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A=CHPLY (-0.5,0.8660254)
DO 20 I=1,NB
VBE(I)=V0 (T)+V1(I)+V2(I)
VB(I)=V0 (I) +3%A*V1 () +A%V2 (I)
20 VCO(I)=V0 (I) +A*®V1 (I) +A=x2%*V2 (I)
KETU RN
ZND
SUBROUTINE ELNCUT(NL,SE,EE,LINE,ZSEE1,YSHT1,LVTC,HVIC,LZYPE,IS)
C**m*****nx***x**#****x:*xamitﬂ*vt*xvﬁt»*nx*t**#‘¥t¥¥$¥~$»l¥*a1#***v**#*

C

C THE SUBROUTINE FLNOUT PRINTS CUT THE LINE DATA FCE THE
C FAULT CALCULATICYS
C

Cx*xx**x*ﬁx:m*x*x***x**ﬁ*xmxw*x***»&#******x****#t***x#t*****xtt:x**:***

NL - THE NUMBEEF OF LIMES IN THE SYSTEM

SB - STAETING BUS FCP LINE

£B - ENDING BUS FCE LINE

LINZ - LINE NUMEEF FCR A TRANSYISSICN LINE

LSER1 - THE SERIZS IMPELANCE OF TFE LINE

sEaN e NN e NN s RN o R o)

w

YSHT1 - THE SHUNT ACMITTANCE CF A LIN

GVTC - THIS INDICATES HCW A HIGH VCLTAGE SIDE OF A4 TRANSFCRMER
IS CONNECTED 'D' FOR DELTA 'Y' FOR WYE,

LVIC - THIS INDICATES HOW A LCWw VCLIAGE SIDE CF A THEANSECEXES
IS CCNNECTED 'D' FCR DEILTA 'Y' FOR WYE.

L2YPZ - LINE TYEZZ, 'L' FGCR A LIKE. 'I' FOR A TPANSFCRMER
BEING MODELED AS A LINE

-

S - THE SEQUENCE NETWORK BELNG PFINTED CUT BY THE ERGCGGoAHN.
0 Is ZERC. 1 I3 POSITIVE

vt*****u********n*v*#**#&##***w***$¥#***v**x****#*vnu********tv#******#
SUBROUTINES CALLEL:

NONE

NN el e o N AN o N AN o N e N o N AN o N AR o R AN S R AN S R &)

CCMPLEX YSHT1(50)
CCoMPLZEX ZSER1(5()
REAL HVTC (50)
REAL LVTC (50)
REAL LTYPE (50)
RZAL L

INTEGER S E(50)
INTZGER EB(50)
INTEGER LINZ (50)
LOGICAL PRINT
COMMON /INOU/ KTZEM
COuMON ,sOUTPUTI/ ANSCUT,PRINT,ANSIK
DATA YES/'YES '/
DATA T/'T'/

DATA L/'Lyy
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WRITEQUT LINE DATA, SHUNT ALMITTANCE, AND THE Y BCS

aoan

IF(IS.NZ.1)GC TC 12
IF(ANSOUT,EQ.YES) sRITE (6,1004)
IF(PRINT)WRITE (KTERN,1004)

12 IF(IS.N¥E.G)GC TC 1t
IF(ANSOUT.EQ.YZS) sKITE (6,1024)
IF(PRINT) WRITE(KTERM,1024)

14 DO 20 I = 1,NL
IF(ANSOUI.EQ.YES)WRITE(6,106Q)HVIC(I),LVTC(I),SE(I),EE(I),
1 LINE(I),Z2SEEY (I),YSHT1(I)
IF (PEINT)WPITE (KTERY, 1064) HVIC(I),LVIC(I),SB(I),EB(I),
1 LINE(X) ,2ZSZR1(I),¥YSDI1(1)
20 CCONTINUZ
RETURN
1004 FCRIAT ('1TRANSHISSICY LINE ANLC TRANSFORMER DATA ASSEMBLY'//
1 22X,'DATA FCR POSITIVE SEQUENCE',/, 14X,
PAEED @ b L R ACTUAL =-=---e-ommona Xt/7X,'LINEY /86X, 'SE", 2X,
3 'EB',ZX,'NO.',UX,‘E(?U)',UX,'X(EU)',UX,'B(PU)‘,NX,'G(PU)'//)
1024 FORMAT (*1TRANSMISSICN LINE AND TRANSECRMER DATA ASSEMEBLY'//
1 24X, 'DATA FCE ZERC SEIQUENCE',/,14%,
2 MV femmmmmrm e ACTUAL ==-=-=cccemaen X' 7%, 'LINE 06X, "'SBY,2X,
3 'ES',2X,'NO.',4X,'R(PU)',“X,'X(EU)',UX,'B(PU)',UX,'G(PU)'//)
1064 FORUAT(I1X,2A1,2X,13,14,I4,1%,13,4F9.4)
END

SUBRQUTINE GENOUT(NB,ETYP,IBUS,EZ1,EZZ,BZO,BZM
CHRERRFEKRE KRR RHFRTRR KRR AR AR R o de kB N R bk AR AR R K KA R R AR Rk K KRR R Rk K kK

c

C IHE SUBECUTINE CGZINCUT PRINTS GUT THE GENERAIOR DAIA FGE THE
C FAULTED sYs1izu,
C

Ct**t*********t******#****************#t*ﬁ*#*t?**********#**##**********

NB - THE NUMBER OF BUSES IN THE NETWCRK

BTY? - THE TYPE OF BUS INDICATCE 'E' IS A STANDARE EUS,
'G* IS A GENEEATOR BUS

IBUS - THZ BUS XNUNBER

Bz0, 821,822 - TEE ZEFO,FOSITIVE AND NEGATIVE SEQUENCE VECICES
FCR THE BUSES

BZN - THE NEUTRAL IMPEDANCE FCR A ELS
*v****t.!txur t**#**xvtt#ttt*#*tu****!Hnt#ttt#t#*#*t***#v:***tt-#w#*t****#t
SUBROUTINES CALLED:

NONE

[aNeRe NN NN ol oo N o N e No N aN o N o N o N o N ol 8}

COMPLEX BZ1(24)
COMPLEX BZ2 (24)
COMPLEX BZO(24u)
CCHMPLEX BZN (24)
RZAL BTYP (24)
INTEGER T EUS (24)
LOGICAL PRINT
CCHMCN /INOU/ XTEEH


https://IF(AN301JT.EQ

187

COUMON SQUTPUT/ANSOUT,PRINT,ANSIN
DATA YZIS/1YES 1y
DATA  G/'G'/
ICOUHT=0
IF (ANSOUT.EC, YES) WRITE(6,1004)
DO 20 I=1,¥B
IF(BTIP(I).NE.G)GC TO 20
IF(ANSOUT. ZQ.YES)¥RITE(6,1024) IBUS(I),BZ0(I),B21(I),BZ2(I),

1 BZN (I}
IF(PRINT)¥RITE (KZERY, 1C34) IBUS (1) ,B20 (I),B21(1),E22(I),
1 BZ Y (1)
ICOUNT=ICOUNT+ 1
20 CONTINUE

IF(ICOUNT.NEL0)GO TO 999399

IF (ANSCUT.EC.YES)WRITZ (6,10uy)

IF(PRINT)WRITE (XTERM,1044)
99999 RETURN

C
1004 FOX4AT(' 1GENERATOR IMPEDANCES', /
1 6X,'X',20('-*)," SECUENCE QUANTITIZS ',20 ('=*), VX'
2 1 BUS',2{,tK===--= IERC -=m==-- XX~==-= POSITIVE ===--= X,
3 tX--~-- NTGATIVE -===-- XX==mmm NELTFAL ===-- e
4 /% HO, T4 (5X,'R(EU) ', 6K, "X (PU) "))
1024 FORMAT (2¥%,13,1Y,8F 10, 4)
1034 FORYAT('CGENERATOR NUMBER',10X,IS,/
1 t ZZERC SECUENCE IMPILANCE',SX,2FB.4,,
2 ' POSITIVE SEQNENCE IMEECANCE',5X,2Fd.4,,
3 ' NEGATIVE SEQUENCE IMPELCANCE',5X,2F8.4,/
4 ' NZUTZAL IMPELANCE', 5X, 2F8.4)
1044 FORMAT(//' NO GENERATOR BUSES')
d

END
SUBROUTINE LACC(LINEN,ISE,LEB,ZLINL,YLIWE,NB, L,
1 1IBU5,S53,EB,LlINZ,SUHTY,SERZ,Y)

C 0% % A0 K R K N OR R R R A RO K A ok K TN O K R 0 K B KK X ok R K 0K XK K
C
C IHE SUBGROUTINE LALLC ADCS A LINE TC TEE NETWORK
C
%3O X %0 2 K G A KX R R K R A X0k N RK K R K K K KR K o KK R R K R K

ARGUMENTS:

LINEZN -~ LINE NUKBER FOR TRANSAISSICN LINE TO BE ADDED
ISB = STARTING BUS FOR LINE TO EE ALLED

IZB - CUDING EBUS FOR LINE TO BE AILDEL

ZLINE - THE SEPIES IYPELANCE CF Tt

in

LIN

133

TO BE ADCED

YLINDC - THE SHUNT ACMITTANCE OF TEE LINZ TO BE ADLZD

NB - THE NUMBEPR OF EUSES IN TEE SYSTINM

NL - THE NUMBEE OF TRANSMISSICN LINES IN THE SYSTEWH

IBUS = THZ EUS NUNBER

SB - STARTING BUS FCR LINE

ancCcocononnnaCcc a0 non0n
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EB - ENDING BUS FCR LINE
LINE - LINE NUMBER FOR A TRANSMISSICYN LINE

SHTY

THE SHUNT ADHITTANCE QF A IINE

[<d]

SERZ = TIHE SERIES IMPEDANCE CF THE LINE
Y - THE SYSTEZM ADMITTANCE MATRIZX
KA E KKK KA A LMK AR RBERE R MM ERALERELERFR X DR RS R R RUEREEE R BN R ERE SRR R FRER

SUBROUTINES CALIED:

NONE

[sNoNaNoReNoN NN NN NN AN N o 4

COMPLEX  SERY
CLYPLEX  SHTY(50)
CCYPLEX Y (24,24)
CCMPLEX  SERZ(S0)
COMPLEYX  ZLINE
COMPLEX  YLINE
INTEGER  SB(50)
INTEGER  EE(50)
INTEGER  LINE (50)
INTEGER  TEUS (24)

FIND POSITICN OF STARTING BUS ANC ENLING -BUS IN IPBUS AREAY

(o aNe]

DO 20 J=1,NE
IF(ISB.EQ.IBLS (J)) K
IF(IZB.EC.IBUS (J)) L

20 CONTINUE

NLP1=NL+1

I=NL21

dJd
dJd

ADD IN NEW BUS

Onn

SERZ (I) =ZLINE
SHTY (1) =YLINE
SERY=1,0/SEZRZ(I)

SB(I)=ISB
EB(I) =IEB

LINE (I)=LINEN

Y(K,K) = Y(K,K) + SERY + SHTY(I) /2.
Y(L,L) = Y{L,L) + SEBY + SHIY (I)/2.
Y(¥,L) = Y(K,L) - SE®RY

Y(L,%) = Y(L,K) - SERY

NL=NLP1

KETURY

EXD

SUBAOQUTINE LCHNG(LINEN,ISB,IZB,ZLINE,YLINE,HNB,NL,

1 IBUS,LINZ,SHTY,SEFZ,Y)
CHREEBERKUUB R KR ERX KR KR KK R ERRUTIRRR YR AR AR A AR AN AR KRR KA AR AR AR AT RN KRR AR K
c
C TUE SUBROUTINE ICIIHG CIANGES A TIMNE IN THE NETWCRE
C
CRRTETE AR KK KR KKRKKRE MK NK KR XRKF R AR A A AR AR AR KRR R KR AR A D H A A SRR KR KR AT KK
c
[ ARGUMENTS:
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LINENY - LINE NUMBEZIR FOR TRANSMISSICK LINE TO EBE CHAMNGEL
I5B - STARTING BUS FOR LINE 7TC EE CHANGED

IZB - EZNDING BUS FOa LINE TC BE CHANGED

ZLINE - THE SERIES IMPELCANCE CF THE IINZ TO BE ALILECL
YLINE = THE SUUNT ADHMITTANCE CF THE LINE TC RE ALIEL

NB - THZ NUMBER OF BUSES IN THE SYSTEH

(5]
=
to
wn
<
n
-3
ted
=

NL - THE NUMBER OF TRANS4ISSICN LINES IN
IBUS - THE BUS NUNBZE

LINEZ - LINE NUMBEP FOR A IFANSMISSICN LIKE
SHTY - THE SHUNT ADNITTAYXCE OF A IINE

SLBEZ - THE SERILES IHPZDANCE OF 1TDZ LINE

Y - THE SYSTEM ADMITTANCZ MATPIX

coOocaooocnocnoOonNnoocococa o000

DA A R K A K KR A REOR T MOXC R KRR XCOR K R KKK B KR KK e 3k %k K ol N3 X 30 o) m R Yo b ok sk ok ok 3 X K AR OR koK

SUBROUTINES CALLEL:

NONE

oo

CCHMPLEX SERY
CUMPLEX SHTY (50)
COMPLEX Y (24,24)
CCHPLEX S ERZ {50)
COMPLEX ZLINE :
CCMPLEX YLINE
INTZIGER LINZ (50)
INTEGER I EUS (24)

FIND THE LINE

[eReN?!

DO 20 I=1,NL
IF(LINEN,EQ.IINE(I)) GC 10 40
20 CONTINUE
40 DO 60 J=1,4B
IF(ISB.E5C.IBUS (J)) K=
IF(IZB.3Q.IBLS(J)) L=
0 CONTINUE

J
J

CHANGE THE LINE DATA

aocaoo

SERY=1,/SERZ(I)

T(K,K) = Y(K,K) - SERY - SHIY(I)/2.
f(L,L) = Y(L,L) = SEBY = SHIY (I)/2.
Y(K,L) = Y(K,L) + SERY
Y(L,K) = Y(L,K) + SERY

SERZ (I)=2ZLIXE
SHTY (I) =YLINE
SERY=1.0/SERZ (I)



Y (K, &) = Y(K,K) + SERY + SHTY(I)/Z.
Y(L,L) = Y(L,L) + SERY + SHTIY(I)/2.
f(K,L) = Y(X,L) - SERY

Y(L,X) = Y(L,K) - SERY

EETURN

END

SUBROUTINE LDEL(LINEN,ISB,IEB,NE,NL,IBUS,SE,EB,LINE,SHTY,SERD
C!**#****x&**B**v*xx*x*u*n#********a**#a#:**##***##u:*#**étt###$a$¥$x*¥l
c
C THE SUBROUTINE LDEL DELETCZS A LTUF FFOM THE NETWCEK
C

O R AR KOOI O R K RN AR MR R K X HHE R R R Rk KK R E B K b RN R K AR K K
ARGUMENTS:
LINZEN - LINZ NUMBZR FOR TPANSHISSTCN LINE TO EE [ELETEL

ISB - STARTING BUS FOR LINE TC EE DEIESTED

(O]

IEB - ENDING BUS FOR LINE TC BE DELETED

NB - THE NUMBEZRX OF BUSES IN IHE SYSTZIM 4
SL - THE NUMBER OF TRANSMISSICN LINES IN TUZ SYSTEA

IBUS - THZ BUS NUABCR

SB - STAERTING BUS FCR LINE

[sReN NN sNoNoNoN o N o No R e N ol oo N oW oW o)

EB - EY¥DING BUS FCR LINE

C

C LINE = LINE NUMBER FOR A TRANSUISSICY LInz
C

c SUTY - THE S{IUNT ADMITTANCE OF A ILINE

C

C SZRZ = THE SERIES IYPEDANCE OF TIHE LINE

C

C Y - THE SYSTEU ADMITTANCE MATRIX

C

030 20 RO KRR KT R KRR KRR R AR R 3 A6 R R R S K ROR A R e kR K R
C

C SUBROUTINES CALIEL:

C

C NONE

c

COMPLEZX SERT
CCMPLEX SHTY (50)
COMPLEX Y (24,24)
CCHPLEX SERZ (50)
INTEZGER 5B8(50)
INTZGER EE(50)
INTEGER LINZ (30)
INTLGEE IEUS (24)

FIND THE LINE

aoonn

DC 20 I=1,NL
IF(LINEZN.EQ.LINE(I)) GC 10 4¢C
20 CONTINUE
40 DO 60 J=1,4B




onoOo

30
100

1

IF(ISB.EC,IBUS(J)) X
IF(IEB.EC.IBUS (J)) L
CCNTINUE

X=J
=J

DELETZ THE LINE
SERY=1./STRZ(I)
1 (K, X) ¥ (K,K) -
Y (L, L) Y(L,L) -
Y (K, L) Y (K,L)
Y (L, K) ¥ (L, X)
NLHT=NL~-1
IF(HL.E0.I) GO TC 100
DO 80 J=I,NLM1

LINE(J)=1INE(J+1)

SB(J) =SB (J+1)

SB(J)=EB (J+1)

SERZ (J) =SERZ (J+1)

SHTY (J)=SHTY (J+1)
NL=NLX1
RETU 2N
END
SUBROUTINE IDFLSL (NL,NB,N,V,Y,SE,EE,LINE,32RZ,SHTY,P,Q,
IBTYP, IBUS,BD,PG,CD,UG)

0 wywnn
[ <]
2]

(o oK e X K 3 40 7K ke X o R otk K 0 oK R K R 36 e oK 0l R O e e xR K K K K R OK KO K R R R OR KR R

NN e XN e RN e NN ke Ko NN e N oo e Ko Nals K N e e e AN s N R e Xa R e e N N e N N o 8]

IHS SUBROUTINE IDFSLSL CALCULATES TFE POWER FLOWS FRON 1HE
LCOADFLOW SOLUTICN AND PRINTS CUI IHE VOLTAGES ANL ECWEES

DA K O XC K K ACHE A XA X NOR K X % K 30 A NC N0 X0 N A K 3k R OK ok k2 3k kA 0% 060 A e Xk K kol % o O a0 a3 R F X R K M R K K

ARGUMENTS:

NL - THE NUMBER OF TRANSMISSICN LIKNES IN THE SYSTEM

NB - THE NUMBER OF BUSES IN THE SYSTEN

N - THE NUMBER OF JITERATICNS 1T FLECUIRED FCR A SCIUTICHN
TO CONVEIRGE

V - THE BUS VCLTAGES

Y - THE SYSTEM ADKITTANCE MATEIX

SB = STARTING BUS FCE LINE

EB - ENDING BUS FCR LINE

LINE = LINE NUMEEE FCR A TPANSMISSICY LINE

SERZ - THE SERIES IMPEDANCE CF TFE LINE

SHTY - THZI SHUNT ADMITTANCEF QF A LINE

IEUS - THE BUS NUMBEER

IBTYP - THE EUS TYPE 3 = SLACK

2 = VCLIAGE CCNIRGCL
1 -~ STANCRRL
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PG - REAL PCWER GENERATEL
GG - REACTIVZ ECWZIR GENEEATILD
PD - REAL PCWEE DEMAND
gb - PCACTIVZI PBCWER CEMANE
P - PEAL POWEP GZNERATEL MINUS RERL POWER DENAND
Q - REACTIVE PWER GENERATED MINUS REACTIVE POWER LZHUAND
VSFEC - BUS VCLTAGE SPECIFICATICYN
QOMIN - MINIMUM VAFS FOR VOLTACE CCNTEOL BUS
OMAX - MAXIMUM VAES FOR VCLTACE CCNTROL BUS
O T I R R e s R L R L L L
SUBROUTINES CALLEL:

NCNE

AOnCcaocaonooocacooaocacattaocan

CCYPLEX SUHM
COMPLEX  V (24)
CCHMPLEX  SEBZ(50)
COAPLEX  SHTY (50)
CCMPLEX S
CCUPLEXR R
CCMPLEX Y (24,24)
INTEGER  SE(50)
INTZGER EB(50)
INTEGER  IETYP(24)
INTEGERZ  IBUS(24)
INTEGER  LINE(50)
INTEGER  PBUS(24)
LOGICAL  SKIE
REAL P (24)

REAL 0 (24)

REAL PG(24)

ZEAL BD(24)

REAL QG (24)

REAL QL (24)

REZAL MAGY

COoMMON /INOU/ KTEEM
COMMON /OUTPHT,/ ANSCUT,PRINT
DATA YES/'YES '/

o}
C SLACK BUS POWEP CALCULATICH
C
DO 20 I=1,NE
IF(IBTY? (I).80. 3) GO TO 40
20 COUTINUE
40 a4=1

SUM = CMPLY (0.0,0.0)
DC 60 I = 1,uB

60 SUM = SUN + Y(¥,I) * V(D)
P (M) = REAL (SUN*CONJG(V(M)))
C(d) = -AIMAG (SUM®COKJIG (Y (¥)))
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69

72

200
220

225

230

240
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WRITE OUT BUS DATA.

ISWB=IBUS (M)
WRITE (KTERM,50L0)
READ (KTZRM, *) BUS
IF(NBUS.ZQ. N3)GC TC 66
DO 63 IC=1,uBUS
WRITZ (KTERY,S6U)
EEZAD (XTZEM, *) PEUS (IC)
CONTINUE
WRITE (KTERY,9R4)N,ISWB
IF(ANSOUT.NE.YES) GO TO 69
4RITE(6,1004) N, ISWB
WRITZ(6,1024)
DO 300 H=1, B
SKIP=.TRUE.
IF (NBUS. EQ. NB) SKIP=. FALSE.
DO 72 IC=1,NBUS
IF(IBUS (4).ZQ.PBUS (IC)) SK1P=,FALSE.
CONTINUE
06 (N)=Q (K) +CC ()
PG(N) =P (%) +PD(N)
MAGY = CABS {V(¥)) :
DILTA = ATAN2(ALMAG(V(N)),RIAL(V(d))) * 57.29578
IF(3KI?) GC TC 75
WRITS (¥TZ
QG (M)
WRITE (KT ERY, 1054)
IF(ANSOUT.NE.YZS)GO 1O 73

ARITE (G, VOUBY)ZBUS(N) ,0nAGV, CELTA,2C(¥) ,0D(¥),PG (N),QG (N)

LINZ FLQOWS ARPE CALCULATED

Kh=1

DO 100 K=KN,NL
IF(IBUS (N). EQ.SB(K)) GO TG 18¢C
CONTINUE

Ly=1

DO 160 K=LN,NL
IF (IBUS (N).EQ.EB(X)) GO TO z4C
CONTINUE

GO TO 300

J =K

IC=EB (K)

DO 200 L=1,NE :
IF(IBUS (L). EQ. IC) GO TO Z2¢C
CONTINUE

R=V (M) *CCNJIG ((V {N) =V (L)) /SERZ (J) +V (¥)* (SUTY(J),2.0))

IF(ANSOUT.NE.YES)GO T0 225

WRITZ (6, 1064)IC,LINE (K),R

IF(SKIP)GC TC 230

WRITE(KTERM,1074)IBUS (N} ,IC,ITLE(F) ,R

KN=£+1

IF (KN.LEZ.NL)GO TC 80

GO TO 120

J=K

IC=SB(X)

DO 260 L=1,NE
IF(IBUS(L).ZQ. IC) GO IC 23¢C

24, 10 34) IBUS (N} , 44GY, LELIA,TD (M) ,QD(Y),2G (¥),



https://IF(UBUS.EQ
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260 CONTINUE

280 S=V (M) *CONJG ((V(N)=V (L)) /SERZ () +V{N) *{SUTY (J) /2.0))
IF(ANSOUT,.NE.YES)GO TC 285
WRITE (6, 106U4)IC, LINE(K),S

285 IF(SKI?) GO TO 293¢
WRITE(KTE2M,1074) IBUS (N} ,IC,LINE(X),S
290 LN=K+1
IF(LN.LE.NL)SO TO 140
300 CONTINUE

FDSUM=0.0

CDSUX=0.0

PGsu¥=0.0

QGSU ¥=0.0

DC 320 I=1,uB
PDSUM=PDSUM+ED (1)
QDSUM=QDSCU+2D (1)
PGSUM=DGSUM+CG (I)

320 QGSUA=0GSUM+JG (1)
IF(ANSOUZT.NE.YZIS) G2 70 99999
WRITZ(6,1084) PDSUM,CDSUN,EGSUM, CGSUY

99999 ERETUEN

G4y FORMAT ('OCINPFUT THZ NUMBEER OF BUSES 10 BT QUIPUT *,3)

964 FORGAT (! INPUT BUS KNU¥BER !',3)

984 FORMAT (/! CCNVEFGENCE OCCURED IN *,I4,* ITZRATIONS!',/
1* BUS NUMBEPR ',I5,' 4AS THE S#ING BLS!)

1004 FORAAT(' IREPCET OF LOADFLCW CAICUILATIONS',22X,
19T0TAL ITEZRATIONS =1',I5,' SWING BUS =!',I5/' fem-rmeecrevcmemceeaa
2= B U S =D AT A m-mmemmeceecccecanaan LD S S b bt LINE-=-
3 DAT A --====m- Xt,7%,'FRO¥' ,6X,'VCLTSY, 2%, "ANGLE",7X,'LCAL!,
49%, '"GEUERATION',12X,'TO! ,7X, ' LINE' ,"LINE FLCW')

1024 FGEMAT (3X, ' EUS NANE',4X,'PUY,SX,"CEG',7X,"EEALY ,2X,'REACT?,

1 5X,"REAL',2X,'REACT',5X,'BUS  MAFE',3X,'NC.',5X, 'REAL',3X,
2 'REACT'/))
1034 FUEMA;(/1X,'BUS NUABRERY, 15X ,110,

1 VOLTAGE MAGNITUDZ' 8X,:10 4/
2 ' VOLIAGE ANGLE',12X,F10.4/
3 ' POWER DEMAND',13%,2F10.U/
S ' POWER GENZR.',12X,2F10.4, )
1044 FORMAT (5X, 'BUS?',13,3%X,F7.3, W%,F7.2,1%,F7.3,1%,F7.3,1X,F7. 3, 1X,
1 F7.3,25,43('-'}))
1054 FORNAT(/QX,'sa',ux,'za',2x,'11NE',ux,'PcwsR FLOW!)
1064 FORMAT (66X, 'BUS', I3,6X,T3,2X,F7.3,2X,F7.3)
1074 FORMAT (3 (1X ,I5),2F8.3)
1084 FORMAT('0', 29%, T(' %), 1X,7( %) , 13,7 (1 %%) 14,7 (' =),
1 ! TOTALS',23X,F7.3,1X,F7.3,1%,F7.3,1%,F7.3)
c
END

SUBROUTINE LINOUT(NL,SB,EB,lINE,SERZ,SIITY)

CEEEREXEEFRREREER KRR AR AE G B RERER SRR E AR N RN KN R XA N KK KRN E R TR N R Rk kXK K

THE SUBROUTIMNE 1INOUT PRINTS OUT THE LINE DATA FOE THE
LOADFLOW CALCULATIONS

EERKKRIFXEL KKAREREE REXKRE KX R FZ AR RKAE I N PSR AR AR AR R KA RRE N R R R K KKK RN
NL - THE NUMBER OF LINES IN THE SYSTEM

ANSOUT - VARIABIE TC INDICATZ IF YCU ARE PFINTING TC LISK

OO0



PRINT - LOGICAL VARIABLE TO INDICATE IF YCU ARE PRINIINC IO
TZRMINAL

SB - STARTING BLS FCR LINE
EB - ENDING BUS FCR LINE
LINE = LIXKE NUMBEZE FOR A TRANSMISSICM LTINE
SERZ - THE SERIES IJPEDANCE CF THE LINE
SHUTY - THE SHUNT ADMITTANCE CF A ITNE
WO K KRR K XA KR R K KK SRR N R ROR KRR MR R R B R R U N M AR KRR AR R AN KGR KRR LR KK
SUBROUTINES CALIED:

NONE

OO0 CcCOoO0o0CO0c OO0

CouPLZX SHTY (S0)

CCHUPLEX SERZ (50)

LCGICAL PRINT

INTEGER SB(59)

INTEGER EE(50)

INTEGER LINE (50)

CLe¥aCN /INOU/ KTEEY

CCMMON /OUTPUT/ ANSCUT,PRINI
DATA YES/'YES Y/

c
C %2ITT OUT LINE LATA, SHUNT ADMITTANCE, AND THE Y EUS
c
IF (ANSCUT.EC. YES) WRITE (6, 1004)
IF(PRINT) WR ITE (KTER4,1004)
DO 20 I = 1,NL
IF (. NCT, ERINT) GO TO 15
WRITZ(KTERM, 1024) 38 (L) ,EB(T) ,LINE(T} ,SERZ(I),SETY (I)
15 IF(AHSOUT.NE.YES) GO ~C 20
WRITE(6,1024)S3(I),EB(I) ,LINE(I),SERZ(I),SUTY(I)
20 CONTINUE
RETU RN
1004 FORMAT (' 1TRANSMISSION LINE CATA ASSEFBLY'/11X,
1 LD Gl i i ACTUAL ======vcmemmn== XV /uX, YLINE'"/3X,'SEY, 24,
2 YEB' ,2X,'NO.Y,UX, tR(DPU) ", UX,'X(BU)",4X, 'B(PU) *,4X, G (PU)"//)
1024 FORMAT(2Y,T3,1%,I4,1X,73,4F9.4)
END

SUBROUTINE SORT2V (NB,NNB,V)
(SR 2 % 2 AR MR K A K K R N Ok B R XK R IR P AK K 3626 RK KK K K K K R XK TRKKE EAR KRR KX R KKK KK KK

C

C THZ SUBEQUTINE SOFTZ2V PZRFOBMS A ENEZLE SORT FOR 2 VECTCRS
C WITHd RESPECT TO TiEZ VECTOR MNB.

C

C#lt**t‘*******l****ll*‘**tx*i***tt#l‘t!#il##l!’l‘v-***‘*‘ittﬁﬁ&*$#¥¥¥’l**

ARGUMENTS:

INTEGZR VECTO®R WHICH IS IC BE SCRIcL IN ASCEHLIMNG

ilE
IDEER

V - THE REAL VECTCR TO BE SORTEL WITH NHB

arPanNnooan
=
c
]



NB - THZ NUMBER OF ELEMENTS IN THE VECIORS

IR S T R P R R R R PR P RS R R R R R R R LR E AR EE R R E R R L]

SUBROUTINES CALILL:

NONE

oo ocaoacqn

CCMPLEX Vv (24)
CoUPLZEX CIEUP
INTEGER NNB (24)
NB11=N3-1
DC 40 L=1,NBMT
LP1=L+1
DC 20 J=1P1,XB
IF(NNB(L) .LZ.NNB(J)) GO TC 20
ITEAP=NNB (L)
NNB (L) =NNB(J)
NVB(J)=IT:ZME
CTEMP=V (L)
V(L)=V{(J)
V{J)=CTEMEF
20 CONTINUE
40 CONTIRUE
RETURY
END
SUBROUTINEZ YASSEM(NB,NL,IBUS,SB,EE,SERZ,SIUTY, Y, *)
(IR 22222 RS S R R R R R R R Rt R R ER R S L R R R R R R

THE SUBROUTINE YASSEM ASSEMELES TEZ Y BOUOS MATRIX
FOR THEZ LOADFLOW AND POSITVZE SECQUEINCE NETWCRX FCR Tlisg
FAULT 3TUDY
A A K 3K M K K N K 3 oK kKR ok KK R K IR R AR KR 5 U e A e X K KA RO R KR KK K Ok kKK R K R
NB - THE NUMBER OF EUSES IN THE NWNETWCRK
NL - THE NUMBER OF LINES IN THE NETWCRK
I8US - THE EUS NUUBEE
SB - STAETING BUS FCR LINE
EB - ENWDING BUS FCR LINE
SEEZ = THZ SZRIES IMPECANCE OF TEE LINE
SHTY - THZ SHUNT ADMITTANCZ QF 3 LINME
Y - THEZ BUS ADMITTANCE MATRIX
EARKKEKER KA KR ERREN KRR IR SRR KA N TR AR IR KRR ER XK UK MR Rk R R KR XK

SUBROUTINES CALIEL:

NCNE

ncocnooCcnNnoOoooonoataCcnNn OO0 Ccaocnn

CCMPLEX Y (24,24)
COMPLEX SERZ(£0)
CCMPLEX SHTY (50)



ne N

160

180

230

235
240

999599
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CO#PLEX  SERY
INTEGER  NE
INTEGER  NL
INTEGEE  IEUS (24)
INTEGZR  SB(50)
INTEGER  EE(50)
DQ 240 I=1,NL

SEEY = 1.0/5I22(I)

ASSEMBLE THE EUS ADMITTANCE MATEIX.

J1=0

IF(SB(I) .EQ. 0)GO TO 180

DO 160 J1=1, B
IF(IBUS(J1) .3Q.SB(I)) GC 7C 18C
CONTINUE

CALL ENROR(2,S3(I),599999)

L=J1

J2=0

IF(EB(I).EQ. 0)GG TO 220

DO 200 JZ=1,4B
IF (IBUS (J2) .EC.EB(I)) GG T0 22C
CONTINUE

CALL ERRCR(2,EZE(I),699999)

1=J2

IF(L.EQ. 0)GC TO 230

I7(H.EQ. 0)GC I0 235

f(L,L) = Y(i,L) + SERY * SETY(I)/Z.
Y (¥,4) = Y(4,1) + SEBY + SETY(I) /Z.
Y{L,%) = T(L,4) - SEZRY

Y {d,L) = Y(¢,L} - SZ2Y

GO TO 24C

Y (M,M) = Y(4,4) + SERY + SHTY(I)
GO TO 240

Y(L,L) = Y(L,L) + SERY + SUTY(I)
CONTINUE
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